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ABSTRACT 

The authors propose an instructional use for Google Earth (a GIS application) as an anchoring tool for 
knowledge integration. Google Earth can be used to support student explorations of world geography based on 
Wikipedia articles on earth science and history topics. We asked 66 Taiwanese high-school freshmen to make 
place marks with explanatory notes and summaries (known as anchors) to serve as geographic references; they 
used anchors that were predefined by their teacher for subsequent geographic searches. Our investigation 
focused on the processes used to create anchors, how the students used anchors to perform search tasks, and the 
roles of thinking style and spatial ability on learning processes and performance. The 671 generated anchors 
were categorized as direct, indirect, symbolic, temporal, spatial, and challenging. According to our results, 
students with legislative thinking style tendencies created the largest number of anchors but rarely used them for 
subsequent search tasks; executive-style students tended to make symbolic and temporal spatial geographic 
references and regularly used the teacher-created anchors and the anchors created by judicial-style students were 
evenly distributed across all categories. In addition, low-spatial ability students tended to create direct 
geographic references and to use predefined anchors for all problem types.  

 
Keywords 

Anchoring behavior, Thinking style, Spatial ability, Geographic information system, Google Earth 
 
Introduction 
 
Information technology (IT) is at the center of educational reform and innovation (Dexter, Anderson, & Becker, 
1999; Dias, 1999; Mehlinger, 1996; Moursund, 1992), with many countries establishing national guidelines for the 
incorporation of IT tools into their education systems (Kozma, 2003). Various open source and freeware information 
products based on the Web 2.0 co-creating and sharing model provide teachers with a range of tools for curriculum 
design and instruction. Google Earth (http://earth.google.com), a free three-dimensional geographic information 
system (GIS) released in June of 2005, offers innovative approaches to studying geography and earth science topics 
using simulated images (Doering & Veletsianos, 2007; Lund & Macklin, 2007; Patterson, 2007; Rutherford, 2008; 
Sherman-Morris, Morris, & Thompson, 2009). An example of a Google Earth user interface is shown in Figure 1. 
 
In addition to providing support for situated learning, Google Earth can also be used as a platform for knowledge 
integration among multiple domains. Users can create place marks, add text and graphics to those place marks, save 
them, designate them as favorites, and share them. These functions can serve as anchors for student-written notes 
containing geographic references while students explore domains consisting of geography-based information. 
Students can apply anchors and place marks to multiple cognitive functions in order to cultivate creative thinking. 
Here we will describe our proposal for a novel instructional approach that employs Google Earth for learning 
concepts in geography, earth science, and history. 
 
We believe that multidisciplinary learning activities associated with Google Earth can help students construct and 
integrate knowledge from multiple domains, but further research is required to determine the positive uses of GISs in 
learning to make sure that students do not get lost in multidimensional simulated spaces and that knowledge 
integration across multiple domains does not hinder learning. To address these issues, we observed student anchoring 
activities such as referencing and citing, and examined the effects of different thinking styles and spatial abilities on 
anchoring activities.  
 

1 ISSN 1436-4522 (online) and 1176-3647 (print). © International Forum of Educational Technology & Society (IFETS). The authors and the forum jointly retain the 
copyright of the articles. Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies 
are not made or distributed for profit or commercial advantage and that copies bear the full citation on the first page. Copyrights for components of this work owned by 
others than IFETS must be honoured. Abstracting with credit is permitted. To copy otherwise, to republish, to post on servers, or to redistribute to lists, requires prior 
specific permission and/or a fee. Request permissions from the editors at kinshuk@ieee.org. 

mailto:ophelia.wang@gmail.com
mailto:lmh@mail.ckjh.hc.edu.tw
mailto:ctsun@cs.nctu.edu.tw


 
Figure 1. Screenshot of Google Earth user interface 

 
 
GIS anchoring 
 
Kienreich, Granitzer, and Lux (2006) combined a web-based map with a Brockhaus electronic encyclopedia to help 
readers access geographic references associated with place names, geological principles, historical events, and 
specific encyclopedic and geographic domains, and named their process geospatial anchoring. We used their work as 
the basis for our experiment, in which we introduced two exploration activities to a group of Taiwanese high school 
freshmen: creating anchors and using them to perform search tasks. Google Earth was used to establish a virtual 
learning context and to support student navigation for exploring world geography while they read web-based articles 
on earth science and history topics. Students were shown how to create geographic reference placemarks and how to 
write summaries of article content in placemark description fields. We use the term “anchor” to indicate a placemark 
that includes a geographic reference and explanatory notes, and “anchoring” to describe the act of creating and 
adding ideas to Google Earth placemarks. An example of a Google Earth anchor is shown in Figure 2. In the 
following activity, some anchors were predefined by the teacher for subsequent search applications. Students were 
given the option of using anchors to perform geographic searches or to otherwise use their geographic knowledge to 
find target images by rotating the Google Earth globe. We used our observations of these activities to investigate 
how anchoring behaviors can support knowledge integration. 
 
The five types of geographic references defined by Kienreich, Granitzer, & Lux (2006) are direct, indirect, symbolic, 
temporal spatial, and challenging. Direct geographic references link a location with a place specifically mentioned in 
a text. One example of an indirect geographic reference is the association between the Forbidden City Museum and 
Beijing. Symbolic references connect geographic objects with a set of objects mentioned in an article—for example, 
a Greenland anchor may be linked to an article on glaciers. Temporal spatial references are tied to historical events 
such as wars and scientific discoveries. Challenging references involve links requiring additional information. In the 
present study, direct and indirect references required the application of geographic knowledge, symbolic references 
focused on earth science knowledge (e.g., geology, climate), temporal spatial references required knowledge of 
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historical events, and responses to challenging geographic references required multiple sources of knowledge across 
several domains.  
 

 
Figure 2. Google Earth anchor example 

 
 
Spatial ability and learning functions 
 
According to Greenfield (1984), navigation performance in a virtual space is largely dependent on spatial ability. 
This competency is generally believed to have two components: orientation and visualization (McGee, 1979). 
Lohman (1979) defines spatial ability as the ability to generate, retain, retrieve, and transform well-structured visual 
images, while Pellegrino and Hunt (1991) define it as the ability to reason about movement in a visual field. 
Gorgorió (1998) has proposed the concept of spatial processing ability, which she defines as the ability to fulfill the 
mix of mental operations required to solve spatial tasks. This includes skills tied to imagining and visually decoding 
spatial objects, relationships, and transformations, plus the ability to encode them verbally. Schofield and Kirby 
(1994) define spatial ability as the ability to visualize spatial relationships, including transforming objects from 3D to 
2D, and identifying shapes in two-dimensional spaces. Google Earth users view a three-dimensional globe from the 
perspective of an orbiting astronaut. The ability to move, identify, locate, compare, rotate, and transform objects in 
3D entails spatial relations, visualization, and orientation processes. Our assumption is that learners’ behaviors in 3D 
GISs are tied to their ability to create and work with mental images—a type of spatial ability.  
 
Thinking style is an important aspect of the learning process (Zhang & Sternberg, 2005). The list of researchers who 
have illustrated the significant contributions of thinking style to academic achievement in traditional environments 
includes Bernardo, Zhang, and Callueng (2002), Cano-Garcia and Hughes (2000), Grigorenko and Sternberg (1997), 
Zhang (2008), and Zhang and Sternberg (2005). Fan, Zhang, and Watkins (2010) have done the same for hypermedia 
learning environments. Thinking style represents personal tendencies and attitudes toward using one’s abilities 
(Sternberg, 1994, 1997). According to Sternberg, it is closely associated with mental processes and preferences, with 
all individuals having a preferred thinking style for dealing with life problems. He lists the five dimensions of mental 
self-government as function, form, level, scope, and leaning, and the three function categories as legislative 
(preferring one’s own way of doing things), executive (concerned with accomplishing assigned tasks within a set of 
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guidelines), and judicial (tending to evaluate rules and processes, and preferring problems that require analysis). 
During learning activities, students generally set goals according to their individual habits and thinking styles. 
Therefore, we predicted that thinking style would influence our participants’ anchoring activities. 
 
 
Study purpose 
 
For this investigation we defined the five above-described anchor types and considered the effects of learner thinking 
style and spatial ability on anchoring behaviors and learning performance. In addition to the anchoring activity, we 
designed a search activity to determine whether students used anchors as support tools or shortcuts for task 
completion, and whether learning outcomes from the first activity affected subsequent search tasks. Our goal was to 
determine if and how anchoring behaviors during learning activities are affected by individual differences in spatial 
ability and thinking style. In this study, we used three thinking styles (legislative, executive, and judicial) and three 
levels of spatial ability (high, medium, and low) as independent variables and two types of anchoring behaviors 
(creating and using anchors) as dependent variables. We established five research questions:  
• Is anchor creation in a GIS activity affected by thinking style? 
• Is anchor creation in a GIS activity affected by level of spatial ability? 
• Is the use of anchors in a GIS activity affected by thinking style? 
• Is the use of anchors in a GIS activity affected by level of spatial ability?  
• Is search performance in a GIS activity affected by thinking style, spatial ability, or anchoring behaviors? 
 
 
Method 
 
Participants and measures 
 
The final sample of 66 Taiwanese high-school freshmen was established from an original sample of 237 students. 
Selections were made based on results from Sun and Wang’s (2004) Thinking Styles Questionnaire for Junior High 
School Students, a modification of Sternberg’s (1997) Thinking Styles Inventory. The 24 items were designed to 
identify legislative, executive, and judicial thinking styles (eight each). An example of legislative style is “I like to 
deal with academic problems that I can use my own methods to solve”; an example of executive style is “I prefer 
work tasks or problem-solving according to clear rules and operating guidelines”; an example of judicial style is “I 
like to analyze, evaluate, and compare different views.” All responses were given along a Likert scale ranging from 1 
(strongly disagree) to 5 (strongly agree). Internal consistency coefficients (α) for the questionnaire and its three 
dimensions have been measured as 0.83 overall, 0.75 legislative, 0.73 executive, and 0.74 judicial (Sun & Wang, 
2004). All students in the final sample had high scores in one style and low to medium scores in the other two.  
 
To examine the effects of different spatial processing abilities on anchoring behavior, we ranked the 66 students 
according to their scores on a spatial ability test developed by Lu, Lu, and Ou (1994) (0.76 internal consistency 
coefficient). The final groups consisted of 20 low, 26 mid, and 20 high-spatial ability students. In the spatial ability 
tests, students were asked to choose one of four graphs that most resembled the original; the direction of the original 
graph was different from the directions of the other four. 
 
The final sample consisted of 40 male students and 26 female students. The majority of participants stated that they 
had approximately seven years of experience using computers, mostly for Internet surfing, email, and instant chat 
communication. None had any experience with a learning activity based on Google Earth. 
 
 
Procedure 
 
The experiment was conducted over a four-week period. During Week 1, thinking style and spatial ability tests were 
administered during a single 45-minute class period. To increase system familiarity and to reduce the impact of 
insufficient computer experience, during Week 2 we gave participants 45 minutes of anchoring training and Google 
Earth instruction. The first activity was assigned during a 45-minute period in Week 3. Students were asked to view 
maps and create anchors according to article content. English translations and geographic details for major locations 
were given in the assigned articles to reduce interference due to language ability or background knowledge. The 
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second activity was done during a 45-minute period in Week 4; during this session, students were asked to complete 
fifteen search tasks. Here we will describe the two activities in detail: 
 
• Locate geographic references based on Wikipedia article excerpts. An example of geographic content is “Taiwan 

is located in eastern Asia, western Pacific”; an earth science example is “Taiwan is an island extruded and 
uplifted by the Eurasian and Philippine Sea plates”; a history example is “From 1626 to 1642, northern Taiwan 
was occupied by Spain.” We purposefully provided articles about familiar locations and basic geographic and 
historical knowledge in an effort to reduce the effects of individual differences in prior knowledge. Students were 
instructed to read the articles, use the content to create placemarks (map locations), and add brief explanations to 
each placemark. They were permitted to rotate the Google Earth globe to perform searches, and to use English 
names or coordinates to access locations of interest. The purpose of this task was to determine how the students 
connected textual content to geographic location and how they created geographic references on a map. Anchor 
numbers and types were evaluated to determine which kinds of subject knowledge were easily discovered and 
recorded. Anchors were classified according to content; an example of a symbolic geographic reference/anchor 
would be a placemark on Jade Mountain with the descriptor “highest mountain in Taiwan.” Off-topic anchors or 
anchors with incorrect explanations were considered invalid and excluded. Students were informed that their 
second search activity would be based on the same article as in the first; therefore, they could customize their 
anchors with their own notes.  

 
• Perform multiple photograph search tasks. During their searches, students could choose between using one of 30 

predefined geographic references/anchors or referring to details provided in the search problem texts. Solutions 
based on other software functions or methods were disallowed. To determine which anchor types were used most 
often, we selected five predefined anchors that corresponded to the five problem types: direct, indirect, symbolic, 
temporal-spatial, and challenging (three of each type, for a total of 15 problems). In all, 30 predefined anchors 
were established by an instructor prior to the experiment. While predefined anchors may have been historically or 
geographically associated with correct answers, they did not necessarily contain correct answers. Anchors mostly 
served as shortcuts for students to quickly move to target areas. Students were also asked to upload map 
screenshots that matched targets in terms of direction, distance, and angle.  

 
 
Scoring 
 
As part of activity 1, students uploaded the anchors they created as (keyhole markup language zipped) kmz files. 
Figure 2 presents a list of all anchors created by one student, categorized as direct, indirect, symbolic, temporal 
spatial, or challenging based on Kienreich et al.’s (2006) geographic reference definitions; the same results are 
presented in English as Table 1. Activity 2 scores reflect differences between target photos and search results. The 
highest possible score of 5 indicated that a student’s search results completely matched the target in terms of 
direction, distance, and angle. Scores for all problems were summed; a scoring example is shown in Figure 3. 
 

Table 1. Anchor list for student S001 
No. Anchor Name Anchor Note Anchor Type 
1 Matsu Republic of China territory Direct 
2 Pacific Ocean World’s largest ocean Symbolic 
3 Penghu In the Taiwan Strait Direct 
4 Shanghai A bustling city in China Indirect 
5 Portugal Home of Portuguese, who called Taiwan “Formosa” Temporal spatial 
6 Japan An island country in East Asia Symbolic 
7 People's Republic of 

China 
Most populous country in the world Challenging 

8 Netherlands Known for dikes, windmills, and a tolerant society Challenging 
9 Spain Once occupied northern Taiwan and competed with the Dutch Temporal spatial 
10 Taiwan Located southwest of China Indirect 
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Search task: Jade Mountain 

  
(a) Target image. (b) Search result for S001. 

Student S001 was awarded two points because the search result was close to the target, but did not match in terms 
of direction, distance, or angle. 

 
 

Figure 3. Image search scoring example 
 
 
Results 
 
Effects of thinking style on creating anchors  
 
During the first activity, participants created 111 direct, 86 indirect, 161 symbolic, 174 temporal spatial, and 85 
challenging anchors; anchor numbers according to thinking style are presented in Table 2. Chi-square test results 
indicate a significant relationship between anchoring behavior and thinking style (χ2(8)＝ 44.520, p＜ .001).  
According to the data on relationships between thinking style and anchoring behavior, legislative-style students 
created the largest number of anchors and showed preferences for temporal spatial, direct, and symbolic anchors, 
likely reflecting their enthusiasm for discovering new knowledge (Fig. 4a). Executive-style students created greater 
numbers of symbolic and temporal spatial anchors. Statistical significance was not found for the main effect of 
judicial thinking style. Among judicial-style students, anchors were evenly distributed across all categories.  
 

Table 2. Anchor type according to thinking style (n = 66) 
 Anchor Type   
Thinking 
style Direct  Indirect  Symbolic  Temporal 

spatial  Challenging  Overall χ2(column) 
d = 4 

Legislative 
(n = 22) 61 39 55 68 37 260 14.231**  

Executive 
(n = 22) 18 16 70 63 14 181 85.436*** 

Judicial 
(n = 22) 32 31 36 43 34 176 2.580 

Overall 111 86 161 174 85 617 56.736*** 
χ2(row) 
d = 2 26.000*** 9.512** 10.820** 6.034* 11.035** 21.592***  

*p ＜ .05, **p ＜ .01, ***p ＜ .001 
 
 
Effect of spatial ability on anchoring 
 
Results for numbers of anchors created by the participants according to spatial ability are presented in Table 3. A 
significant relationship was found between spatial ability and anchoring behavior (χ2(8) ＝ 65.175, p ＜ .001), and a 
strong main effect of spatial ability on anchoring was also observed (χ2(2) = 17.906, p ＜ .001). Overall, students in 
the mid-spatial ability group created larger numbers of anchors compared to the high- and low-spatial ability students 
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(Fig. 4b). Our results also indicate that students in the low-spatial ability group preferred direct anchors, mid-spatial 
ability students favored symbolic and temporal spatial anchors, and high-spatial ability students preferred symbolic 
anchors. No significant differences were noted among these groups in terms of indirect anchor numbers.  
 

Table 3. Anchor type according to spatial ability (n = 66) 
 Anchor Type   

Spatial 
ability Direct  Indirect  Symbolic  Temporal 

spatial  Challenging  Overall χ2(column) 
d = 4 

Low 
(n = 20)  63 24  28 42 20 177 34.667*** 

Mid 
(n = 26)  35 30  68  83 39 255 42.235*** 

High 
(n = 20)  13 32  65  49 26 185 44.595*** 

Overall 111 86 161 174 85 617 56.736*** 
χ2(row) 
d = 2 33.946*** 1.209 18.497*** 16.586*** 6.659* 17.906***  

*p＜.05, ***p＜.001 
 

 
Figure 4. (a) Relationships among thinking styles and numbers of created anchors; (b) Relationships among spatial 

ability levels and numbers of created anchors 
 
 
Effects of thinking style on anchor usage 
 
During the search activity, the 66 participants used predefined anchors 78 times for direct geographic reference 
problems, 95 times for indirect problems, 130 times for symbolic problems, 101 times for temporal spatial problems, 
and 143 times for challenging problems. We performed a one-way ANOVA to analyze the average number of 
problems (out of 15) that were solved with the help of predefined anchors. Our results show that executive-style 
students (M = 11.05) used more anchors than judicial (M = 7.45) or legislative-style students (M = 6.36). In other 
words, executive-style students (who tend to conform to rules and prescribed processes) showed the strongest 
preference for predefined anchors. Results from Chi-square tests examining the use of predefined anchors are shown 
in Table 4. No statistically significant relationships were found between anchor usage and any of the three thinking 
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styles (χ2(8) = 4.145, p = .844), but significance was noted for the main effects of thinking style (χ2(2) = 31.857, p
＜ .001) and problem type (χ2(4) = 25.751, p ＜ .001). These data also indicate that executive-style students showed 
a preference for predefined anchors, but they also indicate that all students showed the same preference when 
addressing challenging and symbolic problems. Specifically, the results indicate that executive-style students tended 
to use predefined anchors for all problem types, legislative-style students were more likely to use them to solve 
symbolic and challenging problems, and judicial-style students were more likely to use them to solve challenging 
geographic reference problems.  
 

Table 4. Predefined anchor usage according to thinking style (n = 66) 
 Problem Type   

Thinking 
style Direct  Indirect  Symbolic  Temporal 

spatial  Challenging  Overall χ2(column) 
d = 4 

Legislative 
(n = 22) 18 23  38  23  38 140 12.500* 

Executive 
(n = 22) 39 43  53  50  58 243 4.798 

Judicial 
(n = 22) 21 29  39  28  47 164 12.707* 

Overall 78 95 130 101 143 547 25.751*** 
χ2(row) 
d = 2 9.923** 6.653* 3.246 12.257** 4.210  31.857***  

*p ＜ .05, **p ＜ .01, ***p ＜ .001 
 
 
Effects of spatial ability on anchor usage  
 
No statistically significant relationships were noted between spatial ability and the use of anchors for any problem 
type (χ2(8) = 1.656, p = .990). However, the results shown in Table 5 indicate statistical significance for the main 
effect of spatial ability (χ2(2) = 23.74, p ＜  .001), suggesting that low-spatial ability students had a stronger 
preference for predefined anchors compared to students in the other two groups. No significance was noted for the 
simple main effect of low-spatial ability, meaning that students in this category did not show a preference for any 
problem type and tended to use predefined anchors for all problem types. Statistical significance was also noted for 
the simple main effects of mid and high-spatial ability (χ2(4) = 10.131, p ＜ .05, χ2(4) = 11.000, p ＜m.05). Students 
in these two groups preferred using predefined anchors to solve challenging and symbolic geographic reference 
problems. For direct and symbolic geographic reference problems, mid- and low-spatial ability students showed 
strong preferences for predefined anchors. None of the groups expressed significant preferences for using anchors to 
solve indirect, temporal spatial, or challenging geographic reference problems. Students in the high-spatial ability 
group tended to use anchors to solve challenging and symbolic geographic reference problems.  
 

Table 5. Predefined anchor usage according to spatial ability (n = 66) 
 Problem Type   

Spatial 
Ability Direct  Indirect  Symbolic  Temporal 

Spatial  Challenging  Overall χ2(column) 
d = 4 

Low 
(n = 20) 34 39  52  41  53 219 6.365 

Mid 
(n = 26) 28 35  48  35  52 198 10.131* 

High 
(n = 20) 16 21  30  25  38 130 11.000* 

Overall 78 95 130 101 143 547 25.751*** 
χ2(row) 
d = 2 6.462* 5.642 6.338* 3.881 2.951 23.740***  

*p ＜ .05, ***p ＜ .001 
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Effects of thinking style, spatial ability, anchoring behavior, and use of anchors on search performance 
 
The average search task score for all of the participating students was 57.85 (maximum 75) (SD = 8.663; skewness = 
−.573). Results from a one-way independent sample ANOVA indicate that executive (M = 61.68) and judicial style 
(M = 59.32) students performed significantly better than legislative-style students (M = 52.55) (F = 8.015, p < .01). 
According to these data, students who tended to strictly follow rules or to carefully choose the proper time to use an 
anchor performed better overall, but no statistically significant differences were found among students at different 
spatial ability levels.  
 
We conducted Pearson correlation analyses to examine whether student search performance in the second activity 
was affected by anchoring behavior in the first activity or the use of predefined anchors in the second activity. As 
shown in Table 6, search performance was not significantly associated with the number of anchors created in activity 
1, with the exception of students who preferred creating direct anchors. However, positive relationships were found 
between student performance on search tasks and the frequency of using predefined indirect, temporal spatial, and 
challenging anchors, suggesting that proper guidance and navigation enhanced learning effectiveness.  
 

Table 6. Results from Pearson correlations involving anchors, anchor usage, and search performance (n = 66) 

 
 Anchor Type  
 Direct Indirect Symbolic Temporal 

Spatial Challenging Search 
Task Score 

Pr
ob

le
m

 T
yp

e 

Direct  .044 −.204 −.129 −.060 −.167 .219 

Indirect  .141 −.341** −.039 −.207 −.163 .300* 

Symbolic  .212 −.256* −.190 −.102 −.179 .118 

Temporal spatial  −.023 −.206 −.121 −.059 −.217 .327** 

Challenging  .040 −.107 −.194 −.226 −.324** .271* 

Number of predefined anchors used  .101 −.279* −.169 −.104 −.265* .312* 
Search task score  −.399** −.033 −.204 −.051 −.041 － 

*p ＜ .05, **p ＜ .01 
 
 
Discussion 
 
Our goal was to create a method for encouraging students to search for geographic locations based on textual 
information, an approach that fits well with the constructivist emphasis on establishing learner knowledge through 
orientation, elicitation, restructuring, application, and review (Driver & Oldham, 1986). Instruction consisted of an 
anchoring activity and a search activity based on Google Earth, with students exploring places associated with 
concepts or events—for example, the location of the National Palace Museum and the Spanish occupation of 
northern Taiwan. The anchoring activity encouraged the extraction of essential concepts from Wikipedia articles, 
with students restructuring knowledge in ways that reflected their individual learning styles. Students reviewed their 
anchors and applied them to the search activity. We predicted that students would internalize knowledge during the 
anchoring and search processes. 
 
We developed open-ended tasks and allowed students to select locations of interest on 3D maps for the purpose of 
creating geographic references. These references encouraged students to apply and integrate domain knowledge 
through the use of Google Earth maps. In addition, by placing anchors on 3D maps, students had the opportunity to 
develop a deeper understanding of article content, thereby completing search tasks more easily. According to 
Beane’s (1997) integrated curriculum concept, this type of situated learning activity benefits students in terms of 
conceptual understanding and integration. Our results indicate that the students constructed similar numbers of each 
type of anchor to complete their tasks. For their direct or indirect anchors they emphasized geographic knowledge, 
for their symbolic anchors they emphasized earth science knowledge, and for their temporal spatial anchors they 
emphasized history knowledge. This suggests that Google Earth can be used as a platform for knowledge integration, 
and that the anchoring approach is suitable for teaching geography, earth science, and history concepts. 
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Taking thinking style into account, our results indicate that executive-style students were the most likely to create 
symbolic and temporal spatial anchors. Their careful reading of the content of earth science and history articles is 
characteristic of an executive-learning style, as was their use of knowledge-based notes associated with article 
content. However, they often cut-and-pasted article content to use as anchor text—a strategy considered a surface 
approach (Dunkin & Biddle, 1974). Further, they were rarely willing to search for place locations or to create direct 
or indirect anchors.   
 
Legislative-style students tended to create direct and temporal spatial anchors and to establish much larger numbers 
of anchors compared to students in the other groups—an indicator of their enthusiasm for exploring new knowledge. 
Judicial-style students did not show a preference for any single anchor type, perhaps an indicator of their analytical 
tendencies. Legislative-style and judicial-style students were willing to create challenging anchors that required 
additional information from knowledge sources across multiple domains. In other words, the legislative- and 
judicial-style study participants used deep approaches to learning, while executive students tended to use a surface 
approach—a finding that agrees with results reported by Zhang (2000) and Zhang and Sternberg (2000). Since the 
task we used in our experiment involved greater cognitive complexity and encouraged students to create their own 
knowledge, we believe it facilitated the use of a legislative approach to learning. 
 
Our results also indicate a relationship between anchoring behavior and spatial ability. Students with low-spatial 
ability scores showed a preference for direct anchors—perhaps as a timesaving tactic, or an indication that they 
found it difficult to deal with spatial relationships. Both mid- and high-spatial ability students favored symbolic and 
spatial temporal anchors. The higher level of detail in the articles used for this study is a likely explanation for these 
preferences. Mid-spatial ability students also showed a tendency to create more anchors. A possible explanation for 
why low-spatial ability students created fewer anchors is their relative lack of skill in fixing positions on maps, and a 
possible explanation for why high-spatial ability students created fewer anchors is their perception that recording 
direct geographical references was unnecessary, since their spatial abilities were sufficient for meeting the 
requirements of the location search test. 
 
Regarding anchor-citing behaviors, we found that executive-style students were more likely than others to use 
predefined anchors for search tasks, perhaps due to their characteristics of following rules and finding practical 
solutions to problems (Sternberg, 1997). Among more analytical (judicial-style) students, their use of anchors was 
consistent across all problem types. We also noted that legislative-style students were more creative and attentive 
when using Google Earth, and were therefore less likely to use predefined anchors. Low-spatial ability students 
clearly had difficulty rotating the Google Earth globe when searching for targets and therefore relied more on 
predefined anchors. As expected, high-spatial ability students enjoyed rotating the globe to perform their searches, 
suggesting that they were more likely to benefit from such a system for learning earth science and geography 
concepts. In short, the data suggest that the executive-style and low-spatial ability students required more structured 
learning aids and scaffolding when using the 3D GIS.   
 
In terms of search performance, students who showed preferences for predefined anchors performed better on search 
tasks, suggesting that anchors significantly enhanced search performance to the degree that it was not affected by 
spatial ability. A possible explanation is the fixed nature of search task solutions versus potential variation in strategy. 
Accordingly, existing and available anchors may have facilitated searches in the same manner as shortcuts. A 
standard approach to answer assessment may be supportive of an executive style; our results indicate that executive-
style students outperformed their legislative-style classmates. This finding is in agreement with reports from Cano-
Garcia and Hughes (2000) and Zhang and Sternberg (1998) of positive correlations between executive thinking style 
and achievement. In Cano-Garcia and Hughes’s study, students who explicitly stated their aversion to creating and 
planning (negative legislative) and those who favored existing rules and procedures (executive) achieved higher 
scores. In the present study, even though judicial-style participants used fewer predefined anchors, they earned 
higher scores on their search performance tasks. This unexpected finding, which suggests that judicial-style students 
were more analytical, careful, and precise in their use of available anchors, is an example of Zhang’s (2004) 
observation of mixed ways in which judicial-style tendencies contribute to academic achievement.  
 
According to Sternberg and Zhang (2005), “What is valued in one time and place may not be valued in another”. 
According to our data, executive-style students were very capable of organizing article knowledge for use with 
Google Earth, but less capable of constructing original knowledge. Still, they were skillful at finding landscape 
photographs via various anchor types that served as task completion shortcuts. In contrast, legislative style students 
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were more active in creating multidisciplinary knowledge anchors, suggesting that classroom instruction might 
benefit from teacher efforts to match executive- and legislative-style students for activities involving collaborative 
knowledge construction. In accordance with social constructivist principles that encourage learner discussion, 
negotiation, and coordination for integrating new information (Resnick, 1989), we believe that matching these types 
of students for lessons involving Google Earth-like activities may lead to enhanced knowledge construction.  
 
 
Conclusions 
 
GIS activities have been used in teaching curricula for subjects such as archaeology (Hespanha, Goodchild, & 
Janelle, 2009), sociology (Grady, 2007), economics (Booker, 2007), and criminology (Harries, 1999). For the present 
study, we used a free GIS application, Google Earth, to create a teaching scenario in which learners were asked to 
organize article content in terms of geographical references and to present their results on 3D maps. The goal of the 
activity was to help students establish connections between geographic locations and article content, thus building a 
deeper understanding of the meaning and value of specific knowledge. In such scenarios, instructors serve as 
navigators and facilitators, while students act as explorers and knowledge producers. Google Earth supports learning 
in a manner that matches Dias and Atkinson’s (2001) claim regarding characteristics for integrating technology into 
curricula, as well as Moersch’s (1999) fourth-level integration of technology into classrooms. We believe this 
activity can be used to help establish critical thinking and knowledge construction skills leading to higher-order 
learning. According to our study results, learner use of Google Earth’s anchoring feature is affected by a combination 
of thinking style and spatial ability. Further, we found little variation in terms of spatial ability, which can be 
enhanced through cumulative experience in the use of 3D GISs or maps. In summary, we found that thinking style 
exerted a stronger influence than spatial ability on learning among the study participants.  
 
Teachers play key roles in the integration of IT tools into learning environments (Hsu & Sharma, 2008; Jung, 2005; 
Vanderlinde & van Braak, 2011). They are expected to facilitate learning and to make learning meaningful for 
individual students rather than to simply provide knowledge and skills (Roblyer, 2006). Students with different 
thinking styles tend to prefer specific teaching approaches (Zhang, 2004). For example, legislative- and judicial-style 
students prefer approaches that emphasize conceptual change, and executive-style students prefer approaches that 
emphasize information transmission. In their roles as facilitators and advisors, teachers can benefit from emphasizing 
learning processes rather than learning outcomes, and from designing materials and learning contexts that match the 
needs of a range of learning styles. They can support their students’ self-learning efforts by providing them with 
greater decision-making autonomy. Tools such as Google Earth can be used to observe student anchoring behaviors 
and to identify how they use anchors to construct knowledge networks; teachers can then use this information to 
incorporate anchoring activities into learning, thereby transforming unidirectional and static learning processes into 
those in which pluralistic, life-oriented, and interesting experiences are accumulated (Jonassen, 1996; Sprague & 
Dede, 1999).  
 
 
Limitations 
 
Anchoring in Google Earth requires strong IT skills and experience. Therefore, the instructional activities described 
in this paper may not be suitable for students who are not proficient in the use of computers. Another potential 
limitation concerns the article topics, since familiarity with content likely affected the anchoring behaviors of the 
study participants. The articles used in this study were on geography, earth science, and history topics, which may 
have influenced student decisions to create geographic, symbolic, and temporal spatial anchors. Students may 
express different anchoring preferences for other disciplines. Finally, we asked a teacher to establish 30 anchors in 
advance to support our observations of predefined anchor usage. The specific ways that students respond to anchors 
created by others requires further exploration. 
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ABSTRACT 

A concern of computer-based learning system design is how to accommodate learners’ individual differences 
during learning activities. Previous research suggests that adaptive e-learning systems can effectively address 
such individual differences and, consequently, they enable more directed tutoring via computer-assisted 
instruction. In this paper, we explore this assertion, reflecting on the outcomes of two successive experiments 
that were performed to empirically demonstrate that learners’ personality traits might be significant in 
understanding differences in learning outcomes from using e-learning systems. One hundred and forty-five 
participants from Computer Science participated in this study. A two-by-two between-subjects factorial study 
was designed, where the personality traits derived from Myers-Briggs Type Indicator, and the two computer-
based learning systems (adaptive vs. non-adaptive) are independent variables. The results suggested that the 
personality trait that could be indicative of preferred learning styles; in particular extraverted/introverted 
personal traits significantly influenced learning activity on adaptive e-learning system. A design guideline might 
be implicative of how the e-learning system suits the learner’s personality trait.  

 
Keywords 

Adaptive e-learning systems, Personality trait, Learning styles, Personality trait, MBTI 
 
Introduction 
 
The use of computers in education has long been considered a viable delivery mode for learning. As many previous 
studies suggest, the success of a computer-based learning system can be measured by how long it takes a user to 
reach their learning objectives. However, it is also recognised that the evaluation of a learning system is naturally 
contingent upon a learner’s own perspective (i.e., user experiences), rather than purely technical measures of system 
quality. Open to question is thus how to attract learners towards computer-based learning and how to sustain their 
focus and attention over long periods.  
 
Most early computer-based learning systems were only capable of delivering the same content in, to a great extent, a 
predefined order to all learners, despite the fact that they might have quite different perspectives and preferences in a 
given learning domain. As a result, many researchers have criticised such systems as inadequate in raising learners’ 
motivation toward the subject matter (e.g.,  Clark & Mayer, 2008; 2011; Sampson, Karagiannidis, & Kinshuk, 2002). 
In contrast, there are other studies (e.g., Bowler et al., 2009; Pulford & Sohal, 2006) that have demonstrated that a 
better way of dealing with this issue would be to develop different learning materials to cater for individual learners. 
However, to our knowledge, this has not yet been proved practicable. 
 
As new learning technologies evolve, it becomes more feasible to present more customised learning materials to 
address the differences of each individual without developing many different versions of learning content (e.g., 
Curilem et al., 2007). For instance, Intelligent Tutoring Systems (ITS) is a broad term referring to any kind of 
computer-based learning system incorporating artificial intelligence components. Such systems have previously been 
implemented in various learning domains, e.g., AutoTutor (Graesser et al., 2005).  
 
These have gained significant attention in the field of computer-based learning, with the belief that such approaches 
may allow new computer-based education design to increase students’ motivation and performance in comparison 
with other instructional methods (Moundridou & Virvou, 2003). All of the examples mentioned above are designed 
to effectively adapt to the current levels of knowledge and understanding of the user, and guide them toward their 
learning goals with the most relevant learning content (Brusilovsky, 2001; De Bra et al., 2002).  
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Obviously, this type of customisation, demonstrated by many ITS, is a positive development in the field of 
computer-based education. However, there are still many problematic features in the customisation process, partly 
because one cannot make computer-based learning fully customised, but mostly because it makes significant 
demands on the designers of e-learning systems to fully understand how differences between learners would impact 
their learning styles, and how that knowledge can be incorporated into the design of flexible learning environments. 
That being said, some early studies on traditional e-learning systems that concern themselves with how different 
learning styles may be associated with learning design are worthy of note (e.g., Clark & Mayer, 2008). Importantly, 
Kogan (1971) and Messick (1976) earlier observed that learning content design should be congruent with each 
learner’s preferred learning style. In particular, Kogan (1971) concluded that, based on individual differences in 
cognitive style, the best learning content design could be identified for each individual learner. Many recent studies 
have also emphasised the relationship between learning style and the use of e-learning systems (e.g., Clark & Mayer, 
2011).  
 
However, none of the studies have provided practical methods for employing learning styles in computer-based 
learning systems design. The central research question in this article is, therefore, to consider the personality effect as 
a practical approach to measuring differences in learning styles, thereby gaining a deeper awareness of ways to 
consider personality traits in designing computer-based learning systems. 
 
 
Learning and personality 
 
The attempt to incorporate learners’ cognitive styles into computer-based learning is hardly new. For instance, 
Brusilovsky (2001) identified many cognitive features that are able to drive adaptation for individualised learning, 
shown in Figure 1, though he did not include personality traits in adaptation.   
 

 
Figure 1. The user model of an adaptive e-learning system, extended from Brusilovsky (2001) 
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Table 1 also depicts how these cognitive features are considered in intelligent tutoring systems. For instance, ELM-
ART (Brusilovsky, Schwarz, & Weber, 1996) provided adaptive navigation support and dynamic content sequencing 
that were able to match the learner’s current goals to their previous knowledge level. The approaches based on the 
cognitive features described in Table 1 suggest a way forward, but how they can be fully implemented in computer-
based learning is still elusive. For instance, the user’s current knowledge must be constantly monitored to present the 
right level of learning content, so many computer-based learning systems have a compulsory test at the end of each 
learning module. This crude approach is neither universally practical nor optimal in learning experiences (i.e., flow 
paradox).  
 

Table 1. User models in adaptive e-learning systems, extended from Brusilovsky (2001)  
 Knowledge level User goal Background Experience Interaction 

Interbook 
(Eklund & 
Brusilovsky, 
1998) 

Continuous 
monitoring of 
user’s 
knowledge level 

Goals are 
described by 
students, which 
helps them to 
find a proper 
learning path. 

 Prior knowledge 
of relevant sub-
jects and 
hypertext 
experience is 
collected. 

Frames pres-
entation, 
structure and 
link annotation 
are given.  

ELM-ART 
(Brusilovsky et 
al. 1996a) 

Collecting prior 
example-based 
problem-solving 
pattern 

Based on a pre- 
defined learner’s 
goal, students 
can practise new 
knowledge by 
working on exer-
cises. 

  Adaptive annota-
tion and curricu-
lum sequencing 
allowed on a 
user-experience 
level.  

Interactive 
examples and 
link annotations 
are given. 
 

AHA  
(De Bra & Stash, 
2002) 

Uses existing 
adaptation 
techniques based 
on learners’ 
knowledge 

 Collect users’ 
interests, time 
stamps, and 
visits to 
particular web 
content to adapt 
to the correct 
content delivery. 

 Hide or show 
webpage links or 
annotated 
fragments. 

NetCoach/ ART-
WEB  
(Weber et al., 
2002) 

 Lead students 
through learning 
materials and 
monitor learning 
progress to 
determine user 
goals. 

  Course materials 
are organised in 
a tree structure 
that can be freely 
browsed by 
learners. 

MLTutor  
(Smith & 
Riding, 2003) 

Profile-building 
in order to 
enable individual 
adaptation 
without 
additional input 
from the user 

 Based on apply-
ing machine-
learning algor-
ithms to generate 
personalised 
adaptation to 
meet user’s 
background 

Browsing history 
to determine 
user’s ex-
perience level 
 

Replace user-
predefined 
profiles with a 
dynamic user 
profile scheme. 

 
A rather controversial way to cope with individual differences has been proposed by the personality psychologists 
(e.g., Bayne, 2004; Soles & Moller, 2001). For example, Bayne (2004) claimed that people’s personality has a 
significant influence on how learners may or may not want to become involved in their learning processes, 
independent of their personal interests or stage of cognitive development. This perspective seems to be of value 
given the growing complexity of e-learning systems, which contain extensive content and enable various learning 
paths. Understanding the concept of preferred learning styles to facilitate searching and navigation is a fundamental 
requirement for adaptive learning systems design, in that such systems need to match a user’s learning styles and 
interests in order to hold their attention in unsupervised learning. Bayne (2004) maintained that personality type 
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might reflect on the learner’s preferences in digesting information and making decisions, bringing the personality 
effect to the fore in computer-based learning.  
There are, however, some other studies that contrast with this deterministic view of personality effect. Mixed 
outcomes of the personality effect have also been investigated in conjunction with the study of organisational effect, 
culture, and discipline-related effect, task difficulty, and so on. For instance, Stipek (2001) claimed that many other 
environmental factors would influence educational practices, so the assumed personality effect might constrain only 
how a learning motivation is triggered. Allen & Kim (2001) suggested that personality and the context tend to be 
evolved through their interaction in information-seeking processes.  
 
Though we admit such mixed outcomes of the personality effect, there are two points that make our study worthy of 
further investigation. First, we still cannot adequately explain why some learners show more enthusiasm and intrinsic 
desire to know whilst others seem to get easily bored and disinterested. The motivation to learn comes not only from 
the external content, but also from the self, emphasising the role of the intrinsic nature of the human mind. It is also 
true that in computer-based learning people must be motivated and rewarded for investing their time and effort to 
become knowledgeable. In this regard, Khan and Radcliffe (2005) argued that the individual cognitive processing 
mode (or the traits that come from personality) of each person must match with the information or content presented.  
 
 
Personality and learning styles  
 
Though there is no consensus of the definition of personality, it is thought that the term refers to dynamic mental 
structures and coordinated mental processes that determine an individual’s emotional and behavioural adjustments to 
their environment (Millon, 1990). Arguably, according to the theory of conditional reasoning (James & McIntyre, 
2000) that provides a conception of learning activity, the reasoning process is highly dependent on personality, that 
people will frame the same stimuli or events differently. Several general perspectives on learning behaviours thus 
suggest many grounds for saying that personality relates to an individual’s learning process.  
 
First, many researchers (e.g., Deci & Ryan, 1985) have demonstrated that students with a particular trait seem 
intrinsically motivated, otherwise remaining disengaged. Second, research on individual differences in reasoning 
styles suggests that those who are high in the trait of achievement motivation consistently direct intense and persistent 
effort toward accomplishing demanding learning tasks. Finally, research regarding multiple types of intelligence 
(Gardner, 1983) suggests that students who are taught in a way that matches their reasoning or motivation modes are 
likely to achieve at higher levels. These views imply that the degree of match between computer-based learning and 
student personality seems to be an important consideration in adaptive e-learning systems design. 
 
There have been many proposed models, inventories, measures, and questionnaires that help to determine learning 
styles from personality traits, such as the Big Five theory, Learning Style Inventory (LSI), and the Myers-Briggs 
Type Indicator (MBTI). Prior research grounded on the Big Five theory all indicates that core aspects of human 
personality tend to have strong influences on learning behaviours, in particular, motivation and the reasoning process 
(Costa & McCrae, 1992). Entwistle and Entwistle (1970) found that stable introverts using good study methods 
achieved higher learning performance than extraverts, whereas Furnham and Medhurst (1995) showed a significant 
positive correlation between extraversion and performance in a seminar class. Another well-known model of learning 
style related to personality traits is the Kolb’s Learning Style Inventory (LSI). The LSI is comprised of two 
dimensions in learning process: perception (abstract-concrete) and processing (active-reflective). The combination of 
these two dimensions dictates that learning style can be classified into convergent learners, divergent learners, 
assimilators, and accommodators (Kolb, 1984).  
 
Lastly, the Myers-Briggs Type Indicator (MBTI) (Myers et al., 1998) has been widely used and validated extensively 
in the education domain. MBTI classifies personality traits into four dichotomies: extraverted-introverted, sensing-
intuitive, thinking-feeling, and judgement-perception. MBTI has provided many guiding principles to improve 
learners’ performance in learning activity design (e.g., Felder et al., 2002; Soles & Moller, 2001). The evidence for 
the validity of MBTI theory is, as such, substantial. Many MBTI-based studies from a pedagogical stance are thus 
worthy of note. For instance, Furnham (1992) found that extraverts tend to be more active, whereas introverts are 
more reflective. Individuals high in intuitiveness prefer to evaluate information more intuitively, whereas individuals 
low in this (i.e., sensing people) used systematic information processing. Zhang (2003) demonstrated that thinking 
and perceiving individuals preferred a deep learning style, whereas feeling and judging ones preferred a superficial 
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learning style. Also, some studies have examined MBTI personality traits that may be related to aspects of academic 
motivation. For example, Heaven (1989) reported that achievement motivation was positively correlated with 
extraversion, and Busato et al., (1999) reported that extraverted students were more achievement-oriented and 
preferred meaning-, reproduction-, and application-directed learning styles. In contrast, students high on introversion 
had low achievement motivation, exhibited an undirected learning style, and had difficulty in identifying and 
processing what material was important.  
 
Interestingly, the learning style theories above are much in common to specify the types of personality. For instance, 
the two dimensions of Kolb’s LSI and MBTI are quite closely replicated: perception (abstract-concrete) in the LSI 
relates to the feeling-thinking mode of MBTI and processing (active-reflective) is correlated with the extravert-
introverted type of MBTI. In a similar manner, four of the five factors in the Big Five theory are on a par with the 
four dimensions in MBTI, as follows: extraversion (extraversion in the Big Five), sensing (openness to experience in 
the Big Five), thinking (agreeableness in the Big Five), and judging (correlated to conscientiousness in the Big Five) 
(McCrae & Costa, 1989). Table 2 presents an overall comparison of the dimensions in the MBTI and the Big Five 
theory. This convergence between the major theories of personality is encouraging for our study, in that the various 
approaches, developed in radically different traditions, agree closely on the major characteristics of personality.  
 

Table 2. Comparing the Myers-Briggs Type Indicator (MBTI) with the Big Five theory 

The Four M
B

TI D
im

ensions 

Big Five Dimensions 
Personality 

Types Extraversion Agreeableness Conscientious Openness to 
experience 

Emotional 
stability 

Extraverted-
introverted 
(E-I) 

Strongly related to 
extraversion    

Emotional 
stability is 
not covered 
by MBTI 

Sensing-
intuitive 
(S-N) 

   
Related to 
openness to 
experience 

Thinking-
feeling 
(T-F) 

 Related to 
agreeableness   

Judging-
perceiving 
(J-P) 

  Strongly related to 
conscientiousness  

 
 
The current study  
 
Although prior research has provided a useful lens to see the relationship between various personality traits and 
selected aspects of academic motivation, few studies have examined the relationship between personality traits and 
computer-based learning design. The current study was designed to address this by directly assessing the relationship 
between personality traits derived from MBTI and performance in computer-based learning.  
 
In this paper, we present two studies on the personality effect in computer-based learning. In the following section, 
we describe the first experiment that was carried out in both Oman and New Zealand, where we examined the 
impacts of their personality traits as they used different web-based learning systems. Next, the second subsequent 
experiment was presented and explored a possible answer to the question “why is computer-based learning 
susceptible to the personality effect?” Based on the findings from both experiments, we empirically drew some 
implications for designing a computer-based learning system.  
 
 
Experiment I: Personality effect on computer-based learning system use 
 
The first experimental study was to demonstrate the personality effect (introvert vs. extravert). Hence, only two main 
manipulations were considered: the personality type (extraversion vs. introversion) and the learning system given 
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(ITS vs. non-ITS). We sought evidence that a particular learning system induces a different learning performance for 
different personality types.  
 
Method 
 
Participants  
 
A two-way between-subjects experimental design was used. The four experimental groups were formed by 
factorially combining the two personality types (extraversion vs. introversion) and the two computer-based learning 
systems (ITS vs. non-ITS), as shown in Table 3. The symbol  in the table indicates the number of participants from 
Oman, and the symbol  indicates those from New Zealand. The split in the test groups was due to the fact that the 
first author of this article worked in both countries to carry out the empirical study. This can be further justified by 
McCrae’s findings (2002) that a person’s culture would tell us much less than his or her own personality profile.  
 

Table 3. The four experimental groups (extraversion vs. introversion/ ITS vs. non-ITS) 
 Extraversion Introversion Total 

ITS (ELM-ART) 8(4/4) 12 (9/3) 20 (13/7) 
Non-ITS (Web) 12(8/4) 28 (19/9) 40(27/13) 

Total 20 (12/8) 40 (28/12) 60 (40/20) 
 Omani participants;  New Zealand participants 
 
Sixty participants (40 from Oman and 20 from New Zealand, of which 32 were male and 28 female) took part in the 
experiment. They were homogeneous in that they were all undergraduates (second year) taking computer science 
courses. The homogeneity of the participants considered their previous learning outcomes (average GPA greater than 
or equal to 3.5 out of 4.5) and their existing computer programming skills. Upon completing the experiment, 
participants were entered into a $50 prize draw, which aimed to externally motivate participants toward the 
experimental task. The unequal size of each group was due to the random way participants were assigned to 
conditions, carried out in the two different universities.  
 
Forty introverted (28 Omanis and 12 New Zealanders) and 20 extraverted students (12 Omanis and 8 New 
Zealanders) participated. A note of the personality type considered in this study is needed here. Although there are 
other personality types in MBTI (i.e., sensing, thinking, or judging), we only considered extraversion (and 
introversion) in this study, in that the preferences for extraversion or introversion are often referred to as a first and 
dominant factor for learning activities in many studies (Bayne, 2004). Also, according to Bayne (2004), there is no 
gender issue involved in extraversion. Hence, this treatment seemed to safeguard the objective of the experiment.  
 
 
Apparatus 
 
Two experimental systems were implemented for this study, based on a typical web-based learning system for 
teaching LISP, an artificial intelligence language. Figure 2 shows the non-ITS system. An intelligent tutoring system 
(see Figure 3) was developed based on the original ELM-ART (Brusilovsky, Schwarz, & Weber, 1996) with the 
permission of the developers. We used the same adaptive logic (i.e., dynamic content sequencing) with ELM-ART, 
changing only the content to teach LISP to provide a fair comparison with the non-ITS system shown in Figure 2.   
 
 
Procedure  
 
Firstly, all participants in the experiment were given the MBTI test, administered by two psychologists, and then 
were randomly seated at a computer where either the non-ITS e-learning system or ELM-ART had been installed. 
On logging on to the experimental system, they were provided with simple instructions regarding the experiment. 
These gave information about the learning activity, the purpose of the study and the data protection policy. They then 
freely navigated the given system to learn the concepts of declarations, functions, and lists, and were given sufficient 
time to potentially learn all the material. At the end of the experiment, they were asked to answer forty questions 
about the content that they had learnt with the given learning system.  
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Figure 2. A web-based learning system for teaching  (non-ITS system) 

 

 
Figure 3. ELM-ART, an intelligent tutoring system, for teaching LISP (ITS system) 
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Experimental design 
 
The experimental design was a two-by-two between-subjects factorial, where personality and the computer-based 
learning system served as independent variables. The dependent variables were the time taken (to complete all the 
lessons), the number of correct answers (out of 40 test questions), the number of navigations (to check all the 
navigational movements), and the number of repetitions (to measure how many times learners returned to see the 
pages visited).  
 
Data collected in the study were analysed using independent sample t-tests to compare the learning performances of 
the two personality types (introverted and extraverted) in the computer-based learning system. 
 
 
Results and discussion 
 
Table 4 gives the mean performances for the learning activity. By and large, our participants seemed to derive certain 
benefits from ELM-ART in terms of correct answers and the number of navigations. These results clearly indicate 
the adaptive e-learning system could present advantages over the traditional e-learning system, which is consistent 
with previous studies (Calvi & De Bra, 1997).  
 

Table 4. A comparison of learning performances of introverted and extraverted students under the ITS and non-ITS 
condition  

 Extraverted  Introverted   
M  

(n = 8) SD M 
(n = 12) SD p 

ITS  
(ELM-ART) 

 

Time taken (min.)  26.40  6.69 32.54  8.58 < .01 
Correct answers (%) 86.25  8.89 76.75  15.83 < .01 

no. of navigations 34.38 12.47 46.58  15.51 < .01 
no. of repetitions 5.31 3.16 13.17  9.57 < .01 

  M  
(n = 12) SD M 

(n = 28) SD p 

Non-ITS (Web) 

Time taken (min.)  29.47 3.71 30.27  5.29 n.s 
Correct answers (%) 57.67  10.23 55.29 14.11 n.s 

no. of navigations 55.00 5.86 55.64  7.08 n.s 
no. of repetitions 12.75 3.14 12.89  3.50 n.s 

 
Because our participants with different personality traits (introverted and extraverted) were randomly assigned to 
each experimental condition (ITS and non-ITS), no differences are expected in these means if there is no personality 
effect. The Fisher’s exact test showed the association between the experimental condition and the personality was not 
significant (p-value = 0.56). Within the limits of sampling error, the effect of learning experience will thus be 
distributed as it is in the sampled population. Any differences that occur are therefore evidence that a particular 
system (either ITS or non-ITS) is sensitive to a learning style arising from a personality trait.  
 
Comparing the learning performances of the two personality types in the non-ITS, there are no significant differences 
between them. But that is not the case for the ITS. Regarding the non-ITS, these results concur with earlier studies of 
the relationship between computer-based learning and learning styles (e.g., Felder et al., 2002; Soles & Moller, 2001) 
that revealed traditional e-learning systems could not allow students to pursue a multitude of different learning paths, 
making it very difficult to adapt to different students’ learning styles. Therefore, our participants with non-ITS (12 
extraverts and 28 introverts) displayed a neutral effect of their own personality traits when they were being taught by 
a traditional e-learning system.  
 
As for the ITS, the extraverted students seemed to outperform the introverts in terms of the correct answers (mean 
86.25 vs. 76.75) under less time taken (mean 26.40 vs. 32.54). The ITS also facilitated more efficient navigation 
(mean 34.38 vs. 46.58) and less repetition of the pages (mean 5.31 vs. 9.57).  Though the first two measures clearly 
pointed out the benefits of the ITS for the extraverted students, the last two might be to some extent hard to interpret. 
That is, if participants took more navigations and repetitions on the course materials to learn, it can be seen that they 
might show more exploratory behaviour. Also, it is further countered by the fact that the lack of confidence in using 
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a particular system makes the users very reluctant to explore the system (Martinez, 2002). However, consider that the 
experiment only allowed the participants to go back to the previous pages only, thus the number of 
repetitions/navigations may imply an indication of how they well organise their learning experiences. Hypothetically, 
the user group that has a well-matched learning material structure would have efficient navigation/repetition 
movement. The self-organising learning activities by the introverted learners might thus show the mismatch between 
their personality trait and the type of their learning system, though doing more repetitions or navigations might signal 
higher self-directness, involvement, curiosity and so forth, in the realm of other learning contexts.   
 
 
Conclusions 
 
The main conclusion to be drawn from these results is that the personality trait may have an influence on how people 
were able to learn with the adaptive e-learning system. This practical implication can raise awareness of the 
importance of personality in the design of adaptive e-learning systems, acknowledging other studies (e.g., Moallem, 
2003), which concluded that learners perceive and process information in very different ways depending on their 
personality trait.  
 
However, given that this study would not seek to provide a constant advantage for the extraverted in using adaptive 
e-learning systems, care in interpretation is needed. A comparison among the experimental conditions simply 
indicates the extraverted people would perform well with the personalised adaptation presented by ELM-ART, at the 
very least; however the introverted people tend to have more repetition (mean repetitions = 13.17 [introverted] vs. 
5.31 [extraverted]) in the personalised adaptation that might cautiously suggest that focussing on the personalised 
adaptation should be subject to the personality trait of the learner (e.g., allowing more exploratory learning activities 
for the introverted). This interpretation seems to be largely in line with Moallem’s findings (2003), which contend 
that flexible content design should be achieved by synchronising with each individual’s preferred learning style.  
 
Of course, the personality effect demonstrated in this experiment is hard to generalise to cover other learning 
contexts or situations in computer-based learning. It would be only possible when other systems are broadly assessed 
and the content and presentation styles are also tightly controlled. This possibility was therefore further explored in 
the subsequent study.    
 
 
Experiment II: Content and personality effect 
 
Experiment II was designed to deepen the findings of Experiment I and examine if they could be applicable to other 
personality types, such as sensing vs. intuitive, thinking vs. feeling, and judging vs. perceiving. Also, Experiment I 
considered only declarative knowledge rather than procedural knowledge (e.g., knowing how to use the declarative 
knowledge to make an artificial intelligence programme). Hence, in building on the results of Experiment I, we 
further analyse preferences in learning design related to personality types while exploring procedural knowledge. In 
this experiment, both basic LISP primitives (declarative knowledge) and procedural LISP primitives (procedural 
knowledge) are addressed in examining the personality effect on learning.  
 
These experimental manipulations are in line with several studies on personality theory (e.g., Felder et al., 2002).  
They generally assert that intuitive learners prefer abstract and concept-oriented approaches, so they more easily 
attain complex concepts and ideas, as anticipated in learning LISP, than the sensing type learner (Soles & Moller, 
2001). To our knowledge, many concepts in LISP, such as lists, require understanding of complex symbolic 
expressions to work with data and procedures. Perhaps, this nature of LISP might credit the intuitive personality. 
Also, we considered evidence that the thinking personality trait facilitates more harmony with the values of logical 
process (Myers et al., 1998; Vincent & Ross, 2001), which is related to learning procedural LISP primitives. Finally, 
as to the forced learning activity (i.e., a minimum of three correct answers in a row to proceed), Myers et al. (1998) 
and other researchers (Felder et al., 2002; Vincent & Ross, 2001) contended that perceiving personalities prefer 
multiple learning choices and flexibility and dislike rigid timelines and tightly controlled interaction steps (Lawrence, 
1984; 1997).  
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Method 
 
Participants 
 
The eighty-five participants were from Massey University. The distribution of participants across the eight groups is 
given in Table 5. They had some degree of homogeneity in that they were all undergraduates (third-year students) 
taking the computer science (CS) major at the university. Completing the experiment entitled them to be entered into 
three $50 draws.  
 

Table 5. The conditions and the sample size of each group in Experiment II 
Personality N 
Extraversion (introversion) 15 (11)  
Intuitive (sensing) 10 (12) 
Thinking (feeling) 8 (11)  
Judging (perceiving) 11(7) 
Total 85 
 
 
Apparatus/procedure/experimental design  
 
The apparatus and procedures of Experiment II were replicated those of Experiment I, except that only the ITS (i.e., 
ELM-ART) was used. Unlike the previous experiment, this empirical study required participants to provide a 
minimum of three correct answers in a row to continue to the next learning topic. This treatment was used to see if it 
revealed any differences by personality trait. At the end of the experiment, participants were given the extra 
questions of LISP. They included twenty questions of declarative and procedural knowledge of LISP (See Figure 4 
and 5).  
 
The experiment was designed as a between-subjects factorial and analysed as if it were four experiments (precise 
details are given in the results section.). The same dependent variables of Experiment I were used in Experiment II, 
namely, the time taken, the number of correct answers, the number of navigations, and the number of repetitions. 
 
A statistical analysis was originally planned to use between-subjects analysis of variance. However, Levene’s tests 
for heterogeneity of variance were found to be significant, suggesting that the data were not suitable for analysis of 
variance. For these reasons, eight Mann-Whitney U tests were adopted.  
 

 
Figure 4. Example question of declarative knowledge  
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Figure 5. Example question of procedural knowledge 

 
 
Results  
 
Table 6 gives the mean learning performance across the eight personality traits considered here. As to the procedural 
knowledge, the extraverted participants showed a significantly higher mean (37.11) than the introverted (28.79). 
Markedly different patterns were also observed within the two personality preferences (i.e., sensing vs. intuitive, and 
thinking vs. feeling), except the judging-perceiving pair.   
 
Table. 6. The correct answers of two types of contents (declarative vs. procedural knowledge against personality types) 

 

 Extraversion 
(n = 15) 

Introversion 
(n = 11) 

 Sensing 
(n = 10) 

Intuitive 
(n = 12) 

 

 M SD M SD U(p) M SD M SD U(p) 
Declarative 
knowledge 
(20 quest.) 

45.38 3.71 46.98 2.01 62.00 
(n.s.) 51.77 9.09 45.83 2.06 52.00 

(n.s.) 

Procedural 
Knowledge 
(20 quest.) 

37.11 3.04 28.79 1.24 12.00 
(< .01) 27.88 4.90 37.51 1.69 8.00 

(< .01) 

Total  
score 82.49 – 75.77 – – 79.65 – 83.34 – – 

 Thinking 
(n = 8) 

Feeling 
(n = 11) 

 Judging 
(n = 11) 

Perceiving 
(n = 7) 

 

 M SD M SD U(p) M SD M SD U(p) 
Declarative 
knowledge 
(20 quest.) 

57.06 3.56 62.98 7.39 19.50 
(< .05) 53.37 6.04 54.35 7.98 37.00 

(n.s.) 

Procedural 
Knowledge 
(20 quest.) 

24.45 1.42 15.80 1.85 4.50 
(< .01) 27.46 3.12 25.57 5.14 28.00 

(n.s.) 

Total  
score 81.51  78.78 – – 80.83 – 79.92 – - 
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Conclusions and discussion 
 
The main concern of this experiment was to see whether the results from Experiment I could be repeated. Secondly, 
it intended to show whether the other personality traits could affect learning performance with adaptive e-learning 
systems.  
 
The first conclusion to be drawn was that, taking Experiments I and II together, the personality trait (at least 
extraversion-introversion) influences learning activity on adaptive e-learning systems. In this light, the work of 
Felder and Brent (2005) is worth noting. They contended that the introverted need to be more carefully treated to 
enhance their learning experience in computer-based learning.  
 
Another empirical contribution is that our participants appear to differ in response to learning content linked to 
learning styles that can be derived from the personality traits. Actually, these experimental findings resemble several 
publications on personality theory (e.g., Felder et al., 2002; Shuck, 1999). To our knowledge, learning about lists in 
LISP requires an understanding of complex symbolic expressions in order to work with data and procedures. This 
might imply better learning outcomes for the intuitive personality (Soles & Moller, 2001). This pattern is on a par 
with the thinking personality trait too. Experiment II showed that they were better at learning procedural knowledge 
than the feeling learners, which has also been found in some other work, that the thinking personality trait values 
logical process (Myers et al., 1998; Vincent & Ross, 2001). It is of course not unreasonable to believe that the user 
may employ a different learning style, not from their assessed personality trait, in real learning situations. However, 
the data can be taken to suggest that care is needed when designing e-learning systems and that personality trait 
awareness and learning content need to be co-evolved. 
 
 
General conclusions and discussion 
 
The main research question of this article was to investigate whether or not the learner’s personality features may 
have certain effects on their e-learning systems, and if that is the case, how to embrace this feature in designing 
adaptive e-learning systems. We should note that using the personality variable to illustrate the different components 
of learning effect is not novel, but little has empirically done this before with adaptive e-learning systems. The 
personality variable was thus introduced in this study; as a result, it may conflate a number of different user 
modelling factors. By user modelling we mean the personality trait that can be indicative of their learning styles and 
preferences that can be used for structuring appropriate learning materials. This would help to design computer-
based learning activity by making explicit the personality nature of the user.  
 
The findings in our experimental contexts, regarding the likely relationship between user modelling and personality, 
are not new (e.g., Riding & Rayner, 1999). The results clearly showed that different learners might process the same 
learning material with different learning styles, so it is necessary that learning design should accord with individual 
differences. Hence, a practical contribution purported by this article is that understanding between the personality 
type and its matching computer-based learning systems design may be of central importance. It is, of course, difficult 
to generalise from the conditions of this study to more common computer-based learning systems that have diverse 
content of different domain knowledge, beyond the computer-science topics explored here. However, the data can be 
taken to suggest that, at the very least, care is needed when designing adaptive computer-based systems and the 
personality and its effect on the e-learning systems need to be considered.   
 
No user modelling for adaptive e-learning systems can cover all design issues. This study works at the personality 
level of learners’ preferences assumed by MBTI temperaments and thus adds what we believe to be a less-examined 
but crucial factor: personality. Perhaps the major limitation of the present study is that participants were only 
computer-science students, not from other disciplines who may have rather different personality type (Bayne, 2004). 
Another limitation of this study is how the personality approach will scale up to handle complex real e-learning 
system design projects. As mentioned in the introduction, computer-based e-learning systems should be cost-
effective and easy to use by the teachers or educational providers. Considering the personality trait seems require 
extensive effort and this might not be as pragmatic outside the confines of a research study. With regard to the user 
model for adaptive e-learning system (Brusilovsky, 2001), we have yet to gain experience of the other influencing  
factors of learner characteristics, such as learning experience, knowledge, and prior learning process (Katuk et al, 
2012). To confirm this approach as practical and exhaustive, further larger scale studies are undoubtedly needed.  
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ABSTRACT 

In Higher Education Engineering studies, there exists the need of engaging students in performing drill and 
practice activities with the goal of reinforcing routine mathematical skills. The usual optionality of these tasks 
entails the risk of students not fulfilling them in an effective way. Although competitive approaches are not a 
trend in current educational practices, there are several arguments that support their use in higher education for 
addressing this problem, provided that the negative effects of pure interpersonal competitions are mitigated. 
Recent works in this direction have obtained mixed results. In this work, results of a quasi-experiment 
conducted to evaluate the effects on students’ outcomes and satisfaction of a competitive web-based drill game 
are presented. Moreover, a novel multiple-prize soft competition design that considers several stages combined 
with public ranks is proposed, with the goal of minimizing the disadvantages of pure interpersonal competitions. 
Results indicate that the tournament is highly effective in increasing students’ outcomes and that students’ 
satisfaction is rather high.  

 
Keywords 

Competitive learning, Higher education, Routine mathematical skills, Multiple-prize tournaments, Soft competitions 
 
Introduction 
 
As a result of the Bologna Process, students’ mean workload in European Higher Education is 50 hours per week. 
Approximately half of this workload corresponds to teacher-assisted learning activities and the other half to teacher-
unassisted ones. The Bologna Process promotes learning activities to be student-centered (Conference of European 
Ministers Responsible for Higher Education, 2009) because these activities are usually more engaging for students, 
who commonly spend more time and effort on them, and facilitate a higher quality learning. On the contrary, non-
student-centered activities are usually less motivating for students, with a high risk of students not fulfilling the 
activity or at least not putting enough effort on it.  
 
However, there are some non-student-centered activities that are simply to deploy and that are effective in helping 
students achieve their learning goals. This is the case of homework drills, which are traditionally used to reinforce 
routine mathematical skills in higher education. Acquiring routine mathematical skills is very important as they 
underlie the whole process of learning to think mathematically (Schoenfeld, 1992). First, some sessions are devoted 
to explaining the targeted theoretical concepts and illustrate them with examples, and, second, some reinforcement 
sessions take place. During the reinforcement sessions, students solve a set of proposed exercises and the teacher—or 
the students assisted by the teacher—provides a detailed solution to all or part of the exercises using a blackboard or 
an electronic slide projector. As the exercises address routine mathematical skills, it is expected that the skills will be 
reinforced if the students repeat the process by themselves several times. This is usually achieved by an unassisted 
activity: providing a homework sheet and later publishing the solutions to the exercises. 
 
Because doing homework sheets of this type is usually both time consuming and not very motivating for students, 
there is a high risk of students’ not completing the activity properly. The main consequence is that, afterwards, they 
are not prepared to successfully handle the rest of the course goals. Even if homework drills are made mandatory for 
passing the course and students’ submissions get assessed, it is highly improbable that students’ motivation increases. 
Contrarily, students’ plagiarism and teachers’ workload are expected to grow, being the last of the two increments, to 
the detriment of the teachers’ dedication to scaffolding students in more challenging learning activities. In the 
described scenario, there exists the need of engaging students in learning a particular basic skill.  
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A well-known pedagogy of engagement in higher education is cooperative learning. As defined by Smith, Sheppard, 
Johnson, & Johnson (2005), “cooperative learning is the instructional use of small groups so that students work 
together to maximize their own and each other’s learning.” Competitive learning is an alternative student 
engagement pedagogy with respect to individualistic learning. In competitive learning, according to Johnson, 
Johnson, & Stanne (1985), “when one student achieves his or her goal, all others with whom he or she is 
competitively linked fail to achieve their goals.” Contrarily, individualistic learning is defined in Johnson et al., 
(1985) as those situations where “the goal achievement of one student is unrelated to the goal achievement of others”. 
 
Smith et al. (2005) summarize the main results of the meta-analysis made on research conducted between 1924 and 
1997 on cooperative, competitive, and individualistic learning for higher education. Analyzed works provide clear 
evidence on the superiority of cooperative learning. Some researchers also highlight the negative effects on 
achievement motivation that competitive learning approaches may have in pre-higher education students (Johnson et 
al., 1985; Lam, Yim, Law, & Cheung 2004). As a result, although not all results support these theories (e.g., Rzoska 
& Ward, 1991), nowadays, pure interpersonal competitive activities are not a trend in educational practices. 
 
However, several arguments support the use of competitive learning activities in higher education for reinforcing 
routine mathematical skills. On one hand, competition and performance comparison with peers (ranks) are very 
powerful motivating factors to achieve better performance in adult settings, even in the absence of rewards (Blanes i 
Vidal & Nossol, 2011). On the other hand, recent research in the context of pre-higher education has proven that 
competitive activities (taking the form of a game) can be as effective as cooperative ones in improving student 
outcomes, and that students prefer the learning activities that present some type of social competition (students 
against students or teams against teams) (Ke & Grabowski, 2007; Kebritchi, Hirumi, & Bai, 2010). Moreover, in the 
context of economics, researchers are proposing new prize distribution structures that lessen the negative effects of 
pure interpersonal competitions (Moldovanu & Sela, 2001; Cason, Masters, & Sheremeta, 2010). 
 
In the context of higher education, few research works have studied, with different results, the effects that 
competitive drill games have on student outcomes and attitudes (Cameron & Dwyer, 2005; Ebner & Holzinger, 2007; 
Regueras, Verdú, Muñoz, Pérez, de Castro, & Verdú, 2009). Cameron and Dwyer (2005) analyze the effects of using 
an interpersonal competitive game with several feedback modes (no feedback, knowledge of response feedback, and 
elaborative feedback) in comparison to not using it. The games’ quizzes aim to teach human heart concepts. Students 
compete to have the higher score and the fastest time to correctly answer the questions. Authors conclude that 
competition by itself, which they expected to achieve increased student outcomes compared to those obtained when 
the game was not used, does not have a significant effect except when it is accompanied by a feedback. Ebner and 
Holzinger (2007) also analyze the effects of using an interpersonal competitive quiz-based game, the Internal Force 
Master, with civil engineering students. Authors’ main hypothesis is that by playing in a competitive environment, 
students will learn more than non-playing students because incidental learning will happen. However, results of the 
experiment show no significant differences between playing and non-playing students’ outcomes. 
 
On the other hand, Regueras et al. (2009) obtain very significant positive results when they use the QUEST (Quest 
Environment for Self-managed Training) system to teach Communication Networks to students in the 
Telecommunication Engineering program. QUEST allows students to compete in teams to solve different types of 
challenges. Results show that grades of playing students are higher compared to non-playing ones, but that grades are 
not correlated to game scores. Students’ satisfaction is also found to be positive in spite of the competitive 
characteristic of the game. 
 
As can be seen from the literature review (see also Figure 1 for a detailed comparison), recent experiments analyzing 
the effects of competitive educative games designed to make higher education students perform drills have obtained 
mixed results. Further experiments in this direction should be a valuable contribution in order to clarify this issue.  
 
The goal of this work is to assess the effects on student outcomes and satisfaction that a competitive web-based drill 
game may have when it is used for reinforcing routine mathematical skills of higher education students instead of the 
traditional homework drills. The game is designed as a quiz-based tournament with a multiple-prize structure and 
public score ranks. The tournament is designed to lessen the disadvantages of pure interpersonal competitions and 
motivate students’ participation. Because it is implemented using computer-based technologies, a computer-based 
trainer is also introduced in the instruction to minimize the differences with lecture-based approaches. We expect that 
students who participate in the tournament and use the trainer achieve higher outcomes than those obtained by those 
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of the control group. We also expect that students perceive the experience as more satisfactory than the lecture-based 
approach. The use of the trainer (only) is also expected to benefit student outcomes and satisfaction, but to a lesser 
extent. 
 

Figure 1. Detailed comparison of related work with our proposal 
 
 
Methodology 
 
Educational context 
 
The Cryptography and Computer Security (CCS) course is mandatory in the curriculum of the Grade on Informatics 
Engineering at the University Carlos III of Madrid (Spain). The CCS course takes place in the second semester of the 
second year and addresses the fundamentals of cryptography and computer security. It comprises 32 sessions of 90 
minutes distributed in 14 weeks. Ninety-four percent of the course’s time is devoted to cryptography (56% to theory, 
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25% to exercises, and 13% to labs), being covered all the topics of the unit AL/CryptographicAlgorithms included in 
(CS2008 Interim Review Task Force of the ACM and IEEE Computer Society 2008). The remaining 6% covers the 
basic concepts of unit PF/FoundationsInformationSecurity.  
 
A large part of the course’s problems is based on basic modular arithmetic. However, very few sessions can be 
devoted to them as they are not the main focus of the course. Two sessions are devoted to explain theoretical 
concepts and illustrate them with examples. A third session reinforces the students’ skills with drills. Each of the 
three sessions is performed in a lecture-based mode, using an electronic slide projector and blackboard. Optional 
exercises are also provided through the course’s web page as homework to complete the reinforcement.  
 

 
Figure 2. Creation of the experimental groups and learning activities assigned to each of them 

 
 
Design of the experiment and participants 
 
The approach taken in this work consists in using a quiz-based multiple-prize tournament instead of the paper-based 
homework drills. In the experiment, the lecture-based approach of the third session is also substituted by a quiz-
based problem solving trainer that guides the students in solving the exercises at their own pace. Because the use of 
the trainer may also affect student outcomes and satisfaction, two incremental treatments are analyzed respect to a 
control group (see Figure 2): the use of the trainer (treatment 1), and the use of the trainer followed by the 
participation in the tournament (treatment 2). Students assigned to the control treatment receive lecture-based 
instruction as described in the section Educational Context. 
 
The subjects participating in the study are 133 students (N1 = 20, N2 = 21, N3 = 26, N4 = 20, N5 = 22, and N6 = 24) 
enrolled in six small groups of the spring 2011 CCS course. Groups 1, 2 and 3 are aggregated for the magisterial 
lessons in one classroom (morning large group), and the same happens with groups 4, 5 and 6 (afternoon large 
group). Each small group of the large groups is randomly assigned to one experimental group (see Figure 2). As a 
result, the control (C), treatment 1 (T1) and treatment 2 (T2) groups have respectively 50, 41, and 42 students. The 
analysis has considered only those enrolled students who have followed the continuous assessment modality, have 
participated significantly in the experiment, and for whom all grades used in the study were available. 
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Materials  
 
The trainer system consists of five web-based quizzes that guide students in solving five detailed exercises in a step-
by-step mode. The exercises seek to reinforce the skills of solving equations of the type “a · x = b mod. n,” that is, if 
it has any solution (single or multiple), and uses several methods to calculate the multiplicative inverse of a modulo 
n. Immediate elaborative feedback is provided and multiple attempts are allowed for each question. The trainer 
system is integrated in the university’s web-based learning platform, which builds on Moodle (http://moodle.org). 
Figure 3 presents two sample screen shots where details on the type of elaborative feedback are provided.  
 

 
Figure 3. Sample screen shots of the trainer system 

 

 
Figure 4. Sample screen shots of the tournament system 

 
The tournament system consists of five contests, each of them posing to the students a set of five web-based quizzes. 
Each quiz comprises five questions (see an example in Figure 4, left). Each quiz has associated a public score rank 
(built as a PHP web page) that students can consult at any time (see Figure 4, right). Students may attempt to answer 
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each quiz multiple times while its contest is open (around 24 hours). Although multiple attempts are allowed, 
students are strongly encouraged to make only two. Note that knowledge of response feedback is not directly 
provided but students know how many questions of the quiz they have correctly answered by looking it up in the 
quiz score rank. 
 

 
Figure 5. Details on the question items and on the construction of the quiz banks  

 
To build the quiz banks, first, an initial question bank was created containing eight types of questions on the general 
equation a · x = b mod. n (see Figure 5). They were designed with the trainer questions as a model. Most of the 
questions are such that can be automatically generated and assessed, but not automatically answered by the students 
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(to force them performing some calculations). A Java program was developed to generate the initial question bank. 
From it, for performance reasons, four question banks (light green in Figure 5) were extracted containing 3000–3500 
questions with different levels of difficulty (see Figure 5). Each question bank was associated to one of the contests 
(third question bank was reused in contest five). From the question banks, five quiz banks (darker green in Figure 5) 
were built containing 500 different quizzes, each quiz comprising five questions randomly selected from the question 
bank. The quiz banks were implemented as sharable content object reference model (SCORM) packets. For each 
contest, five instances of the SCORM packet associated to the contest were published in the university’s internal 
course web page. Each time a student attempts to answer a quiz, the SCORM package presents a (probably) different 
quiz by selecting it randomly from the quiz bank. 
 
The paper-based reinforcement drills provided as homework just contained a set of four equations of the type a · x = 
b mod. n that students have to solve.  
 
 
Evaluation algorithm and tournament prize structure  
 
Each question of the tournament has a value of 20 (game) points if correctly answered. The higher score obtained by 
a student among all attempts made on a quiz is the one registered by the system and the one publicly available in the 
quiz score ranks. However, the tournament prize structure builds not only on the quiz scores but also on the number 
of attempts used by a student on that quiz. Using both data sets, we calculated weighted quiz score as follows:  if the 
number of attempts is greater than four, 20 points are subtracted from the student’s quiz score; if greater than eight, 
40 points, etc. Figure 6, which illustrates (with real data) the tournament prize calculation, shows on the left several 
examples of a weighted quiz score calculation. For example, for the quiz number four within contest number three, 
the student has obtained 80 points (four questions correctly answered) and used seven attempts. Therefore, the 
weighted quiz score is calculated 20 points less than the original quiz score. 
 

 
Figure 6. Illustration of the tournament prize calculation 

 
Then, contest totals (weighted score and number of attempts) are calculated as the sum of their values for each of the 
five quizzes of a contest. In the left lower part of Figure 6, totals of contest 3 are calculated for one student. 
Afterwards, contest ranks (not shown in the figure) are built using as criteria the contest totals (first criterion, contest 
weighted score; and second criterion, contest number of attempts). The first five students in each contest rank win a 
reward of .1 (real) points. At the end of the course, the (real) points won in the tournament are added to the student’s 
grade only if the student has passed the course. 
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After all the contests have taken place, tournament totals (tournament weighted score and tournament number of 
attempts) are calculated for each student as the sum of their corresponding values for the five contests. A tournament 
rank is built using, as first criterion, the tournament weighted score and, as second criterion, the tournament number 
of attempts (see right part of Figure 6). Depending on the position of a student in the tournament rank, the student 
wins one among five possible rewards or general prizes (.5, .4, .3, .2, and .1 real points) according to the algorithm 
described next.  
 
First, a prize category is assigned to each student depending on the value of the student’s tournament weighted score: 
first prize category for scores falling within (2000, 2500), second for (1500, 2000), and so on. However, the number 
of students that may obtain the same prize is restricted by quota (to avoid collusion between the students). Then, the 
prize category assigned to each student may be adjusted according to this quota. In this experiment, the quota of each 
category was fixed to the 20% of the number of students participating in the tournament. In Figure 6, 20 students 
participated in the tournament, so only four students can be assigned to the same category. Eleven students are 
assigned initially to the first prize category. After adjusting them, only the first four keep the first category, while the 
second four are assigned to the second one, and the eleventh student is assigned to the third. The students who were 
initially assigned to the second prize category are displaced to lower prize categories. Figure 7 shows a more formal 
description of the algorithm used to determine the students’ rewards. 
 

 
Figure 7. Illustration of the algorithm that determines the tournament rewards 

 
As far as authors know, the tournament prize structure used in this work is novel in educative settings although its 
features are similar to some of the structures used in current sports competitions (such as the rank-based multiple-
prize structures with quota-limited prize categories found in some fencing competitions or having both contest 
rewards and tournament rewards of some cycling competitions). The design of the tournament prize structure is the 
result of applying the following reasoning: 
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• A multiple-prize structure based on prize categories associated to fixed performance ranges has been chosen in 
order to promote participation in the tournament (there are as many prizes as participants). Proportional prizes 
have been avoided as our goal was that students achieved a certain level of performance. 

• Quota-limited prize categories have been established to avoid students’ collusion (all falling in the same prize 
category) and promote individual reinforcement effort. 

• Several contests take place consecutively to promote skills reinforcement in time (five days) and contest rewards 
promote excellence in each contest. 

 
 
Instruments 
 
In order to assess the homogeneity of the control and experimental groups, we designed an initial level test 
containing five multiple choice questions on basic mathematic concepts for undergraduate engineering students 
(inverse of a matrix, maximum common divisor, inequality system, binary to decimal transformation, and 
multiplicative inverse modulo n). The test was performed under supervision, and student participation was 
heterogeneous and not high enough (65%, 47%, and 60% for groups C, T1, and T2, respectively). Note that 
attendance and assignments are optional, and that only exams are mandatory. Therefore, as it was not adequate to use 
the results of this test, the grades of a previous (teacher-unassisted) course assignment were used to assess the 
groups’ homogeneity. It consisted in analyzing a real security case (students, in pairs, must seek and analyze a recent 
security incident with impact in the media). The maximum grade for this assignment was 1 point. 
 
The same drills were prepared in paper and electronic formats for the third teacher-assisted session devoted to 
modular arithmetic. The paper format just consisted in a list of equations (of the type a · x = b mod. n) to solve and 
no data was collected regarding them. The electronic format was in fact the trainer system, which just collected the 
participation of the students in its quizzes and their results.  
 
Regarding the teacher-unassisted reinforcement drills, the tournament system registered the students that have 
accessed to its quizzes, the higher score obtained by each student for each quiz, and the number of attempts used for 
it. Data were extracted from the university’s learning platform and processed with Microsoft Excel software and a 
Ruby program developed specifically for calculating each student’s prize. 
 
An exam on modular arithmetic was elaborated in both paper and electronic formats (with the same questions) to 
measure the effects of the treatments on students’ outcomes. The exam contained two exercises (the resolution of 
two equations of the type a · x = b mod. n, one with one solution and another with multiple solutions). The exam was 
performed under supervision and the maximum grade was .5 points. 
 
Finally, a survey was designed to measure the students’ satisfaction after experiencing treatments 1 and 2. The 
survey consisted of 6 items about the following aspects when compared to lecture-based methods: (1) perceived 
effectiveness, (2) ease of use, (3) created motivation, (4) experienced fun, (5) preference for the treatment method, 
and (6) suggestion of reuse in other modules of the course. The answers followed a five-point Likert-type scale (from 
“Strongly Disagree” to “Strongly Agree”). The satisfaction was calculated as the sum of the values of the six items. 
 
 
Procedure 
 
The procedures applied to each experimental group are depicted in Figure 8. The assignment analysis of a real 
security case was explained in the session four of the course (week two) and students handed in the report during 
week three. The first two sessions devoted to modular arithmetic (sessions five and six) took place during week three 
and followed a lecture-based approach. In the eighth session of the course, the third session devoted to the target 
topic takes place. In this session, students of group C were instructed using a lecture-based approach while groups T1 
and T2 used the trainer system supervised by a teacher. In this session, students of group T2 were also briefly 
instructed on the tournament. A different tournament was launched for each of the small groups assigned to T2. Each 
contest took place in one of the five days following session eight, being open a full day and then closed. Participation 
in the tournament was voluntary and students decided the quizzes that they will answer. The exam took place a week 
after session eight. Group C took it in paper format, and groups T1 and T2 did it through the web. Finally, students 
of groups T1 and T2 were asked to voluntarily answer the satisfaction survey. 
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Figure 8. Experimental procedures applied to control, treatment 1 and treatment 2 groups 

 
 
Data analysis  
 
The R environment for statistical computing (http://www.r-project.org/) has been used to analyze the collected data. 
First, the students’ grades for the real security case analysis have been analyzed to evaluate the homogeneity of the 
different experimental groups. Second, the students’ grades for the modular arithmetic exam have been analyzed to 
evaluate the effects of each treatment on students’ performance. For both analyses the following tests have been 
conducted: the Saphiro-Wilk test for testing normality, the Kruskal-Wallis and Fligner-Killeen tests for testing the 
existence of differences between the location parameters of the grades distributions for all groups, and the Mann-
Withney test for testing the differences between the means of the grades for each pair of groups. The significance 
level has been fixed at α = .05 for all tests, except for the Wilcoxon-Mann-Withney test, where the Bonferroni 
correction was applied as three comparisons are made with the same data (β = .01667). Besides, the Pearson’s 
correlation test was also performed to analyze the possible correlation between the students’ outcomes and the 
students’ tournament scores. Note that it is assumed that the grades come from a continuous domain although they 
have been discretized. For the analysis of the students’ satisfaction, the Kruskal-Wallis and Fligner-Killeen tests have 
again been used. 
 
 
Results and discussion 
 
The distributions of the normalized grades are summarized in the box plots shown in Figures 9 and 10. The Shapiro-
Wilk test for all data sets indicates that data is not normally distributed, forcing the use of the mentioned non-
parametric tests to analyze the effects of the treatments.  
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Figure 9. Box plot of the normalized grades obtained in each experimental groups for the real security case analysis 
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Figure 10. Box plot of the normalized grades obtained in each experimental groups for the modular arithmetic exam 
 
To analyze if the treatments have produced any significant effect, the Kruskal-Wallis test is first performed. Results 
(see Table 1) indicate that there is no difference in the means for the grades of the real security case analysis (p-value 
> α) but there is a significant difference in the case of the modular arithmetic exam (p-value < α) for at least one pair 
of groups. Differences in variances cannot be inferred from data for any of the analyzed sets according to the results 
of the Fligner-Killeen test (see Table 2), as p-value > α in both cases. 
 
As the Kruskal-Wallis test indicates the existence of significant differences for the grades of the modular arithmetic 
exam, a Mann-Whitney test is performed for each pair of experimental groups to determine the specific cases in 
which the differences are significant. Results, summarized in Table 3, indicate that only treatment of group T2 (that 
is, the use of the trainer followed by the participation in the tournament) has a significant effect on student outcomes 
with respect to those obtained in both groups C and T1 (p-value < β). However, results also show that treatment of 
group T1 (the use of the trainer) does not produce significant effects on student outcomes in comparison with the 
control treatment. This result partially contradicts the initial expectations. 
 

Table 1. Results of the Kruskal-Wallis test on the analyzed grades for all experimental groups 
Grades of the real security case analysis Grades of the modular arithmetic exam 

Chi-squared df p-value Chi-squared df p-value 
0.2738 2 0.872 11.55 2 0.003104 
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Table 2. Results of the Fligner-Killeen test on the analyzed grades for all experimental groups 
Grades of the real security case analysis Grades of the modular arithmetic exam 
Med chi-squared df p-value Med chi-squared df p-value 
1.0815 2 0.5823 1.8326 2 0.4 
 

Table 3. Results of the Mann-Whitney test performed on the grades for each pair of groups 
Comparison W p-value 
C vs T1 1114 0.4747 
T1 vs T2 504 0.001033(1) 
C vs T2 731 0.01154 
A jitter is applied to calculate an exact p-value. 
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  Figure 11. Box plot of the number of attempts for each quiz. Outliers have not been depicted. 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0
2

0
4

0
6

0
8

0
1

0
0

Quiz number

Q
u

iz
 s

co
re

 
Figure 12. Box plot of the quiz scores for each quiz 

 
On one hand, results are coherent with one of the initial expectations of this research. That is, doing more exercises 
may produce a stronger reinforcement of the targeted skills. The competition factor and the desire of winning any of 
the prizes engage students in the activity, as known by the researchers in conversations with students and shown by 
collected data (see Figure 11). Note that only five and four students were excluded from the study in groups T1 and 
T2, respectively, because of their low participation. 
 
Although full knowledge of response feedback is not provided, students’ knowledge of their own performance and 
confidence (after achieving a satisfactory level of correct answers in the quizzes) increases as they participate in the 
tournament. As shown in Figures 11 and 12, the number of attempts decreases as the tournament takes place, and the 
scores were rather high in all the quizzes of the tournament. The slightly lower scores in the quizzes of contests three 
and five are attributed to two reasons. The first reason is that the most difficult quiz bank was used in both cases, 
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because it considered the highest values of modulo n and, as a consequence, also of values a and b. The second 
purported reason is that, as the tournament contests took place, students’ intrinsic motivation (the natural desire of 
winning the competition, the excitement created by the novelty of the experience, and the challenge posed to the 
students) decreased, and their participation in the tournament was mainly motivated by the effect that their score will 
have on their grades. It is presumable that longer tournaments (with contests taking place in more than five 
consecutive days) would have had a lower student participation in the end and a negative effect on student 
motivation. 
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Figure 13. Bubble plot of the normalized grades for the modular arithmetic exam and the mean quiz score. The 

number of attempts per quiz determines the size of the bubble 
 
The trainer was not intended to substitute homework sheets, but we expected that their use would produce slightly 
higher student outcomes because the students had the possibility of using a step-by-step trainer at their own pace, 
even out of class time. The result might be justified because higher education students, especially students of 
informatics engineering, are very used to computer-based technologies. Their use, however, does not increase 
students’ motivation to learn compared to traditional lecture-based approaches. The trainer cannot compete with the 
rest of tasks assigned to students in other courses nor engage them significantly, in contrast to what appears to have 
happened with the tournament. The trainer, as it is designed, might be better than the lecture-based approach to make 
the students acquire the basics of the targeted skill (data collected in this experiment does not allow analyzing of this 
issue), but results of this experiment show that by itself, the trainer is not effective in reinforcing this learning.  
 
Because results of the experiment indicate that the participation in the tournament affects the student outcomes, it is 
also interesting to analyze if there is any clear relation between the tournament score and the student’s grade. As 
shown by Figure 13 and the small value of the Pearson’s correlation coefficient (r = 0.2496, p-value = 0.1108), 
although the majority of students have a high score and most of them also a rather high grade, a high score does not 
imply a high grade. There are students that have a high score but a low grade.  
 
On one hand, as it was known by the researchers in informal conversations with students (corridor talks held after 
lectures), some of these cases corresponded with students who choked when faced with the exam questions, and even 
they were surprised by their low performance in this situation. On the other hand, we noticed that few students have 
a low score and a high grade, reinforcing the previous conclusion of that participation in treatment 2 helps to 
reinforce the targeted skills and obtain higher grades.   
 
Tables 4 and 5 summarize the results of the satisfaction survey. The number of students participating in the survey 
was 35 out of 41 in group T1 and 35 out of 42 in group T2. Data indicates that both groups of students were rather 
satisfied with the new instructional methods and that there are no significant differences between the perceived 
overall satisfaction level of both groups (p-value > α). However, it is remarkable that in both cases students’ 
preference for the new instructional method with respect to the lecture-based approach presents the lowest values 
(3.54 and 3.22, respectively, for groups T1 and T2. Values are in bold in the table). This is because students are 
forced to learn actively instead of just attending the lectures and because they are not aware of the benefits of the 
tournament. We also noticed that, although not statistically significant (Kruskal-Wallis tests show p-value > α), fun 
and preference factors present the highest differences in the means, with the lower values belonging to group T2. 
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This can be an indication of that the competition, while having been softened, still has some slightly larger negative 
effect on students in comparison to non-competitive approaches. However, it could be also attributed to the fact that 
students who followed treatment 2 must actually work significantly more in comparison with those who followed 
treatment 1. 
 

Table 4. Results of the satisfaction survey for groups T1 and T2 

  T1  T2  Difference of means 

  Mean SD  Mean SD  (% T2 – T1) 
Effectiveness (1–5)  3.96 0.58  3.72 0.67  –6% 
Easiness (1–5)  3.86 0.89  3.79 0.55  –1.8% 
Motivation (1–5)  3.82 0.77  3.99 0.53  4.3% 
Fun (1–5)  4.18 0.98  3.87 0.84  –7.8% 
Preference (1–5)  3.54 1.26  3.22 0.81  –8% 
Reuse (1–5)  3.86 1.01  3.79 0.76  1.8% 
Student’s satisfaction (6–30)  23.214 3.645  22.38 2.739  –3.5% 

 
Table 5. Results of the Kruskal-Wallis and Fligner-Killeen tests on the students’ satisfaction for both treatment 

groups T1 and T2 
 Kruskal-Wallis test Fligner-Killeen test 
 Chi-squared df p-value Med chi-squared df p-value 
 0.8445 1 0.3581 0.1877 1 0.6648 
 
Results of this study are very similar to those obtained by Regueras et al. (2009), which is a logical result as the 
design of the competition of both experiments share two main characteristics, detailed next. First, the competition is 
a multiple-prize soft competition, i.e., it is not a pure interpersonal competition. In QUEST, the system analyzed in 
(Regueras et al., 2009), this is instrumented by the following:  
• making the students to compete in pairs 
• adjusting question scores depending on the time elapsed from its publication 
• allowing students to propose challenges 
• awarding prizes in a proportional way depending on the students’ position in the rank 
• allowing access to the system through Internet (without any other restriction) 
 
By contrast, in the system proposed and analyzed here, the softness of the competition is instrumented by (i) 
allowing multiple attempts for the same quiz, (ii) adjusting quiz scores depending on the number of attempts, (iii) 
making public the quiz scores (and not the weighted quiz scores), (iv) awarding prizes in a proportional way 
depending on the students’ position in the rank and a fixed set of prize categories with a limited quota, (v) rewarding 
the majority of participating students (a very small successful participation allows winning something), and (vi) 
allowing participation in the tournament through Internet. Second, the competition consists of several steps 
combined with public ranks, so students have the opportunity to react to results published in the competition ranks. 
Competition games analyzed in Cameron & Dwyer (2005) and Ebner & Holzinger (2007) do not present one or both 
of these features (see Figure 1). 
 
Differences in the outcomes between treatment and control groups in this work and in Regueras et al. (2009) can be 
attributed to the fact that students actually do additional exercises (in our case, motivated externally by the explicit 
reward and internally by the competition), which sounds like a reasonable hypothesis. Note that in our case, we 
presume that students of control and treatment 1 groups have not put too much effort into the optional reinforcement 
homework drills. However, attributing results to doing additional exercises cannot be generalized without 
considering other factors, as it is refuted by Ebner and Holzinger (2007). In their experiment, non-playing students 
did not perform additional exercises either, but results indicate that no significant differences exist between playing 
and non-playing students. 
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Conclusions 
 
In Higher Education Engineering studies, optional drill and practice activities have the risk of students’ not fulfilling 
the activity or not putting enough effort on it, thus losing effectiveness despite being crucial for students learning to 
think mathematically. Then, there exists the need of engaging students in performing this type of activity in the 
context of reinforcing routine mathematical skills.  
 
Although competitive approaches are not a trend in current educational practices, there are several arguments that 
support the use of competitive approaches in higher education for engaging students in certain learning activities. 
However, negative effects of pure interpersonal competition need to be lessened. Recent works in this direction have 
obtained mixed results both in pre-higher and higher education, showing the need to further contribute in this 
direction.  
 
In this work, results of a quasi-experiment conducted to evaluate the effects on students’ outcomes and satisfaction 
of a competitive web-based drill game are presented. As well, a novel, multiple-prize soft competition design that 
considers several stages combined with public ranks is proposed, with the goal of minimizing the disadvantages of 
pure interpersonal competitions. Results indicate that the tournament is highly effective in increasing student 
outcomes and that student satisfaction after the experience is rather high. A trainer system consisting of a set of web-
based quizzes with elaborative feedback complements the tournament. Use of the trainer alone has also been 
evaluated. Results show that the trainer system does not present significant differences for reinforcing the targeted 
skills compared to a lecture-based approach. The level of satisfaction of students who used only the trainer is similar 
to the level of satisfaction of students who also participated in the tournament.  
 
In light of previous results and taking into account results of related work, we can conclude that multiple-prize soft 
competitions involving several steps combined with public ranks are a key factor for obtaining significant results. 
Nonetheless, the following limitations exist:  
• More experiments with different soft competition designs and different contexts are needed to confirm the 

conclusion.  
• The existence of an explicit reward may be influencing the results, because experiments that did not consider the 

reward did not obtain clear, significant results. Note, however, that some works refute this hypothesis in other 
contexts (Blanes i Vidal & Nossol, 2011). Experiments that analyze the effects of this variable are also needed.  

• The proposed prize distribution structure requires a high workload to calculate the rewards. It has been even 
necessary to count with supportive software. It should be worth investigating which are the more efficient 
competition designs regarding this aspect.   

 
Future work will try to address these questions and also to extend the methodology to other modules of the course 
that share the same characteristics. Furthermore, students of future courses will be informed about the benefits of 
participating in the tournament to gradually decrease the current effect of the tournament score on the student grade 
(i.e., substitute an external motivation by an internal one). 
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ABSTRACT 

The purpose of this study was to examine the relative effectiveness of two different learning modes; namely, a 
computer animation self-directed learning approach and a paper version of the self-directed learning approach, 
to 5th-graders’ number sense development. Two 5th-grade classes, 30 students each, were selected from a public 
elementary school in southern Taiwan and randomly assigned to the computer animation experimental group 
[CAEG] and the paper-version group [PAG]. The major finding indicated that students in the CAEG group had 
better performance on number sense and showed more frequent uses of number sense than students in the PAG 
group. Implications for the uses of computer animation self-directed learning activities are discussed. 
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Computer animation activities, Learning modes, Number sense, Self-directed learning approach 
 
Introduction 
 
Number sense has been considered as one of the most important topics in mathematics education (Dunphy, 2007; 
Jordan, Glutting, & Ramineni, 2010; National Council of Teachers of Mathematics, [NCTM], 2000; Verschaffel, 
Greer, & De Corte, 2007; Yang & Tsai, 2010). However, several number sense studies showed that not only middle 
and elementary school children (Markovits & Sowder, 1994; McIntosh, B. Reys, R. Reys, Bana, & Farrel, 1997; 
Menon, 2004a; Reys & Yang, 1998; Yang & Li, 2008) but also preservice teachers performed poorly in solving 
problems related to number sense (Menon, 2004b; Yang, Reys, & Reys, 2009). Mathematics educators have found 
that children’s inflexibility in handling number sense problems may be related to the inappropriate design of 
mathematics textbooks and the rule-based instruction of school mathematics (Markovits & Sowder, 1994; Menon, 
2004a; Reys & Yang, 1998; Yang & Li, 2008). For example, previous studies showed that traditional instruction, 
which focuses primarily on standard written computation rather than conceptual understanding, may result in 
children’s difficulties in using number sense flexibly and efficiently (Menon, 2004a; Yang & Li, 2008). Helping 
children develop number sense has been highlighted in school mathematics by many reports and studies (Bobis, 
2004; Dunphy, 2007; McIntosh et al., 1997; NCTM, 2000). Seeking an effective learning material that would 
facilitate children’s development of number sense is an urgent issue for current mathematics education. 
 
Previous studies and reports have strongly suggested that technology should be integrated into mathematics teaching 
and learning, since technology is a promising means for providing conceptual understanding (Dick, 2007; Inamdar & 
Kulkarni, 2007; NCTM, 2000; Ruthven, 2007; Vulis & Small, 2007; Yang & Tsai, 2010; Zbiek, Heid, Blume, & 
Dick, 2007). For example, NCTM (2000) highlights that the integration of technology into mathematics classroom 
settings can enhance children’s mathematics learning and promote conceptual understanding. In addition, Olive and 
Lobato (2008) state that “providing technological tools that enable children to enact their own mathematical 
operations can be a very powerful aid to children’s learning” (p. 43). Technology can provide dynamic visualization, 
immediate feedback, and interactivity that can help children learn mathematics effectively (Gegner, Mackay, & 
Mayer, 2009; Suh & Moyer-Packenham, 2007). Therefore, it is reasonable to believe that technology should play a 
key role in helping children learn mathematics. 
 
Accordingly, the purpose of this study was to examine the effectiveness of computer animation self-directed learning 
number sense-based activities compared with a corresponding paper-version approach. The specific research 
questions are as follows: 
• Are there any significant differences in students' performance on number sense across the two self-directed 

learning approaches after the experiment? 
• Are there any differences in methods used by students to solve number sense problems across the two self-

directed learning approaches after the experiment? 
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Background 
 
Number sense framework 
 
What is number sense? Number sense refers to an individual’s general understanding of numbers, operations, and the 
relationship between number and operation, and the ability to handle daily-life situations that include numbers 
(Markovits & Sowder, 1994; Reys & Yang, 1998; Yang & Tsai, 2010). During the past two decades, due to the 
importance of number sense, several research studies and reports have been produced (Markovits & Sowder, 1994; 
NCTM, 2000; Reys & Yang, 1998; Verschaffel et al., 2007; Yang & Li, 2008; Yang & Tsai, 2010). Even though 
these studies and reports defined number sense from different perspectives, they have included the following major 
common components: (a) Understanding the basic meanings of numbers; (b) recognizing number size; (c) Being able 
to use multiple representations; d) Recognizing the relative effect of operation on numbers; and e) Being able to 
judge the reasonableness of a computational result via estimation or mental computation (Markovits & Sowder, 
1994; NCTM, 2000; Reys & Yang, 1998; Verschaffel et al., 2007; Yang & Tsai, 2010). These common components 
of number sense were used in this study. 
 
 
The significance of number sense in elementary school mathematics education 
 
Why is number sense development for elementary school students so important? There are three reasons for its 
significance. First, number sense is a way of thinking that promotes sense-making and directs problem solving in a 
flexible and efficient way (Dunphy, 2007; Yang & Li, 2008). For example, when children were asked to find the 
answer to 25×96÷(16×5), children tended to use paper-and-pencil to compute the answer: 25×96 = 2400, 16×5 = 80, 
and then 2400÷80 = 30. It is often difficult for children to discover the relationships among these numbers, for 
example, firstly, we can mentally compute 25 ÷ 5 = 5 and 96 ÷ 16 = 6 and then 5 × 6 = 30, which is more flexible 
and efficient way to find the answer. Hence, the answer could be found easily: 5×6 = 30. Second, number sense plays 
a key role in mathematics achievement for elementary school children. For example, Jordan, Glutting, and Ramineni 
(2010) showed that number sense could make an important contribution to mathematics achievement. Moreover, the 
study of Yang & Li (2008) revealed that number sense is significantly correlated with fifth graders’ mathematics 
achievement. Third, several studies have suggested that overemphasis on written computation may limit children’s 
mathematical thinking and understanding, whereas number sense can induce a process of meaningful learning (Yang 
& Li, 2008). Therefore, it promotes conceptual understanding and flexible ways of problem solving. For example, 
when asking children to decide which of 2/5 or 4/7 is larger, students usually use paper- and-pencil (first finding the 
common denominator, calculating the numerators, and finally comparing the numerators), which is often a 
meaningless process. A child with good number sense should quickly discover that 2/5 < 1/2, and 4/7 > 1/2. 
Therefore, the answer is 2/5 < 4/7. 
 
 
Computer technology and mathematics learning  
 
The progress of computer technology has changed the learning style of human beings (NCTM, 2000; Ministry of 
Education in Singapore, 2009), including playing an important role in mathematics teaching, learning, and evaluation 
(Ruthven, 2007; Zbiek et al., 2007). Several studies have indicated that children’s learning outcomes can be improved 
through the mode of virtual manipulative computer learning (Moyer, Niezgoda, & Stanley, 2005; Reimer, & Moyer, 
2005; Suh & Moyer- Packenham, 2007). Mathematics virtual manipulation is defined as an interactive (acting and 
responding to each other), web-based, virtual representation of a dynamic object that presents opportunities for 
children to construct mathematical knowledge (Moyer, et al. 2005; Suh & Moyer-Packenham, 2007). Hence, children 
may have greater opportunity to learn when the manipulation occurs on computers, and that may advance their 
mathematical understanding (Chan, Tsai, & Huang, 2006; Isiksal & Askar, 2005; Yang & Tsai, 2010).   
 
In recent years, many studies have shown that technology integrated into mathematics teaching and learning can 
efficiently and effectively help children develop better conceptual understanding of mathematics (Bennison & Goos, 
2010; Dick, 2007; Ruthven, 2007; Suh & Moyer-Packenham, 2007). For example, Suh and Moyer- Packenham 
(2007) indicate that a virtual environment can enhance students’ ability to connect visual and symbolic 
representations, support and direct the process of a mathematics algorithm step by step, and provide rapid feedback 
as well as opportunities for self-examination. Zbeik et al., (2007) indicate that technology-integrated mathematics 
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learning and instruction can promote students’ representational fluency. Moreover, previous studies also suggested 
that multiple representations can help children develop better understanding of mathematics (Goldin, 2002; Tripathi, 
2008). Hence, multiple representations with the applications of modern technology through dynamic visualization 
appear promising in children’s mathematics learning.  
 
 
Animation and number sense related studies 
 
Due to the importance of number sense, several studies have demonstrated that children’s number sense can be 
promoted by integrating well-designed number sense activities into mathematics classrooms or by including realistic 
activities focusing on number sense (Griffin, 2004; Yang & Wu, 2010). Since technology has been regarded as an 
important and effective learning tool for helping children develop better understanding of mathematics (Bennison & 
Goos, 2010; Dick, 2007; Reimer & Moyer, 2005; Ruthven, 2007; Suh & Moyer- Packenham, 2007), technology 
should be a relevant tool for promoting children‘s number sense. However, few studies via technology have focused 
on helping children develop number sense (Hudson, Kadan, Lavin, & Vasquez, 2010; Su, Marinas, & Furner, 2010; 
Yang & Tsai, 2010). For example, the study of Su et al. (2010) showed that web-based tools could be used to reinforce 
primary school children’s number sense. In addition, the study of Yang and Tsai (2010) applied the technology-based 
environment to help teacher’s teaching and student’s learning in number sense. Their findings indicated that 
“integrating technology into number sense teaching and learning not only could promote students’ number sense, but 
also had a positive effect on student’s attitudes towards the improvement of number sense” (p. 112). 
 
In addition, several studies suggested that students may learn more from multimedia-based learning environment due 
to multimedia messages including words and visuals than what traditional teaching modes can do (Gegner, Mackay, 
& Mayer, 2009; Mayer, 2003). Even though, Clark & Mayer (2008) state that “to illustrate how things work, a series 
of still visuals is likely to lead to as good or better understanding of the process than animation” (p. 8), unless 
carefully designed toward the fostering of conceptual understanding (Clark & Mayer, 2008). They provided several 
evidence-based studies to support their suggestions, but these experiments did not focus on mathematics related 
topics (Clark & Mayer, 2008; R. Mayer, Hegarty, S. Mayer, & Campbell, 2005). Furthermore, several previous 
studies (Forster, 2006; Philpot, Hall, Hubing, Flori, Oglesby, & Vikas, 2003; Stoffa, 2004; Taylor, Pountney, & 
Malabar, 2007) commented that animation might be an aid in mathematics teaching and learning and helping 
students understand mathematics. For example, the study of Forster (2006) indicated that it is essential to get 
technology integrated into the assessment, examinations, and classroom mathematics practices if we want to 
optimize students’ mathematics learning. The findings of Taylor et al.’s (2007) experiment showed that animated 
learning materials could act as an aid in helping mathematics teaching and learning for students at undergraduate 
level. In addition, the results of these studies showed that animated learning materials including dynamic figures, 
words, and visuals could help children develop mathematical concepts. This indicates that the well-designed 
animation activities can be a more effective learning tool than static visualization. 
 
Previous literature reviews have shown that animation can play an important role in students’ mathematics learning. 
For example, Taylor et al. (2007) studied on undergraduate students’ mathematics learning. Forster (2006) examined 
high school students’ mathematics learning via animation activities. However, little research has been conducted 
regarding the use of animation to improve number sense at the primary school level. Consequently, this study was to 
investigate the effectiveness of animation to support number sense self-directed learning for fifth-graders, compared 
to static paper-version group and traditional textbook learning group. These animated activities emphasized 
understanding and potential applications of number sense in order to help children develop number sense in a 
dynamic and effective manner. 
 
 
Method 
 
Research design 
 
A quasi-experimental pretest-posttest design was used to investigate the effects of different self-directed learning 
formats on children’s development of number sense. Specifically, two intact classes were randomly assigned to a 
computer animation experimental group (CAEG) and a paper-version group (PAG). They learned number sense by 
themselves via different presentations of learning materials in a different form of organization without a teacher’s 
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instruction. Teachers acted merely as a classroom manager and a material provider, ensuring that the student’s self-
directed learning opportunities ran smoothly. Each treatment group followed a different guided self-directed learning 
approach and was given the same amount of self-directed learning time. Each treatment condition was implemented 
during seven class periods (30 minutes each) over consecutive 4 weeks. The pretest was given in the 1st week. 
During 7 class periods (30 minutes per period) in the next 2 weeks, self-instruction focused on each of the learning 
formats using different structural modules of instructional materials. The posttest was administered in the last week. 
 
 
Participant 
 
Sixty students in two fifth-grade classes were selected from an elementary school in Taiwan. These students’ average 
age was about 10.8 years old. The two classes were randomly assigned to one of the self-directed learning groups 
(CAEG and PAG). The CAEG group included 30 students (16 boys and 14 girls) and the PAG group included 30 
students (16 boys and 14 girls). 
 
 
Treatments  
 
Two independent variables, self-directed learning materials-presentation formats and self-directed learning 
approaches were manipulated across each treatment condition. There were two formats for presenting self-directed 
learning materials: the animation version (for CAEG) and the paper version (for PAG).  
 
To help participants develop number sense, seven self-directed learning units were designed for different types of 
self-directed learning. One activity from each unit was provided during each of the seven class periods. For the 
CAEG group, seven computer animated self-directed learning activities based on the lessons in the textbook used at 
the elementary school, were designed by the researchers and were number sense oriented (Griffin, 2004; Yang & Wu, 
2010). These seven animated self-directed learning activities focused on conceptual or relational understanding. 
During the processes of animation activities, one example was presented through dynamic visualization, audio, 
interaction, and questions to lead students in learning number sense related concepts. Immediate feedbacks on 
students’ selections were presented on the screen. If student answers were incorrect, the screen showed “Your 
answer is incorrect, please try it again!” After the example, students were asked to take a quiz which includes several 
questions. The testing results were displayed to let the students know their performance. Take fraction comparison 
for example, one of the examples used for CAEG group is described as follows: 
 
A3. Speed eating activity for CAEG: Mary ate 8/9 of a cake and John ate 15/16 of the same size of the cake. Who ate 

more cake?  
 
For the CAEG group, a series of computer animated learning activities for problem A3 is shown and explained 
clearly in Figure 1. 
 

 
Note. a indicates visual display of the item in Chinese characters (English version: Which fraction is the best to 

represent the remained part of cake not eaten by Jane?) 
b indicates an item options. 
c indicates visual display of the item in a picture. 
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The following example pictures are presented in a similar way. 
 

 
 

 
 

 
 

 
Figure 1. The learning activity of problem A3 for the CAEG Group 

Which fraction is the best to represent 
the remained part of cake not eaten by 
Tom? 
 

My smart kids, can you tell me whose 
remained piece of cake is larger, Jane 
or Tom? 
 

1/9 implies that Jane takes one piece 
of cake out of a cake which is equally 
divided into 9 pieces.  
1/16 implies that Tom takes one piece 
of cake out of a cake which is equally 
divided into 16 pieces. 
Therefore, 1/9 > 1/16. 

 8/9   +   1/9  = 15/16  +  1/16 
 
 

The leftover             The leftover 
 

Eaten by Jane          Eaten by Tom 
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Figure 1 presents the question posed on the screen. A piece of a cake was left and Jane ate the other pieces as shown 
in the first picture. Which fraction is best to represent the left part? A piece of a cake was left and Tom ate the other 
pieces as shown in the second picture. Which fraction is best to represent the leftover part? 
 
The seven paper-version activities for the PAG group were transferred from the seven computer animated activities 
created for the CAEG group and they were also number sense oriented. As to the seven self-directed learning units 
for the students in the PAG group, they were literally just a printed version of the computer-based materials, 
including the same visual display of the item in Chinese words, the item options, and the same visual display of the 
item in a picture, with no moving animations. The contents for the activities in both groups were the same except the 
activities used in the PAG were individually exposed to self-directed learning activities printed on the paper, without 
any animation. Contrast, one of the corresponding items used for the CAEG group is exemplified as follows: 
 
For the PAG group, the corresponding paper-version of the computer animated learning activities for problem A3 is 
shown in Figure 2. Those questions used in CAEG group were also presented in Figure 2. 
 

 
Note. a indicates visual display of the item in Chinese characters (English version: Which fraction is the best to 

represent the remained part of cake not eaten by Jane?) 
b indicates the item options. 
c indicates the visual display of the item in a picture. 
 
The following example pictures are presented in a similar way 

 

 

Which fraction is the best to represent 
the remained part of cake not eaten by 
Tom? 
My answer is _____. 
 
 
 

Please look at the uneaten part of 
cake! 
My smart kids, can you tell me 
whose remained piece of cake is 
larger, Jane or Tom? 
(1) Jane 
(2) Tom 
(3) Identical 
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Figure 2. The learning activity of problem A3 for the PAG. group 

 
The contents of the self-directed learning activities across two different self-directed learning groups were the same. 
The major difference between the two groups was the self-directed learning formats of the activities used for each 
group. For the CAEG group, they learned number sense by themselves through seven animated number sense-based 
activities, which were designed by the researchers. Each animated self-directed learning activity consisted of a series 
of animated pictures. Each student individually completed these animated activities inside a computer classroom. 
The main themes of the seven activities are described in Appendix 1. 
 
 
Instruments 
 
The pretest and the posttest involved the same test; namely, a web-based, two-tiered test for fifth-grader’s number 
sense, designed by the Yang (2010). This test includes five number sense components as defined in the number sense 
framework with eight items for each component. The value for Cronbach’s α was .80. The difficulty indices for the 
test items were set between .28 and .68, and the discrimination indices were between .25 and .77. Additionally, the 
construct reliability index derived from SEM analysis was .801, reflecting that the instrument’s internal and construct 
reliability were satisfactory. 
 
The test’s examined validity covered the content validity, specialist validity, and construct validity. To ensure the 
designed items were representative and not beyond the curriculum scope usually taught to 5th-graders in Taiwan, 
three elementary school teachers and two mathematics educators were invited to review the items. All agreed that the 
40 test items were representative and appropriate in terms of item content for 5th-graders involved in this study. An 
exemplified item is presented in Appendix 2. 
 
 
Procedure 
 
This study was conducted in three stages:   
• During the pretest, all of the students were asked to individually complete the 50-minute, computerized pretest in 

a computer classroom using the web-based testing platform.  
• During the learning treatment stage, the students in the CAEG group were asked to individually complete the 

computer animated units in the computer classroom. The students in the PAG were asked to individually read the 
seven units of the paper-version that were adapted from the computer-animated units and thus included the same 
content as the units studied by the students in the CAEG.  

• The posttest was conducted 1 week after the learning treatment ended. During the posttest, all of the students 
were asked to complete individually the 50-minute, computerized posttest in a computer classroom using the 
same web-based testing platform.   

 
 
 

1/9 implies that Jane takes one piece 
of cake out of a cake which is equally 
divided into 9 pieces.  
1/16 implies that Tom takes one piece 
of cake out of a cake which is equally 
divided into 16 pieces. 
Therefore, 1/9 > 1/16. 
 
 8/9  +  1/9 = 15/16  + 1/16 
 

The leftover 
 
Jane ate          Tom ate 

The leftover                          
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Scoring and data analysis  
 
The web-based, two-tier test for number sense was composed of 40 multiple-choice items. For each test item, the 
students were required to provide their choice for the correct answer and a reason for their answer selection. This 
scoring design improves score validity because it identifies genuine understanding of the problem. Due to the unique 
features of this test, the scoring scheme for the pretest and the posttest is detailed as follows (see Table 1): 
 

Table 1. Scoring Scheme for the Number Sense Test 

Answer Correct 
4 points                   

 
4 points 

 
4 points 

 
4 points 

Wrong 
0 point 

Reason NS-Based 
4 points 

Rule-Based 
2 points 

Misconceptions 
1 point 

Guess 
  0 points  

Total 8 points 6 points 5 points 4 point 0 points 
 
We believe that the correct reason (reflecting number sense application) is of equal importance as that of the correct 
answer, because appropriate use of number sense is a good indicator of effective mathematical thinking. Therefore, 
students receive the same number of points for each: 4 points for the appropriate application of number sense and 4 
points for the correct answer. 
 
 
Results 
 
Learning effect on different learning modes 
 
Table 2 reports the descriptive statistics and the results of the repeated t test between the pretest and the posttest for 
the two groups. Results indicate that there is a statistically significant difference between the pretest and the posttest 
(t value = –6.401, p < .01) for the computer-animated experimental group (CAEG). The mean gain from pretest to 
posttest for the CAEG group was 33.46, indicating a positive effect on students’ number sense performance. The 
data also show that the mean scores on the posttest for the PAG increased 5.84 points. The repeated t-test results 
indicate that there was no statistically significant difference between the pretest and posttest means for the PAG 
group (t = –1.717, p > .05). These results indicate that number sense learning via integrated technology is more 
beneficial to the students in the CAEG group than students learning number sense without the aid of technology in 
the PAG group. 
 

Table 2. Descriptive Statistics and Repeated t-tests 

Group Pretest 
Mean (SD) 

Posttest 
Mean (SD) t p 

CAEG (n=30) 137.37 (53.74) 170.83 (54.49) -6.401 .000** 
PAG  (n=30) 131.63 (47.16) 137.47 (53.30) -1.717 .097 

**p ＜ .01 
 
In order to reduce the threats of initial pre-exiting difference between groups and self-growth, an ANCOVA for the 
two groups was conducted with the pretest as a covariate. Before the ANCOVA was done, the homogeneity test of 
equal slopes between groups was examined. Because p > .05, the result F(1, 58) = 3.629 (p = .062) indicates that the 
assumption of equal slopes is tenable, thus permitting the use of ANCOVA. Table 3 reports the results of the 
ANCOVA analysis.  
 

Table 3. Summary of ANCOVA for Two Groups 

Source Type III Sum of 
Squares df Mean Square F p Partial η2 

Pre 
Group 

134993.821 
11633.641 

1 
1 

134993.821 
11633.641 

229.624 
19.789 

.000** 

.000** 
.801 
.258 

Error 33509.812 57     587.891    
Note. R2 = 0.819 (adjusted R2 = 0.813). 
** p < .01 
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After adjusting the pre-existing difference between groups, the result of the ANCOVA is an F-value equal to 19.789 
(p = .000, η2 =.258). This result indicates that there is a large effect (η2 > .14, based on Cohen’s criterion) and also a 
statistically significant difference (α = .05) between the CAEG and PAG groups after the experiment. In other words, 
after the individual self-directed learning (using animation vs. paper version), the students in the CAEG group using 
computer-animated activities performed better on number-sense items than students in the paper-version group. In 
fact, participation in the computer-animated experimental group greatly enhanced the development of students’ 
number sense ability. In addition, the R2 value (.819) indicates that the individual learning accounted for 81.9% of 
the total variation in the learning effect for the computer-animated experimental group. This implies that the 
technology integrated into the individualized number-sense learning had a significant impact on number sense 
performance, surpassing the self-directed learning through paper version.  
 
 
Problem-solving methods used within different learning modes 
 
Table 5 reports the percentages of different methods of problem solving selected by students from different groups 
before and after the treatment. Data suggested that uses of the number-sense-based method increased much more for 
students in the CAEG (35.4% - 25.3% =  10.1%) than for students in the PAG (25.1% – 23.9% = 1.2%) group. This 
suggests that computer-animated learning is more effective than a paper-version learning approach in the 
development of number sense. At the same time, data also showed that the students in the CAEG group with 
incorrect answers decreased form 50% to 38.6% after the experiment. However, there is just a little decrease for 
students with incorrect answers from 51.7% to 49.2% in the PAG group after the experiment. 
 

Table 5. Percentage of Different Methods Used to Solve Test Items Before and After the Experiment 
Methods Groups CAEG PAG 

  Pre-test Post-test Pre-test Post-test 
Correct NS-based 25.3% 35.4% 23.9% 25.1% 

 Rule-based 14.2% 15.1% 14.1% 15.7% 
 Misconception 10.2% 10.8% 9.2% 8.6% 
 Guessing 0.3% 0.1% 1.1% 1.4% 

Incorrect  50.0% 38.6% 51.7% 49.2% 
 
 
Discussion 
 
This study provided evidence of more effective self-directed learning of number sense through computer-animated 
activities with fifth graders in a public elementary school in southern Taiwan. The most important finding was that 
students in the CAEG group that received self-directed learning computer-animated number sense activities 
performed better on a number sense assessment than students in the PAG group who read a paper-version activities 
based on the same content as the computer-animated activities. This implies that children can develop number sense 
through self-directed learning in animation-based environments. This finding supports the statement of the NCTM 
(2000) that “technology can help students learn mathematics” (p. 25) and “students’ engagement with, and 
ownership of, abstract mathematical ideas can be fostered through technology” (p. 25). It also supports the findings 
of several earlier studies that technological tools can help to foster children’s mathematics learning (Chan et al., 
2006; Dick, 2007; Inamdar & Kulkarni, 2007; Zbiek et al., 2007). Moreover, these findings also suggest that students 
in the CAEG group were more effective in their uses of number sense-based skills in solving problems than the 
students in the PAG group. Interestingly, we found that the students in the CAEG group who individually manipulate 
the animation activities applied much more uses of number sense than the students in the PAG group after the 
experiment. Rather, they highly decreased the incorrect responses than the students in the PAG group after the 
experiment. This finding strongly supports the results of an earlier study of Su et al. (2010) that web-based tools 
could be used to reinforce primary school children’s number sense. It also supports the finding of Yang and Tsai 
(2010) that student’s number sense could be improved through the technology-based environment.  
 
The students in the CAEG group performed better on number sense than students in the PAG group because students 
in the CAEG group have developed better conceptual understanding on number and operations under animated-
based learning environment that included clearer words and pictures than the paper-version group mode. The key 
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factors of CAEG group have better performance and use of number sense due to these animation activities bring 
dynamic visualizations, interactivity, and immediate feedback. This finding is consistent with the earlier studies 
(Gegner et al., 2009; Mayer, 2003). In fact, this study also proved that animated and number sense-based self-
directed learning materials may be more effective than static visuals to promote children’s number sense. These 
animated learning materials included dynamic visuals and words that made an appeal to student’s attentions when 
they were manipulating these activities. This finding also supports previous studies that animation activities can be 
an aid in mathematics learning and helping students develop better understanding on mathematical concepts (Forster, 
2006; Philpot, Hall, Hubing, Flori, Oglesby, & Vikas, 2003; Stoffa, 2004; Taylor, Pountney, & Malabar, 2007). 
Furthermore, in reviewing the number sense-based animation activities used in this study, they are consistent with 
the Mayer’s principles when learning is better (Clark & Mayer, 2008). For example, these activities include relevant 
visuals and words rather than words only (Multimedial principle); texts in the activities have close connection with 
the visuals (Contiguity principle); visuals used in the activities are clearly explained by audio rather than by words 
(Modality principle); learners can mentally interact and get feedback via on screen learning agents (Personalization 
principle); key concepts of number sense are introduced first and then the exercises are presented (Pretraining 
principle); and contents are presented in a series of dynamic visuals which the learners can control the rates of access 
(Segmenting principle) (Clark & Mayer, 2008). Therefore, it is reasonable to believe that the finding of this study is 
different from the statement of Clark & Mayer (2008) that animation did not help compared to similar static visuals. 
However, this study is consistent with their suggestion that carefully designed animations toward the fostering of 
conceptual understanding are possible to have better performance than still visuals (Clark & Mayer, 2008). 
 
 
Conclusions 
 
Although our self-directed learning experiment lasted for only seven class periods (30 minutes for each period) for 
three different groups of classes from only one school in Taiwan, the improvement made by the fifth graders in the 
computer-animation group is apparent and worthy of attention. Although generalizations of the present study may be 
limited, the results do provide some important contributions. Thus, further research studies should focus on long-
term treatment and include a broader range of students in the studies.  
 
First, the major contribution of the current study is that students’ number sense can be promoted effectively by 
students themselves, if appropriate technology-enhanced learning activities are provided. The present study is 
different from an earlier study by Yang and Tsai (2010) that student’s number sense could be promoted via teacher’s 
instruction and the use of technology. These animated and number-sense-based activities emphasized understanding 
and potential applications of number sense and they allow students to self-study at any time through web-based or 
CD-based self-directed learning in order to help children develop number sense in an interactive and effective 
manner. Moreover, these animation number sense activities can be learned by students without the aid of teachers. It 
is also different from earlier non-technology-based studies (Griffin, 2004; Markovits & Sowder, 1994; Verschaffel et 
al., 2007; Yang & Wu, 2010) that children’s number sense can be improved by appropriate “teacher-directed 
learning” in a traditional school mathematics classroom. Therefore, this study demonstrates three potentially helpful 
characteristics of the learning environment: number-sense-based, self-directed learning and animation-based.  
 
Second, even though many studies and reports (Dick, 2007; Inamdar & Kulkarni, 2007; Lin, 2008; NCTM, 2000; 
Ruthven, 2007; Vulis & Small, 2007; Zbiek et al., 2007) have suggested that technology integrated into mathematics 
teaching and learning has a positive effect on children’s mathematics performance, no study has focused on the 
effect of technology on number sense performance of elementary school children when self-directed learning via 
computer-based activities. This study initially shows that the appropriate use of technology can be a helpful learning 
tool for developing children’s number sense. 
    
Third, without teacher’s teaching in class, children can develop number sense through self-directed learning. In cases 
in which children need more opportunities to learn and school cannot provide additional teaching time, these 
computer-animated number-sense activities could be a good substitute for developing their number sense. As earlier 
studies (Yang & Li, 2008; Yang & Wu, 2010) have suggested, an opportunity to learn plays a role in helping 
children develop number sense; providing children with ubiquitous access to these self-directed learning animated 
activities via the world-wide web would allow students to learn more about number sense whenever time is available 
to them. Consequently, these self-directed learning activities can serve as supplementary learning materials for 
helping children develop number sense at school or at home. 
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Finally, several factors caused the students learned more in the animated learning mode. First, animation activities 
through the use of computer can reinforce students’ learning motivation.  This supports the finding of previous 
studies that the integration of technology into mathematics classes has a positive effect on learning and motivation 
(Isiksal & Askar, 2005; Lin, 2008; Olkun, Altun, & Smith, 2005; Yang & Tsai, 2010). Second, the audio, words and 
visual display can simultaneously enhance the learning of number sense. This supports the finding of earlier studies 
that students may learn more from multimedia-based learning environment due to multimedia messages including 
words and visuals than what traditional teaching modes can do (Gegner et al., 2009; Mayer, 2003). Third, learning by 
doing is a good approach to promote students’ learning. During manipulating the computerized activities, students 
will focus their attentions on the animation. Thus, it facilitates their number sense development.  
 
In summary, the present study demonstrates that the integration of technology into number sense learning by 
appropriately utilizing multimedia allows learners to study visually, interactively, and effectively. However, the 
development of computer-animated number-sense activities is a complicated and time-consuming process. It 
requires the collaboration of mathematics educators who are specialists in number sense, computer programmers 
who are well experienced in writing such programs, and computer-animation designers. Therefore, to further the 
development of these animated activities, it may be necessary to have an educational center that can organize and 
design these computer- animated activities for self-directed learning. 
 
 
Implications and practical applications 
 
The use of computer-animated, self-directed learning number-sense activities was successful in helping children 
enhance their number-sense performance and increase their uses of a higher order learning skill: number sense. The 
animated self-directed learning units for number sense can be made easily accessible at school or at home to any 
interested students through a web site on the world-wide web. Students can self-learn online without additional 
teachers’ preparation or instruction time. These technology-based learning activities can also serve as supplemental 
learning materials in order to offer students extra opportunities to explore and develop number sense. 
 
 
Limitations 
 
There are two main limitations of the current study. The first is that due to limited time and resources available, 
merely two intact classes were involved in the study. Therefore, generality of its results may need additional 
empirical evidences in other school settings. The second limitation relates to the extent to which the main aspects of 
number sense were investigated in the study. Only five aspects of number sense were covered, generality of the 
result to uncovered aspects of number sense may not be valid. 
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Appendix 1 
 
The self-learning process for two groups 
Schedule for sequences Class period CAEG PAG 

 

L1: Decimal problems 1 Animated A1 PV A1 
L2: Calculator & Estimation 1 Animated A2 PV A2 
L3: Comparing fractions 1 Animated A3 PV A3 

L4: 
2
1

 as a benchmark 1 Animated A4 PV A4 

L5: Estimation & Measurement 1 Animated A5 PV A5 
L6: Fraction problems 1 Animated A6 PV A6 
L7: Fraction & Decimal 1 Animated A7 PV A7 
Note. Animated A1: Animated self-learning Activity1      

PV A1: Paper version self-learning Activity1        
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Appendix 2 
 
An exemplified item 
Step1: Students are required to choose an answer. 

 
Step2: According to the answer, students are required to choose a reason for the answer! 
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ABSTRACT 

Recent developments in the use of social media for learning have posed serious challenges for learners. The 
information overload that these online social tools create has changed the way learners learn and from whom 
they learn. An investigation of learners’ goals, motivations and expected outcomes when using a personal 
learning network is essential since there have been few empirical studies in the domain. Previous research 
focused on the factors that influence learning in virtual environments, but these studies were mainly conducted 
in an era in which online social media were not yet used for personal learning networks. The current paper 
reports findings of a study that examined factors impacting professional learning through networks. A personal 
learning network identification session and a brainstorm via Twitter (Tweetstorm) regarding goals, motivational 
factors and outcomes of learning through networks were conducted. The article concludes that seven factors 
play a pivotal role in professional learning through networks: sharing, motivation, perceived value of the 
network, feedback, personal learning, trust and support, peer characteristics and peer value. Also, different 
perspectives, motivation, social media and collaboration, reciprocity, intrinsic motivation, innovation, status and 
reputation and networking strategies play an important role in motivation. Future work should focus on 
investigating the interplay between factors that influence networked learning identified in this article. 

 
Keywords 

Personal learning network, Social networks, Networking tools, Twitter, Networked learning  
 
Introduction 
 
Nowadays, it has become a norm for professionals to develop themselves as part of their job. They attend courses 
and seminars, and sometimes their reward or even continuation of their professional activities depends on such 
formal learning. However, Boud and Hager (2012) note “… a move from … development - to the input - the 
activity”, whereas professional development chiefly takes place by “participation in the practice” (Boud & Hager, 
2012), informal learning occurs during daily practice. Johnsson, Boud and Solomon (2012) report about cases in 
which interaction with others drives informal learning, by offering new perspectives from other working contexts 
that trigger new thinking in the professional learner’s personal context, akin to the creative power of ‘bridges’ Burt 
(2004) reports. Nevertheless, unlike formal learning, informal learning is not rewarded nor recognised, mainly due to 
lacking information about how individuals learn through their network (networked learning) (Haythornthwaite & De 
Laat, 2010).  
 
Monitoring social interactions (social media may be especially suited for this) can help identifying informal learning 
(e.g., De Laat, Lally, Lipponen, & Simons, 2007), but learners need to be motivated to exhibit the appropriate 
informal learning behaviour. To do so, one needs to investigate professional learners’ strategy, or ‘networking 
attitude’ (Rajagopal, Joosten-ten Brinke, Van Bruggen, & Sloep, 2012). More explicitly, what motivates professional 
learners to engage in learning through their network? What do they learn (learning outcomes)? And why do they feel 
they learn (perception)?  
 

59 ISSN 1436-4522 (online) and 1176-3647 (print). © International Forum of Educational Technology & Society (IFETS). The authors and the forum jointly retain the 
copyright of the articles. Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies 
are not made or distributed for profit or commercial advantage and that copies bear the full citation on the first page. Copyrights for components of this work owned by 
others than IFETS must be honoured. Abstracting with credit is permitted. To copy otherwise, to republish, to post on servers, or to redistribute to lists, requires prior 
specific permission and/or a fee. Request permissions from the editors at kinshuk@ieee.org. 



We present findings from a new type of knowledge elicitation, the Tweetstorm. The Tweetstorm is an online, open 
brainstorm-like session via Twitter, a microblogging platform. The current article starts off with some background 
literature necessary for understanding the remaining part of the article. Then, two pivotal terms in this article are 
explained: Personal Learning Networks (PLNs) and the Tweetstorm. Next, we provide the methods that we 
employed to conduct the Tweetstorm. Subsequently, we present the results of the Tweetstorm, including the results 
of one of the phases of the Tweetstorm: the PLN identification session. Finally, we discuss the results and draw 
together our conclusions.  
 
 
Literature review 
 
The question whom we learn from has a long history in educational research and several learning theories aim to 
capture the social process of learning. Bandura (1977) defines social learning as learning from others; modelling and 
imitating others’ behaviour. Vygotsky (1978) underlines that learning, internalising behaviour, occurs by imitation; 
we learn from others by example. Wenger (1998) contends that learning is practice-driven; people share a common 
interest or practice. Learners influence and learn from one another as they engage in their “community of practice”. 
Connectivism (Siemens, 2005), a theory that explicitly refers to learning with technology, claims that “learning is a 
process of connecting to specialized nodes or information resources”. This includes learning from resources, or 
organizations that possess knowledge.  
 
Dillenbourg (1999, p. 2) defines that we learn collaboratively by having “a situation in which two or more people 
learn or attempt to learn something together”. Social media can assist in social, collaborative learning, but these 
should be tailored to learning practice (Väljataga & Fiedler, 2009). Four main types of activities are distinguished to 
describe how we learn at the workplace (Eraut, 2004): (1) participation in group activities, (2) working alongside 
others, (3) tackling challenging tasks, and (4) working with clients. The first, second and fourth point towards social, 
collaborative actions, which may be important for our understanding of personal, professional learning networks.  
 
What we learn in the workplace ranges from task performance, awareness and understanding, personal development, 
teamwork, role performance, academic knowledge and skills, decision making and problem solving, to judgement 
(Eraut, 2004). Schank (1995) states that we internalise so-called scripts of consecutive actions when we learn by 
doing. This is similar to the social learning view of Bandura (1977), who claims that we learn from others by 
constructing a model of what others do and try to imitate this. 
 
The reason why learners engage in learning through networks may be that they share a common interest or practice 
(Lave, 1991), are keen to exchange of ideas (Pirolli, 2009) and want to receive and provide support (Berlanga, Sloep, 
Kester, Brouns, Van Rosmalen, & Koper, 2008; Fetter, Berlanga, & Sloep, 2010; Van Rosmalen et al., 2007). They 
also call on each other when they have a problem to solve or knowledgeability to offer (Dekker & Kingma, 1999). 
Social support theories posit that network relationships offer both instrumental and emotional support to network 
members (Gerstick, Bartunek & Dutton, 2000). Instrumental relationships encompass resources such as professional 
advice, information, and expertise, whereas emotional relationships provide encouragement, friendship, support and 
ways of communicating information (Ibarra, 1993). Access to knowledge resources may guide learner engagement in 
learning networks (Hollingshead, Fulk, & Monge, 2002). Also, learner engagement is subject to the learner’s interest 
(Billett, 2004).  
 
The above literature review very much describes the ‘how and why’ of social learning, but to make a link between 
theory and praxis, we need to understand what drives one to learn via her network. We need to understand why one 
engages in learning via her personal learning network, in order for managers to attach proper rewards to informal 
learning actions. In other words, we need to bridge the gap between networked learning and the recognition, 
valuation and rewarding of it by managers of learners, for instance teachers (in the case of students) or line managers 
(in the case of organizational learning). Therefore, the current study attempts to explore how professionals utilise 
their networks and what motivates them to use their network for learning. Hence, this article investigates the 
following main research question:  
What makes professional learners learn through their network? 
 
To answer this question, we first need to lay out the definition of a personal learning network. In addition, we present 
the workflow and pros and cons of our elicitation method: the Tweetstorm. 
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Personal learning networks and the Tweetstorm 
 
There are mainly two approaches to personal learning networks: a top-down, and a bottom-up approach. From a top-
down perspective, a learning network can be part of a collaborative learning solution that consists of introducing a 
networking environment for learners to become more motivated, or less isolated, by recommending them 
knowledgeable peers (Fetter, Berlanga, & Sloep, 2010; Sie et al., 2012). From a bottom-up perspective, connectivists 
such as Siemens (2005) contend that learning is a social phenomenon: learner interactions constitute a learning 
network. We refer to this act as networked learning. Networked learning can, for instance, be extracted from a 
personal learning environment (PLE) by monitoring who reacts to whom in a PLE’s forum to guide interventions in 
the learning process (Corallo, De Maggio, Grippa, & Passiante, 2008). When a learning network is tailored to the 
individual, for instance to give learner-centric feedback or advice, it is called a personal learning network (PLN).  
 
The PLN identification session we employ here as part of the Tweetstorm introduction is an instance of egocentric 
network elicitation. That is, we explore the relationships that are formed during networked learning. In detail, 
egocentric networks are networks from the perspective of an individual, a well-known data type in Social Network 
Analysis. The data collection method is simple: the researcher asks a participant for his or her contacts, and then 
draws a social network consisting of nodes (contacts) and edges (relationships). The ‘networked learning’-
relationships that we investigate are two-fold: we investigate from whom the participants learn, and which tools they 
use to do so. 
 
The Tweetstorm is an online knowledge elicitation method. It uses the open, online character of Twitter combined 
with the strength of freely uttering statements from brainstorming. Also, it draws on expert knowledge to arrive at 
core statements, akin to concept mapping (Stoyanov & Kirschner, 2004) or the Delphi method. It consists of six 
phases: First, a context should be provided. This can be a short introduction of the subject of the Tweetstorm, or in 
this case, we additionally held a personal learning network identification session with the participants present at a 
workshop. Second, questions are presented through Twitter using a hashtag, a short, unique, textual code to denote 
the subject of a tweet, a Twitter message. Third, the participants answer the questions using their personal Twitter 
account and the designated hashtag. Fourth, the tweets are aggregated using the hashtag and an aggregation tool 
such as YourTwapperkeeper (https://github.com/jobrieniii/yourTwapperKeeper). Fifth, the tweets are categorised by 
a team of experts using a card sorting tool such as Websort (www.websort.net). The experts put the tweets in 
categories that they can name themselves. Finally, the categorisation is analysed. The agreement between the 
experts’ sorting is computed, without the need for experts to agree upon a category name. Based on this agreement, 
hierarchical cluster analysis software computes core clusters of tweets. Figure 1 shows an overview of the distinct 
phases. 
 
The advantages of the Tweetstorm are numerous. First, it allows for easy display: search for a hashtag and all twitter 
statements, so-called tweets, containing the hashtag are returned. These can be easily displayed using a so-called 
Twitterwall, an aggregator specialised in the display of tweets of a particular hashtag. Second, and following the 
previous advantage, it allows for easy aggregation as participants’ statements are already in digital format, and can 
be traced back to individual participants. Third, Twitter is a well-known medium, which allows for smooth setup of a 
Tweetstorm session. Fourth, the categorisation of tweets is performed online, which allows for experts to take part 
from any place, any time. Fifth, experts can take part anonymously, which prevents them from experiencing 
production blocking by other experts. That is, they can utter their statements without having to wait for their turn. 
Sixth, experts can work independently: experts can put tweets in a category they define themselves. In contrast to 
methods such as the Delphi (Hasson, Keeney, & McKenna, 2000), there is no need to reach consensus with other 
experts, which saves a lot of time. Finally, in contrast to many other idea generation or knowledge elicitation 
methods such as brainstorming (Osborn, 1954), Think-Pair-Share or Progressive Inquiry (Hakkarainen, 2003), the 
Tweetstorm is not limited solely to a selected group of invitees; due to the nature of Twitter, it is open to anyone who 
has knowledge of the session’s hashtag. 
 
The main drawback of the Tweetstorm method is that it is not entirely suited for in-depth discussion among 
participants. Participants are able to react to one another, and they are able to concur with one another by retweeting. 
However, tweets are limited by 140 characters, making it difficult to sufficiently make an argument. 
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Figure 1. Overview of the Tweetstorm method 
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Method 
 
Participants 
 
Setting the context: PLN identification session 
 
Participants were attendants of a workshop at the PLE conference 2011, which was announced before the start of the 
conference. Akin to Scardamalia and Bereiter’s “quality circles” (1994), a conference allows scholars to learn from 
one another, to advance their knowledge more efficiently and effectively than going it alone. The six ‘live’ 
participants, attendants of the workshop that is to say, which excludes the online participants, were chiefly 
educational researchers with an interest in Personal Learning Environments. The participants’ main characteristics 
are provided in Table 1. No inducement was offered for their participation. 
 

Table 1. Overview of the ‘live’ participants’ main characteristics. 
ID gender age range profession discipline 
1 m 35-44 PhD student education 
2 f 45-54 teacher cultural and ethnic studies 
3 m 35-44 professor other 
4 m 25-34 post-doc education 
5 m 25-34 PhD student computer science 
6 f 25-34 teacher sociology 
 
 
Presenting and answering questions 
 
Due to the public nature of Twitter, the Tweetstorm was open to anyone who was interested and managed to spot it. 
The Tweetstorm was announced through the website of the PLE conference. A total of 31 participants actively 
engaged in it by tweeting (uttering ‘tweets’) or retweeting (forwarding tweets). This included the six participants that 
engaged in the antecedent PLN identification session. The use of Twitter meant that we could only identify 
participants by their Twitter username (quasi-anonymity). As indicated, passive, read-only participants (‘lurkers’) 
could also join the Tweetstorm. As Twitter does not allow for tracking of ‘reads’, lurkers could have (indirectly) 
influenced the Tweetstorm by discussing with active participants offline. No inducement was offered for 
participants’ cooperation. 
 
 
Categorisation and analysis 
 
We invited a group of experts to participate in a sorting experiment to independently categorise the statements that 
were extracted from the tweets. Since the statements were about learning in networks, 34 experts from affiliated 
universities, researchers in the educational domain, were invited via email, of which nine responded positively. Their 
occupation varied from PhD student to associate professor. Again, no inducement was offered for their help. 
 
 
Materials 
 
PLN identification session 
 
A custom-built online environment (PLN identification tool) was used in which participants could register 
themselves and identify the contacts in their PLN (Figure 2). The environment was accessible through the Internet 
URL 145.20.132.20/rse/test/page/PLE. For ease of use, the URL given to the participants was shortened using an 
online service called Bit.ly. The environment was tested during a pilot session at Glasgow Caledonian University. 
Five participants, all educational researchers, tested the environment and were given the opportunity to 1) reflect on 
clarity and usefulness of the questions, and 2) to provide suggestions for improvement. As a result, the survey 
instruments and questions were refined prior to the actual session. Although some of the answer options that were 
added seem to overlap with the existing ones, the participants of the pilot felt these needed to be added. For instance, 
‘external colleague’ and ‘research collaborator’ may have overlap in meaning. 
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Figure 2. Screenshot of the PLN identification tool. 

 
 
Presenting and answering questions and aggregation 
 
The YourTwapperkeeper aggregation tool, a so-called twitterwall (Figure 3) was shown at the workshop venue to 
present an overview of all tweets with the hashtag #plntweet. Participants could easily view what questions were 
asked, and what other participants answered. Also, the YourTwapperkeeper tool allowed for easy aggregation of the 
tweets for analysis.  
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Figure 3. Part of the YourTwapperkeeper twitterwall used at the workshop venue. 

 
 
Categorising and analysing categories 
 
The statements that resulted from the tweets were categorised by experts using Websort (www.websort.net), which is 
designed to do card sorting experiments and corresponding data analysis. Having the statements in digital form 
allows for card sorting online. WebSort provides a number of data aggregation (e.g. items vs. items, items vs. 
categories) and visualisation methods (e.g. tree structure, tables). Participants were not able to see each other’s 
categorisations. Also, the categorisation did not impose any time-constraints.  
 
The multidendrograms software package (Fernández & Gómez, 2008) was used to perform agglomerative 
hierarchical cluster analysis (AHCA) with complete linkage (Defays, 1977) to find core clusters of statements. 
AHCA starts with n statements in n distinct clusters. In subsequent iterations, high similarity clusters are merged, 
until the appropriate number of clusters is reached. The main advantage of such an iterative, hierarchical method is 
that one can see how the assignment of statements to clusters occurs. 
 
 
Procedure 
 
PLN identification session 
 
The PLN identification session lasted 45 minutes in total. At registration, participants of the PLN identification 
session described their profile in terms of their age range, gender, occupation, discipline and work experience. The 
main advantage of providing and keeping login credentials is that participants can be asked to identify contacts at a 
later point in time (repeated measure), to see how their network and perception of this network evolves. Afterwards, 
participants could add contacts that they learn from through the PLN contacts form. For each contact, the participants 
had to answer the following questions: 
• What is your relationship to the other person? 
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• Is it a weak or a strong tie? 
• Why do you feel you learn from that person? 
• What tool/technology do you use to connect to that person? 
 
Participants could edit or delete the contacts that they entered (bottom of Figure 2; actual entries are left out for 
privacy reasons). Although participants were asked to identify their learning contacts, the relationships between 
contacts and contacts’ characteristics were not analysed. Using SPSS statistical software version 18, we calculated 
averages per type of contact and tool that learners used to connect to their learning contacts. 
 
 
Tweetstorm 
 
During the Tweetstorm, which lasted 45 minutes in total, participants were asked to tweet their personal opinion 
using the #plntweet hashtag. In that way, the moderators could aggregate all tweets after the Tweetstorm had ended. 
The moderators (three) tried to trigger participants by posting three main questions about PLNs to Twitter using the 
#plntweet hashtag: 
• What motivates you to engage/learn through your network? 
• Why do you feel you learn from your peers? 
• What do you learn from your network? 
 
 
Statement sorting 
 
The tweets were aggregated and split up into smaller pieces of information, as most of the tweets addressed multiple 
questions at once. One tweet could answer both the question on motivation (what motivates the learner) and on the 
content (what is learned) of learning. As the researchers posted (tweeted) the triggering questions separately, it was 
not expected that participants would answer multiple questions in a single tweet. Moreover, some of the answers 
contained distinct parts that could possibly be interpreted and categorised differently from each other. For example, 
one part of the answer could be about feedback, whereas another part could be about inspiration. After splitting up 
these tweets into separate statements, we uploaded these in the Websort.net environment. Following this, we asked 
the experts to categorise the statements. To prevent researcher bias, no pre-defined categories were provided. Experts 
could define and name categories themselves.   
 
We used the Websort environment to export the sorting data to an item-item similarity matrix. This matrix is too 
large to be reported here in full, however it is available on http://www.open.ou.nl/rse/Rory_Sie/Downloads.html. 
Finally, AHCA with complete linkage was performed to find core clusters of statements. 
 
 
Limitations  
 
The results of the PLN identification session were difficult to analyse by character, as they consisted of some 
multiple response questions, which means that a contact could be a research collaborator and an external colleague at 
the same time. Also, the response rate was relatively low. Further investigation with a larger group of participants is 
needed to allow more robust PLN identification. A further study with a larger group of participants would also allow 
us to aggregate the egocentric networks and compare the participants’ view of their network to existing learning 
networks of which they are a part.   
 
A further limitation of this study was that participants were mostly researchers already with a shared interest as 
evidenced by their attendance at this particular conference. Thus, the answers are likely to be in line with this type of 
profession. Future research should try to focus on participant groups beyond academia, in order to arrive at more 
general findings. Finally, the Tweetstorm results may have been influenced by the fact that it was a brainstorm that 
took place via Twitter. The participants were inexperienced with such type of elicitation, which may have had its 
influence on the way participants expressed their statements. 
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Results 
 
PLN identification session 
 
Whom do participants learn from? 
 
Fifteen types of connections and fifteen different tools for communication were identified in the answers by the 
participants of the introductory session (Figure 4). From the six participants, one participant had named only five 
contacts. The rest had identified more than ten contacts, ranging from ten to twenty-four. In total, 261 contacts were 
identified. The participants could be connected to the same peer by more than one type of connection or tool. For 
example, a research collaborator could also be the participant's friend and use face-to-face as well as email 
communication. The findings revealed that the most common type of relationship in a learning network was research 
collaborator, friend and external colleague. 40% of research collaborators were at the same time friends. Following 
in order of meaningful connections were internal colleagues and supervisors. 
 

 
Figure 4. Whom do people learn from? 

 
 
What tools do they use? 
 
In total, thirteen out of fifteen distinct tools were selected by participants (Figure 5). The tools used most commonly 
were Twitter (18%, per participant: M=.68, SD=.47), email (19%, per participant: M=.65, SD=.48) and face-to-face 
communication (18%, per participant: M=.65, SD=.48). Although the social bookmarking tools Delicious and Wikis 
were an option, they were not mentioned. 
 

 
Figure 5. Tools used to learn from peers. 
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Tweetstorm 
 
Participants posted a total of 139 tweets (M = 4.48; SD = 6.28) (38 retweets) with the requested #plntweet hashtag. 
Sorting of the tweets entailed that we had to remove retweets, triggering questions, and split up tweets with multiple 
statements in them. A total of 83 statements were extracted from the Tweetstorm (see 
http://www.open.ou.nl/rse/Rory_Sie/Downloads.html).  
 
 
Statement sorting 
 
There was no time-constraint set for the sorting exercise. Experts spent 51 minutes on average sorting the statements 
(SD = 35). Nearly no overlap between experts’ category names was found (Appendix A). The reason for this is clear 
and expected; the experts could define the category names themselves. Nevertheless, latent agreement between 
experts could be detected using agglomerative hierarchical analysis (Figure 6). On the lowest level, seven core 
clusters of statements can be found. When taking a closer look at the widest rectangle toward the bottom left, one 
remarkably notices that this cluster actually comprises eight subclusters. In an attempt to merge the single-statement 
cluster (a70) with, or assign to other clusters, the complete linkage clustering algorithm merged it with seven other 
clusters.  
 

 
Figure 6. Results of hierarchical cluster analysis. Statements are coded, and can be found at 

http://www.open.ou.nl/rse/Rory_Sie/Downloads.html . 
 
Table 2 shows the number of statements per cluster, and typical statements for that cluster. Cluster 2 is the cluster 
corresponding to the abovementioned cluster that actually contains eight subclusters. For clarification, an overview 
of these clusters is given in Figure 7. 
 

Table 2. Statements per cluster at the level of seven core clusters. 
# name no. of 

statements 
example 

1 Sharing 5 “sharing is key” 
2 Motivation 32 “Learning with others is more rewarding and rich than on your own” 
2.1 Different 4 “Learn from your peers - Views I hadn't considered, opinions I disagree 
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perspectives with, ideas that inspire me" 
2.2 Motivation 4 “For me, learning through my network is the most fun way of learning” 
2.3 Social media and 

collaboration 
5 “Twitter is a fine balance between the personal and the social. No-one 

learns in a vacuum, but we all learn uniquely” 
2.4 reciprocity 4 “Conversation is 2-way. I can give to my network as well as take from 

it” 
2.5 intrinsic 

motivation 
5 “I use my PLN because of the autonomy it provides me” 

2.6 Innovation 1 “By results collaboratively achieved - new methods under construction 
e.g. by MOOC ing. Old scales don't work.” 

2.7 status and 
reputation 

4 “Not everyone has equal status in my PLN” 

2.8 networking 
strategies 

5 “My PLN allows me to connect to new people, communities and 
artefacts” 

3 Perceived value of 
the network 

16 “Finding out about latest research” 

4 Feedback 4 “Feedback on thoughts and ideas”; “Instantaneous feedback, news, 
useful links, arguments and opinions” 

5 Personal learning 11 “Using my network to find information and learn is the most effective 
and fast way to get the things I need” 

6 Trust and support 9 “Ask for help and they will engage and help me”; “I can also discuss 
some of the concerns and insecurities I have within a peer group 
informally” 

7 Peer characteristics 
and value  

6 “Members of my PLN are very intelligent, inspirational, insightful and 
innovative”;  “The people I learn from are passionate, critical and 
informed. They are my role models learners [sic] in this digital age” 

 

 
Figure 7. Seven core clusters and their fourteen subclusters. 

 
 
Discussion 
 
The PLN identification session, which focused on identification of egocentric networks, revealed some interesting 
findings. The results show that participants learn mainly from research collaborators, friends and external colleagues. 
This is partly inline with research by Hoffman and Vance (2005), who found that individuals learn IT skills mainly 
by themselves, from family, or from friends. Though, Hoffman and Vance report that instant messaging was, at that 
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time, “a relatively new technology task”. Now that instant messaging and social media have integrated in daily lives 
of people, it may well be that a shift has taken place from learning mainly from offline contacts to learning from 
online contacts as well. Our findings of which medium was used to learn from peers support this: Learners mainly 
used face-to-face, email and Twitter as main modes of communication. Twitter did not yet exist back in 2005, which 
may explain the shift in whom people learn from.  
 
The Tweetstorm and the corresponding agglomerative hierarchical cluster analysis resulted in a core set of seven 
clusters and a core set of fourteen clusters, of which eight subclusters were part of the larger cluster motivation. At 
the level of the seven clusters, the cluster ‘sharing’ is consistent with research by Olson, Grudin and Horvitz (2004, 
p. 1) who state “Information sharing is of immense value in the workplace because it reduces duplication of effort, 
and sits at the foundations of collaboration”. On the other hand, Fogel and Nehmad (2009) report that a majority of 
men and women included a picture of themselves in their profile, but did not share their phone number and home 
address. Thus, people only share personal information to a limited extent. Though, Swan (2002) stresses the 
importance of interaction for teaching and learning in a network. 
 
The opposing views of Olson et al. and Fogel and Nehmad support that trust (cluster 6) is important in a personal 
learning network, but also call for a balance between information sharing and trust. Furthermore, the importance of 
trust and support for learning is partly supported by Lankau and Scandura (2002), who contend that there exists a 
positive relationship between vocational support (mentoring in the workplace) and personal learning. In that same 
study, it was found that roles are an important indicator for skill development, which supports our findings that ‘peer 
characteristics and value’ play a significant role in personal learning networks. 
 
Ames and Archer (1988, p. 264) report that “a mastery goal orientation may foster a way of thinking that is 
necessary to sustain student involvement in learning as well as increase the likelihood that students will pursue tasks 
that foster increments in learning”. This is in line with our cluster motivation and its subclusters motivation and 
intrinsic motivation. Though, the concept of mastery or control itself was not mentioned in any of the statements. 
Networking strategies, a subcluster of motivation, is consistent with research by Zimmerman, Bandura, & Martinez-
pons (1992), who conclude that learning strategies play an important role in academic self-motivation. More 
specifically, the statements in the cluster networking strategies point towards connecting to the right peers in the 
network. In research about creativity and innovation it is found that connecting to the right peers in a network leads 
to more creativity (Burt, 2004; Kratzer & Lettl, 2008). This ability to combine perspectives is part of the key 
competences necessary for lifelong learning (European Commission, 2010). 
 
 
Conclusions 
 
This paper presents findings of an exploratory study using an innovative elicitation technique called the Tweetstorm; 
the study aims to discover how learners perceive their personal learning in a network. Especially now that learning is 
increasingly using online, social technologies, a new study was needed to investigate the question at hand. Findings 
suggest that these professional learners, scholars, learn mainly from research collaborators, friends and external 
colleagues. This is supported by the social tools that these learners use: mostly email and Twitter. However, a larger 
sample is needed to draw definite conclusions. 
 
The Tweetstorm results are mainly inline with current literature, which indicates that the motivation for networked 
learning, as well as why and what learners learn, has not changed with the increase of social media use. For example, 
a learner may be motivated through reciprocity (Kogut, 1989; Song, 2009) in the network (Aviv & Ravid, 2005). 
Learners want to have a quid pro quo; something in return for what they share in the network. For instance, in 
exchange for their participation and knowledge sharing, networked learners expect to receive feedback from other 
participants in the network. Furthermore, a personal learning network should keep a balance between an appropriate 
amount of information sharing and interaction in the network and a trustworthy and supportive entourage (Rusman, 
Van Bruggen, Cörvers, Sloep, & Koper, 2009). Future work should therefore focus on the interplay between factors 
that influence the interaction between networked learners. This entails further investigation about the importance for 
each factor for networked learning. 
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Appendix A 
 
Categorisation by experts 
Category Experts Total items Unique items Agreement 
(Learning) benefits 1 24 24 1 
Advantages 1 16 16 1 
And take 1 9 9 1 
Autonomy 1 1 1 1 
Balance between give and take. Economic/rational approach 1 3 3 1 
Based on a negative attitude 1 2 2 1 
Characteristics of PLN 1 13 13 1 
Characteristics/features of a network 1 12 12 1 
Collaboration and community 1 5 5 1 
Collaborative learning (with peers) 1 8 8 1 
community identity, less relevant for me 1 4 4 1 
Competences needed to be part of a Network 1 4 4 1 
creation of a community of learners 1 13 13 1 
definition of a network 1 16 16 1 
Different conceptions of a PNL 1 15 15 1 
Difficulties/problems 1 2 2 1 
diversity 1 3 3 1 
don't agree 1 5 5 1 
effectiveness 1 3 3 1 
efficiency 2 2 1 1 
Expectatives 1 11 11 1 
experiences 1 6 6 1 
Feedback 1 4 4 1 
Fun, happiness 1 3 3 1 
fun, passion 1 13 13 1 
General benefits of learning in a network: acquiring 
reputation/status based on quality of ideas 

1 6 6 1 

General benefits of learning in a network: 
efficiency/easiness/efficacy 

1 2 2 1 

General benefits of learning in a network: 
motivation/inspiration/passion 

1 5 5 1 

General benefits of learning in a network: 
quality/diversity/newness of ideas/perspectives 

1 5 5 1 

General benefits of learning in a network: role-
modelling/examples/(common)reference framework 

1 11 11 1 

General benefits of learning in a network: supporting each other 1 6 6 1 
General benefits of learning in a network: tailored to personal 
learning needs 

1 4 4 1 

Getting the world inside 1 12 12 1 
Getting your world outside 1 5 5 1 
Give 1 6 6 1 
Goals 1 2 2 1 
hmmm 1 1 1 1 
hype 1 7 7 1 
I don't understand :( 1 2 2 1 
Ideas, information, inspiration and opinions 1 19 19 1 
innovation 1 1 1 1 
instruction 1 8 8 1 
Interaction and support 1 6 6 1 
interpretations 1 1 1 1 
intrinsic motivation 1 8 8 1 
intrinsic motivation from connecting to people 1 8 8 1 
Knowledge, expertise 1 10 10 1 
learning by interactions 1 23 23 1 
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learning goal 1 5 5 1 
learning in networks 1 2 2 1 
learning mainly as social learning=social exchange 1 13 13 1 
learning to learn 1 9 9 1 
learning=individual benefit receiving 1 39 39 1 
limitations 1 1 1 1 
maintain relations 1 3 3 1 
make work interesting and inspirational 1 27 27 1 
Misconceptions 1 5 5 1 
models and expertise 1 6 6 1 
Motivation 2 21 14 0.75 
motivation: give and take 1 1 1 1 
Motivations to be part of a Network 1 9 9 1 
opinions 1 3 3 1 
passion 1 2 2 1 
pathetic statements 1 3 3 1 
peers 1 3 3 1 
People in My Network 1 13 13 1 
perceived support by the network 1 12 12 1 
Personal development 1 2 2 1 
personal drive 1 7 7 1 
personal gains by the network of learners 1 29 29 1 
Personal learning due to participation in a network 1 12 12 1 
platitudes 1 2 2 1 
Problem solving and ask for help 1 6 6 1 
Real-time interaction 1 3 3 1 
Reasons for PLN 1 12 12 1 
Reasons of learning (general) 1 3 3 1 
Reflection and feedback often with peers 1 11 11 1 
relying on others 1 14 14 1 
reputation 2 6 5 0.6 
resources 1 10 10 1 
Roles 1 3 3 1 
self-confidence 1 1 1 1 
sharing 4 36 23 0.39 
Social, informal interaction 1 5 5 1 
Status 2 11 7 0.79 
Stay in touch, connecting 1 5 5 1 
Stay up-to-date 1 4 4 1 
Support 1 3 3 1 
trust, secure 1 3 3 1 
Twitter 1 2 2 1 
use network strategically 1 19 19 1 
use of ICT 1 6 6 1 
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ABSTRACT 

In modern pedagogical processes various teaching methods and approaches (elements of the pedagogical 
process – EPPs) are used ranging from traditional ones (e.g., lectures, books) to more recent ones (e.g., e-
discussion boards, e-quizzes). Different models for evaluation of the appropriateness of EPPs have been 
proposed in the past. However, the literature shows that these models typically focus only on the appropriateness 
of a single EPP and do not provide information about its relative appropriateness in relation to other EPPs. 
Unfortunately, this considerably limits the use of such evaluation models for the needs of the educational 
institutions’ management. In order to decide which EPPs to promote or modify, management requires a 
comparative overview of the appropriateness of all EPPs that are part of the pedagogical process under 
consideration. Therefore the goal of our study was to design a model which would facilitate a comparative 
evaluation of many e-learning and traditional EPPs by simultaneously considering perspectives of students’ and 
teachers’ who participate in a certain pedagogical process. We applied the proposed model to three real-life 
pedagogical processes that are presented in this paper. Three groups of students, their teachers, and the college’s 
management participated in the study. The management confirmed that the evaluation model provided them 
with valuable information in order to plan actions for improvement of the pedagogical processes.  

 
Keywords 

 E-learning, Teaching methods, Tools, Evaluation, Model, Pedagogical process 
 
Introduction 
 
When planning curricula it is useful to have a variety of teaching and learning methods and approaches to meet the 
diverse learning needs of the target audience (Haw, & Keating, 2006). In this paper, the term Element of Pedagogical 
Process (EPP) is used for such methods and approaches. Many studies discuss the possibilities of use of different e-
learning EPPs in curricula (e.g., Fernández Alemán, Carrillo de Gea, & Rodríguez Mondéjar, 2011; Forsberg, Georg, 
Ziegert, & Fors, 2011; Gaberson & Oermann, 2010; Pucer, 2011; Starčič, 2008). With the advent of Web 2.0, many 
new interactive technologies which can be used in pedagogical process became available (e.g., e-quizzes, e-forums). 
Existing studies (Brown, 2011; Gabriela, 2009; Gunnar, 2009) have encountered benefits and problems related to the 
use of Web 2.0 in higher education. Moreover, the introduction of new e-learning EPPs can be lengthy and often 
requires a lot of effort. Therefore it is important to realize that the success of e-learning EPPs largely depends on the 
context. For instance, Brown (2011) argues that blanket application of Web 2.0 is not appropriate and that e-learning 
is useful in promoting student-centred learning, but not at all times and in all contexts. To understand the value of e-
learning EPPs, it is important to evaluate them in relation to the actual context. 
 
According to Haw and Keating (2006), the implementation of pedagogical processes and its EPPs should be 
appropriately evaluated. Different models and methods that measure the quality of curricula, quality of education, 
effectiveness of pedagogical processes, etc. already exist. Although these models can be used to help evaluate and 
improve the pedagogical process, they have two considerable limitations. First, they either evaluate the pedagogical 
process at a very high level (i.e. at the level of curricula or even institutions), omitting the details of individual EPPs 
(e.g. Haw, & Keating, 2006), or at a level of an individual EPP ignoring the pedagogical process as a whole (e.g., 
Fernández Alemán et al., 2011; Kelly, Lyng, McGrath, & Cannon, 2009). Richardson (2005) states there is no reason 
to think that obtaining feedback at one level would be effective in evaluating or improving quality at another level. 
Therefore it is important for teachers and management to obtain feedback at different levels simultaneously: at 
higher levels to understand the process as a whole and to compare different EPPs, and at lower levels to be able to 
understand single EPPs and propose tangible improvement actions. Second, many studies focus only on one group of 
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EPP users, typically teachers (e.g., Yuen & Ma, 2008) or students (e.g., Richardson, 2005) and study their attitudes 
towards a certain EPP. However, evaluation of an EPP from the students’ or teachers’ perspective alone is 
insufficient, because teachers might consider some EPPs as appropriate even if they are not well accepted by the 
students, while students might favour certain EPPs which are less effective or unpopular among teachers. As a result, 
improvement of the individual EPPs and the pedagogical process as a whole can be managed appropriately only 
through a combined understanding of students’ and teachers’ perspectives on e-learning and traditional EPPs and of 
the pedagogical process at different levels. 
 
In order to improve the understanding of the adoption and value of EPPs used in the pedagogical processes we pose 
the following research questions: R1 - How can we model the evaluation of pedagogical process by concurrently 
considering students’ and teachers’ perspectives on e-learning and traditional EPPs? R2 - Can such model provide 
relevant information about e-learning and traditional EPPs previously unknown to teachers and management? R3 - 
Can such model be used to identify less effective or ineffective e-learning and traditional EPPs that should be 
improved or replaced? R4 - Can such model be used to compare the effectiveness of e-learning and traditional 
learning EPPs? R5 - Can such model help to improve the pedagogical process? 
 
These questions are addressed in the continuation of the paper as follows. Background section presents a review of 
previous studies, followed by Evaluation model section, which presents our model in detail. The application of our 
model in three real pedagogical processes is presented in Application of the evaluation model in practice section, 
followed by sections Discussion and Conclusion. 
 
 
Background 
 
In order to construct an appropriate evaluation model a thematic review of the literature was undertaken. Several 
studies evaluate the quality of the pedagogical process at the level of EPPs (Kelly et al., 2009) including studies 
which compare the effectiveness of a certain e-learning EPP to the effectiveness of traditional EPP (Fernández 
Alemán et al., 2011). Unfortunately, these studies typically evaluate only one EPP or at most compare two EPPs 
(Campbell, Gibson, Hall, Richards, & Callery, 2008), but do not compare the quality of many different EPPs used 
within a particular pedagogical process. Hence, it is difficult to objectively compare the effectiveness of different 
EPPs, which is fundamental for the improvement of the pedagogical process. A similar situation was detected in the 
field of software development process evaluation by Vavpotic and Bajec (2009), who also proposed a solution for 
this situation. Although pedagogical processes and software development processes are quite different in content, 
they share many similarities in terms of their general structure and they both can be considered as specialised types 
of business processes consisting of different process elements. For instance, in both process types we can find people 
who perform certain roles (e.g., teachers / programmers), activities that are performed by these roles (e.g., lecturing / 
programming), tools that help perform these activities (e.g., books / software modelling tools), etc. All these process 
parts can be evaluated and eventually changed to improve the process.  Hence, we used the idea proposed by 
Vavpotic and Bajec (2009) that was already successful in the field of software development processes to evaluate the 
pedagogical process and its EPPs. 
 
Currently, several models and methods can be found in the literature that assure the quality of pedagogical processes 
and provide documentation for evaluation and accreditation processes (Little, 2009). They often consider the 
following dimensions of pedagogical processes or their EPPs: opportunity for use, quality of knowledge gained, and 
student’s level of acceptance. There have been a variety of studies  focusing on the acceptance of e-learning by 
students (Yu, Chen, Yang, Wang,  & Yen, 2007; Žvanut et al., 2011),  discussing the opportunities of using e-
learning in pedagogical processes (e.g., Emerson, 2007; Moule, Ward, & Lockyer, 2010; Ruiz, Mintzer, & Leipzig, 
2006)  comparing e-learning versus traditional learning on the acquisition and retention of knowledge (e.g., 
Campbell et al., 2008; Fernández Alemán et al., 2011) and evaluating the quality of knowledge gained by the 
students through the use of e-learning and the level of student’s acceptance of e-learning  (e.g., Kelly et al., 2009). 
However, all these studies consider only one or at most two dimensions, but do not consider all three dimensions 
concurrently. 
 
The literature review shows that opportunities for use, quality of knowledge gained and student’s level of acceptance 
are commonly evaluated for e-learning and traditional EPPs. However, none of the previous studies consider all of 
these dimensions concurrently, and they only focus on one or few specific EPPs. Based on these findings, we 
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propose an evaluation model that facilitates the concurrent evaluation of the three key dimensions for different EPPs 
used in the pedagogical processes. 
 
 
Evaluation model 
 
Structure of the evaluation model 
 
To evaluate a pedagogical process we propose a model that comprises three main dimensions (Figure 1). The first 
dimension is the frequency of opportunities for use of an EPP. This dimension is evaluated by teachers who 
participate in the pedagogical process. It does not consider how often the EPP is actually used but only evaluates the 
perceived number of opportunities for the use of the EPP. EPPs with higher opportunities for use play a more 
important role in the current pedagogical process. However, that does not necessarily mean that EPPs with lower 
opportunities for use are not important. In some cases it is possible to alter the pedagogical process in order to 
increase the opportunities for use of the EPP that is otherwise evaluated as valuable. The dimension is grounded on 
existing studies as discussed in the Background section and is evaluated through a single property that is adopted 
from the model proposed by Vavpotic and Bajec (2009). 

 

 
Figure 1. The evaluation model and presentation of the results 

  
The second dimension is the impact of an EPP on the quality of knowledge gained by the students that use the EPP. 
A theoretically sound approach would be to create several individual groups of students (each group using the EPP 
that other groups do not use) and compare their exam results. Unfortunately, such an approach is not feasible in 
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practice as a large number of EPPs under evaluation would require the formation of many individual groups of 
students which would consequently be too small to produce conclusive results. Thus, this dimension focuses on the 
teachers’ perceptions of the quality of knowledge gained rather than on actual quantitative data (e.g., exam results). 
Quality of knowledge is evaluated through five different properties, which consider both declarative and functional 
dimensions of knowledge (Biggs & Tang, 2011):  the completeness, consistency and usability of obtained knowledge, 
and the possibility to obtain complex and deep knowledge. 
 
The third dimension is the value of an EPP from the students’ perspective. Five properties were used to measure this 
dimension. The first property is the EPP’s frequency of use in case of a given opportunity. It is measured in two 
ways depending on whether the EPP under consideration is mandatory (e.g., mandatory lectures) or non-mandatory 
(e.g., participation in e-learning forums). In the case of non-mandatory EPPs, students report how often they actually 
use the EPP during their study, while in the case of mandatory EPPs they report how often they would use the EPP 
during their study even if it would not be mandatory. In this manner, the students’ perceived acceptance of a 
particular EPP is measured regardless of whether the EPP is mandatory or not (adopted from Vavpotic & Bajec, 
2009). Additionally, to better understand the reasons for the EPP acceptance level the students evaluate four 
properties grounded on the diffusion of innovations theory (DOI) (Rogers, 2003). Although DOI uses several 
different predictors of innovation diffusion, we only focus on two, namely relative advantage and complexity, as our 
preceding study (Žvanut et al., 2011) showed that only these two predictors have a significant impact on the nursing 
student’s adoption of the EPPs. Relative advantage is evaluated through three properties, namely improvement in 
quality, improvement in speed, and usefulness, while complexity is measured through a single property. These 
properties are derived from existing studies which use similar properties to measure relative advantage and 
complexity (Riemenschneider, Hardgrave, & Davis, 2002; Vavpotic & Bajec, 2009; Vavpotič & Hovelja, 2012). 
 
The concurrent evaluation of the three dimensions gives us a comprehensive understanding of the EPP’s value from 
students’ and teachers’ perspectives. Such an understanding provides the basis for the improvements of the EPPs and 
the pedagogical process as a whole. 
 
 
The measurement instrument 
 
The measurement instrument comprises two questionnaires (one for students and one for teachers). Both 
questionnaires use closed-ended questions where frequency of opportunities for use (teachers’ questionnaire) and 
frequency of use in case of a given opportunity (students’ questionnaire) were evaluated on a 7-point ordinal scale 
(never=1, very seldom=2, seldom=3, sometimes=4, often=5, very often=6, always=7) while all other items of both 
questionnaires used a 7-point Likert scale between 1 (strongly disagree) and 7 (strongly agree). For each EPP the 
teachers’ questionnaire consists of 6 questions and the students’ of 5, respectively (Figure 1).  
 
To assure the content validity of the questionnaire, three experts in the field of pedagogy re-examined the 
questionnaire. The questionnaires were pilot tested on a group of 21 students and 4 teachers for 10 commonly used 
EPPs. This group also examined the items of both questionnaires for clarity. Both dimensions that comprise multiple 
properties of the quality of knowledge gained and value for students showed good internal consistency. The 
correlations between the properties of these two dimensions and the opportunity for use dimension were significantly 
lower than the internal correlations. These results were later reconfirmed on real life cases presented in the 
continuation of the paper. 
 
 
The method of application of the evaluation model 
 
The method of application of the evaluation model is organized in three phases. The first phase is to catalogue the 
EPPs used in a pedagogical process. In order to identify them correctly, it is important that the teachers involved in 
the evaluated pedagogical process participate in focus groups, where EPPs are catalogued. In the second phase, 
teachers and students, the participants of the evaluated pedagogical process, evaluate the catalogued EPPs. In the 
third phase the results of the evaluation are individually analysed and discussed with the members of the college’s 
management (i.e. the dean, the vice dean, the head of the nursing department, and the president of the governance 
board). 
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A scatter chart (Figure 1) shows the opportunity for use and value for students on horizontal and vertical axes, 
respectively. The evaluated EPPs are shown as numbered dots on the scatter chart, where the quality of knowledge 
gained is represented by the size of the dots. Relative means of opportunity for use and value for students divide the 
scatter chart into four quadrants (Figure 1: Q1 – Q4). Relative means are used since we are interested in EPPs’ 
positions relative to other EPPs to be able to identify improvement opportunities. Q1 contains EPPs with low 
opportunity for use and low value for students, Q2 contains EPPs with high value for students but low opportunity 
for use, Q3 has EPPs with low value for students but high opportunity for use, and Q4 shows EPPs with high 
opportunity for use and high value for students.  
 
In order to improve the pedagogical process teachers and management should focus primarily on the EPPs that have 
a considerable positive impact on the quality of knowledge and are positioned in either Q2 or Q3. For the EPPs in Q2 
(e.g., Figure 2, EPP 10), teachers and management should investigate whether it is possible to alter the pedagogical 
process to create more opportunities for the use of such EPPs or to introduce new similar EPPs with more 
opportunities for use. In case of the EPPs in Q3 (e.g., Figure 2, EPP 8), further investigations are required and 
actions should be taken to improve their value for students by either properly presenting them to the students or by 
replacing them with EPPs that are more acceptable from the students’ perspective. Different actions should be taken 
for the EPPs in Q1 (e.g., Figure 2, EPP 13). These EPPs neither have high value for students nor high opportunity for 
use. Consequentially, teachers should determine whether these EPPs can be replaced by other EPPs or removed from 
the pedagogical process. Finally, the EPPs in Q4 (e.g., Figure 2, EPP 5) that have high opportunity for use and value 
for students should be periodically monitored in order to identify significant changes of their position. 
 
The positioning of EPPs on the scatter chart helps to identify the EPPs which should be improved and indicates the 
general cause of action for the improvement of EPPs. However, actual improvement scenarios are based on 
additional discussion and in-depth analysis of the use of EPPs. Examples of such analyses are presented in the 
following section. 
 
 
Application of the evaluation model in practice 
 
Overview 
 
We used an embedded case study design as defined by Yin (2009) to evaluate the EPPs of the three nursing 
pedagogical processes that represented our units of analysis. The investigation took place at the College of Health 
Care Izola, University of Primorska, Slovenia at the end of the 2010/2011 academic year before the first exams. The 
college is located in a bilingual territory (Slovenian and Italian are the official languages), located 10 km from Italy. 
After the ethical commission of the college confirmed the research plan and questionnaire, the request for approval 
was sent to the management board, which approved and supported our study. 
 

Table 1. EPPs identified in the focus groups 
No. in 

scatter chart EPP EPP type 

1 role play traditional 
2 e-learning (as an activity) e-learning 
3 laboratory practice (nursing) traditional 
4 traditional lectures traditional 
5 clinical practice traditional 
6 Consultations traditional 
7 laboratory practice (non-nursing) traditional 
8 Seminars traditional 
9 Books traditional 

10 simulation mannequin traditional 
11 educational films traditional 
12 e-mail e-learning 
13 e-quizzes e-learning 
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14 e-discussion board e-learning 
15 case study traditional 
16 digital learning material e-learning 
17 team work traditional 

 
The three pedagogical processes were performed at two different units of the college, attended by three different 
groups of students, and supervised by common management. Our embedded units of analysis represented three 
commonplace situations in undergraduate education: a pedagogical process attended by full-time students, a 
pedagogical process attended by part-time students, and a pedagogical process attended by full-time students at the 
college’s remote unit. Although all three pedagogical processes were based on the same curriculum, different 
teachers participated in each pedagogical process. Therefore for each pedagogical process a focus group of three 
teachers was formed, where two main groups of EPPs used in the pedagogical process were identified, namely 
activities and tools. These teachers also evaluated the quality of knowledge and the opportunity for use of EPPs that 
were part of the pedagogical processes in which they participated. Table 1 presents the identified EPPs with their 
respective numbers in the scatter charts (Figures 2 – 4). 
 
In the following subsections we discuss the most relevant results of the three situations to demonstrate how the 
model provided relevant information about e-learning and traditional learning EPPs (R2), helped to identify less 
effective or ineffective e-learning and traditional learning EPPs (R3), was used to compare the effectiveness of e-
learning and traditional learning EPPs (R4), and helped to improve the pedagogical process (R5). The evaluations of 
only selected representative EPPs are discussed, although other EPPs were examined in a similar manner. 
 
 
Situation 1 
 
The first group consisted of first year full-time students, who attended the study at the remote unit, approximately 
100 km from the college’s headquarters. Even though the same undergraduate study programme of nursing took 
place in this unit as at the headquarters, the students in this group suffered from a substantial lack of resources 
required for the study (e.g., distance to the library, lack of support from teachers and administrative staff). The group 
consisted of 38 students from Slovenia and Italy: 10 males and 28 females. Their average age was 20.0±1.2. The 
results are presented in Figure 2. 
 
EPP 9 (books, positioned in Q3) was evaluated as having relatively high opportunity for use while value for students 
was below the relative mean. Discussion with the dean and the head of the nursing department showed that the 
distance from the library located at the college’s headquarters presented a serious obstacle for this group of students. 
Consequentially the EPP 16 (digital learning materials) had higher value for students than EPP 9 as EPP 16 was used 
in many courses and it was easily accessible through the Internet (R2, R3, R4). 
 
Surprisingly, EPP 2 (e-learning as an activity, positioned in Q1) had relatively low value for students and opportunity 
for use. This EPP plays an important role in this group as it bridges the spatial gap between the unit and the 
headquarters. The discussion with all the interviewed management confirmed the validity of our results. For instance, 
the vice dean, responsible for the quality of pedagogical processes, noted that the use of this EPP was discussed with 
teachers in this unit on several occasions. The teachers generally did not favour this EPP, as a lot of effort is required 
to prepare the e-contents and to promote its use. However, both the vice dean and the head of the nursing department 
were previously unaware of the EPP’s low value for students (R2, R3). Both of them confirmed that this result would 
serve as an argument for justifying promotion activities about this EPP in the future (R5). 
 
EPP 17 (team work, located in Q1) has value for students and opportunity for use below their relative means. 
Generally, teamwork and other social skills are very important in clinical practice. Hence, the opinion of the vice 
dean and the head of the nursing department was that this EPP should not be omitted from the pedagogical process. 
The discussion showed that they were previously unaware of this problem and that the use of this EPP would have to 
be substantially reconsidered (R2, R3). In order to better understand this situation, the dean suggested conducting an 
additional investigation among students and teachers (R5). 
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Figure 2. Situation 1 – results 

 
 
Situation 2 
 
The second group consisted of first year regular students, who attended the pedagogical process at the college’s 
headquarters, where a plethora of resources is available for study (e.g., full time presence of the entire staff for 
consultation and technical support, library, computer classroom, etc.). The group consisted of 48 students from 
Slovenia and Italy: 11 males and 37 females; their average age was 19.8 ±0.8. 
 
In this group, EPP 15 (case study) fell into Q1, as its value for students and its opportunity for use are both below 
their relative means (Figure 3). The vice dean noted that they were previously unaware of the low opportunity for use 
and low value for students of this EPP (R2). As in Situation 1, the vice dean confirmed that these results represent a 
valid argument for future activities to increase the opportunities for use and improve the value for students of this 
EPP (R5). 
 

 
Figure 3. Situation 2 - results 
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EPP 2 (E-learning as an activity) fell in Q3 as the value for students is below and opportunity for use slightly above 
their relative means. A relatively low value for students was detected also for e-learning EPP 13 (e-quizzes) and EPP 
14 (e-discussion boards).The dean and the vice dean again expressed surprise over the low value for students of these 
EPPs. According to their experience, first year students often complained about the EPP 5 (clinical practice) and EPP 
3 (laboratory practice). However, the results of the evaluation revealed that the aforementioned traditional EPPs have 
considerably higher value for students than the three e-learning EPPs. This was contrary to the management belief 
that e-learning EPPs are generally very popular among students (R4). On the basis of these results, the vice dean, the 
head of the nursing department, and the president of the governance board suggested to conduct a further 
investigation on the value of e-learning EPPs in order to decide which of them should be promoted or omitted from 
the pedagogical process in the future (R5). 
 
 
Situation 3 
 
The third group consisted of first year part time students. As in the preceding group, they attended their study at the 
college’s headquarters, but only two days per week. The members of this group were older students who already had 
certain work experience in nursing. Their average age was 31.1±6.5. This group consisted of 30 students from 
Slovenia: 3 males and 27 females. The critical problem of this group was lack of time, as they had to combine their 
work and study activities. 
 
EPP 14 (e-discussion board) fell into Q3 and resulted in the EPP with the lowest value for students (Figure 4). This 
result came as a surprise to the vice dean (R2, R3). According to the vice dean’s experience part-time students were 
usually more aware of the importance of social skills required for working in clinical practice than regular students. 
This observation was confirmed by evaluation of traditional EPPs like EPP 1 (role play) and EPP 17 (team work), 
which are typical EPPs that help the students to gain social skills. As expected, both EPPs fell into Q4, contrasting 
with the EPP 14 (e-discussion board). The vice dean and the head of the nursing department noted that the most 
probable reason for these results was that the this group of students perceived traditional EPPs as more appropriate 
for learning social skills than e-learning EPPs due to lack of direct contact (R4). To improve this situation the dean 
and vice dean decided to instruct teachers to better present the EPP e-discussion board to this group of students (R5). 
 

 
Figure 4. Situation 3 - results 

 
EPP 3 (laboratory practice, positioned in Q2) had high value for students, relatively low opportunity for use and high 
quality of knowledge. The vice dean and the head of the nursing department noted that they were previously unaware 
of the high value for students of this EPP (R2).  The vice dean suggested to increase the opportunity for use of this 
EPP as this group suffered from lack of time for studying. The vice dean’s opinion was that the reason for the low 
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opportunity for use was in the relatively low number of hours devoted to this EPP in the curriculum. President of the 
governance board suggested that according to these results, the number of hours of laboratory practice in nursing 
should be reconsidered, as laboratory practice has a substantially lower cost than clinical practice in this institution. 
All members of school management concluded that this information represented a valid argument for a modification 
of the curricula for this group of students (R5).  
 
 
Discussion 
 
The evaluation model was applied in three typical situations, where it was successfully used to identify less effective 
EPPs (R3) and to compare e-learning and traditional EPPs (R4). The results of the evaluations were carefully 
analysed and discussed with the members of the college’s management, who confirmed that the evaluation model 
helped them to considerably improve their understanding of the three pedagogical processes (R2) and 
consequentially reach better decisions related to their improvement (R5). For instance, all higher education 
institutions in the EU have to periodically reaccredit their curricula. Reaccreditation provides an important 
opportunity for its modification. However, according to the college’s management, decisions about the EPPs used in 
the curricula are often subjective. Therefore, the presented model can be used as a valuable tool that helps to bridge 
this gap by identifying less effective e-learning and traditional EPPs (R3), thus providing a more objective basis for 
the modification of the curricula (R5).  
 
The concepts and processes of continuous quality improvements (CQI) are becoming relevant for the higher 
education (Heydman, 2006). Biggs and Tang (2011) suggest that in order to improve the pedagogical process, the 
focus should be shifted from teachers to students (i.e. student-centred teaching). Hypothetically, when students’ 
wishes and opinions are fully considered there is a latent danger of excluding teachers’ opinion about the use of a 
particular EPPs. However, excluding students’ opinion could lead to instructor-centred teaching, where the teacher is 
the expert on the content and the delivery approach (Young & Maxwell, 2007). This lowers the flexibility of the 
pedagogical process, which is very important in a rapidly changing environment. The presented model considers 
both students’ and teachers’ opinions and helps the institution management and teachers to search for compromises, 
when decisions about the use of an EPP are under consideration. This is in accordance with CQI, where it is 
recommended that cross-functional teams assess whether the systems are optimal to produce best practices and 
results (Heydman, 2006). Our model, if used continuously, could represent a contribution to the CQI of an institution.  
 
The importance of the presented model was confirmed through its application in practice which showed that several 
initial expectations of the college’s management were misaligned with actual students’ evaluations. For instance, 
some e-learning EPPs were quite unpopular among students even at the remote organizational unit where access to 
certain traditional EPPs was severely limited (R4). Although the management expected that e-learning EPPs would 
serve as a substitute for the less accessible traditional EPPs, the results of the evaluation showed that the students did 
not perceive some of the e-learning EPPs as valuable. The model enabled management to detect this situation and to 
use its results in further improvements of the pedagogical processes (R5). Similar misalignment was detected also in 
the teachers’ and students’ perceptions of certain EPPs. On one hand, the teachers perceived these EPPs as having 
significant positive advantages for students, but on the other hand, the students’ level of adoption was relatively low. 
These findings are consistent with the DOI theory which states that even when an innovation has obvious advantages 
it is not always diffused and adopted rapidly (Rogers, 2003). 
 
In practice, students typically have the opportunity to evaluate the pedagogical process at the course level and only 
rarely at the level of EPPs. Although evaluation at the level of the course suffices for the purpose of general course 
benchmarking, it does not provide detailed information about particular EPPs and their effectiveness in different 
courses. Consequently, the selection of suitable EPPs is typically left to the judgement of teachers and management.  
 
An important advantage of the evaluation at the level of EPPs is that it facilitates application of the DOI theory to 
understand the students’ personal adoption of different EPPs. A whole course or even a whole pedagogical process is 
typically too broad and complex to be viewed as a single innovation. Furthermore, the students’ perceptions of the 
course or the pedagogical process are typically very limited and are often affected by their recent positive or negative 
experience with a certain part of the course or the pedagogical process. This severely inhibits the possibility for the 
application of the DOI theory on the level of the course or the pedagogical process as the students are not able to 
objectively evaluate them. However, our study demonstrates that students perceive a properly defined EPP as a 
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single innovation which they are able to objectively evaluate. With the development of information and 
communication technologies, innovations are continuously being introduced into pedagogical processes. In our 
opinion, the use of our model could be easily extended to additional pedagogical process innovations under the 
condition that these innovations could be defined at the level of the EPPs, i.e. at the appropriate level of granularity.  
 
When using the presented model, the institution should take into consideration several limitations. Bastable (2008) 
presents three groups of barriers to conducting evaluations: lack of clarity, lack of ability, and fear of punishment and 
loss of self-esteem. In order to avoid or minimize the lack of clarity, a clearly stated purpose must explain why the 
evaluation is being conducted and what is being evaluated to all evaluation participants (i.e., the students, the 
teachers, and the management). All the evaluation participants should be motivated to participate and should 
recognize that their evaluation is essential for the improvement of the pedagogical process. The EPPs under 
evaluation must be properly presented to the students so they can fully understand and objectively evaluate them. To 
minimize the negative effects of lack of ability, the evaluators should be familiar with the presented model and have 
moderating skills and experience in order to guide the teacher focus groups who identify the EPPs used in the 
pedagogical process. Fear of punishment and loss of self-esteem could represent a problem for teachers participating 
in focus groups, as their participation is not anonymous as in the case of students. The evaluator of the pedagogical 
process has to take this into account when guiding the focus groups, as some teachers (e.g., newly employed teachers, 
old-fashioned teachers) are often not prepared to discuss the use of EPPs with other colleagues. Lee, Cerreto, and 
Lee (2010) in their study report that the subjective norm is a determinant of teachers' intentions to use the technology. 
It is not a rare situation that opinion leaders in some old-fashioned groups of teachers inhibit the innovative 
colleagues to express their opinion and present the innovative EPPs they used in practice. However, a skilled and 
independent evaluator can successfully manage such a situation by combining focus groups with individual informal 
interviews. Finally, the unit of analysis and the evaluation participants should be carefully chosen (Yin, 2009). In 
order to get reliable information from the evaluation, it is important that both students and teachers evaluate only the 
pedagogical process that they are actually involved in. 
 
 
Conclusions 
 
In this paper, we proposed a model for comparative evaluation of e-learning and traditional EPPs. In comparison to 
the existing evaluation models our model has two distinguishing capabilities: it concurrently considers students’ and 
teachers’ perspectives and it facilitates the comparative evaluation of different EPPs that comprise the pedagogical 
process. These permit the users of the model to observe the value of pedagogical processes in detail, detect less 
suitable e-learning and traditional EPPs, and formulate focused actions for the improvement of pedagogical 
processes through improvement of their EPPs. The model was used to evaluate three commonplace pedagogical 
processes in the field of nursing, where it provided valuable information to the college’s management who used it to 
direct their improvement efforts. 
 
Our future work will focus on the application of the proposed model in a longitudinal manner in order to 
continuously monitor and improve the pedagogical processes. We will focus on questions such as: how frequently 
should the re-evaluation of a pedagogical process be performed, how different generations of students  evaluate 
different EPPs, and how the context of use affects the dimensions used in our model, especially when  e-learning 
EPPs are under consideration. 
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ABSTRACT 

Assessment is one of the most essential parts of any instructive learning process which aims to evaluate a 
learner’s knowledge about learning concepts. In this work, a new method for learner assessment based on 
learner annotations is presented. The proposed method exploits the M-BLEU algorithm to find the most similar 
reference annotations and then the learner annotation will be processed further to check essential words, words 
order and contradictions. To examine this new approach, a virtual learning environment was designed and 
implemented in which assessment of the learner's knowledge is performed on the basis of main and sub concepts. 
These concepts are delivered by means of course contents and the learning environment guides the user to 
annotate concepts. Evaluation results show that our designed system can effectively assess learner’s knowledge. 
The benefit of suggested assessment method is its implicitness of assessment approach. Furthermore the correct 
annotations can be used to help the users remembering concepts by reviewing their annotations.  

 
Keywords 

Computer assisted assessment, Learner assessment, E-learning, Learner annotation 
 
Introduction  
 
In light of the rapid development of distance learning, assessment functionality has become one of the most 
important key factors in online education (Belcadhi, Henze, & Braham, 2004). Presently, in most existing Learning 
Management Systems (LMS), assessment strategies are focused on simple question-and-answer methodologies. For 
example, single and multiple-choice questions (MCQ) with several answer choices, and radio-buttons for selecting 
the correct answers are the most popular ones (Belcadhi et al., 2004). On the other hand, annotations are a natural 
way for recording comments, ideas and summarizations in specific contexts within a document. When people review 
a paper or read a book, they often underline important parts of the document or write notes in the margin (Brush, 
2002). Annotations being made by a learner in an online learning environment highlight important pieces of the 
content that can be accessed by other learners. This functionality of annotation is increasingly appreciated as an 
interesting tool in Web-Based Collaborative Applications (Petkovic et al., 2005). In the field of e-learning, making 
annotations is a natural way for recording and summarizing important contents in specific contexts within a 
document that effectively improves and speeds up the learning process.  

 
Learners can study learning contents and annotate them in their own words and in the next time learner annotations 
help him/her to remember the concepts. In this research, for the first time, learners’ annotations are utilized for 
learning progress assessment.  

 
In this work, a novel assessment method is presented. This method is performed by applying a modified version of 
the BLEU algorithm on learner’s annotations. The BLEU algorithm has been initially applied in evaluating machine 
translation systems (Papineni, Roukos, Ward, & Zhu, 2002). M-BLEU is a modified version of BLEU proposed by 
Noorbehbahani & Kardan, 2010. M-BLEU is valuable to score sentences and free text responses, but it does not 
consider contrast and other issues. We apply the M-BLEU algorithm to discover the most similar reference 
annotation to a learner annotation. Then the discovered reference annotation is compared with the learner annotation 
in a 3-step process for checking essential words, words order, and any contradictions. If for any specific learning 
concept, learner annotation passes all 3 steps, it shows the complete understanding of the learner about the concept 
being assessed and the score is 1, otherwise the score is 0.  
 
The arrangement of the paper is as follows: in the related works section, some related works in the domain of 
Computer Assisted Assessment will be described. The next section is dedicated to the prerequisites necessary for 
annotation-based assessment. The prerequisites are covered under the Reference generation, Learner annotation 
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submission and Right side annotation paraphrases. Following those sections, the reference annotation selection 
procedure which uses M-BLEU will be discussed. The Annotation checking section is about refinement of 
assessment. To refine annotation-based learner assessment, a final examination should be done. This examination 
should be carried out in three steps, namely: checking essential words, checking words order, and checking 
contradictions. The evaluation of obtained results from the proposed assessment method will be discussed in the 
evaluation section. Finally in the last section, conclusion to this work will be presented. 
 
 
Related work 
 
Assessment is an important stage in any educational process for evaluating the learner’s knowledge regarding the 
concepts being learned. Hence, a new research branch called Computer Assisted Assessment (CAA) has been 
developed to study how computers can be utilized in the evaluation of learners’ learning progress. The work being 
done by Essay Grader (PEG) is the first CAA system for assessing free text answers (Page, 1996). The PEG was 
intended to enhance the assessment process. In this system, an essay is predominantly graded by PEG based on 
writing quality, without taking content into account. The PEG is based on the concept of “proxes”, i.e., computer 
approximations or measures of intrinsic variables of interest within the essay to simulate grading by a human rater. 
PEG applies a statistical approach based on the assumption that the quality of essays is reflected by the measurable 
proxes. In PEG the Natural Language Processing (NLP) technique is not used and lexical content is not considered 
(Putri Ratna, 2006). 
 
The idea of utilizing computer for evaluating open ended questions was expressed by Webster (Webster, 1990). 
Webster applied more appropriate techniques rather than only using style checkers in his work.  
 
In 1990, Educational Testing Service I was developed at the Educational Testing Service (ETS) organization in USA. 
It relied on more direct measures of writing quality and did not consider the content. ETS I only worked on short 
sentences (not longer than 20 words) (Whittington & Hunt, 1999). The Intelligent Essay Assessor (IEA) was 
developed at the University of Colorado in the USA. IEA focuses on the content, and it is based on Latent Semantic 
Analysis (LSA) (Foltz, Laham, & Landauer, 1999). In LSA, the words order is not considered because the authors 
claim that this is not the most important factor for acquiring the sense of a passage. LSA also requires large amounts 
of data to construct an appropriate matrix representation of words being used. Due to the size of the matrices, LSA 
requires a heavy computation (Putri Ratna, 2006). 
 
E-rater is an enhanced version of Educational Testing Service I. In E-rater, a hybrid approach by combining NLP and 
statistical techniques is utilized. E-rater measures the organization, the sentence structure and the content (Burstein, 
Kukich et al., 1998).  
 
IntelliMetric was created by the American company Vantage Learning Technologies. It applied an Artificial 
Intelligence approach for assessment of both the style and the content (Vantage Learning Tech., 2000). C-rater is a 
NLP based prototype that was developed for assessing short answers related to the content-based questions such as 
those may appear in a review section of a book chapter (Burstein, Leacock, & Swartz, 2001). Many of the NLP tools 
and techniques that had been developed for E-rater were adopted by C-rater. Rather than a large collection of graded 
answers for training, C-rater uses single correct answers.  
 
In 1998 Larkey introduced her system based on text categorization techniques (TCT), text complexity features, and 
linear regression methods (Larkey, 1998). In 1999 Christie presented SEAR (Schema Extract Analyze and Report) 
which is based on pattern-matching techniques to provide automated marking of the essay content (Christie, 1999).  
 
Another system is Automark which employs NLP techniques to perform an intelligent search among free text 
responses according to predefined computerized mark scheme answers (Mitchell, Russell, Broomhead, & Aldridge, 
2002). The Intelligent Essay Marking System (IEMS) was presented in 2000. IEMS is based on the Pattern Indexing 
Neural Network. IEMS can be used both as an assessment tool, a diagnostic tool or a tutoring tool in many content-
based subjects (Ming, Mikhailov, & Kuan, 2000). In 2001, research at University of Portsmouth (UK) led to the 
Automated Text Marker (ATM). ATM looks for concepts in the text and dependencies between them to score items 
independently; first the style and second the content (Callear, Jerrams-Smith, & Soh, 2001). The work being done by 
Rudner and Liang resulted in the Bayesian Essay Test Scoring sYstem (BETSY) in 2002. This system is based on 
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statistical analyses. BETSY incorporates the best features of PEG, LSA and E-rater. It also has several crucial 
advantages of its own (Rudner & Liang, 2002). In 2002, the Paperless School free text Marking Engine (PS-ME) was 
developed. PS-ME was designed to integrate with a Web-based Learning Management System (Mason & Grove-
Stephenson, 2002). Because of processing requirements, essays cannot be graded by PS-ME in real-time. In 2003, 
two new systems were developed: Auto-marking and CarmelTC. Auto-marking is based on NLP techniques and 
pattern matching (Sukkarieh, Pulmand, & Raikes, 2003), and CarmelTC makes assessments of learners’ writing with 
machine learning classification methods and a naive Bayesian classification (Ros´e, Roque, & VanLehn, 2003). 
 
 
Prerequisites for assessment  
 
Reference generation 
 
To assess a learner’s annotation, it is necessary to compare it with a reference annotation. Each concept in the 
domain model has several questions for assessment. These questions are created by the content author or the course 
instructor. One learning concept can be delivered in a sentence, a combination of sentences, a paragraph, or a 
combination of paragraphs. Therefore the related questions to assess this concept can be also in different levels. In 
Figure 1, different combinations of concepts and related questions have been illustrated. 

 

 
Figure1. Different combinations of concepts and related questions 

 
For example, Sentence(K) has a question for assessment of its concept, namely Question(K). Sentence(K) to 
Sentence(K+3) have a combined Question(K+1,K+2,K+3) and Question(j) belongs to Paragraph(j).  
 
Each Question and a related answer should be converted to a reference annotation. Every reference annotation in its 
complete format has two sides: a left side and a right side. Each question can be supposed as the left side of an 
annotation, and its related answer can be supposed as the right side of the same annotation. Some examples for 
converting questions and answers to reference annotations are shown in (Table 1): 
 
As could be seen in Table 1, the reference annotation has a left and a right side. When a learner wishes to annotate 
about a specific concept, s/he clicks on the associated icon. Then system automatically generates the left side of the 
annotation and the learner should complete it by writing the right side. In the next step the learner annotation will be 
compared to the reference annotation. 
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Table1. Converting questions and answers to reference annotations Examples 
Generated reference annotation Concept Answer Concept Question 

Online education characteristics:  
• Teacher and learner 

separation, 
• Influence of an educational 

company, 
• Use of computer network 

for educational content, 
• Provision of 2 way 

communication 

Teacher and learner separation, 
Influence of an educational 
company, 
Use of computer network for 
educational content, 
Provision of 2 way communication 

What are the characteristics of online 
education? 

2 models for online education 
support systems: 

• Jigsaw model 
• Hub model 

Jigsaw model 
Hub model 
 

Name 2 models for online education 
support systems.  

Definition of authoring tool:  
Software application being used by 
non-programmers, that utilizes a 
metaphor (book, or flow chart) to 
create online courses 

Software application being used by 
non-programmers, that utilizes a 
metaphor (book, or flow chart) to 
create online courses 

What is an authoring tool? 

 
 
Learner annotation submission 
 
Usually when study of part of the lessons is completed, the learner may want to annotate and summarize some of the 
learnt concepts. In such case, the learning concepts hierarchical tree is presented to the learner. When the learner 
clicks on a concept in the tree, the system automatically generates the left side of annotation. This action can help the 
learner to remember what has been studied by him/her earlier. Obviously the learner should complete the right side 
of annotation and submit it to the system. See the example in Figure 2. 
 

 
Figure2. Concept selection and annotation example 

 
Each annotation may include several parts and each part covers a specific fraction of total knowledge. Considering 
the learner annotation as and the reference annotation as , each of  and  sets has 

parts. The learner is guided by the e-learning system to complete  parts of an annotation. As shown in Figure 
2, this sample annotation has 5 parts, and each part covers a fraction of the total knowledge. Let us assume that the 
fraction of the total knowledge being covered by each part is and . Each  is assigned with a number that 
represents the percentage (fraction) of knowledge. Therefore in the example illustrated in Figure 2, the annotation 
has 5 parts and all parts have the same percentage of knowledge (20% of total knowledge). When any learner 
successfully completes 2 parts of the mentioned annotation, s/he acquires 40% of the total knowledge related to a 
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specific concept. It is notable that if annotation has several parts, for each part several reference annotations are 
generated, and each part could be assessed. 
 
 
Right side annotation paraphrases 
 
As mentioned, learner annotation should be compared with reference annotations. If there is only one reference 
annotation for each concept, the annotation assessment will fail. That is because a learner may annotate concepts in 
different syntaxes, keywords and word counts, while the meaning could be the same as the reference annotation. To 
increase the accuracy of the assessment, for each concept several reference annotations should exist. These reference 
annotations should differ from each other in syntax, keywords, and word counts, but they should have the same 
meaning. In other words, paraphrases should be generated as the reference annotations. Paraphrases are sentences 
that are equivalent in meaning with respect to the information conveyed by the content (Otterbacher & Radev, 2004).  
 
In this research, paraphrases are generated by the experts. In this paper, our focus is on annotation assessment and 
therefore manually generating the reference annotations could result in accurate reference annotations. By preparing 
several reference annotations, the learner annotation can be compared to the most similar reference annotation. This 
results in a more accurate assessment.  
 
 
Reference annotation selection 
 
To select the most similar reference annotation, we used M- BLEU method proposed by (Noorbehbahani & Kardan, 
2010) which improves BLEU algorithm in 4 phases to make it useful to score free text answers. 
 
For a reference annotation we should find a paraphrase of the reference annotation which is more similar in wording 
to the learner annotation than the original reference annotation. Consider the reference annotation as and the 
learner annotation as . A reference annotation SRL that keeps the meaning of R having maximal word overlap with 
L should be generated by substitution of words from R with contextually equivalent words from S. 
 
This substitution is based on two assumptions presented below: 
• Words which exist in both the reference annotation and learner annotation are not considered for substitution. In 

fact, only unmatched words of the form  and  are taken into account.  

• If ,  and  is the synonym of , then  will be substituted by 
 and  is excluded from the next replacements. first  , then  and finally are 

considered for finding synonyms. 
 
To increase performance, we use a domain dictionary for checking synonyms since there are unique technical 
vocabularies in each learning area. This domain dictionary, which should be updated and enhanced frequently, is 
generated by domain experts. Synonyms being used by top learners can also be used for improving the domain 
dictionary coverage.  Since online education is the subject of the e-course selected for assessment of the proposed 
method, WordNet (Miller et al., 2006) was used as a general dictionary and E-learning glossaries are included in the 
domain dictionary. 
 
To calculate similarity score, M-BLEU uses weighted n-gram precision calculated using Equation (1). 

         (1) 
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Note that is the weighted n-gram precision of the reference annotation and learner annotation 

. The function  counts the number of n-gram clippings (or matches) 
between the learner annotation and the reference annotation. Finally,  is the total number of n-grams in 
the learner annotation. is calculated using Equation (2). 

(2)   

  
Note that  is the number of times that an n-gram occurs in the learner annotation and  is the 
number of times an n-gram occurs in the reference annotation. 
 
The modified BLEU (M-BLEU) score for the reference annotation is calculated using Equation (3). 

(3)    

     
 

For calculating basic M-BLEUra it is assumed that  and . 
 
To find the most similar reference annotation, a learner annotation should be compared with each reference 
annotation and the M-BLEU score should be calculated for each reference annotation independently. The reference 
annotation with the maximum score is then chosen to calculate the similarity score. is calculated using 
Equation (4). 

(4)     

 
 

Note that  is the maximum M-BLEU score and  denotes the reference annotation. indicates the  
reference annotation set and is the M-BLEU score for reference annotation . Therefore, Equation (5) 
describes , which is a set of reference annotations that their differences with the maximum M-BLEU score is 
less than . is the threshold used to determine whether and  are equal.  In this study, we set 

. 
 

(5) 

 
 
To consider word importance, the M-BLEU calculation should be based on different n-gram weights as described in 
(Noorbehbahani & Kardan, 2010). Meanwhile, the brevity penalty (BP) factor is utilized to select the shortest 
reference annotation among references with identical M-BLEU scores.  
 
Equation (6) calculates the maximum  between the reference annotations with identical M- BLEU scores. 

 
 

(6)     

 
 

Note that  is the set of reference annotations that have the maximum M-BLEU score calculated using Equation 
(5). is the brevity penalty factor for the reference annotation . is calculated using Equation (7) by 
considering  as the length of the reference annotation and  as the length of the learner annotation  is the 
maximum  among reference annotations with the maximum M-BLEU score.  
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(7) 

 

 

Finally, the selected reference annotation  is chosen by Equation (8). 
 

(8)    

 
 

(9) 

 
 

If     calculated by equation (9) is greater than  , then we consider this learner annotation for further 
processing.   is the minimum similarity threshold  for the selected reference and learner annotation. This threshold 
condition avoids this method from considering a reference annotation with a small similarity. We use a value of  

 which has been obtained experimentally. 
 
 
Annotation checking  
 
In the previous section, how a reference annotation is selected in comparison with a learner annotation was shown. 
To assess the knowledge of a learner, the steps illustrated in (Figure 3) should be taken:  

 

 
Figure3. The steps of final checking 

 

If a learner annotation can pass all 3 steps, it means that the knowledge covered with the learning concept has been 
acquired by the learner. Each of the mentioned steps will be described fully in the next section. 
 
 
Checking essential words 
 
In the previous section, selection process of a reference annotation with a maximum M-BLEU score in comparison 
with a learner annotation was shown. One problem with simply using the M-BLEU algorithm to evaluate learners’ 
annotation is that it only considers the precision and ignores the recall; this means that it does not penalize those 

94 



learners’ annotations that do not cover any fraction of the knowledge being covered by the reference annotation. 
To solve this problem, the existence of essential words of a reference annotation should be checked in a learner 
annotation.  
 
In this paper, Essential words refer to the words of synthetic reference annotation ( ), that if does not exist in the 
learner annotation; the learner annotation will be considered as incomplete. That means if one of the essential words 
does not appear in the learner annotation, it is probable that the learner does not have the knowledge of the learning 
concept. For example, consider this synthetic reference annotation:  
Definition of authoring tools: Any application software that allows individuals to create their own e-Learning content. 
 
In this synthetic reference annotation, the words “application”, “create”, “e-Learning” and “content” are essential 
words. The Essential words of each reference annotation are specified by the content author or course instructor. 
When generating a synthetic reference annotation, if any essential word in the reference annotation could be replaced 
by its synonym, this synonym is also considered as an essential word. 
 
If all essential words of a synthetic reference annotation are presented in the learner annotation, this annotation is 
passed to the next step.  
 
 
Checking words order 
 
Sometimes changing the order of words can extremely change the meaning of a sentence. For example, consider the 
following sentences: 
• Reference annotation: The Policeman killed the gunman. 
• Learner annotation 1: The Policeman killed the gunman. 
• Learner annotation 2: The gunman killed the policeman. 

 
Due to the words order, the meaning of the sentence in learner annotation 1 has completely a different meaning from 
what is understood from learner annotation 2. Therefore, words order check is also a necessary procedure for learner 
annotation assessment. In our proposed method, annotations are divided into categories “L” and “H”. If an 
annotation belongs to category “L”, the order of its words has a Low importance and if it belongs to category “H”, 
the order of its words has a High importance for annotation-based assessment. When the instructor creates each of 
the reference annotation, s/he should categorize the reference annotation as category L or H. If an annotation belongs 
to “H” category, pairs of n-grams where order is important should be defined. A pair of  indicates 
that  should appear prior to the  in the learner annotation. 
 
It is notable that for words order similarity calculation, sometimes the n-grams’ order is not considered. For example, 
time or place adverbs are not sufficiently important to be considered because changing their placements would not 
change the core meaning of a sentence.  
 
If an annotation belongs to category “H”, the index of all n-grams pairs  is checked. 
 
 
Checking contradictions 
 
The last step to assess a learner annotation is checking contradictions. The Contradictions occur whenever the 
information being conveyed by two different texts is mismatched. The learner and reference annotations may have 
the same words order and syntax, but convey different meanings. For example, consider the following sentences: 
• E-learning can improve education quality 
• E-learning can never improve education quality. 

 
In this example, two sentences are different in only one word, but they completely contradict each other.  
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There are 3 types of contradictions - negation, antonym, semantic and pragmatic information - that lead to contrast 
(Harabagiu, Hickl, & Lacatusu, 2006). Table 2 illustrates some examples of contradiction types. Noticeably, 
different types of contradictions can be seen between text A and text B. 
 

Table2. Examples of different types of contradictions 
Type of contradiction Examples of contradiction 

Negation 

Text A: John held off a dramatic fight back from defending champion Andy. 
Text B: Defending champion Andy never took on John. 
Comment: Text A and B use predicates that have similar meanings, and employ the same 
arguments. But text B inverses the truth value through negation by using never. 

Antonym 

Text A: In California, 120 Central Americans began a hunger strike when their deportation 
was delayed. 
Text B: A hunger strike was called off. 
Comment: Contradiction caused by usage of the antonyms begun and call off. 

semantic and 
pragmatic 
information 

Text A: The explosion wounded the arm of Tom.  
Text B: Tom emerged unscathed from an explosion. 
Comment: Facts inferred from text B are denied by the facts inferred from text B that 
leads to contradiction 

 
In the previous step, the existence of essential words of the reference annotation in the learner annotation is being 
checked. Obviously, any word in the reference annotation for which its antonyms could cause contradiction should 
also be considered as an essential word. If instead of essential words, their antonyms appear in the learner annotation, 
knowledge of learning concept is not considered for the learner due to the absence of essential words. The third type 
of contradiction RARELY takes place because the most similar reference annotation is selected for comparison with 
the learner annotation and then the essential words are checked. Hence, the annotation conveyed semantic and 
pragmatic information which cannot match with any reference annotation. Although the second and third types of 
contradiction occur rarely, they need a deep NLP for complete contradiction detection. Therefore, in this step only 
the contradiction of type 1 should be checked. Based on (Gindl, Kaiser, & Miksch, 2008), the negation classes being 
considered in this work are shown in Table 3. 
 

Table3. Different types of negation classes 
Type of negation Example of negation Negation keywords 

The Adverbial Negation 

Comment: This is the most frequent type of negation 
triggered by “not”, “n’t” and “never”. 
Example: Guideline developers do not recommend 
chemotherapy. 

“not”, 
“n’t” 
“never” 

Intra-Phrase Triggered 
Negation 
 

Comment: In this negation type, “No” and “without” act as 
triggers. These triggers are included in the noun phrase. 
Example: Evidence obtained from at least one well-designed 
study without randomization 

“No” 
“without” 

Prepositional Negation 
 

Comment: Triggers followed by prepositional phrases belong 
to this type of negation. This negation type often introduced 
by the prepositions “of” or “from”. The phrases following the 
preposition are considered as negated. Three noun triggers 
“lack”, “absence”, and “freedom” as well as the adjective 
trigger “free” are considered for this type of negation. 
Example: Patients with good performance status,…, and the 
absence of systemic disease. 

“lack”, 
“absence”, “freedom” 
“free” 

Verb Negation 
 

Comment: Some verbs are can be used as negation triggers. 
We considered the verbs “deny”, “decline”, and “lack” as verb 
negation triggers.  
Example: Information on final patient outcomes was also 
lacking. 

“deny” 
“decline” 
“lack” 
 
 

 

96 



In this step, the keyword of each negation class should be checked. For example, if there are some negation 
keywords in the reference annotation, the number of occurrences for each essential word should be the same in both 
the reference annotation and the learner annotation. 
 
After the accomplishment of step 3, learner knowledge about the related concept can be judged and scored by “1” or 
“0.” If all 3 steps are passed successfully, the learner annotation is scored as “1”; otherwise it is scored “0.” 
 
 
Test and evaluation 
 
To evaluate the proposed method, a virtual environment was designed to deliver an e-course and provide suitable 
tools for the learners to make their annotations. This virtual learning environment was implemented by means of 
required technologies such as ASP.Net 3.5, Microsoft access 2007 and C# programming language. The e-course was 
selected under the topic of “online education terms” in which the most pivotal online education terms were presented, 
defined, and discussed. 

 

When the course is delivered to the learner and s/he starts the first stage of study by reading the course content. 
Afterward, the learner can visit the annotation page where the learning concepts are illustrated to the learner in a 
hierarchical tree. By clicking on each concept in the tree, the left side of related annotation appears and the learner 
can fill out the right side and save his/her annotation(s). After saving annotations, the learner is redirected to take a 
post-test consisting of multiple-choice questions on another page. On this page, question(s) about the same concept(s) 
are being presented to the learner and should be answered. 
 
The implemented website has already saved 182 annotations of 45 learners. Learners were selected from BSc and 
MSc students in the field of Computer and Information Technology. 
 
In another part of this work, three experts were asked to assess each annotation being made by the learners and 
determine the knowledge level of each learner regarding each concept. Experts were asked to give the score “1” to 
those annotations they detect correct and “0” to incorrect ones. After fulfilment of each part of the course, the 
learners were asked to take a multiple choice test and the obtained results were considered for comparison with 
annotation based assessment results. For every concept, at least one multiple choice question should be answered. 
The score for the correct answers is “1” and for any wrong answer is“0.” On the other hand, after completion of the 
annotation checking steps, the proposed method grades the knowledge of a learner about annotated concepts with “1” 
or “0.” (Figure 4) shows the learner assessment based on the evaluation of 20 annotations by the experts, the multiple 
choice test and the proposed method.  
 

 
Figure4. Learner assessment for 20 annotations 

 
As Figure 4 illustrates, in 8 items the results related to the knowledge evaluation being done by the experts, the 
multiple choice test, and the proposed method are the same, and in 13 items estimated knowledge by the experts and 
the proposed method are the same. This result considers 20 annotations, and now a True and False alarm rate metric 
is utilized to evaluate complete results for 182 items.  
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True and false alarm rate metric: The True alarm rate is utilized to measure the number of times that both the 
proposed method and human model scores are the same. On the other hand, the False alarm rate measures the 
number of times that the proposed method and human model scores are different (Ros´e et al., 2003). Figure 5 shows 
the true and false alarm rate of the experts and the multiple choice assessment. Figure 6 shows the true and false 
alarm rate of the proposed method and the experts’ learner assessment. 
 

 
Figure5. Multiple choice test and experts assessment alarm rate 

 

 
Figure6. Proposed method and experts’ assessment alarm rate 

 
As shown in Figure 5 and Figure 6, we reach a true alarm rate of 69% for assessed knowledge by experts vs. multiple 
choice test, and 87% for proposed method vs. experts. These are promising results for annotation-based assessment. 
It shows that False alarm rate for experts vs. multiple choice test assessment is greater than false alarm rate for 
proposed method vs. experts assessment. The true alarm rate between the multiple choice test and the experts’ 
assessment is about 69% and the true alarm rate between the experts and the designed proposed method is 87% 
which shows an increase in accuracy of 18%. These results are reasonable because multiple choice tests cannot 
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assess learners accurately and therefore the results differ more from proposed method results, when compared to 
proposed method vs. experts’ results differences.  
 
The 87% true alarm rate for the proposed method vs. expert assessment shows that the 3 steps of annotation checking 
can successfully assess knowledge of learners and can be applied to automatic learner assessment. 
 
In some cases, the proposed assessment method is different from expert assessment. For example, the learner 
annotation is very different from all reference annotations; however, the annotation is correct. This leads the 
annotation without essential words, to fail in the checking essential words step. To solve the problem, we should 
consider this user annotation as another reference annotation for this concept. If an annotation is considered correct 
by experts while the proposed method detection is incorrect, the annotation can be used as a new reference after 
refinement.  
 
In some cases, expert detection is that the annotation is not correct but the proposed method considers it to be correct. 
This issue is due to the fact that the most similar reference annotation is found to be accidentally similar to the leaner 
annotation in words order, contrast and essential words. That is why we used the  threshold. If     
calculated by equation (9) is greater than  , then we consider this learner annotation for further processing.  Using 
this threshold, the true alarm rate will become 89%. 
 
 
Conclusions  
 
In this research, we proposed a new implicit assessment method based on learner’s annotations. In this method, for 
each learning concept there are several reference annotations which are designed by human experts. The learner 
annotations are compared with related reference annotations which differ from each other in word choice, words 
order, and syntax. The M-BLEU algorithm was employed to choose the most similar reference annotation in 
comparison with the annotation being made by the learner. Afterward, final annotation checking is started in which 
the essential words, words order and contradiction of the learner annotation are checked and learner knowledge is 
estimated. We tested our method and showed that (comparing to the multiple choice test), the proposed method can 
increase the true alarm rate of assessment by about 20% (89% vs. 69%). It means that proposed method for learner’s 
assessment is effective and can be useful for automatic assessment of learners. 
 
The proposed annotation-based assessment has many applications. Although this method is applicable to free text 
answer assessment, we designed a framework to guide the user to annotate concepts and assess this annotation. This 
method has the benefit that the learner can be assessed implicitly. And the correct annotations can help users to 
remember concepts by reviewing their annotations. The best annotation also can be recommended to another learner 
when needed.   
 
Another application is generating Automated Personalized Summaries based on assessed learner knowledge by 
eliminating contents that a learner already has its knowledge. 
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ABSTRACT 

This study examined whether or not on-line learning (on-line as compared to classroom) influenced the 
progression of scientific concept construction and analogical reasoning ability; and the degree to which different 
analogical reasoning (surface and relational salience) contributes to the progression of scientific concept 
construction and analogical reasoning ability. A total of 190 5th grade students were assigned to three different 
conditions: surface salience analogical reasoning without the use of on-line learning (condition 1), the same 
surface salience analogical reasoning with on-line learning (condition 2), and relational salience analogical 
reasoning with on-line learning (condition 3). Results indicate that condition 2 significantly outperformed 
condition 1, regardless of the progression of scientific concept construction and analogical reasoning. Condition 
2 performed at the same level that condition 3 did, regardless of the progression of scientific concept 
construction and analogical reasoning. The stepwise regression indicated that the best predictor for scientific 
concept construction is analogical reasoning followed by scientific reasoning. This study highlights the idea that 
on-line learning benefits students more than classroom learning, surface salience analogical reasoning is as 
efficient as relational salience analogical reasoning, and analogical reasoning can better predict scientific 
concept construction than can scientific reasoning. 

 
Keywords 

On-line learning vs. classroom learning, Relational salience vs. surface salience analogical reasoning, Image 
formation of eye 

 
Introduction 
 
Analogy has been widely noted as being powerful for helping learners to make connections between the pre-existing 
base knowledge and new target (Driver & Bell, 1986) or to facilitate abstraction from their base knowledge to 
generate new schema (Duit, 1991) or to employ a combination of logical reasoning processes to assist in problem 
solving or inquiry (Nersessian, 1992). Many studies have shown that the use of analogy as an instructional approach 
would improve students' scientific concept learning (Podolefsky & Finkelstein, 2007; Zheng, Yang, Garica, & 
McCaddden, 2008). Analogical reasoning also plays a prominent role in the field of scientific studies (Hofstadter, 
2003). Analogical reasoning may even be “the main engine of inventive thinking” providing the ability to “generate 
new scientific knowledge, scientific model, and theory for interpretation of scientific phenomenon in scientific 
inquiry (Glynn, 1991; Hofstadter, 2003). The law of gravitation and atom model structure were developed by 
Newton and Rutherford-Bohr through the use of analogy to construct their new knowledge of scientific evidence 
(Dagher, 1998). These imply that analogical reasoning can be very powerful for instruction and learning, and 
particularly that it is a key skill for students to practice reasoning in learning science, develop their understanding of 
science, solve scientific problems, and accomplish scientific inquiry. These literatures highlight the prevalence of 
analogy in facilitating students’ scientific conceptual leaning and thinking, however there remains a lack of empirical 
studies to demonstrate how the use of analogy can facilitate students’ analogical reasoning ability as time goes on. 
 
 
Literature 
 
Analogical reasoning 
 
Analogical reasoning essentially consists of encoding, inference, mapping, application and response (Sternberg, 
1977). The Sternberg model focuses on conceptual inference in reasoning. Vosniadou (1989) addressed the idea that 
analogical reasoning was a process of mapping a known source (analog) system to an unknown target system in 
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order to facilitate the knowledge transfer, and further to make the correlation between the two systems. Gentner 
(1989) decomposed analogical reasoning into five sub-processes which are: access the base system, perform the 
mapping between base and target, evaluate the match, store the inferences in target, and extract the commonalities. 
Whereas Gentner’s structure mapping approach predominately focuses on carry-over of prepositional structures, the 
pragmatic approach of Holyoak (1985) also takes into account contextual factors (Wilbers & Duit, 2001). Gentner 
views analogical reasoning as a comparison of similarities between base and target. Wilbers and Duit (2001) debates 
that both Gentner and Holyoaks consider propositionally based knowledge as a starting point for analogy use. As 
opposed to this, Wilbers and Duit (2001) proposed and claims that intuitive schema and mental models, 
spontaneously generated by the students when first confronted with the target phenomenon, are essential in analogy 
use. They further suggest that the analogy is a means of constructing (propositionally based) hypotheses on the basis 
of (image like) mental models and intuitive schemata triggered by the target phenomenon (Wilbers & Duit, 2001). 
They also claim that the process of analogy construction, which serves as heuristical exploration for the target, draws 
on a better known analog that provides some “proto-theory” for the yet unexplored target. The researchers agreed 
with their ideas that analogies are more of a tool to bring about hypotheses instead of proving them. The proof of 
hypotheses is a matter of empirical testing and beyond the use of analogy (Bunge, 1973). 
 
Schonborn and Anderson (2008) proposed that it is very important to explicitly explain the relationships between 
analogy and target concepts to ensure that students interpreted the analogy as relational understanding instead of as a 
literal depiction of reality. They also addressed that both scientific knowledge and analogical reasoning ability are 
pivotal for determining whether or not an analogy will foster students’ understanding (Schonborn & Anderson, 2008). 
Thus, analogical reasoning can help students to link the relationship between their own knowledge and new 
knowledge, and it can encourage students to think and repeatedly compare new and old concepts (May, Hammer, & 
Roy, 2006). Supported by constant thinking and reasoning, the analogical reasoning ability of students will refine and 
mature continuously. 
 
The mechanism of analogy has been documented for more than a decade by many psychologists (Gentner, 1989; 
Vosniadou, 1989). Gentner (1989) studied analogy from similarity perspectives, and she considered analogy to have 
few attributes and many relations compared to metaphor which has few attributes and few relations. Her theory of 
analogical mapping emphasizes more on relational similarity than on surface similarity. She suggested that relational 
similarity is more critical for determining whether or not analogical mapping can be successful. Vosniadou (1989) 
defined analogical reasoning as a process of identifying, matching and transferring the structural information from 
base to target though the use of deductive, inductive and analogical reasoning processes. She proposed that objects 
with salient similarity can have either perceptual attributes or relational similarity and be accessed easily by learners. 
It remains unclear whether salient similarity with more perceptual attributes or with more relational similarity is 
more effective for students learning science concepts through the use of analogical reasoning. We are interested in 
exploring the relative effectiveness of relational salience and surface salience analogical reasoning on student 
learning. Thus, we specifically designed two different analogies, one being relational salience analogy and the other 
one being surface salience analogy. Relational salience analogy means that the analogy shares greater relational 
similarity and less surface (perceptual attributes) similarity with the target in comparison to the surface salience 
analogy. Surface salience analogy means that the analogy shares greater surface similarity (perceptual attributes) and 
less relational similarity with the target in comparison to the relational salience analogy. 
 
 
Difficulty of scientific concept construction involving the image formation of eye 
 
The students’ difficulties in learning about light and its role in image formation have been reported by many studies 
(Bendall, Goldberg, & Galili, 1993; Bouwens, 1987; Fetherstonhaugh, 1990). Their alternative perceptions were 
summarized in the following: (1) we see something just by light (visual rays), not by light being reflected to our eyes 
(Fetherstonhaugh, 1990; Shapiro, 1989); (2) the images are not caused by the reflection of light (Rice & Feher, 1987); 
(3) lenses are not necessary to form images (Fetherstonhaugh, 1990); (4) not sure what is happening between the 
object and our eyes to form an image with the light (Bendall, Goldberg, & Galili, 1993); (5) not sure about the 
relationships among eyes, object, and light sources during image formation (Selley, 1996); (6) confused about the 
refraction of convex lens and its image formation (Saxena, 1991). 
 
A possible reason for students finding it so difficult to learn about light, vision, and image formation might be that 
these concepts are too abstract and they do not get an opportunity to manipulate and reproduce the process through 
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hands-on science. Though there are a few studies about helping students to develop their understanding of these 
concepts through different strategies (Fetherstonhaugh & Treagust, 1992; Selley, 1996), there is still little published 
evidence concerning analogical reasoning as a potential approach to reduce the difficulties of learning abstract 
concepts such as image formation of the eye. It would be of great interest to know whether or not analogical 
reasoning can facilitate students’ learning of image formation of the eye. 
 
 
On-line science learning 
 
In the past decade, on-line scientific learning activities have caught the attention of many science educators and 
researchers. Some studies have documented that on-line learning with well-developed science education theory 
benefits student learning more than conventional classroom learning does (She & Lee, 2008; Barak & Dori, 2005). 
However, Dantas and Kemm (2008) designed a physiology laboratory-based e-learning course to facilitate students’ 
learning performance; they found there were no significant differences between the new course with e-learning and 
the conventional classroom learning. Cole and Todd (2003) suggest that merely transforming the materials from 
traditional paper-based to internet-based, without including advance designs in instruction content, may not produce 
better science learning performance. 
 
On the other hand, others studies find that students assigned to a conventional course perform better than web-based 
course students in their fact-based science concepts (Hansen, Barnett, & MaKinster, 2004) and final exam (Wang & 
Newlin, 2000). Wang and Newlin (2000) further suggest that the reason why disagreement remains on whether on-
line learning is more effective than conventional instruction on student attitudes and achievement, is that most on-
line science learning programs do not include a well-developed educational theory as their design base. In order to 
resolve this problem, recent studies started to include well-developed educational theory into their on-line learning 
program. This resulted in better performance (Liao & She, 2009; Raes, Schellens, Wever, & Vanderhoven, 2012). 
However, there is a lack of studies regarding whether on-line learning outperforms the classroom instruction when 
they use the same well-developed science education theory such as salient analogical reasoning theory. Thus, we 
hope to explore whether on-line learning is more effective than classroom instruction when they all design their 
learning based upon the salience analogical reasoning theory. In addition, we are more interested in exploring 
whether surface and relational salience analogical reasoning on-line learning would bring the same success in terms 
of their scientific concept learning and analogical reasoning. 
 
 
Purpose 
 
One of the aims of this study was to explore whether the use of on-line learning (on-line as compared to classroom) 
would influence the progression of scientific concept construction and analogical reasoning processes. A second aim 
was to investigate the way in which different analogical reasoning (surface and relational) contributes to the 
progression of scientific concept construction and analogical reasoning processes in mixed methods of analyzing test 
performance and interview results. In order to fulfil the aims, the following conditions were designed: in the first 
condition, students participated in surface salience analogical reasoning learning without an on-line aspect. The 
second and third conditions involve the on-line learning environment, but in slightly different ways. In the second 
condition, students participated in the same surface salience analogical reasoning learning but in an on-line learning 
environment. In the third condition (on-line learning environment), students took part in slightly different analogical 
reasoning - relational salience analogical reasoning - also with an on-line learning environment. The on-line learning 
groups in the second and third condition are referred to as on-line analogical reasoning groups. A third aim was to 
examine the relationships among scientific conceptions, scientific reasoning and analogical reasoning. 
 
 
Methodology 
 
Participants 
 
This study included 190 5th grade students (100 boys and 90 girls) from six classes of an urban public elementary 
school. The science achievement of these students was about average for 5th grade level at their school. Science was 
taught by the same science teacher across these six intact classes. Each class of students were always together for all 
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the courses in the same classroom, and they were mixed in heterogeneous level of achievement. Six intact classes of 
students were randomly assigned into three groups and each group with two intact classes of students. Before the 
experiment, the differences of pre-Scientific Conception Test (SCT), pre-Concept Dependent Analogical Reasoning 
Test (CDART), and pre-Scientific Reasoning Test (SRT) among three groups were examined to make sure there was 
no statistical significant difference among these three groups from condition 1 to 3. The mean and SD for each 
condition were provided in the Table 1. The ANOVA test showed that there was no statistically significant difference 
among three conditions, regardless of the performance of pre-SCT (F(2, 187) = 1.57, p = .212), pre-CDART (F(2, 187) = 
0.47, p = .624), and pre-SRT (F(2, 187) = 0.18, p = .839). 
 
 
Procedure 
 
The same content of image formation was covered for these three conditions. The difference of instruction for these 
three conditions were: Condition 1 arranged the presentation of surface salience analogy for learning the target 
concepts in classroom setting (34 boys and 31 girls), Condition 2 arranged the same presentation of surface salience 
analogy as condition 1 in the on-line learning environment (34 boys and 29 girls), Condition 3 arranged a slightly 
different analogical reasoning - relational salience analogy - for learning the target concepts in the on-line learning 
environment (33 boys and 29 girls). The instruction of each condition lasted an hour. 
 
Pre-test of the Scientific Conception Test (SCT), Concept Dependent Analogical Reasoning Test (CDART), and the 
Scientific Reasoning Test (SRT) were administered to all students before the instruction in their regular classroom. A 
post-test and a retention-test of the SCT and the CDART were administered in their regular classroom after one- and 
seven-weeks instruction, respectively. In addition, 48 students from four classes (12 students from each class) of 
condition 2 and 3, who participated in the two slightly different on-line analogical reasoning groups, were 
interviewed and fully recorded by tape recorder before, one-week after, and 7 weeks after learning. Students were 
selected to interview based on the following basis: four high achievers (two boys and two girls), four middle 
achievers (two boys and two girls), and four low achievers (two boys and two girls). Five major questions (Appendix 
1) were used to interview students’ understanding and analogical reasoning involving the image formation of the eye 
for about fifteen minutes. Students’ interview data were further analyzed according to the correct concepts and 
categories of analogical reasoning in order to determine whether the nature and extent of their scientific concepts and 
analogical reasoning ability improved as time went on. 
 
 
Learning materials 
 
Design of on-line Learning Content: Image formation of Eye 
 
The design of the formation of eye learning materials was based upon the analogical reasoning theory of relational 
and surface salience analogy. A five-person team participated in the development of the image formation of eye 
learning materials: one science educator, two middle school science teachers, and two science education graduates. 
 
The same content of image formation of eye and eye problems were covered by three groups which are (1) Structure 
of target (eye) and analogy (camera or transparent plastic eye model); (2) The mechanism for image formation of 
target (eye) and analogy (camera or transparent plastic eye model); (3) similarity and difference between image 
formation of the eye and camera/transparent plastic eye model (Figure 1 & Figure 2); (4) eye problem: the 
mechanism of causing nearsightedness and presbyopia and the way in which the eye can adjust for these problems 
with the use of analogy (Figure 3 & Figure 4). For condition 1, the science teacher used the transparent plastic eye 
model as the analogy to teach the image formation of the eye, and students interacted with the real model in the 
classroom setting. For condition 2, students learned the same analogy (transparent plastic eye model) through the on-
line learning environment individually. For condition 3, students learned the image formation of eye using the 
camera as analogy in the on-line learning environment individually. In short, the difference between on-line and 
classroom instruction is that the on-line condition would visualize the image formation of the eye through on-line 
visualizing animation, and the classroom condition would learn the image formation of the eye through hands-on 
activities and lectures. 
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Figure 1. The web-page of analogy and target concept comparison (for relational salience group) 

 

 
Figure 2. The web-page of analogy and target concept comparison (for surface salience group) 
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Figure 3. Web-page of the image formation mechanism of camera and eye (for relational salience group) 

 

 
Figure 4. Web-page of the image formation mechanism of transparent plastic eye and eye (for surface salience group) 
 
 
Instruments 
 
Scientific Conception Test (SCT), Concept Dependent Analogical Reasoning Test (CDART), and Scientific 
Reasoning Test (SRT) 
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The SCT and CDART were established by the same panel of five evaluators, ensuring that the items were properly 
constructed and relevant to the image formation of eye learning materials which students received. The modified 
SRT (Lawson, 1978) for elementary school students was used in the study (She & Lee, 2008). The SCT, CDART, 
and SRT all are the two-tier multiple-choice diagnostic instruments and each item contains two tiers. Students need 
to answer both tiers correctly in order to receive one point. There are 20, 13, and 12 items for SCT, CDART, and SRT, 
respectively. The pre-test, post-test, and retention-test of SCT and CDART are equivalent. The Cronbach α for the 
pre-, post-, and retention-SCT were 0.69, 0.80, and 0.81, respectively. The Cronbach α for the pre-, post-, and 
retention-CDART were 0.72, 0.80, and 0.78, respectively. The Cronbach α of SRT was 0.71 which is close to the 
Lawson’s result of Cronbach α 0.78. 
 
The SCT was developed to measure students’ image formation of eye related conceptions (Appendix 2), which 
required students to choose the answer and justify their response in the first and second tier of the question, 
respectively. These questions required students to use deeper information processing ability mainly involving 
analysis and synthesis. The CDART was developed to measure the degree of students’ analogical reasoning 
involving image formation of the eye conceptions (Appendix 3), which required students to select the correct 
scientific conceptions and use their analogical reasoning in the first and second tier of the question, respectively. The 
SRT was developed to measure students’ scientific reasoning abilities (included: deductive reasoning for aspects of 
conservation, proportional thinking, identification and control of variables, probabilistic thinking, correlative 
thinking, and hypothetical deductive), which required students to choose the correct answer and use the scientific 
reasoning abilities to make correct solution in the first and second tier of the question, respectively. 
 
 
Interview analysis 
 
Students’ interview results were transcribed and analyzed using the coding system developed by the researchers. We 
evaluated the nature and extent of students’ scientific conception and analogical reasoning. Students’ scientific 
conceptions were categorized according their correctness. About one fifth of the interviewee’s results were checked 
by the second coder and inter-rater reliability was 0.90. 
 
Three different categories were used to analyze the nature and extent of analogical reasoning, which were relational 
analogical reasoning, surface analogical reasoning, and relational reasoning. The inter-rater reliability was 0.93. The 
coding system used for analogical reasoning was as follows: 
• Surface analogical reasoning: This focuses on the students’ use of object attributes shared between the target and 

analogy to reason. For instance, “convex (camera) lens are like eye lens” or “the plastic ball (camera) is 
transparent (oblong shape), but the eye is not” were coded as surface analogical reasoning. 

• Relational analogical reasoning: This focuses on the students’ use of relation predicates shared between the target 
and analogy to reason. For instance, “convex (camera) lens are like eye lens; both of them converge the light and 
form an inverse real image” was coded as relational analogical reasoning. 

• Relational reasoning: This focused on students’ use of target object relations to reason without the use of analogy 
as support. The reasoning level is highest among the four of them, because the students have passed the process 
of analogy exploring, hypothesis testing and proving; they are beyond the use of analogy. For instance, “It would 
converge when light passes the lens of the eye, thus the image would form in the retina” was coded as relational 
reasoning. 

 
 
Results 
 
Multivariate analysis of the Scientific Conception Test (SCT) 
 
The descriptive statistics and repeated measures of ANOVA were conducted to examine any increase from pre-, post- 
to retention-SCT for each condition (Table 1). This indicates that the increases in pre-, post- and retention-SCT mean 
scores also reached statistical significance, regardless of condition 1 (F(2, 128) = 16.12***, p = .000), condition 2 (F(2, 122) 
= 54.87***, p = .000) and condition 3 (F(2, 120) = 55.97***, p = .000). The post hoc test suggests that the post- and 
retention-SCT were significantly higher than pre-SCT across three conditions. 
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Table 1. Descriptive statistics of the pre-, post-, and retention of SCT, CDART, and SRT 

 N Pre-test Post-test Retention test   
Mean S.D. Mean S.D. Mean S.D. F p 

Scientific Concept Test (SCT) 
Condition 1 65 7.38 3.05 8.69 3.05 9.83 4.38 16.12*** .000 
Condition 2 63 6.94 3.12 10.48 4.72 11.35 4.48 54.87*** .000 
Condition 3 62 6.37 3.52 10.56 4.65 11.39 3.89 55.97*** .000 

Concept Dependent Analogical Reasoning Test (CDART) 
Condition 1 65 4.77 2.37 5.62 2.93 6.86 2.46 22.03*** .000 
Condition 2 63 4.95 2.78 7.40 3.00 7.53 3.18 28.66*** .000 
Condition 3 62 4.48 2.97 6.23 3.01 6.98 2.80 20.23*** .000 

Scientific Reasoning Test (SRT) 
Condition 1 65 2.88 1.56       
Condition 2 63 2.92 2.03       
Condition 3 62 2.74 1.64       

Condition 1: surface salience classroom group, Condition 2: surface salience on-line group, Condition 3: Relational 
salience on-line group. 
 
The first part was to investigate whether the on-line learning environment or the classroom setting would influence 
the progression of scientific concept more with the use of surface salience analogy. The Levene test of homogeneity 
was not significant on pre-SCT (F(1, 125) = 0.11, p = .743), thus one-factor MANCOVA was conducted to examine the 
effects of instructional approaches using post- and retention-SCT scores as the dependent measures, and students’ 
pre-SCT scores as the covariate. The results indicated that instructional approaches (Wilk’s Λ = 0.89, F(2, 123) = 7.65**, 
p = .001) reached a statistically significant effect on the performance of post- and retention-SCT (Table 2). Therefore, 
the following main effect for instructional approach was performed. The main effect was performed to independently 
examine the effect of the instructional approaches on post- and retention-SCT. This indicated that the effects for 
instructional approaches were significant on both post-SCT scores (F(1, 124) = 13.48***, p = .000) and retention-SCT 
(F(1, 124) = 8.91**, p = .003). The post-hoc analysis for main effect suggests that the condition 2 groups performed 
significantly better than the condition 1 group (on-line > classroom, p(post) = .000, p(retention) = .003) on their post- and 
retention-SCT. 
 

Table 2. MANCOVA results of SCT for on-line and classroom groups 
Source of  
variance 

Wilk's Λ  Multivariate F Univariate F Post-hoc 
Post-test Retention-test 

Covariates      
Pre-test scores 0.59 43.51*** (.000)    

Group membership      
Instructional  
approaches 

0.89 7.65** (.001) 13.48*** 

 (.000) 
8.91** 

 (.003) 
Post:  

Condition 2 > Condition 1 (.000) 
Retention:  

Condition 2 > Condition 1 (.003) 
***p < .001, **p < .01, *p < .05. 
SCT: scientific conception test. 
Condition 1: surface salience classroom group, Condition 2: surface salience on-line group. 
Wilks’ lambda is most commonly used statistic for overall significance. It considers differences over all the 
characteristic roots. 
Wilks' lambda is used to examine the relationship between instructional approaches and overall performance on SCT. 
Wilks’ lambda ranges from 0 to 1, and the lower the Wilks’ lambda the more the given effect contributes to the model. 
 
The second part was to examine the way in which different analogical reasoning (surface and relational salience) on-
line learning contributes to the progression of scientific concepts. The Levene test of homogeneity was not 
significant on pre-SCT (F(1, 121) = 2.97, p = .087), thus one-factor MANCOVA was conducted. However, there was no 
statistically significant difference between condition 2 and condition 3 in terms of their post- and retention-SCT 
(Wilk’s Λ = 0.99, F(2, 119) = 0.36, p = .700). 
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Multivariate analysis of Concept Dependent Analogical Reasoning Test (CDART) 
 
The descriptive statistics and repeated measures of ANOVA were conducted to examine any increase from pre-, post- 
to retention-CDART (Table 1) for each condition. The result showed an increase in pre-, post- to retention-CDART 
that also reached statistical significance, regardless of condition 1 (F(2, 126) = 22.03***, p = .000), condition 2 (F(2, 122) = 
28.66***, p = .000) and condition 3 (F(2, 120) = 20.23***, p = .000). The post hoc test suggests that the post- and 
retention-CDART were significantly higher than pre-CDART for all conditions. 
 
The first part was to investigate whether the on-line learning environment or the classroom setting would have a 
greater influence on the progression of scientific analogical reasoning when they both use the same surface salience 
analogy. The Levene test of homogeneity was not significant on pre-CDART (F(1, 124) = 1.52, p = .220), thus one-
factor MANCOVA was conducted to examine the effects of instructional approaches using post- and retention-
CDART scores as the dependent measures, and students’ pre-CDART scores as the covariate. The results indicated 
that instructional approaches (Wilk’s Λ = 0.90, F(2, 122) = 6.60**, p = .002) had a statistically significant effect on their 
performance of post- and retention-CDART (Table 3). Therefore, the following main effect for instructional approach 
was performed. The univariate F (one-factor ANCOVA) was performed to examine the effect of instructional 
approaches on post- and retention-CDART independently. It indicated that the effects for instructional approach were 
significant on post-CDART scores (F(1, 123) = 12.57**, p = .001), and not significant on retention-CDART. The post-
hoc indicated that the students in condition 2 performed significantly better than did the condition 1 (p(post) = .001) on 
their post-CDART. 
 

Table 3. MANCOVA results of CDART for on-line and classroom groups 
Source of  
variance 

Wilk's Λ  Multivariate F Univariate F Post-hoc 
Post-test Retention-test 

Covariates      
Pre-test scores 0.75 20.29*** (.000)    

Group membership      
Instructional  
approaches 

0.90 6.60** (.002) 12.57**  

(.001) 
1.51  

(.222) 
Post:  

Condition 2 > Condition 1 (.001) 
***p < .001, **p<.01, *p<.05. 
CDART: concept dependent analogical reasoning test. 
Condition 1: surface salience classroom group, Condition 2: surface salience on-line group. 
 
The second part was to examine the way in which different analogical reasoning (surface and relational salience) on-
line learning contributes to the progression of analogical reasoning. The Levene test of homogeneity was not 
significant on pre-CDART (F(1, 121) = 0.89, p = .346), thus one-factor MANCOVA was conducted. However, there 
was no statistically significant difference between condition 2 and condition 3 in terms of their post- and retention-
CDART (Wilk’s Λ = 0.97, F(2, 119) = 2.15, p = .121). 
 
 
Stepwise regression analysis 
 
This section examines whether students’ degree of conceptual construction would be impacted by their analogical 
reasoning ability or by scientific reasoning ability. Therefore, the stepwise regression method was used to explore 
whether the pre-CDART or the pre-SRT would be most important for predicting the post-SCT scores, and whether 
pre-CDART or the pre-SRT would be the most important factor for predicting the retention-SCT scores. 
 
Results indicated that the best predictor for post-SCT scores was the pre-CDART followed by pre-SRT scores. The 
standardized regression coefficient for pre-CDART and pre-SRT were 0.33 and 0.30. Together, pre-CDART and pre-
SRT accounted for 24.1% of the variance in post-SCT scores and reached a statistical significance level (R2 = .24, F(2, 

186) = 29.53***, p = .000). Results also showed that the best predictor for retention-SCT scores was pre-CDART 
followed by pre-SRT scores. The standardized regression coefficient for pre-CDART and pre-SRT were 0.38 and 
0.30. Together, pre-CDART and pre-SRT accounted for 28.7% of the variance in retention-SCT scores and reached a 
statistical significance level (R2 = .29, F(2, 186) = 37.55***, p = .000) (Table 4). 
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Table 4. Stepwise multiple regression among SCT, CDART, and SRT 

***p < .001, **p < .01, *p < .05. 
 
 
Analysis of interview 
 
The students in condition 2 and 3 were given five interview questions regarding the conceptions of image formation 
before, one week after and seven weeks after instruction, and the results were transcribed and further analyzed 
according to the quantity of correct concepts and level of analogical reasoning. 
 
 
Quantity of correct concepts 
 
The quantity of correct concepts of interview results from before, one week after, and seven weeks after learning were 
analyzed. One-factor repeated measures of ANOVA were conducted to examine the effects of instructional approaches 
and any increase from pre-, post- to retention-correct concepts, respectively. The result indicated that instructional 
approaches did not reach a statistically significant effect on the performance of pre-, post- to retention-correct concepts. 
However, it indicated that the increases in pre-, post- to retention-mean score of correct concepts reached statistical 
significance (F(2, 90) = 53.62***, p = .000). The Mauchly’s test of sphericity was significant at 0.05, so the Huynh-Feldt 
of F was used. The post hoc test suggests that the mean scores of correct concepts in the post- and retention-interview 
results were significantly higher than pre-interview results (p = .000, p = .000) (Table 5). Results indicated that 
students’ mean scores of correct concepts significantly progressed from pre- to post-interview and pre- to retention-
interview after they received the learning program regardless of condition 3 and condition 2 (Figure 5). 
 

 
Figure 5. Distribution of students’ correct concepts for interview questions 

***p < .001, **p < .01, *p < .05. 
a Condition 3: relational salience on-line group, b Condition 2: surface salience on-line group. 

Significant Predictor Variable Standardized 
Regression 
Coefficients 

t p Cumulative % 
of Variance 
Explained 

Post-test of Scientific Concept Test     
Pre-test of Concept Dependent Analogical Reasoning Test  0.33 4.95*** .000 15.8% 
Pre-test of Scientific Reasoning Test 0.30 4.50*** .000 24.1% 
Multiple R 0.49    
R2 0.24    

Retention-test of Scientific Concept Test     
Pre-test of Concept Dependent Analogical Reasoning Test 0.38 5.94*** .000 20.4% 
Pre-test of Scientific Reasoning Test 0.30 4.66*** .000 28.7% 
Multiple R 0.54    
R2 0.29    
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Table 5. One-factor repeated measures ANOVA results of students’ correct concepts (for interview questions) 
Source of variance N F p Post hoc 

Instructional approaches 47 0.05 .818  
Time 47 53.62*** .000 post>pre(.000), retention>pre(.000) 
Instructional approaches × Time 47 0.79 .456  

***p < .001, **p < .01, *p < .05. 
 
 
Quantity of analogical reasoning 
 
Three categories of analogical reasoning: surface analogical reasoning (SAR), relation analogical reasoning (RAR), 
and relational reasoning (RR) were used to measure the quantity of analogical reasoning in which students made 
progress from pre-, to post-, and then to retention. The descriptive statistic of surface analogical reasoning, relational 
analogical reasoning, and relational reasoning for students who are in condition 2 and 3 are in Figure 6. 
 

 
Figure 6. Distribution of students’ analogical reasoning for interview questions 

***p < .001. **p < .01. *p < .05. 
a Condition 3: relational salience on-line group, b Condition 2: surface salience on-line group. 

c SAR: surface analogical reasoning, d RAR: relational analogical reasoning, e RR: relational reasoning. 
 

One-factor repeated measures of ANOVA were conducted to examine the effects of instructional approaches and any 
increase from pre-, post- to retention-SAR, RAR, and RR, respectively. The results indicated that instructional 
approaches did not reach a statistically significant effect on the performance of pre-, post- to retention-SAR, RAR, 
and RR, respectively. However, results indicate that the increases in pre-, post- to retention-mean score of SAR, RAR, 
and RR all reached a statistical significance level (F(2, 90) (SAR) = 29.20***, p = .000; F(2, 90) (RAR) = 54.96***, p = .000; F(2, 

90) (RR) = 60.35***, p = .000). The Mauchly’s test of sphericity was not significant at 0.05, so the sphericity of F was 
used. The post hoc test suggests that the mean scores of SAR in post- and retention- interview results were 
significantly higher than pre-interview results (p = .000, p = .000), regardless of condition 2 or condition 3. A similar 
pattern was found for the dimensions of RR (p = .000, p = .000), regardless of condition 3 or condition 2. For the 
dimensions of RAR, the mean scores of RAR in post- and retention-interview results were significantly higher than 
pre-interview results (p = .000, p = .000), and retention-interview results were significantly higher than post-
interview results (p = .000), regardless of condition 3 or condition 2 (Table 6). 
 

Table 6. One-factor repeated measures ANOVA results of students’ analogical reasoning (for interview questions) 
Source of variance N F p Post hoc 

Surface Analogical Reasoning 
Instructional approaches 47 1.43 .238  
Time 47 29.20*** .000 post > pre (.000), retention > pre .000) 
Instructional approaches × Time 47 0.20 .824  
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Relational Analogical Reasoning 
Instructional approaches 47 1.29 .262  
Time 47 54.96*** .000 post > pre (.000),                                  retention > 

pre (.000), retention > post (.000) 
Instructional approaches × Time 47 1.33 .271  

      
Relational Reasoning     

Instructional approaches 47 0.20 .658  
Time 47 60.35*** .000 post > pre (.000), retention > pre (.000) 
Instructional approaches × Time 47 1.08 .343  

***p < .001, **p < .01, *p < .05. 
 
 
Discussion and conclusions 
 
This study documented the findings that the surface salience analogical reasoning on-line learning group (condition 2) 
significantly outperformed the surface salience analogical reasoning classroom learning group (condition 1) on their 
students’ post-test and retention-test of scientific concept construction and post-test of content dependent analogical 
reasoning (CDRT). The retention-CDRT did not reach a statistically significant difference level which may indicate 
that condition 2 has greater immediate instead of retained impact on students’ analogical reasoning than does 
condition 1. Previous studies have demonstrated that classroom instruction with a well-developed science learning 
theory of surface analogical reasoning is better than conventional instruction without including the surface analogical 
reasoning theory (Chiu & Lin, 2005; Sarantopoulos & Tsaparlis, 2004), which highlighted the idea that surface 
analogical reasoning is efficient for promoting student learning in a regular classroom setting. This study moves one 
step beyond with the demonstration that the on-line learning group outperformed the classroom learning group when 
they both used the same theories of surface salience analogical reasoning on their scientific concept construction and 
analogical reasoning ability. 
 
The second focus of this study is to examine any differences existing between relational and surface salience in two 
different on-line analogical reasoning programs in terms of their analogical reasoning ability and scientific concept 
construction performance. Our mixed method demonstrated that there were no significant differences in the scientific 
concept construction and analogical reasoning between the relational salience analogical on-line learning group 
(condition 3) and the surface salience analogical on-line learning group (condition 2). The result did not support the 
idea that relational similarity is more critical for deciding if analogical mapping can be successful, which was 
proposed by Gentner (1989). Vosniadou (1989) proposed that objects with salient similarity can have either 
perceptual attributes or relational similarity and be accessed easily by learners. Our results seem more likely to 
support Vosniadou’s (1989) ideas that the object with salient similarity can have either perceptual attributes or 
relational similarity and be easily accessed by learners. Our results move one step beyond to claim that both 
relational salience and surface salience analogy can have the same efficiency for promoting students’ scientific 
concepts construction and analogical reasoning. 
 
In addition, this study also provides further important information regarding the progression of students' scientific 
concept construction and analogical reasoning. Qualitative and quantitative results showed that both groups made 
significant progress from pre- to post- and pre- to retention-performance of concept construction and analogical 
reasoning. It demonstrated that students’ scientific concept construction and analogical reasoning can be promoted 
significantly over time, regardless of employing surface or relational salience analogical reasoning. It sheds light on 
the idea that students can benefit through the use of analogical reasoning if the properties of analogy are salient to 
them. It does not necessarily have to be restricted to relation or surface to be successful. 
 
Our stepwise regression showed other interesting results in that the best single predictor for scientific concept 
construction is analogical reasoning followed by scientific reasoning. Wilbers and Duit (2001) suggested that 
analogy is a means of constructing (propositionally based) hypotheses on the basis of (image like) mental models and 
intuitive schemata triggered by the target phenomenon. The researchers agreed with their ideas that analogy is a tool 

113 



to bring about hypotheses and find proof for that hypothesis. Other researchers also proposed that analogical 
reasoning can help students to link the relationship between their own knowledge and new knowledge as well as 
encourage students to think and repeatedly compare the new concepts and the old concepts (May, Hammer, & Roy, 
2006). These explanations provided above support our result that analogical reasoning is a better predictor than 
scientific reasoning for scientific concept construction in the learning of image formation of the eye. 
 
Analogy has been reported as an effective method to reduce the degree of difficulty of acquiring invisible or abstract 
scientific concepts (She, 2004; Dagher, 1998). Vosniadou (1989) suggested that analogical reasoning is used to map a 
known source (analog) system to an unknown target system in order to make a relationship between the systems and 
to further facilitate knowledge transfer. It provides insight that including analogical reasoning into science teaching 
can efficiently foster students’ concept construction. The camera was the most widely used analogy in the majority 
science textbook to teach optical concepts about the formation of image and structure of the eye (Glynn, Britton, 
Semrud-Clikeman, & Muth, 1989; Iding, 1997). This study opens a new window that using a transparent plastic eye 
model is about as effective for helping students acquire the concepts of image formation and structure of the eye as 
using the camera. Gentner (1989) proposed that learners need to efficiently encode information at working memory 
and retrieve information from long-term memory to generate a potential candidate analogy. Once the degree of 
matching candidate analogy with target reached the appropriate level, analogical reasoning is complete (Gentner, 
1989). Researchers have suggested that the use of students’ familiar analogy would promote students’ analogical 
reasoning ability (May, Hammer, & Roy, 2006). Our study indicated that the transparent plastic eye model is rather 
familiar with learners. 
 
Moreover, this study indeed supports findings that the use of on-line learning with analogical reasoning theory 
fosters better scientific concept understanding and analogical reasoning ability than the classroom setting with the 
use of the same learning theory. One of the advantages of on-line learning is the easy inclusion of multimedia 
presentation, which provides students with opportunities to learn science through authentic learning (Miller & Miller, 
2000). The design of our surface and relational salience analogical on-line learning was to provide students with 
authentic science learning opportunity through on-line multimedia presentation. Both surface and relational salience 
analogical reasoning on-line learning enhance students’ scientific concept understanding and analogical reasoning 
ability with the same effectiveness. 
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ABSTRACT 

This study extends recent investigations of onscreen marking (OSM) in the Hong Kong public examination 
context. It examines whether marker attitudes, which have shown increasing acceptance of OSM since it was 
first introduced in 2007, continue to develop this acceptance in a different context. In 2012, all pubic 
examinations were marked onscreen. While previous studies investigated the attitudes of mature markers 
marking extended essay answers for single subjects (English and Liberal Studies), the current study examines 
the attitudes and perceptions of much younger markers when marking short, objective answer questions in the 
2012 Hong Kong Advanced Level Examination Use of English. In addition, because the markers were younger 
than usual, the issue of whether their attitudes to OSM were affected by the ownership of a tablet computer was 
also investigated. The findings, which have implications for other examination jurisdictions, indicate a growing 
acceptance of OSM, especially by tablet owners. 

 
Keywords 

Onscreen marking, Tablet computers, English language assessment 

 
Introduction 
 
This study furthers the research conducted into OSM in the context of a jurisdiction where almost the entire public 
examination system is being marked on screen. The current study – investigating marker attitude towards OSM – 
extends previous studies of single examination subjects in the Hong Kong context (Coniam, 2009; Coniam and 
Yeung, 2010, for example), which showed an increasing but slow acceptance of OSM, in a number of ways. Coniam 
(2009) showed that markers of Grade 11 English Language examinations were consistently reliable whether marking 
on paper or on screen. Their attitudes to OSM revealed that they were prepared to ‘buy in’ to the new marking 
medium. Coniam and Yeung (2010), which examined the attitudes of markers of Liberal Studies, revealed similar 
reliability whether marking on paper or onscreen. Further, on all major indicators, the attitudes of Liberal Studies 
markers towards OSM were more positive than in the previous study for English. 
 
First, previous studies examined markers who were marking (for English and Liberal Studies) extended essays on 
screen. The current study differs from previous studies in that it examines the marking of short answer questions in 
the 2012 Year 13 Hong Kong Advanced Level Examination (HKALE) Use of English examination. Short answer 
questions are targetted by Shaw (2008) as an area requiring further research when attempting to confirm the 
reliability of marking such questions onscreen compared to on-paper marking. The current study therefore 
contributes to our understanding of this area. 
 
Second, previous studies focused on experienced markers who had all been marking on paper for a number of years. 
The subjects in the current study were younger – around 20 years of age – for the most part undergraduate language 
or linguistics students, the majority of whom had never marked before. The sample comprised the entire marking 
panel of 289 markers who all marked onscreen. 
 
Third, the previous onscreen studies generally involved markers in marking for three or four hours a day over an 
extended period, e.g., two weeks. The current study involved one lengthier period of time working on screen. 
Specifically, the marking of the entire paper (40,000 candidates’ scripts) was completed in a single day. This 
required markers to work on screen for approximately six hours in that single day, each marker marking 
approximately 120 scripts, or 6,000 items. 
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Fourth, previous studies could not investigate the phenomenon of the ownership of tablet computers and whether 
such ownership affected markers’ attitudes to OSM because ownership of such devices was not prevalent until 2010. 
 
 
Background to the study 
 
The Hong Kong secondary school curriculum underwent significant restructuring in 2009 when the British 5+2 
secondary system (with examinations at Years 11 and 13) was replaced by a 3+3 year system (similar to the Chinese 
and Australian education models), with secondary education lasting six years. The examination corollary was a 
single examination at the end of Year 12 (age 17-18) – the Hong Kong Diploma in Secondary Education (HKDSE) – 
the annual candidature for which is in the region of 80,000. 
 
In addition to the structural changes to the education and examination system, a major operational change 
accompanying the introduction of the HKDSE, is that paper-based marking of public examinations ceases, with all 
public examinations marked on screen from 2012 onwards. 
 
The Hong Kong Examinations and Assessment Authority (HKEAA), Hong Kong’s public examination body, has, 
for some time, been investigating a variety of procedures and processes related to computerisation, including a 
dedicated onscreen marking (OSM) system. In late 2005, the Hong Kong SAR Legislative Council, (Legislative 
Council Panel on Education, 2005), allocated approximately US$25 million towards the IT modernisation of the 
HKEAA. 
 
The first step towards the adoption of OSM was taken in 2007 when all Year 11 Hong Kong Certificate of Education 
Examination (HKCEE) English Language and Chinese Language scripts were marked on screen. To investigate and 
validate the adoption of OSM, a series of studies were subsequently conducted with key subjects to compare the two 
modes of marking. In the first of these, Coniam (2009, 2011) reported quantitatively and qualitatively on marking 
comparability issues and marker attitude for the English language writing examination. He found that the reliability 
of marking was consistent between the two modes of marking and that, by 2011, OSM was becoming increasingly 
accepted. 
 
The second subject to be investigated was Liberal Studies, a compulsory subject in the HKDSE, and a subject whose 
candidature has increased from its previous small size of 3,000 candidates to 80,000. Since the acceptance of Liberal 
Studies by parents and teachers was a priority for the HKEAA, with substantial public concern expressed over the 
introduction of this subject (Tsang, 2006), a number of different studies were consequently conducted for the subject. 
The acceptance by markers of OSM as the marking mode was one of the focuses (see Coniam & Yeung, 2010). 
Again, it was found that the reliability of marking was consistent between the two modes of marking. 
 
The current study takes place in 2012, when all papers in all subjects are being marked on screen. The current study 
is, however, not simply a recycling of past studies. Timing is a key issue – given that 2012 is the milestone for OSM 
for all subjects. In part, the context for the current study focuses on the acceptance of the onscreen system – the issue 
of ‘consumer validity’ (Coniam, 1999), i.e., that markers are prepared to ‘buy’ the new onscreen marking system. 
The wholesale marking of papers onscreen and the findings of studies such as this have implications for other 
countries both in the region and elsewhere where OSM is either being practiced albeit on a smaller scale or being 
implemented. 
 
The OSM marking process in Hong Kong is as follows. After each examination, scripts are delivered to a dedicated 
scanning centre where scripts are scanned and images saved. Markers then need go to special OSM centres (of which 
Hong Kong has seven at strategic locations) where they mark at dedicated workstations using a purpose-built system. 
 
The OSM system requires markers to progress first through training and qualifying (demonstrating that their marking 
is to the appropriate standard), before finally moving to independent live marking. During live marking, ‘control 
scripts’ (with scores agreed by chief examiners) are regularly issued to markers so that their marking standard can be 
monitored. A further reliability-enhancing feature of the OSM system is that markers may view their own marking 
statistics (marking speed, mean score, mark distribution spread) and observe how their control script marking 
statistics compare with those of the chief examiners’. 
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For a discussion of onscreen marking with regards to procedures, benefits and drawbacks, the reader is also referred 
to Coniam (2009). 
 
Another, external, factor is, however, driving the current study. This is the tablet computer, which became publicly 
available in 2010. This device has captured the public’s imagination and, it is hypothesised, may play a role in the 
greater acceptance of OSM, providing substantially less resistance and negativity towards reading on screen. While, 
as reported, markers involved in the Hong Kong context over the past five years have been showing greater 
acceptance of OSM as a medium, they have continually commented on ‘eye tiredness’ as a feature of OSM that 
concerns them. Indeed, prior to the introduction of the computer tablet, onscreen reading has generally not had a 
particularly positive press; (Enright et al, 2000), for example, state that reading on screen is “generally less appealing 
than reading from paper” (p. 41). This observation has generally been borne out in research findings – at least those 
for reading in one’s first language – because it appears that reading rates fall when onscreen reading is compared 
with traditional print material (Kurniawan and Zaphiris, 2001a; 2001b). To be fair, however, as Muter and Maurutto 
(1991) noted a while back, a multiplicity of factors account for why reading on screen is perceived to be more 
difficult than reading on paper. 
 
A key factor in the current study, then, is the possession of a tablet computer, which, it will be suggested, is leading 
to a change in attitudes towards onscreen reading. Consequently, a brief examination of the introduction and concept 
of tablets, as well as very recently reported studies into their use as enhancers, or motivators of reading will now be 
provided. It is important to note that the markers did not mark the examination questions on a tablet. What is of 
significance is whether attitudes to marking onscreen were affected by ownership of a tablet computer. 
 
 
Tablet computers – background and their takeup in the field of education  
 
Tablet computers have quite an extensive history, stretching back to the 1980s. Previously, tablets failed because of 
problems with weight, battery life, and a lack of software features such as finger and virtual keyboard support. In 
addition, they contained few applications specific to the platform. 
 
With Apple’s release of the first iPad in April 2010, tablets began to come of age and to be accepted on a massive 
scale by consumers. Indeed, estimates are that, in the two-year period April 2010-April 2012, some 67 million iPads 
were sold (http://ipod.about.com/od/ipadmodelsandterms/f/ipad-sales-to-date.htm). 
 
The tablet computer has captured the public’s imagination, and studies reporting its educational potential have 
already begun to appear – albeit limited in scope at this early stage in the device’s life. Larson (2009) – a proponent 
of new digital literacies – reports on a project with students successfully incorporating e-books into an otherwise 
traditional literacy programme with Year 5 students in the U.S. (2009, pp. 256). McClanahan et al. (2012) report on 
the use of a tablet with an American Year 5 reader suffering from ADHD (Attention Deficit Hyperactivity Disorder). 
They report that the device not only helped the student to focus his attention, but that the student gained in 
confidence and in his sense of being in control of his learning. Further, pre- and post-tests indicated a one-year gain 
in reading in a six-week period. 
 
Maynard (2010) reports on a study in the U.K. into the impact of e-books on young children’s reading habits. In the 
study, 12 subjects – six children aged 7-12 and their parents – used an e-reader for a two-week period. In follow-up 
interviews, while all six adult participants reported still favouring traditional printed books, the children were split 
50-50, with half preferring e-books over printed books. The group of children favouring e-books included one child 
who was a ‘reluctant’ reader and who subsequently reported substantial interest in reading. 
 
Studies have, however, also reported mixed results. Sheppard (2011) reports on a study in Australia with 43 Year 6 
boys reading e-books on iPads. From the crossed design study (where half read traditional printed books while half 
read on screen, and then vice versa), Sheppard reports that students participating in the study reported an increase in 
engagement when using a tablet. There was, however, not a corresponding rise in achievement, with comprehension 
scores actually decreasing with less able readers. Teachers also reported having “mixed feelings” about the use of the 
e-Book reader, with some commenting that at times it was simply a distraction. 
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Meurant (2010) discusses the use of tablets to promote student digital literacy in the context of English language 
learning in Korea – one of the most wired nations on the planet 
http://www.pbs.org/frontlineworld/stories/south_korea802/). He envisages the device helping teachers move from a 
traditional, static, use of the classroom to a more blended or hybrid form of education that combines traditional 
classroom instruction with computer-based language learning.  
 
Early reviews of tablets were dismissive but such views would, however, appear to be a minority view – certainly 
from the perspective of the younger markers in the current study. 
 
 
OSM – score comparability and marker attitude  
 
Two major issues – which have been reported on quite extensively in the acceptance of OSM – are score 
comparability and marker attitude (see, for example, Shaw, 2008; Coniam, 2009). The two issues will be briefly 
covered, although for a more in-depth discussion, the reader is referred to Coniam (2009). 
 
While studies by Whetton & Newton (2002) and Royal-Dawson (2003) have pointed to certain differences between 
the two modes of marking, in general, little has been reported in the context of differences between onscreen and on-
paper marking. In, for example, Powers et al.’s (1997) early research into OSM in the USA, no differences emerged 
between scores awarded in either medium. In the UK, studies by Newton et al. (2001), reported no difference in the 
overall ratings of either onscreen or on-paper groups. While Sturman & Kispal (2003) reported quantitative 
differences between onscreen and on-paper marking, they concluded that onscreen marking was as accurate as 
conventional marking. Bennett (2003) concluded that research results indicated minimal differences between the two 
mediums. Although Shaw (2008) reported minor differences between onscreen and on-paper marking, the 
differences were not significant. In general, results of more recent studies point towards the comparability of paper 
and screen-based marking in terms of the reliability of the results between the two modes of marking (Fowles, 2008; 
Johnson et al, 2010; Coniam, 2009). 
 
Marker reactions to OSM were initially mixed. In Powers et al.’s (1997) study, the OSM system was received 
“relatively positively” by most markers. In contrast, Zhang et al. reported mixed reactions in their 2003 study, as did 
Fowles and Adams in their 2005 study. Twing et al. (2003) reported anxiety about marking on screen due to lack of 
computer proficiency among markers. Reactions towards OSM have, however, been improving with the passing of 
time, and there is a growing body of evidence to support the increasing acceptance of OSM by markers. In addition 
to studies by Coniam & Yeung (2010), the reader is also referred to Shaw (2008) and Shaw and Imam (2008). 
 
 
The study 
 
This section describes the data which make up the study and the methods used to analyse the data. 
 
The data for the study are drawn from the 2012 HKALE Use of English examination, where the candidature was 
39,807. The paper under examination is Paper C (henceforth UEC), which is an objective reading / language systems 
paper. The paper has six parts, comprising, in 2012, 97 objective right/wrong items. The first three parts (consisting 
of 46 items) are multiple-choice, and are machine marked. The remaining three parts comprise short answers which 
need to be marked right or wrong, i.e., ‘1’ or ‘0’ entered in the appropriate box beside the item. The marking is 
therefore more ‘mechanical’ than marking extended essays, only requiring ‘expeditious reading strategies’ (Shaw, 
2008, pp. 268). The English and Liberal Studies marking, described in previous studies, involved reading extended 
essays on screen, where candidates are awarded (in the case of English) scores from 1 to 6 in four domains. While 
essays need, to an extent, to be pondered over and the content considered (Shaw, 2008, pp. 268), rather less is 
required in the way of scoring short answers. Annotating scripts is not necessary; scores simply need to be entered 
for each of the four domains. The marking of short answers is, however, demanding in a different way. While the 
marking of the UEC paper requires less processing of extended texts than does the reading of long essays, 
considerable concentration and attention is nonetheless required if 51 items are to be processed and scored accurately 
over a period of six hours. 
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The majority of Hong Kong public examinations are marked by experienced teacher markers. Since the marking of 
the UEC paper is more mechanical than that required for other papers, the HKEAA engages a marking panel which 
comprises undergraduate language or linguistics major students from local Hong Kong universities. The UEC paper 
is marked in a single day, at a single marking centre, by approximately 300 markers. Markers are paid for a day’s 
work – approximately six hours’ worth of marking: from 9 a.m. to 4 p.m. with a break for lunch (and rest breaks as 
necessary) – so speed of marking per se is not an issue. 
 
In the current study, the methodology adopted for the Liberal Studies study (Coniam and Yeung, 2010) is developed 
and extended. In the 2010 study (involving the marking of extended essays), all markers (N=46) of the 2009 HKALE 
Liberal Studies examination completed pre- and post-marking attitudinal questionnaires to gauge their perceived 
technological proficiency and attitudes towards OSM. Questions were posed on a 6-point Likert scale, with ‘1’ 
indicating a positive response or agreement, and ‘6’ a negative response or disagreement. With regard to computer 
proficiency – an important element in the adoption of a computerised marking system – markers generally rated 
themselves as competent, responding more positively than in the previous study with English language markers 
(Coniam, 2009). Attitudes towards OSM were positive, with markers more upbeat on certain key questions in their 
post-marking responses than in their pre-marking questionnaires. There were, however, certain issues about which 
markers were less positive. In particular, eye tiredness through marking on screen received a highly negative score of 
4.95/6. Further, regarding preference for marking on screen or on paper, markers were strongly skewed towards the 
‘on paper’ option. Nonetheless, the picture that emerged was that, overall, Liberal Studies markers were more 
positive towards OSM than were English language markers in the earlier study. 
 
In the current study, the two-section format is maintained and adapted to the UEC environment, utilising both pre- 
and post-marking questionnaires. Where the pre-marking questionnaire diverges from the Liberal Studies one, 
however, is that a number of items ask markers whether they own a tablet computer, for how long, what they use it 
for and their attitude to onscreen reading since owning the tablet. A further issue investigated – which had been 
commented upon in interviews with Liberal Studies markers (Coniam, 2011) – was the extent to which markers felt 
under pressure because of constant monitoring and feedback from the computer system. Since in all previous studies, 
markers clearly view themselves as technically proficient (scrolling, enlarging, data entry etc), computer proficiency 
is generally taken as a given, and little attention is paid to the issue in this study. The focus is on markers’ attitudinal 
responses, specifically, the eight items listed below: 
• Rating of one’s own computer proficiency 
• Comfortable reading off screen 
• Concerns about eye tiredness 
• Break-taking frequency 
• Expectations / evaluation of onscreen marking experience 
• Attitude regarding the move from paper-based to onscreen marking 
• Preference: marking on screen or on paper 
• Feeling under pressure, due to being constantly monitored 
 
 
Research questions 
 
As mentioned, the marker focus in the current study is different from previous studies in that subjects are younger 
markers who in the main have not previously marked for the HKEAA. In addition, these markers are marking for an 
extended period – six hours or more in a single day. The study pursues the hypothesis that younger markers will, as a 
starting point, be more predisposed to marking on screen than will older markers. The study is also hypothesising 
that with the massive take-up of tablet ownership, the younger generation of markers will be even more predisposed 
towards OSM, with ownership of a tablet resulting in a more positive attitude towards OSM. It should be restated at 
this juncture that it is ownership of a tablet that is being studied not marking onscreen on a tablet. 
 
There are, consequently, three hypotheses in the current study which relate to marker attitude.  
• Markers of the 2012 UEC examination will be more positive towards the OSM medium in their post-marking 

questionnaires than were HKALE Liberal Studies markers in the 2010 study.  
• Markers will be more positive towards the OSM medium in their post-marking questionnaire than in their pre-

marking questionnaire.  
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• Markers who own a tablet will be more positive towards the OSM marking medium in both their pre- and post-
marking questionnaires than markers who do not own a tablet. 

 
 
Results and findings 
 
The reliability (using Cronbach’s alpha) for the attitudinal questions on the two questionnaires was first examined. A 
figure of 0.78 emerged for the 12 attitudinal questions for the pre-marking and a figure of 0.81 for the 14 post-
marking attitudinal questions. Given that the level of 0.8 is generally suggested as desirable in a questionnaire (e.g., 
Dörnyei, 2003), this suggests that the questionnaires were generally well constructed. 
 
In the analysis below, markers’ background details are first presented, with a subsequent examination of the 
questionnaires. First, to provide a contrastive picture of whether attitudes are changing, comparisons are drawn 
between pre- and post-marking questionnaire results of the 2012 UEC markers against the 2010 Liberal Studies 
markers. Subsequent analyses of results focus on the pre- and post-marking results of markers who do or do not own 
a tablet. 
 
 
Markers, test takers and modules  
 
324 markers were recruited by the HKEAA to mark the UEC paper. Ultimately 289 turned up for the whole day’s 
work at PCs at the dedicated marking centre. The markers for UEC are university undergraduates studying, for the 
most part, towards a relevant language-related degree. Since completed pre- and post-marking questionnaires were 
retrieved from 280 markers, it is this figure (N=280) that forms the basis for discussion in the current study. The 
majority were marking for the first time, with 198 (71.1%) being first time markers. 67 (23.9%) had one year’s OSM 
experience, while 14 (5.0%) had two years or more OSM experience. 
 
Regarding age spread, 74 markers (26.4%) were below 20 years of age, 204 (72.9%) were aged 21-25, with only 2 
(0.7%) aged 26 or more. The male-female ratio was comparable to the general English language teaching cohort in 
schools, with 221 (78.9%) respondents female. 
 
Concerning tablet ownership, 82 of the 280 (29.3%) markers reported ownership. 
 
Table 1 first presents comparative results of post-marking results by the UEC and Liberal Studies markers, with 
independent sample t-tests assuming equal variances (confirmed by Levene’s test) as the statistic. It should be noted 
in Table 1 that, while the sample sizes are different, the samples constitute the entire marking panel for each subject. 
Item 8 does not appear in Table 1 since it did not form part of the questionnaire administered to the Liberal Studies 
markers. 
 
It will be recalled that ‘1’ generally indicated a positive response and ‘6’ a negative response. 3.5 is therefore the 
mid-point of the 6-point scale. Consequently, a response mean of less than 3.5 can be taken as an indicator of 
positive attitude and greater than 3.5 an indicator of negative attitude. 
 

Table 1. UEC and Liberal Studies post-marking comparisons 
Question Markers N Mean SD t-test results 

1. Rating of one’s own computer proficiency  
1=high; 6=poor 

UEC 279 2.17 0.89 n.s. 
LS 46 2.26 1.02 

2. Comfortable reading off screen 
1=comfortable; 6=uncomfortable 

UEC 279 2.56 0.97 t=-4.086, 
df=323, p=.000 LS 46 3.22 1.22 

3. Concerns about eye tiredness 
    

UEC 279 4.08 1.19 t=-4.644, 
  

124 



LS 46 4.96 1.11 
4. Break-taking frequency 
1=infrequently; 6=frequently 

UEC 279 2.95 1.08 t=-7.575, 
df=323, p=.000 LS 46 4.22 0.81 

5. Evaluation of onscreen marking experience 
1=good; 6=bad 

UEC 279 2.52 0.85 t=-4.464, 
df=322, p=.000 LS 45 3.18 1.26 

6. Preference: marking on screen or on paper 
1=on screen; 6=on paper 

UEC 278 2.97 1.36 t=-6.829, 
df=322, p=.000 LS 46 4.46 1.54 

7. Attitude regarding move from paper-based to onscreen 
marking  
1=a good move; 6=a bad move 

UEC 278 2.60 1.02 t=-5.278, 
df=322, p=.000 

LS 46 3.52 1.44 
 
As Table 1 indicates, with the exception of item 1 where both groups were equally confident of their computer 
proficiency, the UEC markers were significantly more positive than the Liberal Studies markers on every item. 
Furthermore, whereas with the Liberal Studies markers only two items indicated positive attitude, with the UEC 
markers, all items – with the exception of eye tiredness (item 3) – were on the positive side of the 3.5 mark. And 
even with this item, the response dropped from a strongly negative 4.96 to 4.08. 
 
The two indicators of general acceptance – items 6 and 7 – show markedly positive shifts. Whereas Liberal Studies 
markers’ response on item 7 of 3.52 indicated ambivalence, UEC markers’ 2.60 showed an endorsement of the move 
to OSM. Regarding preference, UEC markers showed a clear preference for marking on screen with a mean of 2.97 
whereas Liberal Studies markers were clearly in favour of paper marking at 4.46. 
 
To illustrate the extent to which markers were satisfied by their marking experience, Table 2 presents the results of 
pre- and post-marking response means for the UEC markers, using paired t-tests. It is proposed that a positive shift 
will indicate greater ‘consumer validity’ – the validity of subjects’ attitudes and feelings towards a test (see Coniam, 
1999). An additional item included in Table 2 relates to how much pressure markers felt. Such a question was 
included because the OSM system reports on marker speed, reliability etc., with markers required to do additional 
retraining scripts to bring them back into line if their marking diverges from accepted standards. 
 

Table 2. UEC markers’ pre- and post-marking attitudinal comparisons (N=280) 
Question Phase Mean SD t-test results 

1. Rating of one’s own computer proficiency  
1=high; 6=poor 

Pre 2.46 0.95 t=5.420, 
df=279, p=.000 Post 2.14 0.88 

2. Comfortable reading off screen 
1=comfortable; 6= uncomfortable 

Pre 2.48 1.16 n.s. Post 2.55 0.97 
3. Concerns about eye tiredness 
1=not concerned; 6=concerned 

Pre 4.40 1.23 t=3.787, 
df=279, p=.000 Post 4.08 1.19 

4. Break-taking frequency 
1=infrequently; 6=frequently 

Pre 3.43 0.87 t=6.974, 
df=279, p=.000 Post 2.95 1.08 

5. Expectations / evaluation of onscreen marking experience 
1=positive; 6=negative 

Pre 2.79 0.83 t=4.420, 
df=279, p=.000 Post 2.52 0.85 

6. Preference: marking on screen or on paper 
1= on screen; 6=on paper 

Pre 3.82 1.38 t=11.193, 
df=278, p=.000 Post 2.96 1.36 

7. Attitude regarding move from paper-based to onscreen marking 
1=a good move; 6=a bad move 

Pre 2.86 0.98 t=4.726, 
df=277, p=.000 Post 2.61 1.02 

8. Feeling under pressure, due to being constantly monitored 
1=no pressure; 6= a lot of pressure 

Pre 3.51 1.23 t=9.192, 
df=279, p=.000 Post 2.90 1.18 

 
As can be seen from Table 2, UEC markers were more positive post-marking than they were pre-marking on all 
items, with the exception of how comfortable they were reading on screen (item 2) – although the difference was not 
significant. Eye tiredness was less of a concern, although it was still above the mid-point 3.5, indicating that there 
may still be an issue with staring at the screen for six hours a day. Preference for the OSM medium (item 6) shows a 
strong shift, moving from a negative-oriented 3.82 to a positive 2.96. 
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Markers’ post-marking results also indicated that they had felt less pressure than they expected (item 8), revealing 
that they see the system helping them in their marking, rather than acting as a kind of ‘big brother’ check, hanging 
over them for the sole purpose of criticising them. 
 
The sections so far have shown a contrastive picture of the acceptance of OSM. The following analyses will now 
explore the degree to which owning a tablet affects attitudes. Pre- and post-marking responses are given separate 
treatment. Table 3 first presents the picture of pre-marking attitudes in the light of whether markers own a tablet or 
not, using independent sample t-tests as the statistic. 
 

Table 3. UEC markers’ pre-marking attitudes, pad computer owners vs. no pad 
Question Own pad? N Mean SD t-test results 

1. Rating of one’s own computer proficiency  
1=high; 6=poor 

Yes 82 2.24 0.95 t=-2.440, df=278, 
p=.015 No 198 2.55 0.91 

2. Comfortable reading off screen 
1=comfortable; 6= uncomfortable 

Yes 82 2.32 1.13 n.s. No 198 2.55 1.16 
3. Concerns about eye tiredness 
1=not concerned; 6=concerned 

Yes 82 4.28 1.32 n.s. No 198 4.45 1.19 
4. Break-taking frequency 
1=infrequently; 6=frequently 

Yes 82 3.28 0.91 t=-1.853, df=278, 
p=.065 No 198 3.49 0.85 

5. Evaluation of onscreen marking experience 
1=positive; 6=negative 

Yes 82 2.79 0.94 n.s. No 198 2.79 0.78 
6. Preference: marking on screen or on paper 
1= on screen; 6=on paper 

Yes 82 3.54 1.46 t=-2.279, df=278, 
p=.023 No 198 3.94 1.33 

7. Attitude regarding move from paper-based to onscreen 
marking 
1=a good move; 6=a bad move 

Yes 82 2.73 1.10 
n.s. 

No 197 2.93 0.93 
8. Feeling under pressure, due to being constantly 
monitored 
1=no pressure; 6= a lot of pressure 

Yes 82 3.39 1.26 
n.s. 

No 198 3.56 1.11 
 
While five out of eight differences between tablet-owning and non-tablet-owning markers are not statistically 
significant, the mean scores reveal a uniformly clear trend toward positive attitudes. As can be seen from Table 3, on 
every item, markers who own a tablet are more positively disposed to OSM than markers who do not. Markers who 
own a tablet see themselves as being more proficient with computers (item 1) and having a significantly stronger 
preference for marking on screen – 3.54 as against 3.94 (item 6). Marginal significance also emerges for concern 
about eye tiredness (item 3) – although this is still in negative territory with both groups. 
 
Finally, Table 4 presents the picture of post-marking attitudes in the light of tablet ownership, again with 
independent sample t-tests as the statistic. 
 

Table 4. UEC markers’ post-marking attitudes, pad computer owners vs. no pad 
Question Own pad? N Mean SD t-test results 

1. Rating of one’s own computer proficiency  
1=high; 6=poor 

Yes 82 2.04 1.02 n.s. No 198 2.18 0.82 
2. Comfortable reading off screen 
1=comfortable; 6= uncomfortable 

Yes 82 2.33 1.01 t=-2.491, df=278, 
p=.013 No 198 2.65 0.94 

3. Concerns about eye tiredness 
1=not concerned; 6=concerned 

Yes 82 3.98 1.15 n.s. No 198 4.12 1.21 
4. Break-taking frequency 
1=infrequently; 6=frequently 

Yes 82 2.95 1.10 n.s. No 198 2.95 1.07 
5. Evaluation of onscreen marking experience 
1=positive; 6=negative 

Yes 82 2.45 0.88 n.s. No 198 2.55 0.84 
6. Preference: marking on screen or on paper 
1= on screen; 6=on paper 

Yes 81 2.96 1.46 n.s. No 198 2.97 1.32 
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7. Attitude regarding move from paper-based to onscreen 
marking 
1=a good move; 6=a bad move 

Yes 81 2.43 1.05 t=-2.047, df=277, 
p=.042 No 198 2.70 1.00 

8. Feeling under pressure, due to being constantly 
monitored 
1=no pressure; 6= a lot of pressure 

Yes 82 2.80 1.21 
n.s. 

No 198 2.94 1.19 
 
While significance only appears on two items, again, on all items, tablet-owning markers are more positive (with the 
exception of item 4, the need to take a break). Tablet owners are significantly more disposed to reading on screen 
(2.33) than those who do not own them (2.65). They are also significantly more positive about the move to OSM. 
These findings echo the findings of studies involving children reading on tablets earlier in this article. The results in 
Table 4, while showing cautious support for the fact that owning a pad is going to make a marker more positive, still 
reports very encouraging results for both groups’ attitudes towards OSM. This may well be the youth factor. As 
indicated earlier, all the markers are confident about their computer proficiency. This is not surprising as they have 
been accustomed to using PCs and laptops for well over a decade. Furthermore, simple observation of behaviour in 
university student common rooms and cafeterias indicates that tablet owners are reading off screen a great deal. 
Much more onscreen reading is taking place every single day than hitherto. It is not the same as the utterly novel 
activity encountered by experienced markers who had never marked onscreen before in the 2009 and 2010 studies. 
 
 
Conclusions 
 
This study has reported on the marking of Section C of the HKALE Use of English examination, a paper comprising 
51 short answers which is marked in one day by approximately 300 undergraduate students from local Hong Kong 
universities. 
 
The study was pursuing three hypotheses. The first was that with the passing of time, markers would show greater 
acceptance of the OSM system. Specifically, it was hypothesised that the 2012 UEC markers would exhibit a more 
positive attitude towards OSM than the 2010 Liberal Studies markers. With regard to this hypothesis, the 2012 UEC 
markers were more positive towards OSM than the 2010 Liberal Studies markers on virtually every count. Their 
responses are clearly skewed towards the more positive end of the spectrum – i.e., many items recorded a mean on 
the positive side of 3.5. This hypothesis was accepted. 
 
The second hypothesis, that the 2012 UEC markers would be more positive after their marking experience than 
before it (i.e., in their post-marking questionnaires than in their pre-making ones was also accepted. UEC markers 
were more positive post-marking on all items bar one – comfort with reading on screen. 
 
The third hypothesis was that with the recent intense interest in tablets, and the manner in which tablets have taken 
the world by storm – especially for the younger generation – young markers who owned a tablet would be more 
disposed towards OSM as a medium than would markers who did not own one. Tablet owners were more positive on 
almost every item, both pre- and post-marking. This hypothesis was also accepted. The implications of this are 
clearly that ownership and regular use of tablet computers is predisposing users towards reading on screen, and 
consequently appears to have had a knock-on effect of greater predisposition towards acceptance of onscreen 
marking. This finding is significant for those countries who are implementing OSM. Further investigations in other 
examination jurisdictions should be launched to see if the results of this study are generalisable. If they are, it is 
likely that in a relatively short time frame, OSM will become universally accepted around the world. 
 
It was stated that while the two modes of marking are different, they put different demands upon markers. Marking 
extended essays requires markers to process lengthy pieces of text; their marking requirements are usually limited, 
however, to a small number (four or so) of scores to be awarded. In contrast, the UEC markers had to mark 51 
objective items, where, while less judgment was called for than with the reading of extended texts, each item 
required a score to be input. Consequently, marking objective items is also demanding, albeit in a different manner. 
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A final issue concerns a virtual truism – the issue of age, long recognised as being a factor in the acceptance of 
computers. In Czaja and Sharit’s (1998) study, for example, older people reported less comfort and less competence 
with computers, as well as perceiving computers as being more ‘dehumanising’ than their younger counterparts. 
Similarly, age has emerged as a factor in previous OSM studies. In the (Coniam, 2010) study with established 
Liberal Studies teacher markers, for instance, younger markers were more positive concerning the introduction of 
OSM than were older markers. And in the current study, UEC markers were considerably younger than the whole 
cohort of Liberal Studies markers. 
 
Given that the younger markers will become teacher markers of other papers including essay-type answers and 
extended response answers with the passing of time, their upbeat attitude towards the system bodes well for eventual 
broad acceptance of OSM both in Hong Kong and in other countries. An area for further research could involve 
investigating whether older, more experienced markers who possess tablets are more predisposed to OSM than those 
who do not own a tablet. 
 
As OSM is being introduced for the majority of subjects in 2012 with the implementation of the HKDSE, it is 
therefore vital that the system be accepted by markers. The results of the current study would suggest that this is 
likely to be the case. It further suggests that if these findings can be replicated in other countries and regions, the 
outlook for general acceptance of OSM is encouraging. In addition to the findings of previous studies, other 
countries can use the new conditions investigated here (e.g., younger markers, short answer responses to examination 
questions and possession of a tablet computer) to see if similar findings prevail in their jurisdictions. Above all, 
researchers in other countries can make use of the growing evidence from Hong Kong that, over time, markers 
become more predisposed to marking onscreen. 
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ABSTRACT 

This study explores the experiences of a group of Taiwanese ESL student writers on a course of study that used 
a blog-assisted language learning (BALL) methodology. Data from in-depth interviews with eight participants 
were studied qualitatively using a phenomenological method of analysis. Participants’ blogging activities were 
found to be inhibited by low L2 proficiency levels, by feelings of anxiety and embarrassment about possible 
peer reactions to their work, and by the slow pace at which completed compulsory blogging tasks were 
completed. It is argued that these findings help to explain the observation made in a number of previous studies, 
that second language writing students are enthusiastic about BALL in principle, but are not motivated to engage 
voluntarily in second language blogging activities in practice. The paper concludes by offering suggestions for 
ameliorating the problems identified in our analysis, and by identifying avenues for further research. 
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Introduction 
 
Advances in information and communications technologies are now widely regarded as having huge potential for 
enhancing the teaching and learning of second language writing (Hyland, 2003; Warschauer, 2010). In recent years, 
the focus has begun to shift to Web 2.0 tools in general, and to the pedagogic use of blogs in particular (Campbell, 
2003; Ward, 2004; Arani, 2005; Pinkman, 2005; Fellner & Apple, 2006; Warlick, 2007; Richardson, 2009; Wang, 
2009; Arslan & Şahin- Kızıl, 2010; Sayed 2010; Sun, 2010; Lin, Lin, & Hsu, 2011; Lin, 2012; Hunter, Muilenburg, 
& Burnside, 2012; Nguyen, 2012; Sun, & Chang, 2012). In the field of second language teaching and learning, this 
interest has led to the development of a new field of research and practice, which Ward (2004) has termed blog-
assisted language learning (henceforth BALL). The term BALL is used in different ways by different researchers 
and covers a wide variety of implementations in terms of software and course design considerations (cf. Ward, 2004; 
Cheng, 2006; Sun, 2010; Lin, 2012). For the purposes of this paper, however, BALL will be understood in general 
terms as covering any teaching and learning activities that involve the use of blogs as a computer-mediated platform 
(1) where interactions both within and beyond the classroom take place between teachers, students, and even (in 
principle, at least) members of the general public, and (2) where language learning activities are observable. 
 
Although a comparatively recent phenomenon, BALL has already generated considerable excitement among second 
language writing researchers, teachers and course designers. BALL is seen as holding particular promise for 
developing learner autonomy, opening up communication pathways between teachers and students outside the 
classroom, and promoting motivation among students learning to write in a second language (Ward, 2004; Fellner & 
Apple, 2006; Iida, 2009; Noytim, 2010; Kang, Bonk, & Kim, 2011; Nguyen, 2012; Sun, & Chang, 2012; Taki & 
Fardafshari, 2012; Yunus, Salehi, & Chenzi, 2012). Some advocates of BALL have also suggested that these various 
advantages may be mutually reinforcing. That is, it has been proposed that students’ motivation levels with regard to 
second language writing activities may be boosted by BALL precisely because it uses an exciting form of new 
technology that provides them with enhanced opportunities to engage in communication with teachers and peers 
(Pinkman, 2005; Kang, Bonk, & Kim, 2011; Trajtemberg & Yiakoumetti, 2011). These higher levels of motivation 
may in turn encourage students to engage more frequently - and more voluntarily - in BALL activities, thereby 
leading the students’ learning into a virtuous cycle of the kind envisaged in contemporary motivation theory (e.g., 
Dörnyei, 2001; Dörnyei & Ushioda, 2011).  
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Though plausible enough in themselves, these optimistic conjectures are not entirely borne out by the findings of the 
empirical research that has actually been carried out on BALL to date. While studies have consistently found that 
student writers do indeed seem to hold positive beliefs in and attitudes toward BALL (Arani, 2005; Pinkman, 2005; 
Cheng, 2006; Sun, 2010; Trajtemberg & Yiakoumetti, 2011; Lin, 2012; Nguyen, 2012), it is equally clear from 
recent research that this enthusiasm does not seem to translate into any enhanced desire on the part of students to 
engage in blog-assisted writing activities (Chiao, 2006; Wu, 2008; Lin, Lin, & Hsu, 2011). In other words, students 
say that they like BALL, but they do not seem to be motivated to engage in any second language blogging activities 
unless they are obliged to do so by their teachers (cf. Wu, 2008; Miyazoe & Anderson, 2010). Even starker 
illustrations of this lack of take-up can be found in the student blogs conducted in recent studies by Arslan and 
Şahin-Kızıl (2010), Trajtemberg and Yiakoumetti (2011), and Lin (2012), which are still live and can thus still be 
visited on the Internet. From our own perusal of these websites at the time of writing of this paper (August 2012), it 
is clear that the students in these studies did not make any further posts to their own or their peers’ blogs once the 
research projects motivating them had finished.  
 
A key question that arises at this point, then, concerns why there is a disjunction between what students say when 
invited to evaluate BALL on the one hand, and what they actually do (or more precisely, do not do) when engaged in 
this new mode of learning on the other. Why does enthusiasm for BALL in principle fail to translate into blogging as 
self-directed language learning activity in practice? In the remainder of this paper we will report on an in-depth 
qualitative study that aims to cast light on precisely this question. For this purpose, a leading group of subsidiary 
research questions will need to be answered. These questions are as follows: 
• What do the participants think about learning by using blogs? 
• How do the participants describe their learning attitude and motivation when learning writing through using 

blogs? 
• How do the participants evaluate the effectiveness of the blogging activities used in these writing lessons? 
• Are the participants willing to attend more lessons supported with BALL like this? Why?/Why not? 
 
 
Methodology 
 
Research setting and participants 
 
The present study was conducted in the Department of Applied Foreign Languages at a university in central Taiwan. 
Twenty-five first-year English majors agreed to do a BALL course by signing a consent form. The class met for two 
hours each week on Friday mornings, and the course aimed at enabling students to develop well-organized texts in 
different types of writing. The curriculum focused on details of language use, mechanics, content and organization, 
and related these to the three key student genres of narrative writing, comparison-contrast essays, and argumentative 
essays. Given that the aim of the research was to probe students’ learning experiences with BALL in detail, the 
course was taught over a full academic year (i.e., two semesters, which amounts to 36 weeks in total in the 
Taiwanese educational system). Students were required to post at least 17 journal or assignment entries on their 
blogs in order to ensure an adequate degree of immersion in this experience.  
 
 
Course design 
 
All classes were conducted in a computer laboratory where each individual student was provided with a computer 
connected to the Internet to facilitate in-class blogging activities. All of the participants had either a personal 
computer or a laptop at home, so after-class blogging activities were also feasible. Two types of blogs were 
concurrently used in the course: a tutor blog and learner blogs (Campbell, 2003). The tutor blog, created and 
maintained by the instructor, was used to deliver course information and material and share students’ texts. The 
instructor also used the tutor blog to interact with and take questions from students both in and after class. The 
learner blogs were owned and maintained by individual student bloggers. Students were required to post their writing 
assignments and journals in their own learner blogs; they were asked to provide feedback on fellow students’ entries; 
and the participants were encouraged to invite their friends to comment on their blog entries. The research instructor 
also marked and commented on all students’ work online. As well as providing a complete record of all teaching 
input, the tutor blog also provides access (via its left sidebar) to the learner blogs and to all teacher feedback on 
students’ work.  
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In the middle of the course, students were also asked to view an online writing lesson produced by the class 
instructor on how to write comparison-contrast essays. This lesson used both PowerPoint and video-taping and was 
embedded in the tutor blog. The students were encouraged to view and comment on this particular blogging lesson 
outside of class and in their own time using a computer connected to the Internet. Immediately after the end of course, 
eight students (six females and two males) volunteered to be interviewed about their experiences as learners. 
 
 
Data collection 
 
The data collected for this study were comprised of in-depth interviews with eight student volunteers. The interviews 
took place on the same day and at the same location (the teacher’s office), and the recruited participants were 
interviewed in turn. The interview duration for each participant was anticipated to be around 30 minutes. To facilitate 
the collection of data relating to the given aim, a group of open-ended questions corresponding to the research 
questions listed above was used. 
 
It should be noted that, because the participants’ English proficiency levels were relatively low (i.e., elementary to 
intermediate), all interviews were conducted in Mandarin Chinese. This ensured that all students were able to express 
themselves equally clearly, precisely and explicitly. (The interview extracts reported later in this paper will be 
presented in English translation, however.) In addition to the interviews, the interviewees’ final journal entries were 
also collected as these related to the students’ reflections on the course of their learning. Both of these data sources 
will be discussed in the analysis result. 
 
 
Data analysis 
 
The particular qualitative approach used in the research reported in this paper is phenomenological analysis 
(Moustakas, 1994; Giorgi & Giorgi, 2008). The classic statement of this methodology is provided by Moustakas 
(1994). According to Moustakas, the analyst must begin by producing an exhaustive list of every interviewee 
statement that may be relevant to the experience under consideration. The analyst must then reduce and eliminate 
unclear statements from this list and sort the remainder into clusters of invariant constituents, statements that express 
single concepts or ideas. In phenomenological analysis, the unifying concepts that bind particular sets of invariant 
constituents together are known as thematic portrayals. These thematic portrayals in turn form the basis of a further 
distillation of participants’ experiences into textural and structural descriptions. Textural descriptions focus on 
participants’ thoughts and feelings with regard to these experiences, while structural descriptions attempt to account 
for the particular ways in which these feelings and thoughts are connected with the target experience. These two 
layers of interpretation are then combined in order to develop a final account of “the meanings and essences of the 
experience” for each participant in the research (Moustakas, 1994, p. 121). These individual textural-structural 
descriptions may then also be further synthesized into a composite textural-structural description, which presents the 
experience of the research participants as a group (McNamara, 2005).  
 
 
Results 
 
This section will first report on the interview length for each participant. For reasons of space, however, this section 
will then present only the main analysis result by providing the composite textural-structural description of students’ 
blogging experience. For relatively more accessible readability, appropriate subheadings will be used in the 
presentation of the composite textural-structural description. 
 
 
Interview length 
 
An overall interview duration and relevant information is presented in Table 1 (pseudonyms are given for each 
student). It should be noted, however, that the interview length on average (around 26 minutes) was slightly shorter 
than the anticipated (30 minutes). This is particularly obvious with Zhang and Cindy, who gave relatively less 
detailed accounts during the interview. Although their cases may seem less suitable for phenomenological analysis, 
where lengthy transcripts are generally preferred, we decided to retain them here because the majority of their 
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thoughts and feelings about the experience were found to correspond to a very high degree with those of the other 
interviewees. 
 

Table 1. Interview Duration for Each Interviewee 
Names Amy Gloria Zhang Cindy Olivia Ginger Danny Isaac 
Gender Female Female Female Female Female Female Male Male 
Interview time (min/sec) 23’27 25’22 21’39 17’38 27’49 27’15 33’53 32’15 
English proficiency level* I E I I E I I E 
No. of journal entries used 2 2 2 2 2 2 2 2 
*Note. E stands for elementary; I stands for Intermediate. 
 
 
Composite textural-structural description of the BALL group’s experience 
 
Blogging as journaling 
 
The whole process of learning writing using BALL was often perceived as a means of learning writing by journaling. 
Interviewees frequently mentioned how they thought about doing more journaling in order to improve their writing, 
or how they felt that keeping a journal was a good way of practicing writing. This was also observed when students 
talked about their inactive learning patterns in terms of infrequent journaling. Interestingly, the fact that they were 
being required to post their journal entries to the Internet seemed to be less salient here; when reflecting on 
journaling as a learning activity, the students tended to focus less on the technological means through which the 
activity was being mediated, and more on why they were being required to do it.  
 
 
Blogging as a fresh, novel, and convenient platform 
 
This is not to say that the students were indifferent to the innovative, computer-mediated format of the program, 
however. On the contrary, they described the experience of learning writing by blogging as a fresh and novel one. 
The integration of new technology into the learning setting left them perceiving the experience differently from the 
conventional, non-online approaches that they had experienced previously in their school careers. For example, 
Gloria reflected in her final journal entry that “this experience is so new and cool to me,” a sentiment with which 
Cindy also agreed. To many others, BALL was perceived as novel because their entries were published in an online 
public setting. 
 
This feature of BALL as a public online learning setting was also deemed convenient, and was one of the very first 
feelings that the participants responded to in relation to describing their learning experience. Isaac liked the fact that 
he could “take the advantage of retrieving past work”, while Danny regarded the ability to access peer journals as 
"convenient." The underlying component of this sense of convenience, however, mostly related to the fact that they 
were able to submit assignments online, from any location, and in their own time. As Cindy remarked, “this is very 
convenient because I don’t need to worry about forgetting to bring the material or rushing to school to hand in 
assignments to the office.” A further perceived advantage was pointed out by Olivia: “blogs are convenient because I 
can access material or review your [referring to the teacher] notes any time I like.” It is largely because of this 
general sense of convenience that students expressed approval at the idea of BALL being used in future courses.  
 
 
Improved writing skills through blogging as a form of online mimicry learning 
 
The BALL experience also helped students to cultivate the belief that learning writing skills using blogs can indeed 
help them to write more effectively in English. This was seen primarily as a matter of noticing and/or appropriating 
‘the good bits’ from peers’ blog entries. “By reading other classmates’ entries, I can review some English words that 
I have learned before,” stated Amy; “[blogging] their entries also allows me to pick up some [ideas about] language 
usage.” Similarly, Cindy pointed out how “I learned some English phrases for some [Chinese] expressions that I 
wanted to use but didn’t know how to,” and Ginger was glad that, by blogging others’ journals, she had picked up 
some new words that would be helpful for her future writing. Students also said that they could brainstorm writing 
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ideas for their own assignments by reading peer work on blogs. According to Olivia, “removing this setting would 
lose me another way of [learning writing].” 
 
 
Increased awareness of limited linguistic ability woven with concerns about time and enlarged readership through 
blogging, in turn causing limited blogging patterns 
 
Throughout the BALL course, students were constantly reminded of their limited language ability and were often 
trapped in struggles over deciding whether to blog or not. These anxieties often went together with time management 
issues. Although one of the best student writers in the class, Ginger frequently abandoned journal entries before 
finishing them because of her concerns about the amount of time needed to ensure correct language use. Isaac and 
Cindy also found attending to the accuracy of their blog posts “very time-consuming and troublesome.” As seen 
earlier, Danny felt that he was “too busy” to post journal entries in English. Isaac did not even revise his entries at all 
according to the teacher’s feedback, as he felt that “revising an entry in English takes ages.”  
 
The students’ consciousness of their low English proficiency levels was also clearly observed through their limited 
online communication model, which mainly took place through the comment function in the blogging software used 
in the class. Danny confessed that he seldom commented on peer entries because this was required to be done in 
English. Similarly, Cindy reported that, most of the time, she had “no idea about what to feed back because it has to 
be done in English.” Worried about her use of grammar, Ginger read peer entries without commenting as freely as 
she wanted to, restricting herself to anodyne messages of encouragement. Similar anxieties caused Amy to keep her 
supplementary journal entries offline, and to impose on herself a policy of “only posting grammatically correct 
messages.” 
 
Students felt particularly embarrassed and worried about making grammatical mistakes. Specifically, they often 
found themselves feeling worried about readers noticing their errors and laughing at them. Zhang honestly admitted 
that she “would mock others’ mistakes, thinking how silly that writer is,” and felt that, in turn, her peers would be 
equally critical of her if they observed any mistakes in her blog entries. For similar reasons, Amy refused to share her 
learner blog with friends other than her classmates in this research. She disliked the idea that “there would be more 
people spotting my grammar mistakes … They may laugh at me.”  
 
The students’ awareness of a large and potentially critical audience for their work and their anxiety about 
grammatical mistakes did not affect the amount of effort they put into their writing, however. On the contrary, the 
students felt that their motivation levels were unaffected by the BALL method. As Zhang put it: “I am concerned that 
others may laugh at me … but I think I write with the same attitude toward writing.” Essentially the same point was 
made by Isaac (“My attitude is the same … when I am working on a piece of writing for blogs”) and Danny (“I 
wouldn’t deliberately write better because there are more readers … I write what I would have written in any case”). 
Amy too reported that “I always write carefully and revise before submitting a piece of writing” and thus “did not 
perceive any difference” in her attitude toward writing using a learner blog.  
 
 
BALL as a toy with amusing colours (convenience, novelty, and freshness) for learning on the outside, but, 
unfortunately, the essence inside being perceived to be blandt 
 
Another aspect of the BALL experience that did not seem to have much positive impact on the students’ learning 
attitudes and practices was their perception, discussed earlier, of BALL as a fresh, novel and convenient classroom 
approach. Although the students thought the BALL format was “cool”, it did not kindle in them any desire to engage 
in blogging activities unless they were required to do so. As both Gloria and Isaac remarked, “the convenience [of 
BALL] is nothing but convenience.” Even Danny, the most enthusiastic blogger in the group, saw blogging more as 
a new technological platform for reading and writing activities than as a new form of literacy practice in its own right.  
 
 
BALL serving as an informal but ineffective physical setting for learning 
 
Danny did, however, feel that he was writing for his own online space rather than for an assignment while engaged 
in BALL activities. He also commented that the teacher’s feedback on his blog felt more like the informal kinds of 

134 



electronic message that he received in the normal course of his daily life (e.g., via SMS messaging or Facebook) than 
the formal kinds of instructional feedback received in the traditional writing classroom. 
 
This feeling of informality and casualness was also reported by other members of the interview group. To some 
extent, this aspect of the BALL approach was described in positive terms. In particular, interviewees felt that 
blogging helped them to perceive writing as a less dry and formal academic activity than hitherto. However, they 
also found the physical classroom setting (see Figure 1), in which each student was allocated one computer, unduly 
distracting. Ginger even reported that BALL left her feeling less incentivized compared to other methods of teaching, 
on the grounds that the classroom setting decreased student-teacher interaction: “The computer monitors block 
people’s sight, so you [the teacher] can’t see our faces, and this reduces the interaction [between the teacher and the 
class] … it’s like … I can only interact with people sitting next to me”.  
 

 
Figure 1: The classroom setting for the BALL study 

 
The rest of the interviewed participants admitted that they would spend class time checking email or doing online 
window shopping, instead of collaborating with each other on an in-class task or conducting blogging activities, as 
they were supposed to be doing. Even when the teacher was speaking to the whole class, many participants had a 
feeling that “the computer/Internet was distracting.” Zhang stated that she didn’t “really concentrate in class unless 
[the teacher] monitored our computers”. The distraction became even worse when the class was taught via the online 
lecture designed for them to view outside the classroom. All of the interviewees reported that they did this at home. 
Unfortunately, the majority found it difficult to concentrate on the online teaching input: “I skipped the lesson”; “I 
skimmed to the end for the assignment”; “I didn’t stay at my desk all the time”; “I just left the PowerPoint running 
and cleaned my room at the same time”. In other words, the students found that, whereas they were distracted by the 
computer when doing BALL activities in class, they were more likely to be distracted from the computer when doing 
BALL activities outside class. 
 
 
Discussion and conclusions 
 
The phenomenological account of participants’ experiences of BALL presented above reveals a complex and at 
times seemingly contradictory set of meanings and essences that cannot easily be boiled down into a single overall 
positive or negative evaluation. On the one hand, the participants described BALL in very positive terms as a novel, 
convenient and refreshingly informal alternative to the traditional ESL writing classroom, and were enthusiastic 
about the idea of incorporating the BALL format into future classes. On the other hand, and at the same time, the 
participants expressed generally negative views about their own experiences as student bloggers, and reported that 
the blogging format did not motivate them to do any more than the bare minimum required by the teacher. 
 
It is tempting to interpret these sets of positive and negative evaluations as indicators of the surface attitudes and true 
feelings of the participants in the study respectively; as indicating, in other words, that the students approved of the 
idea of BALL in principle, but did not actually like doing BALL activities in practice. However, the mode of 
analysis employed in this study provides no warrant for this explanation. From a phenomenological point of view, all 
statements about experience are equally ‘true’, and thus cannot be arranged into some kind of notional hierarchy of 
importance or authenticity. Nevertheless, the current study does allow us to advance some tentative explanations for 
why ESL students’ apparent enthusiasm for BALL does not translate into an upsurge of self-directed blogging 
activity.  
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For this group of learners, at least, enthusiasm for blogging in practice seems to have been inhibited by three 
interrelated factors. Firstly, the students found reading and writing blogs in a foreign language (in this case, English) 
an onerous task in itself, on account of their limited general English proficiency. In this sense, the students’ 
experience of learning to write using a blog-assisted methodology seems to have been no different from the 
experience of learning to write in a more traditional ESL writing classroom context. Learning to write in a second 
language is hard work whatever the methodology, and the use of a blogging format does not seem to have made the 
learning process any easier, or sugared the pill to any appreciable degree.  
 
Secondly, the participants in this study said they were inhibited by feelings of worry and embarrassment about 
uploading samples of their writing to the very public forum of an Internet blog. The main source of these anxieties 
seems not to have been the prospect of their work being viewed and evaluated by the teacher or even by members of 
the general public, but unsympathetic classmates who they perceived as likely to ridicule any errors they might make. 
The third inhibiting factor seems to have been the slow pace of the students’ blogging activities. This factor is clearly 
related to the first; the students took a long time to complete each compulsory BALL task because their general 
English proficiency levels were quite low. As a consequence of this, the students were either unwilling or unable to 
devote any further time to non-compulsory blogging activities such as journaling or posting comments on peer work.  
 
On the face of it, our finding that students do not find the blog format inherently any more motivating claimed by 
previous studies (e.g., Pinkman, 2005; Wu, 2008; Churchill, 2009; Ho & Usaha, 2009; Noytim, 2010; Trajtemberg & 
Yiakoumetti, 2011; Taki & Fardafshari, 2012) seems particularly disappointing. In retrospect, however, it is not 
entirely surprising that this should be so, given that the students in this research were aged between 18 and 19. This 
is the generation for whom Internet access and social media are as ubiquitous and unremarkable as the air that they 
breathe (Tan et al., 2010). The assumption that the learning motivation levels of these students may be enhanced by 
the use of Web 2.0 technologies may well therefore be a fundamentally misplaced one. Indeed, it probably tells us 
more about the perspectives of BALL researchers, most of whom will be from earlier generations who remember life 
before the Internet, and who may thus still regard Web 2.0 technologies as inherently wondrous and thus inherently 
motivating. If this is correct, however, it raises the intriguing possibility that BALL may be more motivating for 
older learners. This could be a fruitful line of inquiry for future BALL research to pursue. 
 
The finding that the students were anxious about peer criticism constitutes a pedagogically much more tractable 
problem. Specifically, it may be ameliorated by the addition of an explicit learner training component to the BALL 
program, in which the students learn about the value and importance of receiving and responding to constructive 
criticism on their work. Following on from this, the course could also incorporate explicit instruction in how to write 
constructively critical feedback on other students’ work. Thus, learner training input could become part and parcel of 
the core writing skills curriculum, rather than being seen as a peripheral add-on. The problem of slow task 
completion rates might also be dealt with in much the same way. It is clear from the interview data that the students 
in the current study did not really understand that while formal writing tasks were geared toward the development of 
grammatical accuracy and structural appropriacy, the goal of the journaling and peer commenting activities was to 
encourage and develop written fluency. They treated all blogging activities as accuracy-based activities, and 
consequently spent disproportionately large amounts of time completing what were supposed to be quick, short and 
informal blog posts. More explicit consciousness raising activities may have helped these students to understand 
more clearly the specific aims of the different kinds of writing task employed in the BALL format, and to adjust their 
own writing practices and expectations accordingly. Ensuring clarity about the form and function of the teacher 
feedback provided on different kinds of task is also crucial here. We would suggest that whereas it is entirely 
reasonable for students to expect formal essay writing tasks to be evaluated in terms of accuracy, it might be 
advisable for teacher responses to journal entries and other kinds of informal blog posting activities to focus on 
substantive content rather than lexicogrammatical form as a matter of general policy, and to inform students about 
this policy (and the rationale for it) at the very beginning of a BALL program. Paradoxically, given the widespread 
popular perception of blogging as form of personal diary writing, it may even be advisable to restrict BALL activities 
to formal assignments, and to revert to traditional paper notebooks as the medium for more personal and informal 
writing activities where the emphasis is on fluency and free expression rather than formal accuracy and reader 
evaluation. Alternatively, students could upload personal journal entries to an area of their blogs to which only they 
and their teacher have access, if the particular blogging software being used has this functionality.  
 
It should also be noted that there are a number of key limitations to this study that prevent us from making an overall 
judgement of this methodology for the time being. First of all, it must be acknowledged that the research reported in 
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this thesis is based on just one of many possible teaching approaches. Specifically, students worked by themselves on 
most occasions (although they were encouraged to blog with each other for learning), and uploaded work on a 
frequent basis and after comparatively short periods of preparation and drafting. This raises the question of whether 
these conditions may or may not have contributed to the students’ negative attitudes toward the blogging format in 
general. This is a question that can only be answered by repeating the current study using relatively more 
collaborative approach, in which students would typically be required to work collaboratively, and to upload work 
only after extensive periods of drafting and redrafting, and after extensive peer feedback sessions. It would be 
interesting to see whether this approach would lead to any enhanced learning experience compared to those reported 
in this thesis. Improving students’ learning experience with BALL (particularly those of low confidence in 
themselves or of low proficiency levels in English) may be possible when teacher-researchers help students to 
overcome their shyness or mental obstacles of publishing entries publicly online. This can be done adopting a 
relatively slower blogging pattern or allowing more collaborative discussions. To be specific, teacher-researchers 
may consider getting students to publish a paragraph or short-length text expressing their initial thoughts first, as 
these are easier to manage and therefore mistakes in writing can be ironed out. After students develop more 
confidence or are used to exposing their thoughts in relatively public settings, teacher-researchers can move students 
to work on lengthier articles. Allowing students to have collaborative discussions or work as a pair/group may also 
be a way of alleviating students’ anxieties about publishing their individual work and expressing their own ideas and 
feelings. 
 
It must also be acknowledged that the results of the study may have been affected to some degree by the classroom 
setting, in which the students were working individually at PC terminals at all times during classes. Again, it would 
be useful for future studies to consider the impact of different forms of classroom organisation on the students’ 
overall writing performance and/or perceptions of the BALL methodology. On a related note, it is also worth noting 
that the blogging approach may be more or less suitable for students who have different learning styles. This being 
the case, it would be interesting and useful for future studies to take students’ learning styles into consideration when 
blog use is introduced into classrooms. 
 
Thirdly, the students taught using the blogging approach in the study were often put off because of their limited 
English proficiency, which seemed to deter them from blogging or getting motivated to learn writing. It may be 
anticipated that a group of advanced EFL student bloggers may experience classroom blogging differently, as their 
higher proficiency levels in English may give them more control over blogging activities. This is also a question for 
further studies to investigate. 
 
Finally, while our analysis does not lead us to conclude that the hype surrounding BALL is misplaced, it does 
suggest that more caution needs to be injected into the discussion. BALL is still a relatively new pedagogy and there 
remains much to learn about it. What is already clear from our research, however, is that BALL should not be seen as 
a ‘magic bullet’ solution for promoting learning motivation among second language writing students. The students in 
our study said that they liked the blog-based format, but in practice they did not find it any more (or any less) 
motivating than any other methodology. Our analysis also suggests that we should bear in mind the pace of 
technological change in the modern world, and how this affects the perspectives of different groups of observers: 
what seems exciting and thus intrinsically motivating to one generation may be humdrum and unremarkable to 
another. In the meantime, we would advise against jumping to any premature conclusions about whether second 
language writing teachers should run with the BALL, throw it to a team-mate, or drop it altogether. 
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ABSTRACT 

With easy access to and exponential growth of online resources in the last decade, the Web has become the 
primary information source to middle school students for their school work. Yet, prior research has shown that 
students have difficulty evaluating, reading, and taking notes from online resources. This study analyzed the 
effectiveness of a digital notepad, which used prompts to scaffold middle school students in learning with online 
scientific resources. Data were collected from 8 sixth grade students who were engaged in a two-week online 
inquiry for a science project. Data analysis showed a gap between design intentions and classroom realities. 
Despite the prompts intended to promote students’ critical evaluation of websites, their evaluation was still 
quick and dichotomous. In addition, students demonstrated different patterns in responding to the reading and 
note-taking prompts. However, prompts that aimed to promote deep thinking were generally answered with 
superficial responses. Implications for instruction and research involving use of online resources are discussed.  
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Introduction 
 
The rapid expansion of Web access and abundance of online resources provide unprecedented opportunities for 
classroom teaching and learning (Wells & Lewis, 2006). According to recent national surveys (DeBell & Chapman, 
2006; Johnson, Levine, Smith, & Stone, 2010), the majority of middle school students, who are among the largest 
and fastest-growing Internet user groups, rely on Web resources, rather than libraries for their school work. However, 
prior research has shown that middle school students have great difficulty using online resources effectively (Kuiper, 
Volman, & Terwel, 2009; Wallace, Kupperman, Krajcik, & Soloway, 2000).  
 
One of the challenges that students face is to evaluate online information for quality and credibility. Unlike 
traditional books, publishing content online is easy and instant. Anyone with Internet access can publish virtually any 
content on the Web immediately. Therefore, incomplete or inaccurate information on the Web is not uncommon, 
which requires students to be critical consumers of online information. Yet prior research has found that middle 
school students either rarely spontaneously evaluate online information (Britt & Aglinskas, 2002; Walraven, Brand-
Gruwel, & Boshuizen, 2009), or use naïve strategies to assess a site (Wallace, et al., 2000).  
 
In addition, many middle school students read online resources in a superficial manner. They tend to look for quick, 
ready-made answers for their questions rather than developing meaningful content understanding (Wallace, et al., 
2000). Many middle school students lack the reading strategies employed by skilled readers in online reading, such 
as reading with a clear purpose, monitoring reading comprehension, looking for evidence to support main ideas, or 
summarizing what they have learned after reading a website (Brozo & Simpson, 2002; Coiro & Dobler, 2007; Zhang 
& Duke, 2008). 
 
Adding to the challenges is note-taking from online resources. Piolat, Olive, and Kellogg (2005) suggested that note-
taking is more demanding than reading as students need to comprehend what they are reading, select important 
points, and record them. Typical problems in middle school students’ note-taking from online resources include 
copying information verbatim with little thinking, manual recording on paper that is time-consuming and error-prone, 
and taking notes irrelevant to their research questions (Zhang & Quintana, 2012). Moreover, notes taken on paper are 
often disconnected to the original sources. When students forget to record the URL of a site in their notes, it is 
difficult to return to the original website.  
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Clearly, students need support to use the Web as an information source effectively. One of the scaffolding strategies 
often used in technology-enhanced learning environments is prompts. Prior research suggested that prompts can 
enhance metacognitive planning and reflection and improve content understanding (Davis, 2000, 2003; Quintana et 
al., 2004). Davis (2000, 2003) found that prompts embedded in a Web-based program called Knowledge Integration 
Environment helped students reflect on and synthesize science knowledge. Sandoval and Millwood (2005) integrated 
prompts in a software tool called ExplanationConstructor to guide high school biology students’ construction of 
explanation concerning natural selection. Li and Lim (2008) found written prompts effective in scaffolding middle 
school students in online historical inquiry tasks. Ge and Land (2003) found question prompts had positive effect on 
undergraduate students’ performances in solving an ill-structured problem. In the study of Walton and Archer (2004), 
an evaluative checklist prompted university students to consider “Who, why, what, when, where, and for whom” 
when using online academic resources. In addition, Quintana et al. (2004) recommended prompts and reminders as a 
software-based scaffolding strategy to support ongoing articulation and reflection during scientific investigations. 
 
Based on the research literature that indicates the positive effects of prompts in technology-enhanced learning 
environments, it seems reasonable to assume that prompts can be useful for supporting student learning with online 
resources. We designed a software program called Digital IdeaKeeper, which embedded prompts to support students 
in online inquiry, a set of interconnected processes that include asking a research question, searching for information 
on the Web, evaluating and analyzing information, and synthesizing information to answer the research question 
(Kuiper, et al., 2009; Quintana, Zhang, & Krajcik, 2005). Typically, in online inquiry, students create final products 
such as essays, artifacts, brochures, and presentations to demonstrate their understanding gained from online 
resources. 
 
Our prior research has found that IdeaKeeper helped students engage in deeper exploration of fewer websites, 
improved efficiency by focusing students’ attention on learning goals and automatizing mechanical tasks, and 
enhanced metacognitive planning and monitoring (Zhang & Quintana, 2012). In another study, we found that 
IdeaKeeper-structured online reading was more deliberate, thorough, and purposeful than the one by students who 
did not use this tool (Zhang, in press). While IdeaKeeper attempts to support the full range of online inquiry 
activities including inquiry planning, information search, analysis, and synthesis, this study focused on the digital 
notepad within IdeaKeeper, which aimed to scaffold students in online evaluation, reading, and note-taking through 
prompts. 
 
The purpose of this study was to understand how prompts as a specific software scaffolding strategy can support 
students in online inquiry in real-world classroom practice. Although researchers generally found prompts useful for 
promoting reflection and articulation in science inquiry, little is known about how middle school students actually 
respond to prompts designed to support evaluation, reading, and note-taking with online scientific resources. 
 
 
Design of a digital notepad to support evaluation, reading and note-taking 
 
Quintana et al. (2004) suggested that making tacit disciplinary thinking explicit in software tools can help novice 
learners understand the steps they need to undertake in their work. Therefore, the design of the IdeaKeeper notepad 
highlights the implicit processes involved in learning with online information: evaluating, reading and summarizing 
(Schmar-Dobler, 2003; Zhang & Duke, 2008). Correspondingly, the digital notepad includes three tabs called 
“Skim,” “Read,” and “Summarize.” In each of the tabs, prompts are embedded to guide students to evaluate, read, 
and take notes from online resources (See Figure 1). During the design processes, we worked with two experienced 
middle school science teachers to ensure the language used in the prompts is appropriate for middle school students. 
In addition, we conducted a pilot test to improve the usability of the software.  
 
The notepad is embedded in a browser. When students read a website, they can use the digital notepad to take notes. 
Notes are saved on an online server and can be retrieved on any computer. The digital notepad automatically records 
the link where a note is taken, keeping the note closely connected to its original source, so students can conveniently 
revisit the original site.  
 
In the “Skim” tab, an evaluative checklist is presented to help students assess the credibility and quality of online 
resources. The evaluative guide that we developed focuses on helping middle school students become mindful of the 
relevance of online resources with respect to their learning goals (Zhang & Duke, 2008), reading levels, differences 
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between facts and opinions (Kymes, 2005), date of publishing, author credibility and bias, and trustworthiness 
(Kuiper, et al., 2009). The evaluative prompts are as follows: (1) Is this website related to my question? (2) Is this 
website easy to read? (3) Is the information on this website up to date? (4) Is the information on this website fact or 
opinion? (5) Are the pictures or animations helpful or distracting? (6) Might the author be biased by presenting this 
information this way? (7) Does the author know what he or she is talking about? (8) How much do I trust this 
website? And (9) Is this website worth reading? 
 

   
Figure 1. Notepad in “Skim,” “Read” and “Summarize” view 

 
In the “Read” tab, a list of prompts is provided to foster critical and purposeful reading and note-taking. These 
prompts guide students to focus on major ideas rather than trivial details (Yang & Hung, 2008), connect reading to 
learning purposes (Zhang & Duke, 2008), monitor reading comprehension (Block & Pressley, 2002), and corroborate 
ideas from multiple sources (Strømsø, Bråten, & Samuelstuen, 2003). These prompts include: (1) What is the main 
idea of the webpage? (2) What evidence does the author give to support the main idea? (3) What information in the 
webpage helps me answer my questions? (4) What information in this webpage is difficult to understand? (5) What 
points does this author make that other authors do not? And (6) What is other relevant information?  
 
In the “Summarize” tab, students are prompted to review “What did I learn from this website?” Research has shown 
that summarization can foster reading comprehension, helping learners integrate new information with what they 
already know and understand a text at a deeper level than simply reading it (Kymes, 2005; Palincsar & Brown, 1984). 
 
The overarching question of this study was: How did middle school students use a prompts-based digital notepad to 
evaluate, read and take notes from online resources? In particular, three research questions were examined: (1) How 
did students use the evaluative prompts to evaluate online resources? (2) How did students respond to the reading 
and note-taking prompts? and (3) How did students demonstrate individual differences in using the notepad? 
 
 
Method 
 
This study employed a multiple case study design to investigate the effectiveness of the digital notepad, which was 
used in an extended science inquiry project.  
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Context 
 
This study took place in a sixth grade classroom at a public middle school in a Midwestern city in the United States. 
The students were attending a 9-week writers’ workshop where they were taught to improve writing skills. Two 
teachers taught the two classes in turn. One teacher was responsible for creative writing and another for scientific 
writing. Each topic lasted four and half weeks. This study occurred when the students were with their scientific 
writing teacher. For the scientific writing project, the teacher asked students to generate their own research question 
and sub-questions and then to search for information online. The students met for one hour in each weekday 
afternoon in the computer lab for two weeks. Afterwards, the students spent three days offline creating a brochure to 
demonstrate their understanding about their research question. Each student pair also presented their research to the 
class on the last day of the online inquiry project. Their teacher had 11 years of experience teaching language arts, 
science, and geography at the middle school level, and had integrated Web resources into her teaching for more than 
8 years.  
 
 
Participants 
 
Participants were 8 sixth grade students, including 6 Whites, 1 Asian, and 1 African American student. Prior to going 
online, the students generated research questions on water, which was the unit topic they were learning in their 
science class. They were grouped into pairs by their teacher according to the similarity of their questions. After being 
assigned into a pair, the students discussed their questions and reached consensus on the specific questions to study. 
The students used IdeaKeeper for the online inquiry task and the digital notepad in IdeaKeeper to take notes. They 
received training on how to use IdeaKeeper and spent one day practicing the tool before using it for their project. 
Table 1 describes the background of the student participants in this study. Their academic achievement information 
was provided by their teacher. 
 

Table 1. Background of student participants 
Dyad Name Gender Achievement level Research question 
Dyad 1 Dane & Abby Boy-Girl Medium-High How does acid rain affect the quality of our 

water?  
Dyad 2 Clay & Gwen Girl-Girl High-High Why are countries allowed to dump raw sewage 

in the ocean?  
Dyad 3 Ferris & Edna Boy-Girl Medium-Medium What should we do about 1,4 dioxane in Ann 

Arbor’s groundwater? 
Dyad 4 Dylan & 

Bona 
Boy-Girl Medium-Medium How does a combination of groundwater and 

surface water affect the quality of Ann Arbor’s 
drinking water?  

 
 
Data collection and analysis 
 
Data sources for this study were the screen videos of the students’ online activities and conversations captured by 
Camtasia, a screen recording program. The students spent 9 class sessions in the computer lab on their online inquiry 
task, 40-50 min per session. All of the sessions in the computer lab were captured. As a result, a total of 36 (4*9 = 36) 
screen videos—about 27 hours of videos—were collected from the students. Camtasia captured the screen with high 
resolutions, so the notes that the students took with the notepad were clearly recognizable. 
 
Data analysis was an iterative process guided by the grounded theory approach (Glaser & Strauss, 1967). First, 
during the data collection period, the author made classroom observational notes for all the online inquiry sessions. 
Some initial patterns were observed and noted. For example, it appeared that the students generally had difficulty 
answering the bias prompt. After data collection, the author viewed and transcribed all of the videos collected from 
the students. The patterns of quick, dichotomous evaluation, vague responses to prompts, and individual differences 
gradually emerged during the long process of viewing and transcribing the videos. Analytic memos on emerging 
patterns were made for each pair.  
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The three patterns were further examined through detailed analysis on both the processes of using the notepad and 
the products (i.e., notes) that the students generated. In terms of the processes, the following aspects were analyzed: 
(1) Did the students compose their notes or copy and paste information? (2) In what order did the students respond to 
the prompts in the notepad? And (3) How long did the students spend on each prompt? 
 
In addition, the student responses to the prompts in the Skim, Read, and Summarize tabs were compiled. The number 
of notes produced by each pair, the amount of words in their notes, and the content of their responses were analyzed. 
Moreover, content analysis was conducted on the students’ conversions, which provided a window into their thinking 
related to the use of the digital notepad.  
 
During the data analysis, both confirming and disconfirming evidence was examined. For example, although the 
students generally produced vague responses to the prompts, some pairs generated elaborated, specific responses to 
certain prompts. In this case, both general and particular patterns were reported. Also, data from different sources 
were examined to corroborate findings. For example, the pattern of quick and dichotomous evaluation of websites 
was corroborated by evidence from the students’ conversions and their actual responses to the prompts. Their 
conversations showed that they tended to quickly categorize websites into “good” or “bad,” which was consistent 
with the time they spent on the Skim tab and the nature of their responses to the evaluative prompts. The pattern of 
vague responses to the prompts was corroborated with their teacher’s observations, who found vague responses 
common in the students’ note-taking.  
 
 
Results 
 
Data analysis revealed a gap between design intentions and classroom realities regarding the use of prompts to 
scaffold online inquiry. Despite the prompts intended to promote students’ critical evaluation of websites, the 
students were still quick and dichotomous in evaluating websites—either “good” or “bad.” They also tended to 
generate vague, nonmeaningful responses to the prompts in the reading and summary tabs. In addition, the students 
demonstrated different patterns in their use of the digital notepad. However, the prompts that were designed to 
promote deep thinking were generally answered with superficial responses. Next, the three findings were discussed, 
which answered the three research questions, respectively.  
 
 
Quick and dichotomous evaluation 
 
Data analysis showed that the students tended to make dichotomous and emotional evaluation of a website—they 
either liked it or disliked it. When they liked a website, they used adjectives such as “good,” “helpful,” “cool,” 
“awesome,” “perfect,” and “wonderful” to indicate their positive evaluation. When they disliked a website, they 
considered it “not good,” “not helpful”, or even “stupid,” “boring,” “sucks,” “dumb,” and “disgusting.”  
 
In addition, the students made their judgments about a site quickly. In general, it took fewer than 10 seconds for the 
students to decide whether they liked a site or not. The students would answer the evaluative prompts in the 
skimming tab if they decided a site was worth reading. Yet those prompts did not seem to engage the students in 
critical evaluation as intended. The students often went through the evaluative prompts quickly and spent fewer than 
30 seconds answering the questions with little thinking. They relied on their first impression to evaluate a website, 
and often made self-repeating judgments in their conversations, such as, “I think it looks up to date. It sounds like up 
to date. You know,” “I think it is fact. It looks like fact, right?” or “I think they pretty much know what they are 
talking about. I think they ALL know what they are talking about.”  
 
Each student pair evaluated websites individually. Together, the four pairs evaluated a total of 35 websites. Table 2 
describes all the evaluative responses that the students generated for the 35 websites. One typical example was Dyad 
4’s evaluation for a website called “Hard water stops heart attacks” that they read on day 3. Their evaluation for this 
website was as follows: “This website is related to my question. It is easy to read. The information is up to date. The 
information is fact. There are helpful pictures or animations in this site. The author is biased by presenting this 
information this way. The author knows what he or she is talking about. I trust this website. Yes, it is worth reading.”  
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Table 2. Summary of the students’ evaluation of 35 websites 
Evaluative prompts Responses Dyad 1 Dyad 2 Dyad 3 Dyad 4 Total 
Is this website related to my question? Yes 6 11 5 13 35 
 No 0 0 0 0 0 
Is this website easy to read? Easy 6 11 5 7 29 
 Hard 0 0 0 6 6 
Is the information on this website up to 
date? 

Up to date 1 8 5 5 19 
Not sure 4 1 0 7 12 
Out of date 1 2 0 1 4 

Is the information on this website fact 
or opinion? 

Fact 6 10 5 12 33 
Opinion  0 0 0 0 0 

 Both  0 1 0 1 2 
Are the pictures or animations helpful 
or distracting? 

Not available  3 4 3 7 17 
Helpful 2 5 2 4 13 
Distractive 1 2 0 2 5 

Might the author be biased by 
presenting this information this way?  

Not biased 6 5 0 1 12 
Biased 0 0 5 10 15 
[No response] 0 6 0 2 8 

Does the author know what he or she is 
talking about? 

Yes 6 11 5 13 35 
No 0 0 0 0 0 

How much do I trust this website? 1 (Not at all) 0 0 0 0 0 
 2 0 0 0 2 2 
 3 0 1 0 1 2 
 4 1 2 1 9 13 
 5 (Strongly trust) 5 7 4 1 17 
Is this website worth reading? Yes 6 11 5 13 35 
 No 0 0 0 0 0 
 
In particular, the conversations between the partners revealed that almost all the students had difficulty answering the 
prompt “Might the author be biased by presenting this information this way?” They did not know how to determine 
whether the author was biased or not. As a result, the students seemed to arbitrarily rate a site as either “biased” or 
“not biased.” For example, Dyad 1 rated all the websites they read as “not biased,” but Dyad 4 rated all sites as 
“biased” except for one website. 
 
 
Vague and nonmeaningful responses in note-taking 
 
In general, the students produced vague and nonmeaningful responses to the prompts that intended to help them 
move beyond simply copying information from online resources, although some pairs were more thoughtful in note-
taking than others. Overall, Dyads 3 and 4 generated less thoughtful responses to the prompts than Dyads 1 and 2. 
For example, the responses to the prompts in the reading and summary tabs in one of the notes that Dyad 4 produced 
were as follows. The questions in the square bracket refer to the prompts. 
 
[What is the main idea of the webpage?] Health issues of hard water; [What evidence does the author give to support 
the main idea?] The author gives real examples of hard water; [What information in the webpage helps me answer 
my questions?] Hard water helps prevent heart attacks; [What information in this webpage is difficult to understand?] 
The information is not hard to understand; [What points does this author make that other authors do not?] The 
author includes information that has happened to support his or her statement; [What is other relevant information?] 
Most of the information is either on my topic or a real happening; and [What did I learn from this website?] Hard 
water prevents heart attacks.  
 
In these responses, Dyad 4 focused on describing what the website was about, rather than specific science content. 
The only content-specific sentence in this note was: Hard water helps prevent heart attacks. Also, sometimes the 
students repeated their responses to different prompts. For example, in the note above the response to the summary 
prompt was identical to the response to prompt 3. Other pairs generated more or less similarly vague responses too. 
Next the patterns of how the students responded to each of the reading and summary prompts are described, which 
revealed a disparity between design intentions and classroom realities.  
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Prompt 1: What is the main idea of the webpage? This prompt intended to help students focus on the most important 
ideas rather than trivial details. However, the students seemed to interpret the prompt to be: What is the webpage 
about? The former required a statement, but the latter could be answered with one or two words. As a result, their 
responses to this prompt tended to be brief, for example, “the facts about acid rain,” “what is hard water made of,” 
and “the government of Panama.” These responses referred to the topic of a webpage, rather than the main idea, and 
did not convey specific, meaningful content.  
 
Prompt 2: What evidence does the author give to support the main idea? This prompt aimed to promote scientific 
thinking when students read science-related websites because understanding how evidence supports a claim is 
essential in scientific reasoning. However, the student responses to prompt 2 suggested that simply asking students to 
identify evidence that supported the main idea was not enough to promote scientific thinking. Typically, the students 
gave a superficial, oversimplified answer to this prompt, such as, “They gave examples [to support the main idea],” 
“There are pictures or charts,” “There are big sub titles about the main topic,” or simply “They gave information.”  
 
In addition, the student responses to prompt 2 often lacked a logical connection to their responses to prompt 1. For 
example, Dyad 1 considered one site’s main idea was to “tell us what acid rain is,” and evidence to support this main 
idea was “They give examples.” These responses showed that the students had difficulty understanding the concept 
of “evidence,” and how an idea was supported by evidence.  
 
Prompt 3: What information in the webpage helps me answer my questions? This prompt was used heavily by Dyads 
1 and 2, but Dyads 3 and 4 did not seem to treat this prompt differently from others, in terms of the amount of time 
they spent on this prompt and the number of words in their responses to this prompt. Dyad 1 perceived this prompt as 
most useful for their task and invested a great deal of time and effort in reading and taking notes for this prompt. 
Dyad 2 also copied a great amount of information to this prompt—964 out of 2,856 words in the 11 notes they took. 
Dyads 1 and 2 generated more specific and elaborated responses to prompt 3 than other prompts, while the responses 
of Dyads 3 and 4 to this prompt were still vague and short. 
 
Prompt 4: What information in this webpage is difficult to understand? This prompt aimed to help students monitor 
their reading comprehension when they read a website. The student responses to this prompt fell into four categories: 
(1) Difficult concepts, such as Alkalis, pH level, and ammonia; (2) General comments about the content of the 
website, such as “This website is talking too scientifically;” (3) Interface features that made reading difficult, such as 
“The background is dark blue and so is the print;” and (4) The students claimed that the site was easy to understand, 
and nothing was difficult. Overall, the students’ monitoring of reading comprehension problems was limited to 
individual words. They knew when they did not understand a terminology, which was referred to as “big words” in 
their conversations. Beyond the word level, the students made only general comments about a site’s interface design 
(e.g., color or layout), and overall difficulty levels (e.g., easy or hard). 
 
Prompt 5: What points does this author make that other authors do not? This prompt aimed to help students make 
connections among different sources they read. This prompt was challenging because it involved comparisons among 
different websites. To answer this prompt, the students had to recall what they had learned in previous websites and 
identify unique information from the current website being read. The students generated three types of responses to 
this prompt: (1) Specific new information provided by the current website (e.g., “Canada treats sewage before 
dumping it in the ocean”); (2) General differences or different interface designs (e.g., “This one gives lots of words 
that go with the topic and you can look up by clicking on it”); and (3) No differences (e.g., “nothing”). Overall, this 
prompt was less often answered by the students than other prompts. 
 
Prompt 6: What is other relevant information? This prompt was complementary to prompt 3. It was a place where 
the students could save information that had not been covered by the other five prompts. Dyad 1 did not answer this 
prompt except for in one note. Dyads 2 and 3 who answered this prompt tended to copy and paste information, 
instead of composing a response. Dyad 4 tended to compose a quick answer to this prompt that was similar to other 
prompts. Examples of student responses to this prompt were as follows: “Look at the questions above” or “There is 
information about different types of [water] hardness.” 
 
Summary prompt: What did I learn from this website? This prompt was designed to help students reflect on what 
they had learned from a website. Most students did use it to summarize and reflect on their learning in their own 
language. When the students answered the summary prompt, they typically re-read the content in the website and 
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referred to the notes they took in the reading tab. Some pairs wrote more elaborated and specific summaries than 
others, but the pattern of vague responses was still observed in some summaries. Overall, the students spent more 
time on the summary prompt and generated more elaborated answers for this prompt than most of the prompts in the 
reading tab.  
 
 
Four profiles of notepad use  
 
The students demonstrated a great deal of variety in using the digital notepad. The four dyads took 5, 11, 5, and 8 
notes, respectively. They differed in terms of which prompts they focused on, copying (or composing) responses, and 
generating specific (or vague), elaborated (or short) responses in linear (or non-linear) order. Table 3 and Figures 2 
and 3 describe the differences among the students. Four types of profiles of notepad use were observed.  
 

Table 3. Patterns of composing or copying information for each prompt 
 Dyad 1 Dyad 2 Dyad 3 Dyad 4 
Prompt 1 Compose Mainly Compose Compose Compose 
Prompt 2 Compose Mainly copy & paste Compose Compose 
Prompt 3 Compose Mainly copy & paste Compose Compose 
Prompt 4 Compose Compose Compose Compose 
Prompt 5 Compose Compose Compose Compose 
Prompt 6 Compose Mainly copy & paste Mainly copy & paste Compose 
Summary Compose Compose Compose Mainly copy & paste 
 

 
Figure 2. Number of words for each prompt per note 

 
Efficient functionalists. Dyad 1 was considered efficient functionalists who viewed only prompt 3 useful for 
collecting information for their research question, while treating all other prompts as “assignments,” which they had 
to answer dutifully, but did not see the benefits of doing so. They were much more enthusiastic about prompt 3 than 
other prompts, and invested major efforts in answering this prompt, while trying to get other prompts done with 
minimal efforts. Their reading of websites was heavily centered on prompt 3—they did not read a webpage until they 
reached this prompt. When answering prompt 3, they often repeated the processes of “reading—note-taking—
reading—note-taking” many times. While for other prompts, they typically scanned a webpage and wrote a quick 
answer. Dyad 1 composed a total of 752 words in all of the five notes they took, among which 516 words (69%) 
were composed for prompt 3. Overall, Dyad 1 spent 34 min (69%) taking notes for prompt 3, 7 min summarizing 
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what they had learned, and only 8 min on the other five prompts in the reading tab. Their responses to prompt 3 were 
much more specific, concrete, and meaningful than the “assignment” prompts.  
 

 
Figure 3. Time (in minute) on each prompt per note 

 
Information collectors. Dyad 2 copied and pasted a great amount of information to the digital notepad. They were the 
only pair who copied and pasted information for most of the prompts, while the other three pairs mainly composed 
their notes. Overall, they copied and composed a total amount of 2,856 words, more than three times of words taken 
by the other pairs. The number of notes they took (11) was greater than the other three pairs too (5, 5, and 8). They 
copied the largest amount of words to prompt 3 (See Figure 2), although they did not spend more time on this prompt 
(See Figure 3). While Dyad 2 copied information in the reading tab, they composed summaries in their own language 
and referred to the notes they took in the reading tab. Thus the summary prompt provided an opportunity for Dyad 2 
to enhance their understanding of the content they read in the websites.  
 
Hesitant vague repeaters. Dyad 3 often repeated similar, vague responses to different prompts. For example, in one 
of the notes they took, their response to the first prompt was that “The main idea of this webpage is what hazards 1,4 
dioxane can bring”, which was repeated in their summary: “What I learned from this website is … what hazards 1,4 
dioxane can bring.” In addition, Dyad 3 tended to focus on details and spent considerable time formatting their notes. 
For example, on day 2 they spent about two minutes simply changing the format of the term “C4 H8 O2” in their 
note. They were hesitant note-takers in the sense that they often typed some words, deleted them, and then typed 
some other words.  
 
Undifferentiated linear minimalists. Unlike the other three pairs who all showed somewhat non-linear patterns in 
answering the prompts, for example, starting from prompt 3 or prompt 6 and returning to other prompts, Dyad 4 
strictly followed the order of prompts in their note-taking. They tended to go through prompt 1 to prompt 6 and then 
the summary prompt linearly. Dyad 4 spent almost equal time answering different prompts in the reading tab and 
showed a tendency of getting work done with only minimal efforts. When answering the prompts, they tended to 
compose a quick answer without referring to the content in the webpages. Unlike other pairs who often revised their 
notes and added new content, Dyad 4’s note-taking was one-shot deal—they rarely returned to the prompts to revise 
the notes. Dyad 4 spent more time on the summary prompt, yet they tended to copy and paste information rather than 
composing their own responses.  
 
 
Conclusions 
 
This study revealed the complexity in scaffolding students’ use of online resources with technological tools. 
Although the design of the digital notepad was grounded in relevant literature and attempted to address the problems 
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students encountered in evaluating, reading, and taking notes from online resources, the results of its use did not 
reflect the design intentions. Prior research has mainly reported positive results associated with using prompts in 
technology-enhanced learning environments (Davis, 2000, 2003; Ge & Land, 2003; Li & Lim, 2008; Walton & 
Archer, 2004). However, this study found that students can respond in a superficial manner to the prompts designed 
to promote critical evaluation and thoughtful reading and note-taking.  
 
In particular, Papadopoulos, Demetriadis, Stamelos, and Tsoukalas (2011) found that undergraduate students who 
produced written answers to prompts achieved better performances in a Web-based learning environment than 
students who only thought of possible answers to the prompts and students who did not receive any prompts. Yet this 
study found that middle school students did not necessarily generate meaningful responses to prompts even when 
they had to produce written answers. One possible explanation is that students in this study were younger and needed 
substantial support and practice. Two important lessons can be drawn from this study. 
 
First, deep learning on the Web is hard. It is one thing to know how to use the functions of a technological tool, yet 
another to use the tool in a pedagogically meaningful manner. Although all of the students in this study learned to 
use IdeaKeeper quickly, they did not see enough examples of good and poor responses to the prompts. As a result, 
they generated superficial responses to the prompts that aimed to promote deep thinking. The difficulty of facilitating 
deep scientific thinking is consistent with prior research (Oliver & Hannafin, 2000; Sandoval, 2003; Sandoval & 
Millwood, 2005). Sandberg and Barnard (1997) found that college students, when working with a computer-
supported tutoring program, tended to get work done with minimal efforts and did not spontaneously engage in 
cognitive processes that led to deep learning. Sandberg and Barnard suggested that coordinated, sustained efforts by 
learners, teachers, and instructional designers are needed to promote deep learning. However, such a holistic 
approach is often lacking in studies on technology-enhanced learning environments. This study reinforced the 
importance of the holistic approach and suggested that teacher modeling, student practice, and timely feedback are 
important when introducing new technological tools in classrooms.  
 
Second, individual differences add to the complexity of technological scaffolding for online inquiry. Profile analysis 
of students’ online behaviors showed that students demonstrated great variety from each other, but often repeated the 
same individual patterns when working with different websites. The stability within individual students and the 
variety among different students have important implications for guiding the design of online learning environments.  
 
In addition, the finding that most students had difficulty identifying “bias” is worrisome because of poor quality and 
discredited information abundant on the Web. Therefore, emphasis should be placed on developing students’ 
awareness and skills in critically evaluating websites. Teachers should model how to differentiate facts from 
opinions and how to identify biases in websites, and provide adequate opportunities for students to practice.  
 
Although the results were unexpected, this study still yielded important insights for designing technology-enhanced 
learning environments to scaffold students’ online inquiry. First, this study added to understanding of how middle 
school students learn with online resources through the findings of quick and dichotomous evaluation, and vague and 
nonmeaningful responses in note-taking. Second, the detailed analyses of student responses to each prompt and 
descriptions of student profiles have implications for other researchers and designers who are interested in using 
prompts to scaffold online inquiry. It is often difficult for instructional designers to anticipate how learners respond 
to a scaffolded learning environment. This study suggested that students may interpret design features in ways 
different from what the designers expect. Future research should explore whether appropriate modeling and practice 
can improve the effectiveness of prompts-based scaffolding implemented in this study.  
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ABSTRACT 

This study focuses on the design of several social agents that are intended to collect the self-reflections of 
learners while learners are immersed in simulation activities for knowledge building. The design of the agents 
follows 5W principles and seeks to encourage learners to expend mental effort upon multi-faceted learning and 
self-reflection. Using semantic networks, we developed dialogue lines for reflection-prompting agents. We 
analyzed the participants’ answers using natural language processing technology to classify the sentences into 
positive and negative rankings. A preliminary field study with 117 high school students was conducted over 
three weeks to test the effects of agent-prompted self-reflection. The results demonstrated that 96% and 62% of 
participants separately completed the first and the second simulation activities (including the agent-prompted 
self-reflections respectively). Those who did not finish the activities were generally limited by time restrictions 
rather than a lack of motivation, as the participants typically considered the interactions with the agents to be 
interesting. The self-reflections elicited through the agent interviews were consistent with the reflections 
obtained from paper-pencil questionnaires and appeared to be stable over time. Future study, including 
investigations using a randomized experimental design with a control group, is needed to fully assess the effects 
of agent-prompted self-reflection. 

 
Keywords 

Simulation, Intelligent agent, Self-reflection, Multiple intelligence 
 
Introduction  
 
In Taiwan, there are high-stakes entrance examinations to high school (after 9th grade) and college (after 12th grade). 
However, the educational system has undergone a gradual transformation over the past decade; in particular, the 
system is evolving toward a process in which student placement is less dependent on mandatory university screening 
based solely on college entrance examination scores but instead incorporates greater flexibility for students to 
autonomously select educational options based on their personal values and motivations. Self-awareness has 
therefore become an increasingly critical aspect of student decisions regarding majors and careers. Over time, the 
curriculum structure and activities offered by Taiwanese high schools have incorporated many elements that seek to 
elevate students’ self-understanding. However, these students often experience issues related to confusion during the 
process of self-exploration, immaturity, and difficulty with commitment, and as a result, a high proportion of 
freshmen do not enjoy their educational choices and display less adaptive symptoms in their college lives (e.g., 
procrastination, absence, or failing grades in their major courses, Ministry of Education, 2012). This observation 
leads us to regard self-awareness as being critical for everyone (students especially) as part of both the hygiene 
aspect of active learning (e.g., the regulatory process or self-directed learning, Gibbons, 2002) and the prevention of 
inadaptive learning (e.g., avoidance or loss of motivation).  
 
Self-reflection is very likely to enhance the accuracy of situation-, task- and self-awareness that are in turn critical 
components in self-regulation learning (de Bruin, Rikers, & Schmidt, 2005; Greene & Azevedo, 2007). Self-
reflection provides the only window into an individual’s inner state. Unfortunately, this window is often foggy, 
especially when individuals report on experiences that span over longer timeframes (Schwarz & Sudman, 1994). 
Memory is imperfect and susceptible to bias. Some biases can be attenuated through the use of better interviewing 
techniques (Schwarz & Sudman, 1994). Real-time self-reflection may also avoid the weakness of memory biases 
(people tend to remember experiences with intense emotions and global experiences rather than specific details 
(Redelmeier & Kahneman, 1996; Wang, 2001)). Moreover, self-reflection in simulated problem-solving situations 
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can avoid situational biases (retrospective self-reflection is often conducted in a situation very different from the 
situation that we are interested (Schwarz, 1999, 2007)) and the use of global heuristics (Bank, Dishion, Skinner, & 
Patterson, 1990). In sum, if activities of self-reflection could be blended with the simulation tasks or situation, the 
resistance of this repetitive mindful works could be reduced. Therefore, we planned to introduce social agents to 
prompt multi-faceted self-reflection activities (based upon multiple intelligences (MI), Gardner, 1983) through 
students’ active explorations in a simulation environment. 
 
Previous research has proposed that simulation-based e-learning is an effective knowledge-building approach 
(Eskrootchi & Oskrochi, 2010; Liu, 2010; Padiotis & Mikropoulos, 2010). Simulations have been demonstrated to be 
an effective teaching and learning approach in the fields of science (Chen & Howard, 2010; Meij & de Jong, 2006), 
medicine (John, 2007; Rosen, 2008), engineering (Chen, Hong, Sung, & Chang, 2011; Hsieh & Sun, 2007), social 
science (Cuenca López & Martín Cáceres, 2010; Liu, 2010), and culture (Peterson, 2010; Ranalli, 2008). Researchers 
(Chen et al., 2011; Chou, Chan & Lin, 2003; Tan, Tse, & Chung, 2010) have suggested that the benefits of 
simulations include the dynamic provision of multiple representations, visualization, immersion scenarios, hands-on 
experiments/manipulations, rich feedback, multiple interactions, and, perhaps most importantly, the engagement of 
an individual student as an active agent in knowledge building. In simulations, the learner is always in control of the 
learning process; thus, the regulation of simulation-based e-learning is more critical than the regulation of other 
instructional approaches that are subject to greater teacher control. Within simulations, problem-solving scenarios, 
active operations/manipulations, and the provision of abundant feedback/prompts during the exploration process 
provide ample opportunities to understand the self-competence, cognition, preference, and affection (Chen & 
Howard, 2010; Ifenthaler, 2012) that shape the core of self-awareness.  
 
The extant studies that have demonstrated how simulation environments and agents can prompt self-reflection are 
limited; therefore, we developed several principles to guide our design of tasks and agents and then implemented the 
system. To assess the function of the agent-prompted reflections, a field test was conducted as a preliminary analysis 
of the degree to which the design of agents embedded in a simulation environment successfully inspired student 
reflections. Because self-reflection data are typically collected through lengthy self-report questionnaires, we used 
data collected in this manner to judge the effectiveness of the agent interview. Participants engaged in two simulation 
activities, three agent-prompted MI self-reflections (pre-simulation, during the 1st simulation activity, and during the 
2nd simulation activity), and two paper-pencil MI questionnaires (pre- and post-simulation). Our first aim was to 
observe whether students successfully finished the simulation tasks and the agent-prompted reflections. Students 
then compared the MI reflections collected through the agent interviews (situation-specific index) to the paper-pencil 
questionnaires (situation-general index) to explain which reflection method they preferred to report on their 
experiences. Finally, the relationships between the agent-prompted reflections and the questionnaires and between 
the pre- and post-simulation reflections were examined to determine the validity and reliability of the agent-
prompted reflections. We sought to answer the following questions. 
• How many students successfully finished all of the simulation tasks (including the agent-prompted reflections) 

within two 120-minute sessions?  
• Which reflection method do learners perceive more favorably, agent prompting or a paper-pencil questionnaire? 
• For participants that successfully finished the simulation activities and self-reflections, are the reflections related 

to the five MI aspects that were collected through the agent interviews consistent with those collected through the 
paper-pencil questionnaires? Do MI reflections, collected through either paper-pencil questionnaires or agent 
interviews, change over time or remain stable?  

 
 
Literature review 
 
Simulations 
 
Computer-mediated simulation involves the construction of a computer-mediated environment in which human users 
can interact as in a real environment, allowing researchers/educators to observe and analyze social relations and 
collective patterns (Lin & Sun, 2003). Internet-mediated simulation is one kind of computer-mediated simulation. As 
the Internet supports communication and global access to multimedia information resources, Internet-mediated 
simulation enables real-time interaction among multiple participants (Martin, 2006). 
 
Simulations are widely used in education because they fulfill the following important functions. (a) Observation and 
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visualization with multiple representations: When the pace of a social or scientific phenomenon is sufficiently fast, 
slow, large or small that the phenomenon is barely observable in natural situation, simulations can provide vivid 
observational perspectives (Chen et al., 2011; Meij & de Jong, 2006); in addition, simulations are capable of 
incorporating multiple representations of information (e.g., verbal and visual-spatial) to enhance learning outcomes 
for students with various needs. (b) Hands-on activities: Simulations provide learners with the ability to take the 
initiative in processes of exploration and discovery. Learners can alter the parameters or factors and thus have the 
flexibility to test the hypotheses that they generate, design scientific experiments, and practice interpreting the data 
collected from these simulative experiments (Chen et al., 2011; Eskrootchi & Oskrochi, 2010; Padiotis & 
Mikropoulos, 2010). (c) Feedback: During exploration, simulations can offer immediate, rich and authentic feedback 
that is beneficial for regulation. (d) Interaction: simulations allow learners to role-play and support multiple 
interactions with either real humans (such as peers and teachers) or agents. The partial structuring of the students' 
interactions with simulations can increase learning effectiveness (Eskrootchi & Oskrochi, 2010). 
 
 
Intelligent agents 
 
Agents are important tools in pedagogical simulations. In multimedia learning systems, animated pedagogical agents 
perform special, critical instructional functions (Chou et al., 2003; Atkinson, Mayer, & Merrill, 2005; Hsieh & Sun, 
2007). Agents can guide the process of knowledge construction either by providing explanatory feedback and highly 
contextualized problem-solving advice (Moreno & Mayer, 2005) or by eliciting students’ thoughts and reflections 
(Huang, Yeh, Li, & Chang, 2010; Wu & Looi, 2012). They help learners attend to, understand, and deeply process 
instructional messages (Atkinson et al., 2005; Wu & Looi, 2012). Agents also increase the level of multiplicity in 
social learning environments and broaden community diversity (Chou et al., 2003). They create virtual relationships 
with the learners, speak with or respond to learners, and encourage student communication (Atkinson et al., 2005). 
Pedagogical agents may play authoritative or non-authoritative roles, including the following (Chou et al., 2003; 
Hsieh & Sun, 2007; Huang et al., 2010; Wu & Looi, 2012): (a) knowledge suppliers – agents are responsible for 
presenting their stores of knowledge (e.g., tutors or instructors); (b) learning companions – agents act as 
collaborators or competitors who make learning activities less repetitive and more diversified; (c) tutees – learners 
act as tutors who teach the agent tutees in a learning-by-teaching environment; (d) consultants – agents provide 
advanced suggestions; and (e) guides – agents guide learners or help them adjust to environments according to the 
learning progress. 
 
Intelligent agents can gather information from the environment and interact with it; to achieve this goal, these agents 
require artificial intelligence (AI) technology to reason and make inferences that permit them to act autonomously. A 
semantic network is one type of knowledge representation for explaining and simulating human intelligent behavior. 
By analyzing topics in terms of their concepts and relationships, one can quickly pinpoint how one concept might 
depend on another, what must be previously known about the topic, and a logical sequence in which topics should be 
taught. Carbonell (1970) and Mauldin (1994) used a semantic network technique to simulate a Socratic tutor; this 
type of modeling provided adaptive feedback. Furthermore, natural language processing is used to process human 
language to facilitate communication between agents and users (Chou et al., 2003). The intention is to transform the 
human-computer interactions as authentic as human-to-human conversation. 
 
 
Multiple intelligences 
 
Simulations can provide interdisciplinary components that induce students to integrate various materials. Therefore, 
simulations can provide learners with ample opportunities to practice the competences described in Gardner’s 
Multiple Intelligences scheme. Gardner (1983) suggests that human intelligence incorporates the following features: 
(a) the ability to solve real-life problems; (b) the ability to generate new problems to solve; and (c) the ability to 
make something or offer a service that is valued within one’s culture. From the analysis of the competence losses in 
patients with brain injuries, Gardner discriminates between eight intelligences: linguistic, logical-mathematical, 
spatial, bodily-kinesthetic, musical, interpersonal, intrapersonal and naturalist.  
 
The MI strengths self-checklist allows learners to conduct self-reflection and identify which types of intelligence are 
their fortes (Stanford, 2003). Gardner (1993) believes that the best way to measure learner intelligence is through a 
realistic appraisal of an individual’s performance in many types of associated tasks, activities and experiences. 
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Notation systems can be used to record observations of students that are operating a machine or dealing with disputes, 
either under real-world conditions or in virtual simulations (Gardner, 1998; Stanford, 2003). 
 
 
The simulation system 
 
Our goal is for students to have constant opportunities to reflect on both self- competence/capability and 
preference/affection in enjoyable and natural conversations with social agents that are presented as human-like 
figures in simulation tasks. In this study, the simulation system allows learners to naturally acquire knowledge from 
simulated tasks and encourages learners to engage in a doing process to increase the probability of positive transfer 
and the contribution to meaningful learning. All of the scenarios require manager agents, task controller agents, 
partner agents, and reflection-prompting agents. Manager, task controller, and partner agents play various roles in the 
tasks/activities and interact with learners to support task completion. For example, agents may provide 
instructions/hints/suggestions for solving the tasks, present task results to learners, analyze learner data, control the 
script procedures, and encourage learners.  The reflection-prompting agents play fictitious interrogator roles to 
prompt student reflections via elaborative interrogation techniques. They then send the self-reflection data to the 
manager agents for further analysis and notify the task controller agents that the student has finished the self-
reflection. The architecture of our system is presented in Figure 1.   
 

 
Figure 1. The architecture of our simulation system (the major design of this study is marked with the dotted line) 
 

 
Figure 2. Sample user interface screen. 

Simulation system 

Simulated tasks/activities 

Learners 

Interaction for completing tasks  Agents play various roles in 
tasks/activities 
 

Agents prompt self-reflections 
Interaction for collecting 
learner reflections 
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The platform of this study is a simulation system. The system has the following general characteristics. (a) It is 
Internet-based, containing multiple users playing roles in a virtual environment. (b) Users are introduced to the 
virtual room with a detailed description and illustration of the foreground and background environments. The user 
interface is presented in Figure 2. (c) Important attributes that determine user status include gender, age, energy and 
the amount of available money. (d) An online instruction manual is offered to help users with this system. (e) Users 
can type in text to communicate with other users or agents. (f) The simulation system can support collaborative 
learning; this study requires participants to collaboratively accomplish several tasks but individually accomplish self-
evaluations. (g) Logs of learner behavior are saved in the system, allowing for further analysis by researchers. 
 
 
The task design 
 
Before it introduces MI self-reflection activities, the simulation system provides interesting and diverse scenarios and 
agents that support hands-on tasks that allow individuals to exercise five types of MI via role-playing activities. In 
the field test described in this study, participants had two 120-minute sessions to explore the simulation environment 
and undertake the problem-solving tasks. Certain of these tasks require linguistic intelligence for reading and writing, 
because the tasks, scenes and characters are described using Chinese words and phrases. Learners have to read 
written instructions carefully to complete task requirements. Moreover, learners only communicate with each other 
or agents through writing and are sometimes required to write a short essay or journal. Several of the tasks require 
logical-mathematical intelligence, such as the “Tower of Hanoi” problem and the bucket-of-water task (learners have 
to use 3- and 5-liter buckets to obtain 1 liter of water). Certain tasks require spatial intelligence, such as reading maps 
and taking bearings to move freely among the scenes in the simulation environment. Certain tasks require 
interpersonal intelligence, such as asking learners to invite three or four people to work cooperatively to discuss 
strategies, overcome barriers, and collect treasures. Other tasks require intrapersonal intelligence, providing agents to 
promote the divergent thinking of learners. For example, these agents may ask learners, “Is doing so all right?”, 
“Will that be ok for you?”, and “How about doing it another way?”  
 
The environment vividly simulates real-life situations. For example, in train tour scenarios (see Table 1), individuals 
can enter a train station, get on or off the train, exit the station, and visit local tourist attractions. Learners are asked 
to solve problems in a variety of situations, such as hunting for treasure in a train station or asking for help 
(collecting money) from a human partner to buy a train ticket. During the course of these tasks, the interrogator 
agents are responsible for prompting MI self-reflections. In certain tasks, learners can earn extra points or rewards or 
jump to the next stage faster as incentives for answering the self-reflection questions.  
 
 
The design principles of the reflection-prompting agents 
 
In our system, self-reflection is elicited through casual and enjoyable conversations with bizarre, interesting agents in 
attractive role-playing scenarios. The reflection-prompting agents are committed to preserving enjoyment and social 
presence in interactions; therefore, they must be immersed within story scenarios and immediately communicate with 
learners. The agent-learner dialogues that are collected are further transformed by the system. The agent design 
follows 5W principles, as explained below. 
• The “Who” principle: To maintain consistency across learning-reflection situations, the roles that the reflection-

prompting agents play in the simulation environment are natural to the scenario. For example, an agent may 
announce her/himself as paparazzi, chasing learners through the streets; the agent may also be a groundhog in the 
Loess Plateau, a Bregalad in the Smoky Forest, or a fortuneteller in a fortune-telling house (see Table 1). They 
interview the learners and initiate reflection-promoting conversations. 

• The “How” principle: To ensure that the interactions are as conversational as a typical daily chat, AI technologies 
(semantic networks and natural language processing) were used to control the conversational context (as 
described in the later section). In this way, the conversations between agents and learners appear natural and 
realistic.  

• The “What” principle: Five of the eight intelligences in the MI scheme (specifically, the linguistic, logical-
mathematical, spatial, interpersonal, and intrapersonal intelligences) were used as the basis for questions that 
prompted self-reflections. All of the questions asked by the agents are generated in accord with the simulation 
scenarios/activities that the learners have just explored. Because the tasks in the simulation environment provide 
ample opportunities for hands-on experience and practice that would enable learners to use various abilities, the 
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appearances of the reflection-prompting agents are to prompt learners to reflect on their intelligence preferences. 
• The “When” principle: To facilitate real-time self-reflection, the reflections are immediately elicited by the 

reflection-prompting agents while the learners work on relevant simulation tasks. There is no interval between 
reflection and learning because reflection is part of the learning process.  

• The “Where” principle: Our goal was to maintain continuity between the teaching/learning and the reflection 
activities. Table 1 indicates the places and activity themes: (a) the astrology club (fortune-telling house) where 
the astrologers (fortunetellers) talk with the learners and predict their future life events; (b) several cities along a 
train tour where the paparazzi are interested in the learners’ tasks and then collect learners’ information for a 
news report; and (c) the monster dens where learners exchange information with gatekeeper monsters for the 
right to enter other dens and seek to perform more tasks. The reflections do not interrupt the progress of the 
simulation scenarios.  
 

Table 1. The activity themes, scenes, and roles of the reflection-prompting agents. 
Reflection Activity Themes Scenes Agents’ Roles 

Fortune-telling 
Astrologers (fortunetellers) ask users questions and 
make predictions for what they will experience next 
week in terms of close relationships, friendships, 
schoolwork, financial budgets, and work/career. 

Two booths: 
Astrology club 
Fortune-telling house 

Astrologers: The Astrology 
Prince, Vivian, and Liz Tang. 
Fortunetellers: Miss Jen-Yi Lin 
and Miss Yu Yang. 

One-day Train Tour 
Users travel by train to several cities. Paparazzi 
follow the users and conduct interviews along the 
tour. 

Three day tours: 
One-day tour to Hualien 
One-day tour to Taipei 
One-day tour to Kaohsiung 

Paparazzi: for example, 
Stalkerazzi 

Treasure Hunt in Monster Dens 
Users are within a labyrinth and must walk through 
several gateways guarded by monsters when they 
need to move from the first to the second floor. By 
answering questions, users earn keys or tools to 
enter the second floor. 

Five settings: 
Mountain of Doom 
Gold Cave of Darkness 
Loess Plateau 
Dead Marshes 
Smoky Forest 

Monster: Balrog 
Monster: Gold Python 
Toy: Groundhog 
Monster: Siren 
Monster: Bregalad 

 
 
The communication methods between the reflection-prompting agents and learners 
 
We edited the questions using semantic network technology. The question ordering follows semantic network links 
(an example is illustrated in Figure 3).  
 
The reflection-prompting agents would provide appropriate feedback depending on whether the learner’s replies are 
positive or negative (as reported below), thereby affecting the subsequent question. The question ordering is different 
for each student. To ensure that each student is asked each question only once, the design of the semantic networks is 
kept simple. A semantic network comprises only 5-10 questions. Our fifty self-reflection questions were divided into 
several semantic networks, integrated with the relevant scripts and scenes, and posted by the agents at the appropriate 
time. Several semantic networks aligned with potential script developments. Using semantic networks, we are able to 
develop dialogue lines for agents’ social conversations. 
 
We analyzed the learners’ answers using natural language processing technology to identify the wording in sentences 
and classify the answers into three categories: positive answers, negative answers and neutral comments. Neutral 
comments (e.g., "not bad" and "so-so") receive zero points, or answers implying uncertain or nonsensical ideas 
trigger an agent to repeat the question. Other sentences are divided into adverbs, negatives and adjectives/verbs (see 
Table 2). If the replies include an adverb of degree (e.g., very, more, much, rather, quite, or too), the adverb section 
will receive two points; if no adverb is found, it will receive one point. If the replies include a negative, the negative 
section will receive minus-one point; if no negative is found, it will receive one point. If the replies include a positive 
adjective or verb, the adjective/verb section will receive one point; if a negative adjective or verb is identified, it will 
receive minus-one point. Moreover, we found that high school students frequently used slang and expression 
symbols when answering the questions in the pilot test. For example, “I damn like this…”, “I super hate…”, and 
“XD”. Therefore, to enhance the identification ability of the natural language processing technology, we expanded 
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the conversation database to include popular slang and expression symbols. Slang for expressing degree (e.g., damn 
and super) is regarded as an adverb of degree (receiving two points). Positive expression symbols (e.g., ^^, :), and 
XD, meaning smile or laugh) are regarded as positive adjectives/verbs (receiving one point); negative expression 
symbols (e.g., ><, :(, and Q_Q, meaning anger or cry) are regarded as negative adjectives/verbs (receiving minus-one 
point). Points for individual words are multiplied to produce a total score (from -2 to +2) for each sentence/comment. 
Several examples are demonstrated below. 
 

Figure 3. A partial example of a semantic network. 
 
  
 

Did you have a good time with your teammates? 
 

Hello I’m Stalkerazzi of The Paparazzo Post.  
We’re gonna cover “One-day Train Tour” in our paper and would like to know how 
you feel about this tour. 
 

Would you rather work with a 
team than alone? 
 

Positive answers 
 

Would you rather work alone 
than with a team? 
 

Negative answers 

Positive answers 
 

Cool! Could you learn by 
yourself and have fun alone? 
 …

…
 

Positive answers 
 

Me too!  
Do you like your teammates? 
 …

…
 

Negative answers 
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If the total score is smaller than 0, the sentence is considered to be a negative answer; otherwise, it is a positive 
answer. The primary purpose of this scoring system is to make it possible to conduct further quantitative analyses 
and to make comparisons between MI self-reflections collected through the agent interviews and those obtained 
using the paper-pencil questionnaires. 
 

Table 2. The words are used to analyze learner comments. 
Adverbs Negatives Positive 

Adjectives/verbs 
Neutral comments Uncertain or 

nonsensical ideas 
very, too, greatly, 
pretty, more,  
much, extremely, 
often, damn, always, 
super, the most, 
fairly, quite, really, 
absolutely…etc.     
 

【+2 points】 

not, none, 
without…etc. 

                                                     

【–1 point】 

like, love, yes, fit in with, 
may, ok, clear, can, agree 
with, proper, able, sure, 
want, ^^, :), XD…etc.  
 
【+ 1 point】 

just on, not bad, so-so, no 
affect, acceptable, 
passable, common…etc.  
 

【0 points】 

I don’t know, 
uncertain, not 
sure…etc, or 
nonsense                        
 
【Ask again】 

No adverb No negative Negative 
Adjectives/verbs 

【+ 1 point】 【+ 1 point】 bad, dislike, hate, no, less, 
disagree, ><, :(,  Q_Q…etc   
 
【–1 point】 

 
 
Methods 
 
Participants 
 
The participants were 117 tenth-grade students from the Information Processing Program at a vocational high school 
in Taiwan. According to prior performance records from the national senior high school entrance examination, 
students in this school were ranked in the top 30% of all senior high school students in Taiwan. 
 
 
Measures 
 
Because the participants were high school students in Taiwan, we used Tai’s (2002) Chinese High School Students 
Inventory of Multiple Intelligences, which was developed to measure high school students’ MI preferences. The 80-
item questionnaire was modified from Armstrong’s (1994) MI Inventory for Adults. As mentioned previously, our 
focus was on five of the eight categories of intelligence; thus, the study used 50 of the original questionnaire items 
for our purposes, with 10 items relating to each of the following intelligence categories: linguistic, logical-
mathematical, spatial, interpersonal, and intrapersonal. All of the items are measured on a five-point Likert scale. 
Item analysis was used to assess the quality of individual questions and a combination of reliability, and factor 

I love him very much.                             Neg=1, V=1, Adv=2  1*1*2=2  +2 points 
I damn like swimming.                           Neg=1, V=1, Adv=2  1*1*2=2  +2 points 
Yes, I like it.                                           Neg=1, V=1, Adv=1  1*1*1=1  +1 point 
It is not bad.      0 points 
I don't like to play alone.          Neg=-1, V=1, Adv=1  -1*1*1=-1  -1 point 
><                                                            Neg=1, V=-1, Adv=1  1*-1*1=-1  -1 point   
I really hate to keep a diary.                    Neg=1, V=-1, Adv=2  1*-1*2=-2  -2 points 
I'm not sure.      Repeat the question  
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analyses were used to evaluate the overall reliability and construct validity. The Cronbach’s alpha coefficients, which 
ranged from 0.8015 to 0.9102, were regarded as acceptable. 
 
 
Procedures 
 
The test was conducted in computer classrooms over a three-week period. Before the simulation activities occurred, 
the students were required to fill in a pre-simulation paper-pencil questionnaire (20 minutes), read through the 
instructions for operating the simulation system (60 minutes), and then complete the pre-simulation agent interview, 
Fortune-telling (30 minutes, no learning tasks, only simulated interview situations in which agents act as the 
astrologers), during week 1. The first simulation activity, One-day Train Tour (120 minutes, including the agent 
interview, agents act as the paparazzi), was completed during week 2. The second simulation activity, Treasure Hunt 
in Monster Dens (120 minutes, including the agent interview, agents act as the monsters), and the post-simulation 
paper-pencil questionnaire (20 minutes, it was filled after all of the simulation activities) were conducted during 
week 3. 
 
 
Results  
 
Two thirds of the participants successfully completed the simulation activities and agent-mediated self-
reflections 
 
We examined each participant’s log and record and found that of the 117 high school students, five students could 
not finish the first simulation activity and 45 students could not finish the second simulation activity (including the 
agent-prompted reflections in both cases) within the preplanned 120-minute time window. Because the second 
simulation activity is more difficult than the first one, several students could not generate solutions to those tasks in 
time. We observed that the time needed by each learner to solve the problems was different, and therefore we suggest 
that the time limitation or difficulty level should be adjusted to raise the success rate for that activity. 
The following is a real conversation transcribed from our system logs. The agent named Golden Python, a virtual 
monster, interacted with Wantai, a participant. 
 
Golden Python: Hello, I am Golden Python. I am extremely wealthy with unlimited gold, and I love dispensing gold 

products to people. If you want to receive my gifts, you’ll have to be friends with me.  
Can we be friends? 

Wantai: Yes. 
Golden Python: Awesome! I’m so excited! 

Besides me, do you have other good friends? 
Wantai: Yes. I do have some. 
Golden Python: Oh… I envy you. 

Do you like outdoor activities? 
Wantai: I love outdoor activities very much! 
Golden Python: Well then, let’s go do something outdoors together next week! 
                         Besides that, do you have any other hobbies? 
Wantai: Yes. I like to collect badges. 
Golden Python: Hm…I see. 
                         Do you like painting?  
Wantai: Yes. I do. 
Golden python: Excellent! I love painting too! 

Do you like entertainment, like TV programs, movies or magic shows? 
Wantai: Yes. I like to watch TV and movies. 
Golden python: Wow! Your life is really interesting and exciting! 

  Do you want to know more about me? 
Wantai: Yes! I would like to. 
Golden python: I live in this massive gold mine. I have experienced vicissitudes and feel indifferent toward all these 

people wasting their lives striving for power, fame and wealth. People trick each other and 
constantly fight their peers. I feel very lonely! 
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Do you enjoy being with a crowd of people? 
Wantai: Yes, I like to be with friends. 
Golden python: Me too. 
                         Do you like to be the leader in a group of people? 
Wantai: So-so. 
Golden python: Huh? 

  Do you like to play toy models? 
Wantai: Yes. I like that. 
Golden python: OK. I have to go! It is my pleasure to meet you! I’d like to give you a “Golden Toy Model” in honor 

of our meeting! 
 
 
Participants favored the agent-prompted reflection over a paper-pencil questionnaire 
 
The agent interview was preferred by 72.03% of all the participants, whereas 3.50% of the participants preferred the 
questionnaire. The remaining 24.47% perceived no difference between the two. To further analyze the rationale for 
each choice, we summarized and categorized participant rationales into the following points.  
The reasons for preferring the agent interview include the following rationales: 
• It was interactive, interesting, funny and laid-back, just like chatting. I was not bored and felt relaxed, cheery, and 

amused. 
• I answered more carefully because I received some feedback that gave me suggestions. 
• It was more flexible, and I could elaborate upon my ideas, thoughts and feelings. 
• It was a virtual scenario that accurately simulated a real interview. I found it to be very realistic. Sometimes, the 

system would ask me to repeat when it could not read my words.  
• It was more efficient and interesting to test and play a game at the same time. It could arouse my interest and help 

me feel more committed to these activities.  
• Sitting in front of a computer is quite unique. I was tired of the paper-and-pencil questionnaire. 

 
The reasons for preferring the questionnaire include the following rationales: 
• I did not have to read sentences that were irrelevant to the question. 
• I did not have to type. The computer sometimes could not read what I meant. 
• I had enough time to answer carefully when I used the questionnaire; I did not have sufficient time to think 

through my answers during the simulation course because the questions kept popping up. 
 

The primary reason for choosing “no difference” follows: 
 Both formats were designed to answer questions. 

 
The results indicate that a great majority of students preferred the agent interview to the questionnaire. As a result of 
the interactions, feedback, and scenarios in the simulation environment, students generally felt that the agent 
interview was interesting, entertaining, lively, and novel. 
 
 
The reflections collected by the agent interviews were in accord with those collected through the paper-pencil 
questionnaires 
 
Table 3 lists the self-reflections (means and standard deviations for MI subscales) (a) collected through the paper-
pencil questionnaires on two occasions: pre-simulation and post-simulation (N = 117), and (b) collected through the 
agent interviews on three occasions: pre-simulation (N = 117), during the first simulation activity (N = 112) and 
during the second simulation activity (N = 72).  
 
Table 3. The mean and standard deviation statistics for five MI reflections collected on two occasions (pre- and post-

simulation) and through two formats (paper-pencil questionnaire and agent interview). 
Occasions Pre-Simulation Post-Simulation 
 
Formats 

 
Paper-pencil 

 

 
Agent Interview 

(N=117) 

During 1st sim 
Agent 

Interview 

During 2nd sim 
Agent 

Interview 

 
Paper-pencil 

 

161 



(N=117) (N=112) (N=72) (N=117) 

MIs M SD M SD M SD M SD M SD 
Linguistic 3.11 0.57 3.16 0.37 3.29 0.44 3.41 0.41 3.21 0.51 
Logical 3.01 0.62 3.16 0.45 3.27 0.42 3.44 0.41 3.17 0.61 
Spatial 3.49 0.61 3.48 0.38 3.58 0.31 3.74 0.30 3.63 0.57 
Interpersonal 3.71 0.65 3.75 0.32 3.77 0.26 3.82 0.28 3.80 0.59 
Intrapersonal 3.40 0.50 3.43 0.36 3.54 0.27 3.64 0.28 3.55 0.52 
 
Correlation analyses were conducted to determine whether the reflections about the same MIs collected through 
hetero-occasion same-format means as well as the reflections collected through hetero-format same-occasion means 
were correlated (in Table 4). The correlation (of the same trait) of hetero-occasion same-format is an index of 
stability that should be significant and high in magnitude, representing the fact that the two datasets belong to the 
same theoretical construct. The variance primarily derives from the changes in occasions (in this study, before and 
after the simulation exploration and problem solving). The results show that the correlations between the five MI 
reflections collected through the paper-pencil questionnaires on pre- and post-simulation occasions were all 
significant with high magnitudes (rs = .538 ~ .831, p < .01). The correlations of the five MI reflections collected 
through the agent interviews on different occasions were also significant: between the pre-simulation and the 1st 
simulation reflection collections, rs = .570 ~ .618 (p < .01); between the pre-simulation and the 2nd simulation 
reflection collections, rs = .374 ~ .645 (p < .01); and between the 1st simulation and the 2nd simulation reflection 
collections, rs = .519 ~ .672 (p < .01). The correlations of reflections collected by hetero-format hetero-occasion 
means were either non-significant (e.g., r = -.065) or significant but low in magnitude (e.g., r = .208, p < .05). 
 
The correlation (same-trait) collected through hetero-format same-occasion means constitutes an index known as 
convergent validity in psychometrics (MTMM, Crocker & Algina, 1986). The very same trait evaluated by two 
different methods should be significant but to a lesser degree than the stability index mentioned above. Under this 
type of comparison, the datasets share the same theoretical concept; thus, the major variance derives from various 
measurement methods (also called the method effect). The results listed in Table 4 indicate that for the pre-
simulation occasion, the same MI reflections collected through hetero-formats (paper-pencil questionnaire vs. agent 
interview) were significantly correlated (rs = .411~.638, p < .01). Similarly, for the post-simulation occasion, the 
same MI reflections collected through hetero-formats (paper-pencil questionnaire vs. agent interview in the 2nd 
simulation) were also correlated (rs = .314~.485, p < .01). A comparison of the correlations obtained if only the 
individuals present in all collections were considered demonstrates that the same-format hetero-occasion correlations 
(stability) are higher than the hetero-format same-occasion correlations (convergent validity). 
 

Table 4. Correlations between hetero-format data (paper-pencil questionnaire and agent interview) and hetero-
occasion data (pre- and post-simulation activities). 

Formats 
Occasions 

Hetero-Format 
Same-Occasion 

Same-Format 
Hetero-Occasion 

 
 
MIs 

P / A  
Pre-simulations 

(N=117) 

P / A  
Post-simulations 

(N=72) 

A 
Pre/1st sim 
 (N=112) 

A 
Pre/2nd sim 

 (N=72) 

A 
1st / 2nd sims 

(N=72) 

P 
Pre/Post 
(N=117) 

Linguistic .445** .340** .570** .645** .672** .742** 
Logical .638** .314** .618** .496** .519** .831** 
Spatial .457** .485** .578** .374** .559** .689** 
Interpersonal .411** .334** .594** .565** .618** .538** 
Intrapersonal .483** .387** .592** .439** .641** .684** 
Note. P = paper-pencil, A = Agent interview; ** p < .01  
 
As discussed above, statistics demonstrated that the MI preference self-reflections collected through the agent 
interviews were adequately in accord with the self-reflections collected through the traditional paper-pencil 
questionnaires. Both self-reflection formats are capable of evaluating self-reflections regarding the five intelligence 
categories. Thus, it is feasible and appropriate to use the agent interview method to collect and transform 
conversational comments into quantitative scores. 
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Discussions 
 
This study developed a new method for collecting self-reflections via agent interviews in a simulation environment. 
The results support the notion that this new method is reliable and convergent with the traditional paper-pencil 
methodology. Furthermore, the MI reflections collected through the agent interviews remained rather stable across 
different occasions. Thus, self-reflection can be effectively prompted not only through questionnaires but also 
through agent interviews in simulation environments. 
 
Our design allows learners to reflect on themselves through fun, vivid and attractive tasks, thereby enhancing 
students’ motivation and interest in self-reflection. The features of the simulation technology, such as immediacy of 
response, free options, and bi-directional communications, help enhance the interactions between the users and the 
medium. Furthermore, educational agents enrich the social context in a learning environment by providing virtual 
participants that enhance the member multiplicity and by supporting means of fostering communication with real 
participants. Our reflection collections are blended with the interesting characters, story situations, and scenes in a 
simulation environment. This method elicits students’ curiosity. The participants reported that they preferred casual 
conversations with the agents to filling in questionnaires. 
 
Investigators have long recognized the need for an assessment tool that is more representative of life experiences 
than laboratory assessments, global questionnaires, or observer ratings (Redelmeier & Kahneman, 1996). Our design 
can collect data in a simulation environment in which learners respond to questions throughout the course of working 
on tasks in a setting that is very similar to their natural learning environment. The advantage of using agent 
interviews in simulation is that the self-reflections are collected while the participants are still exploring or have just 
solved problems. The self-reflections are collected in real-time while the problem-solving situation remains ongoing; 
it may reduce situational biases. Furthermore, the educational value of computer-assisted assessment arises largely 
from its capacity to provide students with immediate feedback on their comprehension level. Agent interviews can 
provide substantial and rich stimuli for a learner to display an index of instantaneous reflections about his/her own 
cognition, comprehension, abilities and affective states during the learning process. The participants do not need to 
reflect their competences/preferences based upon retrospective memories that may produce memory biases. 
 
 
Conclusions 
 
In this study, we introduce a new practical application of simulation as an effective learning tool: simulations can 
prompt multi-faceted self-reflections and thereby enhance self-awareness. We suggest that self-awareness about 
personal competence, values and affections is critical for high school students in choosing an appropriate 
undergraduate major program. The introduction of simulations that prompt self-reflections thus provides not only 
short-term implications for classroom learning but also long-term prospects for career decision guidance. 
 
Simulations meet various teaching requirements and have been widely applied in a broad range of educational and 
training courses. To understand students’ learning processes, performance, or outcomes in simulated environments, 
three types of measurements are generally applied. First, some systems might automatically record learner outcomes, 
such as parameter changes (critical indicators presented in the simulation process) and user behavior timestamps 
(Shute, Ventura, Bauer, & Zapata-Rivera, 2009; Tan et al., 2010). These outcome records consist mostly of 
quantitative summaries presented after the completion of simulation activities. Quantitative data provide 
unambiguous feedback for teachers. However, if learners do not learn well, teachers cannot retrieve step-by-step 
detailed processes of where the students have failed. Second, some systems automatically record detailed action 
transformations during simulation activities, such as group work interactions or step-by-step decision-making 
processes (McLaughlan & Kirkpatrick, 2004; Tan et al., 2010). The information generated through this process is 
often tremendous volume and therefore can make it difficult to formulate a summary report. Teachers also lack the 
analytical tools to diagnose learning processes, and therefore this type of system is not practical for improving 
teaching. Finally, some teachers use oral and written briefings, debriefing sessions, interviews, or questionnaires to 
collect learners’ reflections on a simulated learning course (Asakawa & Gilbert, 2003; Martin, 2006). These 
reflections can help teachers grasp positive or negative impact factors during a learning course. Nonetheless, when 
briefings, interviews, or questionnaires are conducted simultaneously with the simulation course, they may interrupt 
immersed learning and reduce the quality of simulation-based learning. If these responses are not measured during 
the simulation course, some situational and memory biases may occur. Our design retains the advantages of the three 
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types of measurements reported above and mitigates their disadvantages. This self-reflection design provides an 
adequate method for collecting students' reflections on their own cognition and affective states during the learning 
process in a simulated environment and assists teachers in understanding students' learning situations in simulation-
based e-learning.  
 
We acknowledge at least two study limitations and suggest future studies. First, because this design is an innovative 
attempt to integrate self-reflection with simulation, it is impossible to test the main effect of this method using typical 
experimental methods, which would require a control group that experiences traditional classroom instruction. This 
study used observational techniques to collect students’ self-reflections based on the MI scheme; the evidence about 
its effect in supporting conceptual learning or self-regulated learning is thus clearly preliminary. Future studies are 
encouraged to adopt mixed research methods (Maxwell & Loomis, 2003) to obtain a deeper understanding of the 
effects created when teachers introduce innovative assessment techniques in simulations. Second, we used a text-
based online virtual reality system as the learning environment; however, this type of virtual reality system is not 
popular at the present time. As graphics-based virtual reality systems are popular and available, future studies could 
adopt these systems that incorporate agent interview mechanisms to prompt self-reflection. 
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ABSTRACT 

Printed books have long been an important means for people to obtain knowledge; nevertheless, educators have 
pointed out problems of learning from some printed books, in particular, the lack of learning supports, such as 
supplementary materials and learning guiding tools. In this study, a concept map-oriented ubiquitous learning 
approach is proposed for supporting printed science book reading activities for children via mobile devices with 
QR-code facilities. A quasi-experiment has been conducted in an elementary school to evaluate the effectiveness 
of the proposed approach, in which 92 sixth graders participated. The experimental results show that the concept 
map-oriented ubiquitous learning approach is significantly more helpful to the students in reading printed books 
than traditional book reading and the conventional ubiquitous learning approach in terms of learning 
achievements; moreover, the students had a high level of acceptance of such a mobile technology-assisted 
learning system in terms of “ease of use”, “usefulness” and "attitude and intention of future use.” 

 
Keywords 
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Introduction 
 
Printed books have been advocated as an important learning resource (Fletcher & Reese, 2005; Ortiz, Stowe, & 
Arnold, 2001) and have been linked to language development (Whitehurst et al., 1988), emergent literacy (Allor & 
McCathren, 2003; Whitehurst & Lonigan, 1998), oral and written skills (Whitehurst & Lonigan, 1998), and even 
science learning (Chen, Teng, Lee, & Kinshuk, 2011). When reading books, children activate and integrate their prior 
knowledge with the book content, use strategic processes to identify key concepts, synthesize and summarize 
information, make inferences, and participate in the story (Paris & Paris, 2003). However, for learning content that is 
abstract, such as science or mathematics, children might lose interest in reading the books without learning supports 
(Mantzicopoulos & Patrick, 2010, 2011).  
 
In the past decades, owing to the advancement and growing popularity of computer and network technologies, a 
considerable number of digital books have been developed to provide a more convenient channel for people to learn; 
however, numerous learners still prefer reading printed books (Ackerman & Goldsmith, 2008; Chao & Chen, 2009; 
Chen, Teng, Lee, & Kinshuk, 2011; O’Hara & Sellen, 1997). Furthermore, researchers have reported the benefits of 
learning with printed books; for example, O'Hara and Sellen (1997) pointed out the major advantage of printed book 
reading, including (1) free-text annotation, which helps learners highlight, underline, summarize, and/or annotate; (2) 
quick navigation, which helps learners navigate the text quickly and automatically; and (3) flexibility of spatial 
layout, which helps learners gain a sense of overall structure, cross referencing and interleaving of reading/writing. 
The study of Ackerman and Goldsmith (2008) showed that the learning achievement of students who learned with 
printed texts was better than that of students who learned with digital texts. That is, printed books remain an effective 
means of learning. On the other hand, researchers have pointed out some problems of reading printed books, 
including the lack of learning supports, such as supplementary materials and learning guiding tools (Dünser & 
Hornecker, 2007). Therefore, it remains an important issue to provide learning supports for printed book reading 
(Chen, Teng, Lee, & Kinshuk, 2011). 
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Recently, the advancement of mobile and wireless communication technologies has further offered an opportunity 
for providing support for reading activities with digitalized supplementary materials. For example, several studies 
have demonstrated the convenience of using mobile devices in supporting and augmenting paper-based learning 
(Chao & Chen, 2009; Chen, et al., 2011; Ozcelik & Acarturk, 2011). Hwang, Tsai and Yang (2008) further defined 
the learning approach that employs mobile, wireless communication and sensing technologies to enable students to 
learn in real-world environments with access to digital resources as context-aware ubiquitous learning (u-learning).  
 
On the other hand, scholars have emphasized the importance of providing scaffolding, a kind of instructional support, 
to help learners achieve goals that they cannot accomplish on their own (Kuo, Hwang, & Lee, 2012; Peng et al., 2009; 
Wood, Bruner, & Ross, 1976). For example, the studies of Chu, Hwang and Tsai (2010) and Hwang, Chu, Lin and 
Tsai (2011) showed the effectiveness of using knowlege construction tools in helping students conduct ecology 
observations for a natural science course. Chen et al. (2011) further indicated that the provision of scaffolding could 
benefit learners in reading. Among various learning strategies or tools, concept maps have been considered as being 
an effective tool for facilitating meaningful learning by helping students to link their prior knowledge with new 
experiences as well as organizing the accumulated knowledge (Liu, Chen, & Chang, 2010).  
 
In this study, we augment paper-based reading activities in an elementary school natural science class by developing 
a reading system using smartphones in association with QR (Quick Response) code technology to provide students 
with a way of linking printed science books with corresponding digital materials and concept maps. Moreover, an 
experiment has been conducted to demonstrate the effectiveness of the proposed approach. 
 
 
Literature review 
 
Computer and mobile technologies in reading activities 
 
The popularity of computer technologies has provided opportunities to conduct various kinds of learning activities. 
Earlier studies mainly employed multimedia technology to help students improve their reading comprehension 
(Garza, 1991; Hoven, 1999). Later, some researchers employed more advanced computer technologies, such as 
Virtual Reality (VR) or Augmented Reality (AR), to assist children in reading printed books by providing three-
dimensional virtual content (McKenzie & Darnell, 2003; Yang et al., 2009).  
 
The advancement of portable devices (e.g., PDAs, smartphones and e-books) and wireless communication 
technology has brought the learning technology into a new era, in which the potential of mobile and ubiquitous 
learning or one-to-one learning has been noted by researchers (Chan et al., 2006; Hwang, Tsai, & Yang, 2008). The 
benefit of using mobile and wireless communication technologies to provide learners with learning supports has been 
reported by many researchers, and includes learning guidance for in-field activities (Chiou, Tseng, Hwang, & Heller, 
2010; Chu, Hwang, & Tseng, 2010; Hwang, Tsai, Chu, Kinshuk, & Chen, 2012) or in-class activities (Chang, Lan, 
Chang, & Sung, 2010; Wong, Chin, Tan, & Liu, 2010), as well as the provision of help-seeking (Yang, 2006) and 
assessment (Coulby, Hennessey, Davies, & Fuller, 2011; Hwang & Chang, 2011) mechanisms. Those learning 
systems have been applied to various practical applications, such as science learning (Hwang, Chu, Shih, Huang, & 
Tsai, 2010; Liu, Peng, Wu, & Lin, 2009; Rogers, Price, Randell, Fraser, Weal, & Fitzpatrick, 2005; Shih, Chuang, & 
Hwang, 2010), social science learning (Hwang & Chang, 2011) and language courses (Looi et al., 2010, 2009; Ogata, 
Matsuka, El-Bishouty, & Yano, 2009). 
 
Chan et al. (2006) and Roschelle and Pea (2002) have indicated that such one-to-one learning has augmented 
physical space and leveraged topological space. They pointed out that the affordance of one-to-one learning using 
handheld devices is the latest trend in learning, whereby digital augmentation might break down many of the 
physical barriers to learning. 
 
In recent years, several studies incorporating mobile devices with printed documents have been carried out. For 
example, Yeh et al. (2006) developed a mobile learning system which integrated paper notes with in-field ambient 
information, including digital photos of the surrounding learning targets and the data collected from the real-world 
environment. Chao and Chen (2009) proposed a learning support system in which a mobile phone was incorporated 
with printed books and a web-based discussion forum. Bederson, Quinn and Druin (2009) presented a zoomable user 
interface on mobile phones to support reading scanned multi-lingual printed books. Chen et al. (2011) and Ozcelik 
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and Acarturk (2011) further demonstrated the use of mobile devices and QR code technology as a complement to 
printed course materials. A QR Code is a two-dimensional barcode, which consists of black modules arranged in a 
square pattern on a white background. Within this barcode can be encoded a URL (web address), text, or other 
information which can be read by a QR code scanner (e.g., Smartphone apps) (Chao & Chen, 2009; Chen, et al., 
2011). QR code technology can link offline information to online content, effectively providing additional 
information and even multimedia resources (Chao & Chen, 2009; Chen, et al., 2011; Ozcelik & Acarturk, 2011). 
 
The previous research not only demonstrated the potential of using mobile technologies to support printed book 
reading, but also revealed the need to develop adequate Mindtools or knowledge construction tools to assist students 
in organizing knowledge obtained from books (Liu, Chen, & Chang, 2010). For example, Hwang, Shi and Chu (2011) 
have reported that the students who learned with concept maps in ubiquitous learning environments have 
significantly better learning outcomes than those who learn with the traditional tour-based ubiquitous learning 
approach. The study of Hung, Hwang, Su, and Lin (2012) in an in-field ecology observation activity has also shown 
that the use of concept maps in ubiquitous learning activities is helpful to students in improving their learning 
outcomes. Consequently, in this study, we have developed a ubiquitous learning system to support printed science 
book reading by providing supplementary learning materials to complement the printed content, and a concept map 
facility to assist students in organizing their knowledge learned from the books. 
 
 
Computerized concept maps 
 
Novak and Gowin (1984) have indicated that meaningful learning can be formed by helping students connect their 
old cognitive structures with the new ones during the teaching process. Among various knowledge organizing tools, 
concept maps have been recognized by researchers as being an effective tool for externalizing students' knowledge 
and reorganizing both their old and new knowledge (Akinsanya & Williams, 2004; Hwang, Shi, & Chu, 2011). In the 
past decades, concept maps have been used as a knowledge organizing tool for supporting meaningful learning by 
helping students represent and visualize their knowledge structures (Hwang, Wu, & Chen, 2012; Lim, Lee, & 
Grabowski, 2009; Novak, 2002; Trundle & Bell, 2010). 
 
The popularity of computer technology has brought the use of concept maps into the computerized era. Several 
studies have shown the effectiveness of computerized concept mapping systems in comparison with paper-and-pencil 
concept maps (Liu, Chen, & Chang, 2010; Kim & Olaciregui, 2008; Wu, Hwang, Milrad, Ke, & Huang, 2012). 
Researchers have indicated that the computerized approach has simplified the process of creating and revising 
concept maps; moreover, it has enabled more flexible presentations of the learning content as well as interactions 
among teachers and students (Hwang, Wu, & Ke, 2011; Reader & Hammond, 1994; Shin et al., 2000). Kim and 
Olaciregui (2008) have further reported that students seem to recall more ideas when they learn from a concept map 
than from a textual presentation. 
 
Computerized concept maps have played different roles in various applications in the past decade, including the roles 
of knowledge construction and organizing tools (Erdogan, 2009), knowledge structure measuring tools (Chang, Sung, 
Chang, & Lin, 2005), and learning guidance tools (Hwang, 2003; Panjaburee et al., 2010).  
 
 
Concept map-oriented ubiquitous learning system for supporting science book reading (CMULS) 
 
Figure 1 shows the structure of the concept map-oriented ubiquitous learning system for supporting printed book 
reading. The ubiquitous learning system consists of three parts: printed science books, mobile devices, and learning 
resources (i.e., digital learning materials and concept maps). The printed science books are provided with QR codes, 
which are a type of bar-code containing web addresses of supplementary materials. By using smartphones with 
wireless communication, learners can scan the QR codes on the printed books to access additional supplementary 
learning resources from the learning system, including concept maps and learning materials.  
 
Figure 2 shows an example of a printed science book with QR codes. The title of the book is “Lost in the Solar 
System” (Cole & Degen, 1990), from the Magic School Bus series, which tells the story of a class field trip into 
outer space during which the students visit each planet in the solar system. By using the smartphone "photo" function 
to read the QR codes on the book, the corresponding web addresses are accessed and the learning materials as well as 
the concept maps are thereby presented to the learners.  
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Figure 1. System framework of CMULS 

 

 
Figure 2. Illustrative example of reading printed science books with concept maps and supplementary materials 

using mobile devices 
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In this illustrative example, the concept map is used to help the students organize the information, identify the 
important concepts and the relationships between concepts, and perceive their learning status related to the "solar 
system" unit in the science book via visualizing the learning content and learning status information. In the upper 
right of Figure 2, the concept map shows different planets (in order of distance from the sun). The different colors in 
the bottom of the screenshot represent the reading progress status. The red node is the planet (e.g. Saturn) that is 
introduced on the current page, the light blue nodes are the planets that were introduced on the previous pages, and 
the grey nodes are the planets that will be introduced in the following pages. The left of the screenshot is a QR code 
icon. By touching the icon, a built-in camera is directly activated and learners can move on to scan other QR codes. 
The bottom right of Figure 2 shows the learning scenario of reading printed science books with concept maps and 
supplementary materials using mobile devices. 
 
The supplementary learning materials as well as the demonstrative concept maps were developed by consulting two 
teachers each with more than five years experience teaching natural science courses and who were informed of the 
importance of designing term/phenomenon explanations and more realistic illustrations (Ganea, et al., 2008; Tare, et 
al., 2010). Accordingly, such additional learning materials were developed, including digital text, images, and video 
clips, to help the students comprehend the learning content. Moreover, different types of learning supports can be 
accessed via the different colored QR-codes. For example, the blue QR codes link to concept maps (upper right of 
the figure) while the black codes link to learning materials (bottom right of the figure).  
 
 
Research design 
 
This study aims to investigate the effects of the concept map-based u-learning approach on students' learning 
achievement, cognitive load, and technology acceptance while reading printed science books with handheld devices. 
The learning content is the subject unit "the Solar System" of an elementary school natural science course. 
 
 
Participants 
 
The participants were 92 sixth graders from three classes of an elementary school in southern Taiwan. Two classes 
were assigned to be Experimental group 1 (N=28) and Experimental group 2 (N=31), while the third class was the 
control group (N=33). Note that all participants used the same books. The difference between the three groups was 
the learning treatments. The students in Experimental group 1 were instructed and guided to read printed books with 
access to concept maps and supplementary learning materials via smart phones; those in Experimental group 2 read 
printed books with access to supplementary learning materials via smart phones, but without access to concept maps; 
and those in the control group read the printed books with those supplementary digital materials presented by the 
teacher. It should be noted that the participants in Experimental groups 1 and 2 did not have a teacher providing 
further instruction.  
 
 
Experimental procedure 
 
Figure 3 shows the experimental procedure, which consists of three stages, that is, conducting the pre-tests, 
introduction to the tools and learning missions, and conducting the post-tests and the post-questionnaire. 
 
In the first stage, all of the students took the natural science course pre-test. The total time for this stage was 30 
minutes. In the second stage, the students in the three groups were instructed with the tools and missions of the 
learning activity. The time for this stage was 10 minutes.  
 
Following the instruction, a 60-minute learning activity was conducted. During this activity, the students in 
Experimental group 1 were guided to read the printed books with access to the corresponding concept maps and 
supplementary learning materials via handheld devices. The students in Experimental group 2 were supplied with 
supplementary learning materials via handheld devices. On the other hand, the students in the control group used the 
traditional approach to reading printed books with instruction from the teacher. 
 
In the final stage, the students completed a cognitive load questionnaire, the technology acceptance model 
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questionnaire, and the natural science course post-test. The total time for this stage was 40 minutes. 
 

Sixth graders (N=92)
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(N=28)

Experimental group 2 
(N=31)

Control group
(N=33)

The natural science course pre-test
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Children's science book 
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Figure 3. Experimental procedure 
 
 
Measuring tools 
 
The pre-test was conducted to evaluate the students’ prior knowledge before reading the printed science books. It 
consisted of 15 true-false questions, 15 multiple-choice questions, 4 matching questions and 5 fill-in-the-blank 
questions, giving a total score of 100. For example, two of the pre-test items are "Why are we unable to see the 
constellations of Scorpio and Orion at the same time? (1) Because Scorpio is much brighter than Orion; (2) Because 
the two constellations move to the same area at different times; (3) Because Scorpio moves faster than Orion; (4) 
Because Scorpio is closer to the earth" and "When we operate the planisphere (a device to show the locations of 
constellations), the position of Polaris changes from time to time (1) Yes; (2) No." 
 
The post-test aimed to evaluate the learning achievements of the students after using different treatments to read the 
printed science books. It consisted of ten multiple-choice questions, with a total score of 10, about the subject unit 
"the Solar System". The post-test was developed by consulting two teachers who had taught the natural science 
course for more than five years. For example, two of the post-test items are "Which planet in the Solar System is 
farthest from the earth? (a) Neptune; (b) Uranus; (c) Mars; (d) Venus; (e) Mercury" and "Why is the temperature on 
Venus higher than that of the other planets in the Solar System? (a) Because of the ozone layer depletion; (b) 
Because of the greenhouse effect; (c) Because of its shortest distance to the Sun; (d) Because of the effect of its 
satellites; (e) Because of its high moving speed." 
 
The cognitive load questionnaire was developed based on the cognitive load measure proposed by Sweller, van 
Merrienboer and Paas (1998). It consisted of 4 questionnaire items (e.g., "I feel great pressure in learning with this 
instructional approach" and "I need to put lots of efforts into understanding the learning content") with a 7-point 
Likert scale, where ‘7’ represented ‘strongly agree’ and ‘1’ represented ‘strongly disagree.’ The greater the cognitive 
burden, the lower the user’s satisfaction (Segall, Doolen, & Porter, 2005). The Cronbach's alpha value of the 
questionnaire was 0.88, showing adequate internal consistency in evaluating the cognitive load of the students. 
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The questionnaire of technology acceptance was modified from the questionnaire items developed by Davis (1989). 
It was used to explore how students came to accept and use the mobile technology while reading the printed books 
with a 7-point Likert scale, where ‘7’ represented ‘strongly agree’ and ‘1’ represented ‘strongly disagree.’ The 
questionnaire included three subscales: 6 items for "usefulness of reading printed books with support from the 
mobile learning system" (e.g., "The supplementary materials provided by the learning system are quite clear and 
effectively assist me in understanding the learning content" and "Combining the smartphones and the printed book is 
helpful to learning"), 7 items for "ease of use" (e.g., " It is easy to operate the learning system via the smartphones 
and QR codes" and "I learned to operate the learning system quickly") and 6 items for "attitude and intention of 
future use" (e.g., "I like to learn in this way" and "I would like to recommend this learning system to others"). The 
Cronbach’s alpha values of those three subscales were 0.94, 0.95 and 0.91, respectively, indicating high internal 
consistency. The students in both of the experimental groups were asked to complete this questionnaire after the 
learning activity. 
 
 
Results 
 
Learning achievement 
 
Before the experiment, a test of basic science knowledge was conducted to understand the differences in science 
cognition among the three groups. The descriptive statistics of the pre-test are presented in Table 1. 
 

Table 1.  Pre-test results of the natural science 
Group N Mean SD 

(E1) Experimental Group 1 28 83.29 7.12 
(E2) Experimental Group 2 31 92.61 5.18 
(C) Control Group  33 79.24 10.29 
 
After the learning activity, the three groups of students took the post-test. The pre-test scores were regarded as the 
covariance for analysis of covariance to delete the effects of the pretest on the learning outcome. The homogeneity of 
the regression coefficient was tested, which revealed that interaction F between the covariance was 0.31 (p > 0.05). 
This confirms the hypothesis of homogeneity of the regression coefficient. 
 
Table 2 shows the ANCOVA result on the post-test scores of the three groups. The means and standard deviations of 
the post-test scores were 7.23 and 1.05 for Experimental group 1, 6.61 and 1.50 for Experimental group 2, and 5.73 
and 1.64 for the control group. It is found that the post-test scores of the three groups are significantly different, with 
F = 7.80 (p < .01). Moreover, the adjusted means of the three groups were 7.34, 6.37, and 5.91. The pairwise 
comparisons show that there is a significant difference between E1 and E2, and a significant difference between E1 
and C. In other words, the students in Experimental group 1 had significantly better learning achievement than the 
students in both Experimental group 2 and in the control group. 
 
Consequently, it is concluded that a concept map-based ubiquitous learning approach to reading printed science 
books with handheld devices is more helpful to the students in terms of learning achievement in a natural science 
course than traditional printed science book reading and the conventional mobile technology-supported approach, 
implying the benefit of leading in with the concept maps to assist students to learn via mobile devices. 

Table2. ANCOVA result of learning achievement on the post-test scores of the three groups 

 Group N Mean S.D. Adjusted 
Mean F(2, 88) Pairwise 

comparisons 
(E1) Experimental Group 1 28 7.23 1.05 7.34 7.80** 

(E1)>(E2) 

(E1)>(C) 
(E2) Experimental Group 2 31 6.61 1.50 6.37  
(C) Control Group 33 5.73 1.64 5.91  
 Total number of students 92 6.50 1.56   
**p < .01 
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Cognitive load 
 
Table 3 presents the analysis result of the students' cognitive load. The means and standard deviations are 3.55 and 
1.36 for the control group, 3.86 and 1.38 for Experimental group 1, and 4.35 and 1.94 for Experimental group 2. 
Although both the experimental groups revealed slightly higher mean scores than the control group, the ANOVA 
result (F = 2.08 and p > .05) showed no significant difference between the three groups, implying that the three 
groups of students experienced equivalent levels of cognitive load during the learning activity. Moreover, the average 
cognitive loads of the three groups were not high, implying that printed science books provide an easy and relaxed 
way for students to read. In addition, it is interesting to find that Experimental group 1 had lower average cognitive 
load than Experimental group 2, showing that the lead in of the concept maps could have eased the cognitive load of 
the students in terms of using the mobile devices to access the supplementary digital materials. 

 
Table 3. ANOVA result of cognitive load on the three groups 

 Group N Mean S.D. F(2, 89) 
(E1) Experimental Group 1 28 3.86 1.38 2.08 
(E2) Experimental Group 2 31 4.35 1.94  
(C) Control Group 33 3.55 1.36  
 
 
Acceptance of using the mobile technology to support printed science book reading 
 
Table 4 presents an analysis of the students' degree of acceptance of using the mobile technology to support printed 
science book reading. The means and standard deviations of the usefulness subscale are 5.95 and 0.97 for 
Experimental group 1 and 6.24 and 1.12 for Experimental group 2, showing that most students felt that the proposed 
system was useful. From the interview, it was found that the students in both experimental groups showed positive 
attitudes toward reading the supplementary materials on the smartphones. Some of the students in Experimental 
group 1 further revealed that they were highly appreciative of the concept maps helping them understand the 
relationships between the learning items in the books. 
 
In terms of ease of use, the means and standard deviations are 5.48 and 1.18 for Experimental group 1, and 6.04 and 
1.18 for Experimental group 2; that is, most students felt that the ubiquitous learning system was easy to use. 
Moreover, the scores of the two groups were not significantly different, implying that the students in Experimental 
group 1 did not feel that it was difficult to receive the learning supports although they needed to read the concept 
maps via the handheld devices.  
 
In terms of “attitude and intention of future use,” the means and standard deviations are 5.90 and 0.88 for 
Experimental group 1, and 6.19 and 0.99 for Experimental group 2. It was found that the t-test result shows no 
significant difference between the two groups, implying that the students in both experimental groups revealed 
similar degrees of acceptance of the ubiquitous learning system. Furthermore, from the interview, it is interesting to 
find that most of the students felt that the use of the QR-codes was convenient, efficient and interesting, although 
there were alternative ways of accessing the digital materials, such as selecting the items on the menu or searching 
for the data with keywords. This implies that the provision of a user-friendly interface is able to promote the 
willingness of students to use the learning system. 
 
 

Table 4. t-test result of technology acceptance of the experimental groups 
Scale  Group N Mean S.D. t 

Usefulness (E1) Experimental Group 1 28 5.95 0.97 1.06 
(E2) Experimental Group 2 31 6.24 1.12  

Ease of Use (E1) Experimental Group 1 28 5.48 1.18 1.82 
(E2) Experimental Group 2 31 6.04 1.18  

Attitude (E1) Experimental Group 1 28 5.90 0.88 1.18 
(E2) Experimental Group 2 31 6.19 0.99  
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Discussion 
 
To achieve the aim of assisting children in printed science book reading, a concept map-based ubiquitous learning 
approach was proposed in this study. The experimental results showed that the proposed approach had significantly 
better effectiveness in improving students' learning achievements than the conventional ubiquitous learning approach 
and the traditional printed science book reading approach. In addition, the experimental results showed no significant 
difference between Experimental group 2 and the Control group; that is, the effect of accessing digital supplementary 
materials was equivalent to that of the teacher's instruction. Such a finding conforms to what has been reported by 
previous studies (Chen et al., 2011). Meanwhile, the analysis of the questionnaire results showed that the proposed 
learning approach did not increase the students’ cognitive burden; moreover, it can be seen from Table 4 that most of 
the students held positive views regarding “ease of use,” “usefulness” and "attitude and intention of future use" 
regarding the ubiquitous reading-supported system.  
 
To sum up, the proposed approach is helpful to students in terms of learning achievement, cognitive load and 
technology acceptance. Consequently, to effectively support printed science book reading, the provision of both 
concept maps and digital supplementary materials is required. Such an approach can also be applied to the printed 
book reading of other subjects, such as mathematics, language, social science, and natural science, in which concept 
maps could be helpful to readers in organizing the concepts in the book content, and hence their reading 
comprehension can be improved. 
 
 
Conclusions 
 
This study investigates the effects of a concept map-based ubiquitous learning approach to reading printed science 
books with handheld devices on students’ learning achievement, cognitive load, and technology acceptance. A 
learning activity has been conducted to compare the learning performance of students who read printed science 
books with mobile device-supported concept maps and supplemental learning materials, those who read printed 
science books with access to digital supplemental learning materials only, and those who read printed science books 
with traditional instruction. A quasi-experiment has been conducted in an elementary school to evaluate the 
effectiveness of the proposed approach. The experimental results show that the concept map-oriented ubiquitous 
learning approach is significantly more helpful to the students in reading printed books than traditional book reading 
and the conventional ubiquitous learning approach in terms of learning achievements; moreover, the students had a 
high level of acceptance of such a mobile technology-assisted learning system in terms of “ease of use”, “usefulness” 
and "attitude and intention of future use." 
 
In sum, the experimental results show the importance of providing learning supports for printed science book reading. 
Therefore, one of the salient contributions of this study is to highlight the importance of providing concept maps and 
supplementary materials for printed science book reading. Another contribution is to demonstrate how the proposed 
approach can be used in a specific learning activity and to show its potential in terms of its effectiveness in 
improving the learning achievements and technology-acceptance degrees of the students. 
 
Although the experimental results have shown the benefits of using CMULS, there are some limitations in the 
present study. For example, although mobile devices such as smartphones are becoming increasingly popular, not all 
students have access to such a learning device at present. Fortunately, researchers have predicted that mobile devices 
will become a common learning device in the near future (Norris, Hossain, & Soloway, 2011), implying that the 
proposed approach has the potential to become a widely-used learning model. Another limitation of this study is that 
the QR codes on the book are fixed. Even though concept maps as well as supplementary learning materials are 
offered, students may still experience difficulty reading the book. That is, adaptive learning materials for individual 
students to complement the printed content are needed. Therefore, one of our future works is to extend this study to 
offer adaptive learning resources for students. 
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ABSTRACT 

Alsop and Tompsett argued in 2007 that research in educational technology was over-focused on technological 
design and that empirical research that was pertinent to educational change should be assessed against two 
distinct scales. The first considers the quality of the experimental design in validating the conclusions that are 
reached, whilst the second assesses the extent to which the experiment reflects normal practice. They suggested 
that research should only claim to provide evidence for specific change in educational practice if it met the 
highest levels on both scales. This study, structured in the form of a systemic review covering more than 40 
years of published research, provides the first systematic assessment of their model. This analysis suggests that, 
in at least one key domain in higher education, there is no current reliable research evidence, published in 
English, that supports the case for a change in practice based on the introduction of information and 
communication technology (ICT). In this context, practitioners would appear to be fully justified in considering 
innovations that do not depend on ICT.  If practitioners are expected to change, then research must be designed 
so that the results are transferable, irrespective of the methodology used.  
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Introduction 
 
Despite the advances that have occurred over the last 40 years in the use of technology in education, the impact of 
this research on educational practice remains limited. Low-technology tools have been replaced with equivalent 
computer hardware and software, but these changes are common to all organizations, educational or otherwise. More 
specific proposals for increasing the use of educational technology remain largely unheeded by most of those who 
teach ‘at the coalface’. Advocates for increased use of technology prefer to attribute the lack of impact to 
characteristic failings among the practitioners, categorising them as Luddites, technophobes, and/or ‘laggards’ — 
after Rogers (1962). Yet the persistence of the problem merits deeper consideration. Luddites only exist when the 
technology is more efficient, and technophobia cannot account for rejection in fields, such as computer science, 
where knowledge and practice in information and communication technology (ICT) is central to the domain. The 
classification as ‘laggards’ is also invalid. Roger defines laggards as those who adopt a change long after the 
majority have done so; the laggards can never be the majority in such circumstances. 
 
Alsop and Tompsett (2007), in their analogy with research and innovation in healthcare from a ‘soft-systems’ 
(Checkland, 1999) perspective, argued that research in this field is over-focused on technological change, with a 
corresponding disregard for demonstrating that innovative technology provides assured educational benefits for those 
who adopt it. If there is insufficient evidence for practitioners to adopt a technological change in practice in their 
particular domain, then it is rational to consider, and prefer, non-technological changes that could provide more 
assured benefits and/or introduce fewer risks. The focus on practitioners draws on a key distinction made by Oancea 
(2005) in the debate over the quality, value, and even feasibility of research in the complex domain of education (see, 
for example: Hargreaves, 1996; Hammersley, 2002; OECD CERI, 2002; Simons, 2003). Oancea categorises 
researchers as either ‘intellectuals’, who focus on elucidating educational problems, or ‘technicians, who focus on 
providing solutions to known educational problems. Alsop and Tompsett suggested that if research by ‘technicians’ 
were to be classified as in Table 1, below, then almost all valid research in ICT would be classified at level A. They 
argued that practitioners (regardless of their own experience and abilities) would require evidence that could be 
classified at level C or higher to warrant a change in practice.  
 
Taking computer science as a focus, this paper provides the first review of published research focused in one specific 
domain in higher education. The search for, and selection of relevant evidence mirrors the principles of a systematic 
review (as described, for example, in Jadad, 1998). 
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Table 1. Classification of research in ICT in education 
Phase Underlying Research Question 
A: Effect Can a new ICTE part of a course be shown to (1) have an effect (2) have an effect on 

learning, within a limited number of students in advantageous conditions? 
B: Efficacy Can a new ICTE part of a course be shown to have a positive effect on learning across a 

suitably large, selected range of students who study properly? 
C: Effectiveness Can a new ICTE part of a course be shown to have a positive effect on learning across a 

suitably large range of students where no control is maintained on how it is used?? 
D: Efficiency Does the introduction of a new effective ICTE part of a course with a limited set of 

resources, for a specific group of students represent the best use of resources? 
E: Side-effects What otherwise unknown side effects result from full-scale use of a new ICTE component 

in a course? 
Extracted from (Alsop & Tompsett 2007, table 6)   

 
Systematic reviews differ in two critical ways from conventional literature reviews (e.g., Sheard et al. 2009), and/or 
meta-analysis of existing results (e.g., Lou, Abrami and d'Apollonia, 1996, or Springer, Stanne and Donnovan 1999). 
Firstly, the focus of research must be specific; evidence for change with less able students in mathematics in 
secondary school cannot be used as evidence for change when teaching at different levels of education or with 
different levels of ability. In this case, the focus is the teaching of a 'first' computing language in an undergraduate 
computer-science program. Secondly, the value of an experimental study is assessed primarily in terms of the first 
scale proposed by Alsop and Tompsett: the quality of evidence that is achieved by the experiment, and comparing 
those changes that are supported at the highest level of research that can be achieved, ignoring both the specific 
proposal and the actual improvement in outcome at this point. More specifically, a systematic review follows a five 
stage process consisting of: (1) collecting evidence for all relevant interventions, (2) evaluating the quality of the 
research process for each study, (3) elimination of findings that are below the highest achieved within that set of 
studies, (4) collating the results of homogeneous experiments to increase, if possible, the reliability of evidence for 
each intervention, and, finally, (5) consideration of the scale and spread of the impact that can be attributed to each 
remaining intervention in order to identify the `best' option, or combination of options. 
 
The following section defines the focus for the study and identifies critical variables that are associated with students' 
learning in this field at this level. These variables will need to be accounted for and controlled within the research 
that is reviewed. The following two sections follow the five-stage process (outlined above), as far as possible. The 
final section reviews the outcomes of this analysis. Whilst the approach is based on the principles of a systematic 
review, as detailed in Higgins and Green (2009), for example, it is not possible to adhere to all of these, and these 
limits are considered in the final section. 
 
 
Researching the problem 
 
This review focuses on the difficulties of teaching a first computing language in higher education, irrespective of the 
particular model of learning assumed by the original researcher (see, inter alia, Mayer, 1975; Awad, 1989; Hagan & 
Macdonald 2000, and Golding, Donaldson, & Tennant 2009). Failure rates have been noted as high throughout the 
literature, and there is little evidence of improvement (see: Hagan & Macdonald, 2009; Truong, Bancroft & Roe, 
2003; Bornat, Dehnadi & Simon 2008; Smith & Fidge, 2008, and Corney, Teague & Thomas 2010). Even if students 
succeed in a first course, the experience can act as a deterrent to further study in the field. Any change in practice 
must demonstrate measurable and sustained improvement in achievement in one or more of the following: acquiring 
a precise understanding of a specific computer language (syntactic knowledge), developing an accurate mental model 
of what the computer does (conceptual knowledge), and finally, developing the ability to reflect a `real world' 
problem within this mental model, so that the real world problems can be solved within the constraints of the mental 
model (after Bayman & Mayer, 1988). 
 
A large number of studies have investigated the nature of the problem, rather than its solution. These explore the 
relationship between overall student achievement and/or progress and indicators such as student aptitude and/or 
cognitive characteristics. Campbell and McCabe (1984), for example, studied overall retention rates for first year 
computer science students in their university in the USA. From the 11 variables considered, factors such as gender, 
and ability in science, mathematics and verbal reasoning, were all highly significant, although the most accurate 
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model (of 2047 generated) employed only one factor, the average grade in high school mathematics and only 
predicted those who switched out of computer science as a major. Johnson and Johnson (1992) considered the 
association between four well-established cognitive characteristics (introversion-extroversion, stability-neuroticism, 
personal stress, and creativity) and four outcome variables: productivity, programming, conceptual understanding 
and final grade, identified. They established, that both age and fluency (part of creativity) were significant to 
predicting programming and final grade (at a significance level below .001), and that gender correlated with 
productivity, programming and final grade (below .01). The models developed by Nowaczyk (1984); Fletcher (1984); 
de Raadt et al. (2005); Golding et al. (2009); Ford and Venema (2010) are also based on established measures, but 
there is only limited consistency between these models (de Raadt, et al., 2005 and Katz, Aronis, Allbritton, et al. 
2003). The quality of these papers is variable, however, and too many studies introduce (or redefine) variables 
without considering the validity of doing so. Pintrich, Smith, Garcia and McKeachie, 1993; Bayman,, 1983 and 
Bayman & Mayer, 1988 would be notable exceptions.  
 
Two issues are pertinent to the analysis of interventions that follows. The first is that there is a core set of variables 
that should be controlled, or accounted for, within any study. Even though no single model has been developed, the 
omission of key variables prevents the elimination of bias when comparing the performance of any two groups. The 
second is that contextual factors that remain constant across a study, such as the profile of the students in the study 
(as a sub-population of students of the same subject across higher education), limits generalization beyond the 
immediate study. Indeed, institutional variables may be more significant than those that have been shown to be 
relevant in a single institution (de Raadt et al., 2005).  
 
 
Possible changes in educational practice in teaching computer science 
 
Three general categories of intervention have been considered in the papers that were reviewed: a change in the 
programming language that is taught, changes to course organisation, and changes to the way in which students study. 
Any one of these may also involve a change in the way students are assessed — either formatively or summatively. 
Any intervention considered included the application of ICT as a critical factor in the design of the intervention.  
 
The choice of programming language is closely related to the development of appropriate mental models. Apart from 
the choice between procedural and object-oriented languages (Sheard, Carbone & Markham, 2000), a range of 
simplified models have been proposed, such as the use of mini-languages with more accessible mental models (e.g., 
Cooper, Dann, and Pausch, 2000; Carlisle, Wilson, Humphries, and Hadfield 2005; Crawford & Boese, 2006), 
languages for gaming devices (Tew, Dorn, Leahy, and Guzdial 2008), and cut-down versions of full languages 
(Brusilovsky et al., 1997). In each case, however, it should be evident that benefits can be transferred to the main 
programming language used later in a course.  
 
Changes in organisation focus on the way in which the resources, such as staff and students are provided, while 
excluding those that simply increase non-technical resources, or that change the underlying student population. Some 
changes can be endemic. The programming environment affects a wide range of factors that can support the student 
in developing competence in constructing/correcting a computer program, as well as provide support systems that 
enable, for example, the submission and automated marking of coursework (Reid & Wilson, 2005), or provide more 
formative feedback (Johnson & Soloway, 1985). The introduction of an intelligent tutoring application would fall 
within this category.  
 
Changes to patterns of study covers issues such as required attendance at workshops (Thweatt, 1994), the 
introduction of paired/team working (e.g., Cheney, 1977; Williams et al. 2002; and Serbec, Kaucic & Rugelj 2008), 
but they would only be included if improvements could be attributed to the use of ICT, rather than to the underlying 
change in educational delivery.  
 
Changes can, of course, affect several aspects at the same time. Changing the language and programming 
environment will often require changes in course structure—see the study by Bloch (2000), and the use of a mini-
language (Carlisle et al., 2005) required an integrated set of changes in all aspects. 
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Constraints 
 
A full systematic review formalizes the assessment of evidence as an objective process conducted by a team of 
experts. This implies that each stage of the process is replicable, to a given level of accuracy, by other researchers. 
The resources to conduct this research with a team have not been available. Nevertheless, the resources that were 
used have exceeded, by far, those that a practitioner could afford in considering a change in their practice. 
 
Three constraints limited this search process. Firstly, the search for possible evidence was constrained to those 
resources that were identifiable and published before July 2011. An earliest publication date was taken as the 
beginning of January 1966, as the majority of studies before that date were limited to the programmed learning 
method, which is now seem as over-limited even by those in this field (Emurian, Hu, Yang & Durham 2000). 
Secondly, the relevant source needed to be accessible, in English, through the UK library system by the end of April 
2011. The most apparent effect is an inability to access material from early conferences and PhD dissertations that 
are not available in electronic form. The effect of restricting the search to English language publications cannot be 
assessed.  
 
 
Summary 
 
The search process is designed to identify any individual studies that report the outcomes of a change in practice in 
teaching a first computer language, based on the introduction of ICT, at the undergraduate degree level, to students 
who need to develop sufficient understanding of computer programming to continue studies in the field. Individual 
studies are identified by the set of subjects on which the report is based. The following section provides a more 
detailed description of the search process. 
 
 
Collecting evidence 
 
The search for relevant studies was formalized as two processes, an inclusion and exclusion phase, conducted in 
parallel. The inclusion phase is used to identify all relevant studies from papers by setting weak criteria for selection 
of papers; the exclusion phase is conducted by excluding any of these studies unless it meets all of a number of 
strictly-defined criteria. 
 
 
Inclusion phase 
 
The papers for inclusion were selected in three stages. The first stage took data from two meta-studies by Springer et 
al. (1999) and Lou, Abrami & d'Apollonia (1996) in order to pilot that the process for tracing sources and recording 
the relevant information. All records entered in this stage were subsequently reassessed against the standard 
inclusion/ exclusion criteria to ensure consistency. 
 
The second stage was conducted using standard abstracting systems for both higher education and computing (ERIC, 
AUEA, BEI, ACM-Guide, ERA, and UMI Dissertations Index). The index terms varied, as they reflected the indices 
available. The third stage identified key papers that referenced, or were referenced by, papers that had already been 
included.  
 
The initial search was conducted in September 2008 and updated in July 2011. More than 800 references were 
identified and accessed by the end of this phase.  
 
 
Exclusion phase 
 
The exclusion phase was conducted in two passes. In the first pass, the abstracts, and then the full paper for each 
reference was reviewed in order to identify all relevant studies, irrespective (more or less) of the research model that 
was applied. In the second pass, each study was reviewed in detail in order to ensure that they were relevant to the 
specific educational focus of the study. 
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First pass 
 
Articles were excluded unless they met the following four conditions: 
• The article should report on at least one study related to a change in practice and include experimental data. 
• An underlying population (of students) should be defined that included an identifiable subset of subjects relevant 

to computer science, or a related subject (software engineering, information systems), requiring at least one 
follow-on course in computer programming. 

• The process for identifying each group and subgroup of students should be clearly defined. 
• The underlying research model should be generalizable. 
 
The final condition excluded only two small sets of studies: those where the underlying model of research, such as 
action research, is inherently context-dependent (see, for example, Falkner & Palmer, 2009), and two studies where 
the authors state that the results are non-generalizable—Ophel, Prosser, and Robinson 1997, and Sajaniemi, 
Kuittinen, and Tikansola, 2008. Exclusion under this condition implies only that there is no basis for assuming that 
differential outcomes could be transferred to a different environmental context — see Lewis, Chase, Pérez-Quiñones, 
and Rosson (2005). Studies that introduced equivalent technology for all groups (e.g., Thornburg, 2010), or that 
introduced technology for recording and research purposes alone (e.g., Boyer et al. 2010) also were excluded. 
 
Four references could not be accessed as papers. Burnett (1979) was based on teaching FORTRAN, and this is 
seldom used as a first computer language except in engineering. The remaining three (Chen & Lin 2006; Li, Wang & 
Zhang,  2006, and Tan, Ting & Ling, 2009) do not appear to include experimental data. 
 
 
Second pass 
 
The following six criteria were used to ensure that each study was directly relevant to the problem being considered: 
• The subjects should be undergraduate students in a university; 
• The course should not presume prior knowledge of another programming language; 
• The students should be expected to continue to study a subsequent course in computer programming; 
• The outcomes of the study should include at least one that measures individual achievement at the end of the 

module/unit; 
• The improvement should not be attributable to the removal of a technical constraint that would no longer apply; 
• The intervention should introduce some additional use of ICT. 
 
Criterion 1 excludes training courses, where the context of study would change the motivation of students—such as 
Carlisle (2010), and/or those that require students to perform at a higher level of abstraction. Criterion 2 excludes 
experiments where subjects may have a prior mental model. Criterion 3 ensures that an identifiable subgroup of the 
students are motivated to view this stage as a starting point, and excludes studies where learners may only have 
short-term learning objectives (see, Nagappan et al. 2003, and elsewhere). Studies that could not be generalized to a 
‘standard’ cohort would also be excluded, as in Katai and Toth (2010). Criterion 4 ensures that the change in practice 
is measurable within the current assessment framework for higher education in this field. This eliminates studies that 
are over-focused on immediate or short-term gains (e.g. Rajala, Laakso, Kaila, and Salalkoski 2008, or Chen 2011), 
those that are over-designed to the intervention (e.g. de Kereki, Azpiazu & Silva, 2004), or those that would not have 
a direct impact on assessment, as in Mow, Au and Yates (2006). Criterion 5 ensures that any intervention would still 
produce comparable improvements in the current technological environment—see, for example, Lidtke (1979). 
Criterion 6 limits the study to those that depend on educational technology. 
 
Although it is conventional in medicine to provide an explicit definition for these criteria, experience from this study 
suggests that this is far from easy. Variation in the structural organisation of higher education courses is sufficiently 
diverse to have required frequent redrafting of the criteria in order to ensure that studies that were clearly relevant 
were not excluded by errors in drafting the criteria. Criterion 3 proved particularly susceptible: some universities 
require that a student makes a choice of a major at the start of the first year, some allow the decision to be optional, 
whilst delay that choice (McDowell, Werner, Bullock, and Fernald 2003). However, as the review process records 
the criteria on which a study is rejected, it is always possible to apply any revision of the criteria retrospectively.  
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Any study that fails this stage will fail at least one criterion on the basis of information that was explicitly stated in 
one or more of the papers describing the study. Oh (1988) provides an illustrative example. This study of cooperative 
learning focused on seven weeks of a course that consisted of 106 first and second year students, of whom business 
majors provided the largest sub-group. The course was a ‘short-course’ for the business majors and credit for the 
course could not be counted towards a final degree. There is no indication that the subsequent stages of the course 
required further study of programming, and no details were presented that could be used to separate the performance 
of different sub-groups. This was sufficient to exclude the study on the criterion 3. A more detailed reading reveals 
that within groups, 50% had previous experience with a previous programming language. Although it might have 
been possible to consider exclusion on conditions 2 and 4 as well, failure on criterion 3 is sufficient to exclude the 
study from subsequent analysis.  
 
One further criterion, that the study should include at least 100 subjects, was drafted to ensure that any beneficial 
effects would be transferable to large cohorts; this was discarded in the early stages. Issues of scaling relate directly 
to the differences between effect, efficacy, effectiveness and efficiency (Alsop & Tompsett 2007). Large-scale 
experiments might include only a few relevant students (e.g., Awad, 1989), and interventions can be trialled using a 
small, but correctly selected sample from a large cohort. Some interventions could be scaled up to large cohorts 
without a significant increase in resources, but this is not always so. As the applicability of any intervention depends 
on both the cost of resources and the benefit of any increase in learning and the latter can only be assessed after all 
studies of the same intervention have been assessed.  
 
 
The studies that remain 
 
Despite the number of studies that were reviewed, only four studies remained after the inclusion/exclusion phase.  
Each of these studies provided sufficient contextual information to compare the outcomes of an intervention with one 
group of students, with the outcomes of those from another group, and present sufficient data for compare the groups. 
Table 2, below, provides summary information for these four studies indicating the innovation that was introduced. 
No consideration of the magnitude, direction and/or significance of any effect is ignored until it is clear that these 
can be associated with the intervention that was introduced.  
 

Table 2. Studies providing relevant evidence for the introduction of additional ICT. 
Year1 Key Reference Intervention 
1997 Foubister, Michaelson & Tomes (1997) Introduction of automatic submission/feedback system 
1999 Catenazzi & Sommaruga (1999) Use of Hyper Apuntes learning environment 
2004 Daly & Horgan (2004) Use of RoboProf programming environment 
2008 Smith & Fidge (2008) Optional use of multimedia resources 
1Year of study 
 
In each case there was sufficient information regarding the research process to provide a ‘nominal’ classification of 
the study at a specific level of evidence relevant to the study, such as: 
• a randomised controlled trial (RCT—eliminates bias from unknown variables), 
• a cohort study (non-random allocation, prospective, with follow through), or 
• a case-control comparison (retrospective, but potentially biased towards intervention) 
 Studies at level 4 (case series), would not be relevant as it is not possible to separate effects that arise from the 

intervention and those that result from the selection of the participants.  
 
 
Level of evidence provided for an intervention 
 
The actual level of evidence in each of these studies was determined in two stages. In the first stage, each study was 
assessed in terms of the process that was used to allocate students to the experimental and/or control/reference 
groups. In the second stage, the level is reviewed for uncontrolled sources of bias. It would have been reassuring to 
find the descriptions of each study included the relevant information to so, but this information was often hard to 
determine. 
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Randomized allocation of subjects to a control and intervention group is an essential element in any level 1 study, 
but it is difficult to achieve this in educational studies. Only Catenazzi and Sommaruga (1999) applied randomization, 
but they did not establish the preconditions for an RCT. In this study the treatment group was selected randomly 
from those who wished to participate (40/100), but the control group was composed of those who did not wish to 
participate in the experiment, rather than from those who were not selected—ensuring that treatment and control 
groups were non-comparable. This removes the conditions that are necessary to draw any conclusions regarding 
differences in outcome between the two groups, and limits the level of evidence for this study to a case series (level 
4) at best.  
 
In the remaining three studies, the reference group is taken as a previous cohort and is therefore retrospective in 
design. This reduces the level of evidence to a case-control study (level 3, or below), and differences in outcome are 
dependent on both the intervention and other differences between the student populations in each year. The study by 
Foubister, Michaelson and Tomes (1997) nominally meets the criteria for this level. In the study by Smith and Fidge 
(2008), the change in year between the two groups was associated, in addition, with a change in both the curriculum 
and the assessment, and they acknowledge this as a limit on their findings. This study must also be classified as a 
case series (level 4). Daly and Horgan's study from 2004, is restricted to a single cohort, and optionality was used to 
differentiate the intervention and reference groups. Without further analysis to show that the groups could be treated 
as equivalent, the results must also be treated as a case series.  
  
Table 3, below, shows these studies in summary form, sorted in terms of quality of evidence, level of significance 
claimed for the results, and alphabetically. 
 

Table 3. Level of evidence for remaining studies 
Level1 Key Reference Significance2 
3 Foubister, Michaelson and Tomes (1997) 0.29 
4 Catenazzi and Sommaruga (1999) none claimable 
4 Daly and Horgan (2004) none claimable 
4 Smith and Fidge (2008) none claimed 
1Level of evidence 
2Probability that the intervention had no measurable effect  
 
It is clear that none of these studies demonstrates a statistically significant change in performance as a direct result of 
the intervention that was introduced, and further analysis (as a systematic review) is impossible. Despite the 
significant number of studies that were reviewed, only one study establishes the basis for a comparison of relevant 
learning outcomes between two groups, where one group has had the benefit of additional ICT, and the other has not, 
and in this study, the results are not significant. As an overall summary, it would appear that none of the research 
published in English that has addressed this educational problem can provide evidence for a change in teaching 
practice.  
 
 
Conclusions 
 
The intention of this review was to provide a quasi-systematic review of all the innovative applications of ICT that 
have been designed to improve learning of a first computer language on a computer science course in higher 
education. Following Alsop and Tompsett (2007), it was anticipated that a reasonable number of studies would be 
identified, the interventions could be ranked according to the level of evidence (and phase of research), and that the 
majority would be at level A(2)—educational effect. In this domain, the outcome is even more surprising: if effect is 
measured in terms relevant to assessment in higher education, then the only intervention supported by research at a 
level that warrants generalization is for an automatic submission/feedback system, and, even for that innovation, the 
difference in outcomes was not significant. 
 
Without any reliable and measurable educational benefit for an ICT-based intervention, the rational approach for 
practitioners in this domain, would be to consider non-ICT-based innovations (as suggested above), other non-ICT 
based approaches (as already discussed in the section on possible changes), or to discard innovation and evolve their 
own approach to correspond to the uniqueness of their own educational practice.  
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Discussion 
 
The fundamental factor that has led to this conclusion is clearly the small number of studies that remained, as 
determined by the criteria, and it is tempting to suggest that a more positive analysis would have resulted from less 
stringent criteria. This is not the case, however. Most studies were eliminated from the analysis because they did not 
establish sufficient grounds to compare the outcomes of a relevant subgroup of students with a comparable reference 
group. On the basis of the papers, many studies appear to have included relevant students but did not distinguish 
these students within the experimental design. Other studies identified relevant sub-groups of students, but failed to 
account for these sub-groups within the subsequent analysis. In any of these cases a ‘better-designed’ experiment, or 
more appropriate analysis, would have allowed the experiment to remain within the study. Even where the analysis 
allowed relevant sub-groups to be compared, the majority failed to demonstrate that any measured difference in 
outcome was independent of the influence of variables that are already associated with differences in learning in this 
domain at this level. In such studies, any effect would be limited to an equivalent context—without providing the 
information that is required to establish equivalence. In these cases, it might be sensible for authors to recognize this 
in their own conclusions, and repeat the experiment and include the relevant information, but few do so. If  
‘technicians’ expect practitioners to change, then research must be designed so that the results are transferable 
(irrespective of the methodology used). 
 
Others might wish to argue that higher standards of ‘design’ cannot be achieved in any educational field, but this is 
contradicted by other experimental work in education. At the same domain and level, a study by Beck, Chizhik and 
McElroy in 2005, introducing group work as a change in the pattern of study (without additional use of ICT), was 
completed to a higher standard than any of those considered here, and a successful sequence of experiments 
following a design experiment methodology (Collins, 1999) have progressed beyond measuring educational effect at 
different levels in other domains (see, for example, Collins, Joseph and Bielaczyc, 2004), taking into account a wide 
range of factors that can affect the introduction of innovative practice at local level. Even complex problems, such as 
the effect of class-size on pupils’ achievement, have been successfully researched using ‘natural experiments’ 
(Angrist & Levy, 1999). None of these studies came within the scope of this review. 
 
A less palatable explanation, but one that would reflect the lack of progress over 45 years of technological 
development, was suggested by Alsop and Tompsett’s paper in 2007: it is simpler to conduct and publish research to 
demonstrate that new technology has some effect, rather than to conduct well-designed experiments into the 
educational benefits of established technological interventions, if the latter are less likely to produce novel findings.  
 
 
Limitations 
 
A number of factors must be seen as limiting the validity of this conclusion, even if they are normally accepted 
without question, in other reviews. Firstly, the studies that have been considered were limited to those published in 
English. It might be tempting to suggest that key advances published in another language would also be republished 
in English, but this is difficult to justify. It is likely that far more students are regularly taught a first programming 
language in a different language, and the republication of such research in English is far from assured. Secondly, 
although the search and classification processes are fully traceable, it is possible that a panel of co-researchers might 
have identified a wider set of papers in the first instance. In this respect this study cannot be classified as a full 
systematic review. Whilst that remains a possibility, the resources that would be required to conduct the study would 
have exceeded, by far, those who are searching for relevant ICT-based interventions within this field.  
A full listing of all the papers and studies is available, on request, to the author. 
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ABSTRACT 

By reviewing papers published in five important SSCI journals from 2005 to 2010, this study aimed to provide 
insights into intervention studies on technology-assisted instruction. It was found that still relatively little 
research on educational technology which addresses the effects of specific instructional interventions on student 
learning was conducted during this period. Moreover, most reviewed studies were conducted in higher education, 
rather than in high school, elementary school, or adult education contexts. The two subject domains, science and 
engineering (including computer studies), were most frequently involved in these studies, the majority of which 
addressed achievement as research (learning outcome) foci, while relatively fewer studies investigated students’ 
learning process or affective outcomes. Regarding technology adoption, this study revealed that, in both the 
2005-2007 and 2008-2010 periods, technologies for specific instructional purposes(e.g., a specially designed 
system for online collaborative writing) were more frequently adopted than those for general purposes (such as 
PowerPoint). This study also reveals that technology-mediated interpersonal interactions are commonly utilized 
in these intervention studies, with the focus mainly on student-student interactions. 

 
Keywords 

Technology-assisted instruction, Intervention studies, Research trends 
 
Introduction 
 
In the past two decades, advancements in information and communication technology have made considerable 
impacts on educational practices. In particular, the use of technology in assisting teaching and learning has become a 
new educational paradigm, and teachers are largely advised to adopt technology more to enrich their instructional 
practices (Lawless & Pellegrino, 2007). 
 
Many educators and researchers have advocated that pedagogical considerations are crucial in the use of technology 
in education (e.g., Leijen et al., 2008). From their perspectives, instructional designs within technology-assisted 
instruction should be highlighted. In the past, a large body of research addressing the use of technology in 
instructional practices has been undertaken. These studies focused on various issues and were conducted using 
different research methods. In particular, some of them were conducted with specific instructional interventions. An 
intervention study means that certain technology-assisted instructional activities are conducted and empirical data 
from participants are collected for analysis and evaluation. Reviewing intervention studies published in the literature 
can help us to understand the actual influences of using technology in instructional practices. 
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In recent years, some reviews and meta-analyses focused on issues regarding technology-assisted instruction have 
been conducted (e.g., Bernard et al., 2004; Bernard et al., 2009; Dillon & Gabbard, 1998; Fabos & Young, 1999; 
Lawless & Pellegrino, 2007; Lee et al., 2011; Straub, 2009; Tamim et al., 2011; van Rooij, 2009). These review 
studies had various foci, including comparisons of the instructional effects between technology-assisted instruction 
and traditional instruction (e.g., Bernard et al., 2004; Tamim et al., 2011), meta-analysis of the interactive design of 
technology-assisted instruction (Bernard et al., 2009), and reviews of the use of specific technologies in instruction 
(Dillon & Gabbard, 1998; Fabos & Young, 1999; van Rooij, 2009), as well as reviews of teachers’ professional 
developments in technology-assisted instruction (Lawless & Pellegrino, 2007; van Rooij, 2009). However, it should 
be noted that most of these meta-analyses merely addressed the effects of certain specific forms of technology-
assisted instruction, such as hypermedia (Dillon & Gabbard, 1998), telecommunication (Fabos & Young, 1999), and 
open-source software (van Rooij, 2009). None of them were conducted to provide an overall understanding of 
intervention studies on technology-assisted instruction. As an intervention study on technology-assisted instruction is 
conducted in a real learning environment (physical or online) with certain research treatments, this kind of study can 
provide educators and instructors with more authentic and meaningful information regarding the effectiveness of the 
specific technology-assisted instruction. An overall review of intervention studies on technology-assisted instructions 
would be helpful in providing important insights into the future research tendencies. To this end, this study was 
conducted to review intervention studies on technology-assisted instruction published in the literature from 2005 to 
2010. 
 
Besides, most of the existing reviews or meta-analyses in technology-assisted instruction merely analyzed its effects 
on learners’ achievements (e.g., Bernard et al., 2004; Bernard et al., 2009; Tamim et al., 2011). Recently, more and 
more relevant studies have focused on the effects of technology-assisted instruction on learners’ affective learning 
outcomes, such as attitudes, motivation, and learning processes (e.g., Hewitt, 2003, 2005; Hou & Wu, 2011; Lee & 
Tsai, 2011; Wever et al., 2006). However, a comprehensive analysis of all kinds of research foci (i.e., including 
learning achievements, affective learning outcomes and process) based on intervention studies of technology-assisted 
instruction is still not available. Therefore, the research foci of the reviewed intervention studies on technology-
assisted instruction from 2005-2010 were analyzed in this study. 
 
Generally speaking, technology-assisted instruction involves technology adoption of various software or hardware. 
The software or hardware used in intervention studies on technology-assisted instruction may have been developed 
for general and widespread usages, such as PowerPoint (Susskind, 2008), or for specific instructional purposes, such 
as learning systems or educational games. Therefore, the technology adoption (adopted for general or specific 
purposes) in the reviewed intervention studies on technology-assisted instruction (i.e., technologies used in these 
studies are for general purposes or for specific instructional purposes) was analyzed in this study.  
 
In addition, the rapid development of information technologies in Web 2.0 has made interpersonal interaction in 
learning environments more flexible and efficient. As a result, various novel information technologies or tools have 
been commonly used in technology-assisted instruction to promote interpersonal interactions. Therefore, 
interpersonal interactions, including interaction types (i.e., face-to-face interaction, technology-mediated interaction, 
and blended interaction) and participant interactions (i.e., student-teacher, student-student, and both), were analyzed 
in this study. 
 
Finally, some cross-analyses were also conducted among technology adoption, sample group and subject domain. 
Linn (2003) proposed that new technologies generally support user customization, indicating that while adopting 
technologies to assist learning or teaching, the features of subject domains and characteristics of learners should be 
taken into account. Therefore, this study further conducted cross-analyses between the technology adoption and the 
sample groups (as well as subject domains). Moreover, the use of technologies may have changed the manner of 
interpersonal interactions. To further understand the possible associations between interpersonal interaction types and 
participant interactions, cross-analyses between interaction types and participant interactions were also conducted. 
 
To sum up, this study aimed to conduct a meta-analysis review of the empirical intervention studies on technology-
assisted instruction published in the literature for a period of six years from 2005 to 2010. The research purposes of 
this study are: 
 To explore the future research trends in sample groups, subject domains, research foci, technology adoption, and 

interpersonal interaction (including interpersonal interaction types and participant interactions) based on 
intervention studies on technology-assisted instruction articles published from 2005 to 2010. 
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 To investigate how the research trends revealed from the reviewed studies may differ in terms of sample groups, 
subject domains, research foci, technology adoption, and interpersonal interaction from 2005 to 2007 and 2008 to 
2010. 

 To conduct cross analyses among the sample groups, subject domains, interpersonal interaction, and technology 
adoption for the reviewed intervention studies on technology-assisted instruction. 

 
 
Method 
 
Research papers for analysis 
 
This study aimed to review the intervention studies on technology-assisted instruction published in 2005-2010. To 
this end, the papers published in the five Social Sciences Citation Index (SSCI) journals on educational technology, 
including the British Journal of Educational Technology (BJET), Computers & Education (C&E), Educational 
Technology Research and Development (ETRD), the Journal of Computer Assisted Learning (JCAL), and the 
Journal of Educational Technology & Society (ET&S), were selected as the literature source for this review. There 
were a total of 4,093 papers published in these five journals from 2005 to 2010.  
 
Review processes 
 
There were two stages of the review conducted in this study. In the first stage, all of the empirical intervention 
studies on technology-assisted instruction published in the five journals from 2005-2010 were selected. In this stage, 
three individual researchers read the full-text of all the publication items and systematically screened the articles to 
identify those to be analyzed. There were two criteria used for the paper selection in this stage. First, the study should 
include specific technology-assisted instruction as intervention for designing activities. Second, the study should 
collect empirical data with at least one of the following types: achievement, process, or attitudes from the designed 
learning activities. It should be noted that those studies simply describing the design of educational technology or a 
learning system without the support of empirical data were excluded from this review. The three individual 
researchers with doctoral degrees or professorship in the instructional technology field conducted the screening tasks 
and had discussions in order to reach overall consensus based on the described selection rules. The experts read the 
full text of each article one by one to decide if it could be included in this review. Finally, a total of 322 articles out 
of 4,093 were selected for the analyses in this study. 
 
In the second stage, a coding scheme (a detailed description is given below) was discussed and established by the 
authors. Then, a series of content analyses were conducted by using the articles selected in the first stage. All the 
reviewers (i.e., the authors) in this study have doctoral degrees or professorship in the instructional technology field, 
and most of them have published more than one article in the five key journals. After the two stages of the review in 
this study, all the reviewers (i.e., the authors) discussed and reached consensus on the interpretations of the 
quantitative results in this study.  
 
 
Coding scheme 
 
The coding scheme used in this study consists of six major categories. Each category contains several sub-categories. 
A detailed description of the categories is provided below: 
 
 
Sample groups 
 
In this study, four sample groups were identified based on the educational backgrounds of the participants in all the 
reviewed studies. These groups are: (1) elementary school students (K-6 graders), (2) high school students (7-12 
graders), (3) higher education students (college and graduate students), and (4) adults. If a study had more than one 
sample group, only one major sample group was coded. 
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Subject domain 
 
Similar to Hsu et al. (2012), the subject domains in this study were grouped into seven sub-categories: (1) Science 
(e.g., Physics, Chemistry, Biology, Medical and Sport Science), (2) Mathematics, (3) Arts & Language, (4) Social 
Studies, (5) Engineering (including Computers), (6) Others, and (7) Unclear. If a study involved more than one 
subject domain, only one major subject domain was coded.  
 
 
Research focus 
 
In this study, the research foci (learning outcome) of all the selected studies were divided into the three major 
categories: achievement (Ac), learning processes (Pr), and affective outcomes (Af). A study with a research focus on 
“achievement” aims to explore learners’ recall of information or acquisition of knowledge or skills measured by test 
scores (e.g., Truman & Truman, 2006) or by other assessments, such as concept maps (Hoskins & van Hooff, 2005); 
a research focus on “learning process” may investigate, for example, the patterns of online discussion (e.g., Liu & 
Tsai, 2008), learning approaches used by students (e.g., Fessakis, Tatsis, & Dimitracopoulou, 2008), or interactions 
between students (e.g., Monteserin, Schiaffino, & Amandi, 2010); a study addressing “affective outcomes” may 
explore perceptions of the subject domain, perceptions of the learning, peer acceptance (e.g., Balram & Dragićević, 
2008), enjoyment of the learning materials (e.g., Grimshaw, Dungworth, McKnight, & Morris, 2007), or satisfaction 
with the course (e.g., Alonso, Manrique, & Viñes, 2009). It should be noted that a reviewed study may contain more 
than one research focus. According to its multiple research foci, the “research focus” of such a study was coded as 
“Ac, Pr,” “Ac, Af,” “Pr, Af,” or “Ac, Pr, Af.” 
 
 
Technology adoption 
 
To explore the issue of technology adoption, each of the reviewed studies was examined to identify its adopted 
technology and was categorized as either technology for general purpose or technology for specific instructional 
purpose for its technology adoption attribute. For example, a study identified as using technologies for general 
purposes means the software and/or hardware used had been developed for common and widespread usages, such as 
PowerPoint, Wikipedia, E-mail or asynchronous discussion forums. For example, in Susskind (2008), the 
PowerPoint software was used, and the effects of accompanying lectures with computer-mediated PowerPoint 
presentations or PowerPoint generated overheads on students’ self-efficacy, attitudes, course performance, and class-
related behaviors were examined. On the other hand, a study identified as using technologies for a specific purpose 
means the software/hardware was designed for specific instructional activities and needs, such as a specially 
designed course management system, a learning management system or a virtual learning environment. For instance, 
in Cho and Schunn (2007), a web-based reciprocal peer review system for scaffolding writing and rewriting was 
specially developed to help students generate constructive comments on others’ writing and to facilitate the 
administration of students’ writings and reviews. Therefore, the technology adoption of Cho and Schunn (2007) was 
coded as “technology for specific instructional purpose” in this study. 
 
 
Interpersonal interaction type  
 
According to the face-to-face interaction and technology-mediated interaction used, the interaction type of each 
study was coded into one of three categories: face-to-face interaction, technology-mediated interaction, and blended 
interaction. Technology assisted face-to-face interaction means that teachers and students interacted face to face with 
the assistance of technologies. For example, a teacher conducted face-to-face instruction while using an electronic 
whiteboard (e.g., Lopez, 2010) or students discussed together in face-to-face mode via a shared screen with digital 
contents (e.g., Zydney, 2010). In terms of technology-mediated interaction, technologies are used as the major 
channel for facilitating interactions, such as a web-based discussion forum (e.g., Wei & Chen, 2006). As for blended 
interaction, it refers to using both face-to-face and technology-mediated interactions for instruction (e.g., Looi, Chen, 
& Ng, 2010). 
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Participant interaction 
 
In this study, the participant interaction is defined as interactions in which a participant interacts with other 
participants or with the teacher. In general, students often interact with their peers or teacher in a technology-assisted 
learning environment. Therefore, this study classifies the participant interactions of the reviewed papers into three 
categories: student-teacher, student-student, and both. For example, the participant interaction type of a teacher 
conducting a lecture with an electronic whiteboard was coded as student-teacher interaction (e.g., Lopez, 2010). 
Those studies in which students collaboratively played a game (e.g., Susaeta et al., 2010) or discussed together 
online (e.g., Wei & Chen, 2006) were coded as student-student interactions. A study including both of the 
abovementioned kinds of interaction was coded as “both” (e.g., Tsai, 2010). 
 
 
Inter-coder reliability 
 
A total of six experts with doctoral degrees or professorship in the instructional technology field participated as the 
coders. To achieve satisfactory inter-coder reliability, the coders discussed the contents and details of the above 
coding scheme to reach consensus prior to the official coding. Afterwards 30 articles were randomly extracted from 
the Journal of Computer Assisted Learning, and all the coders coded the articles based on the aforementioned 
scheme, and multi-coder reliability tests were conducted based on the results of all the coding items. The multi-coder 
Fleiss Kappa reliability of all items was between 0.27 and 0.44, thus reaching the fair agreement level (ĸ=0.21~0.4) 
(Landis & Koch, 1977), indicating that there was an acceptable inter-coder reliability among all six coders. Every 
paper was then assigned to be coded by an individual coder. Afterwards, all 322 articles were allocated to the six 
coders for coding. 
 
 
Results and discussion 
 
The descriptive data for the content analysis results 
 
Table 1 shows the descriptive data for the content analysis results regarding the selected 322 papers. Among these 
322 intervention studies, 104 were from 2005 to 2007 and 218 were from 2008 to 2010. The number for the last three 
years is double that for the first three years, indicating that an increasing number of intervention studies regarding 
technology-assisted instruction were conducted in the later period. However, it should also be noted that, among the 
4,093 papers published in these five journals from 2005 to 2010, only a total of 322 were recognized as being 
empirical intervention studies on technology-assisted instruction. It seems that still relatively little research on 
educational technology has addressed the actual effects of specific instructional interventions on student learning. 
 

Table 1. Descriptive data for the content analysis results 
 Total 

n (%) 
2005-2007 

n (%) 
2008-2010 

n (%) 
Chi- 

Squarea 
Sample group Elementary school 69 (21.4) 24(23.1) 45 (20.6) 0.895 

(n.s.) Junior and Senior high school 66 (20.5) 23(22.1) 43 (19.7) 
Higher education 164 (50.9) 49(47.1) 115 (52.8) 
Adults 23 (7.1) 8(7.7) 15 (6.9) 

Subject domains Science 98 (30.4) 34 (32.7) 64 (29.4) 2.125 
(n.s.) Mathematics 31 (9.6) 11 (10.6) 20 (9.2) 

Art & Languages 29 (9.0) 8 (7.7) 21 (9.6) 
Social studies 67 (20.8) 24 (23.1) 43 (19.7) 
Engineering & Computer 74 (23.0) 21 (20.2) 53 (24.3) 
Others 10 (3.1) 3 (2.9) 7 (3.2) 
Unclear 13 (4.0) 3 (2.9) 10 (4.6) 

Research focus 
(foci) 

Achievement (Ac) 156 (48.4) 45 (43.3) 111 (50.9) 4.052 
(n.s.) Learning process (Pr) 50( 15.5) 20 (19.2) 30 (13.8) 

Affective domain (Af) 22 (6.8) 7 (6.7) 15 (6.9) 
Ac, Pr 28 (8.7) 11 (10.6) 17 (7.8) 
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Ac, Pr, Af 9 (2.8) 3 (2.9) 6 (2.8) 
Ac, Af 46 (14.3) 13 (12.5) 33 (15.1) 
Pr, Af 11 (3.4) 5 (4.8) 6 (2.8) 

Technology 
adoption 

Technology for general purpose 113 (35.1) 41 (39.4) 72 (33.0) 1.264 
(n.s.) Technology for specific 

instructional purpose 
209 (64.9) 63 (60.6) 146 (67.0) 

a The comparison between 2005-2007 and 2008-2010; n.s: non-significant 
 
 
Sample groups in the reviewed studies 
 
The analysis of sample group is shown in Table 1. Regarding the distribution percentages of the sample groups 
analyzed from 2005 to 2010, higher education (50.9%) ranked highest, followed by high school (20.5%), elementary 
school (21.4%), and adult education (7.1%). This ranking sequence is the same for both the 2005-2007 and 2008-
2010 sub-groups. The results above may indicate that technology-assisted instruction studies have tended to be 
conducted more often in higher education contexts. One possible interpretation is that most of the researchers in this 
field are academic scholars, and it may be easier for them to recruit their own students as participants in their 
experiments; in contrast, adults are less accessible to academic researchers, and thus may have limited opportunities 
to participate in such kinds of studies. Similar perspectives have also been proposed by Hsu et al. (2012). However, it 
should be noted that the finding above was derived from the five key journals reviewed in this study, which may be 
insufficient to generalize the findings to the entire field of educational technology research. In the last decade, the 
importance of fostering lifelong learning, including continuing education or employees’ professional development, 
has been recognized by educators worldwide (Lüftenegger et al., 2012). Recently, some researchers in educational 
technology have also advocated the use of educational technology for promoting lifelong learning (e.g., Min, 2008). 
However, this study reveals that researchers have conducted relatively little research on the use of technology-
assisted instruction in adult learning. It is suggested that more research on the use of technology-assisted instruction 
in continuing education is urgently needed. 
 
 
Subject domains involved in the reviewed studies 
 
The most studied subject domain is science (30.4%), followed by engineering & computers (23.0%), social studies 
(20.8%), mathematics (9.6%), and art & language (9.0%) for papers published in the period of 2005 to 2010 as 
shown in Table 1. Though the ranking sequence is slightly different between the periods of 2005-2007 and 2008-
2010, the ratio of each subject domain did not change significantly according to a chi-square test.  
 
The results above show that “science” and “engineering and computers” are the two major subject domains that were 
studied in those papers. The popularity of science as a subject domain may be attributed to its distinct nature. On the 
one hand, many scientific concepts seem to be more abstract and thus are difficult to elaborate just in words. This 
difficulty could be overcome by the adoption of technology, such as using simulation and animation to explicitly 
demonstrate related scientific models and/or phenomena. On the other hand, learning science involves the learning of 
scientific methods or inquiry processes (e.g., Kong, Yeung, & Wu, 2009). With the aid of technology, science 
educators can create a better learning environment for facilitating scientific experiments which allow students to 
practice scientific skills. The widespread adoption of the engineering and computer domains may be accounted for 
by the availability of participants to the researchers. Since many academic researchers in instructional technology are 
computer scientists, it would be much easier for them to examine the effectiveness of the instructional technology 
they have developed by inviting their own students to participate directly. 
 
 
Research Foci of the reviewed studies 
 
Regarding the research foci of the reviewed papers, the majority (74%, including the categories of “Ac,” “Ac, Pr,” 
“Ac, Af,” and “Ac, Pr, Af”) focus on learning achievement as a part of or as the only research outcome. However, it 
should be noted that relatively fewer studies investigated students’ learning processes (30%, combining the 
categories of “Pr,” “Ac, Pr,” “Pr, Af,” and “Ac, Pr, Af”) or affective outcomes (27%, totaling the categories of “Af,” 
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“Ac, Af,” “Pr, Af,” and “Ac, Pr, Af”). Besides, studies covering all three categories were very rare (3%, “Ac, Pr, 
Af”). The Chi-square analyses on the research foci for the two periods (i.e., 2005-2007 and 2008-2010) indicate no 
significant differences in any of the categories. Researchers have suggested the importance of using high density 
observation to understand how changes would occur in a learning process (Shih, Feng, & Tsai, 2008). The findings 
above suggest that future research should focus not only on participants’ learning achievements but also on their 
learning processes and affective aspects, as advocated by Kuiper, Volman and Terwel (2005). 
 
 
Technology adoption in the reviewed studies 
 
Table 1 shows that 64.9% of the studies adopted technologies for a specific instructional purpose, while only 35.1% 
used technologies for general purposes (such as Power Point). Technology for specific instructional purposes is more 
commonly adopted than technology for general purposes for both of the two groups (2005-2007 and 2008-2010). 
 
The higher adoption rate of technology for specific instructional purposes in the reviewed studies may be due to 
some practical concerns. These technologies were developed for specific learning environments and activities, and 
thus one might expect them to be more practically useful and to enhance learning and instruction. In addition, since 
most technologies for specific instructional purposes were developed to be capable of automatically recording 
students’ learning log files, it is easier for these educational researchers to collect essential and meaningful data. 
When common technologies or software for general purpose were used, researchers may not have full access to these 
records for advanced analyses. Moreover, some educators might have been dissatisfied with the limited functions of 
the contemporary technology for general purposes, and thus attempted to design some pedagogical-oriented 
technologies, systems or software for instructional purposes to fulfill their specific instructional needs. 
 
 
Interpersonal interaction types in the reviewed studies 
 
Among the 322 reviewed papers, 199 studies involved technology-assisted-interpersonal interaction, while the 
remaining 123 only involved human-technology interaction. In this study, the technology-assisted interactive types 
were divided into three categories: face-to-face interaction (FTF), technology-mediated interaction (TMI), and 
blended interaction. Among the 199 studies which had technology-assisted-interpersonal interaction, technology-
mediated interactions (58.8%) are more popular than face-to-face interactions (20.1%) and blended interactions 
(21.1%) as shown in Table 2. The results reveal that technology-mediated interactions are commonly utilized in 
technology-assisted instruction. The popularity of technology-mediated interactions in technology-assisted 
instruction may be attributed to the rapid advancement of technologies in recent years. For interpersonal interactions, 
new technologies provide abundant tools and media. For example, instant messages, conferencing meetings, and 
interactive whiteboards can provide rapid and convenient channels for synchronized interaction; emails, forums, and 
short message systems can provide synchronous or asynchronous interactions. It is not easy to improve most of the 
interpersonal interactions mentioned above in traditional learning contexts. 
 
In the Web 2.0 era, various novel information technologies or tools have been widely used in technology-assisted 
instruction to promote interpersonal interactions. However, it should be noted that, among the reviewed 322 papers 
in the current study, 123 (38%) did not involve the use of technology to promote interpersonal interactions. That is, 
only human-technology interactions were involved in these studies. Moreover, a slightly growing trend in face-to-
face interaction from 2005 to 2010 was also observed (from 14.5% in 2005-2007 to 23.1% in 2008-2010). It seems 
that face-to-face interaction can provide more information, such as facial expressions, body language, and emotions. 
Thus, face-to-face interaction still has its irreplaceable value, a perspective revealed in social presence theory (Short, 
Williams, & Christie, 1976). In other words, face-to-face interactions should also be highlighted in technology-
supported learning environments. 
 
 
Participant interactions in the reviewed studies 
 
This study further explored participant interactions in the reviewed papers. The distribution of participant 
interactions is shown in Table 2. The results show that the focus was on student-student interactions (59.8%), 
followed by both interactions (29.6%), while very few studies (10.6%) investigated student-teacher interactions only. 
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The results reveal that most studies focused on student-student interactions. This may be due to the fact that the 
change of pedagogical paradigm has influenced teachers’ application of new technologies in their instruction. In 
recent years, the pedagogical paradigm has shifted from teacher-centered to student-centered or constructivist-
oriented teaching. In a so-called traditional classroom, the interactions mostly occur between the teacher and students. 
With the aid of technologies, however, students now have more opportunities to interact with each other. Educational 
researchers have proposed that technology can foster more student-centered learning (Ringstaff & Kelley, 2002) 
which is echoed by the findings in this study. Additionally, technologies could help to extend the period of 
interaction from in-class to out of class settings; thus the places of interaction are no longer limited to the classroom. 
This flexibility allows students to have more opportunities to interact with both peers and teachers. Nevertheless, in 
constructivist-oriented learning environments, the teacher may still play an essential role in the learning process 
(Chrenka, 2001). Despite this important role, based on the reviewed papers in this study, teacher-student interactions 
were relatively less emphasized. Further research may address teacher-student interactions under the constructivist 
pedagogical paradigm. 
 

Table 2. Interpersonal interaction types and participant interactions revealed in the reviewed intervention studies on 
technology-assisted instruction from 2005-2010 

 Total 
n (%) 

2005-2007 
n (%) 

2008-2010 
n (%) 

Chi- 
Squarea 

Interpersonal 
interactive type 

FTF (n=40) 40 (20.1) 10 (14.5) 30 (23.1) 2.901 
(n.s.) TMI (n=117) 117 (58.8) 41 (59.4) 76 (58.5) 

Blended (n=42) 42 (21.1) 18 (26.1) 24 (18.5) 
Participant interaction Student-student (n=119) 119 (59.8) 43(62.3) 76 (58.5) 1.228 

(n.s.) Student-teacher (n=21) 21 (10.6) 5 (7.2) 16 (12.3) 
Both (n=59) 59 (29.6) 21 (30.4) 38 (29.2) 

a The comparison between 2005-2007 and 2008-2010 
TMI: Technology-mediated Interaction 
n.s: non-significant 
 
 
Cross analysis results 
 
In recent years, the development of new technologies has generally aimed to support user customization (Linn, 2003). 
In other words, when adopting technology-assisted learning, the features of subject domains and characteristics of 
learners should be taken into account. Moreover, the use of technologies may have changed the ways interpersonal 
interactions occur. Therefore, this study further conducted cross analyses between technology adoption and sample 
group, technology adoption and subject domain, as well as interpersonal interaction type and participant interaction. 
 
 
Technology adoption vs. sample group 
 
The associations between technology adoption and sample group are shown in Table 3. In general, technology 
adoption is significantly associated with sample group for the period of 2005-2010 (χ2 = 14.9, p < .05). In addition, 
among the studies that used adults as their samples, technology for general purposes is adopted significantly more 
often than technology for a specific instructional purpose (AR = 3.1). Although the association between technology 
adoption and sample group is not significant for the period of 2005-2007, an association is found in the period of 
2008-2010 (χ2 = 11.9, p < .05), as shown in Table 4. Specifically, among the studies that used adults as their samples, 
technologies were more often adopted for general purposes (AR = 2.3) rather than for a specific instructional purpose 
in the period of 2008-2010. In contrast, among the studies which used high school students as their samples, 
technology for a specific instructional purpose (AR = 2.2) is adopted significantly more often than technology for 
general purposes. It seems that high school students have to learn domain-specific learning tasks; as a result, 
technologies for specific instructional purposes were adopted to assist their learning. 
 
The reason why studies with adults as participants tended to use technology for general purposes is likely to be that 
adults are more familiar with such technologies. Technologies for general purposes can meet adults’ ordinary usage 
needs, and require less technical competence and assistance. 
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Table 3. Frequencies and adjusted residual between technology adoption and sample group from Chi-square analysis 
(2005-2010) 

 
 

Elementary School 
Students 

High School 
Students  

Higher Education 
Students  

Adults 

 (n, AR) (n, AR) (n, AR) (n, AR) 
Technology for general purpose 
(n=113) 

(18, -1.8) (17, -1.8) (63, 1.3) (15, 3.1) 

Technology for specific instructional 
purpose (n=209) 

(51, 1.8) (49, 1.8) (101, -1.3) (8, -3.1) 

Pearson’s Chi-Square 14.94* 
AR: Adjusted residual values (AR with absolute values larger than 1.96 are significant.)  
*p < 0.05 
 
Table 4. Frequencies and adjusted residual between technology adoption and sample group from Chi-square analysis 

(2008-2010) 
 
 

Elementary School 
Students 

High School 
Students  

Higher Education 
Students  

Adults 

 (n, AR) (n, AR) (n, AR) (n, AR) 
Technology for general purpose 
(n=113) 

(11, -1.4) (8, -2.2) (44, 1.7) (9, 2.3) 

Technology for specific instructional 
purpose (n=209) 

(34, 1.4) (35, 2.2) (71, 1.7) (6, -2.3) 

Pearson’s Chi-Square 11.90* 
AR: Adjusted residual values (AR with absolute values larger than 1.96 are significant.)  
*p < 0.05 
 
 
Technology adoption vs. subject domain 
 
The association between technology adoption and subject domain is shown in Table 5. There is a significant 
association between technology adoption and subject domain for the period of 2005 to 2010 (χ2 = 14.79, p < .05). 
For the studies whose subject domain was science, more technologies for a specific instructional purpose (AR = 
3.1) were adopted than for general purposes. In contrast, for the studies that focused on the “engineering & 
computer” domain, more technologies for general purposes were adopted (AR = 2.5) than technology for a 
specific instructional purpose. It should be noted that, for the studies that focused on the “engineering & 
computer” domain in the period of 2005-2010, 35 used technology for general purposes while 39 used technology 
for a specific instructional purpose. However, the total number of studies using technology for general purposes 
was 113, while 209 used technology for a specific instructional purpose in the period of 2005-2010. Thus, the 
percentage of studies focusing on the “engineering & computer” domain among those using technology for 
general purposes is significantly higher than the average. However, the associations are not significant in the two 
sub groups of 2005-2007 and 2008-2010.  
 
The results indicate an association between technology adoption and subject domain. Regarding science, as 
mentioned previously, since most scientific concepts are abstract in nature and the scientific methods are complex, 
specially-designed technology for a specific instructional purpose can better support students to learn related 
scientific concepts and methods. For example, to enhance students’ science learning and application, Fund (2007) 
used a computerized environment that creates a microworld with problem-solving scaffolding supports to help 
students conduct simulated-based experiments. In contrast, since most engineering or computer courses are designed 
for helping students learn basic computer programs or algorithms, technology for general purposes is more likely to 
be adopted as a basic “tool” for assisting learning. 
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Table 5. Frequencies and adjusted residual between technology adoption and subject domain from Chi-square analysis 
(2005-2010) 

 Subject domain 
 Science Math Arts & 

Languages 
Social 
Study 

Engineering & 
Computer 

Others Non- 
Specified 

(n, AR) (n, AR) (n, AR) (n, AR) (n, AR) (n, AR) (n, AR) 
Technology for general 
purpose (n=113) 

(22,-3.1) (9,- 0.7) (9, -0.5) (28, 1.3) (35, 2.5) (3, 1.0) (5, 0.3) 

Technology for specific 
instructional purpose  (n=209) 

(76, 3.1) (22, 0.7) (20, 0.5) (39, -1.3) (39, -2.5) (5, -1.0) (8, -0.3) 

Pearson’s Chi-Square 14.79* 
AR: Adjusted residual values (AR with absolute values larger than 1.96 are significant.)  
*p < 0.05 
 
 
Interpersonal interaction type vs. participant interaction 
 
As shown in Table 2, a total of 199 studies have employed technology-assisted interpersonal interaction. To further 
understand the association between interaction type and participant interaction in the studies, a Pearson Chi-square 
test was performed. There is a significant association between interactive types and participant interactions for the 
studies during 2005 to 2010 (Chi-square = 10.57, p < 0.05) as shown in Table 6. In particular, the studies with 
participant interactions including both student-student and student-teacher had a strong tendency to adopt the 
blended mode (F2F and TMI) of interpersonal interactions.  
 
To enhance the effects of instruction, various learning activities of technology-assisted interpersonal interactions 
were designed. For example, in traditional learning environments, the opportunities for peer (i.e., student-student, SS) 
interaction are relatively limited. Thus, studies in this line may make additional efforts to design various learning 
activities with technology-mediated interaction (e.g., Gijlers, Saab, van Joolingen, de Jong, & van Hout-Wolters, 
2009; Gilbert & Dabbagh, 2005; Schellens & Valcke, 2006). Moreover, the lecture is still a dominant form for 
student-teacher (ST) interpersonal interaction in a traditional classroom. Thus, extra efforts have been made to 
develop learning activities with blended interpersonal interaction that may enhance the interaction between students 
and teachers (e.g., Lim, Reiser, & Olina, 2009; Ozmen, 2008). In addition, the associations between interpersonal 
interaction types and participant interactions are not significant in the two sub groups of 2005-2007 and 2008-2010. 
 
Table 6. Frequencies and adjusted residual between the interpersonal interaction types and the participant interactions 

of the studies from Chi-square analysis (2005-2010) 
 Student versus  Student (SS) Student versus  Teacher(ST) Both (SS and ST) 

(n, AR) (n, AR) (n, AR) 
Face To Face (FTF) (n=40) (23, -0.3) (7, 1.6) (10, -0.7) 
Technology-Mediated Interaction 
(TMI) (n=117) (76, 1.8) (12, -0.2) (29, -1.8) 

Blended (FTF and TMI) (n=42) (20, -1.8) (2, -1.4) (20, 2.9) 
Pearson’s Chi-Square 10.57* 
AR: Adjusted residual values (AR with absolute values larger than 1.96 are significant.)  
*p < 0.05 
 
 
Conclusions and directions for further research 
 
Pedagogical considerations are crucial for the use of technology in education (Leijen et al., 2008). By reviewing 
papers published in five important SSCI journals from 2005 to 2010, this study aimed to provide insights into 
intervention studies on technology-assisted instruction. It should be acknowledged that while the five journals 
selected are major journals in the field of educational technology, there are many other studies pertaining to 
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education technology published elsewhere. Therefore, the interpretation of the results derived from this study should 
be made with care. Besides, more journals for educational technology are suggested to be used as the literature 
source in further research. Or, via certain keyword searching in some electronic databases (e.g., SSCI or Google 
Scholar), the researchers can collect more articles in various journals or conferences as the literature source for 
further research. Thus, a more complete picture regarding intervention studies on technology-assisted instruction can 
be provided. 
 
The major research trends derived from the results of this study are summarized and concluded below. In this study, a 
remarkable increase in the number of empirical studies on technology-assisted instruction from 2005 to 2010 was 
found. However, it should also be noted that, among the 4,093 papers published in these five journals from 2005 to 
2010, only a total of 322 were identified as intervention studies regarding technology-assisted instruction. This study 
suggests that more attention should be paid to the role of interventions in technology-assisted instruction in future 
empirical research. Moreover, this study also found that very few studies have simultaneously addressed 
achievement, learning process, and affective outcomes. This suggests that further research on technology-assisted 
instruction may be conducted with various samples, different subject domains, or multiple research foci. Moreover, 
digital literacy outcomes and metacognitive knowledge have received an increasing amount of attention in recent 
years (e.g., Jimoyiannis & Gravani, 2011; Topcu & Ubuz, 2008). Future research can also include these outcomes 
when analyzing the research foci among the reviewed studies. 
 
Regarding technology adoption, this study reveals that, in both the 2005-2007 and 2008-2010 periods, technologies 
for specific instructional purposes were more frequently adopted than those for general purposes. This study also 
analyzed interpersonal interactions within empirical research on technology-assisted instruction. It was revealed that 
technology-mediated interpersonal interactions were relatively commonly utilized in these intervention studies and 
that these interactions mostly focused on those among peers. Finally, the cross analyses in this study showed that 
technology for general purposes were frequently used in the reviewed studies with adults as participants. 
 
In sum, the findings derived from the current study provide important insights into the effects and research 
tendencies of these relatively more informative studies. One may be interested in the specific instructional strategies 
used in these intervention studies on technology-assisted instruction reviewed in this study. However, when 
conducting content analyses, we found that the strategies used in some studies were not clearly described; besides, a 
specific instructional strategy might be introduced using a variety of terminologies in different studies. Therefore, it 
is very difficult to categorize the strategies (such as scaffolding, inquiry) used in these intervention studies on 
technology-assisted instruction during the period of 2005 to 2010. This study suggests that further studies regarding 
technology-assisted instruction should be carried out with specific technology-assisted instructional activities, and 
that more in-depth data from participants should be collected. Thus, the actual influences of using technology in 
instructional practices can be further explored. 
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ABSTRACT 

This is a study integrating Second Life (SL) and the currere approach to develop a virtual curriculum 
demonstration. The overarching purposes of this study were to understand the perceptions, self-reflection, self-
understanding and educational growth of graduate students in education toward teaching and learning in a 
virtual interdisciplinary curriculum. Data was collected in two education graduate courses with a total of 31 
participants in 2011 at a central Texas public university. The results revealed how SL exhibitions, based on the 
four-step currere approach, benefitted the participants. Using the exhibitions’ target knowledge, individuals 
were able to develop a self-understanding, which propelled them toward self-mobilization and educational 
reconstruction.  
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Introduction 
 
The idea of a virtual-world exhibition was inspired by a physical Vietnam War exhibit. The exhibition included 
collages of pictures and documentary videos that were designed by students in a doctoral-program curriculum theory 
course at a public university. The exhibition was next taken to a Curriculum and Pedagogy Conference. After the 
experiences with two exhibitions, the researcher extended this curriculum to a virtual world (VW) for increased 
multimedia and substantial curriculum.  
 
The study utilizes two Second Life (SL) installations to deliver a meaningful curriculum on the basis of William 
Pinar’s (2004) currere approach—a curriculum technique used to reconstruct social, intellectual, and physical 
structures. The study is significant in three ways: 
• It contributes to research into SL and its application to the currere approach to develop curriculum. 
• It demonstrates VW curriculum development. 
• It contributes to the understanding of education major graduate students’ perceptions of various perspectives.  
 
The VW environment has been used in a variety of general curricula, such as science (Bainbridge, 2007), 
mathematics (Roussou, 2009), architecture (Clark & Maher, 2001), etc. However, little to no VW research has been 
conducted using the currere approach, the curriculum theory Pinar describes as “the interdisciplinary study of 
educational experience” (Pinar, 2004, p. 2). The currere approach is a curriculum technique used to reconstruct 
social, intellectual, and physical structures (Grumet, 1976).This is an autobiographic process used to develop a 
curriculum sufficient enough to engage students in self and mutual conversation, what Pinar (2004) and Grumet 
(1976) called complicated conversation and autobiographic narrative. This approach, if examined regressively, 
progressively, analytically and synthetically, can engage students in complicated conversation and autobiographic 
narratives. It also has the potential to elicit self-understanding and self-reflection thereby helping teachers and 
students to comprehend the true meaning of a curriculum. Research on virtual curriculum development in the currere 
approach has never been done. Hence, this research which used the currere approach to engage education graduate 
students in reflections on their perceptions, understanding, and professional development in virtual exhibitions, 
contributes to the research of virtual curriculum development.  
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Secondly, one of the purposes for studying virtual curriculum development is to demonstrate its theoretical and 
practical aspects. Some participants have had experiences teaching in primary and secondary schools. By using 
multimedia technology in VWs to deliver a curriculum, some participants learned to enlarge their knowledge of 
implementing curriculum in a creative way; some understood education can be done in synthetic, analytic, and 
dialogic ways. This demonstration eventually benefited some of the participants in their current or future teaching 
endeavors.  
 
Finally, the participants experienced two past-to-future exhibitions, in which they were expected to extract their inner 
voice. The inner voice here reflects from the “historical and natural world” (Pinar, 2004, p. 37). A part of the study’s 
contribution is to identify several perspectives for understanding how to use VWs to teach appropriately. By using 
SL as a visual-based and auditory-based simulated environment, this study adopted William Pinar’s currere 
approach to examine students’ self-understanding and self-reflection in order to achieve the true meaning of 
curriculum.  
 
 
Research questions 
 
The study specifically seeks to answer the following research questions: 
• What are the participants’ perceptions about teaching and learning in SL curricula? 
• What are the participants’ self-reflections and self-understanding in the virtual curricular demonstration? 
• How do the participants describe their educational growth and development at the end of their SL experiences? 
 
 
Literature review 
 
Currere 
 
The theoretical framework for developing this study is based mainly on the currere approach. According to Pinar 
(2004), currere is the Latin infinitive form which means to run the curriculum, or in gerund form meaning the 
running of the curriculum. Sameshima and Irwin (2008) especially address that “curriculum is static, while currere is 
dynamic” (p. 7). Irwin (2006) states “currere is the active form of curriculum; a currere emphasizes acts of inquiry 
over a course of action” (p. 75). Currere is the method used to investigate the relationship between academic 
knowledge, life history, self-understanding, and social reconstruction (Pinar, 2004).  
 
Pinar (2004) suggests four essential stages of the currere approach: (1) the regressive stage: to return to the past, 
enlarge one’s memories, and transform them to present; (2) the progressive stage: to look toward what is not yet the 
case and what is not yet present; (3) the analytical stage: to examine “one’s distantiation from past and future 
functions in order to create a subjective space of freedom in the present,” and (4) the synthetical stage: to listen 
carefully to “one’s own inner voice in the historical and natural world” to achieve the state of ultimate self-
understanding, self-reflection, and self-transformation (pp. 35-37).  
 
The initial currere research was executed by Pinar and Grumet in 1975. Working with two assistants and eleven 
student teachers at the University of Rochester, they first utilized currere to design a teachers’ training seminar. In 
the three-week series of the teacher-training seminar, Pinar and Grumet used currere to examine student teachers’ 
responses and educational experience. The entire course was structured as a metaphor of everyone’s own 
experience—sharing mutual educational experiences in order to awake individual experience. The purpose was to 
make student teachers discover their own experiences so they could bring them into the high school curriculum 
(Grumet, 1976). After Pinar, Reynolds, Slattery and Taubman published the book Understanding Curriculum in 
1995; the currere method in curriculum study and research has been widely recognized and popularized. There are 
more than 150 peer-reviewed journals, 30 books published and many doctoral dissertations related to the currere 
approach.  
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Virtual worlds in teaching and learning 
 
A VW is an online computer simulation program in which users are represented by virtual surrogates. VWs comprise 
several features for teaching and learning in education: (1) accommodation of web-based and face-to-face classes, (2) 
visual learning, (3) multimedia teaching and learning, (4) benefits for disabled learners, and (5) real-world and 
imaginative environmental immersions.   
 
Thompson (2008) attributes a number of factors to the trend toward more distance education: (1) the increased 
number of non-traditional students, (2) the increased mobility of population, and (3) the increased expectation for 
schools constructed to fit students’ needs. The need for distance education increases the popularity of web-based 
online classes. However, the browser-based online class is criticized as “depersonalization and lowered bandwidth 
for communication” (Thompson, 2008, p. 166). Compared with traditional face-to-face classes, online classes lack 
human interaction and communication. Nevertheless, the downside of face-to-face classes include increasing student 
anxiety and lowering convenience when accessing course materials and achieving content depth (Wang & Woo, 
2007). VWs, on the other hand, not only make online asynchronous discussions and assignments possible (Dickey, 
2005; Kluge & Riley, 2008), but they also provide a platform for simultaneous meetings and interactions via VW 
users (Dickey, 2005; Dillenbourg, Schneider, & Synteta, 2002), such as avatars in SL.  
 
VWs provide visual materials, contents, and objects (Dickey, 2005). These features broaden learning opportunities, 
particularly for visual learners (Annetta & Park, 2006). McComas, Pivik, and Laflamme (1998) point out that VWs 
can be freely customized for visual learners to understand visual information. Barab, Thomas, Dodge, Carteaux, and 
Tuzun (2005) indicate that VWs provide “rapid visual prototyping” for educators to understand and respond to 
children’s preferences. Minocha and Reeves (2010) discovered that the visual realism of a learning space impacts on 
learners’ motivation through visual learning experience and activities.  
 
The multiple media content of VWs include visual and audio aids, video players, handouts, and outside resources 
connections (e.g., website, forum and blog) (Thompson, 2008). With the large-scale technologies—the skills of 
graphic design, audio playing, video applications, and word processing—embedded in VWs, teachers and students 
have the opportunities to learn and practice technologies.  
 
VWs provide functional contents and materials for some disabled learners. McComas, Pivik, and Laflamme (1998) 
put forward the tactics of providing auditory information to hearing-impaired learners. In addition, learning materials 
can be broken down to easily understandable steps for children with learning difficulties. Furthermore, VWs also 
provide a barrier-free space for people with physical disabilities to participate in classroom activities like any other 
student (Ball & Pearce, 2009).  
 
One of the unique advantages of teaching with VWs is their ability to represent real life scenarios, which are similar 
to immersive learning environments (de Freitas & Martin, 2006; Thompson, 2008).  The immersive spaces simulate 
real-world objects, environments, and people, thus ensuring a more effective learning. Kanade and Rander (1997) 
said that virtual reality transcribes visual events, recovers 3D structure, and generates synthetic viewpoints. Learners 
can see a real-world event or object from different viewing angles at different viewing time. de Freitas, Rebolledo-
Mendez and Liarokapis (2010) also advocated that the immersive learning experience works better than traditional 
face-to-face learning. VWs’ virtual reality and imaginative immersion ensure effective teaching and learning.  
 
 
Second Life in teaching and learning 
 
SL, a 3D VW launched in 2003 and developed by Linden Lab, is an online, visual-based platform where multi-users 
interact and collaborate through mobile avatars. In education, instructors can use their avatars to interact with 
students using media in several ways, such as text or voice chatting with students (Boulos, Hetherington, & Wheeler, 
2007), dancing with students (Gollub, 2007), and conducting presentations using a virtual slide viewer (Greenhill, 
2008).  
 
SL supports synchronous communication (de Lucia, Francese, Passero, & Tortora, 2009; Erra & Scanniello, 2009), 
where an instructor can hold office hours in-world (in SL) (Graves, 2008), the class can meet virtually, students can 
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have field trips to any world attractions and museums (Mckay, Van Schie, & Headley, 2008), and a conference can 
take place online (Aydogan, Aras, & Karakas, 2010). SL also supports asynchronous activities, where students 
engage in learning materials designed by instructors, work on virtual assignments (notecard writings, virtual 
presentations, creating objects, etc.), and interact with animated objects in-world. Any interactions happening in the 
real world can be carried out in SL.  
 
SL supports numerous media, including images, videos, web pages, and animations (de Lucia et al., 2009; Cheal, 
2007). An instructor can intentionally design virtual materials to integrate with these media so students can be fully 
immersed in the learning. Through synchronous or asynchronous interactions with technological media, students are 
engaged in inquiry-based (Vrellis, Papachristos, Bellou, Avouris, & Mikropoulos, 2010) and student-centered 
learning (Inman, Wright, & Hartman, 2010). 
 
SL combines a variety of computer-mediated communication (CMC) (Ditcharoen, Naruedomkul, & Cercone, 2010). 
CMC is any communicative transaction taking place between two or more connected or networked computers (e.g., 
instant messages, emails, chat rooms, Skype, Google voice, etc.). In SL, avatars can send synchronous instant 
messages and also do immediate voice chat with other avatars (Boulos, Hetherington, & Wheeler, 2007). By 
connecting a media player, it is also possible to do video chat, though this involves more advanced technology and 
higher bandwidth.  
 
 
Methodology 
 
This research intended to demonstrate the effect of a model curriculum which integrates with one of the most 
commonly used VW environments—SL, on education graduate students. Using two virtual installations—war and 
ecology exhibitions, participants were expected to generate their own reflections, understanding, perceptions, and 
opinions regarding the interdisciplinary curricula. This virtual participation included the engagement of complicated 
conversation and autobiographic reflection, as well as the experience of multimedia installations. This qualitative 
investigation sought to discover and explore how a SL curriculum reflected the participants’ perceptions and 
practices on teaching a curriculum “across the school subjects and academic disciplines” (Pinar, 2004, p. 21).  
 
 
Subjects 
 
There were two groups of participants in this study. Data from the first group were collected in the spring of 2011 
and that of the second group were collected in the summer of 2011. The first group consisted of 16 graduate students 
who enrolled in a required course “Curriculum Development in Foundations of Education” at a large public 
university located in central Texas, United States. The second group consisted of 15 graduate students who enrolled 
in an elective course “Issues in Curriculum and Instruction” at the same university. Both courses were online courses 
taught by the same instructor. Five voluntary interviewees were selected from the two groups. The study was 
designed as an optional project for students as a substitute for a final paper. After informed about the purposes of the 
study, students had a week to decide on which of the two projects they would want to participate. Both participants 
and interviewees were recorded with the required permission signatures on IRB consent forms. 
 
 
Process 
 
Data for this study were collected between February 2011 and June 2011. Students from both spring and summer 
courses expressed their interests and willingness to participate in this study through emails. Through a content 
management system, Blackboard, the researchers uploaded several handouts for training in basic SL skills. While 
participants were being trained in basic SL skills, the researchers held a SL help session for each group (spring and 
summer class) before the actual research presentations. The help sessions were held using SL and lasted for one hour, 
the main purpose was to discuss technical issues related to computer hardware or SL skills. Next, the researchers 
presented a war (see Figure 1) and an ecology exhibition (see Figure 2) on different days. Each of the presentations 
lasted for 1.5 hours. The presentations were recorded using Camtasia—a screen capture software.   
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Figure 1. War Exhibition 

 

 
Figure 2. Ecological Exhibition 

 
Following their experiences interacting with two exhibitions, participants answered a four-page open-ended survey 
as a reflection of their participation (see Appendix A). The survey questions focused on the four steps of the currere 
experience. Part of the survey questions were modified from the study by Brown (2007). At the end of each semester, 
the researchers recruited five volunteer participants for interviews. The interview questions focused more on SL 
perspectives (See Appendix B). Part of the interview questions were modified from the study by Jarmon, Traphagan, 
Mayrath and Trivedi (2009).  
 
 
Data analysis 
 
Four forms of data—virtual observation, virtual reflective writings, individual currere writings, and voluntary 
interviews—were analyzed using interpretative phenomenological analysis (IPA). Smith, Jarman, and Osborn (1999) 
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stated that the goal of IPA is, instead of producing an objective statement, to explore individual personal perception, 
in-depth experience, and interpretation of a specific object or event.  
 
The SL presentation recordings were written as observation reports and used as complementary resources. The 
interviews were transcribed verbatim from both SL and mp3 recordings. By adopting IPA to explore participants’ 
views of the virtual curriculum development and experiences, this analysis supported the study design of currere for 
understanding graduate students’ perception, reflection, and growth engaged in virtual exhibitions. Smith, et al. 
(1999) stated that IPA is concerned with an individual’s perception, cognition, thoughts, or beliefs about a specific 
topic, which, in my case, was a virtual curriculum development about war and ecology exhibitions.  
 
Modified from the IPA of Smith et al. (1999), each participant’s virtual reflective writing and currere writing were 
read several times with initial thoughts and provisional codes noted on the left-hand side margin. Similar to what 
Eatough and Smith (2006) stated, the left-hand margin is to record anything significant and of interest. Then the 
specific themes transformed from initial notes and generated from multiple readings should be written in the right-
hand margin (Smith & Dunworth, 2003). Interview recordings were transcribed, initially coded, and generated 
themes in the same way. The first step of coding the transcript was to divide up the individual extract. Each extract 
was a meaningful unit—one or two sentences long or a paragraph. Each extract was examined in order to generate a 
provisional code. Once a list of provisional codes was produced, the list was examined to see if these codes could be 
grouped together in meaningful ways. When the coding scheme had been produced, each extract was relabeled and 
given a numerical code. If a specific extract was associated with more than one category, it was given additional 
codes. The next step was to group the extracts based on the new coding categories. The collections of extracts were 
created based on the similar concepts. When the separate clusters of themes were created, the next step was to search 
for patterns and connections. 
 
Table 1 is an example of virtual reflective writings analyzed using IPA.  
 

Table 1. The example of interpretative phenomenological analysis. 
Provisional codes KE (Participant’s name) Themes 
 
Notice the 
interlinking relations 
in the ecological 
issues.  
 
Giving two examples 
 
Point out other 
ecological issues she 
noticed 

Has anyone noticed that one of that some of the ecological 
problems presented here are actually interlinked to one 
another? For example, the receding glacier would inevitably 
lead to higher sea levels which would cause water levels to 
come further inland. As water levels move further inland, 
whatever is on the ground becomes a part of the water which 
overtime leads to contaminated water - which is another 
ecological issue. 
Also, did anyone notice that the display on contaminated water 
only dealt with how it affects humans? What about the animals 
and ecological systems that are affected?  

 
Ecological relationship 
 
 
Examples 
 
 
 
 
 
  

 
 
Findings and discussion 
 
The IPA drew coding schemes for virtual reflective writings, currere writings, and technology related data 
respectively, in which the first coding number presents as schemes, second number as categories, and third number 
as the themes.  
 
Students’ SL reflections were aggregated from the notecards written during their participation in the exhibitions. The 
length of each student’s reflective writing (Table 2) ranged from four to eight sentences. Some people wrote more 
than one reflection for each exhibition while others wrote only one. 
 
Currere writings were collected from all participants at the end of the two courses, ranging from seven to fifteen 
single-spaced pages. The data was analyzed through the same analytic process for virtual reflective writings. The 
currere writings were only read twice because of the large amount of writings. Table 3 was generated through the 
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four currere phases following the theoretical framework and questionnaire development: regression, progression, 
analysis, and synthesis, are considered four categories. 
 

Table 2. Coding scheme for virtual reflective notecards 
1.1 Self Disclosure  1.2 Actions 1.3 Mental 

Expression 
1.4 Curriculum 1.5 Technology 

Application 
1.1.1 Regressive 
memory 
1.1.2 Regressive 
thinking 
1.1.3 Self-reflection 
1.1.4 Self-awareness 
1.1.5 Prospection 
1.1.6 Self-experience 
1.1.7 Self-understanding 

1.2.1 Importance of 
education 
1.2.2 Taking action 
1.2.3 Sense of crisis 
1.2.4 Responsibilities 
 

1.3.1Attitudes 
1.3.2 Emotions 
1.3.3 Feelings 
1.3.4 Imagination 
1.3.5 Belief 
 

1.4.1 Curriculum 
demonstration  
1.4.2 Subject 
integration 
1.4.3 Spontaneous 
learning 

1.5.1 SL materials 
1.5.2 Virtual 
reality 
 

 
Table 3. Coding scheme for currere writings 

2.1 Regression 2.2 Progression 2.3 Analysis 2.4 Synthesis 
2.1.1 Regression memory 
2.1.2 Regressive thinking 
2.1.3 Regressive 
emotions & attitudes 
2.1.4 Impact of videos 
2.1.5 Regressive 
reflection 

2.2.1 Educating 
2.2.2 changing 
curriculum 
2.2.3 Progressive 
imagination 
2.2.4 Bringing 
awareness 
2.2.5 Holocaust 
memorial 

2.3.1 Continuing to 
educate and learn 
2.3.2 self-awareness 
2.3.3 Mixed feeling 
2.3.4 Big ideas 
2.3.5 Analytic thinking 
 

2.4.1 Synthetic thinking 
2.4.2 Self-understanding 
2.4.3 Self-reflection 
2.4.4 Taking actions 
2.4.5 Technology integration 
 

 
The last part of the data focused mainly on SL as a platform for multimedia curriculum in terms of its technological 
materials, values, and defects. By using the IPA method as well, the last part of data and interpretation were 
extracted from a minor portion of currere writings and the interview transcripts of five voluntary participants (see 
Table 4). In the partial currere writings, the participants were reflecting about SL values, functionality, materials, 
experience, and defects. The interview portion mainly explored the participants’ narratives, feelings, concept of 
educational application, and emotional involvement toward this technology. An attempt was made to identify the 
purposes of members checking for triangulation in the qualitative-based research.  
 

Table 4. Coding scheme for technology-related data 
3.1 SL Materials 3.2 SL Values 3.3 SL Defects 
3.1.1 Communication 
3.1.2 Subject integration 
3.1.3 Multimedia integration 
3.1.4 Large amount of 
information 

3.2.1 Virtual reality 
3.2.2 Emotion connection 
3.2.3 Future curriculum avenue 
3.2.4 Benefit for distance and diverse 
students 

3.3.1 Time issues 
3.3.2 Age-appropriate content 
3.3.3 Communication issues 
3.3.4 Technical issues 

 
 
The regressive stage 
 
Pinar (2004) explicated in the regressive moment, one re-enters “past lived or existential experience as data source” 
(p. 36) which needs memory to enlarge and transform. During two virtual exhibition visits, the participants had time 
to read the information, view the images, watch the videos, and explore the related websites about the highlighted 
war events and ecological incidents. The data from currere writings and reflective notecards indicated that the 
exhibitions were powerful enough to bring to remembrance memories about wars or ecological events connected 
with their families, friends, childhood, news or lessons they learned at school, or other experiences. In the currere 
writings, the participants were asked to recall deeply their emotions, attitudes, reactions, or thoughts at the time when 
the specific event happened.  
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Through the process of entering the past, some reported being stimulated by the exhibit items, thus recalling their 
existential experience (regressive emotions and attitudes), enlarging their memories by thinking regressively, and 
generating the concurrent reflection. These steps are the currere regressive stages. The participants found it really 
useful to connect to the past experience which enabled them to process the following currere stages. SheriIM (avatar 
name), a white high school teacher, shared a paragraph from her currere writing. 
 

 What the lack of personal connection causes is the problem of complacency.  We do not see natural disasters as a 
result of global warming that each person is directly contributing to. We do not see the wars as a result of foreign 
dependency on things like oil because we consume more than we produce. Everything is tied together in our lives but 
there are very few people connected enough to the problem to see the writing on the wall (SheriIM, May 10, 2011, 
pp. 3-4). 
 
While narrating their autobiographies in the currere writings and virtual reflective notecards, some reported their 
emotions and attitudes were involved in deeper retrospection. Their emotions toward wars or ecological issues were 
released because of personal connection, morality, humanity, consciousness, and sympathy. Through the emotional 
expression in the regressive stage, memories were enhanced, and somehow, gained consolation.  
 
 
The progressive stage 
 
In the progressive stage of VW activities, the participants were asked to teleport to re-created islands (see Figure 3) 
related to wars and ecological topics, such as the Holocaust Museum, the Vietnam Memorial Wall, Palestine-Israel 
War, NOAA, Etopia Eco Village and so forth. Fifteen participants specifically described being moved by the SL US 
Holocaust Museum for Kristallnacht exhibits which was addressed earlier. NOAA (National Oceanic & Atmospheric 
Administration) was another re-created island designed by the NOAA research laboratory, where participants could 
experience a powerful tsunami destroying a house and the melting of a glacier flowing into the ocean. The tsunami, 
of course, would not hurt avatars and the house would be reassembled soon after being wrecked. These virtual re-
created islands simulated real-world sites in the present and actualized the imagination for a future time. Many 
participants reflected that they enjoyed visiting these sites because virtual reality made timelines and spaces a non-
issue. Meanwhile, the participants could experience those views, buildings, materials, exhibits, and attractions with 
no constraint of cost or physical traveling. From aforementioned points of view, the technology of VW played a very 
important role, beneficial for education, regressive memories, progressive imagination, retrospection, and 
introspection.  
 

 
Figure 3. Teleport Hubs 
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After visiting these re-created islands, Russcular (avatar’s name), a doctoral student, shared his progressive plans: 
In the future, I will spend most of my time educating the public on what has been accomplished and formulating 
awareness tactics that will allow the public to understand how to continue to prevent these devastating situations 
from reoccurring (Russcular, July 2, 2011, p. 3). 
 
 
The analytic stage 
 
The VW activities at the analytic stage were group discussion (see Figure 4) and reflective notecard writings (see 
Figure 5) after the participants reviewed what they had visited (background information, images, videos, webpages, 
and re-created environments). During the analytic stage for reviewing the past, present, and future, the participants 
confessed that the virtual exhibitions and the currere writings inspired their self-awareness of current world issues by 
understanding and analyzing the timeline. Some participants agreed that continuing education and lifelong learning 
can achieve self-awareness, and further, sublimate self-awareness toward social responsibilities both for teachers and 
students. Some showed their appreciation for the SL exhibition presented in the currere process because they had 
never come to that self-awareness before. As the participants travelled their timeline from the past to the future, some 
declared their self-awareness increased thus inspiring them to want to deliver meaningful curriculum.  
 
Jennamb89 (avatar’s name), an African American high school teacher, stated that:  
My past, as I said before, was sheltered. Everything was kept from me unless it was Disney, Snoopy, or something 
“feel-good” related.  Anything I remember was from the news and I remember the emotion I felt at the time but then 
it became a very distant memory. Presently, I would say I used to be complacent but now I feel informed and aware.  
Those things give you a sense of empowerment and that empowerment gives way to a desire for change. The biggest 
changes will be as I plan for my future. I feel a sense of duty and urgency to talk about issues with my students. I feel 
a sense of responsibility to share information that is pertinent to their future and understanding of their environment 
and surroundings (Jennamb89, May 10, 2011, p. 14).   
 

 
Figure 4. Group discussion 
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Figure 5. Reflective notecard writing 

 
 
The synthetical stage 
 
With regard to personal, global and educational points of view, self-understanding and self-reflection in the 
educational means of the complicated conversation encouraged the participants to synthesize the past, present, and 
future. some indicated that they applied critical thinking and intellectual conversation, connecting them to their own 
timelines. These activities motivated them to take action to fulfill their responsibility of empowering their students to 
influence the world. This is the process of the synthetical stage.  
 
Allykat18 (avatar’s name), a graduate student, commented: 
I learned that the past tends to repeat itself, and things that happen in the past can really shape the present and future. 
I always knew the past could influence the future, but I guess I never realized to what extent it could. I have learned 
it is important to look at topics in the context of past, present, and future—instead of just the present. You need to 
understand how the present came to be to truly understand it and to be prepared for the future. It is important to 
understand these things when going to teach students in the classroom (Allykat18, July 2, 2011, p. 15). 
 
These participants’ determination to take action was what Pinar (2004) called “self-mobilization” which occurs after 
self-excavation, self-understanding, and self-reflexivity and it encourages them to be responsible educators for social 
reconstruction. Self-mobilization is aggregating self-knowledge, self-understanding, and self-reflection for 
reconstructing the community and the society. The ultimate goal for currere is to seek the “synthetical moment of 
mobilization when, as individual and as teachers, we enter the arena to educate the American public” (Pinar, 2004, p. 
xiii). This supports Pinar’s point that towards the end of the synthetical stage, self-mobilization is derived and 
promotes social reconstruction.  
 
 

213 



Perception of SL curriculum 
 
SL, the main medium of virtual experience for currere in this study, played an important role for visual and auditory 
richness, multimedia integration, distance learning, considerable information, synchronous communication (see 
Figure 6), and virtual reality. Drawn from the data from currere writings and interviews, the participants shared a 
number of constructive perspectives about virtual SL curriculum. Regarding students’ perspectives of learning about 
the currere process and curriculum development, some indicated that SL assisted students in extrapolating ideas for 
subject integration and interdisciplinary curriculum due to the SL demonstration of innovative installations. In the 
perspective of technological utilization, SL changed some of their perceptions about how integrating technology into 
the classroom made teaching and learning more accommodating for distant students, and further, motivated students 
to understand the target content more concretely and more effectively. In the perspective of autobiographic 
emotional involvement, SL also delivered the powerful images and videos to the participants, which directed them to 
understand why they possessed certain kinds of emotions towards specific events.  
 
Issues with SL, SL Defects (3.3), is one of the important points derived from the underlying data. A few interviewees 
brought up the issue of insufficient time (3.3.1) for student group discussions as the allotted time was only 20 
minutes for each exhibition. In addition, some participants raised the question of age appropriate content (3.3.2) in 
SL as they considered using this technology in K-12 teaching. SL is reserved for people who are 18 and over, which 
indeed is restricted to primary and secondary education. Moreover, SL has an echo problem (3.3.3) unless head sets 
are used by everyone. Furthermore, technical issues (3.3.4), such as internet bandwidth, permission issues, not 
loading video correctly, sound setup, insufficient hardware, and system overload issues, must be addressed to 
minimize student frustration. 
 

 
Figure 6. Synchronous discussion 
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Russcular commented that: 
 
Think about how many technologies you have to use in SL, such as designing your character, communicating 
through your microphone, adjusting your volume (to make sure you have no echo), video setting, and a lot of basic 
things. It is whole lot of stuff. And maybe create your own stuff, like user supplies, textures, notecards, scripts, and a 
website that requires a lot of innovation and technological experience. So I think SL definitely taps to creativity 
(Russcular, August 31, 2011).  
 
 
Educational development of the participants 
 
Participants’ memories, thinking, emotions, attitudes, imaginations were aroused frequently during the virtual 
exhibitions and currere writings, invoking their self-understanding, self-awareness, moral consciousness, synthetic 
thinking, and self-reflection. These personal syntheses followed their educational extensions—educational 
understanding, educational reflection, educational mobilization, motivation of educating, and social reconstruction, 
which involved educational application of synthetical experiences. The study indicates the process was conducive for 
enhancing some participants’ perspectives on self-examination, educational insight, curriculum development, and 
technology integration. Drawn from a variety of research data, some participants indicated that they changed several 
of their viewpoints on delivering information, connecting to personal experience, inspiring students’ interests of 
learning, educational meaning, pedagogical strategies, technology utilization, and teaching for benefiting the world - 
after SL participation and the currere process. 
 
 
Conclusions 
 
This study significantly attempted to (1) incorporate currere—“the interdisciplinary study of educational experience” 
(Pinar, 2004, p. 2)—with the multimedia virtual world of Second Life, (2) demonstrate theoretical and practical 
perspectives of curriculum development to education major graduate students, and (3) identify the effects that the 
virtual currere process has on the participants’ self-understanding, and take further actions for educational 
reconstruction. The effect of the integration initially achieved these goals. Some of participants’ self-examination 
(e.g., autobiography, self-experience, self-understanding, self-awareness, self-reflection, and self-mobilization) and 
educational development (e.g., educational understanding, educational reflection, educational growth, and social 
reconstruction) were well processed and evolved. The suggestions for future research are twofold: (1) the 
development of the practical methodology to evaluate the currere process, realistic educational development, 
improvement of students’ growth in consciousness, and (2) the development of interdisciplinary curricula to assess 
how effective the virtual currere approach can be.  
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Appendix A 
 
Stage One – Regression: 
Do you remember any wars or ecological details that occurred in your childhood or youth?  
□ Yes □ No 
 
What wars or ecological details do you remember? Please be specific about the details, including places, time periods, 
governmental reactions, industrial reactions, educational responses, citizen responses, impacts, etc. 
 
Describe one example of wars or ecologies from your school that stands out. 
 
Why are your memories of the occurrence still vivid? 
 
Were these two Second Life exhibitions strong enough to make you recall people or events related to the wars and 
ecological occurrences you are familiar with?  
□Strongly Disagree     □Disagree      □Agree      □Strongly Agree 
 
What parts/aspects of the exhibitions stimulated the recall? 
 
After seeing the exhibitions, what are your thoughts, reflection, or understanding about wars and ecological issues? 
 
Stage Two – Progression: 
Imagine that the world will be devastating in the 22nd century as a result of climate change, lack of food and water, 
and wars between countries. What are you going to do as an educator to prevent these tragedies from happening?  
 
In what way and with what tools will you deliver the curricula to your students regarding wars and ecological issues? 
 
Imagine you are about to receive an award in recognition for your contribution for delivering a tremendous curricula 
regarding wars and ecology. How will you feel about it? 
 
Imagine you successfully prevented the devastating situations as predicted by scientists, what will be your next set of 
goals for next five to ten years? 
 
Stage Three – Analysis: 
As you ruminate over the past, present, and future, what ideas show up over and over again?  
 
As you recall the past, what parts do you wish to be done differently?  
 
What parts make you sad? 
What parts make you angry? 
What parts leave you with mixed feelings? 
3.  What decisions did you make today as a result of influences from your previous responses? In what way(s) were 
decisions you made today influenced by your hopes for the future? 
4. As a pre-service or in-service teacher, what are your thoughts at this stage of analysis stage? 
 
What are the big ideas or themes you see in your professional life? 
Stage Four – Synthesis: 
Was what you believed about yourself confirmed through this process? If yes, what are they? If no, what are they? 
 
What self-understanding (self-knowledge and self-belief) did the virtual exhibitions make you come up with? 
 
What self-reflection did virtual exhibitions make you come up with? 
 
What have you learned from peers and classroom discussions regarding virtual exhibitions? 
What are your thoughts on using virtual world to present an interdisciplinary curriculum? 
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What have you, as a pre-service or in-service educator, learned from the synthetic process of the past, present, and 
future? 
 
If you are an interdisciplinary instructor and you had to design a curriculum about globally persistent issues, what 
themes will you come up with? What methods will you use to deliver the curriculum? Why did you choose this topic 
to present? 
 
 
Appendix B 
 
Interview Protocol 
Do virtual exhibitions impact your perceptions about teaching and learning a curriculum? 
 
What are your thoughts about using Second Life to deliver a target curriculum? Could you please respond this 
question in the perspectives of technology, creativity, and effectiveness? 
 
What are your thoughts about the use of communications (text chat, voice chat, public chat, and private chat) to 
engage distance complicated conversation? 
 
What do you think you learned from the Second Life component of this course that you would not have learned 
otherwise? 
 
For what other types of learning activities do you think Second Life would be potentially effective? 
 
Did you observe any change(s) in your attitude towards teaching and learning after participating in Second Life 
activities? 
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ABSTRACT 
This paper discusses the technical considerations and pedagogical issues that influence the design and 
classification of hardware-based experiments and their implementation in an internet-based remote laboratory 
environment for technical education. The necessary architecture to maintain academic integrity and imparting 
quality laboratory education via remote laboratories involving the instructor, faculty, and the students has been 
discussed. Online laboratory teaching and learning may be augmented by adding voice/multimedia protocols for 
teacher-student interaction. Pedagogical issues conducive for online laboratory instructions incorporating 
effective remote learning facilities that mimic the face-to-face interaction in conventional laboratory have been 
discussed. An online remote laboratory management system ensuring quality of service, security, automated 
laboratory report evaluation, and monitoring of student progress has been proposed. The main contribution of 
this paper is to develop a reference model which may help the educators and hardware-based laboratory module 
developers for electrical engineering disciplines.  
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Introduction 
 
The importance of hands-on experimentation in the undergraduate electrical engineering curricula is well established. 
A remote laboratory provides a web-based platform to the students to access, control and perform experiment from 
remote locations. Increasingly electrical engineering departments are beginning to incorporate remotely operated 
hardware-based laboratories in laboratory curricula. Several institutions have also developed remote laboratories as a 
supplement to their existing laboratory infrastructures. Provided the experiments are set up to run without the need 
for human intervention, remote laboratories can be made available via the Internet on a 24x7 basis, facilitating access 
at all times that accommodate individual student’s needs. It is a group effort, where content authors (educators), 
instructional designers, multimedia technicians, database administrators, and people from other areas of expertise 
come together to serve the community of learners. To date, very few studies have been performed to determine the 
special requirements needed for the design of laboratory modules consisting of several experiments and their web 
implementation and the effectiveness of the designed experiments towards the fulfillment of the educational goals of 
traditional laboratories.  
 
In this paper, first a brief overview of state-of-the-art technologies in the development of remote hardware-based 
laboratories is given. The development of a remote laboratory module faces several challenges; in design and 
implementation of the experiments for web launching, the online laboratory learning environment design that ensures 
strong, effective, accessible, and secure student interaction that best replaces the face-to-face (F2F) interaction that 
takes place in conventional laboratories. The paper is organized as follows. Section II presents a brief review and the 
desired pedagogical features of remote laboratory education. Section III discusses how the traditional laboratory 
experiments can be modified and tailored for online delivery. Section IV describes various experiment classification 
schemes. Section V discusses the instructor’s role in laboratory management system. Section VI describes the 
laboratory architecture. Section VII discusses the implementation issues of a hardware-based remote laboratory 
module and authentication and access control issues. A case study is discussed in Section VIII. Section IX presents 
the results of evaluation of the remote laboratory followed by conclusions and future directions. 
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Pedagogical features 
 
Online laboratories are classified into remote experiments (based on actual physical setup) and virtual experiments 
(based on simulation). In majority of cases, the remotely accessible online laboratories reported in the literature are 
dispersed around the world and represent stand-alone systems. Hardware-based remote laboratories are being 
successfully used in electrical engineering education. Several remote laboratories in which the learners interact and 
operate the hardware from a remote location are now operational at various universities (Harward et al., 2008; 
Fjeldly, & Shur, 2003; Gomes, 2007; Auer, 2003; Trevelyan, 2004; Maiti, 2010a). Internet laboratory courses 
covering many other disciplines of engineering and science are being offered to students worldwide. A few examples 
include MIT iLab, European Schoolnet, and PROLEARN, besides many other individual and/or collaborative 
distance laboratory efforts all over the world. Recently, the world consortium Library of Laboratory (LILA) has been 
formed to furthering the use of the remote laboratory in engineering education.  
 
Several interesting reviews on remote electronic laboratories have appeared (Sivakumar, 2005; Campbell, 2002).  
Guimaraes et al. have discussed the design and implementation of remote laboratories (Guimaraes, 2011). State-of-
the-art technologies used in the development of remote laboratories have been presented by Gomes and Bogosyan 
(Gomes, 2009). A special mention is due to the Special Issue recently published in the IEEE TRANSACTIONS ON 
EDUCATION devoted to virtual laboratories (Reilly, 2008 and references there in). While these reports provide 
comprehensive discussions of a wide variety of technologies for web-based remote laboratories, most journal or 
conference articles focus on one particular laboratory experiment (from different disciplines) and emphasize mostly 
on the educational and/or technological aspects. However, important issues such as, the development of a remote 
laboratory module consisting of several experiments, management of experiments, quality of service, security, safety 
and the operation of the equipment have not been addressed adequately. The design of remote hardware-based 
laboratory experiments and their web-implementation present different levels of complexity depending on the nature 
of the experiment and equipment necessary for running the experiment. For example, the development of a fully 
remote controlled laboratory module (consisting of 10 experiments, say) experience goes well beyond the design and 
implementation of a single experiment. The development of a remote laboratory module goes well beyond the design 
of the experimental apparatus and support software. Classification and selection of experiments (for example, a short 
or a long duration experiment) itself is a big issue in developing the experiment module. The design of experiments 
must be pedagogically sound to ensure that students achieve the same level of performance (and experience) with 
respect to the learning outcomes as would be expected from a conventional laboratory.  
 
Remote laboratory module development needs to address the specific issues pertaining to pedagogy, facilitation, 
scalability, usability, and security within a framework. Conventional laboratory development procedures cannot be 
directly employed and need modifications for remote laboratory practice for the students. During the development of 
instructional materials and delivery methods, the developers need to address these issues, like; technical 
infrastructure management for delivering learning material; curriculum quality; system scalability to handle increases 
in student enrollment; and continuous student assessment for grading purposes. Towards the development of student-
centric laboratory teaching process, the design of the pedagogical strategy should include; user-friendly system 
interface; provide real-time response from equipment; provide a collaborative learning environment for group 
interactions; to engage students actively in achieving learning outcomes; and track student performance to meet 
learning outcomes. From the technology-centric viewpoint, the instructional delivery framework should address 
several issues, like; use standard networking practices and protocols to connect the user to the server/equipment; 
ensure security; and track student access to laboratory resources. Also, for instructors, remote laboratory educational 
models require far more work than traditional laboratory educational models, currently being followed. Generally, 
traditional face to face (F2F) laboratory teaching professors are not in a position to deliver successful remote 
laboratory courses due to the lack of their pedagogical training. Instructors generally find it difficult to change their 
delivery methods. For successful deliver of remote laboratory courses, teacher training is necessary. 
 
Remote laboratories also need to be managed with a laboratory management system (LaMS). The primary objective 
of the LaMS is to manage the learner database, keeping track of their progress and performance across various stages 
and types of training activities. The LaMS should also be able to manage student registration, scheduling of 
experiments, and allocate resources such as the instructor availability, serve instructional materials, delivery of 
remote learning materials, and authoring system. The LaMS needs to provide a scheduling system that ensures that 
each user or a group can use the hardware without disturbance during experiment. The LaMS should be able to save 
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the experimental data, retrieve and evaluate and compare data on learner scores, navigation habits and use them to 
provide the content managers (educators) the crucial information on the effectiveness of the content, if combined 
with specific instructional strategies, delivery technologies, and learner preferences. It should also provide an 
infrastructure that can be used to create, modify, and manage contents for a wide range of learning environments to 
satisfy the needs of rapidly changing laboratory education requirements. Also, if needed, LaMS may be used to 
extend remote laboratory facilities across multiple institutions through shared resources. By sharing remote 
laboratories resources, high cost involved in developing hardware-based laboratories can be significantly reduced.  
 
 
Design of experiment for remote laboratory 
 
A traditional laboratory experiment setup requires a substantial re-working before it can be launched on the web. The 
steps to convert a traditional laboratory experiment setup into a remote online version include the following design 
and pedagogical issues: 
• The first step is to identify the type of experiment. Experiments may vary widely from each other depending upon 

their domain or field. Various schemes for classification of experiments will be discussed in section IV. 
• The second step is to identify a proper scheduling algorithm based on the type of experiment. Since users do not 

know about other users actions, the laboratory server should have a mechanism to handle users’ requests free and 
fairly. 

• The third step is to decide on the switching/change over that may be required in an experiment. In a remote 
laboratory, the students need to change the experimental setup and connections. For example, one can use robot 
for automatic change over and the robots need to be controlled through web services and their control must be 
added to the user interface in step 4. 

• The fourth step is to design the equipment interface. There are several ways to design the interface such as, 
browser based application or a stand-alone application. For the laboratory interface to be more robust and 
portable, it is always desirable to create the interface in a browser based script or language. Several drag and drop 
IDE such as Adobe Flex are available to create attractive and lightweight application that can be easily run 
through the browser on any platform. The user interface calls the web service that runs the experiment on the 
server side. 

• The fifth step is to select the data exchange protocol. Different experiments may generate of different types of 
outputs. The interface needs to call a specific web service for a specific experiment and handle the output uniquely. 

• The sixth step is to decide on the security measures. The most important is to ensure that no arbitrary request is 
processed which could damage the instruments and the access to the instrument must be highly secured.  

• If desired, the server may be provided with a monitoring system using multiple cameras to show users the 
functioning of the instruments during the experiment. 

• Although a remote laboratory may be run in a 24x7 mode, the equipment may be put ‘on’ only during experiment. 
Power control units may be used to turn ‘off’ and ‘on’ the instruments through a thread or program which will 
run in the server. The program will turn ‘on’ the instrument just before it is to be used and will ‘shut down’ when 
the experiment is over. 

• The remote laboratory should be made, as far as possible, to mimic the conventional laboratory. This may be 
done by adding multimedia elements such as, videos, images, and manuals for each experiment. 

• An interactive animation may be used to explain the experimental setup to users through a series of scenes 
showing how the experiment was setup and connections are made. Towards interpretation of experimental data, 
additional resources may also be provided. 

• Nowadays, blogging and social media has become a new tool for learning among peers. This may also be applied 
in a remote laboratory by creating forums and video conferencing. The forums can be used to post questions 
which are answered by the teachers.  If required, students and the teacher may have a video conferencing session 
to discuss on various experiments.  

 
 
Schemes for classification of experiments 
 
Remote hardware-based online Microelectronics and VLSI Engineering laboratory (NETLab) has been designed and 
developed by the Indian Institute of Technology (IIT) Kharagpur and VIT University, Vellore (Maiti, 2010a). The 
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laboratory is operational for use in the undergraduate and postgraduate laboratory teaching for more than two years 
now and has served more than 300 students.  Currently available six experiments are listed in Table 1 which includes 
the following attributes:  (a) experiment name, (b) measuring equipment, (c) input parameter for measurement, (d) 
output data from the experiment, (e) typical measurement setup time, and (f) actual measurement time. Primary 
classification of experiments may be made from these attributes, for example, experiment on MOS capacitor is a 
‘short’ experiment while Atomic Force Microscope is a ‘long’ experiment and are described in detail below. 
 

 
Table 1. Partial list of experiments available in the Microelectronics and VLSI Engineering laboratory. 

 
In the following, we classify the experiments based on the attributes shown in Table 1 and describe briefly their 
implementation in the LaMS to be described in Section VII. 
• Classification based on input parameters: In this regard experiments can be classified into two categories: (a) 

all experiments require inputs, for example, MOS capacitor requires two input parameters viz., voltage range (say 
-3V to +3 V) and the measurement frequency (say, 1 MHz). Typically, this may be considered as ‘small input’ 
(in terms of bytes consumed) as the size limit could be within 150-160 characters. In fact, such experiments can 
be run even by sending Short Message Service (SMS) from a mobile and (b) ‘Large Input’: This type of 
experiments require bulk data. The number of parameters is usually large and there is no restriction on how many 
characters the input may be composed of. For example, Atomic Force Microscope experiment requires a 2-D 
dataset as input for the area on which scanning is to be carried out. 

• Classification based on output parameters: Based on the nature of output data generated by the experiments, 
they can be classified into two categories: (a) ‘large output’ where the experiments generate huge amount of data 
which is generally raw data and does not convey any meaning unless drawn as a graph or plotted as a chart. For 
example, BJT characterization experiment generates x-y (V-I) dataset which needs to be plotted for interpretation, 
(b) Continuous: some experiments may keep generating data and the server stores them. The user needs to 
specify the time slot (say up to 10 sec) for which they wish to take data. Once such a request is received, the 
server creates a thread that fetches the necessary data from the database and sends it back to the server. 

• Classification based on processing time: For each experiment, there will be; (a) time required for setting up the 
measurement conditions, and (b) experiment real run time. ‘Short’ experiments are classified based on the criteria 
that both the setup and real run time are small. For example, MOSFET characterization experiment setup takes 
about 5 minutes and run time is only 15-20 seconds. ‘Medium’ experiments take longer time compared to short 
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experiments but much less time compared to ‘long’ experiments such as Atomic Force Microscope experiment 
which takes almost 20 minutes for setting up and scan time could be as high as 30 minutes. The above 
classification helps in many ways to set the ‘schedule’ for each experiment which in turn is used for time-slot 
fixing for an experiment, queuing etc. Both the SHORT-MEDIUM-Scheduler and LONG-SCHEDULER have 
been developed (Maiti, 2011a; Maiti, 2011b). SHORT-MEDIUM-Scheduler may be used to run experiments in a 
multi-user mode i.e., more than one user can operate the instrument in an allotted time slot. An experiment 
request arrives at the server through a HTTP request or web service request. After the request is received all setup 
parameters are verified and then the experiment is triggered. 

• Classification based on interactivity: There are two types of experiments; interactive and non-interactive. Some 
experiments may require constant interaction with the interface; some may not require any, while some may 
require constant feedback throughout the duration of the experiment. Experiments that take some inputs from the 
user while running are definitely single user, i.e., one user must be given a dedicated time slot for the experiment. 
This leads to the implementation of complex scheduling schemes. Experiments which run without an 
intermediate user interaction can be implemented by ‘long’ or ‘short’ scheduler as discussed earlier.  

 
 
Instructor’s role in laboratory management system 
 
The instructor is the administrator of the remote laboratory module who creates and maintains the learning contents. 
All instructor functions are performed online through the LaMS which menu driven. The followings are few of the 
instructor’s functions performed online: 
• Create/alter experiment contents: Creating an experiment involves adding the basic details of an experiment 

such as aim, procedure, and description, expected duration etc. The instructor also uploads the learning materials 
such as the laboratory manuals, videos animations and additional reading materials through the online system. 
Finally, the experiment interface is uploaded in the system.  

• Create viva questions/evaluation of  laboratory reports/student records: For the evaluation of students 
understanding viva is conducted online and laboratory reports are also submitted online by students. The 
instructor uploads viva questions and expected (default) results for each experiment in the database. The student’s 
laboratory report evaluation has also been automated and submitted results are compared to the experiment’s 
default data and grading is done. Grades are then uploaded automatically for the students and also for the 
instructor. 

• Question box/video conference: The questions posted by the students for an experiment are answered by the 
teachers and if required, video conferencing may also be arranged for the students.  

• Cameras: Each experiment setup may be associated with one or more cameras that stream the screen of the 
instruments during setup and measurement. The video streaming is done through webcam connected to the server. 
The Flash Media Server is used for the video streaming. A unique key is associated with a camera that is 
embedded or passed to the user interface depending upon the experiment being performed.  

• Keeping track of  defaulters: The remote laboratories are designed for increasing the efficiency of laboratory 
education. If a student books a time slot and fails to conduct the experiment during that time, the system records 
it so that the instructor can advise the student a new time slot.  

 
 
Laboratory architecture 
 
The general architecture of NETLab is shown in Figure 1 and is described as follows: 
 
• Local or instrument server: The server controls the measuring instruments. The server hosts the actual web 

service and other services as well. Each instrument is connected to a power control unit (PCU) which turns the 
instrument ‘on’ and ‘off’ and also resets them. 

• NETLab server: The main NETLab Server takes all the user requests and processes the requests. It invokes the 
local server’s services for triggering the experiment. It also manages the experiments, user’s details and the 
instruments. The system is implemented using Java and Oracle technologies. The NETLab Server also have 
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provisions for user management such as evaluating the student performance and recording their progress online 
(Maiti, 2010b) 

• Users side: The Client Side consists of a Web browser interface and is platform independent. The interface is 
used to provide the input parameters for an experiment and display output data as graphs, charts or tables. 

 

 
Figure 1. The NETLab Architecture. 

 
Experiments are run after receiving a request from the client interface. A typical experiment run (see Figure 2) may 
be described as follows: 
1.  Input: The user submits the input as a set of parameters. The input is taken from the user interface via a web 

browser. 
 

2.  Processing of inputs: The processing of inputs parameters is done two steps: 
• Validation: An input may be wrong i.e., not relevant to the experiment resulting in erroneous output. Also the 

input parameters may be faulty which may cause damage to the instrument. In the validation phase, checking of 
the input for such patterns are done and also whether the experiment can be performed with the given inputs. 

• Saving data: This is an optional step. For an experiment involving large input datasets, the data need to be saved 
on the server's hard disk before starting the experiment. The saved data need to be in a particular format and 
attributed to the user for performing the experiment. 
 

3. Performing the experiment: An experiment run involves three steps: 
• Triggering the experiment:  Every experiment needs to be associated with an http link such as, a web service. The 

actual experiment may not be performed at the main server but instead at a local or instrument server associated 
with the real instruments. The input is passed as GET or POST parameters to the web services. The instrument 
server then starts the experiment. 

• Carrying out the experiment: Since instruments, involved with the experiment, need to be ‘ON’ for entire 
duration of the experiment, the instruments need scheduling such that no two or more instances of the experiment 
are initiated at the same time. For this, the instruments are associated with tokens. This step has to collect all 
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tokens for the experiment such that no other experiment can gather them. This involves changing the data in the 
database associated with the instrument. 

• Completing the experiment: After the experiment is completed, the data is gathered from the instrument and sent 
to the main server. The token associated with experiment is now released i.e., their values are reset in the 
database such that the next experiment can commence. 

 
4.   Error Reporting: This is an optional step and is required, if and when an error occurs, i.e., if an instrument fails to 

generate the correct data. The error has to be captured and identified. The user is notified about the failure and 
immediate corrective action is taken so that the experiment run can be resumed. 

 
5.  Output: The last step in an experiment is to send the output data to the user. Since the request is sent over http, the 

response is also over http. If for certain experiment, the output is large, then it may be saved along with the users’ 
details on the server for sending it to the user later. 

 

 
Figure 2. Experiment Process or an ‘experiment run’ when a user’s request arrives. 

 
 
Implementation 
 
The remote laboratory experiments require an extensive implementation planning. Although each experiment is 
different, but they share common input output and data exchange protocol. The three most important issues in 
implementing an experiment are: 
 
 
Methods of data exchange:  
 
The data has to be transferred from the client to the server and then back to the client. The best way to deal is to use a 
set of web services. A web service is a block of code that is situated on the server and invoked from remote computer 
through the web. Web services are in two flavors: REST and SOAP. For implementing the experiment both of these 
are suitable. A web service represents an experiment or in some cases an instrument. The remote user client calls the 
web services with the given inputs as parameters. Web service technology is provided with its own security and 
network management protocols. 
 
Grid computing is a collection of computer resources from multiple domains that work together to reach a common 
goal. In remote laboratory applications, a grid computing architecture in which the laboratory is divided in 3 levels 
forming 3-tier architecture may be followed. The lowest level is the local server. The second level is the main 
(NETLab) server. This server controls all local servers simultaneously to start, execute, collect data and stop the 
experiment. The grid architecture allows the laboratory to be more flexible since the laboratory in itself can be spread 
over a large geographical area. Secondly, it ensures reliability and robustness, since even if one node fails, the main 
server can run and serve the clients. 
 
Role of cloud computing environment in the implementation of remote laboratories is being explored (Saliah-
Hassane et al., 2011). It has been proposed that based on the concept of 'Software as a Service' (SaaS) will allow the 
students to use software tools from the Cloud to perform the tasks in solo or in collaboration. SaaS is a scheme in the 
cloud computing which provides the functionalities of a software as a set of services. The user calls these services 
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and the service provider decides where to execute the request and once the request is processed, the output is sent 
back to the user. The entire processing is distributed over several locations optimizing the process and hiding it from 
the user. Virtual (simulation-based) laboratories may get best benefit out of cloud computing as virtualization 
enables one server or computer to act as many. The benefits of bringing a cloud computing approach is to use the 
laboratory resources, where students are able to use virtual machines so that a student’s computing resources can be 
accessed from anywhere and can be considered as truly portable. 
 
 
Format of data exchange:  
 
The second important issue is the format of data that is generated by an experiment. An experiment is expected to 
generate data in a particular style only. For example, the experiment Gummel Characteristics will generate a plot 
containing two curves, i.e., there will be two Y-axes and one X-axis data. Similarly, there may be experiments where 
the data is generated in tabular form and the number of columns or rows may not be the same. Hence, one needs a 
standard but flexible method of representing data, such that the data generated by an experiment is understood by all 
parties i.e., the software part in the entire application. Such functionalities are well presented in eXtended Markup 
Language (XML). XML (see Figure 3) can represent any kind of data with ease and clarity. Also, with XML there is 
platform independence since the XML can be parsed by almost all major languages. 
 

  
Figure 3. XML based structure of data exchange. 

 
 
Security of the laboratory: 
 
Security of the laboratory involves two major areas: 
• Data Security: As the remote laboratory is used mostly for educational purposes, it does not generate any kind of 

confidential data. The only security for data required is the student’s information stored in the system database. 
This part is similar to any other information system storing user information. Apart from this, the identifier or 
token to represent each instrument have to be secured on the server, since these can be misused for unauthorized 
use of the instrument and possibly for disrupting the system. It should also be renewed or changed from time to 
time to prevent risk from accidental loss or theft of data. 

• Instrument Security: The more important part of security in remote laboratories is the instrument security. The 
instruments in a remote laboratory are handled by students with little knowledge about the instrument. Hence the 
instruments are at a greater risk of getting damaged. In an on-site laboratory, instructors check the student’s 
actions and stop possible hazards. In a remote laboratory, the management system must provide adequate 
measures to guarantee the instrument safety. Only way to ensure it is to prevent any malicious input being 
processed. This is done at the second step in experiment process to validate the inputs.  

 
 Instrument sharing may be done in three different levels: 

• Inflexible or static sharing: Usually an instrument has many possible input areas such as ‘buttons’, ‘knobs’ etc. A 
combination of these inputs and their function is required for a particular experiment. This combination is unique 
for an experiment. At this level of security makes sure that the instruments are used only in some specific ways 
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i.e., only a few specific functions are implemented over the web and the instrument cannot be used in any other 
mode. The functions implemented need to be specific for an experiment. 

• Flexible or Partial Sharing: In this case, input from a button or a knob is associated with a corresponding 
function. Various combinations of the function can be used to perform to set a certain range of values for an 
experiment. However, the more controls are given to users will increase the chance of more invalid inputs 
requiring a stricter validation scheme. 

• Complete or total sharing: In total sharing, each of the input nodes is associated with a function that is available 
over the network along with the capability to turn ‘on’ and ‘off’ the instruments. The user has the total control of 
the equipment. Although this is necessary for learning point of view, but requires an extremely strict and strong 
validation scheme to validate the inputs. 

 
It may be noted that with the increase in flexibility of controls for the users over the instruments, safety risks also 
increases. Hence, while implementing a remote laboratory, the administrators must decide a balance of flexibility 
and the instrument security. 
 
 
Operability with mobiles devices:  
 
Now-a-days mobile devices such as, cell phones and smart phones have become very popular with the students 
community. Also the charge of using the internet on such devices along with the use of messaging services such as, 
Short Message Service (SMS) are efficient, easy to use and reliable. Design and implementation of an online 
laboratory system in flash-enabled mobile platform such as, pocket PC, smart phone, and PDA using FLASH Lite 
2.0 has been reported (Maiti, & Tripathy 2011c), (Maiti, 2010c).  The Microelectronics and VLSI Engineering 
Laboratory (http://lod.iitkgp.ernet.in/netlab ) described in Section VIII may also be operated using smart phones 
which provides greater flexibility in student learning as one need not to be at home or laboratory to perform the 
experiments. 
 
 
Case study 
 
The NETLab, described in Section IV is operational for use in the undergraduate and postgraduate laboratory 
teaching at the Indian Institute of Technology (IIT), Kharagpur. The NETLab laboratory management system (Maiti, 
2010a) is being used to implement different types of hardware-based online laboratory modules; such as, Solid-State 
Devices Laboratory (http://ssd.iitkgp.ernet.in/netlab) and technology CAD (TCAD) laboratory 
(http://tcada.iitkgp.ernet.in/netlab). In the following, detailed operation of a remote experiment (Gummel plot) 
available in the hardware-based Microelectronics and VLSI Engineering laboratory is described in detail. 
 
The students perform the experiments in the following steps: 
 
1. Preliminary quiz:  
 
It is necessary that the student engages the equipment only when the experiment is performed. A preliminary quiz 
has been introduced and conducted before the learner can get access to the actual experiment webpage and the 
equipment and/or the experimental setup. This is done primarily to optimize the use of the instruments by making 
sure that the user is familiar with the instrument and knows about the experiment. The student gets access to the 
experimental setup only during the time slot booked.  
 
 
2. Booking of time slot:  

 
The user must book a time slot for performing an experiment. For user’s convenience, available time slot is 
highlighted for 15 days. If ‘queuing’ scheme is applied, only one user can book a time slot. However, if a ‘hybrid 
scheduling’ scheme is operational (Maiti 2011b) more than one user may book the same time slot. 
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3. Running the experiment:  
 

The user performs the experiment by opening the experiment user interface, setting the desired measurement 
parameters and then triggering the experiment. Upon completion of the experiment, the results/data are displayed on 
the user screen. The result may be copied from the interface and stored for analysis by the student in his/her PC. 
We shall emphasize on the bipolar device characterization experiment which makes use of a single instrument 
(Agilent 4156C Semiconductor Parametric Analyzer) for the characterization of a bipolar junction transistors (BJT) 
involving five experiments sequentially. The instrument is controlled by LabVIEW in combination with data 
acquisition cards (Travis, & Kring, J.2006). A local server is assigned to operate on it. To increase power efficiency 
a Power control unit (PCU) is used that supplies power to the instrument. It is connected through the serial ports to 
the computer. The computer can send commands to the PCU to turn ‘on’ or ‘off’ the instrument. The Experiment 
Module for BJT characterization consists of the following five experiments (with code): 
• BJT Gummel plot (s1002) 
• BJT Output Characteristics (s1003) 
• Collector Resistance (s1013) 
• HFE Characteristics (s1014) 
• Emitter resistance (s1015) 
 
Both the instrument and PCU are controlled i.e., their functions are invoked using RESTful Web Services created by 
using LabVIEW. The LabVIEW files are designed to set input parameters on the instruments, run the experiments, 
and acquire data from the instrument. After this, the data is converted to XML format. When the NETLab server 
receives a request from the internet first calls the PCU web services followed by the instrument web services and 
finally return the result to the client making the request. Using this architecture several different instruments located 
at different sites can be controlled and operated by the NETLab laboratory management system. 
 
One of the most important experiments in evaluating bipolar transistor parameters is measuring the collector and 
base current as a function of base-emitter voltage (Gummel plot). The measured data can be graphically analyzed to 
obtain saturation current, current gain, current gain vs. collector current characteristics, along with base resistance 
and recombination current characteristics. The user performs the experiment by opening the experiment user 
interface, set the desired measurement parameters. For example, for running this experiment, the user needs to set the 
channel definitions as shown in Figures 4 (a-c) where the measurement conditions (voltage and current) are set. The 
input data is checked and then system allows the triggering of the experiment. The measurement takes about 2 
minutes to complete. The data is displayed in the user screen along with the plot as shown in Figure 5. 
 
 
4. Uploading laboratory report:  

 
After the experiment has been performed successfully by the learner, the experimental data is saved and analyzed by 
the student for the preparation of the laboratory report. The report contains detail from the experiment, setup, data 
and the results for parameter values etc. The online laboratory report submission is menu prompted. After the 
preliminary section of the laboratory report is submitted, the user has to enter the final results (parameter values) 
obtained from the analyses. These parameter values are then compared with the pre-set (default) parameter values 
generated by the instructor. Depending on the off-set (in percentage), the student is given marks and grading is done 
accordingly. The instructor sets some tolerance for evaluation purposes and the system compares the student’s 
uploaded value with the default value. For example, for a tolerance of 15% only, 2 marks will be deducted from the 
full marks for the parameter. The instructor may specify up to 3 tolerances levels and the corresponding marks that 
are to be deducted. 
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Figure 4(a). Channel definition setup in 4156C in the user interface 

 
 

5. Viva voce:  
 

After the students perform the experiment and submit the online laboratory report, the students are evaluated for their 
understanding of the experiment through a viva-voce.  Several viva questions (in dynamic mode) are set by the 
instructor for the experiments. The viva questions are either multiple choice questions (MCQ) or true/false type 
questions. When the students appear in the viva, a set of questions are displayed with the choice and the students 
have to answer in a specified time. 
 

 
Figure 4(b). Source Setup in 4156C in the user interface 

 

 
Figure 4(c). Display Setup in 4156C in the user interface 
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Figure 5. Gummel plot display on 4156C as seen in the user interface 
 
 

Evaluation of remote laboratory 
 
Followings are some of the feedbacks and the results of the students and instructors activity profile (usage statistics) 
and opinion about NETLab as a learning tool. This study is based on a student population of about 40 for the period 
January-April 2010. All the students used the same website which has the functionality such as choice of experiment, 
experimental procedure, laboratory manual, pre-laboratory theory etc. Interactive session with teachers and students, 
as well as an inquiry/feedback, formed the basis for the evaluation. Evaluation procedures consist of several criteria, 
such as, Very Poor (VP), Poor (P), Fair (F), Good (G) and Very Good (VG) as measures. Student Feedback Form 
was used regularly which helped in receiving online feedback regarding their laboratory exercises. Laboratory 
Assessment Tools were used for evaluating the effectiveness of the laboratory experiments in terms of pedagogical 
benefits, resource utilization and cost effectiveness on a regular basis. Analytical Tools were provided in each 
experiment to help in performing various analyses on the data collected during experiment. Following typical 
parameters were used for evaluation: 
• User Friendliness  
• Freedom of Access 
• Unmanned Assistance 
• Assessment Support 
• Experiment’s Effectiveness in Learning 
• Freedom of Creative Experimentation 
• Ease of Modifying experiment 
• Skill Developed 
• Operational Control 
• Availability of Analytical Tools 
• Performance Effectiveness 
 
Over a larger period of time it is observed that students prefer to perform experiments on weekdays rather on the 
weekends (see Figure 6). Five experiments mentioned in Section VIII use the same instruments and are similar in 
nature. Also the students performed all related and similar experiments in quick succession rather performing them in 
different sessions (see Figure 7). The results also show that a group of students performed the five experiments 
within a day.  
 
As discussed in Section V, the NETLab LaMS contain an ‘administrator section’ for the teachers and administrator 
to keep control and track on the system (Logbook). The teachers can check the students’ entry/exit records for 
information for future reference. The administrator can create new experiments and provide manuals, videos, images, 
animations etc. for each new experiment to update the laboratory module. Teachers are permitted to check the 
student’s laboratory report and answer to the student questionnaire raised in the question box. The Logbook section 
also displays information about the student progress, the grade obtained and the time and period when the students 
performed the experiment. 
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Figure 6. Percentage of users using the system during the days of week (2010) 

 

 
Figure 7.  Different experiments being performed in the same day by multiple users (March 2010) 

 BJT Gummel plot (s1002), BJT Output Characteristics (s1003), Collector Resistance (s1013), HFE Characteristics 
(s1014), Emitter resistance (s1015) 

 
 
Conclusions 
 
This paper addresses the issues involved in the design of experiments (with emphasis on electronics laboratory) and 
their implementation in remote laboratories employing internet technologies, both at the client and the server sides.  
Requirements related to security, quality of service, and operation and their implementation in remote laboratory 
management system are also discussed. Our experience with the three remote online laboratories described and 
particularly with the Microelectronics and VLSI Engineering Laboratory shaped our belief that an integrated design 
approach should facilitate the scalability of laboratory development and user management. The integrated design 
approach promotes student interaction with good infrastructure management that can ensure effective learning, better 
student performance, and achievement of the pedagogical goals. 
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This paper demonstrates the feasibility of designing remote laboratory systems for strong student interaction with 
remote equipment handling. The web-based, remote interactive laboratory environment allows remote students to 
access and utilize equipment located at a central equipment facility. The architectural design and the instructional 
strategies employed may be tailored to accommodate the special hardware and software requirements.  This paper 
contributes to existing remote laboratory education and research by demonstrating the feasibility of designing the 
remote laboratory framework which employs secure, real time, interactive laboratories and incorporates effective 
online laboratory learning strategies, skill-building techniques including appropriate pedagogy, facilitation, and to 
impart knowledge to meet educational outcome. 
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ABSTRACT 

The aim of this study is to investigate the effects of segmented-animation and continuous-animation presentation 
in facilitating the learning of students, with different spatial visualization ability. An animation showing the 
cellular signal transmission process was developed for the purpose of this research. It was tested under a 
teacher-controlled projected presentation condition, which makes it different from many of the other previous 
similar studies. Pre-test and post-test experimental designs were used on two different groups. Spatial 
visualization ability was determined through a SVAT test. The data collected was statistically analyzed using 
Univariate Analysis of Covariance (ANCOVA). The results indicate that segmented-animation, which was 
presented with an LCD projector on a large white screen, was significantly more effective than continuous-
animation in enhancing students’ learning performance; specifically in memory recollection aspects. The results 
also show that segmented-animation presentation was beneficial for both low and high spatial visualization 
ability students, in conducting necessary cognitive processes, in order to develop more accurate mental model of 
the information depicted in the animation.  

 
Keywords 

Continuous-animation, Mental model, Projected presentation, Segmented-animation, Teacher-controlled, 
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Introduction 
 
The utilization of animation is a key component of instructional courseware design nowadays. New advances in 
software technology have spurred the development of new means of conveying information in an animated form. 
Animation is defined as a series of rapidly changing computer screen displays that represent the illusion of movement 
(Mayer, 2001; Rieber & Hannafin, 1988). Specifically, instructional animation is defined as pictures in motion typically 
used to facilitate the instructional and learning (Lin, 2011). As such, animation has a potential role in supporting the 
visualization of a dynamic process, such as those not easily observable in real space and time scales, real processes that 
are practically impossible to realize in a learning situation, or a process that is not inherently visual (Betrancourt, 2005). 
Animation also plays a potential role in reducing the cognitive cost of mental simulation, thus saving cognitive 
resources for learning tasks; especially for novice learners or learners with poor imagery or spatial visualization 
capabilities (Betrancourt, 2005). In its best uses, animation presents information in a more interesting, easier to 
understand, and memorable way, than static media (Norton & Sprague, 2001; Rieber, 1990). However, even with these 
advantages and theoretical support, research findings related to the effectiveness of animation learning remain 
inconsistent (Lin & Dwyer, 2010; Ayres, Marcus, Chan & Qian, 2009; Ainsworth, 2008; Hegarty, 2004; Lin & Dwyer, 
2004; Sperling, Seyedmonir, Aleksic & Meadows, 2003). The main reasons for inconsistencies may be attributed to 
design aspects (Tversky, Morrison & Betrancourt, 2002; Liu, Jones & Hemstreet, 1998) and learners’ learning 
characteristics, such as their spatial visualization ability, learning style, motivation, prior knowledge, age, gender, and so 
on (Spanjers, van Gog & van Merrienboer, 2010; Mayer & Moreno, 2002; Chuang, 1999). There are dozens of models 
and theories on learning characteristics. However, this study only focuses on the spatial visualization aspects that are 
highly correlated with animation learning (van Oostendorp, Beijersbergen & Solaimani, 2008; Hegarty & Waller, 2005; 
Cornoldi & Vecche, 2003). It appears that current approaches to the design and use of animation can be ineffective due 
to the instructional designers’ failure in addressing information processing challenges, posed by learners (Lowe, 2004). 
Therefore, approaches that lead to a reduction of these heavy cognitive processing needs are required especially to assist 
learners with poor imagery or spatial visualization ability (van Oostendorp, Beijersbergen & Solaimani, 2008).  
 
 
Animation and cognition 
 
The theoretical framework of this study was based on Mayer’s Cognitive Theory and Sweller’s Cognitive Load 
Theory. Mayer’s Cognitive Theory (Mayer, 2001) explained that information is processed in human memory through 
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two channels, namely the verbal channel and the visual channel, and through three cognitive processes. The first 
cognitive process involves the selection of verbal information to be processed in the verbal working memory and 
selecting the visual information to be processed in the visual working memory. The second cognitive process 
involves organizing the selected verbal information into a verbal mental model and organizing the selected visual 
information into a visual mental model. The final process involves integrating the verbal mental model and the visual 
mental model, developed with prior knowledge, to be stored in long-term memory. Successful learning occurs when 
learners are able to attend to important aspects of the presented material, mentally organize it into meaningful 
cognitive structure, and integrate it with relevant existing knowledge (Mayer & Moreno, 2003; 2002).   
 

 
Figure 1. Mayer’s model of memory (Source: Mayer, 2001) 

 
Sweller’s Cognitive Load Theory (Sweller, 2002; 1994) described learning structures in terms of an information 
processing system involving long-term memory, which effectively stores all the information gained on a more-or-
less permanent basis, in schema form. Information may only be stored in long-term memory after first being attended 
to and processed by the working memory. However, the working memory is extremely limited in both capacity and 
duration. This limitation, under some conditions, may impede learning especially when learners have failed to 
develop an accurate mental model of the visual and verbal information in their working memory. The Cognitive 
Load Theory assumes that information should be structured, in order to eliminate any avoidable load on working 
memory, and enhance learning. The quality of instructional design will be raised if greater consideration is given to 
the role and limitation of the working memory. 
 
Based on Mayer’s and Sweller’s theories, animation presentation that enables students to extract necessary 
information from it, in order to develop an accurate mental model of the information presented, is important for 
successful learning (Lowe, 1999). A continuous flow of changing information in animation may cause cognitive 
overload and hinder accurate mental model development (Betrancourt & Rebetez, 2007). This is due to the inability 
of learners to process new information, while simultaneously trying to remember and integrate important past 
information,  thus creating an extraneous load as the working memory’s resources are focused on dealing with 
demands of the presentation, rather than focusing on learning (Ayres, Marcus, Chan & Qian, 2009). However, there 
appears to be another view claiming that animation triggers passive information processing and may lead to 
overconfidence (Rozenblit & Keil, 2002). A study by Awan and Stevens (2006) revealed that confidence levels of 
understanding in an animation condition, was high in comparison with static media. They pointed out that higher 
confidence indicates lower mental effort, which leads to the perception that animation is easier to process. This 
situation can keep learners from doing relevant cognitive processing on their own (Schnotz & Rasch, 2005), which 
may influence the effectiveness of animation learning (van Oostendorp, Beijersbergen & Solaimani, 2008). 
Therefore, the need for empirical research to find design solutions that address these issues is important.   
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Segmented-animation 
 
Due to the speed and visual complexity of animation, learners may be confused and overwhelmed, throughout the 
animation viewing, as they are unable to properly process all incoming information before it disappears (Ayres, 
Marcus, Chan & Qian, 2009; van Oostendorp, Beijersbergen & Solaimani, 2008; Lowe, 2004; Weir & Heeps, 2003; 
Lowe, 1999). Therefore, designs that do not provide sufficient time for learners to focus their attention on the 
information being presented could be among the reasons for failure of animation to assist in learning (Torres & 
Dwyer, 1991). Without appropriate time allocation, learners may fail to develop new or adapt to existing schemas 
effectively (Garhart & Hannafin, 1986). It has been argued that the more time learners spend interacting with 
instructional material, the better they will be able to register the information in their long-term memory structure 
(Slater & Dwyer, 1996). 
 
Segmented-animation, with features that allow learners to control the segment viewing rather than passively viewing 
the whole animation continuously, could be a design solution that addresses this limitation (Ahmad Zamzuri, 2007; 
Moreno, 2007; Mayer & Moreno, 2003; Mayer & Chandler, 2001). In segmented-animation design, the whole 
animation is broken into meaningful segments, including pauses or time breaks after each segment, and learner-control 
features to move from one segment another. Thus, pauses or time breaks between segments and learner-control 
features will allow learners to rehearse, in order to extract the necessary information from one segment before moving 
on to the next. In addition, during these pauses, learners can analyze the visual spatial structure of the content on the 
screen, which is something that can be difficult to do when a display continuously changes (Lowe, 2004). 
 
Research findings have also revealed that segmented-animation; with learner-control features, will allow appropriate 
exposure duration of the animation that will help learners to interpret and understand the animation better (Ahmad 
Zamzuri, 2007; Aminordin, Ng & Fong, 2004; Fong, 2001). However, these studies were conducted in a fully 
learner-controlled self-paced learning condition. The question arises, would the same result would be obtained if the 
segmented-animation is in a teacher-controlled projected presentation learning condition, as moving from one 
segment to another is decided by the teacher and not on learners’ preferences. Surprisingly, the study by Spanjers, 
Wouters, van Gog, and van Merrienboer, (2011) revealed that students learned more efficiently in segmented-
animation than in continuous-animation, though without learner-control. In their study, the segmented-animation 
demonstrated and explained how probability calculation problems dealing with complex events need to be solved, 
automatically paused for 2 seconds before continuing. This study shows that segmentation still has positive effects 
on learning, even if it was not learner controllable (Spanjers, van Gog & van Merrienboer, 2010).  
 
 
Spatial visualization ability 
 
Spatial visualization ability is a subset of spatial ability (Maizam, Black & Gray, 2002), which is the ability to 
understand and communicate using visual images (Casey & Wolf, 1989). In showing dynamic processes, the 
application of dynamic display techniques, such as animation, has a potential role in enhancing learners’ 
visualization ability (Wiebe, 1991). Therefore, this ability seems to be relevant to the construction of an adequate 
mental model of the process depicted in the animation (van Oostendrop, Beijersbergen & Solaimani, 2008). It might 
be more effective than static media, especially for low spatial visualization learners, because they have less ability to 
mentally animate static diagrams (Boucheix & Schneider, 2009). The research findings also revealed that high spatial 
visualization ability learners primarily benefit from animation (Mayer & Sims, 1994, van Oostendorp, Beijersbergen 
& Solaimani, 2008, Wender & Muehlboeck, 2003). These research findings suggest that low spatial visualization 
ability students need more support in order to learn from animation better (van Oostendorp, Beijersbergen & 
Solaimani, 2008). Therefore, this study also investigated the effects of segmented-animation presentation, in 
assisting learning of students with different spatial visualization ability.  
 
 
Method 
 
Research objective 
 
Based on the literature overview above, the main objective of this research is to study the effects of segmented-
animation and continuous-animation on the learning achievements of students with high and low spatial visualization 
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ability. This study focuses on a teacher-controlled projected presentation condition. In detail, the predictions derived 
from the literature overview, are as follows: 
• The teacher-controlled segmented-animation in a projected presentation condition has significant positive effects 

on a students’ learning achievement compared to continuous-animation. 
• The teacher-controlled segmented-animation in a projected presentation condition has significant positive effects 

on learning achievement of students with low spatial visualization ability compared to continuous-animation. 
• The teacher-controlled Segmented-animation in projected presentation condition has significant positive effect on 

learning achievement of students with high spatial visualization ability compared to continuous-animation. 
 
 
Teaching material 
 
An animation presentation with two different teacher-control strategies was developed. The animation, which shows 
a cellular signal transmission process, was embedded into the presentation’s slide interface (Figure 2). The content of 
the animation are not easily observable in real space and time scales, practically impossible to realize  in a learning 
situation, and is not inherently visual, which makes it suitable to be presented in an animation form for effective 
learning as pointed out by Betrancourt (2005). Furthermore, students need to visualize and imagine the content in 
actual three dimensional environments to understand the process depicted in the animation better. Therefore, 
animation appears to be a good method in presenting this content, since it has potential role in enhancing learners’ 
visualization ability (Wiebe, 1991) and assists learning of low spatial visualization ability learners  who have less 
ability to mentally animate static diagrams (Boucheix & Schneider, 2009). 
 
Rationale of the interface design and content presentation strategy in reducing cognitive load has been detailed in 
Ahmad Zamzuri (2007; 2008). The appropriate content presentation design strategy to reduce any intrinsic load, and 
interface design to reduce any extraneous load, is important to avoid factors that might interfere with the schema 
acquisition by students throughout the study (Sweller, van Merrienboer & Paas, 1998). There was a study conducted 
using the earlier version of this courseware, but it was in a learner-controlled self-paced learning condition. In that 
study, students had full control over viewing of the animation based on their own preferences. Furthermore, the 
animation was displayed on each individual’s personal computer screen. The study revealed that segmented-
animation in a learner-control condition, was better than continuous-animation in enhancing students’ learning 
achievement (Ahmad Zamzuri, 2007). However, this study will focus on a teacher-controlled projected presentation 
condition, where the pause duration between segments was determined by the teacher and the presentation was 
displayed on a big white screen. 
 

 
Figure 2. Presentation slide interface 

 
The first animation presentation strategy was segmented-animation (Figure 3), which consisted of an animation that 
was broken into segments that the teacher could display in sequence using the ‘next’ and ‘previous’ control buttons. 
There appears to be no clear guidelines or design principles in the literature in determining the optimum segment 
length. However, the two options available, based on the researchers practice, were: 
• The length is based on theories with regards to cognitive functioning. 
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• The length is based on the content expert’s view, in order to determine the meaningful segments (Spanjers, van 
Gog & van Merrienboer, 2010). 
 

This study adopted both options. The animation was broken into meaningful segments based on the expert’s view. 
The segments were kept short, which was both necessary and helpful for novice learners, since all of the information 
was new for them (Spanjers, van Gog & van Merrienboer, 2010).   
 
The complete animation display was approximately 27 seconds in length, which was then broken into 6 meaningful 
segments. The first segment showed zoning of location, the second showed placing of tower in each zone, the third 
and fourth segments showed communication within the same zone and the fifth and sixth segments showed 
communication between the different zones. Each segment displayed for approximately 4 to 5 seconds. The pause 
duration between segments could be decided by the teacher.  
 

 
Figure 3. Segmented-animation strategy 

 
The second animation presentation strategy was continuous-animation (Figure 4), which consisted of the same 
animation, but displayed continuously when the teacher clicked the ‘start’ button.  
 

 
Figure 4. Continuous-animation strategy 

 
 
Procedure 
 
This experimental study investigated the effects of two different animation presentation strategies on learning 
achievements of students with high and low spatial visualization ability. Independent variables were the segmented-
animation and continuous-animation presentations, whilst the dependent variable was the post-test. Meanwhile, the 
moderator variables were the students’ spatial visualization ability, whether they were high or low. The research 
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participants were 124 university students from two different classes, whose ages ranged from 22 to 26, and were 
enrolled in a Diploma in Education course. Basically, they have low prior knowledge on the content presented. 
 
The study was conducted separately for both groups. The instructional material was presented to students with an 
LCD projector on a big white screen. They were given 60 seconds to read a projected text explanation, before 
viewing the animation. In the segmented-animation group, approximately 50 seconds pause duration, between 
segments, was determined by the teacher. This pause duration of 50 seconds was deemed suitable based on the 
teacher’s preference, derived from his experience, expertise of the content, and knowledge of the students’ ability. In 
the continuous-animation group, the teacher displayed the animation immediately after the time allocated for reading 
the text explanation. This process was repeated continuously three times in an identical manner for both groups. The 
purpose of replay was to ensure that students were provided sufficient time to extract necessary information from the 
animation. The number of replay was also determined by the teacher. The same teacher conducted the presentation 
for both groups. No verbal explanations from the teacher were given throughout the study as well.  
 
 
Test instrument 
 
Pre-tests and post-tests were used on the two groups that viewed the two different animation presentation strategies 
respectively. Pre-tests and post-tests were written essay tests that only measured students’ memory recall ability. The 
tests required students to draw and explain exactly the information depicted in the animation. Grades given were 
based on the accuracy and similarity of their answers to the animation presented. The pre-test was conducted before 
the learning process and the post-test was conducted immediately after the learning process. Both tests were similar. 
Two-way and one-way ANCOVA was employed to statistically analyze the collected data. 
 
ASVAT test instrument, developed by Maizam (2000), was used to measure the students’ visualization ability. This 
instrument consists of 28 items; 10 on the first task, which was a cube construction task, 11 on the second task, 
which was an engineering drawing, and 7 on the third task, which was a mental rotation task. The instrument had a 
Kuder-Richardson 20 (KR20) coefficient of 0.70 and a concurrent validity of 0.74 with the Vandenberg Mental 
Rotation test. The KR20 coefficients for task one, two, and three were 0.55, 0.43, and 0.53, respectively (Maizam, 
Black & Gray, 2002). The SVAT instrument has also been used in other studies (e.g. Ahmad Rizal, 2009) with 
acceptable reliability scores. The SVAT test was conducted 1 week before the commencement of the study. 
 
 
Results 
 
A two-way ANCOVA was conducted in order to examine whether there was any significant difference in the 
learning performance of students in the segmented-animation condition and the continuous-animation condition. 
Independent variables were animation presentation strategy. The dependent variable was post-test scores, 
administrated following completion of the learning process. Scores of pre-test administrated prior to the 
commencement of the learning process were used as a covariate. 
 

Table 1. Tests between-subjects effects 
Source Df Ms F P Partial Eta Squared 
Pre test 1 1548.08 5.43 .021 .04 
Mode 1 4497.78 15.77 .000 .12 
Visualization 1 443.47 1.56 .215 .01 
Mode * Visualization 1 276.47 .97 .327 .01 
Error 119 285.17    

R squared = .153 (Adjusted R Squared = .124) 
 
Preliminary checks were conducted to ensure that there was no violation of the assumptions of normality, linearity, 
homogeneity of variances, homogeneity of regression slopes, and reliable measurement of the covariate. After 
adjusting for pre-test scores, the interaction effect between animation presentation strategy and spatial visualization 
ability was not significant. F(1,119) = .97, p > 0.05, with small effect size according Cohen’s 1988 guidelines (partial 
eta squared = 0.01) as shown in Table 1.  The plotted adjusted mean for the post test, split for high and low 
visualization ability and for the two animations presentation strategy clearly indicates no interaction occurs between 
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the two independent variables (Figure 5). For both high and low visualization ability, post-test scores were lowest in 
continuous-animation strategy and highest in segmented-animation strategy. This clearly suggests that high spatial 
visualization ability learners and low spatial visualization ability learners respond similarly in both animation 
presentation strategies. 
 

 
Figure 5. Interaction plot showing two simple main effects 

 
The main effects for animation presentation strategy was statistically significant F(1,119) = 15.77, p < 0.05, with 
medium effect size according Cohen’s 1988 guidelines (partial eta squared = 0.12) as shown in Table 1. However, 
the main effects for spatial visualization ability was statistically not significant F(1,119) = 1.56, p > 0.05, with low 
effect size (partial eta squared = 0.01) as shown in Table 1. This means that high spatial visualization ability and low 
spatial visualization ability learners do not differ in terms of their post-test scores, but there is a difference in scores 
for learners in segmented-animation and continuous-animation. The adjusted mean scores indicate that students in 
the segmented-animation condition obtained a better mean score (M=61.38) than those students in the continuous-
animation condition (M = 48.99) as shown in Table 2. The results obtained indicate that overall, segmented-
animation appeared to facilitate learning better than continuous-animation and therefore the first hypothesis is 
accepted.  
 

Table 2. Descriptive statistics 
   Unadjusted Adjusted 
Mode Visualization N M SD M SE 
segmented High 25 60.80 17.78 61.77 3.40 

Low 39 60.77 16.60 60.99 2.71 
Total 64 60.78 16.93 61.38 2.18 

continuous High 34 53.53 19.68 52.45 2.93 
Low 26 45.38 13.63 45.54 3.31 
Total 60 50.00 17.66 48.99 2.21 

Covariates appearing in the model are evaluated at the following values: Pre-test = 15.02 
 
To explore the relation further, analysis was conducted by splitting the spatial visualization ability group and look at 
the effect of animation presentation strategy on post-test scores separately for low and high spatial visualization 
ability learners. A one-way ANCOVA was conducted in order to compare the effectiveness of two different 
animation presentation strategies. Preliminary checks were conducted to ensure that there was no violation of the 
assumptions of normality, linearity, homogeneity of variances, homogeneity of regression slopes, and reliable 
measurement of the covariate. After adjusting for pre-test scores, there was significant difference on post-test 
achievement of low spatial visualization ability learners between segmented-animation and continuous-animation 
condition, F(1,62) = 15.39, p < 0.05, with large effect size (partial eta squared = 0.20) as shown in Table 3. The 
adjusted mean scores indicate that low spatial visualization ability students in the segmented-animation condition 
obtained a better mean score (M = 60.78) than those low spatial visualization ability students in the continuous-
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animation condition (M = 45.37) as shown in Table 4. The results indicate that, segmented-animation appeared to 
facilitate low spatial visualization ability students’ learning better than continuous-animation and therefore the 
second hypothesis is accepted.  
  

Table 3. Tests between-subjects effects for low spatial visualization ability learners  
Source Df Ms F P Partial Eta Squared 
Pre test 1 184.25 .77 .385 .01 
Mode 1 3708.00 15.39 .000 .20 
Error 62 240.95    

R squared = .206 (Adjusted R Squared = .180) 
 

Table 4. Descriptive statistics for low spatial visualization ability learners  
  Unadjusted Adjusted 
Mode N M SD M SE 
Segmented 39 60.77 16.60 60.78 2.49 
Continuous  26 45.38 13.63 45.37 3.04 

Covariates appearing in the model are evaluated at the following values: Pre-test = 14.51 
 
Meanwhile, there was significant difference on post-test achievement of high spatial visualization ability learners 
between segmented-animation and continuous-animation condition, F(1,56) = 4.21, p < 0.05, with medium effect 
size (partial eta squared = 0.07) as shown in Table 5. The adjusted mean scores indicate that high spatial 
visualization ability students in the segmented-animation condition obtained a better mean score (M = 62.50) than 
those high spatial visualization ability students in the continuous-animation condition (M = 52.28) as shown in Table 
6. The results indicate that, segmented-animation appeared to facilitate high spatial visualization ability students’ 
learning better than continuous-animation and therefore the third hypothesis is also accepted.  

 
Table 5. Tests between-subjects effects for high spatial visualization ability learners 

Source Df Ms F P Partial Eta Squared 
Pre test 1 1702.29 5.11 .028 .08 
Mode 1 1401.41 4.21 .045 .07 
Error 56 333.182    

R squared = .117 (Adjusted R Squared = .085) 
 

Table 6. Descriptive statistics for high spatial visualization ability learners  
  Unadjusted Adjusted 
Mode N M SD M SE 
Segmented 25 60.80 17.78 62.50 3.72 
Continuous  34 53.63 19.68 52.28 3.18 

Covariates appearing in the model are evaluated at the following values: Pre-test = 15.59 
 
 
Discussion 
 
As pointed out earlier, there is much research concerning animation, and much theoretical support exists in the field 
of effective learning. However, the characteristics of animation means that changes over time may cause cognitive 
overload throughout the learning process that could hinder effective cognition especially for students with low spatial 
visualization ability (van Oostendorp, Beijersbergen & Solaimani, 2008). Therefore, segmentation was proposed as a 
potential solution in facilitating students’ cognition in animation learning (Ahmad Zamzuri, 2007; Moreno, 2007; 
Mayer & Moreno, 2003; Mayer & Chandler, 2001). The findings from this research are in line with that 
segmentation proposal. Overall, the findings revealed that students in the segmented-animation condition obtained 
better mean scores than students in the continuous-animation condition. Results were consistent with many other 
studies on segmentation; in learner-control (Ahmad Zamzuri, 2007; Aminordin, Ng & Fong, 2004; Fong, 2001) and 
in program-control (Spanjers, Wouters, van Gog & van Merrienboer, 2011). Therefore, the results of this study 
extended the effectiveness of segmentation to include teacher-controlled projected presentation mode too.  
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It was noted that even though the pauses between segments does increase the total available learning time, this does 
not necessarily increase learning ability. A study by Hasler, Kersten, and Sweller (2007) and Ahmad Zamzuri (2007) 
showed that even if equal time was allocated for all conditions, segmented-animation still promoted a better learning 
outcome. In addition, as pointed out by Spanjers, van Gog, and van Merrienboer (2010), providing additional time at 
the end of an entire, continuous dynamic visualization does not necessarily enhance learning, because this would do 
nothing to alleviate the high load at certain points in time. Furthermore, sufficient time was allocated for the learners, 
by repeating the animation presentation three times, to enable them to extract necessary information and understand 
the information depicted in the animation better. 
 
The results also indicate that segmented-animation was beneficial for students with low spatial visualization ability; 
even if it was not learner controllable and in the projected presentation condition. This finding further strengthens the 
assumption that animation, which is broken into meaningful segments, including pauses or time breaks between 
segments, will allow appropriate time for students with low spatial visualization ability to extract the necessary 
information in order to develop a more accurate mental model of the information depicted in the animation. With an 
accurate mental model, formation of meaningful schemas to be registered in long-term memory is possible; even for 
students with low spatial visualization ability. In addition, during the pauses, learners can analyze the visual spatial 
structure of the animation at certain meaningful points. Apparently, pauses play the role of a static display at certain 
meaningful points of an animation. Therefore, this situation could overcome the passive cognitive processing 
phenomenon that leads to overconfidence and negative animation learning outcomes, as pointed out by Awan and 
Stevens (2006). Questions might arise on the implication of pause duration on the students’ learning outcome. In this 
study, the pause duration was determined by the teacher, based on his experience, expertise of the content, and 
knowledge of students’ learning ability. This may vary for different content and different students’ learning ability. 
Therefore, further investigation looking into the effects of different pause durations or time breaks between segments 
is important. The study by Spanjers, Wouters, van Gog, and van Merrienboer (2011) revealed that even a pause 
duration of as little as 2 seconds, promoted better learning in segmented-animation condition, in comparison with 
other conditions. However, the outcome of self-paced learning and projected presentation learning may differ. In the 
self-paced learning condition, students still have freedom in deciding the repetition process. Whereas, in a teacher-
controlled projected presentation condition, the decision is solely the teacher’s. 
 
Students with high spatial visualization ability seem also benefited from the segmented-animation strategy. This 
finding is not in line with the assumption that high spatial visualization ability learners primarily benefit from the 
animation learning (Mayer & Sims, 1994; van Oostendorp, Beijersbergen & Solaimani, 2008, Wender & 
Muehlboeck, 2003). Even though, high spatial visualization ability learners in continuous-animation strategy 
obtained better mean score than low spatial visualization ability learners, high and low spatial visualization ability 
learners in segmented-animation strategy far out performed them in mean score terms.  It is surprising to notice that 
high and low spatial visualization ability learners in segmented-animation strategy obtained almost similar mean 
scores. There might be many possibilities for this, which includes students’ prior knowledge. Higher prior 
knowledge learners have to invest less mental effort into learning a given topic. Consequently, they have more 
cognitive capacity left for trying to understand a displayed motion concerning the topic on a very detailed level in 
comparison with lower prior knowledge learners (Höffler & Leutner, 2007). Learning is a process of receiving, 
processing, coding, storing and retrieving information from memory structure. As pointed out in introduction section, 
human memory structure is divided into three processing system namely sensory memory, working memory and 
long term memory. Sweller (2002) described learning structures in terms of an information processing system, which 
effectively stores all the information gained in long term memory on a more-or-less permanent basis in schematic 
form. Schemas are memory structures that allow learners to deal with a large number of information blocks as if they 
are a single block. New information entering working memory must be integrated with preexisting schemas in long 
term memory for adequate mental model development in working memory. For this to take place, relevant schemas 
in long term memory must be activated and decoded into working memory which is also defined as schema 
acquisition. Information may only be stored in long term memory after first being attended to and processed by the 
working memory. However, the working memory is extremely limited in both capacity and duration. Consequently, 
not all the information entered the working memory structure will be registered in long term memory in an adequate 
schema form. This limitation, under some conditions may impede learning, especially novices or low prior 
knowledge learners who are unable to recognize relevant preexisting schemas to solve problem. Based on this 
arguments, this research finding clearly indicates, high spatial visualization ability does not have any impact on 
novices or students with low prior knowledge. However, studies are needed to further affirm this assumption, 
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specifically on the correlation between prior knowledge and spatial visualization ability in segmented-animation 
learning. 
 
Beside students’ prior knowledge, content of the animation, complexity of the animation display, animation display 
speeds, animation length also might have influence. It is not an easy task to conclude a one-size-fits-all design 
strategy that would addresses all these influencing factors. Thus, findings of this study suggest segmentation as a 
potential design solution for effective animation learning for both low and high spatial visualization ability learners 
specifically in projected presentation condition.  
 
 
Conclusions  
 
Development of computer animations is relatively time-consuming and costly. Therefore, to ensure the maximum 
effectiveness of animation learning, instructional designers should ground their designs based on current research 
findings and theories. They should not base their designs on their own preferences, which may or may not work well. 
Thus, the findings from this research suggest that segmented-animation presentation has an advantage in promoting 
better animation learning. Segmented-animation actually plays the role of both dynamic and static displays. During 
the segment viewing, animation assists learners into the construction of adequate mental models in their working 
memory. With an adequate mental model, the formation of more meaningful schemas to be registered in long-term 
memory is possible. Meanwhile, during the pauses, the static display promotes learners to complete relevant 
cognitive processes on their own, by integrating with previously developed schemas. Therefore, the combination of 
passive and active cognitions promoted by segmented-animation may play a potential role for successful learning, 
specifically for novices or low prior knowledge learners. 
 
As pointed out in the discussion section, further study needs to be conducted on various segment lengths, display 
speeds, animation length, pause durations or time breaks between segments, and correlation between prior 
knowledge and spatial visualization ability to further strengthen this promising instructional animation design 
strategy. Since this study was limited to only measuring memory recall ability, further study on measuring higher 
cognitive ability such as analysis and synthesis ability as pointed in Bloom’s taxonomy also seems important.  
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ABSTRACT 

This paper reports on case studies of four primary school children and their digital practices in Hong Kong. The 
study explores how the participating children view and represent through digital text in the context of their out-
of-school technology use. Understanding how these practices extended into their English language classrooms 
was explicated based on the data that emerged from the study. The study results identify five aspects of 
emerging skills acquired by the children. These skills were not extended into the children’s schoolwork – a 
reflection on the emphasis on mono-modal language learning in the class setting. A detailed examination of the 
individual skills led to a set of recommendations for curriculum review, suitable pedagogical strategies and 
classroom learning resources that English Language Educators may utilize to facilitate development of students’ 
viewing and representing skills through digital text. 

 
Keywords 

Digital text, Literacies, Viewing and representing skills, Multimodality 
 
The digital practices of primary school children  
 
The meaning of literacy in the 21st century has changed markedly with emerging and now dominant technologies: 
that is, the move away from writing to the new digital text mode, and from the medium of the book to that of the 
monitor screen (Kress, 2010). It is therefore important to extend the notion of literacy beyond the traditional modes 
of listening, speaking, reading and writing to include digital text and communication. 
 
Language curricula in primary schools around the world are being revised in countries such as the United Kingdom, 
Canada, Singapore and Australia to incorporate new forms of literacies (Department for Children schools and 
families UK, 2009; Ministry of Education Ontario, 2006; MOE Singapore, 2010; National Curriculum Board 
Australia, 2008). These literacies are proposed as prerequisites for the effective consumption of digital texts and 
communication through contemporary technologies (Kress & Jewitt, 2003; Unsworth, 2008).   
 
Today’s technologies allow children to engage with digital text on a regular basis outside school (Buckingham & 
Willett, 2006; Kimber & Claire, 2008; Prensky, 2001a). However, the extra-school skills that are acquired from 
interacting and communicating with digital text remain unexplored. Digital text incorporates the four macro-skills of 
listening, speaking, reading and writing, but requires additional skills including frequent use of visuals, dynamic 
information, and interaction.  
 
Contemporary language curricula in schools need to incorporate emerging literacies (Jewitt, 2006; Kress, 2003; 
Martinec & Leeuwen, 2009). Language is broadly understood as the main meaning-making resource for constructing 
and consuming information (Unsworth, 2001). However, in Hong Kong, the government-mandated primary school 
English Language curriculum has not incorporated digital text as an integral aspect of language learning(The 
Curriculum Development Council, 2004). To incorporate digital text into the language curriculum, a viable set of 
recommendations is needed to address the skills required to engage with the emerging literacies.  
  
There is an emerging gap between children’s out-of-school digital practices and practices in the primary school 
English Language classroom in Hong Kong (which remain focused on linguistic learning). The literature suggests 
four areas of digital practices that impact the engagement on monitor screens: 
• The ability to recognize and create elements in different modes (Jewitt, 2006; Unsworth, 2008);  
• The ability to apply the affordances of modes in meaning making (Jewitt, 2006; Kress, 2003; Martinec & 

Leeuwen, 2009);  
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• The ability to link elements of information in different modes contextually in spatial or temporal layouts (Kress, 
2010; Leeuwen, 2005); and  

• The ability to navigate on screens (Leeuwen, 2005; Martinec & Leeuwen, 2009).  
 

These four areas of digital practices are also evidenced among the children, who participate in various social 
networking sites regularly. Their semantic practices involve not just engagement with written text, but also elements 
of other modes (Connelly, 2008; Cope & Kalantzis, 2000; Unsworth, 2008). The escalation of the children’s 
engagement on different sites has resulted in their quickly adapting to the different navigation potential of screens 
(Gee, 2003; Prensky, 2001b). They are also obtaining screen-based information with different layouts of different 
mode composition (Walsh et al., 2007).  
 
Based on this concise review, we may conclude that there are skills to be derived from children’s intuitive 
understandings arising from their natural interactions with digital text. The skills utilize but are additional to 
listening, speaking, reading and writing, and involve frequent use of visuals, dynamic information, and interaction 
through digital text. Such skills are categorized in the literature as viewing and representing (Kress, 2010; MOE 
Singapore, 2010).  
 
Hong Kong is currently in a state of transition in which the primary school English Language curriculum has not yet 
incorporated changes in the new literacies. The purpose of this study is to investigate in detail aspects of participating 
children’s viewing and representing skills and how they extended their viewing and representing skills into their 
formal schoolwork and independent school projects. 
 
 
Methodology  
 
The study focused on four primary school-aged children and how the practices emerging from their out-of-school use 
of digital technology extended to formal school activities, whether initiated by teachers in formal schoolwork, or 
applied independently by the children in their independent schoolwork. The methodology of the study was 
qualitative (Gay et al., 2006; Merriam, 1988, 2009; Yin, 1994). Two research questions guided the data collection 
and analysis of this study: 
• What digital literacy practices can be observed and identified from the participating children’s out-of school 

technology use? 
• How have these practices been extended to school activities? 
 
Students were recruited using a purposeful sampling strategy at a tuition centre in Hong Kong. The centre operates 
primary school English Language tuition classes supplementary to the Hong Kong government school syllabus. It 
has implemented an e-learning system to support delivery of its program. Four children were selected according to 
three selection criteria determined by the researcher to ensure rich qualitative data.  These criteria were: (i) 
participants regularly viewed or represented messages in blogs or social media tools like Facebook; (ii) used the 
Internet at least weekly and (iii) were students from primary-six level, the highest level of primary school. The 
research also investigated the children’s digital-related schoolwork in their school. 
 
Data was collected over a period of eight months. The study included observations, video recordings, interviews and 
personal documents (digital artifacts) study and was structured into two stages (see Figure 1). The study was 
explorative. The constant comparative method of data analysis was employed in this research. It involved collection 
of visual and narrative data and digital artifacts during the two stages. Stage One focused on developing a framework 
for viewing and representing the relevant skills of the participating children according to Mayer’s Cognitive Theory 
of Multimedia learning(Mayer, 2005). Stage Two focused on understanding how the children extended these skills 
into their school activities. Understandings emerging from the first stage of the study facilitated data collection in the 
second stage. Findings from stage two of the study led to a viable set of recommendations for incorporating the skills 
required to engage with the emerging literacies into the language curriculum. 
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Figure 1. The Procedure of the research methodology 

 
 
Participants 
 
Four cases were identified after discussing the selection criteria with the teachers. The participating children were 
from different schools and were enrolled in the same tuition centre.  
 

Table 1. The details derived from the selection criteria for the four cases 

Participant * Hours/week Spent with Computers Regular Viewing and 
Representing Activities Gender/Level 

Angel 16 Facebook.com Female/ Primary 6 
Winnie 4 myblog.yahoo.com Female/ Primary 6 
Nicole 3 Qooza.hk Female/ Primary 6 
Wong 4.5 Facebook.com Female/ Primary 6 

 
The study participants’ profiles are presented in Table 1. Pseudonyms are used to safeguard their anonymity. The 
study was conducted after relevant ethical clearance was secured. Initially, a group of children were briefed about the 
study and roles of participants before being asked to consider participating. Those who agreed to participate were 
given a consent form to take home to their parents. Signed parental consent was required.  
 
 
Results: The digital skills developed by the participants 
 
Participant one: Angel, a multi-mode representing practitioner 
 
Angel is an eleven-year-old girl from a middle-class Hong Kong Chinese family. Digital technology is an important 
part of her life. She claimed that her hobby was to design with graphic design software, such as Windows Paints and 
Photoshop. She also stated that she communicated regularly with her friends on Facebook; she read and replied to 
messages from her friends and created new messages in her social networking account. The researcher found that in 
her Facebook messages, the information was multi-mode - i.e. videos, images, verbal narration and writing. From 
day one of the study, Angel demonstrated a strong tendency to seek out information on the Internet, including 
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looking up the meaning of words with online dictionaries. The researcher asked Angel to post interesting messages 
in her Facebook account using images, video clips or songs (i.e., semantic digital artifacts demonstrating diversity in 
the modes used). Three digital artifacts were selected from her messages in her Facebook account. 
 
From the study at Stage One (see Figure 1) of the three digital artifacts (see Table 2) and through observation of 
Angel’s engagement on different web sites, the researcher noted that she had acquired the following abilities: 
 

Table 2. The Study of Angel’s Digital Artifacts 
Digital artifact Digital 

practices 
Element 1 Element 2 Element 3 Element 4 

Puppies as shark 
bait 

Mode: Writing Writing Image Writing 
Affordance: It described an idea 

(to persuade readers 
and urge ppropriate 
action). 

It described 
Angel’s 
emotion. 

It provides 
depictive 
information (She 
authenticated the 
claim with a 
newspaper 
cutting.) 

It described an 
idea (to query). 

Contextual 
link: 

 Elaboration: The text (element 2) 
paraphrases the image (element 3). 

 

A psychological test Mode: Image Writing Writing  
Affordance: It provides epictive 

information (a 
serious look). 

It describes 
an idea. 

It describes an idea 
(the result of the 
test). 

 

Contextual 
link: 

Extension: The text (element 1) relayed the image 
(element 3). 

 

The handsome guys 
& the ugly guys 

Mode: Writing Writing Video  
Affordance: It describes Angel’s 

emotion (funny). 
It describes 
an idea (the 
comparison). 

It provides 
information that 
demanded changes 
of time. 

 

Contextual 
link: 

 Explanation: The text (element 2) 
made the video (element 3) more 
specific. 

 

Navigation  An hyperlink  
  
• To engage with multi-mode elements, which recalled Jewitt and Unsworth’s observations that the new literacies 

require users to engage with elements in different modes (Jewitt, 2006; Unsworth, 2008). Angle was competent 
in both recognizing and creating messages utilising elements of different modes, i.e., video, verbal narration, 
images and printed texts. 

• To apply affordances of modes in meaning making. As Kress observes, different modes offer different 
potentials of meaning making (Kress, 2010). 

 
 Images 

According to Kress, one of the affordances of images is to provide depictive information. Angel applied a newspaper 
cutting to show the authentic aspect of the message (see Figure 2). In Figure 3, she used her “serious look” photo to 
reflect her friends’ perception of her.  
 

 Writing 
 Kress claims that writing affords the description of ideas. Angel urged readers of her message to tell more  people 

(see Figure 2) about the news she had read that live puppies were used as shark bait; and she decided to change the 
image she was projecting of herself by using smiley faces to get to know more friends (see Figure 3). 

                 

249 



Figure 2. Angel's digital artifact with the title “Puppies As Fishing Bait.” 
 

                              

               

            

 

 

 

Figure 3. The digital artifact by Angel with the title, A Psychological Test 

 
Videos 
Kress states that videos provide information that demand changes of time or space, or information that is perceived 
through sight and hearing (emotion, attitudes etc.). Angel applied a video clip that showed a series of images with 
different narration for each: “The Handsome Guys and The Ugly Guys 
(http://www.youtube.com/watch?v=vZhSvMRiXtE)”. The narrations with illustrations compared how people 
perceived handsome and ugly boys  performing a series of heterogeneous actions. For example: when a handsome 
boy reads a book, people would praise him as “a decent boy”, but an ugly boy reading a book would be termed a 
“bookworm”. 
• To link elements of different modes meaningfully in layouts. One of the values of information on screens lies in 

its contextual links. The links integrate elements of information in different modes contextually in spatial or 
temporal layouts (Kress, 2010; Leeuwen, 2005); Angel demonstrated her understanding to elaborate on the title 
(writing) with the newspaper cutting (an image) as in Figure 2, and to complement the body message (writing) 
with a photo (an image) as in Figure 3.  
 

• To navigate information on screens with hypertexts. Hypertexts differ from traditional texts. They afford 
readers interaction with text in a manner that is meaningful to them (Jonassen, 1986; Leeuwen, 2005; Martinec 
& Leeuwen, 2009). The researcher found that Angel could quickly adapt to the navigation potential and 
processing of digital texts of different modes. 

 
In addition to the four digital practices that have been noted from the literature, another skill emerged from the Stage 
One study:  

 

Element 2: It was very cruel and 
inhumane…Do you notice that the dog is 
crying? Please disseminate this message! 

Element 3: The title of the newspaper cutting: 
“Live puppies are used as shark bait”( 活小狗慘
變餌釣鯊魚) 

Element 1: 
Please help to disseminate… 
 

Element 4: 
Are they sick? 
 

 

Element 1: 
 

Element 2: 
The title: “Your first 
impression for friends of 
different gender (for girls 

only).“妳給異性的第一印象

(女生玩)” 
 

Element 3: 
The body message stated: “Angel has 
completed a psychological test. The test 
showed that she felt she always needed to 
insert a smiley face so that she is viewed 
as approachable by friends of different 
gender.”  
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• The ability to assimilate digital functionalities in learning. Angel demonstrated her competency in searching for 
information on Facebook and, as mentioned, in using an online dictionary during the interview. This skill 
emerged independently. It did not derive from one the three of Angel’s digital artifacts (Khoo & Churchill, 
2012). 

 
Digital texts appear in non-linear format on screens (Jewitt, 2006; Kress, 2010; Martinec & Leeuwen, 2009). The 
analysis of the digital artifacts in Table 2 showed that each digital artifact could be segregated into different 
elements. Angel engaged with these elements with the four digital practices mentioned in the literature: multi-mode, 
affordance of mode, navigation and contextual linking. The researcher observed some clear patterns emerging from 
Angel’s engagement with these elements. There were two macro processes in her self-regulated engagement with 
these elements; she selected elements and integrated them with different links to form a semantic path of 
engagement. 
 
Mayer’s theoretical stance of cognitive multimedia theory guided the development of the initial framework of 
“Viewing and Representing Skills”. The four digital practices as observed in the current research form the 
dimensions of the framework as in Table 3. The digital functionality skill was not observed in Angel’s three digital 
artifacts. Therefore it was not listed in the initial framework of viewing and representing skills (see Table 3). 
 

Table 3. The initial framework of Viewing and Representing Skills 
The skills Element Selection Element Integration 

Multi-mode Navigation 
Affordance Contextual Link 

 
Five mutually exclusive skills were identified. Furthermore, in Angel’s three selected digital artifacts, the messages 
consisted of elements in different modes: i.e. images, sound, verbal narration, video and writing. The researcher 
categorized her as a ’Multi-mode representing practitioner.’  
 
The second stage of the research was to determine how Angel extended her five viewing and representing skills into 
her English Language learning activities, which included formal schoolwork and independent schoolwork. The four 
skills were found extended from Stage One.  
 
Two were observed in her formal schoolwork: 
• Utilization of navigation skill (in her screen engagement she navigated with hyperlinks, multitasking and pop-

up windows).  
• Assimilating of digital functionality skill (she looked up words via Yahoo Dictionary, searched for information 

using the Yahoo Search function and “copied and pasted” when editing her writing).  
 
Another two were found in her independent schoolwork:  
• Creating messages with elements of multi-mode skill (in PowerPoint, she created messages with images and 

writing). 
• Applying affordances of mode skill (she applied the affordances of modes in the same writing and images).  
 
Note: The school did not promote the use of computer screens in assignments and independent schoolwork.  
Interviewing of the teacher confirmed that the objectives of the lessons were to provide children with appropriate 
practices and knowledge as specified in the English Language curriculum. The teacher added that the lesson focused 
on tenses and comprehension practice. This suggested that Angel’s formal English Language learning with digital 
text focused on the writing mode (i.e. meaning is transpired through mono-mode), while the content appeared in 
linear forms (the continuous engagement of readers in a fixed sequence). The interview with Angel’s teacher showed 
that she was aware of two aspects of the viewing and representing skills: 
• Assimilating digital functionalities   

Angel’s teacher commented: “Digital dictionaries can help children to learn independently…it is easy to manage 
children’s work in terms of submission and marking…” and  

• Designing one’s path of engagement  
The teacher stated: “Learning through computers can allow children to learn actively.” 
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Participant two: Winnie, a multimodal written-text representing practitioner 
 
Winnie is an eleven-year-old girl. She engaged with the Internet for only two days per week, each session being of 
two hours duration. The engagement comprised listening to songs, playing games and reading her blogs (she had a 
Yahoo blog account). She communicated with her friends through the blogs. Winnie preferred to use the writing 
mode in all her messages. She perceived that writing allowed her to express her feelings clearly to the reader.  
 
In the first stage of research, four digital artifacts were selected from Winnie’s out-of-school on-screen digital 
practices. Utilizing the data collection methods at Stage One as per Figure 1, the researcher observed that Winnie had 
acquired the same five viewing and representing skills. Although Winnie preferred to represent her messages in 
writing, the researcher noticed that she paid more explicit attention to the visual features of texts such as font size, 
formatting, paragraphing of main message and title. Winnie’s written text provided meaning visually, more than 
linguistically. Messages in writing were treated as “resumes” (short statements). Winnie exhibited unique ways of 
presenting her messages in writing mode. The researcher classified her as a “multimodal written text representing 
practitioner.”  
 
In the second stage of the research, the researcher identified only ‘screen navigation’ and ‘assimilating digital 
functionalities’ as having been extended into Winnie’s formal learning. She could use hyperlinks, multi-tasking and 
pop-up windows in her navigation, and regularly searched online for information in her attempts to complete her 
formal learning practices on screen. The “searching” digital functionality emerged to perform the process of 
“element integration” in the framework of viewing and representing skills. 
 
The interviews with the teacher confirmed that the objectives of the lesson focused on conjunctions in English 
grammar and comprehension. During the interviews, the teacher also acknowledged the presence of two aspects of 
viewing and representing skills. 
• Assimilating digital functionalities 

The teacher commented: “…the system can mark the children’s schoolwork” and “…the online dictionary helps 
the child to look up the meaning of words.” 

• Designing one’s path of engagement 
During the interview, the teacher acknowledged that: “the children are able to be more independent in 
learning.” 

 
 

Participant three: Nicole, a digital-savvy practitioner 
 
Nicole is a twelve-year-old girl. During the interview, the researcher observed her pulling out her smartphone to 
display her music and photos saved to the device. She gave the impression of routinely using her smartphone thus. At 
home, she accessed the computer twice per week. Each time she spent ninety minutes surfing the Internet. She used 
MS Office for some of her work, the school website to submit her schoolwork, MSN for communication and Yahoo 
to search for information related to her schoolwork. She also posted messages regularly on her blog at 
www.Qooza.hk and booked movie tickets online.  
In the first stage of the research, five digital artifacts were selected from Nicole’s out-of-school on-screen digital 
practices. The same five digital skills as observed in the previous cases were apparent in her engagement with the 
Internet and from her digital artifacts. However, she demonstrated different uses and appreciation of digital 
functionalities. The researcher termed her a “digital savvy practitioner.” 
 
In Stage Two - formal learning research - two skills were extended from Stage One:  
• She navigated on the screen with hyperlinks.  
• She was found to have assimilated digital functionality by editing her writing.  
 
The digital functionality of “editing in writing” incorporated different types of macro process in the framework of the 
viewing and representing skills. “Editing in writing” was local and was an element selection. 
 
When interviewed, Nicole’s teacher identified the focus of the lesson as English Grammar, i.e., verb agreement and 
comprehension practice. Both were in writing mode. Although images and speech were present in the comprehension 
practice, both modes were found to be redundant factors in the students’ attempt to answer the questions. However, 
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the teacher still perceived that images and speech could help children in comprehending the content. In the same 
interview, the teacher demonstrated her awareness of three aspects of the viewing and representing skills: The 
abilities of “designing one’s path of engagement,” “applying the multi-mode” and “screen navigation.” 
 
 
Participant four: Wong, A Viewing Practitioner 
 
Wong is eleven years old. She was a quiet and shy girl.  She averaged 3 days per week using computers, mostly for 
finishing school homework and leisure. She used MS Word for her schoolwork. Each computer session comprised 
90 minutes surfing the Internet and communicating on Facebook. She looked up words and searched for information 
online. 
 
In the first stage of the research, five digital artifacts were selected from Wong’s out-of-school on-screen digital 
practices. Although her digital artifacts and engagement on-screen evidenced the same five viewing and representing 
skills as for previous cases, Wong was unique among the participants in that she did not create much informational 
content on-screen, preferring to view and read instead. The researcher classified her as a “Viewing Practitioner.” 
 
The second stage of research indicated that she applied skills navigation and digital functionality in her formal 
learning activities. She navigated with hyperlinks and assimilated digital functionality by “copying and pasting” in 
her formal schoolwork and in her independent schoolwork, she applied skills multi-mode, contextual link and 
affordances of mode. 
 
The interview with her teacher before and after the lesson identified the focus of the lesson as being on the writing 
mode. However, the teacher was aware of three aspects of viewing and representing skills: assimilating digital 
functionalities, designing one’s path of engagement and navigations. 
 
 
Results, discussion and an implication 
 
In this study, five viewing and representing skills are identified (as in Table 4) in response to the first research 
question. Four of these skills - skills multi-mode, affordances of mode, contextual link and navigation - were derived 
from practices identified in the literature review before the data collection (Jewitt, 2006; Kress, 2010; Kress & 
Leeuwen, 2007; Leeuwen, 2005; Martinec & Leeuwen, 2009). An additional skill, digital functionality emerged from 
the study. These five skills were also found performing two different macro processes as shown in Table 4 below.  
 

Table 4. The framework of viewing and representing skills 
Macro Process Element Selection Element Integration 

 
 
 
 
 

Skills  

Multi-mode Contextual Link 
 

The skill to recognize and create elements of 
different modes to form information. 

The skill to interpret and create contextual links (in 
spatial/temporal layouts) with different elements to form 
information. 

Affordances of mode 
 

Navigation 

The skill to apply and engage with the 
affordances of different modes in elements to 
form information. 

The skill to move around a screen to integrate different 
elements to form information. 

Digital functionality 
 

The skill to assimilate digital functionalities in 
elements to form information. 

The skill to assimilate digital functionalities to integrate 
elements to form information. 

 
A summary of how these skills are extended into formal school learning and independent schoolwork appears in 
Table 3. The second research question will be answered based on these findings. 
 
In investigating how children extended their viewing and representing skills into formal schoolwork, the researcher 
found that “navigation” and “digital functionality” were utilized, while “multi-mode,” “affordances of mode” and 

253 



“contextual link” were not in evidence (see Table 5). The results suggest that the formal schoolwork focused on 
linguistic aspects of learning. Readers needed to peruse mono-mode text in a linear sequence to find meaning 
although the learning was performed using the screen medium. The studies from the four cases confirm that English 
language learning at school focuses on linguistic development (such as grammar and reading comprehension) as 
observed in classroom observations and the interviews with the teachers.  
 
In the case of Nicole, although skill one (multi-mode) was extended as images and speech in her formal learning, 
both modes were found redundant in answering the questions. The result is consistent with the findings of other 
studies where images were found to be not utilized meaningfully in learning (Daly & Unsworth, 2011; Unsworth, 
2008).By utilizing the effects of the distinctive affordances of images and speech (skill two) into the questions, the 
teacher’s intention to improve the level of children’s comprehension with multi-mode could be achieved. 
 
It appears probable that the students’ use of the contextual links between images and writing mode (skill three) in 
their formal learning could be assisted if the new dimension of meaning making that is afforded on the medium of 
screens, i.e., the designs of learning resources- was introduced into the English Language curriculum (Kress & 
Bezemer, 2008). 
Angel’s formal learning promotes mono-mode literacy (Kress, 2003; Unsworth, 2008) and linear text processing 
(Luke, 2003). Therefore, these would seem to suggest that skills two and three were not extended to her formal 
schoolwork. 
 
Table 5. How primary school children extend viewing and representing skills learnt from their out-of-school digital 

practices into their formal and independent schoolwork. 
Skill Details Out-of-School Formal 

Schoolwork 
Independent 
Schoolwork 

Multi-mode Writing ✔ ✔ ✔ 
Images ✔  ✔ 
Video ✔   

Affordance of mode Images ✔ ✔ ✔ 
Writing ✔  ✔ 
Video ✔   
Colour ✔   

Contextual link Spatial ✔  ✔ 
Temporal ✔   

Navigation Hyperlinks ✔ ✔  
Multitasking  ✔  

Pop-Up Windows  ✔  
Scroll Bar  ✔  

Digital functionality Multi-functionalities ✔ ✔  
Note. “✔” denotes the skill is found to be evident in the area indicated in the title of the column. 
 
However, the research found that the children intuitively extended “navigation” and “digital functionality” skills into 
their formal learning on screens (as in Table 5). Furthermore, feedback from the teachers indicated the fact that they 
were also aware of the skills. Mode and modal uses must be connected to the medium of distribution(Kress & 
Bezemer, 2008). Nevertheless, self-efficacy in digital functionality competency might not be sufficient to strengthen 
students’ knowledge and skills(Lai et al., 2012). If students are to acquire different learning digital functionality, the 
school should aim to provide them with appropriate knowledge and skills. 
 
On the other hand, the study on the participants’ independent schoolwork revealed that neither Winnie’s nor Nicole’s 
school promoted digital text initiated school projects; Angel and Wong extended multi-mode, affordance of mode, 
and contextual link skills into their independent schoolwork. Besides creating their messages meaningfully with 
images and writing, they were also skilled at creating meaning with contextual links with non-linear spatial layouts. 
However, skills “navigation” and “digital functionality” were not in evidence in their independent schoolwork. This 
finding may be partially attributed to the criteria set by the teachers when the schoolwork was assigned. That is, there 
was no teacher-led promotion of schoolwork to be completed on screens with digital texts. Rather, the teachers 
requested that independent schoolwork be printed to hard copy. 
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A pedagogical implication arises from this research. Each participant had different preferences in relation to the ways 
in which they engaged with digital texts. At least four different viewing and representing practices were identified, 
and the respective participants were divided into categories as follows: 
• Multimodal practitioner – one with viewing and representing skills who prefers to engage with elements of 

multi-modes formats 
• Multimodal written text representing practitioner - one with viewing and representing skills that prefers to 

engage with writing mode format 
• Digital savvy practitioner – one who is skillful in applying digital knowledge in day-to-day activities and 

practices 
• Viewing practitioner - one who prefers to view information on screen, but not to represent their own ideas and 

messages thus 
 
Four different learning practices that emerged in the current study are consistent with the different dimensions of 
learning styles as reported by (Silverman & Felder, 1988). This finding implies that education should adopt more 
individualized approaches to allow learners to design their own style and practice in learning. Other research also 
claims that different learning practices greatly affect screen-based learning performance (Huang et al., 2012).  
 
 
Recommendations 
 
If digital literacies are to be effectively incorporated into primary school English Language learning, the following 
recommendations emerging from this study should be considered.  
• The Primary School English Language Curriculum in Hong Kong should be revised to incorporate the viewing 

and representing skills, particularly the skills of “multi-mode”, “affordances of mode” and “contextual link”. 
The Government-mandated English Language Curriculum should not solely promote a linguistic view of 
literacy (with focus being on the mode of writing). This fails to connect the kinds of literacy required in the 
school with the ‘‘out-of-school worlds’’ of most students and other members of the greater community. The 
findings of this study have generated a deeper understanding that children habitually engaged in digital 
communication can be generally assumed to have acquired at least five viewing and representing skills. While 
traditional teaching approaches to the macro skills of listening, speaking, reading and writing (The Curriculum 
Development Council, 2004) are clearly still vitally important, the five skills identified in this report should also 
be incorporated into the Language classroom in order to embrace contemporary digital literacies. Further, 
teachers should be trained in the “multi-mode,” “affordance of modes” and “contextual link” skills.  
 

• English language learning should promote media-mediated public pedagogy via popular culture modes such as 
blogs and social media. This pedagogy enhances learning on screens and promotes self-generated ideas 
(Richards & Jennifer, 2010). The research findings show that children extended different skills into both formal 
learning and independent schoolwork (see Table 5). Children did not extend “multi-mode,” “affordances of 
mode” and “contextual link” skills into their formal learning on screens. However, they extended these three 
skills into their independent schoolwork. It follows, then, that the focus on linguistic learning in a mono-mode 
model on screen might not optimize the benefit to learners. Children also did not extend “navigation” and 
“digital functionality” skills into their independent schoolwork, for which the teachers demanded hard copy 
printouts. Language learning should not be treated as a funnel into which all digital literacies must be squeezed 
through the narrow passage of current print-directed meaning representations. English language with digital 
literacies should expand the tremendous restrictiveness of the current practices. The media-mediated public 
pedagogy can bridge the shortcomings of both formal learning and independent schoolwork. Formal and 
independent schoolwork should enhance blogs, for example, where children can extend multi-mode, 
affordances of mode and contextual links into their formal schoolwork and navigations and digital 
functionalities into their independent schoolwork. It is likely that teachers would embrace the changes, since 
those interviewed acknowledged the skills that were afforded on screens. 
 

• A self-regulated on screens learning approach should be promoted in English Language learning. The 
interviews with teachers demonstrated that they believed children learnt actively on screens. This research has 
pointed out that the two macro-processes of the viewing and representing skills need to be enhanced to 
incorporate different learning practices at school. Children do not necessarily learn in exactly the way the 
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teaching is set. The lack of specific direction for teaching about and with digital texts has been recognized 
(Walsh et al., 2007). New pedagogical strategies that support self-regulated learning, such as social media, 
computer games, and public pedagogy of technological spaces (Richards & Jennifer, 2010), which are drawing 
children away from traditional educational settings – must be promoted.  

 
 
Limitations 
 
The research reported on in this paper had several limitations. Although the study focused on how children extend 
their out-of-school digital practices into English language learning, most of the digital artifacts deriving from their 
out-of-school practices were not in the English language. Therefore, the research findings may not be generalizable 
to English Language learning on screens. Further, different subjects might have different skills of focus (Huang et 
al., 2012). Future research could focus on the full range of school subjects and the essential digital skills relevant to 
each. 
 
Doubt must be acknowledged as to the validity of inferences about the children’s abilities to extend their skills 
developed from out-of-school digital practices to their independent schoolwork, since little such work was assigned. 
Further research could be conducted to focus on schools that do assign their students independent schoolwork on 
screen. Our study is focused on P5–P6 grade students (Primary Five and Primary Six); it should be highlighted that 
homework differs according to grades. Therefore, it may not be valid to make inferences about other grades on the 
basis of the current research results. Future study could focus on students of different age groups. 
 
 
Conclusions 
 
The current multiple case studies research identifies at least six emerging viewing and representing skills that 
children have acquired from their out-of-school digital practices. The writing mode was found to be the focus of the 
participants’ learning in their English Language classrooms. However, it was observed that the children have 
intuitively extended some of their viewing and representing skills into their formal learning and independent 
schoolwork. 
 
Although several researchers have investigated aspects of digital multimodal texts in addressing new literacies for 
young children (Jewitt, 2008; Kress, 2003; Martinec & Leeuwen, 2009; Unsworth, 2001; Unsworth et al., 2005), the 
lack of specific direction in integrating digital texts into primary school English Language courses in Hong Kong is 
yet to be thoroughly explored. The current research provides a framework for the integration of digital texts into the 
primary school curriculum in Hong Kong, along with specific recommendations that emerged from the research 
findings and implications. 
  
Future research could focus on the full range of subjects and the digital skills that might be essential in each subject, 
with the view to providing a set of specific guidelines for the respective subject teachers. While it is acknowledged 
that inferences about other subjects and grades should not necessarily be drawn on the basis of the current research, 
which is limited to primary school students of P5-P6 level, the results provide some groundwork and suggest 
implications for future research into language and literacy learning in primary schools. 
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ABSTRACT 

This paper illustrates the results of teaching English to students with hearing loss using a computer program 
developed for learners defined as either hard of hearing or deaf. The research takes place at one of the three 
specialized schools in Bulgaria – “Prof. Dr. Decho Denev” Special Secondary School with Kindergarten for 
Children with Hearing Loss, located in Sofia City. The software was utilized for one academic year by students 
ranging from sixteen to twenty-three years of age. The program includes two video screens; one for lip-reading 
English phrases and one for interpreting them into Bulgarian Sign language with sentences classified into topics 
and pictures representing each phrase.  

 
Keywords  

English teaching, Students with hearing loss, Computer literacy 
 
Introduction 
 
There are over seventy million people with hearing loss throughout the world. They identify themselves within 
different communities, depending on whether sign language is their first language and on the type of communication 
environment - one consisting of hearing individuals or those with hearing loss. People with hearing loss who are 
willing to learn to communicate by speech, to become a part of the community of their hearing parents and relatives, 
are described as having a hearing loss. On the other hand, there are hearing impaired people that see themselves as 
representatives of another culture - holders of a different language - unlike those from the verbal language of the 
hearing population. These are identified with the group of the Deaf – with a capital “D” (Brown, 1995; Desselle, 
1997). They are most often children of parents with hearing loss, who communicate mainly with other Deaf people 
and who do not want to be integrated in the hearing community (Campbell, 2001).  
 
 
Literature review  
 
The communication process for people with hearing loss is characterized by the use of sign language, as well as with 
the inclusion of verbal communication. The majority of an unhearing population becomes proficient, to varying 
extent, in the official language of its native country (Qualls-Mitchell, 2002; Kent, 2003). The language of young 
hearing children develops in accordance to a certain system and structure, which is examined and discussed in 
Gillen’s study (2003). Other researchers draw a comparison between the norm for hearing children and for those with 
hearing loss and the processes involved in mastering the first language (McAnally et. al., 1987; Schein & Stewart, 
1995).  
 
The learning of a second or third language, by students with hearing loss, is a long and complicated process. The 
factors determining the proficiency level depend individually on the learner. It is also important to consider the 
significance of this information in the students’ everyday life. This presents the most important function of foreign 
language education – that of communication (Barnard & Glynn, 2003).  
 
A number of research studies have been implemented, concluding that a different way of perceiving information 
exists among people with hearing loss, particularly among those in school environments (Andrews et. al., 2004). The 
teaching process has to be consistent with the specific needs of these students (Marschark, 1997). Part of one 
teaching method corresponding to these particular needs is Auditory Verbal Therapy (AVT). The treatment is an 
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important element of the students’ integration into hearing society through its result – comprehensible speech. Its role 
is described in a longitudinal study by Dornan et al. (2010). 
 
While learning their native tongue, sign or verbalalizations, visualizing the information supports the social 
development of the children with hearing loss (Kent, 2003). The thinking, the ability to master, and the development 
of the child’s personality are all related. (Marschark et. al., 1997, 2002). 
 
Specific strategies and methods for the education of persons with hearing loss are used, which are not applicable in 
classrooms for students without such impairment (Stewart & Kluwin, 2001; Sanders, 1988). Alternative techniques 
and methods for education are necessary when children with hearing loss have to be educated in a class of hearing 
students (Watson et. al., 1999; Moores & Meadow-Orlans, 1990).  
 
According to research findings, the opposite approach for educating deaf students, which uses mainly verbal speech, 
is a better one and offers superior strategies for the personal development of students with hearing loss (Hull, 1997; 
Mosely & Bally, 1996).  
 
In Bulgaria, the foreign language teaching process is defined by law. The educational programs include compulsory 
abilities training in reading and writing, along with listening and speaking, yet the latter two skills are inaccessible 
and/or hardly realizable by students with hearing loss. 
 
The syllabus in Bulgaria is similar to those of other countries. For example, in the United Kingdom (particularly in 
England and Wales), the language activities are divided into three areas:  
• “Everyday activities” 
• “Personal and Social life”  
• “The World around us”  

 
Moreover, there is a provision for development of the same four skills, which are included in the Bulgarian syllabus, 
namely:  
• listening and comprehension 
• speaking 
• reading and comprehension 
• writing 

 
There are many more differences in the methods for teaching English language in the special schools for children 
with hearing loss as compared to mainstream schools. In Bulgaria, students with hearing loss are educated in both 
specialized, and conventional schools. When comparing these two, differences are found in:  
• educational environment (hearing/with hearing loss classmates and teachers) 
• domestic environment (students living with their families or far from them, at boarding schools) 
• modality, used dominantly during the educational process (listening and recording/showing, explanation 

through visual models and examples) 
• code of communication (verbal language/sign language) 

 
 
Methodology  
 
The Methodology heading includes two sections:  
• Description of the English teaching computer program for people with hearing loss and 
• Analysis of the results from two special schools for children with hearing loss in Bulgaria (Sofia city and 

Plovdiv city)  
 
 
Description of the multimedia CD-ROM “English language for people with hearing loss (beginners)” 
 
There is no effective Government-sanctioned policy for teaching English language to people with hearing loss, in 
Bulgaria. For that reason, a multimedia computer program; “English language for people with hearing loss 
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(beginners)” has been developed (see demo version at: http://signlanguage-bg.com/bg/english.html). It can be used 
for both group and individual work. It can also be utilized by hearing people who want to learn Bulgarian sign 
language.  
 
The CD includes 220 phrases, divided into four subject areas, in accordance with the State educational requirements 
of the Bulgarian Ministry of Education, Youth and Science. 
 
The phrases are presented in English, Bulgarian and Bulgarian sign language. The students gradually learn English 
on a beginner’s level, as they master and improve their computer skills. The user can navigate in the multimedia 
computer program via various commands and tools, designed for ease of use. 
 
The CD is divided into three parts:  
• Subject areas 
• Various alphabets 
• Authors 

 
The following provides a more detailed explanation of each of these divisions: 
 
І. Subject areas 
 
The subject areas are the main topics comprised of phrases for communication. Their number in each part varies. 
While choosing a certain phrase in the appropriate menu, two screens with video clips open up: the first one shows 
the sentence in Bulgarian sign language, where the gestures are accompanied by articulation and pronunciation in 
Bulgarian, while the second foreground, aiming at mastering the skill to lip-read the phrases, is presented in English.  
 
The meaning of each phrase is revealed by a picture (not by a drawing, because the goal is to present the most natural 
view of the objects) that supports, by demonstration, the visual thinking and understanding of people with hearing 
loss. 
 
All phrases are represented in three versions, with each being highlighted in one of the following colors: 
• English (blue) 
• Bulgarian transcription with stresses (red)  
• Translation in Bulgarian (green) 
 
The pronunciation is written in Cyrillic, rather than phonetic alphabet, as the correct pronunciation of some difficult 
consonants in the English language is beyond the abilities of people with hearing loss, sometimes eluding even the 
hearing beginner. The students with hearing loss encounter articulation difficulties even in their native Bulgarian 
tongue. The education is not focused on achieving correct pronunciation, but rather at the accomplishment of the 
main objective - making communication possible. The objective of passing the educational course presented on the 
CD is for the students to be able to communicate in written form, as well as to  to lip-read the familiar and learned 
phrases. For those who have well developed vocalization abilities in their native language, being able to speak 
effectively in English is also encouraged.  
 
The phrases are divided into 4 subject areas: 
 
1. Person and communication 
Six themes are included:  
• Introduction and presentation  
• Family, relatives and friends  
• Outlook and apparel 
• Character 
• Phone and Post 
• Shopping 
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2. Everyday life 
The section consists of three themes:  
• School 
• Home and daily regime 
• Health and sports 
 
3. The world around us 
The following subjects are included:  
• Native land and birthplace 
• Nature (animals, plants and environment) 
• Travelling and means of transport 
• Countries and people 
• Traditions, feasts and holidays 
 
4. Activities 
This section presents three subjects:  
• Class activities 
• Free time 
• Expression of preferences and wishes 
 

 
Figure 1. Screen from the unit: Person and 

communication 

 
Figure 2. Screen from the unit: Everyday life 

 
 

 
Figure 3. Screen form the unit: The world 

around us 

 
Figure 4. Screen from unit: Activities 
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ІІ Various alphabets 
 
The section consists of one screen, showing a finger-spelled letter in sign language. All the alphabet letters can be 
seen – in English and in Bulgarian, and when selected, can appear larger, right from the video screen. Many 
Bulgarian students with hearing loss face difficulties distinguishing lowercase and uppercase signs in English and 
they confuse them with the Bulgarian ones, where the lowercase one is usually a copy of the corresponding 
uppercase letter.  
 
There is also an examination of the English and Bulgarian alphabets, the purpose of which is to compare the 
graphemes and their correct pronunciation. Students with hearing loss find it difficult to master the pronunciation of 
English letters, either by themselves or included in linguistic construction.  This is due to the significant differences 
between English and Bulgarian. For example, it is hard for people with hearing loss to realize that the letter “A” 
should be articulated “ei”, not “ah”, as it is in Bulgarian. Thus, they would pronounce the word April as /ahpril/, not 
as /eipril/ and by default, they would keep the stress on the second syllable as it is in Bulgarian, instead of the first. 
This persists amongst students from the special schools for children with hearing loss even after three years of 
learning English. Of course, skill development and progress depend upon the motivation of each individual student.  
 

 
Figure 5. Screen from Various alphabets – the 

letter L in Bulgarian one-hand alphabet 

 
Figure 6. Screen from Various alphabets – the letter 

L in Bulgarian two-handed alphabet 
 

 
Figure 7. Screen from Various alphabets – the 

letter L in international manual alphabet 

 
Figure 8. Screen from Various alphabets – 

Comparison of graphemes of Bulgarian and English 
alphabets 

 
 
Analysis of the results from two special schools for children with hearing loss, in Sofia city 
and Plovdiv city  
 
The English language instruction to students at “Prof. Dr D. Denev” Special Secondary School for Students with 
Hearing Loss, in Sofia, is conducted in accordance with the above described computer program. The experimental 
research groups consist of these students.  
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Teaching English to students from the Secondary Special School for Children with Hearing Loss “Prof. Dr. S. 
Belinov”, in Plovdiv, is performed using traditional methods. These students represent the control group.  
 
All students from both groups are in 9thth, 10th  and 11th grades. There are 47 learners in the experimental group and 
39  in the control group, accounting for a total of 86 participants with hearing loss. The makeup of both groups, 
regarding gender ratio and degree of hearing loss, is very similar. At the beginning of the study, the students’ 
Bulgarian language skills level (as their first spoken one) was assessed. The one major difference distinguishing the 
two groups is the presence of the computer English teaching program for learners with hearing loss in the 
experimental group and its absence in the other. All students in the experimental group were taught English 
personally by Head assistant professor Svetoslava Saeva, PhD and Head assistant professor Milen Zamfirov, PhD, in 
the course of a single academic year. The teachers used the English language for people with hearing loss (beginners) 
computer program, as well as traditional foreign language teaching methods. The control group was instructed by 
teachers  who used only traditional foreign language teaching tools.  
 
The study consists of three parts; words, sentences and text. In the Words section, there are ten words that a student 
must describe, defining what they look like and their purpose. The Sentences section is comprised of three sentences 
with increasing level of abstract meaning using the included words, ranging from concrete to abstract. For the Text 
section, students must choose two pictures out of eleven and develop a text, describing what they see in the picture. 
The students have to address all three sections in three languages. They have to write in Bulgarian and English and 
show signs using Bulgarian sign language, while the researcher marks the verbal equivalent of the signs in special 
files.  
 
All indicators listed below are designed to measure the quantitative and qualitative values of the results, as well as to 
illustrate how learners recognize and interpret the meaning of the written words in English. The research showed that 
there are some students with hearing loss in both the experimental group (at the beginning of the academic year of 
the study, before the computer program was used in the teaching process) and the control group (at the beginning and 
at the end of the academic year), who believe that a Bulgarian word written with Roman letters is actually an English 
word.  
 
The analysis was performed, in part, by gathering data individually from each participant. There is a file for each 
learner, which was created during the study process; in Bulgarian and English by the students themselves and in 
Bulgarian sign language by the researchers.  
 
The analysis was conducted in accordance with the following criteria and indicators:  
 
Analysis of first group (words) 
 
Quantitative analysis  
• Criteria – Answers and no answers (presence/lack of reaction upon the word stimuli). 
 Indicator – Number of answers (written words). 
 Indicator – Number of no answer (written words). 
• Criteria – Correctly and wrongfully written words. 
 Indicator – Number of correctly written words and supportive indicator translation. 
 Indicator – Number of wrongfully written words.   
 
Qualitative analysis 
• Criteria – Linguistic product resulting from the instruction to the task: 

Indicator – Correlation of the object to a class of other group. 
Indicator – Description of the object or its purpose. 
Indicator – Lack/others (e.g. lack of reaction upon the word-stimuli, the student rewrites the word, etc.). 

• Criteria – Linguistic material used for description: 
Indicator – Single words and supportive indicator translation. 
Indicator – Separate sentences. 
Indicator – Connected text. 
Indicator – Lack/others (e.g. lack of reaction upon the word-stimuli, the student rewrites the word, etc.). 
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Analysis of second group (sentences) 
 
Quantitative analysis  
• Criteria – Answers and no answer (presence/lack of reaction upon the word-stimuli). 

Indicator – Number of answers. 
Indicator – Number of no answer. 

• Criteria – Correctly and wrong written words. 
Indicator – Number of correctly written words and supportive indicator translation. 
Indicator – Number of wrong written words. 
 

Qualitative analysis  
• Criteria – Linguistic material used for description: 

Indicator – Single words and supportive indicator translation. 
Indicator – Sentences. 
Indicator – Lack/others. 

 
 
Analysis of third group (connected text) 
 
Quantitative analysis 
• Criteria – Answers and no answer (presence/lack of reaction upon the picture stimuli). 

Indicator – Number of answers. 
Indicator – Number of no answer. 

• Criteria – Correctly and wrong written words. 
Indicator – Number of correctly written words and supportive indicator translation. 
Indicator – Number of wrong written words. 
 

Qualitative analysis  
• Criteria - Linguistic material used for description: 

Indicator – Single words and supportive indicator translation. 
Indicator – Single sentences. 
Indicator – Connected text. 
Indicator – Lack/others. 

 
The supportive indicator “translation” was used because of the agreement that words and sentences written in 
English will be considered correct if students offer other answers, including translation of the words, as well as a 
description of their transcription and writing of Bulgarian sentences in English letters. The last two indicators did not 
show statistically significant correlations and, as such, were not included in the data analysis. 
 
Sixteen indicators describing the students and their environment are used, as follows:  
1. gender 
2. intelligence quotient distributed into two groups (below/above average level) 
3. age 
4. diagnosis 
5. clinical reasons for deafness 
6. participation in a speech-hearing rehabilitation course 
7. number of years learning English 
8. Geographic consideration (where the student lives) 
9. number of years attending school (e.g., he/she is at the special school since first grade) 
10. mobile phone usage (because of the text messaging using Roman and Cyrillic letters) 
11. Internet use 
12. auditory status of the parents (hearing/deaf) 
13. level of parents’ fluency in English and 
14. highest grade completed  
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Two sets of students participated in the study: 
 
First set – students from the experimental group 
 
There are 47 participants in this cluster,  all in either 9th, 10th, and 11th grade. They are located in the Secondary 
Special School with Kindergarten for Children with Hearing Loss,  “Prof. Dr. D. Denev”, Sofia. The students can be 
divided into 3 subgroups based on their grades. 
 
1st subgroup – students in 9th grade. The 1st subgroup consists of ten boys and six girls for a total of sixteen 
participants.  All are  between 16 and 22 years of age. Of this subgroup, two are hard of hearing, seven are with mild 
hearing loss, and seven are defined as deaf. Three of the participants have been diagnosed as having a genetic 
hearing impairment, while the others lost their hearing later in life. A total of five students had not passed a speech-
hearing rehabilitation program during pre-school age. All of them studied English for the first year. 
 
2nd subgroup – students in 10th grade. There are sixteen participants in the 2nd subgroup with ages ranging from 17 to 
23. Four of them are hard of hearing, four are with mild hearing loss, and eight are considered deaf. Two of them 
have been diagnosed as having a genetic hearing impairment, with one of the students having attended speech-
hearing rehabilitation classes. All of them are in their second year of studying English in school.  
 
3rd subgroup – students in 11th grade. This subgroup includes15 students, consisting of 12 boys and three girls. Their 
ages range from 18 to 22 years old. Five are hard of hearing, five are practically deaf and five are considered totally  
deaf.  Two of these have been diagnosed with a genetic hearing impairment. Four of them have not passed a course 
for pre-school speech-hearing rehabilitation. All  have been studying English language in school for three years. 
 
 
Second set – students from the control group 
 
There are a total of 39  participants in this cluster. It consists of persons with hearing disabilities from the 9th, 10th, 
and 11th grades of Special Secondary School for Deaf Children “Prof. Dr St. Belinov”, Plovdiv. Participants were 
selected in such a way as to match the distribution characteristics of the experimental group as closely as possible. 
One caveat has to do with students in the 10th grade, where the number of learners in the control group represented 
half of the number in the experimental group. The differences stem from the fact that in Plovdiv there is one class of 
hearing loss students, while in Sofia there are two.  
 
The control group is divided into three sub-groups based on the participants’ current grade.  
 
1st subgroup – students in 9th grade. There are 16 learners in the 1st subgroup, consisting of  ten boys and six girls. 
Their ages range from 16 to 18. Four are defined as hard of hearing, with 12 defined as deaf. A total of six report  a 
genetic reason for their deafness, while the other 10 report losing their hearing sometime after birth. All have passed 
a course for preschool speech and hearing rehabilitation and all are in their first year of studying English language at 
school. 
 
2nd subgroup – students in 10th grade. There are eight participants in the 2nd subgroup, consisting of  four girls and 
four boys. Their ages range from 17 to 20 years. Two of the students have been diagnosed as genetically deaf. One 
has not passed a course for preschool speech-hearing rehabilitation and all are in their second year of studying 
English language. 
 
3rd subgroup – students in 11th grade. This group consists of 15 participatns, 12 of which are boys and three are girls. 
Their ages range from 18 to 26 years. Six of the participants are hard of hearing and nine are considered deaf. Two of 
those considered hard of hearing have been diagnosed with a genetic cause. All have passed preschool speech and 
hearing rehabilitation and all have studied English for the three years in school. 
 
Total of 86 students, from two special schools, participated in the research. Their information is distributed by three 
indicators in Table 1. 
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Table 1. Data about the participants in the research 

Indicator Minimum Maximum Mean Standard 
deviation 

Age 16 23 18.67 1.61 
Intelligence quotient 58 120 88.49 13.09 
The student attends 

school – number of years 
 

1 
 

18 
 

10.19 
 

2.984 
 
The age of the students varies from 16 to 23, with a mean of 18.67. The intelligence quotient varies from 58 to a 120, 
where the average is 88. The students have attended school from one to 18 years; mean – 10 years. The distribution 
by gender is presented in table 2.  

 
Table 2. Distribution of the participants by gender 

Indicator Number Percent 
Boys 55 64 
Girls 31 36 
Total 86 100 

 
There are more male than female participants.  
 
The interactions between the sixteen indicators (gender, Intelligence Quotient, etc.) was studied with the statistics 
method of Multidimensional Hierarchical Log-linear analysis. It is the equivalent to the Chi-square procedure for 
two-dimensional cross-tables. It is often preferred, if the total number of the examined persons is small, or if the cells 
count with the expected (theoretical) frequencies smaller than 5 exceeds 10 %. 
 
K-way tests of significance – this is the summary of the k-way interaction tests, where k= number of factors, were 
checked. The SPSS procedure of Hierarchical Log-linear Analysis works with k≤10 factors  (indicators) at a time. 
 
Partial Associations also were checked – they give the lower order (e.g., 9, 8,…,2-way) tests of independence. 
 
Significant Main effect (interactions) and Partial association between more than two indicators were not found.  
• Significant correlation between the gender of the students and the grade they are currently in was not found.  
• Significant correlation between gender and IQ was not found. 
 
There is one significant correlation between the diagnosis and belonging to the control or experimental group.  Only 
one person from the control group has mild hearing loss, while in the experimental group there are 16 persons with 
such diagnosis. 
 
 
Integral indicators  
 
The correctness of using integral indicators, by summarizing the results of the fifteen indicators utilized in the three 
series, was checked with the reliability coefficient - Cronbach’s “Alpha.” The Alpha coefficients are very high for the 
sectors Bulgarian and English, and medium high for the Sign language. 
 
There are no errors registered for the ‘incorrectly written’ words indicator. The reason for this absence is also the lack 
of correct answers, because the set of hard of hearing persons, who do not use sign language in communication with 
hearing interlocutor, prefer to talk. There is also a group of students with mild hearing loss and deafness who prefer 
to dictate their opinion, using the verbal speech, because the information they provide is directed to a hearing 
interlocutor. Additionally, incorrect answers cannot be found in the Sign language sector, because all the examined 
persons are fluent in it. 
 
From all the results mentioned above, the following conclusion can be stated:  
The possibility for usage of summarized, integral indicators in all of the three series is formally confirmed:  
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• In the sign language sector ‘official zeros’ appear because some of the students with different level of hearing 
loss refuse to use gestures in communication with hearing interlocutor, as well as because those of them who 
use it for the communicative purposes do not make ‘wrong’ gestures.  

 
 
Quantitative analysis  
 
Descriptive statistics of the integral indicators: English language sector  
 
In series one, four statistically important differences by indicators from the English language sector can be noted.  
 
In series two, four significant differences by indicators pointing the linguistic competence can be found (one of them 
is the supportive indicator “translation”). The most important difference between the control and the experimental 
groups is found in the indicator number of reactions in the English language sentences. The experimental group 
shows on average 3 reactions, which is approximately seventy times higher than the one of the control group, which 
is estimated as 0.09.  
 
In series three, there are four statistically important differences in the mean result between the control and the 
experimental group. They refer to the linguistic competence.  
 
The statistical significance of the differences was registered from the T-test for comparison of the mean values in the 
random rows.  
 
The results show the following: In the experimental group, as opposed to the control group, can be observed one 
statistical tendency and seven qualitative indicators in the English language sector. 
 
 
Quantitative analysis  
 
Additional calculations of two supportive indicators are made:  
• Number of results above the average level of the group in English language sector (linguistic competence 

English language sector) 
• Number of results above the average level for the group in all the sectors – common linguistic competence.  
 
The necessity of these indicators comes from the decision to measure the influence of the demographic 
characteristics of the children and those of their environment, as well as from the attempt to check the hypothesis to 
what extent the fluent knowledge of one or two languages helps in mastering a second (third) one.  
 
For this purpose, the results from all indicators are standardized through the standard Z-marks of the procedure 
descriptive statistics (where average equals zero and standard error equals one). Thus, received standard values are 
transformed in two power values, in accordance with the criteria selected below and above the average. 
 
In figure 9, the y-axis presents the number of participants who have given correct answers above the average level 
and the x-axis shows the indicators (described precisely in the text above). 
 
In the experimental group, the topics (subgroups) are two: for 11 and 15 indicators above the mean. The control 
group does not contain frequencies above 16 indicators above the average for the group, while in the experimental 
one, 20 indicators above the average are with frequency of four percent.  
 
Figure 10 shows the percentage allocation for the indicator for linguistic competence – English language sector.  
 
In figure 10, the y-axis presents the percentage distribution in both groups above the mean level and the x-axis show 
the linguistics quantitative and qualitative indicators (described precisely in the text above). 
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The results from the experimental group are comparable. The sum of one additional indicator forms two topics (two 
sub-groups of students). One of them is for three indicators above the average with the frequency of 49 percent, 
while the second is for six indicators above the average with the frequency of 17 percent. 
 
 

 
Figure 9. Frequency distribution of the number of results above the mean in both groups 

Figure 10. Percentage distribution of the indicator for linguistic competence – English language sector 
 
 
These data point to better results demonstrated by the experimental groups. Verification of the process can be made 
with the formal statistical procedure T-test.  
 
 
Descriptive statistics for the integral indicators in the English language sector 
 
In series one, one statistically significant difference and one tendency by indicators from the English language sector 
can be observed. One of them is an indicator for linguistic competence, and the other is for the absence of linguistic 
competence. The data is represented by figure 11.  
 
The frequency distribution on figure 11 shows that the allocation of the incidences in the experimental group has two 
peaks (two sub-groups with different results) – the first one has zero sum of points for linguistic competence, while 
the second has four points.  
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Three peaks (two sub-groups with different results) are formed in the control group; the first has zero sum of points, 
the second has five points, and the third – eight points.  
 

 
Figure 11. Frequency distribution for presence and absence of linguistic competence the examined persons have in 

English language 
 

 
Figure 12. Series 1, criteria 2 – linguistic material – confounds 

 
The statistical significance of the differences was formally registered with the T-test for comparison of the mean 
values of the random rows. In series one, four statistically important differences can be noticed by the following 
indicators:  
• two from the English language sector 
• two from the Sign language sector 
Three of them are indicators for linguistic competence and one for the absence of such.  
 
The experimental group shows higher results, as compared to the control group, by ten indicators – five statistically 
significant differences and five tendencies.  
It can be summarized that, in the qualitative analysis, five statistically significant differences and five tendencies 
between the experimental and control groups were discovered.   
 
The following conclusions can be drawn: 
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• The qualitative analysis also confirms the statistical significance of the highest results in the three series for the 
experimental group, compared to the control one.  

• According to the number of indicators above the average for the group – the common linguistic competence – 
the experimental group shows 2,58 results more.  

• According to the number of indicators above the average for the group – linguistic competence – the 
experimental group- English language sector shows a mean of one, three results more.  

 
 
Impact of bi- and trilingual status upon the results  
 
Verifying the influence, which the proficiency in one or more languages has upon mastering another one, is achieved 
through the Factor analysis method. Markers are used (special indicators with certain qualities, which facilitate the 
interpretation, depending on whether they are joined to a concrete factor or not). All the factors are interpreted as 
relatively independent sub-groups consisting of conjoined indicators.   
 
Only in series one, the results from the sign language sector have sufficient diversity in answers, in order to be 
included in the analysis. For this reason, only the results from series one are analyzed.  
 
The summarized indicators are used as markers: 
• Common linguistic competence 
• English language competence 
 
The primary results showed only a conditional validity of the factor model (Kaiser-Meyer-Olkin Measure of 
Sampling Adequacy = 0,50). That is why the individual adequacy of each indicator of the model was checked. 
 
What is seen is that the model can be improved through distraction of the variables with individual adequacy under 
0,50. After the consecutive distraction of these indicators from the sample, a total of six indicators remained 
(excluding the markers).  
 
These indicators form a sample with satisfying reliability (Kaiser-Meyer-Olkin Measure of Sampling Adequacy = 
0,598). A three-factor sample (three sub-groups of conjoined indicators) explaining 71 % of the variation - good 
sample for practical purposes was received.  
 
In the first factor, the influencing coefficients (importance of the indicator in the factor) vary from –0,82 to plus 0,80. 
This factor can be called “success in the English language sector – cautiousness”, for the English language indicators 
have the highest absolute values of 0,84 and 0,43. It explains 30 % of the variation.  
 
Because the lack of mistakes indicates certain success, the word “cautiousness” found its place in the name of the 
factor.  
• The interrelation between the Sign and English language sectors demonstrates that the absence of mistakes in 

one of the languages is accompanied by the absence of mistakes in the other one.  
 
The second factor explaining 27 % of the variation is related with success in the Sign language sector.  
 
The success in the sign language sector is achieved through:  
• High results by the indicator in the sum of the used linguistic material description/material and   
• Low results by the indicators confound.  
• Both for linguistic product criteria and for 
• The linguistic material used. 
 
At the same time, poor interrelation with the Bulgarian language sector can be noticed – a coefficient of minus 0,20. 
• It comes to prove once again the founding in the English language sector – the success achieved in one of the 

languages is accompanied with a decrease of mistakes in the other. 
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The third factor explains thirteen, seven of the whole variation and concerns the success achieved in the Bulgarian 
language sector.  
 
Summary: 
• Two interrelations between sign and English languages are found, which leads to the premise that the success of 

one of them is accompanied with less mistakes in the other. 
• The success in the Bulgarian language sector implies less mistakes in Sign language (two criteria) and in English 

language (one criteria). 
• Sign language has an impact on learning English. 
• English language demonstrates influence on becoming proficient in Sign language. 
• Bulgarian language has an effect on Sign and English languages. 
• The interrelations are not symmetric – the extent of impact Sign language has upon mastering English is -0,20 

(absence of mistakes). The opposite dependency – the influence of English language over Sign language is -
0,25. 

• English and Sign language sectors do not affect the Bulgarian one. 
 
 
Conclusions  
 
Teaching English as a second language to students with hearing loss is a challenge. However, an increasing number 
of teachers, both from specialized and mainstream schools, have to participate in this process. There are some false 
perceptions in Bulgarian high school students with hearing loss about the essence of English language (e.g. writing 
Bulgarian words in Roman alphabet).  

 
We can draw four conclusions based on the study described in the article: 
• The application of computer based teaching strategies with students with hearing loss in English classes is 

highly effective. There are many visual stimuli and manual commands which increase the user-friendliness of 
these strategies for students with hearing loss, during the teaching-learning process. 

• Teaching English via “English language for people with hearing loss (beginners)” contributed to enhanced and 
accelerated mastery of the English syllabus and the long-term retention of the obtained knowledge.  

• The study results showed a tendency for acquiring English language skills better with the computer program 
than with traditional foreign language teaching methods.  

• Application of variety of methods and approaches is required in the educational process for achieving long-term 
results. 

 
Language teaching is of great importance to children with hearing loss. It gives them pathways to communication 
with the hearing world.  
 
The results of the research demonstrate the participants’ success in learning English language, as their second or third 
language, via a computer program. Instructors of students with hearing loss should be encouraged in using computer 
programs in the teaching process, not only when English language is concerned, but all other school subjects as well. 
 
 
Further research 
 
Interactive computer programs are highly effective in teaching students. This effect doubles when educating learners 
with hearing loss.  
 
There are many perspectives on the topic of teaching students with hearing loss another language. This paper 
presents the language focus on that issue, but it can also be part of psychological study, as well as of an AVT research.  
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ABSTRACT 

Concept maps have become a widely used educational tool around the globe. The advancements in 
computerized interface technologies have enabled even more alternatives for using concept maps in teaching 
and learning. This study investigates the effects of two different touch technology-based concept mapping 
interaction modes on students' learning achievements and learning attitudes in a natural science course, as well 
as their degree of acceptance of using concept maps to learn. Ninety two sixth graders were randomly divided 
into three groups. Experimental Group One was taught using the Interactive Whiteboard (IWB)-based concept 
mapping approach, Experimental Group Two learned with the touchscreen-based concept mapping approach, 
while the control group learned with the traditional paper-and-pencil-based concept mapping approach. The 
experimental results show that, in terms of learning attitudes toward the natural science course and the degree of 
acceptance of using concept maps to learn, the students were significantly more positive about the two touch 
technology-based interaction modes than they were about the traditional paper-and-pencil mode. 

 
Keywords 

Concept map, Interactive whiteboard, Touch technology, Learning attitude, Technology acceptance model 
 
Introduction  
 
This study investigates the effects of using two different touch technology-based interaction modes of computerized 
concept mapping on students’ learning performance. A concept map is a diagram showing the relationships among 
concepts. It is a graphical tool proposed by Novak and Gowin (1984) for organizing and representing knowledge 
(Ruiz-Primo, Shavelson & Schultz, 1997). It has also been recognized as a meta-cognitive tool which can empower 
learners to monitor and control their cognitive progress (Novak, Gowin & Johansen, 1983; Novak, 1990). 
 
With the rapid development of information technology, concept mapping is no longer confined to the production of 
paper-based drawings. Instead, students are able to modify their own concept maps conveniently via computerized 
concept mapping tools. The advancement of touch technologies has further enhanced the process by offering easier-
to-use interfaces that facilitate the use of concept maps in teaching and learning. For example, Interactive 
Whiteboards (IWBs) allow instructors to show a variety of content to students which can promote their interest in 
inquiring into proposed questions (Hwang, 2003; Hung, Lin & Hwang, 2010). Research by Smith (2000) indicated 
that IWBs are appropriate for any curriculum and for all ages, and can present visualized materials such as text 
annotation, hidden objects, fast-moving objects and image scaling, etc. It has been found that use of these features 
can increase teachers’ autonomy and flexibility (Kennewell, 2005; Xu & Moloney, 2011). 
 
Based on the aforementioned motivation, this study investigates the effects of different touch technology-based 
concept mapping approaches on both students’ learning attitudes toward a natural science course and their degree of 
acceptance of the learning approaches. Two experimental groups and one control group were assigned to the three 
different strategies, that is, the IWB-based concept mapping approach, the touchscreen-based concept mapping 
approach, and the paper-and-pencil-based concept mapping approach. The proposed research questions are as 
follows: 
• Do the students who learn with the touch technology-based concept mapping approaches show significantly 

better attitudes toward natural science in comparison with those who learn with the traditional approach? 
• Do the students who learn with the touch technology-based approaches show significantly better acceptance of 

use of the concept maps for learning in comparison with those who learn with the traditional approach? 
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Literature review 
 
Computerized concept maps 
 
Concept mapping for meaningful learning as proposed by Novak and Gowan (1984) is a theory of instruction based 
on the meaningful learning principles proposed by Ausubel (1963). Novak and Gowan (1984) aimed to utilize 
"concept maps" to represent meaningful relationships between concepts and propositions. A concept map can be 
regarded as a "visual road map" showing the pathways connecting the meanings of concepts (Novak, 1996). 
 
In the past decades, concept maps have been used to help learners reflect on, organize and adjust their given or 
learned concepts in specific domains (Roth & Roychoudhury, 1994). They have also served as a form of 
measurement for assessing students’ learning achievements (Markham, Mintzes, & Jones, 1994; Schmid & Telaro, 
1990). Some previous studies have shown that concept map-based approaches can be used to diagnose learners’ 
knowledge structures and misconceptions (Hwang, 2003; Novak, 1990; Panjaburee, Hwang, Triampo & Shih, 2010). 
McClure, Sonak and Suen (1999) further summarized concept maps as having four potential applications in science 
education: (a) as a learning strategy, (b) as an instructional strategy, (c) as a strategy for planning curricula, and (d) 
as a means of assessing students’ understanding of science concepts. 
 
The traditional pen-and-paper-oriented approach to concept mapping has several drawbacks, the foremost among 
which is that concept maps produced in this way are difficult for students to modify and for teachers to evaluate, 
which often reduces their effectiveness. Moreover, with the paper-and-pencil approach, the development process of 
the concept maps cannot be recorded, and hence the teachers can only evaluate students’ learning performance based 
on their final outcomes. Therefore, researchers have developed computerized concept mapping tools to cope with 
these problems; one example of such a tool is CmapTools, developed by the Institute for Human and Machine 
Cognition (IHMC) of the Florida University System (Novak & Cañas, 2006). In addition, researchers have created 
more facilities to aid students in developing quality concept maps; for example, Wu, Hwang, Milrad, Ke and Huang 
(2012) developed a mechanism for evaluating students' concept maps and giving them instant feedback to help them 
make improvements. 
 
Owing to the popularity of computer networks, some researchers have developed computerized concept mapping 
systems in web-based environments, which allow learners to collaboratively develop concept maps via network 
communications. The study of Khamesan and Hammond (2004) showed that students who learned with web-based 
concept mapping systems learned as effectively as those who learned with the face-to-face collaborative concept 
mapping approach. Kwon and Cifuentes (2009) further reported that computerized collaborative and individual 
concept mapping approaches had equally positive effects on students' learning achievements; however, students who 
learned collaboratively created significantly higher quality concept maps than those who learned individually, 
indicating that deeper conceptual understanding could be gained via collaborative learning.  
 
In recent years, the advancement of mobile technologies has further engaged researchers in developing concept map-
oriented mobile learning systems (Hung, Hwang, Su, & Lin, 2012). For example, Hwang, Wu and Ke (2011) 
proposed an interactive concept map-oriented approach for supporting mobile learning activities in the field for an 
elementary school natural science course. Their experimental results showed that the proposed approach not only 
enhanced learning attitudes, but also improved the learning achievements of the students. From the literature, it can 
be found that concept mapping approaches have not only been widely adopted by educators and researchers, but 
have also been implemented on different learning platforms, implying the potential of such approaches.  
 
Currently, computerized concept mapping tools such as MindManager, Inspiration or FreeMind can be used to create 
concept maps with a keyboard and mouse. However, researchers have indicated that this approach suffers from two 
problems: first, it usually requires users to follow particular task structures (e.g., two concept nodes must be created 
before a proposition can be made), which could distract users from their primary tasks; second, it becomes inefficient 
and ineffective to use a keyboard and mouse on specific devices that support more direct interaction, such as touch-
based computers, because such devices only offer a virtual keyboard and gesture-based interaction that differs from 
mouse behaviors (Morgan & Butler, 2009; Rick & Rogers, 2008; Ruiz-Primo, Shavelson & Schultz, 1997). 
Accordingly, touch technologies provide flexible ways for learners to interact with instructional contents, and thus 
support free and enjoyable interactions that contrast with the well-established practices of paper-and-pen-based 
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interaction (Hollan & Hutchins, 2010). That is, those new technologies have the potential of benefiting learners in 
allowing them to discuss, annotate, and manipulate shared digital artifacts in a more direct and enjoyable way. 
 
 
Touch technologies for computers 
 
The term “touch technology” refers to the development of digitalized interfaces that are able to detect the presence 
and location of a touch within a display area; examples of such interfaces are touchpads, touchscreens, and 
Interactive WhiteBoards (IWBs). Touchscreens enable people to interact directly with what is displayed rather than 
indirectly with a mouse or touchpad. They have played a prominent role in the design of digital appliances such as 
personal digital assistants (PDAs), satellite navigation devices, mobile phones, and video games (Hwang, Tsai, Chu, 
Kinshuk, & Chen, 2012; Wu, Hwang, Su, & Huang, 2012). 
 
Researchers have indicated that touch technologies allow users to operate computer systems more easily than ever 
before, making them highly attractive to teachers and students (Romeo, Edwards, McNamara, Walker, & Ziguras, 
2003; Yu, Zhang, Ren, Zhao, & Zhu, 2010). For example, the British government not only invested a considerable 
sum in installing Interactive WhiteBoards (IWBs) in elementary and junior high schools from 2002 to 2004, but also 
initiated the "National Whiteboard Network" project. In a similar move, the Hong Kong Education and Manpower 
Bureau started promoting the use of IWBs in elementary and junior high schools in 2004.  
 
The study of the implementation and impact of these projects has found that in certain subjects, the more experience 
the teacher has of using the interactive whiteboard, the greater the likelihood of positive attainment gains in 
mathematics and natural science courses for the students (Somekh et al., 2007). Goodison (2002) investigated 
primary schoolchildren's awareness of the linkage between ICT and the way they learn within the context of a school 
that has been particularly successful in integrating IWB into its curriculum. He also stressed the need to meet the 
mission requirements with appropriate software. The studies of Wood and Ashfield (2008), and Dhindsa and Emran 
(2006) both found that in an IWB learning environment combined with collaborative learning activities, teachers 
should offer students more opportunities for communication, interaction and cooperation to construct and rework 
their knowledge structures. 
 
To sum up, touch technology has potential in educational applications; therefore, it is worth studying the effects of 
different forms of touch technology used as educational tools on the learning performance of students. 
 
 
Research design 
 
The purpose of the current study is to investigate the effects of different touch technology-based concept mapping 
strategies on the learning attitudes and learning achievements of elementary school students in a natural science 
course. To obtain accurate research results, three variables which could affect the experiment needed to be controlled, 
namely the instructor, learning time and learning content, as shown in Figure 1.  
 
 
Participants 
 
The study was conducted in an elementary school in southern Taiwan. A total of 92 sixth-grade students (12-13 year 
olds) from three classes participated in the experiment. Two of the classes were assigned to be the experimental 
groups, and the other was the control group. Experimental Group One, consisting of 31 students, learned with the 
IWB-based concept mapping approach. Experimental Group Two, also with 31 students, was assigned to learn with 
the touchscreen-based concept mapping approach, while the control group, made up of 30 students, was arranged to 
learn with the paper-and-pencil-based concept mapping approach. 
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Pretest

• Pretest of Natural Science

• Learning attitude toward 
Natural Science

Strategies

• Exp. Group 1: IWB-based 
concept mapping approach.

• Exp. Group 2: touchscreen-
based concept mapping 
approach.

• Control Group: Traditional 
paper-and-pencil-based 
concept mapping approach.

Controlled variables

• Instructor

• Learning time

• Learning content

Independent variable

• Concept mapping strategy

Dependent variables

• Learning attitude

• Acceptance level of concept 
mapping

 
Figure 1. Research structure of the study 

 
 
Measuring tools 
 
The measuring tools utilized in this study included a scale for measuring the students’ attitudes toward the natural 
science course, and a questionnaire of the students’ acceptance of the concept mapping approach.  
 
The learning attitude questionnaire was adapted from the learning attitude scale developed by Crawley and Koballa 
Jr. (1994). It consisted of twenty-five items (as shown in the appendix) with a five-point Likert rating scheme, where 
5 represented “strongly agree” and 1 represented “strongly disagree.” The Cronbach's α of this questionnaire was 
0.862, showing high internal consistency and reliability (Cohen, 1988). 
 
The acceptance questionnaire of concept mapping originated from the questionnaire developed by Chu, Hwang, Tsai, 
and Tseng (2010). It consisted of 31 items with a five-point Likert rating scheme, including 14 items for “Perceived 
usefulness” and 17 items for “Perceived ease of use.” The Cronbach's alpha scores of the two dimensions were 0.90 
and 0.91, respectively, showing the high internal consistency and reliability of the scale (Cohen, 1988). 
 
 
Experimental procedure 
 
The experimental procedure of the study is depicted in Figure 2. The students were also asked to complete the 
learning attitude questionnaire prior to the activity.  
 
During the learning activity, the students in the two experimental groups were given an introduction to the 
computerized concept mapping tools, while the control group was guided to learn the concept mapping development 
procedure with paper and pencil. Following the introduction to the concept mapping tool/development procedure, the 
three groups learned with the different concept mapping approaches.  
 
The students in Experimental Group One were instructed by the teacher via the IWB-based concept mapping 
approach; that is, concept maps were mainly used as an interactive instructional tool via an IWB. The students in this 
group were asked to practice following the teacher’s demonstration during the instruction process. The teacher first 
presented the concept mapping tool and some incomplete concept maps to the students on the IWB and asked them 
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to consider how to complete the maps. The teacher then asked some volunteers to come forward to fill in the missing 
parts (concepts or relationships between concepts) on the IWB. A discussion session was then conducted to allow all 
of the students to raise their hands and provide different opinions about the answers; that is, other students could also 
come forward to modify the concept maps on the IWB and explain why the modifications were needed. Finally, the 
teacher gave feedback to the students by showing the completed concept maps, and answered the questions raised by 
the students. Such an approach to conducting IWB-based instruction is commonly used in elementary schools in 
Taiwan.  
 
The students in Experimental Group Two learned with the touchscreen-based concept mapping approach; that is, 
concept maps were used as a knowledge construction tool via computers equipped with touchscreens. The teachers 
first presented the concept mapping tool and the learning tasks, and then asked the students to develop their own 
concept maps using the tool. After the concept map development process, the teacher gave feedback to the students 
by showing the completed concept maps and answering the questions raised by the students. 
 
In contrast to the two experimental groups, the students in the control group were guided to learn with the traditional 
concept mapping approach; that is, concept maps were used as a knowledge construction tool via paper and pencil. 
After the concept map development process, the teacher gave feedback to the students by showing the completed 
concept maps and answering the questions raised by the students. 
 
After the learning activity, all of the students were asked to complete the questionnaires of learning attitude toward 
science learning and acceptance of using concept maps. 
 

Participants
92 sixth graders

Experimental Group 1 
(n=31)

Experimental Group 2 
(n=31)

Control Group
(n=30)

Pre-questionnaires

Introduction to the computerized concept mapping tool Introduction to concept 
maps

IWB-based concept 
mapping approach

Touchscreen-based concept 
mapping approach

Paper-and-pencil-based 
concept mapping approach

Post-questionnaires

Findings and Analysis

80 
minutes

160 
minutes

80 
minutes

 
Figure 2. Experimental procedure of the study 

 
 
Results 
 
Analysis of learning attitudes toward the natural science course 
 
To explore the effects of the different concept mapping approaches on the students’ learning attitudes toward the 
natural science course, a paired-sample t-test was employed to compare their attitudes before and after the learning 
activity, as shown in Table 1.  
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It is found that the learning attitudes of the students in Experimental Group One showed significant improvement 
after participating in the learning activity (t = -2.88, p < .01), indicating that the IWB-based instructional mode could 
promote the students' learning attitude; in contrast, the students in Experimental Group Two showed no significant 
difference in their attitudes after the learning activity (t = 0.70, p > .05), indicating that the touchscreen-based 
learning mode had no significant effect on their learning attitudes towards the natural science course.  
 
The analysis result of the control group was quite different from that of the two experimental groups as it actually 
showed a significant deterioration in attitudes after the learning activity (t = 3.34, p < .01), indicating that the paper-
and-pencil-based concept mapping mode could have significantly negative effects on students' learning attitudes. 
 

Table 1. Paired sample t-test of students’ learning attitudes toward the natural science course for the three groups 
Group Test N Mean SD t 

Exp. Group 1 Pre-test 31 3.29 0.62 -2.88** 
Post-test 31 3.47 0.66  

Exp. Group 2 Pre-test 31 3.76 0.54 0.70   
Post-test 31 3.69 0.63  

Control Group  Pre-test 30 3.39 0.61 3.34** 
Post-test 30 3.05 0.57  

**p < .01 
 
 

Analysis of acceptance of concept mapping in the natural science course 
 
To further explore the students’ perceptions of using the different concept mapping approaches to learn natural 
science, one-way ANOVA was used to compare the students' ratings on the acceptance questionnaire items from two 
angles, that is, perceived usefulness and perceived ease of use, as shown in Table 2. The ANOVA result shows that 
Experimental Groups One and Two had significantly more positive perceptions of the usefulness of concept maps for 
learning than the control group (F = 6.37, p < .01), indicating that the students highly accepted the computerized 
concept mapping approaches in terms of perceived usefulness, while the paper-and-pencil-based concept mapping 
strategy was perceived as being less effective.  
 

Table 2. ANOVA of perceived usefulness of concept mapping among the three groups 
Group N Mean SD F Post hoc 

(1) Exp. Group 1 31 3.70 0.67 6.37** (1)>(3) 
(2) Exp. Group 2 31 3.94 0.66  (2)>(3) 
(3) Control Group 30 3.36 0.59   
**p < .01 
 

In terms of perceived ease of use, Table 3 shows the ANOVA results of the ratings of the relevant questionnaire 
items. It was found that the two experimental groups revealed significantly better ratings than the control group (F = 
8.32, p < .01), indicating that the computerized concept mapping systems were perceived by the students as being 
much easier to use in comparison with the paper-and-pencil approach.  

 
Table 3. ANOVA for perceived ease of use of the three concept mapping approaches 

Group N Mean SD F Post hoc 
(1) Exp. Group 1 31 3.41 0.60 8.32** (1)>(3) 
(2) Exp. Group 2 31 3.69 0.62  (2)>(3) 
(3) Control Group 30 3.04 0.67   
**p < .01 
 
 
Discussion 
 
Although several previous studies have reported the effectiveness of the concept mapping approach, it remains an 
open issue to investigate the effects of using touch technologies on students’ learning attitudes and technology 
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acceptance degrees in concept mapping activities. In this study, an experiment was conducted to compare students’ 
learning attitudes and degrees of technology acceptance when using different types of touch technology-based 
concept mapping approaches. It was found that the students who learned with both the IWB and the touch screen-
based concept mapping approaches revealed significantly better perceptions in terms of their learning attitudes 
toward the science course and the usefulness and ease of use of the concept mapping approaches. The findings of this 
study conform to those of some previous studies that applying novel technologies in learning activities has the 
potential to inspire students' extrinsic motivation and enhance their learning outcomes (Mistler-Jackson & Songer, 
2000; Wang & Reeves, 2007). That is, the enjoyable experiences brought about by using touch technologies could be 
one of the factors that motivated the students. Moreover, the use of touch technology enabled the students to easily 
edit and directly operate on their learning tasks, which could be the factor affecting their perceived ease of use and 
usefulness owing to a reduction in the Split-Attention Effect indicated by Mayer and Moreno (1998, 2003). 
 
Moreover, it is interesting to find that the average learning attitude rating of the students in Experimental Group Two 
decreased after the learning activity, although the decrease was not significant. Moreover, the average rating of the 
control group was significantly decreased. From the interviews, it was found that the students in Experimental Group 
Two and the control group showed less interest in the learning activity since they spent most of their time developing 
concept maps (i.e., their learning tasks), while the students in Experimental Group One enjoyed the interactions with 
the teacher and their peers via the IWB. This finding implies the need to design some interaction or competitive 
activities in the concept map development tasks.  
 
It should also be noted that the use of touch screens by students is more learner-centered, while the interactive 
whiteboard approach is more teacher-centered; however, this does not imply that the findings are trivial since 
student-centered approaches are not always more effective than teacher-centered approaches, in particular for 
elementary school students who might require more instruction or guidance. In this study, although the teacher 
attempted to interact with students using the IWB and to guide them in discussion, the students had to mainly listen 
to the teacher and exchange information; thus, they had less time to organize their knowledge. However, from the 
learning attitude ratings of the students, it can be seen that the IWB-based approach has the potential to promote 
students’ learning interest and hence improve their learning attitudes. Consequently, in the future, more thoughtful 
learning design of IWB-based instruction could take into account the time required for knowledge organization. 
 
To investigate the factors affecting the performance of the students in Experimental Group One, an in-depth 
interview was arranged. Seven students from the group were randomly selected to take part in the interview.  
 
The interview results showed that most of the students in this group liked the IWB-based learning approach. Several 
students indicated that, in such an interesting interaction mode, the teacher presented the notation and illustrative 
examples of the learning content in the form of concept maps, and interacted with the students on the IWB by asking 
them to answer some questions or fill in some concepts or the relationships between concepts. However, several 
students also pointed out the problems of such a teacher-centered instructional mode of using concept maps, 
including "less time to practice" and "less opportunity to reflect." For example, one of the students stated that 
“Although it was fun to interact with the teacher and my classmates on the IWB, I did not have much time to organize 
what I learned in this subject unit.” Another student stated that “Lack of sufficient practice was the problem of 
learning in this way. I liked to interact with everyone, but there were dozens of classmates in the class and each of us 
had only a few chances to practice on the IWB. Most of the time we just watched the teacher's presentation and the 
interactions between the teacher and our classmates.”  
 
It can be seen from the interview responses that the IWB-based concept mapping approach is able to attract the 
attention of students; however, with such an approach, the students were less involved since the concept maps were 
used as an instructional tool. On the contrary, each of the students in Experimental Group Two used a computer with 
a touchscreen to develop concept maps based on what they had learned in the class; that is, they learned with a 
student-centered approach that allowed them to have sufficient time to practice and organize their knowledge. 
Therefore, insufficient time to practice and organize knowledge could be one main reason why the learning 
achievement of the students who learned with the IWB-based concept mapping approach was worse than that of the 
students who learned with the touchscreen-based approach. 
 
Although the learning approach used by the control group students was student-centered, the efficiency of using 
paper and pencils for developing concept maps was not as good as that of the touchscreen-based approach, because it 
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is inconvenient for the control group students to draw and modify concept maps with paper and pencil. Such a 
learning context could lead to a decrease in their learning efficiency, which could be a factor influencing their 
learning achievement. Previous studies have also found that the performance of students who learn with paper and 
pencil is usually inferior to that of those who learn with technologies, in terms of learning achievement and 
motivation (Komis, Ergazaki & Zogza, 2007; Kordaki, 2009; Liu, 2011). Therefore, the students' learning attitudes 
toward the natural science course appeared to be negative after the learning activity. Moreover, their feedback 
regarding the "perceived usefulness" and "perceived ease of us" was significantly worse than that of the other two 
groups. Such findings conform to what has been reported by previous studies, namely that computerized concept 
mapping approaches are more readily accepted by students in comparison with the traditional paper-and-pencil 
approach (Hwang, Shi & Chu, 2011; Trundle & Bell, 2010; Wu et al., 2012). 
 
It should be noted that the three concept mapping approaches reflected the teaching reality of most schools in Taiwan. 
The experiment design aimed to investigate the effects of using touch technologies in practical applications on 
students’ learning attitudes and perceptions in comparison with the traditional paper-and-pencil approach. Both the 
teaching methods applied to the touch technologies followed the real instructional designs in the selected school (and 
many other schools) as well as the nature of the technologies, although several factors could be involved and might 
not be easy to control. Consequently, in the future, it is worth investigating impacts of individual factors in depth by 
conducting extended experiments. Moreover, it is also worth evaluating the effectiveness of those touch technology-
based concept mapping approaches from the aspects of human factors, such as genders, learning styles or cognitive 
styles (Hwang, Sung, Hung, & Huang, 2012). 
 
 
Conclusions 
 
Many past studies have shown that concept mapping strategies could improve students’ academic achievement 
(Erdogan, 2009; Hwang, Shi & Chu, 2011; Lim, Lee & Grabowski, 2009). What is more, researchers have also 
indicated that a potential way for educators to conduct concept map-based instruction is to use computerized tools in 
place of traditional paper-and-pencil-based approaches (Kim & Olaciregui, 2008). This study investigates the effects 
of two different touch technology-based concept mapping interaction modes on students' learning attitudes and 
learning achievement. The research findings of the study are summarized as follows: 
 
• The IWB-based concept mapping approach could improve students’ learning attitudes toward the natural 

science course, while using concept maps with paper and pencil might have a detrimental effect on students' 
learning attitudes. 

 
The experimental results show that the learning attitudes of the students in Experimental Group One (i.e., the 
teacher-centered IWB-based approach) significantly improved after the learning activity, indicating that the IWB-
based interaction mode promoted the students' learning attitudes towards the natural science course. On the contrary, 
the students in the control group (i.e., the traditional paper-and-pencil-based approach) revealed significantly worse 
attitudes after the learning activity. Such a finding conforms to some of the previous studies that report the 
differences between the learning motivations and attitudes of students using computerized and paper-and-pencil 
concept mapping approaches (Hwang, Shi, & Chu, 2011; Wu et al., 2012). 

  
• Both computerized approaches, including teacher-centered (i.e., IWB-based) and student-centered (i.e., 

touchscreen-based), were highly accepted by the students in terms of the perceived usefulness and perceived 
ease of use of the concept maps for learning. 

 
The experimental results concerning the students' degree of acceptance of using concept maps during the learning 
activity are encouraging. It can be seen that both forms of touch technology-based computerized concept mapping 
approaches were highly recognized by the students as being useful and easy to use. That is, with the help of the touch 
technologies (i.e., the IWB and computers with touchscreens), the students felt that learning with concept maps was 
not difficult and was helpful to them in understanding the learning content. Such a finding conforms to most of the 
previous studies that have recognized the effectiveness of computerized concept mapping strategies (Liu, Chen & 
Chang, 2010; Reader & Hammond, 1994). 
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From the findings and the above discussion, it is concluded that touch technology-based concept mapping 
approaches are highly accepted by students in terms of their perceived usefulness and ease of use; moreover, the 
teacher-centered IWB-based approach seems to be effective in improving the students' learning attitudes, while the 
student-centered touchscreen-based approach seems to be effective in improving their learning achievements. 
Consequently, it is inferred that the IWB-based approach is a good instructional strategy for teachers to adopt when 
interacting with students and to gain their attention, while the touchscreen-based approach provides students with a 
good interface for developing their concept maps. To sum up, it is suggested that teachers and educators note the 
importance and strategies of employing touch technologies in conducting concept mapping-related learning activities 
(Smith, Higgins, Wall, & Miller, 2005). 
 
In the future, it is worth developing a touch technology-based concept mapping system which not only allows 
students to develop their own concept maps, but also allows teachers to interact with students during the learning 
activities, that is, a computerized concept mapping approach that integrates the teacher-centered IWB and the 
student-centered touchscreen technologies to benefit students in terms of improving both their learning attitudes and 
their learning achievements. It is also worth investigating the effects of other innovative touch technologies, such as 
multi-touch interfaces, on students' learning performance in concept mapping-related learning activities. Moreover, 
as numerous previous studies have employed various computerized concept mapping approaches, it would be 
interesting to compare the effect of touch technology-based concept mapping with other kinds of computerized 
concept mapping in future studies. 
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Appendix 
 
Questionnaire of students’ learning attitudes toward the natural science course 
(*inverse items) 
 
1. The learning content of the natural science course is plentiful and helpful. 
2. The learning content of the natural science course can benefit me a lot. 
3. I have fully concentrated on the learning activity. 
4. I often do my own thing in the natural science class.* 
5. I am very interested in the natural science class. 
6. The learning content of the natural science course is not attractive to me.* 
7. The learning content of the natural science course is useful. 
8. I can gain a lot from the natural science course. 
9. I don't like the natural science course.* 
10. The knowledge learned from the natural science course is useless in daily life.* 
11. I like to do the assignments of the natural science course. 
12. It is important to actively solve problems encountered in learning natural science. 
13. I expect to gain good grades in the natural science course. 
14. I shall apply what I have learned in the natural science course to daily life. 
15. I hate the course since it often needs me to think and make reflections.*  
16. I like to propose questions and discuss with the natural science teacher. 
17. I expect to learn to solve problems by myself in the natural science course. 
18. It is important to spend time on previewing and reviewing the natural science course content at home. 
19. The learning content of the natural science course is helpful to me in observing the natural phenomena of daily 

life in depth.  
20. The learning content of the natural science course is important. 
21. It is important to do the assignments and prepare for examinations of the course on time. 
22. I like to discuss with teachers and peers when I cannot fully understand the learning content. 
23. It is important to take notes on the key points of the learning unit. 
24. I usually give up when encountering problems during the learning process.* 
25. I like to take assessments to assure that I really understand the learning content. 
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ABSTRACT 

With the popularity of the Internet, online searching is becoming an important part of learning. In this paper, 
based on the “Learning by Searching” theory, a learning environment is developed, which includes a search 
engine to assist students in recognizing the progression of trends and keyword transitions for specific domains. 
To efficiently support research trend surveys, an automatic data accumulation and classification approach is 
proposed to construct the database excerpts instead of manual keyword registration or any other heuristic 
preprocesses. With an associative search module, the search engine dynamically searches for relevant words that 
are frequently used in the targeted academic field, and provides learners with effective visualizations to 
understand the trend transitions. An experiment has been conducted on a college information management 
course to show the effectiveness of the proposed approach. The experiment results show that the students who 
learned with the new approach had significantly better learning performance in terms of recognizing the trend 
transitions of the targeted issues than those who learned with conventional search engines. 

 
Keywords 

Learning by searching, Web-based learning, Search engine, Data mining, Research trend survey  
 
Background and objectives  
 
With the advancement and popularity of the Internet and search engine technology, fostering students’ web-based 
information searching ability has become an important educational objective. Researchers have indicated that 
allowing students to learn as active and self-directed participants is one of the greatest benefits of web-based learning 
activities, which often involve information searching tasks (Bilal, 2000; Hwang, Tsai, Tsai, & Tseng, 2008). In the 
past decade, various issues concerning information-seeking have been studied, such as the skill of processing the 
searched information (Chiou, Hwang, & Tseng, 2009) and the development of new environments that facilitate 
teachers’ observation and analysis of the information-seeking behaviors of students in web-based learning 
environments (Tseng, Hwang, Tsai, & Tsai, 2009). Moreover, the correlates of teachers’ epistemological beliefs 
concerning Internet environments, online search strategies, and search outcomes have been investigated (Tsai, Tsai, 
& Hwang, 2011). 
 
In the meantime, researchers have indicated the difficulty of fostering students’ higher order thinking competences, 
such as “Evaluate” and “Analyze” in Bloom’s taxonomy of educational objectives (Bloom et al., 1956; Anderson et 
al., 2001; Hwang, Chu, Lin, & Tsai, 2011). Although the existing search engines cater to students' basic knowledge 
acquisition, they are not categorized into special research areas, making it difficult to address the specific, unique 
needs of individual learners. The question is how to design better search engines that address users' learning needs 
and knowledge levels. An ideal search engine should not only show the retrieval results, but also the analysis. 
Fortunately, technologies can accelerate learning and boost creativity. With the development of technologies such as 
data-processing, it is possible to design better search engines to address learning needs. Data-processing includes 
functions such as search engines, data mining, recommendations, and so on.  
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Moreover, with the development of technology, the longevity of paper-based literature has become very short. 
Researchers need to update their knowledge constantly in order to keep up with technological advancements. Hwang 
and Tsai (2011) indicated that "analysis results could help policymakers in governments and researchers in 
professional organizations to allocate the necessary resources and make plans for supporting future research and 
applications." They also indicated that doing surveys could provide good references for educators and researchers 
who plan to contribute to the relevant studies. Therefore, it is essential to conduct surveys to have both a wide and a 
deep understanding of related research; in particular, for those students who are just beginning to engage in academic 
research, research trend surveying is an essential preliminary step for any academic research (Hwang & Wu, 2012; 
Karatas, 2008). Doing an academic research survey can foster their competences of collecting the information related 
to a specific topic, evaluating the collected data, and analyzing the trends in the field. Unfortunately, although 
students can gain knowledge by using the current search engines such as Google or Yahoo!, many novice researchers 
have difficulty analyzing the collected data without proper support from the learning environment. Therefore, it is 
necessary to create search engines which are dedicated to supporting the acquisition of knowledge according to the 
special research area, to effectively supporting "learning by searching". 
 
In this paper, a learning system, "Milky Way Research Trend (MWRT)," that includes a search engine for supporting 
research trend surveys for scientific literature is proposed. The search engine provides students with an efficient 
literature survey tool, which not only allows access to the needed data, but also presents the analysis results of the 
trends. Instead of manual keyword registration or any other heuristic preprocesses, the search engine dynamically 
searches for relevant words that are frequently used in the targeted academic field, and presents the findings in a 
visual format to help students understand the trend transitions. With this system, students can perform trend analyses, 
automatically extract outlines from the literature, and analyze the targeted documents as a time-series.  
 
To evaluate the effectiveness of the proposed approach, an experiment has been conducted in a college information 
management course to investigate the following research questions: 
1. Do the students who learn with MWRT show better learning outcomes in trend analysis than those who learn 

with the conventional learning approach for trend analysis?  
2. Are there significant differences between the cognitive loads of the students who learn with MWRT and those 

who learn with the conventional learning approach for trend analysis? 
3. Do the students who learn with MWRT reveal different technology acceptance degrees than those who learn 

with the conventional learning approach in terms of perceived ease of use and perceived usefulness? 
 
 
Learning by searching  
 
Searching is a natural learning behavior 
 
Searching is a natural learning behavior like listening, speaking, reading or writing. There are many reasons for 
people to seek information. Sometimes people search for information because of curiosity; that is, they want to know 
why. Sometimes they search for information purely for their need to solve problems or complete tasks. Whatever the 
actual reason, the information searching process is a cognitive process that acquires knowledge actively, which is 
defined as a way of learning referred to as “learning by searching” in this study.  
 
There are many kinds of learning strategies, such as learning by attending classes, learning from informal incidents, 
learning by doing, learning by gaming, and learning by searching. Among these learning strategies, learning by 
searching can foster students’ ability to take the initiative to acquire knowledge (Hwang, Tsai, Tsai, & Tseng, 2008). 
This research advocates learning by searching. It is a method for promoting "discovery learning," which is an 
inquiry-based, constructivist learning theory. Discovery learning takes place in problem solving situations where the 
learner draws on his or her own past experience and existing knowledge to discover facts and relationships and new 
truths to be learned (Bruner, 1967). Students interact with the world by exploring and manipulating objects, wrestling 
with questions and controversies, or performing experiments. Bruner suggested that students are more likely to 
remember concepts if they discover them on their own. Several studies have reported the importance of engaging 
students in discovery learning tasks using search engines to seek information. For example, Bilal (2000) pointed out 
the importance and necessity of engaging students in searching for information on the Internet; in the meantime, he 
also indicated that, for those students who are unfamiliar with the usage of search engines, incorrect or inappropriate 
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information is likely to be derived. Accordingly, Hwang and Kuo (2011) proposed an information-summarizing 
instruction strategy to help students improve their information-searching ability. They found that, with proper 
supports, the students' ability of using keywords, selecting information resources and extracting important content 
can be improved. Kuo, Hwang and Lee (2012) further defined the learning approach that employs search engines to 
search for information to answer a series of questions related to a specific topic as "web-based problem solving."  
 
Most of the studies concerning web-based information seeking employ the existing search engines to support 
discovery learning or web-based problem solving. Such an approach might be helpful to students in collecting data to 
complete reports for specific learning tasks, or finding information to answer a series of questions. However, to 
support students in investigating the trends of specific research topics or in analyzing the shifts of technology 
advancements and applications, more effective tools are needed. In this study, an innovative search engine that helps 
students organize the searched knowledge in order to improve their trend-awareness ability is proposed to cope with 
this problem. 
 
 
Categories of knowledge 
 
Searching can be perceived as a process of acquiring knowledge. When seeking knowledge on the Internet, people 
often represent their quests with one of the following “5W1H” questions (Tseng & Hwang, 2007); that is, “What”, 
“Where”, “Which”, “Who”, “When” and “How”. Researchers have indicated that knowledge can be divided into two 
categories; one is ability, which includes “know how”, “know what”,  “know when” and “know who”; the other is 
related to knowing where to find the knowledge needed, which includes “know where” and “know which”. As 
shown in Figure 1, ability is supplemented with knowing where. As knowledge continues to grow and evolve at a 
rapid pace, access to what is needed is more important than what the learner currently possesses (Siemens, 2004).  
 

  
Figure 1. Knowledge Relationships 

 
With the advancement and popularity of the Internet and search engine technology, online information searching is 
recognized as being a part of learning and a required learning skill for students (Liu, 2008). Researchers have 
attempted to investigate the cognitive processes underlying information searching. For example, State (2009) 
examined the search habits of 72 participants while conducting a total of 426 searching tasks. It was found that 
search engines were mainly used for checking the learners' own internal knowledge via comparing the knowledge 
with the searched facts, meaning that information searching is a learning process rather than simply a way of 
obtaining information.  
 
This study aims to develop a learning system with a search engine which is able to advise students how to organize 
the collected trend information as well as how to find the information for solving practical problems. Via using the 
learning system, the students learn to recognize the research trends in depth through selecting keywords, setting 
search parameters and interpreting the search results. 
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System description 
 
The data processing procedure consists of three stages; that is, “data collection,” “development of the search engine,” 
and “data analysis using the search engine.”  
 
 
Data collection 
 
The MWRT search engine was populated with 13,326 articles and papers from SciVerse Scopus 
(http://www.info.sciverse.com/scopus/) that were published from the year 1992 to 2012, and which contained the 
keyword “e-learning”. This data set was used in the analysis conducted in this paper. The original "SciVerse Scopus" 
database system does not provide any tools for high level analysis of the documents obtained. Therefore, a special 
search engine was developed for performing high level analysis of the documents collected.  
 
 
Development of the search engine  
 
The learning system was developed on an Apache server using the Linux operating system and the Perl programming 
language. The learner enters the keywords about his/her research field to search for relevant data. The relevance of 
inputted keywords is calculated by our system using co-occurrence frequency. This means that if a word has a higher 
relevance to the keywords given in the abstracts of papers (i.e., co-occurrence frequency), these words are listed as 
feature words. Subsequently, the system gives the user effective visualizations to understand the research trend 
transitions.  
 
 
Data analysis using the search engine 
 
The MWRT system provides an efficient tool to assist students in doing research trend analysis. Using the MWRT 
search engine, students can perform trend analyses, automatically extract outlines from the literature, and analyze 
documents as a time-series. Figure 2 shows the interface of the system. The user can control the MWRT search 
engine by changing certain inputs and parameters (a) as displayed in Figure 2. Based on these, the results (b) are then 
output as displayed in Figure 3. 

 
(a) Input query and parameters 
 
1: Search query string; 2: Enable advanced search settings display; 3: Enable detailed results output; 4: Number of 
top ranked keywords for each year; 5: Number of top ranked keys for each year; 6: Results sorting method; 7: 
Number of top ranked countries for each year; 8: Year range; 9: Number of top ranked authors for each year; 10: 
Threshold of the minimum number of top ranking years; 11: Number of top ranked sources for each year; 12: Toggle 
to display results as dots instead of numeric output; 13: Number of top ranked organizations for each year. 

 

 
Figure 2. Input query and parameters interface 

 
(b) Results output 

 
1: Total number of articles containing the query string; 2: The number of years the item was top ranked; 3: The 
number of articles that contained the item in the top ranked years; 4: The total number of articles that contain the 
item; 5: The Milky Way which displays the top ranking years for each item. 
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Figure 3. Results output interface 

 
 
Analysis examples 
 
To demonstrate the effectiveness of the system, several practical applications of analyzing research trends with 
MWRT are given in this section.  
 
Research trends overview by feature words 
 
In the following, an illustrative example of investigating research trends of mobile learning is given to demonstrate 
the "Overview by Feature Words" function of the learning system. In this case, the analysis was conducted using the 
keywords “mobile learning” in the MWRT search engine and the number of top ranked keywords to be returned for 
each year was set to five. 
 
Some definitions of “mobile learning” describe it as the act of learning while on the move. In more recent times the 
definition has become associated with the use of mobile computing devices used to facilitate the act of learning 
(Laouris & Eteokleous, 2005). It is hypothesized that this has been spurred by advances in mobile communication 
devices, such as laptops, mobile phones, smart phones and more recently tablet computers (Ha et al., 2009). The 
MWRT search engine was used to analyze the research trends in mobile learning to test this hypothesis. 
 
The results of the analysis are displayed in Figure 4. As observed in 2005, three technology-related keywords 
emerged as possible research trends, “phones”, “pdas” and to a lesser extent, “hoc”. On further investigation into the 
usage of these keyword it was determined that “pdas” referred to the use of Personal Digital Assistants or Pocket PCs, 
while “phones” referred mainly to the use of mobile (cellular) phones and Smartphones used to facilitate learning in 
a mobile environment. The keyword “hoc” was found to refer to “ad hoc” wireless communication networks. These 
keywords focus on hardware based technologies that are used to support mobile learning.  
 
The keyword “wireless” comes to light in 2006 with additional research conducted in wireless Internet and network 
communications, as well as research into the use of near field wireless communication, such as Bluetooth personal 
area networks and infrared data communications. In 2008 the keyword “devices” appears as a research trend. On 
further investigation it was found to refer to the use of Smartphones, Pocket PCs, PDAs, mobile phones, portable 
computers (such as laptops and notebooks) and to a lesser extent, mobile music players, and digital dictionaries. Up 
until this point hardware based technologies were dominant in the research trends analysis results. 
 
The most recent keyword, “android”, first surfaced in 2011 as a reference to the Android Smartphone operating 
system software by Google which has grown in consumer market popularity in recent years since its release in 2008 
(The Nielsen Company, 2011). This change in the trend from hardware to software based technologies may suggest 
that future research trends will focus on emerging mobile software platforms as opposed to previously dominant 
hardware devices. 
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This trail of keywords returned in the results from the MWRT search engine suggests that a technology driven 
research trend in mobile learning exists and offers possible insight for novice research students into the change from 
hardware to software technology based research. 

 

 
Figure 4. The Milky Way of “mobile learning” feature words 

 
 
Comparison of research trends by country  
 
Using the MWRT search engine to compare the research trends of countries initially returned the results as displayed 
in Figure 5, with the United Kingdom, Spain, and more recently China and Taiwan as countries with strong research. 
Further detail was obtained using multiple results from the MWRT search engine to build a view of the trend in the 
number of published articles relating to mobile learning published by country as displayed in Figure 6. The four top 
ranking countries in mobile learning research by number of articles published are Taiwan, China, the United 
Kingdom, and Spain. The trends in the number of articles from these countries seem to share a common feature: the 
number of published articles increases noticeably after the year 2005 when compared to other countries. A novice 
research student might pose the question: what was the catalyst for the increase in research and published articles? 
On further investigation it was determined that government public policy might be a significant contributing factor. 

 
In the case of Taiwan, a government driven program promoting e-learning could be linked to the dramatic rise in the 
number of published articles as described by Hwang (Hwang & Tsai, 2011). In 2005, China’s Ministry of Education 
implemented policies regarding the future focuses of e-learning, thus possibly explaining the sudden increase in 
research and published articles originating from China (Gilsun, 2006). In the United Kingdom, the Department for 
Education and Skills’ 2005 strategy, “Harnessing Technology”, called for the research and development of e-
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learning at all levels of education, which would explain the rapid increase in the number of published articles 
(Department of Education and Skills, 2005). The Spanish Government’s Plan Avanza policy, which was ratified in 
2005, outlined the advancement of ICT on both a societal and economic level, and is highly likely to be a key force 
behind the rise in research and in the number of articles published (van Ark, 2011). 

 

 
Figure 5. Number of articles published between 2000 and 2012 by country result  

 

 
Figure 6. Number of articles published between 2001 and 2010 by country 

 
Using multiple search results from the MWRT search engine to create an international view of research, as 
demonstrated, may help novice research students identify public or private sector influences that shape research 
trends within the field of mobile learning. 
 
 
Detailed analysis of research trends in China, Japan and Taiwan 
 
(a) China 

 
The results from the analysis of keywords from China are displayed in Figure 7. A total of 55 articles were returned 
that included possible trend keywords. Of particular interest are keywords which relate to the way learning is 
undertaken. Keywords, such as: “anytime”, “peer-to-peer”, “ubiquitous” and “self-promotion” suggest that there 
might be a research trend related to peer based ubiquitous learning. 
 
 
(b) Japan 

 
In Figure 8 the results of the analysis of research trend keywords from Japan are displayed. A total of 19 articles 
were returned that included possible research trend keywords. While the total number is significantly less than those 
returned for China, the degree of keyword variation is similar. Both countries share in common the keyword 
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“ubiquitous” which has been highlighted as part of a possible trend. The keywords “pdas” and “phones” suggest that 
hardware device related research may have been an early trend. More recent occurrences may suggest that the trend 
has moved towards more software based research in mobile learning, such as “movie”, “photos”, and “browsers”. 
 

 
Figure 7. Research trends of China 

 

 
Figure 8. Research trends of Japan 

 
 

(c) Spain 
 

The results from the analysis of research trend keywords from Spain are displayed in Figure 9. A total of 32 
articles were returned, which, along with the keyword variation, is moderate when compared to the previous results 
for China and Japan. The resulting keywords may suggest that the trends are mainly based around hardware related 
research, such as “desktops”, “handhelds”, “devices”, “pdas”, and “phones”. 

 

 
Figure 9. Research trends of Spain 
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(d) Taiwan 
 
Analysis results from the search for research trend keywords from Taiwan are displayed in Figure 10. The total 

number of returned articles is an impressive 58, with a wide range of different possible research trend keywords 
when compared to the prevously reviewed countries, China, Japan, and Spain. Of particular interest is the rapid rise 
in the number of articles published around 2004 to 2005, as previously discussed, which could possibly be attributed 
to Taiwan’s push into e-learning as described by Hwang (Hwang & Tsai, 2011). 

 

 
Figure 10. Research trends of Taiwan 

 
Experiment design 

 
To evaluate the effectiveness of the approach in helping students recognize the progression of trends and keyword 
transitions for specific learning topics, an experiment has been conducted on a college Information Management 
course. In the following subsections, the design of the experiment is described in detail. 

 
 

Participants 
 
The participants were two classes of sophomore students of a university in northern Taiwan. A total of sixty-nine 
students participated in the study, including twenty-five females and forty-four males with an average age of 20. One 
class was assigned to be the experimental group, and the other was the control group. The experimental group 
included thirty-six students (twelve males and twenty-four females), while the control group had thirty-three students 
(thirteen males and twenty females). In order to avoid the influence of different instructors on the experimental 
results, the two classes were taught by the same instructor. The experimental group learned with the MWRT search 
engine, while those in the control group learned with a search engine with a conventional interface (i.e., displaying 
the searched results by showing a list of document titles and abstracts). Both groups received the information-
searching and summarizing instructions for analyzing the research trends of e-learning articles before the learning 
activity. 
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Measuring tools 
 
The measuring tools of this study include a pre-test, a post-test, and several questionnaires for measuring students' 
cognitive load, satisfaction and acceptance of using the search engines. 
 
The pre- and post-test were developed by two experienced teachers who had taught the Information Management 
course for a number of years. The pre-test aimed to ensure that both groups of students had the equivalent basic 
knowledge of using computer networks and search engines. It consisted of forty multiple-choice items. The post-test 
aimed to evaluate the students' learning achievement (i.e., their knowledge of the progression of trends and keyword 
transitions for specific learning topics) after participating in the learning activity. It consisted of twenty multiple-
choice items related to the trends of the specific topic investigated during the learning activity. Both the perfect 
scores of the pre-test and post-test were 100. 
 
The cognitive load questionnaire was modified from the cognitive load measure developed by Sweller, van 
Merriënboer and Paas (1998). It consisted of 4 items in the two dimensions of “mental load” and “mental efforts”  on 
a six-point Likert scale, where “6” represented “strongly agree” and “1” represented “strongly disagree.” The 
Cronbach's α value of the cognitive load questionnaire was .79, showing good reliability in internal consistency. 
 
The questionnaire of technology acceptance of using search engines was developed based on the questionnaire 
developed by Hwang, Wu, Tseng, and Huang (2011). It consisted of 13 items, including 7 items for perceived ease 
of use and 6 items for perceived usefulness with a seven-point Likert scale. The Cronbach's α values of the two 
questionnaire dimensions were .89 and .94, respectively. In addition, three open-ended items were used to collect 
opinions from the students after experiencing using the search engine. 
 
 
Experimental procedure 
 
The experiment was conducted on a unit of an Information Management course in a university. The objective of the 
unit is to teach students the notation of literature surveys, including the progression of trends and keyword transitions 
for specific learning topics. 
 
As shown in Figure 1, before the experiment, the students took a pre-test for evaluating their basic knowledge of 
using computer networks and search engines. Before the learning activity, an orientation was given to introduce the 
learning tasks and the learning system. Following that, a 150 minute learning activity was conducted. Both the 
experimental and control groups were asked to search for information to answer a series of questions related to a 
research issue, such as "What is the trend of research methods and tools related to this issue in the past decade" and 
"Compare the studies conducted by researchers of five countries and report the differences and similarities between 
their studies in terms of subjects, methods and tools." The students in the experimental group learned with the 
MWRT search engine, whereas those in the control group learned with the conventional search engine. After the 
learning activity, a post-test was conducted; moreover, the students were also asked to complete the cognitive load 
and the technology acceptance questionnaires on completion of the post-test. 

 

Experimental group
(36 students)

Control group
(33 students)

Milky Way Search 
Engine

Taking the post-test and post-questionnaires
(Cognitive load, satisfaction and acceptance questionnaire)

Information Management Course

Conventional Search 
Engine

Taking the pre-test and pre-questionnaires

Instruction in the use of the search engines

60 Min

30 Min

150 Min

60 Min
 

Figure 1. Diagram of experiment design 
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Experimental results 
 

In the present study, the collected data were first examined by descriptive statistics to explore the group means, 
standard deviations and numbers. Then, t-tests and analysis of covariance (ANCOVA) were conducted to examine 
the effects of using the proposed approach on students' learning achievements in recognizing research trends and 
their perceptions of the learning activity. In addition, the technology acceptance degrees of the students were 
analyzed as well. 
 
 
Analysis of learning achievement 
 
The aim of this study was to examine the effectiveness of the MWRT search engine in helping students identify 
possible trends in specific fields. From the pre-test, it was found that the mean values and standard deviations were 
62.99 and 7.09 for the experimental group, and 60.08 and 6.97 for the control group. The t-test result (t = 1.71, p 
>.05) shows that there was no significant difference between the two groups; consequently, it is concluded that the 
two groups had equivalent prior knowledge before the learning activity, as shown in Table 1. 
 

Table 1. Descriptive data and t-test result of the post-test results 
Variable Group N Mean S.D. t  

 Pre-test Experimental group 36  62.99  7.09  1.71  
Control group 33  60.08  6.97   

 
After the learning activity, the analysis of covariance (ANCOVA) was used to test the difference between the two 
groups by using the pre-test scores as the covariate and the post-test scores as dependent variables. Table 2 shows the 
ANCOVA results of the post-test. The adjusted mean value and standard error of the post-test scores were 83.97 and 
1.52 for the experimental group, and 77.98 and 1.59 for the control group. According to the results (F = 7.24, p 
< .01), there was a significant difference between the two groups; that is, the students who learned with the MWRT 
search engine showed significantly better learning achievements than those who learned with the conventional search 
engine, implying that the MWRT search engine is helpful to students in recognizing the progression of trends for 
specific learning topics. 
 

Table 2. Descriptive data and ANCOVA result of the post-test results 
Variable Group N Mean S.D.  Adjusted Mean F  

Post-test Experimental group 36  84.56  1.52  83.97  7.24**  
Control group 33  77.33  1.59  77.98   **p < .01 

 
 
Analysis of cognitive load 
 
In addition to learning achievement, it is worth investigating whether the new search engine increases the learning 
pressure of the students. Consequently, the cognitive load measure was used to compare the pressure of the students 
from two aspects; that is, mental load and mental effort. The former is concerned with pressure caused by the amount 
of information presented to the learners, while the latter is related to pressure caused by the way of structuring the 
information (Sweller, van Merriënboer, & Paas, 1998; Hwang & Chang, 2011). 
 
Table 3 shows the t-test results for the mental load and mental effort scores of the two groups. In terms of mental 
load, the mean and standard deviation were 3.10 and 1.06 for the experimental group, and 2.91 and 0.97 for the 
control group; in terms of mental effort, the mean and standard deviation were 3.69 and 1.27 for the experimental 
group, and 3.17 and 1.16 for the control group. The t-test results show that there was no significant difference 
between the two groups in either dimension, implying that the MWRT search engine did not increase the cognitive 
load of the students although its user interface does seem complicated. 
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Table 3. Descriptive data and t-test result of the cognitive load 
Variable Group N Mean S.D. t  

Mental Load Experimental group 36  3.10  1.06  0.76  
Control group 33  2.91  0.97   

Mental Effort Experimental group 36  3.69  1.27  1.80  
Control group 33  3.17  1.16    

 
Analysis of technology acceptance 
 
Table 4 shows descriptive statistics of the feedback from the students in the experimental group and control group to 
the questionnaire items of technology acceptance of using the search engines. For the aspect of perceived usefulness, 
the means were 3.80 for the experimental group and 3.11 for the control group; moreover, the t-test result (t = 3.04, p 
< .01) for this dimension shows that there was significant difference between the two groups, implying that the 
students in the experimental group showed strong recognition of the usefulness of the MWRT search engine in 
helping them conduct trend surveys. 
 
On the other hand, the t-test result (t = 1.13, p > .05) on the "ease of use" dimension shows that there was no 
significant difference between the two groups, implying that the MWRT search engine was identified by the students 
as an easy-to-use system much the same as conventional search engines although it was absolutely new to them. 
 

Table 4. Results of questionnaire of acceptance and satisfaction with the search engine 
Variable Group N Mean S.D. t  

Perceived usefulness Experimental group 36  3.80  0.81  3.04**  
Control group 33  3.11  1.03   Perceived ease of use Experimental group 36  3.63  0.81  1.13  

 Control group 33  3.39  0.98   **p < .01 
 
In addition, the students' feedback to the open-ended questions showed that most of the students in the experimental 
group preferred to use this innovative way to engage in literature retrieval and content analysis in the future. More 
importantly, some encouraging responses were derived from the students. One of the students stated that “This 
learning activity is very helpful to novices who have just started to study a topic. It makes my trend survey process 
more efficient.” Another student expressed that, “This way of learning has motivated me to look for more 
information for understanding the topic in depth.” One student further indicated that “In the beginning, I felt it 
difficult to memorize the functions of this search engine, but soon I learned the skills of using it. I am very happy to 
have this opportunity to experience using this search engine. It is a useful system and a very innovative way to help 
us analyze the trends of the topic.” 
 
 
Conclusions and future work 
 
For the students who are novices in a field, it is essential to conduct literature surveys (Shih et al., 2008). However, 
as has been indicated by researchers, the existing methods or tools for supporting research trend surveys are 
inefficient. For example, when doing content analysis, the research topics are first categorized into several tentative 
categories and sub-categories, and are refined manually and continually by using the constant-comparative method. 
Moreover, all the selected articles need to be coded manually based on different types of categories referring to their 
abstract. In addition, highly cited papers need to be further selected to analyze their research participants, research 
setting, research design and methods (Tsai & Chi, 2011; Tsai & Chiang, 2011). It can be seen that doing such a 
survey is time-consuming; more importantly, the students spend most of their time categorizing and coding data 
instead of evaluating the findings and reorganizing their knowledge with conventional approaches.  
 
Jonassen, Carr and Yueh (1998, p. 1) indicated that "Technologies should not support learning by attempting to 
instruct the learners, but rather should be used as knowledge construction tools that students learn with, not from.” 
They further pointed out that learners need tools that help them to access and process that information; moreover, a 
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new class of intelligent information search engines can be effective Mindtools to help learners construct knowledge 
via scanning information resources and organizing the information in a meaningful way. 
 
Conventional search engines, such as Google or Yahoo!, only provide simple information searching and 
summarizing functions. The learning system proposed in this study not only provide a framework to guide learners 
determine the keywords and parameters for trend-related information searching, but also presented the searched 
information in visualized forms (e.g., a time series) via classifying and analyzing the retrieved information, which 
help learners realize how information can be interpreted and organized for trend analysis. Such a process of 
searching for, organizing and interpreting information is indeed a form of knowledge construction as indicated by 
Jonassen and Carr (2000). In the post-test, the students were asked to answer a series of questions related to the 
trends of a specified research issue that they had not surveyed before; that is, they needed to determine keywords and 
parameters for collecting information before analyzing the trends of the issue. From the experimental results, it was 
found that the students in the experimental group showed significantly better performance in answering the trend-
related questions of the target issue than those in the control group, implying that MWRT is able to improve their 
abilities of searching for information as well as interpreting the collected information for trend analysis. From the 
experimental results, it is concluded that the proposed approach is able to improve the students' awareness of the 
trends of specific topics. It is also interesting to find that the developed search engine has been identified by the 
students as an easy-to-use tool much the same as conventional search engines, although it is new to them and its 
interface seems more complicated. The analysis results of the cognitive load of the students also support the finding 
that the innovative approach is able to assist students in analyzing the searched data without increasing their mental 
pressure. 
 
It should be noted that MWRT is not the only system that provides search results by summarizing searched data over 
time. For example, Google Trends is a well-known system that presents search results as charts in which the 
horizontal axis represents time and the vertical shows the frequency of people using the keywords in comparison 
with the total search times. Although both Google Trends and MWRT show the frequency of a term used over time 
and display the search results as a chart, their functionalities are quite different in several ways. The most crucial 
differences are the data sources and the mechanism of selecting keywords to be compared. Google Trends analyzes 
the queries of users and searches for data provided by Internet users; on the other hand, MWRT analyzes scientific 
articles from a database which can be updated or maintained by researchers or teachers. Moreover, the target 
keywords for comparison need to be specified by the user in Google Trends, while MWRT extracts the related 
keywords automatically based on the user's query. Therefore, MWRT is more like a learning tool that allows 
researchers or teachers to provide data related to a specified learning purpose; in the meantime, it serves as a 
supporting tool for showing students how to organize the searched data for trend analysis. 
 
In comparison with previous studies that used the content analysis method to identify research trends in the field of 
e-learning, this “learning by searching” system provides a more efficient and effective environment to foster the 
research trend survey ability of students. Therefore, such an approach can cope with the problem indicated by 
researchers that the lack of proper supports or tools might cause students to pay too much attention to the data 
collection and pre-processing stages, while the evaluation and analysis of the collected data are often ignored or 
briefly done (Chiou et al., 2009). It also conforms to the conception of Mindtools proposed by Jonassen and Carr 
(2000) that technology can be used as a Mindtool to engage students in higher order thinking that is necessary for 
meaningful learning. 
 
On the other hand, the students made some negative comments about the use of MWRT; in particular, they felt that 
its interface is complex and the symbolic icons are difficult to follow, especially at the beginning of the learning 
activity. Consequently, in the near future, we plan to improve our system by providing a more easy-to-use interface. 
Moreover, we also plan to investigate the students' proactive attitude (Schmitz & Schwarzer, 1999), which is a belief 
in the potential of changes that can be made to improve oneself and one's environment by considering various facets 
such as resourcefulness, responsibility, values, and vision. Such a personality characteristic is highly related to trend 
analysis as well as the implications for motivation and action.  
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ABSTRACT  

This paper presents a new approach to the integration of web services for e-learning through cloud computing 
infrastructure. The primary goal is to improve the performance of the existing e-learning system where group 
adaptation is applied. The proposed method includes an integration of information, processes, applications and 
human resources in the e-learning system. Integration is based on a web application we developed for managing 
the learning environment. The application enables an integration of the Moodle, the OpenLDAP directory for 
managing user accounts, and the OpenNebula toolkit for managing a cloud computing infrastructure. The major 
advantage of the suggested approach is that the existing system for adaptive e-learning does not need any 
changes, while it becomes more available and suitable for ubiquitous learning. We evaluated the implemented 
environment in an undergraduate course at the E-Business Lab, University of Belgrade. 

 
Keywords 

E-learning infrastructure, Cloud computing, Environment for adaptive learning 
 
Introduction 
 
In recent years e-learning has grown into a widely accepted way of learning, and the usage of the global network is 
inevitable in every education process. Ubiquitous learning integrates wireless, mobile and context awareness 
technologies in order to detect the situation of the learners and provide more seamless adaptive support beyond 
formal learning process (Shih, Chu, Hwang, & Kinshuk, 2011; Hwang, Chih-Hsiang, Tseng, & Huang, 2011, El-
Bakry & Mastorakis, 2009; Yang, 2006). In order to support modern pedagogical approaches, as well as a variety of 
heterogenic learning resources within courses, ubiquitous learning environments need to be based on a powerful IT 
infrastructure. At the same time, in order to be efficient, ubiquitous learning environments need to be based on 
learning management systems (hereinafter: LMS) and integrated into an existing e-learning environment of 
educational institutions. 
 
LMSs are powerful integrated systems that support a number of activities performed by teachers and students during 
the e-learning process (Hauger & Kock, 2007; Kahiigi, Ekenberg, Hansson, Tusubira, & Danielson, 2007). In most 
cases, LMS users belong to heterogeneous groups with different, sometimes even adverse, individual characteristics 
and needs. The adaptation of e-education systems to an individual or to a group based on their characteristics, 
expectations, knowledge, and preferences is nowadays inevitable (Paramythis & Loidl-Reisinger, 2004). Since 
systems for adaptive e-learning are becoming more complex, educational institutions need new solutions for 
deploying scalable and reliable environments for adaptive e-learning (Aroyo, Dolog, Houben, Kravcik, Naeve, 
Nilsson, & Wild, 2006).  
 
In this paper we set out to explore how an environment for adaptive e-learning can be provided through cloud 
computing. The main goal of the research is to provide a highly effective, scalable cloud computing services for end-
users. The research context of this paper is focused on the e-learning processes within the E-Business Lab, the 
University of Belgrade.  
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Related work 
 
Cloud computing (hereinafter: CC) is an abstract, scalable and controlled computer infrastructure that hosts 
applications for the end-users. CC is an area of computing that refers to providing customers with highly scalable IT 
capacities as a service via the Internet (Sultan, 2010). Services and data coexist in a shared and dynamically scaled 
set of resources (Srinivasa, Nageswara, & Kumari, 2009). Virtualization is one of prerequisites for the realization of 
CC (Dong, Zheng, Yang, Li, & Qiao, 2009). It allows for an efficient usage of resources, because several virtual 
machines (hereinafter: VM) can operate on one physical machine (Jin, Liao, Wu, Shao, & Luo, 2008). CC is an 
infrastructure that can bring a new value to an e-learning system, as educational services can be delivered in a 
reliable and efficient way. It also provides a suitable environment for ubiquitous learning activities. As a result, 
efforts to introduce CC in e-learning environment have been initiated over the last couple of years and are ongoing 
across the world. However, shifting from a traditional IT infrastructure to a cloud based infrastructure is a complex 
task for an educational institution (Reich, Hubner, & Kuijs, 2012).  
 
The background for this research can be found in the works that explain the benefits of using CC infrastructure in e-
learning (Dong, Zheng, Yang, Li, & Qiao, 2009; Zhang, 2010). In (Pocatilu, Alecu, & Vetrici, 2009) the authors 
explain the key benefits of the CC application in e-learning: improved improbability, virtualization, centralized data 
storage, costs. Doelitzscher et al. (2011) notice that universities' information systems have periods of intensive usage, 
when available hardware and software resources have to be efficiently used. Dong et al. (2009b) give a good 
theoretical and practical basis about using CC infrastructure in e-learning. They presented main layers of an e-
learning ecosystem: infrastructure, content and application. Further, they propose four ad hoc modules for managing 
the e-learning ecosystem: monitoring, module, policy module, arbitration module, and provision module. The 
authors emphasize the importance of cloud services integration into an e-learning system. The architecture of 
BlueSky cloud framework includes six layers: user interface, application, common service, capability, data 
information, virtual infrastructure (Dong, Zheng, Qiao, & Shu, 2009). However, most of the research in the area of 
CC application in e-learning systems did not involve any learning domain; instead, the research mainly focused on 
the investigation of motivation, advantages, and technical possibilities, but no concrete implementation of the 
proposed models could be found.  
 
Considering the existing IT infrastructure in an educational institution, the CC paradigm can be implemented with 
various approaches. An important issue is to choose the deployment model appropriate for the educational institution. 
Depending on the type of ownership of physical resources and infrastructure the following deployment models of 
cloud computing can be developed: a private cloud, a public cloud, a hybrid cloud, and a community cloud. The 
characteristics of each deployment model from the standpoint of infrastructure are management, ownership and 
location; from the point of users these are access rights to cloud resources (Mell & Grance, 2011). Researches and 
case studies pointed out the most common approaches, not only within universities, but in the other fields of CC 
solutions, are private and public cloud (Jin, Ibrahim, Bell, Gao, Huang, & Wu, 2010). Accordingly, these two models 
are discussed and analyzed in the following text. 
 
Public clouds are owned and operated by third parties, i.e. cloud service providers. Main advantage of a public cloud 
is that they may be larger than an enterprise cloud, thus providing the ability to scale seamlessly, on demand. 
Educational institutions do not need to invest and house large IT infrastructures for educational and research 
purposes. The first concrete implementation of the CC concept in e-learning included hosting on providers’ 
infrastructure. In (Malan, 2010) the author presented an example of a computer science course realized within the 
public cloud. Using the Amazon Elastic Compute Cloud (EC2), a load-balanced cluster of VMs for 330 students was 
developed at Harvard College. Other universities provided a variety of cloud based e-learning services via well 
known cloud providers such as: Google, Microsoft, Amazon, etc. For instance, the University of Westminster used 
the Google Apps for Education platform that provides a set of Google services (e-mail, document management and 
collaboration tools) for the realization of a teaching and learning process (Sultan, 2010). A similar approach was 
presented in (Herrick, 2009) where Colorado State University migrated to Google Apps for Education. However, in 
these solutions, there are no tools and interfaces for teachers to supervise students; no integration with existing IT 
infrastructures has been performed, and no adaptive learning services have been developed.  
 
Opposite the public cloud model, a private cloud model enables educational institutions to have complete control of 
services, data security, applications and resources that are provided to their users. Recently, the number of private 
cloud based solutions within e-learning systems has been significantly increased (Liang & Yang, 2011). Depending 
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on how technology is provided and used, these solutions implement one or more CC service models (Costanzo, 
Assuncao, & Buyya, 2009): infrastructure as a service (IaaS), platform as a service (PaaS) and software as a service 
(SaaS). IaaS aims to provide computing resources or storage as a service to users. In this model users install 
operating system on the machines as well as their application software by themselves. PaaS model enables 
programming language execution environment for users. This model allows users to develop and deploy their own 
software solutions. SaaS model provides specific software that runs on a cloud infrastructure. The users of these 
services do not control or manage underlying infrastructure and application platform. Table 1. provides an overview 
of existing implementations of private cloud based e-learning solutions considering cloud service models. 

 
Table 1. Overview of research on e-learning solutions based on private cloud 

Paper IaaS PaaS SaaS LMS Educational 
services Integration 

Wenhong, Sheng, & Guoming (2010)       
Dong, Zheng, Qiao, & Shu (2009)       
Doelitzscher, Sulistio, Reich, Kuijs, & Wolf (2011)       
Vouk et al. (2008)       
Costanzo, Assuncao, & Buyya (2009)       
Rajam, Cortez, Vazhenin, & Bhalla (2010)       
Liang & Yang (2011)       
 
IaaS solutions are presented in (Costanzo, Assuncao, & Buyya, 2009; Dong, Zheng, Qiao & Shu, 2009). Costanzo et 
al. (2009) describe an environment for running applications on top of interconnected infrastructures called InterGrid. 
The experiments showed significant improvement of the overall system performances. BlueSky cloud framework 
(Dong, Zheng, Qiao & Shu, 2009), developed by Xi’an Jiaotong University in China, allows for physical machines 
to be virtualized and allocated on-demand for e-Learning systems.  
 
Wenhong et al. (2010) proposed a framework for managing PaaS in a virtual Cloud computing lab that implements 
the user management, resource management and access management. Vouk et al. (2008) describe the Virtual 
Computing Laboratory, a CC solution that was developed within the North Carolina State University, USA. It 
enables students to reserve and access VMs with basic images or specific applications environments. This platform 
has been used by a huge number of users.  
 
Delivering particular software applications and services for users of e-learning ecosystems (SaaS) is the most 
frequent CC service model. Various types of applications such as word processing, presentations, spreadsheets, 
databases and more can all be accessed through a web browser, while the content is hosted in the cloud (Liang & 
Yang, 2011). Virtual Computing Laboratory (Vouk et al., 2008) provides students with variety of specific 
applications (Matlab, Solidworks, Maple, etc.) for different area of study. In (Rajam, Cortez, Vazhenin & Bhalla, 
2010) the authors proposed e-learning computational cloud (eLC2) that enables e-learning task management.  Main 
goal of the eLC2 solution was to enhance collaboration among the main actors of learning activities. Virtual 
Personalized Learning Environment (VPLE) described in (Liang & Yang, 2011) integrates multiple disparate 
application systems of schools into one integrated online system. The learning content providers can dynamically 
register new applications at any time and students can personalize the contents of their learning environments.  
 
In (Doelitzscher, Sulistio, Reich, Kuijs, & Wolf, 2011) the authors introduce a comprehensive private cloud solution 
CloudIA infrastructure that provide IaaS, SaaS, PaaS with respect to requirements and needs of e-Learning and 
collaboration. CloudIA was developed within Hochschule Furtwangen University. The ClaudIA IaaS system enables 
the creation of a VM by choosing a base image and post-installing software packages selected by the user on the fly. 
PaaS approach allows students to use VMs with predefined packages and software for their courses. Collaboration 
Software (CollabSoft) has been adapted to a SaaS model.  
 
Although solutions found in the literature add new value to e-learning systems and enable numerous services and 
features, the main challenge of using CC in e-education is integration into existing infrastructures of universities. The 
framework proposed in (Wenhong, Sheng, & Guoming, 2010) provides a comprehensive set of features for 
managing a virtual computing lab, but it is rather general and not adjusted to the needs of an e-learning system. Also, 
the approach suggested in (Vouk et al., 2008), where students are provided with predefined VMs, does not take into 
account any learning environment.  Namely, key component of a modern e-learning system is a software solution for 
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learning management. Most of the universities organize e-learning courses using an LMS. Accordingly, if CC 
services are not integrated with LMS, they will not add significant improvement to an e-learning system.  
 
In works (Liang & Yang, 2011; Rajam, Cortez, Vazhenin & Bhalla, 2010; Doelitzscher, Sulistio, Reich, Kuijs, & 
Wolf, 2011; Vouk et al., 2008), some educational services are delivered using CC: collaboration, communication, 
learning content management. However, only few partial implementations of CC services integration with LMS can 
be found in literature. For instance, CloudIA provides an on-demand Online Learning And Training LMS as a 
service for collaboration (Doelitzscher, Sulistio, Reich, Kuijs, & Wolf, 2011). Further, eLC2 architecture includes 
different components, such as project management, external task processing, integrated through web services. 
 
Given the existing body of knowledge, the key reason for implementing a private cloud in the E-business Lab at 
University of Belgrade is that the existing IT infrastructure could be used in a more effective way. Private cloud 
solution would enhance realization of research and educational processes and enable seamless integration of the CC 
paradigm in the e-learning system. Also, the E-business Lab already employs experienced technical and teaching 
staff capable of developing, managing and exploiting the CC infrastructure. Since our courses are related to 
computer science, the main requirement for teaching and learning process realization was to provide students with an 
appropriate environment for application development (PaaS model), as well as with sophisticated software tools 
(SaaS model). Accordingly, the focus of our research is to enable plethora of services and applications for e-learning 
courses, but not hardware resources (IaaS). Thus, the main idea of our research was to provide SaaS and PaaS on 
private cloud, and to seamlessly integrate them in Moodle LMS.   
 
 
Integration of services for e-learing through cloud computing 
 
Adaptive e-learning in the e-business lab 
 
The essential component of an adaptive e-learning infrastructure in the e-Business Lab is the Moodle LMS. The 
Moodle is flexible when it comes to extending with new components and integration with other systems and 
technologies necessary for adaptation. The system for e-learning within the department provides students with 
courses from different areas and aims to support both formal and informal learning. Through the Moodle, the system 
enables a realization of common formal learning activities and tasks (assignments, tests, learning resources, etc.). At 
the same time, in order to support ubiquitous learning, we have developed various applications and services (mobile 
applications, edutainment activities, social media activities, etc.) described in Barać et al. (2011) and Vulić et al. 
(2012).  
 
The adaptivity in the e-learning system is realized using the model described in (Despotovic-Zrakić, Marković, 
Bogdanović, Barać, & Krčo, 2012). Group personalization of courses has been implemented with respect to Felder-
Silverman learning styles. Different learning materials and activities are created for each group. All student activities 
are tracked using the Moodle LMS. Personalization is reflected in adapted resources, activities, tasks and tools for 
communication. The realization of group personalization was effective, but new problems arose. Each adaptive 
course contains many different resources, tools and applications that require adequate hardware and software 
infrastructure. In order to successfully complete the course, each student needs a set of software and hardware 
resources. If these resources could be available on demand, a student would need only an Internet connection and a 
web browser. Therefore, we need to develop an environment for adaptive e-learning where some resources would be 
provided through personalized Moodle courses, while others would be provided through the CC infrastructure on 
demand. The CC infrastructure should enable the hosting of all resources and services with the best possible 
performance (Vujin, 2011). This approach enables the integration and synchronization of all components in the scope 
of a learning process into a single system. In the text that follows, concrete problems and requirements of each of our 
courses are described shortly. 
 
The basic idea of the Internet technologies course is to learn the key concepts in the development of web applications. 
Students have to create advanced web applications enriched with JavaScript, JQuery, XML technologies, as well as 
web services. In order to implement their projects, it is necessary to provide different operating systems (Linux, 
Windows), development platforms (NetBeans, Eclipse, Dreamweaver, Visual Studio), software tools, database 
management tools (SQL server, MySQL), web servers (Apache, IIS), all modern browsers, etc. Therefore, various 
combinations of these technologies and platforms should be available to students on their VMs. 
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The E-business course deals with key concepts in design and implementation of e-business projects. In the scope of 
their activities within the course, students create web presentations and e-commerce web sites, use ERP and CRM 
solutions, tools for web design, etc. All these activities require appropriate platforms to be installed, as well as web 
hosting services. Students should be provided with a VM created in accordance with their needs. 
 
In the scope of the subject M-business, modern trends and principles in the area of m-business applications, as well 
as the Internet of things, are studied. Students develop applications for various mobile platforms. Different platforms 
and tools that require high-performance hardware are necessary (Android SDK tools, Eclipse, NetBeans). Various 
technologies are used, such as: RFID, GPS, wireless networks, etc. 
 
The main goal of the Simulation and simulation languages course is to teach students the basic and advanced 
concepts of computer simulation. The course includes three areas: continuous simulation, discrete simulation and 3D 
modeling. According to this, students need different software solutions for learning simulation.  
 
 
Integration model 
 
The development of a typical system for e-learning includes: the implementation of LMS, the integration of Internet 
services in a network of educational institutions and a business information system. The integration of components of 
the system is realized using multiple layers: 
• Human resource integration – students, teachers and other participants in the learning process can access the 

system and can communicate from any location.  
• Information integration – the system enables gathering heterogeneous, unstructured data, while users can access 

structured data.  
• Process integration – adaptive e-learning processes are integrated using web services.  
• Application integration – the integration is realized at the application level on cloud computing infrastructure. 
 
The method of integration of e-learning services with the cloud computing infrastructure is shown in the Figure 1. 
 

 
Figure 1. A method for integration of e-learning services with cloud computing 
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There are five phases in the proposed model. In the first phase, the user accounts are created. The user accounts are 
stored on LDAP server. The LDAP server is integrated with the user directory of the educational institution where 
the student accounts are located. In the second phase, the courses are created in the Moodle LMS. Teaching materials 
are prepared, the activities and the assignments are defined. The necessary software tools for teaching process 
realization are chosen. The course adaptation process is performed. In the third phase, the VMs with necessary 
operating systems and software are prepared. Each VM is adapted to students’ learning styles and needs at a specific 
course. Afterwards, the prepared VMs are stored into the CC infrastructure. In the fourth phase, students use the 
ELABCloud application for VM reservation and its deployment. The application allows students to reserve any of 
the provided VMs for the Moodle course to which they are enrolled. Students can perform the reservation using a 
web application. In the fifth and the final phase, teachers and administrators of the system can view and analyze 
students’ results and the performance of the system. 
 
 
Implementation of the proposed method 
 
The implementation of the proposed method includes the design and the implementation of the ELABCloud 
application for managing the cloud computing infrastructure. This application enables the integration of Moodle, 
OpenLDAP, business information system of educational institution and the CC infrastructure. The application should 
be deployed within the private cloud infrastructure of the e-Business Lab shown in Figure 2. The key components of 
the implemented private cloud include: services for access to a virtual environment, services for resource 
management, services for user account management, a system for distributed file management, and a virtual 
infrastructure management system. These components allow for an effective work with a VM. VMs are stored in the 
image repository and can be moved and run on users’ demands. Integration of digital identities within heterogeneous 
e-learning environment has been performed using the LDAP protocol (Zhang & Chen, 2011). 

 
  
 
The ELABCloud application is designed with respect to three-tier architecture (Figure 3). The main components of 
this complex application include a set of web services and a web application. Via the web application, the user can 
review, reserve and use VM placed in the cloud infrastructure. The application logic is placed in two web services 
which integrate the system with the CC infrastructure (WS1) and with the Moodle platform (WS2). User 
authentication is performed using the LDAP protocol. The same login information is used to log on to the Moodle, 
the ELABCloud application, the webmail, and other services. The integration with the CC infrastructure is enabled 
through the following operations: fetching an available VM, approving requests for a VM, making reservations for a 
VM, remote access to a VM, initiating a scheduled VM and stopping the expired VM. 
 
The process of integration based on the proposed method is shown in the activity diagram in Figure 4.  

Figure 3. Architecture of the e-learning ecosystem Figure 2. Cloud computing infrastructure in 
e-Business Lab 
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Figure 4. Activity diagram for integration of Moodle and cloud computing infrastructure 
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Application of the implemented method 
 
ELABCloud application allows students to reserve any of the enabled VMs for the Moodle course for which they are 
registered. In this way, VMs will be available to students during the desired period. VMs with all the necessary 
software have been geared to students’ needs depending on the course the student attends. The CC infrastructure 
with the ELABCloud application enables students to always use the most recent versions of software, regardless of 
the hardware they own. Students can use this software on any computer with an Internet connection and a web 
browser. The ELABCloud web application is designed for registered users that have the login credentials stored at 
the OpenLDAP server.  
 
After a successful login, the student is shown a list of available VMs, depending on the Moodle courses they are 
enrolled in. The student can make a reservation for a VM, and choose the date and time when the VM will be used 
(Figure 5). The maximum running period is currently set to 3 hours. The reserved VM can be used in the desired 
time, from any location and any device with an Internet connection and a web browser. Therefore, this approach 
provides students with a ubiquitous learning environment.  

Figure 5. ELABCloud - Virtual machine reservation            Figure 6. ELABCloud – Running virtual machines 
 
When the user logs to the ELABCloud application, they can see and use the started VM (figure 6).  
 
 
Evaluation 
 
The evaluation of the described infrastructure for e-learning has been done within the regular teaching activities at 
the University of Belgrade. The evaluation has been done by comparing the results that students achieved when 
learning on the CC infrastructure in the school year 2011/12 with those that students achieved when learning on the 
infrastructure for e-learning that was not cloud based in the school year 2010/11.  
 
In order to better interpret the results, a short qualitative study followed. The intent of the qualitative study was to 
learn about benefits and problems related to designing and implementing the e-learning infrastructure. The focus was 
on the e-learning infrastructure necessary for teaching and learning in the area of information and communication 
technologies, from the teachers’ perspective. 
 
Finally, the evaluation of the performance of the developed e-learning infrastructure based on CC has been 
performed, by using appropriate software tools for performance management. 
 
 
Materials and procedure 
 
The evaluation has been done at the Simulation and simulation languages course of study. The course is organized at 
the fourth year of undergraduate studies in the area of information systems and the Internet. The course is realized 
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using the combination of traditional classroom-based teaching and e-learning technologies. The Moodle LMS has 
been used for synchronizing teaching activities and managing online courses. The course deals with the basic 
concepts and applications of computer simulation and requires the appropriate software tools. Main areas studied in 
the course are continuous and discrete simulation. For teaching these areas of simulation CSMP/FON and 
FONWEBGPSS software tools are used respectively, both developed within the E-business Lab (Despotović-Zrakić, 
Barać, Bogdanović, Jovanić, & Radenković, 2012). CSMP/FON is a desktop application running on a Windows 
operating system. It is used for creating models of continuous systems and performing simulation. The results are 
shown in tables and graphs. FONWebGPSS is a web application running on Windows Server 2003, and it requires a 
set of specific web services for building a discrete simulation model, executing the simulation and visualizing the 
results of the simulation.  
 
During the school year 2010/11 the CSMP/FON application was provided to students as a desktop application for 
Windows platform. Each student could download the application from the e-learning course and install it on their 
personal computer. The application was not available for other operating systems, which arose as a problem for 
students who did not use Windows. In the school year 2011/12, the CSMP/FON application was provided to students 
through as a virtual machine through cloud computing. The students could reserve the VM with the CSMP/FON 
application and access it using a remote connection. 
 
During the school year 2010/11 the FONWEBGPSS application was provided to students as a web application 
hosted on the Windows server 2003 and the IIS web server. The simulator was integrated in the application through 
web services, but problems with the speed of simulation were reported. Another problem was related to the 
scalability and the performance of the application: it could be used by not more than 50 students simultaneously. A 
higher number of concurrent usages caused serious problems in the performance of the application. In order to 
overcome these problems in the school year 2011/12, the FONWEBGPSS application was migrated to the newly 
deployed cloud computing infrastructure. The application was provided to students through the SaaS model. During 
the semester, students could reserve the VMs with the FONWEBGPSS application in order to practice and prepare 
for the exam.  
 
While students learned within the cloud infrastructure, the performance of the e-learning system was monitored 
using the appropriate software tools. Management of different course resources and laboratory data centre, as well as 
the integration of software solutions and components in the system, were performed through the ELABCloud 
application.  
 
 
Participants 
 
The experiment was conducted on a sample of undergraduate students of the Faculty of Organizational Sciences, the 
University of Belgrade who attended the Simulation and simulation languages course in school years 2010/11 and 
2011/12. The groups’ characteristics and treatment are shown in Table 2. The equivalence of the groups was tested 
using the average grades that students achieved in their previous course of study. The results have shown that there 
were no significant statistical differences as regards average grades.  
 

Table 2. Participants and treatment 
School year N Learning Avg.grade Std.Dev. 
2011/12 179 Cloud based 8.11 0.94 
2010/11 175 Non-cloud based 8.05 0.99 
 
In the qualitative part of the study, teachers were asked to comment on the developed infrastructure and give their 
impressions and suggestions. Total of 8 teachers who used the described infrastructure participated. 
 
 
Instruments 
 
In order to measure the research results, we have used a knowledge test that students took at the end of semester, and 
a questionnaire. In the knowledge test, students were required to solve problems in the area of continuous and 
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discrete system modeling and simulation. The same test has been used to evaluate the students’ knowledge in the 
field of discrete simulation for more than five years.  
 
 
Results 
 
A descriptive comparative statistics of results achieved on the knowledge test is presented in Table 3. 

 
Table 3. Results achieved on knowledge test 

School year N Mean Std.Dev. 
2011/12    CSMP/FON 179 8.07 1.24 

FONWEBGPSS 179 8.12 1.31 
2010/11    

CSMP/FON 175 7.95 1.32 
FONWEBGPSS 175 8.01 1.12 

 
The results show that there are statistically significant differences in results of students in two compared school years 
for both CSMP/FON and FONWEBGPSS services: 
• CSMP: F(1,353) = 4.830 (p < 0.05) 
• GPSS: F(1,353) = 4.220 (p < 0.05) 

 
Therefore, we can conclude that the application of cloud-based simulation laboratory contributed to the students’ 
results, and that students achieve best results when they learn in the cloud environment. 
 
The results of the qualitative analysis on teachers’ opinions on the CC infrastructure can be summarized through the 
following: 
• Most of the teachers reported that in their opinion CC infrastructure had contributed to the higher quality of the e-

learning process.  
• Teachers responsible for course topics that require more effort for preparing virtual machines stated that although 

this type of infrastructure brings new value to e-learning, it is time consuming 
• Several teachers emphasized that the application of CC infrastructure contributed to higher productivity in 

realization of e-learning courses. This is because most of the time in practical lessons could be spent on dealing 
with the main goals of the lesson, while within the previous infrastructure much time was spent on configuring 
and managing the software environment necessary for learning. 

• Teachers stated that the CC infrastructure should be supported by a better reporting system, which would give a 
better insight on how VMs are used during the learning process. 

• Teachers are satisfied with the concept of integration with Moodle, because most of the administration can be 
done through a single interface. 

• Several teachers stated that this type of delivering IT resources is suitable for teaching different courses that 
include software or information system design and implementation. 

 
Figure 7 shows that the system remained stable, both during the teaching process and the exam taking. The 
utilization of processing time is less than 60% during the periods of maximum load (at 1:10PM). It is important to 
notice that the ELABCloud application is the only application used for managing the cloud computing infrastructure. 
The load of cloud computing infrastructure during the teaching process is given in Figure 7 left. Figure 7 right shows 
the load of the cloud computing infrastructure during an exam. The diagram shows the user CPU (blue), the system 
CPU (red) and the idle CPU (orange). The system is not overloaded, even in the period of the highest load (red 
diagram). 
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Figure 7. Load of cloud computing infrastructure during the teaching process (left) and Load of cloud computing 

infrastructure during the exam (right) 
 
 
Discussion 
 
Numerous studies have pointed out that CC can provide support and empower e-learning services. The benefits of 
using CC in e-learning are reflected in: effective usage of resources, improved scalability, integration of different e-
learning services, etc. Most of the studies within the area of using cloud computing concept in e-learning deals with 
theoretical aspects and models (Dong, Zheng, Qiao, & Shu, 2009; Zhang, 2010; Pocatilu, Alecu, & Vetrici, 2009), 
but only few of them include implementation in real e-learning environment (Doelitzscher, Sulistio, Reich, Kuijs, & 
Wolf, 2011; Vouk et al., 2008).  
 
This study is oriented towards making an impact on practice. Our e-learning courses cover the area of computer 
science. Accordingly, our students need variety of operating systems, software tools and applications, development 
environments. Implemented cloud computing service models (PaaS and SaaS) provide the students with all the 
necessary software and hardware resources. The approach in this research can be used in any Moodle-centric 
environment. 
 
Another benefit of applying the described model can be related to cost effectiveness of the private cloud. Although 
employing a third party cloud computing infrastructure within Harvard College (Malan, 2010) has brought certain 
benefits such as ability to grow and shrink infrastructure, and an efficient control of learning system performance, 
this solution might be expensive for many educational institutions. The solution proposed in this paper is related to a 
more efficient usage of the existing IT resources within educational institutions, and therefore can be economically 
more acceptable in comparison with using public cloud providers’ services. 
 
The significance of the research context is reflected in the integration and synchronization of information, processes, 
applications and human resources in an adaptive e-learning system. This research demonstrates a measurable 
improvement of the adaptive e-learning system by developing infrastructure through cloud computing. Adaptive e-
learning system described in (Despotovic-Zrakić, Marković, Bogdanović, Barać, & Krčo, 2012) included learning 
resources and activities adaptation. Integration of CC infrastructure and services enabled delivering complete 
software environment tailored to students’ characteristics, without changes in the system. 
 
As it is depicted in Table 1, majority of the existing solutions for e-learning based on cloud computing, implement 
some of the cloud service models without any kind of integration with LMS and other learning services. Furthermore, 
the authors could not find examples of e-learning ecosystems where adaptive learning resources and services were 
created and delivered through cloud computing. The approach proposed in this paper mainly conforms to the one 
used in the CloudIA project (Doelitzscher, Sulistio, Reich, Kuijs, & Wolf, 2011), where the e-learning system is 
based on private cloud that delivers all three cloud service models (IaaS, PaaS, SaaS). Both our and CloudIA 
solutions include features such as: authentication, resource management, collaboration services, customized on-
demand VMs, etc.  However, while the CloudIA project mainly focuses on collaboration, the approach proposed in 
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this paper supports other learning tasks within LMS as well (learning resources and activities, assessment, etc.). 
Further, VMs are designed with respect to the specific courses requirements and students’ needs at the same time.  
  
The results obtained in the experimental part of the paper suggest that students achieve better results when they learn 
in the cloud environment. Further examinations are necessary in order to determine the specific motives students 
have for using the cloud infrastructure, as well as the suitability of particular learning resources for delivery through 
cloud. 
 
Finally, we acknowledge that this approach has some limitations. The main disadvantage of the described approach 
is that it is based on group personalization and it does not support real time adaptation. Also, this approach is tailored 
for courses that require extensive usage of diverse hardware and software resources, and might not be suitable for 
courses with different requirements.  
 
 
Conclusion 
 
The main problem treated in this paper is the improvement of the system for e-learning through CC. Our research 
context is based on improving the system for adaptive e-learning by making it more available without changing the 
system itself. The described method leads to providing effective and scalable e-learning services, especially suitable 
for educational institutions that teach computer science or similar subjects. The ELABCloud web application 
presents a comprehensive solution for an integrated management of CC infrastructure which can be used by both 
teachers and students. The results of the evaluation suggest that students achieve good results while studying in an e-
learning environment improved with CC technologies, which conforms to conclusions reported by (Rajam, Cortez, 
Vazhenin, & Bhalla, 2010). 
 
With an increasing growth in the number of users, services, educational contents and resources, the approach 
described in this paper can be used as a model for developing a scalable and reliable infrastructure for e-learning. 
The model can easily be adjusted and applied in other educational institutions. Although the model is based on the 
Moodle, the proposed architecture allows for an easy and fast adjustment to other LMSs as well. 
 
Future research will be oriented towards improving the integration with the Moodle, in terms of running a VM 
directly from a Moodle course. The system for analytics should be improved to provide reports and analyses of the 
students’ results through both Moodle and ELABCloud applications.  
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ABSTRACT 

This paper presents the results of a study that sought to understand how a strategy of Mobile Computer Labs 
(MCL) has been integrated into 3rd and 4th grade teaching-learning practices in 1,591 state schools in Chile. In 
particular, the study aims to identify the most important factors related to MCL integration into these practices a 
year after its implementation. The findings obtained by applying a survey and performing classroom 
observations show that, although the schools are willing to use this resource, it has been used sporadically for 
searching information and drilling and practicing contents related to Mathematics and Language, in addition to 
motivating students. Furthermore, the classroom observations do not reveal any innovative teaching strategies, 
related to the use of this new technology. The study shows that amongst the main reasons for this traditional and 
sporadic use of the MCL are a lack of targeted teacher training and preparation time, and insufficient technical 
and pedagogical support during the phases of implementation and integration to the pedagogical practices. 
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Introduction 
 
The Chilean ICT in education policy (Enlaces) started in 1993 and has equipped schools with computers, local 
networks, educational resources, productivity software, free or subsidized Internet access, as well as providing 
technical and pedagogical support in partnership with 24 universities from across the country. Computers have been 
placed in special rooms called Computer Labs and, since 2007 classrooms have been equipped with a multimedia 
package that includes a personal computer, audio equipment and a projector. By the year 2010 90% of students going 
to publicly financed schools had access to computers, 60% of schools had Internet access, 110.000 teachers (there 
are around 180.000 teachers working today in the system) had been trained to use computers as a part of their 
instruction process, and the Country reached a national average of 9,8 students per computer in schools (Donoso, 
2010; Hepp et al., 2004; Sánchez & Salinas, 2008). 
 
For the past few years, the primary concern in Chile has been investigating the effects of these policies. In particular, 
studies have looked at how these new resources are being used and whether or not there has been any impact on 
student learning. In Chile, the evidence is consistent with other international studies and reports which show that the 
frequency of ICT use in teaching and learning activities in schools is relatively low  (Cuban, 2001; Hinostroza, et al., 
2005; Plomp &Voogt., 2009; OECD, 2010) and that they are mostly used to support “traditional” teaching practices 
(i.e., instruction based lessons) (Plomp & Voogt, 2009; Trucano, 2005; Balanskat et al., 2006). In fact, data collected 
through a 2009 national survey of all state-subsidized schools and a sample of private schools showed that ICT is not 
frequently used in teaching and learning in the classroom. When used, it is to support teacher’s current practices 
instead of changing or revolutionizing them (Hinostroza et al., 2010). 
 
In terms of the impact on student learning, international and national research has not been able to provide 
conclusive statements about their positive or negative effects. On the contrary, findings are most often inconsistent 
between studies or difficult to generalize. These studies are commonly country-specific or developed under particular 
conditions; such is the case with pilot projects or case studies. Additionally, there are very few experimental studies 
that allow for empirically sound conclusions related to causality between ICT and student performance (Balanskat et 
al., 2006; Kozma, 2006; Ungerleider & Burns, 2003; McFarlane et al., 2000; Cuban & Kirkpatrick, 1998). Where 
evidence seems to converge is in indicating a non-linear and complex relationship between ICT and learning. 
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The lack of impact of ICT in schools has been explained in different ways by educational researchers and experts. 
One such explanation is related to the inability of technologies and technological school settings to adapt to real 
educational needs (Means, 2000; Watson, 2001). As previously mentioned, in Chile ICT resources are found mainly 
in computer labs, which implies that activities built around these technologies change the natural context of 
classroom teaching and tend to focus on the purely technological aspects. In this sense, the technologies “(…) are not 
truly integrated into the classroom teaching dynamic, which may limit their impact on teaching styles traditionally 
used in schools” (Nussbaum et al., 2009, p. 295). As Watson (2001) argues, having to book a timetabled fixed 
resource and moving the class to a separate room for a limited time does not allow for open-ended exploratory work, 
which the technology could facilitate. Software is increasingly seen as having the potential to support and enhance 
curriculum initiatives based on a conceptual understanding and the development of process skills. Nevertheless, 
hardware’s physical location and management threaten this potential benefit. Consequently, from this point of view, 
as technologies adapt to real educational needs, ICT should tend be used more appropriately and achieve the desired 
learning results (Means, 2000).  
 
Among the technologies available, interactive whiteboards and laptops, provided on a one-to-one (1:1) basis, have 
been introduced in the classroom. With regard to laptops it is argued that ubiquitous or 1:1 computing environments 
may enhance learning. This is because they can provide all students and teachers with continuous access to digital 
teaching resources within the same classroom dynamics, something that computer labs outside the classroom do not 
allow for (Bonifaz & Zucher, 2004). Furthermore, 1:1 models of ICT use in education are promoted with the idea 
that they can provide personalized and student-centered experiences to students within schools and beyond (Severin 
& Capota, 2011). For example, the One Laptop per Child (OLPC) initiative promised to transform education for 
world disadvantaged students by giving them the means to teach themselves and each other (Kenneth et al., 2009). 
The OLPC project was strongly shaped by the visions of the founder of the Massachusetts Institute of Technology 
(MIT) Media Lab, Nicholas Negroponte and Seymour Papert’s constructionist learning theory. From Paperts’ 
perspective students learning depends on constructing ideas and individual laptop computers can be essential for 
carrying out such construction in today’s world. Through the OLPC program, Negroponte, Papert and others have 
sought to develop and distribute a low-cost “children’s machine” that could empower youth to learn without, or in 
spite of, their schools and teachers (Warschauer & Ames, 2010; Kenneth, 2009).  
 
However, recent studies do not show clear evidence regarding the benefits of 1:1 models of computer use in schools 
and homes (Warschauer & Ames, 2010). In Latin America and the Caribbean, the Inter-American Development 
Bank (IDB) recently published a study that concluded that there are still uncertainties relating to the impact of 1:1 
programs and that further evaluation is needed (Chong, 2011). The evidence collected in this study and others, so far 
indicates that programs that overlook teacher training and the development of specific software may yield very low 
returns (Chong, 2011; Karsenti & Collin, 2011; Severin & Capota, 2011). Additionally, evidence related to projects 
that give students, the opportunity to take their computers home is not positive, especially when it comes to poor 
students. In fact, Chong et. al (2011) found that children with weak adult supervision at home may not spend their 
time using computers for homework and studying, and therefore this may have no positive impact in their 
educational achievement. Some studies have even found that access to computers at home may have a negative 
impact on academic achievement (Vigdor & Ladd, 2010; Malamud & Pop-Eleches, 2010). 
 
In summary, studies that look at ICT use in schools in Chile and around the world show that there is still some way 
to go before we really understand how to naturally integrate technologies into the teaching and learning process in 
the classroom and, subsequently, impact learning. Although significant efforts have been made to use technologies 
that can adapt to natural teaching conditions in the classroom, the benefits are still not clear.  
 
In 2009, Enlaces launched a Mobile Computer Labs (MCL) strategy with the main purpose of developing the 
capacity of third grade students to read, write and perform basic mathematical operations through the integration of 
computer equipment. This equipment allows 1:1 learning strategies to be developed. This strategy consisted in 
providing 1,591 state primary schools with a cabinet of netbooks, one netbook for each student in each third grade 
classroom and one for the teacher with software that allows them to control and communicate with the class. The 
cabinet makes possible to move the computers between classrooms, as well as offer storage, security and a means for 
charging the batteries. It also provides integrated wireless networking technology that allows communication 
between computers and classroom collaboration (Mineduc, 2009). The strategy also includes a web page that 
provides information about the project, as well as digital educational resources in Mathematics and Language to 
support class lessons.   
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In this context, the main purpose of this study was to evaluate how Chilean schools implemented and used the MCL 
in the classroom and whether this new strategy had any effect in teaching practices. More specifically, our interest 
was to study how this new strategy of providing 1:1 technology in the classroom had been integrated into the 
teaching and learning process of Chilean third grade classrooms.  More specifically, our purpose was to identify the 
most important variables associated with key dimensions in the process of implementation and integration of MCLs 
in schools and classrooms during its first year of implementation. The research questions were driven by the work of 
Zhao et al. (2002) who identified three key domains that should be considered when trying to understand the 
processes involved in implementing new technologies: 
● The innovator that uses the technology, in this case, the teacher.  
● The innovation or project to be developed with the technology, in this case, the pedagogical use of the MCL. 
● The context in which the innovation takes place (i.e., technology infrastructure, human infrastructure and 

organization culture), in this case the school. 
 
In this study we aimed to identify and analyze the different factors related to these three processes that explain a 
higher or lower level of integration of the MCL in third grade Chilean classroom teaching practices. Consequently, 
the research questions were: 
● In what way and to what extent are teachers using this technology in their teaching practices? 
● What have been the aids/facilitators and barriers for integrating these technologies into teaching practices?  
● Which factors associated with human, technological and contextual school conditions are more closely related 

to the integration of MCL into teaching practices?   
 
 
Methodology 
 
Instruments 
 
A quantitative method was used based on the design and application of a self-administered questionnaire completed 
by the participating schools. The questionnaire was built taking into consideration the main elements of the MCL 
strategy, as well as the results of interviews with representatives from the Ministry of Education and other school 
figures (principals and teachers) from participating institutions.  
 
The questionnaire comprised 147 items, organized in four sections or dimensions: (1) personal characteristics of the 
respondent; (2) teaching and ICT in the school; (3) use and organization of the MCL; and (4) MCL Project. The first 
dimension asked about the role of the respondent at the school (i.e., teacher, school director, ICT coordinator), 
his/her age and ICT access and use at home. Dimensions two and three were related to the organizational conditions 
found after a literature review, i.e. the context for integrating the MCL in the school and the classroom, such as time 
for teacher preparation (Jones, 2004, Cox et al., 2004), technical and pedagogical support (Kirkland & Sutch, 2009; 
Law et al., 2008; Trucano, 2005), the school directors’ support and leadership (Law et al., 2008) and schools’ ICT 
plans and strategies (Kozma, 2003). Finally, the fourth dimension asked about the expectations, evaluation and future 
perspectives related to the MCL project at the school. The questionnaire presented different types of questions: 53 
multiple-choice questions, 11 multiple answer questions, 82 4-point Likert scale questions and one open-ended 
question. Originally the items did not belong to predefined scales. In the data analysis phase, scales were created to 
facilitate analysis and interpretation of data (see Data Analysis section). The design of the questionnaire considered 
that it could be answered online in approximately 30 minutes. 
 
 
Sample design and data collection 
 
The study’s sampling frame comprised the 1,591 schools that participated in the MCL project. Stratified random 
sampling was applied, using the criteria of Region (Chile’s first-order administrative division) and ‘rurality’ to form 
the required strata. A probabilistic sampling of schools was then applied to each stratum in order to maintain the 
proportion of schools in each stratum and guarantee the representativeness of the sample. The sample size was 
calculated using a 95% confidence interval and 5% margin of error. For each of the selected schools, two 
‘replacement’ schools were also chosen randomly. These schools would be successively incorporated in case the 
original school failed to answer the survey. 
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A total of 565 schools were contacted in three successive calls. An email with the URL to access the survey was sent 
to each school. Only one representative from the school could answer the survey (teacher, Principal, Head of 
Curriculum and Instruction or Head of ICT). This representative had to be someone who had participated in the MCL 
project. A total of 242 valid survey responses were gathered for analysis. The follow-up after the third call revealed 
that 70% of non-responses were due to causes not related to the project (e.g., a nationwide student strike). 
 
Unit non-response was treated by post-stratification weighting based on the known information about the population 
frame (region and rurality) (Holt & Elliot, 1991). Weighting is the most widely used strategy for handling unit non-
response in order to reduce non-response bias (Armoogum & Madre, 1998; Little & Vartivarian, 2004), especially in 
cases where non-response is not related to the phenomena under study. Weighting coefficients were calculated by 
dividing the expected number of respondents by the actual number of respondents in each stratum. Table 1 shows the 
details of the composition of the sample and the weighting coefficients. 
 

Table 1. Sample Characteristics 

 
Expected Sample Size Achieved Sample Size Weighting Coefficients 

Region Urban Rural Total Urban Rural Total Urban Rural 
1 1 1 2 1 1 2 1.00 1.00 
2 4 0 4 4 0 4 1.00 - 
3 5 2 7 5 2 7 1.00 1.00 
4 13 10 23 10 5 15 1.30 2.00 
5 18 10 28 12 8 20 1.50 1.25 
6 17 18 35 11 15 26 1.55 1.20 
7 18 24 42 11 22 33 1.64 1.09 
8 35 19 54 25 16 41 1.40 1.19 
9 20 7 27 18 5 23 1.10 1.40 
10 13 11 24 10 7 17 1.30 1.57 
11 2 1 3 1 1 2 2.00 1.00 
12 1 0 1 1 0 1 1.00 - 
13 53 12 65 37 8 45 1.43 1.50 
14 3 2 5 3 2 5 1.00 1.00 
15 1 0 1 1 0 1 1.00 - 

TOTAL 117 204 321 150 92 242 
   

 
Data analysis 
 
Three types of analysis were carried out: 
● The data were analyzed using descriptive statistics for each item (analysis of frequency and percentages). Chi-

square values were estimated in order to study the possible differences between sub-groups (e.g., differences due 
to the role in the school; rurality of the school).  
 

● Given the large quantity of items and sub-items in the questionnaire, new variables (scales) were created using 
an Optimal Scaling procedure (Greenacre, 2007). Scales were created following two criteria: theoretical 
coherence of the items and an internal consistency of the scale (Cronbach’s alfa) above 0.7. A total of 57 items 
were grouped in 10 different scales. After quantification, different quantitative analyses were done (e.g., 
averages, correlations, t-tests and ANOVA) on the aggregated variables.  
 

● Finally, a Binary Logistic Regression analysis was carried out to establish the factors associated with a 
successful implementation of the project. For the Ministry of Education, investing in the MCL project and 
implementing the national strategy was worthwhile if the technological resources were frequently used to 
support learning of third graders, and if the technology was being used to promote diversity and innovation in 
teaching practices. The frequency of use of the MCL in schools and the pedagogic diversity of use of the MCL 
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were therefore the two scales chosen as dependent variables. The scale for frequency of use was constructed 
based on the 6 items that captured information about how much the MCL was used in different subjects. The 
scale for diversity of use was constructed based on the 8 items that referred to the frequency of use of the MCL 
in different pedagogical activities. Schools were assigned to two groups (higher/lower frequency of use and 
higher/lower diversity of use) according to the values attained in each scale. So as to find the optimum number 
of predictive factors for each of the dependent variables (i.e. find the model with the lowest possible number of 
variables and maximum predictive capacity), it was decided to carry out a logistic regression analysis with a 
sequential extraction method based on likelihood (Forward Stepwise Likelihood Ratio).  

 
 
Results 
 
Characteristics of the survey respondents 
 
A large number (44.4%) of those who answered the survey were the Head of ICT at their school (Table 2). 
 

Table 2. Percentage of answers per position within school 
Position Frequency (N) Percentage 
Teacher 38 15.8 
Head of Curriculum and Instruction 40 16.6 
Head of ICT 107 44.4 
Principal 53 22.0 
Other 4 1.2 
Total 242 100.0 

 
The distribution for gender was quite even between men and women, albeit with a slightly higher percentage of 
women (53%). However, if this is analyzed per position or school role, 70% of principals were men and 79% of 
teachers were women. Additionally, 43% of respondents were between 41 and 55 years of age and the majority had 
been at the school for more than 2 years. Finally, with regard to access and use of ICT, 97% answered that they used 
ICT on a daily basis, 97% that they had a computer at home and 90% that they had a wireless Internet connection.  
 
 
Perceptions of ICT and the MCL as a school resource 
 
At the level of believes or perceptions of ICT, the great majority said that, in general, ICT have been well accepted 
and used as a resource to support new pedagogical practices at their school. In effect, the majority of respondents 
agreed or strongly agreed that ICT are important for their school (96.6%), that ICT has begun to be used for teaching 
and learning school subjects (94.7%), that all teachers within the school use ICT in their classes (72.5%) and that 
there is an institution-wide plan for the pedagogical use of ICT (86.3%). 
 
With regard specifically to the MCL, 92.8% said that their school saw it as an opportunity to promote more 
innovative pedagogical practices, 82.6% as a way to motivate students (i.e., gain their interest and enthusiasm with 
the class lesson), 77.3% as a means of improving their students’ digital literacy levels, 70.1% as an opportunity to 
have increased ICT infrastructure for teachers and students, 68.8% as a way of supporting the Institutional 
Educational Project and 63.6% as a means of accelerating the pedagogical integration of ICT.  
 
 
Use of the MCL 
 
The great majority (90.5%) of respondents indicated that their school has been using the MCL for a year or more and 
in third grade this percentage rises to 95.6%, which was the target class level of the project. As shown in Table 3, the 
respondents said that the MCL was used with regular frequency (the most frequent answer being “often”, followed 
by “sometimes”) in mathematics and language, although more frequently in language than mathematics. If the 
answers ‘often’ and ‘always’ are added together, then 59.5% of respondents used the MCL in mathematics, while 
70.7% used it in language.  This use can be explained by considering that the aim of the project was to use the MCL 
in these two subjects, although the majority of respondents said that they were also used sometimes or often in other 
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subjects such as natural science, history & social science and technology. It is interesting to notice that 33.1% 
reported never using the MCL for the technology subject, which can be partly explained by Enlaces’ strategy to teach 
technology in the ICT laboratory (Table 3). 
 

Table 3.Frequency of Use of MCL per Subject 
 Mathematics Language 

Arts 
Natural 
Science 

History & 
Social 
Science 

Technology Other 
subjects 

Always 20.9 24.3 9.8 7.7 5.7 4.6 
Often 38.6 46.4 30.8 31.0 21.6 17.3 
Sometimes 37.0 27.4 43.3 42.7 39.5 46.9 
Never 3.5 1.9 16.1 18.7 33.1 31.2 
Total 100.0 100.0 100.0 100.0 100.0 100.0 
 
The correlation analysis showed that the per-subject frequency of use of the MCL is not related to general beliefs or 
perceptions about ICT, nor the expectations that the schools had with regard to the Enlaces project. Also, there was 
no significant difference in frequency of use between rural and urban schools, with the exception of Language, where 
urban schools used the MCL with greater frequency (X2

(1,317) = 13.00, p < 0.05). 
 
With regard to the activities that the majority of respondents said that teachers performed ‘often’ or ‘always’ with the 
MCL, the main responses were exercising previously acquired concepts and skills, searching for information and 
motivating the students. Also, the majority said that teachers used the MCL sporadically (sometimes or never) to 
evaluate learning, carry out research projects, process and analyze data, give instruction-based classes and introduce 
contents (Table 4).  
 

Table 4. Types of Use of the MCL 
 Evaluate 

learning 
Exercise 
contents 

Research 
projects 

Search for 
information 

Process 
and 
analyze 
data 

Give 
instruction-
based 
classes 

Introduce 
contents 
to be 
developed 

Motivate 
 
 students 

Always 7.3 24.2 6.2 20.3 10.9 14.7 12.6 38.9 
Often 21.6 43.5 16.7 31.9 24.4 29.7 32.5 37.3 
Sometimes 55.3 30.2 44.9 34.0 42.0 44.7 46.8 22.9 
Never 15.8 2.2 32.2 13.8 22.7 10.8 8.1 0.9 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
 
By comparing the types of use by rurality, urban and rural schools made different use of the MCL. Urban schools 
made greater use of the MCL for giving instruction-based classes, drilling contents and motivating the students, 
while rural schools used them more to process and analyze data, evaluate learning and carry out research projects. 
Urban schools made significantly greater use of the MCL for exercising contents (t(287) = 2.09, p = 0.03) and giving 
instruction-based classes (t(281) = 2.06, p = 0.04). These data are interesting, as they suggest that use of the MCL in 
urban schools tends to be more ‘traditional’, focusing in teachers giving out contents to students. Instead, in rural 
schools the tendency seems to be using the technology to explore constructivist didactics more focused on promoting 
active involvement by the students in research activities and the construction of knowledge. 
 
 
School conditions for MCL use 
 
During the interview stage, two important conditions for using the MCL came up. One of them was that schools 
needed to have the administrative measures to allocate the necessary time and space for training and preparing 
classes. Another one was that teachers also had to have technical and pedagogical support in the classroom. 
Therefore, these two variables were deemed as essential for measuring the conditions for the use of the MCL. 
 
In terms of administrative measures adopted by the schools, the most frequently cited measures, adopted by around 
three quarters of schools, were the following: appoint a professional to be responsible for the security and care of the 
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MCL (79.6%), have a calendar, schedule or timetable for the use of the MCL (79.2%), set a minimum for the amount 
of hours’ use per subject (71.1%), and organize a time and space for training teachers so as to improve the use of the 
MCL in their subject (71.8%). Following these came initiatives related to appointing a professional to support the 
teachers during the teaching process using the computers (68.6%), allocating time to teachers for preparing 
computer-based lessons (62.1%) and leaving the use of the MCL up to each teacher’s own initiative (60.4%). 
 
However, here the view of the teachers and the principals turned out to be statistically significantly different for 
several of these measures (Table 5), with the principal’s view being more positive than the teacher’s for every 
measure. Although in general principals’ perceptions were more positive than teachers’ perceptions, they turned to 
be statistically significant in those questions related to administrative measures and school conditions for MCL use. 
In the rest of the scales no statistical differences were observed. 
 

Table 5. Teacher and Principal’s Perception of Administrative Measures for Use of the MCL at School 
  Position  Χ2 
 Teacher Principal  

Use of each teacher’s own initiative 80.0% 48.6% Χ2 = 12.19,  
p = 0.000 

Allocate a minimum amount of time to the teacher for preparing 
computer-based lessons 45.7% 74.3% Χ2 = 9.76,  

p = 0.002 
Organize a time and space for training teachers so as to improve the use 
of the MCL in their subject 65.3% 85.3% Χ2 =6.40,  

p = 0.011 
Appoint a professional to support the teachers during the teaching process 
using the computers 51.0% 75.4% Χ2 = 7.49,  

p = 0.006 
Appoint a professional to be responsible for the security and care of the 
MCL 72.9% 87.1% Χ2 = 3.80,  

p = 0.051 
 
With regard to pedagogical support, the general perception was that it was not very frequent. The majority said that 
the different school actors either never or only sometimes supported teachers, with the exception of the Head of ICT 
at the school, where the majority stated that this person often or always offered support (Table 6). With respect to 
technical support, the responses were very similar. 
 

Table 6. Frequency of Pedagogical Support for Using the MCL at School 

Pedagogical support Colleagues Management Head of ICT 
Head of 
Curriculum/ 
Instruction 

External 
support  

Always 14.2 15.5 42.4 21.0 6.7 
Often 30.4 17.7 22.5 25.7 17.9 
Sometimes 43.4 35.2 27.8 33.7 46.0 
Never 12.0 31.6 7.3 19.7 29.4 
Total 100.0 100.0 100.0 100.0 100.0 
 
To analyze the aids and barriers of the strategy, the different participants were asked whether or not they agreed with 
the various statements shown in Table 7. As it can be observed, main barriers were technical and pedagogical 
support for using ICT during lessons and availability of time for teachers to prepare, develop and implement new 
activities using ICT. In line with the results reviewed in the above section about perceptions of ICT, the great 
majority felt that in general there is a willingness in their school to use technology. Additionally, the majority did not 
see student or teacher ability or teachers’ confidence in using ICT as barriers. Finally, an important majority believed 
that the infrastructure is adequate.  
 

Table 7. Barriers for Using the MCL at Schools 
Aids / Barriers % Yes 
ICT are considered useful 99.1 
Using ICT in teaching-learning is a goal 92.3 
Infrastructure for using ICT is adequate 79.0 
Technical support for teachers is sufficient 46.0 

321 



Pedagogical support for teachers is sufficient 40.8 
Teachers have the necessary ICT skills 54.7 
Students have the necessary ICT skills 66.3 
Teachers have the necessary confidence 63.2 
Teachers have the necessary teaching skills 60.1 
Teachers have enough time 32.8 
There is an overload of projects 44.2 
 
At the end of the survey, the respondents were asked to give an overall evaluation of the different stages of the MCL 
project. In line with the answers for the previous item, training and support were mainly rated ‘normal’, while 
implementation and quality of equipment were rated ‘good’. The evaluation by the users of the MCL was not related 
to the rurality of their school, i.e. there were no significant differences between the evaluation by users at urban 
schools and rural schools. 
 
The correlation analysis showed that the overall evaluation of the project had a weak correlation with the frequency 
of use of the MCL, while there was a moderate correlation with some of the factors related to teacher support and 
ICT confidence. In particular, there was a moderate correlation between the existence of adequate pedagogical and 
technical support and the presence of teachers within the establishment with a sufficient level of confidence for using 
the ICT (r = 0.45, r = 0.39 and r = 0.37, respectively). 
 
 
Explanatory factors for use of the MCL 
 
From the Binary Logistic Regression two models were obtained based on the two dependent variables, which were 
deemed to be indicators of a more or less successful implementation. In the first model, where the dependent variable 
was the frequency of use of the MCL, six significant predictive factors (p < 0.05) were found (Table 8). From this 
analysis it could be concluded that there was a greater possibility of an increased use of the MCL in schools where 
there was a perception that students had greater ICT skills, where there was better pedagogical support from 
colleagues, and more class observations. These last three aspects are consistent with the per-item descriptive analysis, 
where the importance of teachers feeling supported in their use of the MCL was also evident. The other two aspects 
(better organization and having basic skills) appear to be relatively necessary conditions for any ICT strategy that is 
implemented in a school. Better technical support appeared to be a not statistically significant factor (p > 0.05), 
although it contributed to the overall model significance. 
 

Table 8. Model for Frequency of Use of the MCL 

Predictor B B S.E. Wald   df P 
eB  
(odds ratio) 

Level of student ICT skills 1.2 0.393 9.269 1 0.00 3.3 
Existence of planning for MCL use 0.97 0.281 12.002 1 0.00 2.64 
Pedagogical support for teachers from colleagues 0.78 0.344 5.117 1 0.02 2.17 
Technical support for teachers using the MCL 0.64 0.341 3.503 1 0.06 1.89 
Observation of teachers using the MCL 0.97 0.445 4.779 1 0.03 2.64 
Person in charge gives Technical Support Network (TSN) 
training 

-1.16 0.529 4.813 1 0.03 0.31 

Using ICT to teach or learn is a goal of the establishment -1.97 0.841 5.513 1 0.02 0.13 
Constant 2.52 0.871 8.396 1 0.00 12.4 
Overall model evaluation             
-2Log Likelihood 117.95 

    
  

Model Chi square 91.009 
    

  
Cox & Snell R square 0.452 

    
  

Nagelkerke R square 0.604           
 
The second model, where the dependent variable was diversity of types of use, seven significant predictive factors 
were found (p < 0.05) (Table 9). With this analysis it was evident that the variables of greatest weight were the 
presence of a calendar for use of the MCL, the existence of lesson planning, the fact that a professional is appointed 
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to support teachers and support from colleagues. It can be concluded from this analysis that there is a greater 
probability that teachers will use the MCL in diverse teaching practices if in the school there is a calendar for its use, 
if there is a plan for integrating the MCL into the different subjects and if the teachers are supported by their 
colleagues and by a technical professional. As such, the involvement in lesson planning training by the school 
administration appeared to be a factor favoring the use of the MCL in both traditional and constructivist teaching 
practices. Although contributing to the overall model significance, lesson planning training given by the company 
which supplies the equipment appeared not to be a significant explanatory factor. 
 

Table 9. Model for Diversity of Types of Use of the MCL 

Predictor B B S.E. Wald df P 
eB  
(odds ratio) 

Level of student ICT skills 0.577 0.249 5.365 1 0.02 1.781 
Existence of planning 0.601 0.257 5.491 1 0.02 1.825 
Have a calendar for MCL use 2.805 0.786 12.726 1 0.00 16.534 
Offer specific digital resources for each subject -1.547 0.622 6.177 1 0.01 0.213 
Assign a professional to support the teachers (e.g. 
Technician) 1.492 0.512 8.497 1 0.00 4.444 

Lesson plan training (Company) 1.897 1.097 2.99 1 0.08 6.665 
Lesson plan training (Administration) 1.74 0.779 4.984 1 0.03 5.699 
Frequency of pedagogical support for teachers by 
colleagues 1.365 0.37 13.593 1 0.00 3.915 

Constant -2.231 0.92 5.882 1 0.02 0.107 
Overall model evaluation             
-2Log Likelihood 130.28 

    
  

Model Chi square 98.856 
    

  
Cox & Snell R square 0.449 

    
  

Nagelkerke R square 0.599           
 
 
Classroom observations 
 
Considering that the survey responses were based on the respondents’ perceptions of how the MCL had been 
working at their school, it was decided to observe some schools that reported a frequent use of the MCL. This 
analysis cannot be considered as representative of all of the schools that showed a greater use of the MCL. However, 
these observations do allow for a more in-depth investigation of the types of practices that are being carried out, as 
well as to learn more about the conditions in which they are implemented and the role played by the MCL in the 
process. 
 
Frequency and diversity of use of the MCL within the school was used as a first selection criterion. Only schools that 
said they ‘always’ use the MCL in Language and Mathematics were chosen. In addition, half of the schools selected 
declared to use the MCL with more traditional teaching methods (e.g. exercising contents, giving instruction-based 
lessons) and half said that they made frequent use of the MCL for more constructivist activities (e.g., research 
projects, data analysis). Geographical location of the schools was used as a second selection criterion, due to time 
constrains. All schools selected were from Santiago (capital of Chile), which is located in the region with the highest 
concentration of schools that ‘always’ used the MCL (30.3%). 
 
A total of 11 schools were visited by the observation team, of which five (four urban and one rural) used the MCL 
with more traditional methods and six (four urban and two rural) with more constructivist methods. In each school a 
45-minute Language or Mathematics class was observed. The observation had been previously agreed with both the 
school and the teacher, meaning that the teacher could plan the use of the MCL. The observations were carried out 
by two members of the evaluation team following an observation guideline, which allowed them to record 
information regarding the integration of the MCL into the class lesson, how the teacher handled the technology, the 
type of activity carried out using the MCL, as well as the student-teacher and student-student dynamics related to the 
use of the technology. 
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The analysis of the observations showed that in five of the eleven classes there were technical problems, making it 
difficult to carry out the activities and to integrate the MCL with the defined pedagogical objectives. In fact, in one 
case the technical problems made it impossible to develop the planned activity. It was also observed that the majority 
of teachers did not have the sufficient knowledge to deal with and solve these technical issues on their own.  
 
In four of the eleven observed classes, the teachers had an assistant who offered technical support in how to manage 
the technology. Two of these cases reported in the survey a constructivist approach and the other two a traditional 
approach and two of them delivered a lesson in Mathematics and the other two in Language. Therefore having or not 
an assistant did not seem to be related with the contents or types of use of the technology. In one of these cases the 
assistant was the schools’ ICT coordinator that had planned in advance the class with the teacher, which allowed the 
teacher to concentrate in the pedagogical process and obtain a better control of the class. In the classes observed 
where this support did not exist, the occurrence of technical problems affected the normal development of the class, 
reducing the effective amount of class time by up to 30 minutes of the 90 minutes class. In two of the cases observed, 
the students had a high level of ability when it came to handling netbooks, being capable of identifying and resolving 
technical issues. 
 
By comparing the schools which were identified as either more traditional or constructivist in terms of their use of 
the MCL, the main differences could be seen in the interaction between the students and the teacher. Even when 
students used the technology individually, the teachers in the more constructivist schools tended to encourage greater 
interaction between students and with the teacher. 
 
Despite taking into consideration these differences in teaching methods between the schools, the observations 
showed that schools used the MCL mostly with the aim of motivating the students, and not to implement more 
innovative teaching practices by using the technology. In only one of the classes the teacher presented a less 
traditional teaching activity, using a play-based dynamic that required the students to play an active role and 
generated a different type of interaction between the students and with the teacher. This was the case where the 
assistant of the class was the ICT coordinator, which allowed for a better flow and continuity of the class.  However, 
even in this case the activity could have been done without the computers, meaning that the technology supported the 
innovation but did not drive it. 
 
In summary, the analysis of classroom observations indicates that, even in those schools in which the MCL program 
could be considered successful due to the reported frequency and type of use of the technology, the introduction of 
the MCL has not driven teaching practices that differ to traditional paper and pencil activities. In all of the classes 
that were observed, the MCL was used mainly as a resource to motivate the students and not as an essential tool for 
carrying out activities that would only be made possible by the use of technology. Moreover, the observed 
pedagogical activities were strongly affected by technical problems, and thus a frequent use of the MCL did not 
always imply an effective use from a learning perspective.  The observations also showed that in schools in which 
the MCL is being used in less traditional activities, a greater level of interaction among students and the teacher is 
being fostered. However we do not know if the teacher followed this practice before the technology introduction. 
 
 
Conclusions and discussion 
 
The objective of this study was to learn how a new strategy of Mobile Computer Labs providing 1:1 technology in 
the classroom had been integrated into the teaching and learning process of Chilean third grade classrooms, 
identifying the most important facilitators and barriers in this process during its first year of implementation. The 
following conclusions are based on the three main research questions of this study. 
 
With respect to the first question, related to the way and extent to which teachers are using MCL in their teaching 
practices, it can be concluded that the technology has been used sporadically in Mathematics and Language, with 
greater frequency in Language than in Mathematics. With regard to the types of activity carried out, the most 
frequent tended to be exercising previously acquired knowledge and skills and searching for information. Also, more 
than two thirds of the respondents stated that their school always or often used the MCL to motivate their students. 
When analyzing the types of use according to rurality, it was observed that urban schools tended to use the MCL to 
carry out more traditional activities, while rural schools to do more constructivist activities, like developing more 
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research projects. It is unclear as to what could explain this difference between rural and urban schools, but one 
possible hypothesis is that in rural areas oral culture takes precedence. In this culture, face-to-face communication 
and interaction between people play a central role and therefore it could be argued that constructivist methods are 
adopted more naturally as they promote collaboration and encourage students to play a more active role when 
interacting with their peers.  
 
In relation to the second question regarding the aids and barriers for integrating the MCL into teaching practices, it 
was found that the barriers to using the MCL included lack of time for planning, project overload and little technical 
or pedagogical support. Consistently, the logistic regression analysis found that students’ ICT skills, planning 
activities and technical or pedagogical support all facilitated the use of the MCL in Mathematics and Language. 
 
With regard to the third question of this study related to the human, technological and contextual school conditions 
related to the integration of MCL into teaching practices, first, in terms of the human factors or conditions, it was 
found that: 
● With respect to participants’ beliefs or perceptions, the results consistently showed that there was a willingness 

and acceptance amongst the different users of both ICT in general and of the MCL in particular. It was also 
found that the frequency of use in subjects had no correlation with beliefs and perceptions about ICT or general 
expectations for the project. 
 

● However, it was also found that the principals’ view was more positive than that of the teachers in relation to 
the conditions of training and support for integrating ICT into teaching practices. This is an important finding 
when considering that different views of reality between participants on the same project (specifically between 
those that run the project and those that implement it) can be an important cause of difficulty when 
implementing public policies and strategies. This is also relevant considering that other studies show the 
importance of a shared vision of the innovation for a successful implementation (Kirkland & Sutch, 2009; Law. 
et al., 2008; Fullan, 2001).   

 
Second, in terms of the technological conditions, these were consistently positively evaluated. The respondents 
indicated that they valued the MCL as a resource and the availability of the technology in general was not considered 
an obstacle to its pedagogical integration. 
 
Finally, with respect to the institutional or contextual conditions, the findings were that: 
● As far as the administrative measures implemented in the schools, those related to making the MCL resource 

more readily available were more positively evaluated than those related to the organization of time and space 
for planning, teacher training and support. 
 

● Nevertheless, the institutional conditions of pedagogical and technical support emerged as insufficient and an 
essential condition for integrating the MCL into teaching practices. Even more, the classroom observations 
showed that those teachers that had technical assistance during the class were able to achieve the defined 
pedagogical objectives of the class while those that did not have technical assistance during the class failed to 
achieve these. The relevance of permanent technical and pedagogical support is consistent with other studies 
findings (Trucano, 2005; Jones, 2004; Cox et al., 2004).   

 
The above conclusions show that the measures taken until now by the MCL project have been insufficient and that 
teachers require much clearer and more systematic guidance and orientation in order to use the new resources. This is 
identified as being the main failure of the project and is in line with other studies that have found that the absence of 
teacher training and development of specific software severely limit the benefits of technology in the classroom 
(Chong et al., 2011; Karsenti & Collin, 2011; Severin & Capota, 2011). In future stages of this project, or similar 
projects, teachers cannot be left alone during the process of adoption and implementation of a new technological 
resource.  The classroom observations clearly showed that having someone who supports the teacher before and 
during the class is an essential condition for a well-implemented activity with MCL. This suggests the need for 
teachers to plan and work collaboratively with others to integrate ICT into the pedagogical process. It is important to 
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consider that new technological resources add complexity to the classroom and imply changes in teaching practices 
and culture that do not occur overnight and which require time and support in order to be adopted and understood by 
the participants. Therefore, only by generating adequate conditions under which the adoption process is developed, 
with at least time for preparation and planning, and well designed technical and pedagogical support, can we expect 
teachers to acquire the necessary skills and new resources to obtain significant effects on student learning. 
 
Finally, some limitations of this study were that it was based on the perception of one schools’ representative that 
answered the survey and not over objective data. In fact, some differences between the perceptions of these 
representatives (depending in their role in the school) were observed, therefore to a certain extent the evaluation of 
the project could be determined by the role of the respondent.  In addition, the classroom observations were 
performed within time constraints that did not allow for a complete in-depth study to give a more detailed description 
of the variables associated with a more frequent and innovative use of MCL. Finally, this study was performed only 
after a year of implementation of the MCL project in Chile. It is important to continue following up this strategy 
considering previous limitations and the lessons obtained in this study.  
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ABSTRACT 

Due to changes and developments on the information and communication technologies, computer networks 
gained a critical role for establishing connections to share resources in a specific domain. Sharing information is 
very important in the digital age for giving high-quality services to all interested people enrolled in the networks. 
Education of computer networks is an engineering discipline to teach network topics and subjects within the 
university curriculum. Network courses are offered to the students of the related departments in universities and 
higher education organizations. In this paper, we conducted a study for analyzing the performances of the 
computer engineering students at Baskent University, Ankara, Turkey on the Network Course, in both 
theoretical and practical means. We analyzed the weekly scores collected from the lab sessions throughout the 
academic semesters of 2007-2008, 2008-2009 and 2009-2010 by using One-way and Two-way Anova and Chi-
Square tests. Additionally, students’ opinions about the course and lab sessions were evaluated by 
questionnaires at the end of each semester during 3 years.  
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Introduction 
 
Computer network is an infrastructure including computers and peripherals connected to each other for sharing 
resources. Due to changes and developments on the information and communication technologies, computer 
networks gained a critical role for establishing connections to share resources in a specific domain. Sharing 
information is very important in the digital age for giving high-quality services to all interested people enrolled in the 
networks.  
 
Computer networking offers a basic connection constructed to provide transmission of signals over a distance for the 
purpose of communication. Computer networks still evolving and the study of computer networks is a necessary part 
of the computer engineering field. According to Surma (2003), computer network courses are in the main research 
fields of computer engineering field. He studied a subject based on the students activities which supports course 
requirements, projects and lab experiments which collaborative and discovery learning techniques were used.  
 
For using computer network applications for educational purposes at universities, Elkateeb & Awad (1999) offered 
that the usage of multimedia in the educational system increases the quality and reduces the cost. For this reason they 
produced the Multimedia Learning Center (MLC) learning system and it was used to teach data communication and 
networking concepts with support of the Web. Similarly, Delialioglu & Yildirim (2007) investigated students’ 
perceptions of the “effective dimensions of interactive learning” in a hybrid course including 25 students enrolled in 
“Computer Networks and Communication”. Moreover, Chiu & Liu (2008) proposed a Network Tutorial System 
(NTS) to investigate the disadvantages of ineffective CTS (Class Tutorial System) used in Taiwanese 
universities/colleges and discussed the feasibility of the NTS.  
 
Using simulations for the design and implementation of computer networks is very common due to its availability 
and flexibility. Bello, Mirabella & Raucea (2007)  used a modular web-based test bed comprising basic components 
(hosts, routers, and access points) implemented on nodes equipped with operating systems and open source software 
for enabling students to accomplish practical applications of computer networks. Kayssı, El-Hajj, El Asır, &  Sayyıd 
(1999) used a Web interface for computer networks course to integrate material, registration, exams and grading. 
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Moreover, Goyal, Lai, Jain, & Durresi (1998)  produced the software package for computer networking and 
telecommunications. It was a simulation environment with laboratory exercises including a range of network subjects 
from data message flows to IP (Internet Protocol) fragmentation and reassembly. Similarly, Powell, Anderson, 
Spiegel, & Pope  (2002) defined that Web-based teaching tools can be used to improve the quality of an 
undergraduate laboratory and to reduce cost with the integration of web-based teaching tools and hands-on 
laboratory courses. Furthermore, Aziz, El-Sayed,  Esche, & Chassapıs (2009) applied Web-based educational tools to 
provide a detailed laboratory experience based on remote and virtual laboratory experiments for undergraduate 
engineering students. 
 
Rahman, Pakštas, & Wang (2009) conducted a research on network modelling and simulation tools. TinkerNet 
(Winters, Ausanka-Crues, Kegel, Shimshock, Turner, & Erlinger, 2006) was developed as a low-cost platform for 
teaching bottom-up, hands-on networking at the undergraduate level. It enables students to build their own 
networking stack from Ethernet up to TCP (Transmission Control Protocol) or UDP (User Datagram Protocol). Bote-
Lorenzo, Asensıo-Perez, Gomez-Sanchez, Vega-Gorgojo, & Alarıo-Hoyos (2010) presented a Distributed Network 
Simulation Environment (DNSE) based on grid technology used by students as an application. 
 
Sang (2010) presented hands-on laboratory experiments for students by using low-cost Small Office / Home Office 
(SOHO) networking technologies. Kayssı, Sharafeddıne, & Karakı (2004) presented 10 laboratory experiments 
applied on UNIX workstations for simulating network software.  
 
On the other hand, Anido, Liamas, & Fernaândez (2000) presented “learning-by doing'' paradigm in the field of 
virtual laboratories with standalone simulators for distributed virtual environments. Wolf (2010)  defined the impact 
of a virtual laboratory on student learning. Additionally, Jovanovıc, Popovıc, Markovıc, & Jovanovıc (2010) 
presented a Web-based laboratory providing basic principles of computer network. Dobrılovıc, Brtka, Berkovıc, & 
Odadzıc (2012) offered an approach for the evaluation of the virtual network laboratory and exercises based on the 
rough set theory for computer-networking course.   
 
On the other hand, IEEE (Institute of Electrical and Electronics Engineers) Computer Society (David, 2004) defines 
standards for Computer Engineering curriculum including the architectures, protocols, standards and technologies of 
computer networks. Similarly, ACM (Association for Computing Machinery) (Barry, 2008) defines standards for 
Information Technology curriculum with the contents of basics of networking. 
 
When we look at the current situation at the universities in Turkey, various applications exist for the network courses. 
In this part, we analyzed the network courses given in the Computer Engineering Departments of the high-ranked 
universities of Turkey. For example, in METU (Middle East Technical University), uses of computer networks, 
network hardware, network software, reference models, networks and data communication services, standardizations, 
OSI layers are covered (METU, 2010). Similarly, in Boğaziçi University, overview of computer networks, network 
hardware/software, OSI and TCP/IP reference models, standardization, OSI layers are covered (Boğaziçi University, 
2010). However, in Bilkent University, introduction to computer networks and the internet, socket programming, 
client/server model, peer-to-peer networking, protocols, congestion control, internet routing, OSI layers, local area 
networks (LAN) and wireless LANs are studied (Bilkent University, 2010). But, all those universities don’t conduct 
lab sessions for the applications of the theoretical subjects of the network course in a laboratory environment to 
establish interaction. 
 
When we look at the universities in the United States of America; for example, in Columbia University, protocol 
layers and encapsulation, IP, connection-oriented and connectionless flows, socket programming, DNS (Domain 
Name System) / HTTP (Hyper Text Transfer Protocol), reliable data transfer, selective repeat / go-back-N / parity & 
network coding techniques, flow and congestion control, TCP, switching, routing, bit error detection / correction 
techniques and MAC topics are covered (Columbia University, 2010). Similarly, in Northwestern University, 
overview of  network architectures, applications (HTTP, FTP), network programming interfaces, transport (TCP, 
UDP), flow control, congestion control, IP, routing, IPv6, multicast, data link protocols, error-detection/correction, 
multiple access, LAN, Ethernet, wireless networks, and network security are taught (Northwestern University, 2010). 
Moreover, in University of California San Diego, principles of computer communication networks with examples 
from existing architectures, protocols and standards, layering and the OSI model, switching, LAN, MAN and WAN, 
datagrams and virtual circuits,  routing and congestion control, internetworking exists within the course (University 
of California, San Diego (UCSD), 2010). Furthermore, in University of Washington, basics of networking, 
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internetworking, protocol layering, framing, error correction, packet and circuit switching, multi-access protocols 
(Ethernet), queuing, addressing and forwarding (IP), distance vector and link state routing, reliable transport, 
congestion control (TCP) and security topics are covered (University of Washington, 2010).  
 
However, at British universities in United Kingdom, for example, University of Bristol Computer Science 
Department offers Computer Networks course covering channels, latency, bandwidth, entropy, noice, capacity, 
routing, error detecting, data compression, protocols (University of Bristol, 2010). In University College London, 
physical and link layers, end-to-end arguments, multi-hop networks, reliable transport, congestion control, intra-
domain routing: Distance vector, distance vector pathologies, link state, and inter-domain routing: BGP (Border 
Gateway Protocol), wireless networks are included within the scope of Communications and Networks course 
(University College London, 2010). 
 
The rest of this paper is organized as follows: Main study including topics and subjects distributed to weekly 
schedule of the term, objectives and learning outcomes, comparison of weekly performances, questionnaire and 
results, discussion and conclusion. 
 
 
Material and methods 
 
In this paper, we present the analysis of the last 3 years’ lab performances of the students enrolled in the “Computer 
Networks” course in Computer Engineering Department, Baskent University. It is a one semester course given in 
both undergraduate and graduate levels. Our study focused on the undergraduate program. We analyzed the weekly 
scores collected from the lab sessions throughout the academic semesters of 2007-2008, 2008-2009 and 2009-2010. 
In every semester, around 40 final-year computer engineering students are enrolled within the course. The course 
lasts for 14 weeks, 5 hours (3 hours for the theoretical part and 2 hours for the lab sessions) per week. 3 quizzes, 
homework, a project, a midterm and a final exam are used for evaluating the students’ performance. Additionally, lab 
sessions are conducted to teach practical applications of the course content. Labs start at the 4th week and conducted 
bi-weekly. At the end of each lab sessions, students were asked to answer the questions on paper distributed by the 
lab assistant. The responses of students were used for the evaluation of their performances. 
 
 
Theoretical part of the network course in Baskent University 
 
We constructed our course outline based on the 7 layers of the OSI Model. Throughout the term, we taught each OSI 
layer during the successive weeks, as listed below:  
• Orientation week: Introduction to network hardware and software, reference models, network standardization and 

OSI model.  
• 1st part: Physical layer: Including fundamentals of data communication and transmission medium. 
• 2nd part: Data link layer: Design issues, error detection/correction, elementary data link protocols and two sub 

layers; Medium Access Control (MAC) and Logical link control (LLC). 
• 3rd part: Network layer: Routing algorithms, congestion control, quality of service, internetworking.  
• 4th part: Transport layer: Transport service and protocols, UDP / TCP, performance issues.  
• 5th part: Session layer: Managing sessions between end-user application processes (requests and responses), 

remote procure calls (RPCs), session recovery.  
• 6th part: Presentation layer: Two sub layers: CASE (Common Application Service Element) and SASE (Specific 

Application Service Element), serialization, compression, encryption.  
• 7th part: Application layer: User and system applications, network security, cryptography, Web security, 

Social/Ethical issues.  
 
 
Applications of the network course in Baskent University 
 
Computer Networks course is given at the 7th semester. Quizzes, lab experiments, a term project, a midterm and a 
final are used for evaluation. 5 lab experiments were conducted with around 40 students during 2007, 2008 and 2009 
fall terms.  
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During lab sessions, online supplementary web site of the course text book, Computer Networking: A Top-Down 
Approach Featuring the Internet, 3rd Edition, Kurose & Ross by Addison-Wesley. The supplementary web site 
(http://wps.aw.com/aw_kurose_network_3/0,9212,1406346-,00.html) (Kurose & Ross, 2010) was used for accessing 
Java applets to perform the lab experiments. Except for the first lab experiment taken from the Web site of EMU 
(Eastern Mediterranean University, 2008) Computer Engineering Department and web page of Sample Mania 
assignment (2008), all other lab experiments were done online by using applets on this web site. Students used these 
applets to experience the related subjects interactively.   
 
Attending to the lab sessions was compulsory, so, all students attended the lab sessions during the terms. At the end 
of lab sessions, to evaluate the students’ lab performances on the related subjects, an evaluation test including 5 
questions were distributed to the students and they were asked to answer the questions by writing the solutions on the 
same paper.  In the following section, results of the students’ performances were presented with class averages of 3 
terms. The students’ scores were evaluated and recorded by the lab assistant each week. The lab assistant entered the 
scores into a spreadsheet program (Microsoft Excel) and the averages of the class were calculated and noted. 
 
 
First lab session (during the 4th and 5th week) 
 
Objectives: Students will learn concepts of signal spectrum and representation of a periodic signal in the form of a 
Fourier expansion. They will find out the concept of sampling of a signal and the effect of different sampling 
frequencies on the quality of the signal recovered after its sampling. 
 
At the first week, students studied concepts of signal spectrum and representation of a periodic signal in the form of a 
Fourier expansion with a signal analysis program, as shown in Figure1. The concept of sampling of a signal and the 
effect of different sampling frequencies on the quality of the signal recovered after its sampling with SampleMania 
applet, as shown in Figure 2. 
 

 
Figure1. The output of Signal Analysis created by Matlab program 

 
Learning Outcomes: Students learned the concepts of signal spectrum and the representation of a periodic signal in 
the form of a Fourier expansion. Moreover, they were informed about sampling of a signal and the effect of different 
sampling frequencies on the quality of the signal recovered after its sampling. 
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Figure 2. Output of sampling created by SampleMania applet 

 
For measuring the learning outcomes, following questions were asked to the students: 
• What is the purpose of this lab work? (20p) 
• Draw the data communications model and show the signal transmission over this model and what are definitions 

of a signal and the signal types? (20p) 
• What is the meaning of the Fourier expansion of a periodic signal and what is the meaning of Fourier coefficients 

in the Fourier expansion of a periodic signal? (20p) 
• What is the meaning of the sampling theorem? (20p) 
• What is the meaning of the channel capacity? Explain the data rate, bandwidth, noise and error rate concepts and 

define the maximum channel capacity using the Nyquist and Shannon formulations. (20p) 
 
According to the responses of students, following class averages appeared: 
2007-2008 Fall: Class average of 42 students was 69.52 
2008-2009 Fall: Class average of 45 students was 71.49 
2009-2010 Fall: Class average of 40 students was 73.13 
 
 
Second lab session (during the 6th and 7th week) 
 
Objectives: Students will focus on data communication concepts with the use of simple applets. They will study 
performance issues including transmission and propagation delays, queuing and loss of data packets and transmission 
media. 
 

 
Figure 3. Output of transmission versus propagation applet 
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In Figure 3, the applet represents the relationship between transmission and propagation time with transmission link 
length, data rate, and packet size. Students changed values of these terms and created their graphs and discussed 
these results. For example, in this applet, transmission distance was 10 km, data rate was 100 Mbps and packet size 
was 500 bytes. However, different variables could give different transmission time results.  
 
After performing the experiments, students reached the following results: 
• If transmission link length is decreased, then the transmission time will decrease. 
• If data rate is increased, packet transmission time will decrease. 
• If packet size is increased, the packet transmission time will increase. 
• Propagation delay depends on the transmission distance, so If the distance is increased, the propagation delay will 

increase and Propagation Time = Transmission distance/ Propagation speed. 
 

 
Figure 4. Output of queuing and loss applet 

 
In Figure 4, the applet demonstrates the buffer mechanism for calculating the rate of queuing and loss of data packets. 
Students tried 3 possible conditions and following results were gathered: 
• If emission rate is greater than the transmission rate, then the time duration for packet transmission is not enough, 

so, buffer may have overflow problem and many packets may get lost. 
• If emission rate is equal to the transmission rate, then sending and receiving transmission time rate is adequate for 

packets, so, no packets get lost. 
• If emission rate is smaller than the transmission rate, then we have enough time for sending all of the packets. As 

a result, the buffer cannot overflow and no packets get lost. 
 
Learning Outcomes: Students learned data communication concepts with the use of applets. They understood 
performance issues including transmission and propagation delays, queuing and loss of data packets and transmission 
media. 
 
For measuring the learning outcomes, following questions were asked to the students: 
• Explain the purpose of this lab work (20p) 
• What are the design factors relating to the transmission medium and the signal which determine the data rate and 

distance? (20p) 
• What is a transmission delay and does the transmission delay depend on the distance between a sender and a 

receiver? (20p) 
• What is a propagation delay and does the propagation delay depend on the used transmission media? (20p) 
• What is the purpose of a queue when packets (messages) are being received and why can packets be lost? (20p) 

 
According to the responses of students, following class averages appeared: 
 
2007-2008 Fall: Class average of 42 students was 68.50 
2008-2009 Fall: Class average of 45 students was 74.16 
2009-2010 Fall: Class average of 40 students was 75.35 
 
 
Third lab session (during the 8th and 9th week) 
 
Objectives: Students will learn the segmentation of messages and multiplexing of communication channels. 
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At the third week, segmentation of messages and multiplexing of communication channels were studied, as shown in 
Figure 5 below: 
 

 
Figure 5. Output of message segmentation applet 

 
This applet represents message segmentation/switching and packet switching concepts.  For message switching, 
message and packet size had equal values; for packet switching, message size were greater than the packet size. The 
applet includes four nodes: Source (node A), destination (node B), and two intermediate store-and-forward switches. 
Each packet sent from node is transmitted over three links before it reaches the destination. Each of these links has a 
transmission rate of 4 kbps with an optional propagation delay of 1 second and each small rectangle demonstrates 1 
Kbit of data. Simulation starts with the grouping of rectangles into 1 packet in the source buffer and the packet is 
transmitted to the destination. This applet is also a representation for multiplexing concepts. 
 
When students run the simulation, they saw packet switching had smaller end-to-end delay than message switching. 
Students calculated end-to-end delay and compared their results with those gathered from the applet. They used 
optional propagation delay in their calculations. Moreover, students learned multiplexing concepts.  
 
Learning Outcome: Students learned segmentation of messages in a network and multiplexing of communication 
channels. Moreover, students tested end-to-end delay times for message and packet switching separately. 
 
For measuring the learning outcomes, following questions were asked to the students: 
• What is the segmentation of a message and why message segmentation is used in a network system? (20p) 
• Why do we need  some type of switching or multiplexing in communication channels and what are the most often 

used types of channel multiplexing? (20p) 
• What can happen if transmitting and receiving ends of a TDM channel are not synchronized? (20p) 
• Three packet-switching networks each contain n nodes. The first network is a ring has a star topology with 

central switch, the second has a star topology with central switch and the third is fully interconnected with a wire 
from every node to every other node. What are the best and worst case transmission paths in hops? (20p) 

• Compare the delay in sending an m-bit message over a r-hop path in a circuit-switched network and in a packet-
switched network. The circuit set up time is s sec, the propagation delay is d sec per hop, the packet size is p bits 
and the data rate is b bps. What is the main condition that the packet network has a lower delay? (20p) 

  
According to the responses of students, following class averages appeared: 
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2007-2008: Class average of 42 students was 70.33 
2008-2009: Class average of 45 students was 69.84 
2009-2010: Class average of 40 students was 71.55 
 
 
Fourth lab session (during the 10th and 11th week) 
 
Objective: Students will learn Go-Back-N and stop-and-wait flow control operation. 
 
At the 4th week, students studied Go-Back-N and stop-and-wait flow control operation, as shown in Figure 6 and 
Figure 7 below: 
 

 
Figure 6. Output of Go-Back-N Protocol Applet 

 
In Figure 6, the applet represents how data link layer protocols and go-back-n sliding window data link layer 
protocol operate. For testing these, following items accomplished:  
• Because the limit of sliding window was 5 here, a maximum of 5 unacknowledged packets could be send to the 

sender. 
• Students sent the packets with the length of sliding window and stopped the simulation before first 5 packets 

reach the receiver and clicked on the first packet to kill. Then students observed no acknowledgement received 
from the sender. 5 packets must be sent again and this repetitive transmission of packets was the basic idea for 
go-back-n protocol. 

• Students sent the packets with length of sliding window and stopped the simulation after the first packets reach 
the receiver and then killed its acknowledgement. Students observed 4 acknowledgements and 1 
acknowledgement get lost, which could not cause any problem. 

• Students sent more packets comparing to the length of sliding window. Students observed no change occurred 
and the system permitted to send packets only with the size of the sliding window. 

 

 
Figure 7. Output of flow control applet 
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In Figure 7, the applet simulates sending and receiving processes for TCP send/receive buffer. Students tested 
different combinations of file size and buffer size to learn buffer management for TCP system. They performed 
necessary computations and interpreted information flow with buffers. In the applet, TCP receive buffer reads with 
2Kbyte chunks at random times. If receive buffer becomes full, TCP receiver advertises a receive window of 0 and 
sender then continues to send segments with 1 byte of data. 
 
Learning Outcomes: Students learned Go-Back-N and stop-and-wait flow control operations. They found out 
fundamentals of buffer management, sending and receiving processes for TCP send/receive buffers. 
 
For measuring the learning outcomes, following questions were asked to the students: 
• Explain the purpose of this lab work. (20p) 
• What are the three important mechanisms which are item of data link control? 
• What are the differences between stop and wait flow control and the error free sliding window flow control? 

(Write 3 of them). (20p) 
• What is ARQ, piggybacking and pipelining? (20p) 
• Sender  node  (S)  and  Destination  node(D)  use  a  Go-Back-N  sliding  window Protocol with a window size of 

4 and a 3-bit sequence number. If S is a transmitter and D is receiver, show the window positions for the 
following choices:  (20p) 
1. After S sends frames 0, 1, 2 and D acknowledges 0, 1 and the ACKs are received by S. 
2. After S sends frames 3, 4 and 5 and D acknowledges 4 and the ACK is received by S. 

 
According to the responses of students, following class averages appeared: 
2007-2008 Fall: Class average of 42 students was 63.74 
2008-2009 Fall: Class average of 45 students was 64.18 
2009-2010 Fall: Class average of 40 students was 67.78 
 
 
Fifth lab session (during the 12th and 13th week) 
 
Objective: Students will learn CDMA/CD, 802.11 CSMA/CA without hidden terminals and 802.11 CSMA/CA with 
hidden terminals. 
 
At the 5th week, students studied CDMA/CD, 802.11 CSMA/CA without hidden terminals and 802.11 CSMA/CA 
with hidden terminals, as shown in the applets below: 
 

 
Figure 8. Output of CDMA/CD Applet 
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In Figure 8, the applet represents relationship between transmission and propagation time with bus length, frame size, 
and transmission rate for CDMA/CD systems. To do so, students changed the values of these items, created their 
graphs and discussed the results. Moreover, they analyzed the back off algorithm which is the basic algorithm for 
both wired and wireless type of CDMA/CD systems. 
 

 
Figure 9. Output of 802.11 CSMA / CA without hidden terminals applet 

 
In Figure 9, the applet demonstrates a wireless type of CDMA/CD systems called as 802.11 CSMA/CA without 
Hidden Terminals. There is 1 access point and 3 mobile stations. The mobile stations can listen each other's 
transmissions. Students analyzed the access point which listens all mobile stations. Each mobile station can listen 
other mobile stations.  
 
In Figure 10, the applet demonstrates another wireless type of CDMA/CD systems called as 802.11 CSMA/CA 
systems with hidden terminals. There is 1 access point and 3 mobile stations. The mobile stations can not listen each 
other's transmissions. Students analyzed the access point which listens none of the mobile stations. No mobile station 
can listen other mobile stations.  
 
Learning Outcomes: Students learned Carrier Sense on Multi-Access Networks (CSMA) (CSMA/CD and 
CSMA/CA). They tested relationships between transmission and propagation time with bus length, frame size, and 
transmission rate for CDMA/CD systems. Moreover, they found out concepts of CDMA/CD, 802.11 CSMA/CA 
without hidden terminals and 802.11 CSMA/CA with hidden terminals. 
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Figure 10. Output of 802.11 CSMA / CA with hidden terminals applet 

 
For measuring the learning outcomes, following questions were asked to the students: 
• Explain the purpose of this lab work. (20p) 
• What are the LAN technologies and the related MAC techniques which are used by them? (20p) 
• If two or more computers happen to choose nearly the same amount of delay after a collision for an Ethernet 

System, they will both begin to transmit at nearly the same time and producing a second collision. What is the 
solution to avoid a sequence of collisions? (20p) 

• What is the minimum frame size if a CSMA/CD network running at 5 Gbps over a 1-km cable with no repeaters 
in a building and the signal speed in the cable is 500000 km/sec? (20p) 

• What is the most important advantage of CSMA/CD systems over network? (20p) 
 
According to the responses of students, following class averages appeared: 
2007-2008 Fall: Class average of 42 students was 71.36 
2008-2009 Fall: Class average of 45 students was 72.89 
2009-2010 Fall: Class average of 40 students was 76.45 
 
 
Results 
 
Comparison of weekly performances based on 3 groups 
 
As shown in Table 1, when we check the averages of 3 academic semesters, students showed the best lab 
performance (average is 73.57 over 100) on the 5th Lab Session. According to the results, it can be stated that 
students of 2009-2010 academic semester are the best performing (76.45 over 100 on Lab 5) amongst others.  
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Table 1. Weekly performance of students based on 3 different academic years 
Years Lab 1 SD Lab 2 SD Lab 3 SD Lab 4 SD Lab 5 SD 

2009-2010 73.13 23.32 75.35 19.30 71.55 21.46 67.78 21.52 76.45 18.21 
2008-2009 71.49 23.95 74.16 18.94 69.84 15.20 64.18 13.50 72.89 24.22 
2007-2008 69.52 14.47 68.50 19.74 70.33 18.21 63.74 26.05 71.36 24.74 
Averages 71.38  72.67  70.57  65.23  73.57  

 
For the analysis of results gained from the weekly performances of students, One-Way Anova, Two-Way Anova and 
Chi-Square Tests were applied consequently in Minitab statistical software package. 
 
 
Testing for normality 
 
Firstly, normality was tested to determine the normal distribution for our data set and to control suitability of it for 
other tests. Anderson-Darling test was used for testing normality of lab performances and represented in Figure 11. 
Since p_value (0.738) is greater than significance level value of p = 0.05, our data set was normally distributed. 
 
 
Testing for homogeneity 
 
Secondly, homogeneity of variances was tested before Anova tests. Two different tests were applied, and as shown 
in Figure 12, both of them have greater p_values, proving that variances of our data set were roughly same. 

      Figure 11.  Normality of Lab Performances 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12. Homogeneity of Lab Performances 
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Results for one-way Anova 
 
In One-Way Anova test, obtained p-value (0.014) of the lab sessions is less than the significance level value of p = 
0.05. It shows that at least one score has significant difference. With respect to One-way Anova results of three 
years’ scores, there is at least one significant difference amongst lab sessions, as shown in Figure 13.  
 

 
Figure 13. One-Way Anova test 

 

 
Figure 14. Tukey’s test 
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Results for two-way Anova 
 
In Two-way Anova test, analysis of variance was performed with two factors, including Lab performances and years. 
In this test, obtained p-values (0.001 and 0.004 respectively) are less than the significance level value of p = 0.05. 
Also, it shows that at least one score is significantly different than others, as shown in Figure 15.  
 

 
Figure 15. Two-Way Anova test 

 
 
Results for chi-square 
 
Chi-square test was applied to compare the intervals for lab scores of students with respect to each academic year 
and to perform contingency test for our data. As shown in Figure 16, obtained p-value = 0.000 is less than the 
significance level value of p = 0.05. This result shows that there is a dependency between the intervals for lab scores 
of students and academic years. 
 

 
Figure 16. Chi-square test 

 
According to these results, it can be stated that students of 2009-2010 academic semester are the best performing 
amongst others. This result can be explained with the scores students got in the university entrance exam. In Turkey, 
a centralized exam is used for entering the university. Every year, students were selected for the undergraduate 
programs of the universities by this centrally administered exam. The organization responsible for the administration 
of this exam is The Student Selection and Placement Center, affiliated to The Higher Education Council (2011). 
 

Table 2. Upper and Lower Bound Scores of Baskent University Computer Engineering Department for the 
University Entrance Exam 

Exam Year Lower Bound Upper Bound 
2003 June 321 361 
2004 June 328 360 
2005 June 329 362 

 
As seen in Table 2, the students who entered the university in year 2005 has taken Computer Networks course on 
their final year during 2009-2010 academic semester.  

342 



Questionnaire for students’ opinions about the lab sessions 
 
At the end of each term, paper-based questionnaire were distributed to the students to gather their views and opinions 
about the online simulations and lab sessions. We used a five-level Likert scale, including the items listed as follows: 
• Strongly disagree 
• Disagree 
• Neither agree nor disagree 
• Agree 
• Strongly agree 
 
Within the questionnaire, 10 statements were asked to the students as shown in Table 3. Mean scores and standard 
deviations (SD) were obtained by the students’ responses of the related term. Means and SDs were calculated with 
different number of students of each term (2007-2008 Fall, 2008-2009 Fall and 2009-2010 Fall).  
 

Table 3. Students’ Responses for the Usefulness of the Online Simulations in the Lab Sessions 

Statements 2007-2008 2008-2009 2009-2010 
Mean SD Mean SD Mean SD 

1. I like to use online simulations on the Web during the Lab sessions 3.48 0.50 3.71 0.46 4.60 0.49 
2. I like to receive information e-mails from the Instructor and 

Assistant of the course prior to the lecture. 3.62 0.62 4.33 0.88 4.78 0.42 

3. Interacting with the simulations during the Lab sessions help me to 
learn. 3.52 0.55 3.51 0.50 4.88 0.35 

4. I also use online simulations after lab sessions at home. 2.65 0.49 3.67 0.47 3.78 0.97 
5. I compare my performance with other students during the lab 

sessions. 3.12 0.70 4.47 0.62 4.15 0.70 

6. Simulations are useful for me to apply theoretical knowledge on 
practical applications. 3.50 0.80 4.16 0.52 4.43 0.50 

7. I also want to design and develop simulations. 2.93 0.26 4.31 0.93 4.33 0.47 
8. I wish there will be more simulations about topics of the course 

content. 3.27 0.67 4.52 0.63 4.95 0.22 

9. I wish there will be more lab sessions during the term. 4.40 0.73 4.74 0.58 4.93 0.27 
10. Lab sessions were not boring for me, I enjoyed them all. 4.02 0.84 4.87 0.34 4.98 0.16 
 
Mean scores of the students’ responses were compared by using statistical software, MiniTab. According to the 
responses in Table 3, the lowest scores (2.65, 3.67 and 3.68 over 5.00) belong to the item “I also use online 
simulations after lab sessions at home”.  It shows that most of the students don’t prefer to study at home. To solve 
this problem, some of the lab exercises can be assigned to the students as homework to increase the students’ 
motivation for studying at home. On the other hand, the highest scores (4.02, 4.87 and 4.98 over 5.00) belong to the 
items “Lab sessions were not boring for me, I enjoyed them all.” It shows that students were happy to be involved in 
practical applications during lab sessions.    
 
In Table 3, mean scores of the students’ responses are increasing from 2007-2008 to 2009-2010, except for the 5th 
item: “I compare my performance with other students during the lab sessions.” The scores of this item decreased 
from 4.47 to 4.15 from 2008-2009 to 2009-2010 years. According to the questionnaire, it can be stated that students 
of 2009-2010 academic semester has the best mean scores about online simulations and lab sessions except on the 
subject about the comparison of student performances with others. 
 
 
Discussion 
 
This study covers network applications in educational environment to analyze how real-life situations about 
computer networks can be simulated for teaching in engineering courses. There is no internationally accepted 
standard for the curriculum of computer networks course in the undergraduate level of university education. Various 
universities design their own curriculum with the help of existing instructors, instructional materials, available 
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computer labs and infrastructure. As a result, every faculty/department conducts network courses differently, leading 
to irregularity and chaos in this domain.  
 
Moreover, there is no internationally accepted tool/platform for simulating network applications in the lab sessions 
of the computer networks courses. There are many tools on the Web for demonstrating network conditions to the 
students in different ways. Students use those tools according to their preferences and just follow the directions given 
to them by the instructor. As a result, interaction is limited and insufficient for reflecting the creativity of those 
students.  
 
In our study, we tried to examine the effects of existing tools (applets, animations and simulations) on teaching of 
computer networks in computer engineering curricula. Analysis of weekly lab performance scores showed us that 
students learn better with involving in practical applications of computer networks. Applets used for simulating the 
concepts and subjects during lab sessions. But, the number of applets available is limited to specific topics and not 
covering all. Students agreed that simulations are useful for them to apply theoretical knowledge on practical 
applications and they asked for more lab sessions with more simulations provided.  
 
Students enjoy the lab sessions as they involve actively in the learning process but they don’t prefer to use and study 
applets at home after lab sessions. Additionally, some students don’t like to compare their performance with others 
during the lab sessions. Maybe group work can be encouraged to increase the motivation of students for sharing their 
knowledge and abilities with others. Moreover, a group project can be assigned to the student to encourage them for 
studying both in lab and at home.  
 
At this point, it can be stated that theoretical parts conducted in classrooms can be combined with the lab sessions by 
lecturing in the computer labs. If possible, labs specially designed and equipped for applications of computer 
networks can be used. To do so, constructive methodology can be preferred to enable students benefit from learning 
by doing paradigm. According to the scores of the lab performances and questionnaire results, it is clear that students 
learn concepts of computer networks much better by actively using the related applets. 
 
 
Conclusions 
 
The main problem for the conduction of computer networks courses is that most of the existing computer labs at the 
universities are not sufficient for teaching concepts and subjects of the course effectively. As a solution, animations 
and applets are used during lab sessions for simulating the concepts of computer networks. This study aimed to show 
the effects of applets on the learning activities of the computer engineering students. We mentioned about the routine 
operational procedure for Computer Networks course in Baskent University including details of theoretical 
information given in lectures and practical applications conducted in lab sessions.  
 
Students’ performances for weekly lab sessions were analyzed and scores of 2007 - 2008, 2008 - 2009 and 2009-
2010 were compared to see the similarities and differences. According to results, students of 2009-2010 year were 
better than others. This result was explained with the scores students got in the university entrance exam for that year. 
Additionally, a questionnaire was applied at the end of every year for evaluating the students’ satisfaction about 
animations and applets used for lab sessions. Questionnaire results showed that students were happy to be involved 
in practical applications of computer networks subjects during lab sessions. However, additional practice needed to 
encourage students for studying at their own time and place, after the lab sessions.    
 
Results of this study showed that blending practical applications with theoretical parts of any subject domain during 
the process of higher education of engineering may help for increasing the quality level of the graduates. For training 
prospective engineers and scientists of computer science in a better way, universities should invest more in hardware 
and software of computer labs to simulate real cases in a more economical way. 
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ABSTRACT 

Teacher-made tests have recently gained attention because of their functions of formative assessment in 
students’ learning. This study aimed at examining the quality of a teacher-made test and diagnosing students’ 
learning misconceptions on fractions and decimals based on a classroom-based cognitive diagnostic BW model 
that provides four person-facet aberrance indices (capability, misconception, guessing, and carelessness) and 
four item-facet ones (difficulty, indistinctness, disturbance, and hint). A teacher-made test on the unit of 
fractions and decimals containing 22 items on five concepts was taken by 32 students in a fourth-grade 
mathematics class in Taiwan. The results showed that students were classified into four classes with normal, 
guessing, careless, and complex based on their response patterns. With a good agreement between persons and 
items, the BW model showed effective examinations for the misfit of items and individuals in the small-sample 
classroom scenario. The concepts of equivalent fractions and transferring fractions into decimals were most and 
least mastered for the current sample, respectively. 

 
Keywords 

Cognitive diagnostic model, BW model, Teacher-made test, Fractions and decimals 
 
Introduction 
 
Teacher-made tests have recently gained attention because of their functions of formative assessment in students’ 
learning (Dekker, 2007; Frey, Petersen, Edwards, Pedrotti, & Peyton, 2005; Frey & Schmitt, 2010; Holler, Gareis, 
Martin, Clouser, & Miller, 2008; Nodoushan, 2011; Wiliam, Lee, Harrison, & Black, 2004). To facilitate students’ 
learning effectively, teachers need the competencies of test construction and learning diagnoses in class. Although 
several pedagogical disciplines have taught teachers how to construct items (Frey et al., 2005; Hopkins, 1998; 
Kubiszyn & Borich, 2007), how well tests have been conducted was frequently based on subjectively judgmental 
criteria. Items can be objectively qualified only after a large number of samples had participated on the tests. This, 
however, seems impractical in classroom setting because no large samples can be provided in a traditionally sized 
class and even if this is the case, the qualified items might lose their original assessment purposes. 

 
As known, teacher-made tests can fulfill the diagnostic function of understanding students’ misconceptions on a 
certain subject unit. A misconception or an error occurs when expected knowledge by experts or teachers is 
structurally inconsistent with a student’s or novice’s actual knowledge (Hartnett & Gelman, 1998). Analyzing 
students’ learning errors to enhance their conceptual understandings has been highly valued and recognized in many 
fields (e.g., Borasi, 1994; Hartman, 2001). In mathematics, students often find it difficult to learn fractions because 
they are quite different from whole numbers and may involve many complex quantities (such as decimals) and even 
language (Bezuk & Bieck, 1993; Mack, 1995; Ni, 2001; Ni & Zhou, 2005). A common misunderstanding related to 
fractions on multiplication and division is that “multiplication makes bigger” and “division makes smaller.” In other 
words, students expect a greater product and a smaller quotient than both whole numbers themselves (Greer, 1988; 
Sowder, 1988). To understand students’ conceptual misunderstandings, procedural mistakes, or even psychological 
response aberrances (e.g., guessing and carelessness) in fractions and decimals, teachers undoubtedly need some 
immediately detailed feedbacks from students’ responses on the teacher-made tests that they will use in the 
classroom. 

 
To analyze what students had mastered or misunderstood, many cognitive diagnosis models (CDMs) were developed 
to provide informative profiles about students’ learning and progresses. Unlike the item response theory (IRT) 
models only providing item characteristics estimated (e.g., difficulty, discrimination, and guessing parameters), the 
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CDMs make it possible to investigate underlying content knowledge in items (McGlohen & Chang, 2008). However, 
as McGlohen and Chang indicated, most CDMs can estimate only students’ knowledge states but not their ability 
levels. In addition, most CDMs are still novel and limited because of a few readily available computer programs (de 
la Torre, 2009). Moreover, desirable parameters in CDMs are usually estimated through large sample sizes. 
Consequently, being lack of convenient tools for estimation and big sample size requirements, most teachers in 
classroom are not acquainted with and even fear using modern CDMs. Fortunately, aberrance indices can be deemed 
as an adequate option for CDMs because of their in-depth reflections on students’ misconceptions without through 
large samples or complex estimation requirements (Liu, Douglas & Henson, 2009; Liu & Yu, 2011; Seol, 1999).  
 
Typically, aberrance indices may be classified into two areas: IRT-based and group-based categories (Meijer & 
Sijtsma, 1999). The IRT-based indices usually use a specific IRT model as a standard norm so that any response 
pattern departing from the model will be classified as aberrant. They may include the residual-based approaches (e.g., 
OUTFIT/INFIT, Smith, 1991; Linacre & Wright, 1994), the likelihood-based approaches (e.g., 0l ; Levine & Rubin, 
1979), and the covariance-based approaches (e.g., ECI; Tatsuoka & Linn, 1983). These IRT-based indices usually 
provide the probabilities of correct responses and have their standardized versions. The group-based indices might 
include the Caution Index (CI) family (Sato, 1975; MCI, Harnisch & Linn, 1981; BW, Huang, 2011, 2012), the 
Dependability Index (Kane & Brennan, 1980), the U3 and ZU3 indices (van der Flier, 1982), and the Norm-
Conformity Index (NCI, Tatsuoka & Tatsuoka, 1982). Most group-based indices are Guttman normed so that any 
response violating the Guttman model is deemed as aberrant. Having involved observed responses into the index 
definitions of aberrances, the CI family thus possesses an advantageous feature of corresponding to real response 
patterns, that is, index values and observed response patterns can be visually matched, not just overall probabilities 
provided by the IRT-based indices. Due to the development sequence, we will introduce the source of the CI family, 
the Sato caution index first and then the BW family indices, and how the BW family indices could be utilized in test 
construction for teachers in practice.  
 
 
Sato caution index  
 
Sato (1975) developed the CI to measure the agreement of difficulty within a person/an item response pattern. It can 
be denoted by a complement of the ratio of the covariance between a vector that contains the observed binary item 
scores for an individual person and the ITEM-total vector to that between the Guttman vector of a person with a 
correct score number and the ITEM-total vector (Meijer, Muijtiens, & van der Vleuten, 1996), that 
is, ( ) ( )n,Xn,XCI *

i σσ−= 1 . Since the CI taking the total score and item difficulty into consideration might detect 
both spuriously high and low response patterns in a single index, a washout effect of two different response patterns 
will occur. For example, in the analysis of a response pattern like (000|00000111), with “0” representing a wrong 
response and “1” representing a correct response, the within-ability response pattern (000 before the symbol “|”) that 
might be caused by the psychological characteristic of “carelessness” will be deemed by the CI as identical to the 
response pattern beyond the ability level (111 after the symbol “|”) in which the psychological characteristic of 
“guessing” might occur. That is, the two response patterns cannot be distinguished by the CI. Even though Harnisch 
and Linn (1981) had revised it to a modified CI (MCI) with the bound of 0 and 1, they still suffered from the 
ineffectiveness of differentiating extreme ability levels of students. 
 
 
BW family indices  
 
The BW indices (Huang, 2011, 2012) inherited from the CI can effectively differentiate students (and items) with 
different levels of response aberrances by simultaneously providing misfit information on individuals and items for 
teacher-made tests used in classroom settings. Based on the Guttman assumptions (1944) in which a response pattern 
is deemed as ideal if responses are all correct within one’s ability level (or all wrong within an item’s difficulty level) 
and all wrong beyond one’s ability level (or all correct beyond an item’s difficulty level), the BW family indices 
expanded the CI measure to four types of indices ( u

vX ) in both person and item facets. In the BW family indices, X  
indicates the within- or beyond-index with a capital letter in person ( iv = ) and a lowercase letter for item ( jv = ), u  
refers to 1 for a correct response and 0 for a wrong response. Note that indices in item facet are just the symmetrical 
transformations of those in the person facet. Based on within and beyond levels of ability or difficulty, responses in 
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both facets can be attributed as normal or aberrant according to the levels of violation against the Guttman 
assumptions. The four types of indices ( u

vX ) in both facets are defined in Table 1. 
 
In the person facet, the jq.  represents the conquering rates (the number of “0” in an item to the number of persons) 

ranked from low to high. The *
iTq  represents the average of conquering rates of the ( thT ) item and the th)T( 1+  

item for the thi  examinee who earned a total score T in the number of items K. The bracketed expression, [(K-1)/2], 
is equal to the Gauss integer with the smallest integer greater than or equal to the value of (K-1)/2. Symmetrically in 
the item facet, the tij is the correct proportions of responses for each person (i.e., person ability) ranked in order from 
less able to more able (i.e., from bottom to top in the student problem S-P chart). The *

Qjt  represents the average 

person ability of the ( thQ ) person and the th)Q( 1+  person on the thj  item with difficulty level corresponding to a 
total item score Q in a sample of N examinees.  
 

Table 1. BW family indices and interpretations 
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In detail, two indices measuring “normal” responses within or beyond one’s ability level in the person facet are 
defined as the 1

iW  index and the 0
iB  index, respectively. They measure the extent of cognition mastering. The 

former is the capability index, named as such because it provides a measure of relatively conservative and authentic 
cognitive level for student mastery within his/her ability, whereas the latter is called the misconception index because 
it measures a student’s blind spots beyond the ability level in which he or she really misunderstood. However, two 
indices ( 0

iW  and 1
iB ) are designed to detect “aberrant” responses within or beyond one’s ability level for providing 

the degrees of concern based on easy items answered incorrectly or those surprising responses based upon difficult 
items on which the student answered them correctly; thus, they are called the carelessness index and guessing index, 
respectively. 
 
Symmetrically, the item facet 0

jw  index (difficulty) measures how well an item was structured as it relates to those 

test-takers whose abilities are really lower than the item’s difficulty level. The 1
jb index (indistinctness) measures 

how an item normally responded worse so that it cannot discriminate those test-takers whose abilities are much 
higher than its difficulty level. Finally, the two item-facet indices ( 1

jw and 0
jb ) measure how an item aberrantly 

responded within or beyond its difficulty level, respectively. The 1
jw  index refers to a “hint” measure because an 

item should conquer a person but did not. It, thus, might indicate the item provides some unrelated hint information 
of solutions so that students do not need the required capabilities but still can answer it correctly. However, the 0

jb  
index refers to a “disturbance” measure because an item luckily conquers qualified examinees with possible pitfalls. 
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The incorrect answers are not due to the item difficulty, but due to some deficient devices or obstacles underlying the 
item.  
 
For person and item facets, the values of the normally responding indices ( 1

iW and 0
iB / 0

jw and 1
jb ) range from 0 to 

100; while those of the aberrantly responding indices ( 0
iW and 1

iB / 1
jw and 0

jb ) range from 0 to 10. The larger the 
values, the more manifest the features. 
 
Based on previous problem statements, this study, thus, aims at examining the quality of a teacher-made test on 
fractions and decimals and diagnosing students’ related misconceptions through a classroom-based cognitive 
diagnostic model of the BW aberrance indices family. Three questions will be answered. (1) How well did the items 
of the teacher-made test on fractions and decimals function in terms of BW indices? (2) How well did the students 
master the fraction concepts? (3) How were the students classified on the basis of performances on these items?  
 
 
Method 
 
Design  
 
The framework of this study was designed as Figure 1. From the teacher-made test, students’ responses and teachers’ 
item-concept data matrix were served as inputs for the analysis in the BW model. Based on person- and item- facet 
indices, the BW model can provide four kinds of feedbacks for teachers and students themselves, i.e., item analysis, 
students’ response patterns, item mastery, and concept mastery.  
 

 
Figure 1. Research framework 

 
 
BW Model 
 
Through integrating the indices in the person and item facets described previously, a probability model of answering 
item correctly can be postulated by the following three equations: 
 

( )[ ] ( )[ ]{ } 41u 
j..i

u 
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ijij PPPPP −×−×−×= 111 ,                                                                                                            (1)     
 where 

( )[ ] ( )[ ]0
i

1
i

0
i

1
i.i BBWWP ×−−×−×= 111 ,                                                                                                                (2)      
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and  
( )[ ] ( )[ ]1

j
0
j

1
j

0
jj. bbwwP ×−−×−×= 111 .                                                                                                                   (3)    

 
Equation (2) indicates the overall ability level for the ith examinee to answer correctly. Equation (3) indicates the 
overall difficulty level for the jth item to conquer test-takers. Note that all the indices in person and item facets are 
calculated using the values without multiplying 100. Through the product of the person’s ability probability with the 
compensation of the item difficulty probability with a 1/4 power on the product, the BW probability model is 
revealed in equation (1). Adding a 1/4 power on the product of probabilities in equation (1) is because the magnitude 
of each BW index is a proportion of all responses (values less than 1) and the product of indices in both equations (2) 
and (3) with a four-power expression of proportions will result in the product as singularly small.  
 
The BW probability model of answering items correctly can be further extended to a cognitive diagnostic model. By 
estimating the BW probability model, we can obtain a probability matrix [R]IxJ that contains elements of the 
probability for persons answering items correctly. When multiplying the [R]IxJ matrix by the prerequisite item-
concept matrix [F]JxK that refers the attribution of the jth item on the kth concept, we can obtain a summate [C]IxK 
matrix. Elements in the [C]IxK matrix indicate the sum of probability that the ith person mastering the kth concept 
covered by the j items. Thus, dividing the summated probability by the total number of items in the test will yield an 
average probability for a person mastering a certain concept. 
 
 
Program  
 
The WBstar program (Lu & Huang, 2010) was written in Visual Basic 6.0 to analyze cognitive oriented data. It 
includes item analysis and aberrance analysis. In the item analysis, WBstar can provide the values of the indices of 
item difficulty and discrimination and the distraction analysis as well as the KR20 reliability coefficient from the 
classical test theory (CTT). In the aberrance analysis, four parts of analyses can be provided: S-P chart from Sato, the 
values of BW family indices from item and person facets, BW item probability model, and BW concept probability 
model. The forms of data may be binary or raw to serve as response inputs to analyze the item analysis and aberrance 
analysis. For concept probability model estimation, it still needs an item-concept data input called the Q matrix 
(Tatsuoka & Tatsuoka, 1982) to identify the relationships of items to concepts. An example of an S-P analysis 
outcome is shown in Figure 2. 
 

 
Figure 2. S-P analysis outcome 

 
 
Data  
 
In this study, a teacher-made test on the unit of fractions and decimals was taken by 32 students in a fourth-grade 
elementary mathematics class in Taiwan. The test contained 22 items belonging to five fraction and decimal concepts: 
transferring decimals into fractions (TDF), equivalent fractions (EF), comparing fractions with decimals (CFD), 
transferring fractions into decimals (TFD), and unit transformation (UT). Based on an agreed-upon judgment 

351 



proposed by two experienced teachers, a Q matrix of items on concepts (see Table 2) was set as follows and served 
in the computation of concept mastery probabilities. 
 

Table 2. Q matrix of items on concepts 
Item q1 q2 q3 q4 q5 q6 q7 q8 q9 q10 q11 q12 q13 q14 q15 q16 q17 q18 q19 q20 q21 q22 

Concept   TDF 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 1 
 EF 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 CFD 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1 1 1 0 0 0 0 0 
 TFD 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
 UT 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 0 

 
 
Classification 
 
To provide more meaningful classification and interpretation, examinees were categorized into adequate groups 
based on the cutoff standards of the four person-facet indices. The approximate permutation test (Edgington, 1969) is 
an adequate approach to determine these cutoffs. The cutoff standards were calculated based on adequate 
percentages of index values from 100 permutations of the original 32 × 22 data matrix. To avoid generating 
significantly dissimilar simulated matrices from the original data matrix, one can use a “weighted-permutation 
indicator (WPI) matrix” (Lu, Huang, & Fan, 2007). It is created by multiplying each original examinee’s total score 
to its fourth power with a randomly assigned probability and then by ranking the multiplication elements row by row 
across columns. Indexing this WPI matrix to the ranked original data matrix can form a re-ranked data matrix that is 
similar to the original one.  
 
After generating similar simulated data matrices, three levels for the capability 1

iW  index were set: H level (greater 
than 67% of permutations of indices), M level (between 33% and 66% of permutations of indices), and L level (less 
than 32% of permutations of indices). Two levels of the misconception 0

iB  index were set based on the 50% of 

permutations of the indices. Regarding the carelessness 0
iW  index and the guessing 1

iB  index, the cutoff standards 
were set based on the 80% of permutations of the indices for the considerations of flagging alarms. Therefore, in 
total, there were 24 categories of examinees with different response patterns. Capital letters in categories represented 
the capability levels: high (H), average (M), and low (L); numbers represent types of response patterns: 1 for Normal, 
2 for Guessing, 3 for Careless, and 4 for Complex. Categories represented typical response patterns, while those with 
an apostrophe (e.g., M1’) represent quasi-typical response patterns and indicate that more concerns are needed for 
students’ learning blind spots or misunderstandings.  
 
 
Analysis 
 
To evaluate the suitability of the test items, the disparity index ( (M))Dp-(1p4NKGD B

* = ) from the S-P chart 
analysis (Sato, 1982) is provided, where G is the total amount of “1”and “0” surrounded by the S curve and P curve; 
N is the number of students; K is the number of items, p is the mean of correct ratios; DB(M) is the constant array 
provided by Sato through the Gauss integer of the square root of NK plus 0.5. To examine how mastery students 
performed on fraction concepts, a one-way multivariate analysis of variance (MANOVA) was conducted. To 
examine how well the items performed and how well the persons responded, the item characteristic curves (ICC) and 
the person response curves (PRC) were plotted and discussed, respectively.  
 
 
Results 
 
Agreement examination  
 
Through the S-P chart analysis, we can examine the homogeneity between student performances and problems’ 
functions. A value of .044 of the disparity index showed a good indication of agreement between the fourth-grade 
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students and this teacher-made test on fractions and decimals. That is, students’ abilities were well assessed by the 
test, and these items were proposed to be suitable for these students.  
 
 
Item analysis 
 
The CTT item analysis showed a good reliability quality for the teacher-made test on fractions and decimals (KR20 
= .85). Table 3 also provides item-facet aberrance indices ( 0

jw , 1
jb , 1

jw , 0
jb ), the index of item difficulty (P), and the 

index of item discrimination (D). Items in the fractions and decimals test displayed the levels of item difficulty 
from .13 to .94 and item discrimination from .00 to .88. 
 

Table 3. Item-facet aberrance indices (ranked by W0) 
Item 0

jw  1
jb  1

jw  0
jb  P D  Item 0

jw  1
jb  1

jw  0
jb  P D 

q1 0.00 84.94 0.43 0.71 .94 .13  q14 10.8 12.50 5.68 2.84 .69 .63 

q2 0.00 84.94 0.43 0.71 .94 .13  q15 11.36 13.92 5.11 1.42 .63 .75 

q18 0.00 85.23 0.43 0.43 .94 .13  q04 13.21 17.76 1.85 0.71 .56 .88 

q08 0.85 72.44 0.00 0.00 .88 .25  q05 13.21 17.76 1.85 0.71 .56 .88 

q13 1.14 67.61 0.14 0.71 .81 .38  q21 14.77 13.35 1.70 1.99 .50 .75 

q3 1.14 59.38 0.57 4.83 .81 .13  q22 15.34 14.2 1.14 1.14 .56 .88 

q09 2.56 53.69 0.57 2.84 .81 .38  q16 19.32 8.24 1.14 1.99 .44 .88 

q10 5.11 11.65 11.36 3.69 .75 .25  q07 22.73 7.67 0.28 0.57 .44 .88 

q17 5.26 33.95 2.13 4.12 .63 .50  q06 25.28 5.68 0.28 0.57 .44 .88 

q19 9.38 25.00 1.70 3.13 .56 .63  q20 26.70 1.14 5.11 2.27 .25 .25 

q12 9.66 26.14 1.42 1.99 .63 .75  q11 33.24 0.00 5.68 1.42 .13 .00 

 
The order of the 0

jw index is reverse to that of the P index; that is, the indices measure similar properties of item 

difficulty, except in different directions. The increase of the 0
jw index means the increase of item difficulty, but the 

decrease of the P index. The property of the 1
jb index is reverse to that of the D index with desirable values revealed 

among adequate levels of item difficulty, but not good values among extreme ones (e.g., q1, q2, q18, and q11). 
Comparing to other acceptable items (e.g., q09 and q17), the q10 item, interestingly, with adequate levels of item 
difficulty ( 0

jw = 5.11, P = .75) should display desirable discriminations, but did not ( 1
jb = 11.65, D = .25). The 

1
jw index would further disclose possible underlying reasons for the q10 item: 

 
[q10-q11] 

John is
5
4160 centimeters tall; Jim is 1.605 meters tall.  

q10: Who is taller? 
 
The item q10 displayed the highest 1

jw  value (11.36). Four students (see Figure 3, IDs of 34, 16, 28, and 30) 
responded to q10 with the answer of “John” not because they understood the question, but because of the values of 

numbers shown in it, that is, 
5
4160  is greater than 1.605. This implied that item q10 provided unrelated information 

to the key concepts of solving this problem. Some students may not be familiar with the key concepts, but they can 
answer the item correctly just because of some obviously unrelated hint information revealed in the item. If the 
teacher changes the question so that the latter number is bigger, but with the same units, for example, 160.5 
centimeters, the underlying hints may disappear. 
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Figure 3. ICC for the q10 item 

  

On the other hand, the item q3 displayed the highest 0
jb  value (4.83, see Table 3). This implied that the information 

provided by item q3 might not be so sufficient or clear so that some students with high capabilities but answer it 
incorrectly. Items q1 to q3 are shown as follows. 
 
[q1-q3] 
A box contains 1000 balls. If Tom has 0.68 box of balls, then 

1000
(q2)

100
(q1)  0.68 == .  

q3: Tom has (  ) balls. 
 

Students easily answered items q1 and q2 correctly, but three of them (see Figure 4: q3 plot, ID8, ID3, ID28,) were 
confused by what q3 question really meant, especially for the capable ID8 student with the answer of 680/1000. Note 
that the answers came from or were related to q1 and q2. This indicted that the previous two items may confound the 
three students to solve the item q3. It is strongly recommended that item q3 be displayed solely in a test. 
 

   
Figure 4. ICC for the q3 item 
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Concepts mastery  
 
There were no obvious interactions between ability level and mastering probability through the analysis of one-way 
MANOVA (Wilks’λ = .574, F(8, 52) = 2.079, p = .055). Thus, we examined the main effects of ability level and 
mastering probability, respectively. Although the sphericity assumption was violated, the within-subject effects still 
showed that the probabilities for students mastering the five fraction and decimal concepts were fairly different 
(Lower-bound epsilon adjusted F(1,29) = 51.55, p < .001, partial eta square = .64). In detail, most students mastered 
the concept of equivalent fractions (EF) with a mean of probability of .68 (SD = .17), then the concept of 
transforming decimals into fractions (TDF: M = .62, SD = .17) or the concept of comparing fractions with decimals 
(CFD: M = .60, SD = .19), the concept of unit transformation (UT: M = .57, SD = .18), and least familiar with the 
concept of transforming fractions into decimals (TFD) with a mean of probability of .55 (SD = .17).  
 
For the between-subject effect, significant effects of ability were found (F(2,29) = 98.376, p < .001, partial eta square 
= .87). High-ability students mastered these concepts (mastering probability: .75–.86) greater than the middle level 
ones (.52–.70) and the low level ones (.35–.47) under a 95% confidence level. The strengths were consistently across 
the five fraction concepts (see Figure 5). 
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Figure 5. Mastery probabilities by student ability across fraction concepts 

  

 
Person responses classification 
 
After the estimations of person-facet aberrant indices, 32 students were classified into 10 classes of response patterns 
(see Table 4). Among them, 21 students performed normally, four students tended to guess, four students tended to 
be careless, and three students exhibited complex response patterns, that is, combining both guessing and careless 
response patterns. Overall, the 1

iW  index ranged from the least capable value of 1.28 to the most capable of 95.03 (M 
= 33.12, SD = 23.11). The misconceived 0

iB  index ranged from 0.43 to 47.60 (M = 10.70, SD = 10.11). The value of 
the careless 0

iW  index ranges from 0 to 5.11 with a mean of 1.83 and a standard deviation of 1.51. Finally, the value 
of the guessing 1

iB  index ranges from 0 to 8.81 (M = 2.41, SD = 2.33). The levels of capability in different groups (H, 
M, and L) displayed a good distinction of range, that is, the 1

iW  values greater than 43.75 belonged to the high-ability 
group, those between 19.74 and 34.09 belonged to the average-ability group, and those less than 15.63 belonged to 
the low-ability group. Students with the misconceptions 0

iB  values greater than 8.81 (see M1’ class) need to be 
concerned because their misunderstandings on these fraction and decimal concepts were relatively severe to their 
ability levels. In addition, students with the 0

iW and 1
iB  values greater than 3.69 and 4.83 might tend to exhibit 

careless and guessing response patterns, respectively. Meanwhile, if those students with the values of the 0
iW and 1

iB  
indices were greater than 3.27 and 4.40, simultaneously, aberrances were flagged by complex responses for 
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combining both guessing and careless patterns. In addition, the values in Table 4 display corresponding 
characteristics of classes. For example, students classified in the M2 class tended to perform guessing responding 
behaviors and this scenario is satisfactorily reflected by the higher values of the minimum 1

iB  index (4.83) 
comparing it to the normally responded class M1 (2.98) in the same ability level. 
 

Table 4. Person-facet indices by class and by pattern 
Index 1

iW   0
iB  0

iW  1
iB  

 N Min Max M SD  Min Max M SD  Min Max M SD  Min Max M SD 

Class                     

H1  7 45.74 95.03 66.74 18.13  0.43 5.68 2.94 1.86  0.00 1.70 0.68 0.86  0.00 1.14 .24 0.42 

H3 3 43.75 54.26 50.28 5.70  1.42 3.98 2.56 1.30  3.69 5.11 4.16 0.82  1.70 2.56 2.08 0.44 

M1 4 24.29 33.24 27.59 4.01  6.25 8.10 7.42 0.83  0.28 2.56 1.53 0.96  2.98 4.26 3.66 0.57 

M1’ 6 19.74 34.09 25.66 4.66  8.81 12.60 11.02 1.67  0.14 2.84 1.28 0.99  0.14 2.27 1.00 0.91 
M2 2 25.57 32.67 29.12 5.02  3.98 6.53 5.26 1.80  2.27 2.41 2.34 0.10  4.83 5.26 5.05 0.30 

M4 1 30.26 30.26 -- --  0.43 0.43 -- --  4.83 4.83 -- --  8.81 8.81 -- -- 

L1 4 1.28 13.92 9.98 5.85  17.60 47.60 26.90 14.08  0.00 2.27 1.17 1.27  0.00 2.98 1.38 1.27 

L2 2 6.68 15.63 11.16 6.33  12.50 25.40 18.95 9.12  0.57 1.42 1.00 0.60  5.97 6.82 6.40 0.60 

L3 1 7.95 7.95 -- --  22.40 22.40 -- --  4.26 4.26 -- --  1.42 1.42 -- -- 

L4 2 4.83 14.06 9.45 6.53  11.50 27.80 19.65 11.53  3.27 3.84 3.56 0.40  4.40 5.54 4.97 0.81 
Pattern                     

Normal 21 1.28 95.03 36.74 24.97  0.43 47.60 10.67 10.36  0.00 2.84 1.11 0.98  0.00 4.26 1.33 1.44 

Guessing 4 6.68 32.67 20.14 11.37  3.98 25.40 12.11 9.56  0.57 2.41 1.67 0.85  4.83 6.82 5.72 0.87 

Careless 4 7.95 54.26 39.70 21.67  1.42 22.40 7.52 9.98  3.69 5.11 4.19 0.67  1.42 2.56 1.92 0.49 

Complex 3 4.83 30.26 16.38 12.87  0.43 27.80 13.24 13.77  3.27 4.83 3.98 0.79  4.40 8.81 6.25 2.29 

Total  32 1.28 95.03 33.12 23.11  0.43 47.60 10.70 10.11  0.00 5.11 1.83 1.51  0.00 8.81 2.41 2.33 

 
 
Aberrance patterns 
 
All students were classified into 10 adequate classes based on their response patterns. In the upper part of Figure 6, 
we can see that typical highly capable students (H1 class) answered all easy items (left part from item q9 with 
difficulty 0.81) correctly and most failed in difficulty items (right part from item q16 with difficulty 0.44). 
Comparing to these typically responding students, however, three highly capable students in the H3 class (IDs of 11, 
29, and 8) with aberrantly careless patterns tended to miss easy items (e.g., q3, q17, and q19).  
 

 
Figure 6. PRCs of High-level classes (H1, H3) 

356 



Next, the average capable students in the M1 class displayed typical response patterns in which most easy items were 
correctly answered and some medium to hard items were missed (see the upper part of Figure 7). A comparison of 
the M1 class response patterns to the M1’ class revealed the characteristics of misconceptions, that is, almost all 
students in this class failed to understand the last four difficult items (the middle part). The students (IDs of 26 and 
18) classified in the M2 class tended to guess items beyond their ability levels (the bottom part). The ID 17 student 
classified in the M4 class not only tended to guess hard items, but also tended to miss some easy questions (e.g., q12 
and q19).  
 

 
Figure 7. PRCs of Average-level classes (M1, M1’, M2, M4) 

 
Finally, the L1 class of students missed most medium to difficult items beyond item q9 (see Figure 8). The ID9 
student was the least able student and even failed most easy items, especially in item q8 related to the transformation 
of decimals to mixed fractions. Students (ID30 and ID34) were grouped into the L2 class where they tended to guess 
items beyond their ability levels, while the ID33 student in the L3 class tended to miss the easiest items (see the 
middle part). Students (ID28 and ID35, see the bottom part) were classified into the L4 class because their responses 
contained both guessing and careless pattern.  
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Figure 8. PRCs of Low-level classes (L1, L2, L3, L4) 

 
 

Conclusions 
 
The study intended to apply the BW cognitive diagnostic model for teacher-made tests in the classroom. Unlike other 
CDMs that focus on the estimation of latent class parameters, the BW model was developed on the basis of 
interaction between a person’s response properties (capability, misconception, guessing, carelessness) and an item’s 
performance characteristics (difficulty, indistinctness, disturbance, hint). According to the taxonomy by Rupp and 
Templin (2008), the BW model might be categorized to both conjunctive and disjunctive condensation rules because 
of the combinations of indices. In both facets devices, the overall ability probability model and the overall difficulty 
probability model are based on the product of a conjunctive-condensation combination between the 1

iW  index and 

the 0
iW  index in the person facet (or 0

jw and 1
jw in item scenario) and a disjunctive-condensation combination 

between the indices of 0
iB  and 1

iB  in the person facet (or 1
jb and 0

jb in item scenario). Again, through the product of 
the person ability probability model with the compensation of the item difficulty probability model and with a 1/4 
power on the product, the BW model can provide probability estimates of items correctly answered and concepts 
mastered. 
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In the person aberrance examinations, the 1
iW  index and the misconception 0

iB  index measured the extent of 
cognition to which a person was capable or misconceived in answering items, respectively. They were cognitive 
“content” oriented. However, the 0

iW  index and the 1
iB  index were cognitive “style” oriented so that a person 

tended to be careless or guess items, respectively. Symmetrically, in the item analysis, the hint 1
jw  index measured 

the extent of obvious but unrelated messages to the key points of problem solving so that even an unable person 
could easily answer it correctly. The disturbance 0

jb  index measured the extent of interferences or insufficiencies 

that an item exhibited so that a capable person failed it. The difficulty 0
jw  index was similar to the item difficulty P, 

and the indistinctness 1
jb  index measured the extent of inefficiency to which an item was not good enough to assess 

test-takers’ ability levels.  
 
Based on the BW model, the study analyzed an empirical data matrix from a teacher-made test on fractions and 
decimals for a sample of fourth-grade students in Taiwan. All 32 students were classified into 10 classes and 
distributed in the normal, guessing, careless, and complex response patterns. With a good agreement between 
persons and items, the ICCs created by the probability model against persons’ capability levels showed effective 
examinations for the misfit of items. The PRCs generated by the probability model against items’ difficulty levels 
also showed effective examinations for persons’ response patterns. Through providing a Q matrix of items belonging 
to concepts, the probabilities of concept mastery were estimated and revealed the concept of equivalent fractions was 
most mastered and the concept of transforming fractions into decimals was least mastered. 
 
The BW model can provide sufficient and matching information of interpretation to an original response data matrix 
in both person and item facets, especially in a small sample size situation like that of students taking a teacher-made 
test in class. Teachers can use the useful information provided by the WBstar program to improve their test 
development skills and to have immediate diagnostic feedbacks from their students’ response patterns. Moreover, the 
BW model can provide the extent to which students mastered concepts so that teachers can enhance their design of 
remedial instruction. However, some unknown features of the BW model and limitations still need to be disclosed. 
For example, the practical standards of item-facet indices are not as clear and simple as the index of difficulty P and 
the index of discrimination D interpreted. The classification rules for persons based on aberrance indices might be 
applied in the item scenario. In addition, the BW model in this study is only suitable for the dichotomously scoring 
situations; in future study, a generalized BW model can be developed for the use of data with polytomous scores. 
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ABSTRACT 

This paper explores a context-aware and personalization method in Mobile Learning system based on ubiquitous 
learning logs. Ubiquitous learning log stands for the log of knowledge or learning experience acquired 
ubiquitously. We construct a ubiquitous learning log system called SCROLL (System for Capturing and 
Reminding of Learning Log). Our research focuses on helping learners recall what they have learned making 
use of the learning contexts and learners’ learning habits. Our measures consist of three main actions, which are 
to recommend learning objects in accordance with both learners’ needs and contexts, to detect their learning 
habits using the context history and to prompt them to review what they have learned regarding their learning 
habits. What’s more, by monitoring learners’ reaction on the recommendation or prompting, the system can 
improve its prediction. An experiment was conducted to evaluate SCROLL and our method. The results of the 
experiment demonstrate that the learners benefited from the system and the context based recommendation and 
learning habit based prompting also motivated them to study more.  

 
Keywords  

Personalized mobile learning, Ubiquitous learning log, Context-aware learning, Learning habit 
 
Introduction 
 
Mobile technology has been believed holding out great promise for learning (Houser, Thornton, & Kluge, 2002). 
However, some of its limitations such as the small screen size, the high cost of 3G network and so on stopped the 
technology from growing as fast as we expected. In the last few years, a real great revolution is occurring in the 
mobile device world with the release of the new generation smartphones represented by iPhone launched by Apple 
Inc. and the open sourced Mobile OS Android released by Google. Since the new generation smartphones 
accommodate users with many advanced functions such as the multi-touch interface, full browser, GPS, millions of 
applications and so on, the number of smartphone users is increasing very sharply. Another key feature of 
smartphones is that they are equipped with a range of sensors such as the accelerometer, ambient light sensor, GPS, 
microphone, camera, compass and so on. Several years ago, researchers forecasted that the mass of mobile 
smartphones equipped with sensors could be turned into a giant distributed sensing system, allowing users to benefit 
from information gathered via other phones and users (Padmanabhan, 2008).  
 
Our research primarily investigates the capabilities of the sensors of smartphones in context-aware and 
personalization mobile learning, because we find that the equipped sensors can play at least two important roles in 
our daily learning. On one hand, it can monitor learners’ current context including their activities involving whether 
they are running, walking, listening to the music or surfing on the Internet and so on, and the environmental 
information including the location, time, temperature, and humidity and so on. Then, the system can recommend 
learning objects for a specified learner taking into account both the context and his study needs. On the other hand, it 
can track learners’ contextual data as context history when they learn something using smartphones and catch 
individual’s personal learning habits through analyzing the context history. Therefore, both learners’ learning habits 
and their current context information will be interacted to support learning. These two basic ideas are applied to our 
method.  
 
We developed a system called SCROLL (System for Capturing and Reminding of Learning Log) that allows learners 
to log their learning experiences with photos, audios, videos, location, QR-code (Quick Response code), RFID 
(Radio-frequency identification) tag, and sensor data and so on, and share and reuse them with others (Ogata Li, Hou, 
et al., 2010). The goals of SCROLL are lying in helping users to easily record their learning experiences and recall 
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them via the context, recommending other learners’ learning experiences for them, finding out individuals’ learning 
habits and supporting their learning in accordance with personal learning habits.  
The rest of the paper is constructed as follows. Section 2 introduces our ubiquitous learning log system covering a 
primary scenario of its use, its main functions and architecture. In section 3, the workflow of the context-aware and 
personalization method is presented and then we explain it in terms of its three aspects. In section 4, we describe an 
experiment to evaluate the system and method, and the results of the experiment are given. Finally, we have a 
discussion about the results of the experiment and give the conclusions in section 5. 
 
 
Ubiquitous learning log system  
 
With the evolution of the mobile devices, our lives are changing rapidly. For example, usually we take memos or 
notes (such as schedules, plans or task lists) in our pocketbooks. But now more and more people prefer to record 
these messages with their cell phones. For many people it is a simpler way, since the information can be stored in 
much more ways such as texts, photos, audios and videos and so on. Researches have also focused on facilitating this 
kind of “informal note taking” (Dai, Lutters, & Bower, 2005; Lin, Lutters, & Kim, 2004). However, besides informal 
note-taking we also take formal notes. For example, many language learners have vocabulary notebooks. We call 
these kinds of formal notes as learning logs. In this paper, a learning log is defined as a recorded form of knowledge 
or learning experience acquired in our daily lives and it serves as memory storage for notable or important 
knowledge to review, to remind and to reflect. In order to support such formal note taking and reminding, we design 
and implement our ubiquitous learning log system called SCROLL. 
 
 
What is SCROLL  
 
The aim of SCROLL is to aid users to simply capture, review and reflect their learning logs, reuse the knowledge 
when in need, be reminded at right time at right place and be recommended others’ learning logs properly. It adopts 
an approach of sharing user created contents among users. It means that a learner’s learning log cannot merely 
available for himself, but also can be shared with other learners who have the same learning needs. In our study, a 
learner’s own and others’ learning logs are his main learning objects.  
 
To simplify the process of capturing the learning experience, the system provides a well-defined form to illustrate a 
learning log. It includes four basic elements, which are the time when the learning occurred (when), the knowledge 
(what), the sequence recorded in texts, photos, audios or videos that the learning should comply (how), and the 
location where the learning happened (where). Besides, the logs can be organized by tag and category. Figure 1(1) is 
the interface of adding a new learning log and Figure 1(2) is an example of learning log.  
 
There is a special type of learning log called location based learning log in this study. This type of learning log is 
regarded as the knowledge that can be recalled by the location or place as a retrieval cue. Its purpose is to remind 
learners of what they have learned when they come to the place where the learning happened. According to the 
theory of encoding specificity, the place where we learned can be encoded as a retrieval cue initially and it is 
effective to activate a stored memory (Tulving & Thomson, 1973). For example, if we learned the Japanese names of 
vegetables in a supermarket, when we enter the supermarket next time some of what we have learned may come into 
our mind again.  
 
SCROLL also provides some other functions such as navigator and Time map. Navigator is a function providing the 
learner with a live direct view of the physical real-world environment augmented by a real time contextual awareness 
of the surrounding learning logs (Figure 1(4)). Additionally, when a learning log is selected in the navigator, the 
system will show a path (route) for the learner to reach to the selected object from his/her current location (Figure 
1(5)). Time map function means that the user can scroll the timeline above and then the map below will display the 
learning logs recorded during learners’ selected period. It is designed to help the learners to reflect what they have 
learned. More detailed description on the functions of SCROLL system can be found in (Ogata, Li, Bin, et al., 2010).  
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 (1) Add a learning log              (2) A learning log                       (3) Quiz 

 
 

 
(4) Navigator                                         (5) A path to learning logs   

Figure 1. Interface of SCROLL 
 
 

The scenario of using learning log system  
 
Up to now, SCROLL mainly focuses on language learning field. One typical scenario of its use is to assist 
international students to study Japanese in Japan. In this case, Japanese language learners, who face rich learning 
contexts every day, can gain much knowledge from their daily lives in different kinds of situations, such as shopping 
in the market, seeing a doctor in the hospital, having a haircut in a barbershop, visiting the museum and so on. They 
can not only take down what they have learned in those situations, but also will receive support from the system to 
recall and review them after that. Figure 2 illustrates the workflow of the scenario.  

 

Figure 2. How SCROLL works 
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As shown, the learner learns a kind of traditional Japanese food called “natto” in a supermarket and he saves the 
knowledge as a learning log on SCROLL server. After that, there are three cases for the system to handle with the 
learning log: 
1. Recall via context: When the learner enters the supermarket again, the system will provide him with reminder 

quizzes in order to help him recall “natto”. 
2. Study when you prefer: If the system finds that the learner has a learning habit that he usually studies at home 

in the evening. And if the system detects that it is evening and the learner is at home, the system will prompt 
him to review what he learned. 

3. Learn from others: If another Japanese learner enters the supermarket and she has the same language ability 
with the previous learner, the system will recommend the learning log about “natto” for her. 
 

The context-aware and personalization method we propose in the rest of paper is responsible for these three cases. 
 

 
Recall what we have learned 
 
An important goal of SCROLL system is to help learners recall what they have learned after they uploaded their 
learning logs. When a learner captures his learning log, besides the location based property mentioned above, a 
number of things are designed for learners to encode as retrieval cues. For instance, according to the picture 
superiority effect, the learning logs with pictures are much more likely to be remembered rather than those without 
pictures (Nelson, Reed, & Walling, 1976). In addition, according to the basic research on human learning and 
memory, practicing retrieval of information (by testing the information) has powerful effects on learning and long-
term retention. And compared with repeated reading, repeated testing enhances learning more (Karpicke, Butler, 
Roediger, & others, 2009). For these two reasons, the quiz function taking advantages of the pictures, locations and 
so on is proposed. Three types of quizzes can be generated automatically by the system, which are yes/no quiz, text 
multiple-choice quiz and image multiple-choice quiz. Figure 1(3) shows an image multiple-choice quiz generated 
based on the meta-data of learning logs.  
 
 
Context-aware and personalization method 
 
There are two objectives to adopt context-awareness and personalization in SCROLL:  
 By being aware of a learner’s current context, especially the location information, the system can detect 

whether a learner is near to the place where he uploaded a learning log and whether there are location-based 
learning logs recorded by other learners close to him. If either requirement is met and the availability of the 
device is high, the system will show him a quiz based on the knowledge he gained around there or notify him 
the surrounding learning logs added by others.  

 The system can record the context data when a learner uses the system to study as his context history and then 
catches his learning habits by making use of the context history. If the learning habits exist and the 
circumstance meets the learning habits, the system will show a piece of recommendation message to encourage 
him to review what he has learned.  

 
To achieve these two goals, the system will monitor, analyze and dig learners’ contexts, derive the learning habits 
from them and prepare proper learning objects for them. Figure 3 demonstrates the whole processing flow of the 
method. It follows the below steps: 
1. The system collects a learner’s context information from three parts: his activity, the status of device and the 

environmental data. 
2. Then it analyzes the context and checks status of the device: for example, how much battery is left and whether 

the Internet is connected. If the availability is low, the system will do nothing. 
3. If the device has a high availability, the system will check whether there is location-based knowledge near the 

learner. If existing, the system will provide location-dependent quizzes or recommend learning logs for him. 
4. If there is no location-based knowledge for the learner, the method will examine if the learner is in his preferred 

learning context. If so, the system will show messages to encourage him/her to study. 
5. All context data remains as context history to detect individual learners’ learning habits. Finally the learner’s 

response to the learning habits based recommendation is used to improve the learning habit detecting method. 
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The above processing flow reveals that the method consists of three terms, which are learners’ current context, their 
learning habits and the learning objects. The following sections will introduce them respectively in detail. 
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Figure 3. Workflow of the personalization and context-aware method 

 
 
Learners’ context 
 
A lot of studies on context-aware computing can be found in the literature. Here we’d like to highlight some of them. 
For example, Hwang and his team have done abundant of research in this field. Their studies cover learning activities 
based context-ware learning and learning tools supported context-aware learning. For example, the former type can 
be represented by learning in museum (Chiou, Tseng, Hwang, & Heller, 2010) and nature science observation 
activities (Hwang, Chu, Shih, Huang, & Tsai, 2010). The latter one includes Mindtools (Hwang, Chu, Lin, & Tsai, 
2011), concept map (Hwang, Shi, & Chu, 2011; Hwang, Wu, & Ke, 2011) and an algorithm used for planning 
personalized learning paths (Hwang, Kuo, Yin, & Chuang, 2010) and so on. Ogata & Yano developed a system 
called JAMIOLAS which utilizes the environmental data to support Japanese learner to master the Japanese mimetic 
words and onomatopoeia (Ogata, Miyata, Hou, & Yano, 2010). Also some context-aware research explores location 
and time (or schedule) to recommend appropriate contents for learners (Clough, 2010; Nguyen, Hanoi, & Van Cong, 
2012; Yau & Joy, 2010). By consulting these literatures, this study focuses the context on three aspects:   
 Learner’s activity: Learner’s activity involves their motion (e.g. walking, running, travelling on the train or bus 

or sitting still) and what they do with the devices (e.g. listening to the music through earphone, surfing on the 
internet, or doing learning with SCROLL). 

 Status of device: The status of device includes the battery, the Internet connection (3G, Wi-Fi or no 
connection), and the type of the ringtone (vibrate status or ringtone). 

 Environmental data: The environment involves the location, time, temperature, weather and so on.  
 

Based on the above data, the system will operate as follows:  
1. Firstly, it will check the availability of the context. For example, whether the battery is enough (more than 20%), 

whether the Internet is connected, and whether the user is moving in a high speed and so on. 5km/h is thought 
as the average human walking speed  (Knoblauch, Pietrucha, & Nitzburg, 1996) and exceeding 5km/h is treated 
as high speed. 

2. If these conditions are satisfied, the system then will ascertain whether there are learning objects near him 
(within 50 meters) by using the location data. The learning objects include two parts: those he learned and those 
that he may want to learn.  

3. If the learning objects he learned exist, the system will give a piece of message reading “Now you are near 
some learning logs you learned. Do you want to recall them in quizzes?”  If he replied the message, the system 
will give him quizzes considering the place as a retrieval cue.  

4. If the learning objects that meet his learning requirement, the system will show a piece of message saying 
“Some other learners’ learning logs are found near here. Would you like to view them?” If they click the 
message, the system then shows a list of the learning logs and can navigate learners to the specified learning 
logs via navigator function. 
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5. Finally, the system will check whether the message is responded. If not responded, the system will recommend 
one more time when the user comes to the place again. But total the number of times of recommendation in the 
same area cannot exceed three times.  
 

Additionally, the contextual data will be recorded as context history. In the literature, the context history, which is 
also believed to be useful, has not been fully utilized (Chen & Kotz, 2000). In our study, it will be reused for 
analyzing the learners’ learning habits. We will introduce this part in the next section.  
 
 
Learners’ personal learning habits 
 
Learning habits are defined as a learner’s habits when he learns. Learning habits play a very important role in 
learning because usually they are related to learners’ daily customs and habits. With the mobile learning growing 
more and more important, many researchers have focused their studies on learners’ learning habits or learning 
preferences. For example, Yau & Joy (2011) focus on learners’ learning preferences including location of study, 
noise/distraction level in location and time of day. Hsieh & Lee (2012) employ learners’ memory cycle, ability level 
and other learning preferences to support their English learning. Different from other researches, the learning habits 
supported in our system involve where a learner usually studies (such as home, school or fast-food restaurants), 
whether a learner has a habit of studying on the commuting train and when a learner prefers to study (e.g. after 
waking up in the morning or before sleeping at night). The context histories, collected when the learners use 
SCROLL, are utilized to detect whether a learner has any of the three learning habits. Three kinds of data including 
location, time, and speed are made use of. The following parts introduce the concrete method to detect the learning 
habits. 
 
Since the time of learning every day is a discrete random value, we observed the regularity of the learning time in 
several periods to examine whether a learner has such learning habit or not. Concretely speaking, we separate a day 
into 24 phases. Each phase stands for an hour. Then we count the number of times of learning collected from a two 
weeks period in different phase. The next two periods of four weeks will be observed as well. Finally, the frequency 
phase which occupies more than 25% of the all learning times in three periods will be thought as the learner’s 
preferred learning time. Figure 4 shows a participator’s data in our experiment. It is obvious that the time from 23:00 
to 24:00 is her favorite learning time.  

 

 
Figure 4. A learner’s learning time in three phases  

 
Considering how to find a learner’s preferred learning place, many studies on finding users’ significant place can be 
found (Ashbrook & Starner, 2003; Kang, Welbourne, Stewart, & Borriello, 2005; Zhou, Bhatnagar, Shekhar, & 
Terveen, 2007). We adopt a K-means algorithm. Firstly, we group a learner’s learning locations into clusters. A 
cluster is a circle area whose radius is within 50 meters. Then, the scope that contains more than 30% of the learning 
location data is perceived as the learner’ preferred learning location.  Considering how to discover whether a learner 
has a habit of studying on a commuter train or bus, the speed and the time parameters are needed. Another 
experiential fact is that the speed and the time of commuting are relatively stable. Consequently, we firstly search the 
data with high speed (10~50 km/h is thought as the speed of the bus while above 50km/h is thought as the speed of 
the train (Toshiaki, Ryota, Hirokazu, & Tadashi, 2005)) and then group the data containing time and speed into 
clusters as well. The differences of the time is within 60 minutes and the difference of the speed is within 3km/h is 
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considered as the similar data. Therefore, if a cluster taking up 30% of the data existing, the system assumes this 
learner has the habit of studying on a commuter train or bus.  
 
After achieved the learners’ learning habits, the system can recommend messages when learners entered those 
environments. For example, when a learner stays in the place where he usually studies, a piece of message saying 
“The system guesses you are in a place where you usually do studies. Do you want to review what you have 
learned?” will be given. When it is his preferred learning time or when he is moving on a commuter train, he will 
receive a similar message as well. Finally, by checking the learners’ response, the system can modify its prediction: 
if the system shows messages for him more than 3 times based on the same learning habit without any responses, this 
learning habit will be disabled.  
 
 
Learning objects  
 
In this study, a learner’s learning objects can be separated into two types: the learning logs that he learned (the ones 
that he uploaded or glanced through) and the ones recommended by the system. In order to provide learners with 
appropriate learning objects, when to remind them of the learned learning logs and what to recommend for them are 
two important issues. The former one is about the timing to show learners their learned learning logs in quizzes. The 
system adopts the graduated-interval recall method proposed by Pimsleur (Pimsleur, 1967). The intervals are 5 hour, 
1 day, 5 days, 25 days, 4 months, and 2 years and so on. That is to say, after a learner added a learning log, the quiz 
about it will be available after 5 hours and then after 1 day and so on. Learners will be reminded continually. With 
respect to what to recommend, the system firstly takes into account the profile of the owner to recommend learning 
objects. It means that the learning log whose owner has the same study language and mother language will be 
recommended firstly. Also, the two learners should have same language abilities. And the recommended learning 
logs are followed in the order of reference times.  
 
 
Evaluation and results 
 
Method 
 
There are two goals for us to evaluate the system and the method. Firstly we intend to investigate what kinds of 
benefits the system can bring for the learners and what kinds of improvements are needed by the learners. Secondly, 
we would like to observe how the learners act on the different kind of recommendation and what the limitations of 
the recommendation method are. To achieve the two goals, we conducted an experiment which lasted from April 15 
to July 11 in 2011. 11 international students including 3 Chinese, 2 Taiwanese and 6 Korean participated. All of 
them have been in Japan for less than a year. The device adopted is Galaxy Tab SC-01C produced by Samsung. The 
transmission rate of 3G is 300 kb/s.  
 
The experiment is divided into two steps. The first step (April 15~June 27) is used to evaluate the system. During 
this period, learners used the system to support their learning in daily lives. After more than 10 weeks of 
accumulating learners’ learning history data, our experiment started the second step. This step is used to observe the 
context-aware and personalization method. It lasted two weeks. The first week was taken as a comparison, in which 
we sent each learner 3 pieces of recommendation messages randomly per day. The number of 3 is an approximate 
number on the basis of the presumption of the recommendation in the previous week. In the second week, the system 
provided them with the recommendation messages based on the analysis of the contexts and learning habits. After 
the experiment, the participators are asked to complete questionnaires.   
 
 
 Results 
 
This section we will introduce the results of our experiment by analyzing the user history data and the results of the 
tests and the questionnaires. The results of two steps of the experiment are introduced separately.  
 
At the first step of the experiment, 1564 learning logs (AVE = 142.2, SD = 62.8) were uploaded and 4232 quizzes 
(AVE = 384.7, SD = 249.4) were done. That is, a learner records 1.95 learning logs and does 5.3 quizzes every day. 
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It means that they engaged in the system well. But high Standard Deviations reveal that each learner’s involvement 
differs greatly. Hence, we decide to focus on statistics on every learner’s usage of the system. In figure 5, x axis 
stands for the number of the memorized learning logs and y axis stands for the number of times of using SCROLL. If 
a learner answered correctly to the quiz about one learning log more than twice, this learning log is perceived as his 
memorized learning log. The number of times of usage consists of three parts: the number of learning logs that a 
learner saved, the number of times he did quizzes and the number of times of viewing learning logs. Figure 5 
indicates that the more a learner engages in the system, the more learning logs he can remember.  
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Figure 5. Number of memorized learning logs and number of times of using SCROLL 

 
The questionnaire also asked the learners about how they evaluted the system. Table 1 shows the results (A five-
point Likert-scale is used, the responses to which were coded as 1 = strongly disagree through to 5 = strongly agree.). 
From both Q1 and Q2, we can see that the system has a high usability and learners are satisified with using it instead 
of paper.  
 

Table 1. Questions about SCROLL in questionnaire 
Number Question Score SD 
Q1 Is it easy for you to use SCROLL? 4.6 0.48 
Q2 Is it better to use SCROLL than to use paper? 4 1.04 
 
The second step of the experiment lasted two weeks. The first week is the control week and the second week is the 
experimental week. Table 2 presents an overview of the recommendation number and the response number in the 
two weeks. In the control week, the system randomly sent learners 224 pieces of recommendation messages and the 
participants responded only 19 pieces of them, rated 8.5%. In the experimental week, system sent 169 pieces of 
messages and the response rate increased to 33.1%. This increment demonstrates that comparing with the random 
recommendation, learners really benefited from the recommendation based on learning contexts and learning habits. 
Furthermore, according to the result of the questionnaire, 81.2% of the participants think the recommendation 
messages have stimulated them to learn more.  
 

Table 2. The recommendation messages and the response 
 Total number Response number Response rate 
 1st week 224 19 8.5% 
 2nd week 169 56 33.1% 
 
As in the second week the recommendation method includes these three types, we would like to explore how the 
learners act on each type. Table 3 shows the total number of the recommendation messages, number of the response, 
response rate, average of evaluation score and the SD (Standard Deviation) of the evaluation score for three types of 
recommendation. From Table 3, we can see that learners responded the location-based quiz reminder messages most 
frequently and they also scored this type of recommendation highest.  
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Table 3. The recommendation messages and the response 
Recommendation Type Total Responses Percentage Evaluation SD 
Location-based quiz reminder 87 35 40.2% 4.1 0.539 
Location-based learning logs 
recommendation 72 18 25.0% 3.9 1.136 

Learning habits based prompting 10 3 30.0% 4.0 0.632 
 
 
Comments from the participants 
 
After the experiment, we also asked the participants to give their comments and share the episodes of using SCROLL 
system. Here we firstly pick out some positive comments and episodes: 
 It is very helpful for me to memorize what I have learned by doing quizzes. Especially, the location based 

learning logs are very impressive. 
 It is very interesting to be recommended other learners’ vocabulary about food.  
 It is very convenient to record what I have learned, especially when I travel.  Also, it is easy to review what I 

have learned.  
 The advantage of the SCROLL system for me is that it gave me the motivation to study Japanese. And I can 

easily retain what I have learned, because the pictures I took usually help me to recall them.  
 As I had to take a JLPT (Japanese Language Proficiency Test), it helped a lot to prepare for the examination.  
 Honestly every Sunday I wanted to relax the whole day. But when the recommendation came to me, I realized 

that I had to study Japanese. It kept my motivation. 
 I always forget how to read a kind of noodle called “kamatama udon”. But it is very helpful to review it before 

I order it in an “udon shop”. 
 When I talk in Japanese, sometimes I forget the word I learned. But with this system, it is easier to recall them.  

 
From the positive comments and the episodes, we learn that learners benefit from the SCROLL system and the 
method well. The advantages such as easily capturing learning logs, reviewing old knowledge when in need, 
recalling via pictures and quizzes and keeping motivations via system recommendation and so on are mentioned in 
their comments. However, there are still some deficiencies reported by the participants: 
 SCROLL system is very good. But I prefer to use paper, because it is more convenient.  
 The battery is draining too fast. Especially, the GPS consumes too much power.  
 The speed of Internet is too slow.  
 The Galaxy Tab is a little big. It is inconvenient to bring it with me. 
 As a Chinese, it is very easy for me to know the Kanji meanings but difficult to learn its pronunciation. However, 

the quizzes contain too many Kanji without its phonetic information. It will be more useful if it provides them.  
 Sometimes the system alarms at classes. This embarrassed me.  
 

From the above comments, we learn that battery, the Internet and the size of the device are unsatisfactory and the 
recommendation system is still with some limitations. In addition, some special functions are requested and some of 
them still prefer to use the traditional way to keep record of knowledge.  
 
 

Discussion and conclusions 
 
With the results of the experiment and the comments provided by the participants, we would like to have a 
discussion about the study. 
 According to the questionnaire, SCROLL is helpful for most of learners to record and review their learning logs. 

Compared with paper-based note taking, it facilitates learners retrieving their learning logs anytime and 
anywhere. However, there are still learners who prefer to use paper. This can be accounted for by the reason 
that some learners are more used to paper. For example, with papers they don’t need to worry about the battery, 
internet speed and the usability of the system and so on. Besides, they can freely write on the paper, whatever 
they want to. On the contrary, in order to share with other learners and easily to be understood by the system, 
learners have to follow the template. This is a limitation of the system and it should be enhanced in the future 
work.  
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 The results of the experiment also prove that most learners benefit from the context-aware based 
recommendation and learning habits based prompting. The recommendation and prompting messages are 
provided in a relatively appropriate context and exert positive effects on keeping learners’ motivation and 
recalling their old knowledge. However, the responses rates on the recommendation messages are relatively low 
and some users complained they were disturbed by the recommendation messages during classes. It is found out 
that it is difficult to catch concrete learners’ contexts and their current learning motivation, because learners’ 
willingness to study is always changing but the predication of the system is static. Consequently, it is necessary 
to empower the learners to control the recommendation method more so that they can customize the actions of 
the context-aware based and learning habit based recommendation. That way after the system achieved their 
learning habits, learners can view their own learning habits, and can change them. For example, a learner can 
determine the place where he usually studies in the map and he can change the place if he wishes. What’s more, 
the learner can customize the action of the device when the system sends a recommendation message. For 
instance, he can set that the device will ring a tone or vibrate when the system shows recommendation messages.  
 

 Through the experiment, we learned that in some cases it was difficult for a learner to master other learners’ 
learning logs, even though they made correct answers to the quizzes. In our opinion, the learning log is a kind 
of knowledge with experience. Learners can learn more through experience than only viewing the other 
learners’ experience. Therefore, it is necessary to help learners to experience other learners’ learning logs. This 
is a very important issue in this study.  
 

To conclude this paper, two aspects of things should be touched upon. Firstly, about the learning log system, we have 
found that most learners prefer to use this kind of tool for efficient learning, because it not only can store learners’ 
learning contents but also help them to recall them. Besides, the usability of our system satisfied most of the learners. 
However, there are still some limitations such as the low speed of the 3G, the insufficient battery and the barrier to 
use the smartphones existed. But with the evolution of the mobile technology, this trend is inevitable. And besides 
language learning, other kinds of learning should be supported as well. 
 
Secondly, learning log does not only contain knowledge and experience, but also record learners’ learning context 
history information. Such information provides us a possible approach to know learners better, such as their learning 
habits. Besides, the smartphones can catch learners’ current learning context. Our research has proved that these two 
kinds of data can be used to support learners’ learning. However, because learners’ activities are not always 
consistent with learning habits and the sensor technology cannot detect the learners’ whole learning context perfectly, 
the learners’ response rates to the recommendation are not satisfied. But we believe that the smartphones will be 
equipped more different kinds of sensors in the future and the device will know learners’ better. As for our future 
work, we will try to use both learners’ schedule and learning habits to catch learners’ learning contexts more 
accurately.  
 
 
Acknowledgements 
 
This research work was supported by JST PRESTO, and the Grant-in-Aid for Scientific Research No. 21650225 
from the Ministry of Education, Science, Sports, and Culture in Japan. 
 
 
References 
 
Ashbrook, D., & Starner, T. (2003). Using GPS to learn significant locations and predict movement across multiple users. 
Personal and Ubiquitous Computing, 7(5), 275–286. 

Chen, G., & Kotz, D. (2000). A survey of context-aware mobile computing research. (Technical Report No. TR2000-381) 
Hanover, NH: Dartmouth College Publisher. 

Chiou, C. K., Tseng, J. C. R., Hwang, G. J., & Heller, S. (2010). An adaptive navigation support system for conducting context-
aware ubiquitous learning in museums. Computers & Education, 55(2), 834–845. 

Clough, G. (2010). Geolearners: Location-based informal learning with mobile and social technologies. Learning Technologies, 
IEEE Transactions on, 3(1), 33–44. 

371 



Dai, L., Lutters, W. G., & Bower, C. (2005). Why use memo for all?: restructuring mobile applications to support informal note 
taking. CHI’05 extended abstracts on Human factors in computing systems, 1320–1323. doi: 10.1145/1056808.1056906 

Houser, C., Thornton, P., & Kluge, D. (2002). Mobile learning: Cell phones and PDAs for education. Proceedings of 
International Conference on Computers in Education (pp. 1149–1150). doi: 10.1109/CIE.2002.1186176 

Hsieh, T. C., Wang, T. I., Su, C. Y., & Lee, M. C. (2012). A fuzzy logic-based personalized learning system for supporting 
adaptive English learning. Educational Technology & Society, 15(1), 273–288. 

Hwang, G. J., Chu, H. C., Lin, Y. S., & Tsai, C. C. (2011). A knowledge acquisition approach to developing Mindtools for 
organizing and sharing differentiating knowledge in a ubiquitous learning environment. Computers & Education, 57(1), 1368–
1377. 

Hwang, G. J., Chu, H. C., Shih, J. L., Huang, S. H., & Tsai, C. C. (2010). A decision-tree-oriented guidance mechanism for 
conducting nature science observation activities in a context-aware ubiquitous learning environment. Educational Technology & 
Society, 13(2), 53–64. 

Hwang, G. J., Kuo, F. R., Yin, P. Y., & Chuang, K. H. (2010). A heuristic algorithm for planning personalized learning paths for 
context-aware ubiquitous learning. Computers & Education, 54(2), 404–415. 

Hwang, G. J., Shi, Y. R., & Chu, H. C. (2011). A concept map approach to developing collaborative Mindtools for context-aware 
ubiquitous learning. British Journal of Educational Technology, 42(5), 778–789. 

Hwang, G. J., Wu, P. H., & Ke, H. R. (2011). An interactive concept map approach to supporting mobile learning activities for 
natural science courses. Computers & Education, 57(4), 2272–2280. 

Kang, J. H., Welbourne, W., Stewart, B., & Borriello, G. (2005). Extracting places from traces of locations. ACM SIGMOBILE 
Mobile Computing and Communications Review, 9(3), 58–68. 

Karpicke, J. D., Butler, A. C., & Roediger, H. L. (2009). Metacognitive strategies in student learning: Do students practice 
retrieval when they study on their own. Memory, 17(4), 471–479. 

Knoblauch, R. L., Pietrucha, M. T., & Nitzburg, M. (1996). Field studies of pedestrian walking speed and start-up time. 
Transportation Research Record: Journal of the Transportation Research Board, 1538, 27–38. 

Lin, M., Lutters, W. G., & Kim, T. S. (2004). Understanding the micronote lifecycle: Improving mobile support for informal note 
taking. Proceedings of the SIGCHI conference on Human factors in computing systems, 6, 687–694. doi: 10.1145/985692.985779 

Nelson, D. L., Reed, V. S., & Walling, J. R. (1976). Pictorial superiority effect. Journal of Experimental Psychology: Human 
Learning and Memory, 2(5), 523–528. 

Nguyen, V. A., Hanoi, V., & Van Cong, P. (2012). CAMLES: An adaptive mobile learning system to assist student in language 
learning. Proceedings of Seventh International Conference on Wireless, Mobile and Ubiquitous Technology in Education (pp. 72–
76). doi: 10.1109/WMUTE.2012.19 

Ogata, H., Li, M., Bin, H., Uosaki, N., Moushir, M. E.-B., & Yano, Y. (2010). SCROLL: Supporting to share and reuse 
ubiquitous learning log in the context of language learning. Research and Practice in Technology Enhanced Learning, 6(2), 69–
82. 

Ogata, H., Li, M., Hou, B., Uosaki, N., El-Bishouty, M. M., & Yano, Y. (2010). Ubiquitous Learning Log: What if we can log our 
ubiquitous learning? Proceedings of the 18th International Conference on Computers in Education (pp. 360–367). Retrieved from 
the ICCE website: http://www.icce2010.upm.edu.my/contentpro.html 

Ogata, H., Miyata, M., Hou, B., & Yano, Y. (2010). JAMIOLAS2: supporting Japanese mimetic words and onomatopoeia 
learning with wireless sensor networks for overseas students. International Journal of Mobile Learning and Organisation, 4(4), 
333–345. 

Padmanabhan, V. (2008). Distributed sensing using mobile smartpones. ITmagazine, 22–24. 

Pimsleur, P. (1967). A memory schedule. The Modern Language Journal, 51(2), 73–75. 

Toshiaki, Z., Ryota, H., Hirokazu, A., & Tadashi, K. (2005, December). Development of a method for estimating transportation 
modes with handy GPS equipment. Paper presented at the 4th ITS Symposium, Tokyo, Japan. 

Tulving, E., & Thomson, D. M. (1973). Encoding specificity and retrieval processes in episodic memory. Psychological review, 
80(5), 352–373. 

372 

http://dx.doi.org/10.1145/985692.985779
http://dx.doi.org/10.1109/WMUTE.2012.19


Yau, J. Y. K., & Joy, M. S. (2010, March). Designing and evaluating the mobile context-aware learning schedule framework: 
Challenges and lessons learnt. Paper presented at the IADIS International Conference Mobile Learning, Porto, Portugal. 
Retrieved from http://eprints.dcs.warwick.ac.uk/64/ 

Yau, J. Y. K., & Joy, M. (2011). A context-aware personalised m-learning application based on m-learning preferences. 
International Journal of Mobile Learning and Organisation, 5(1), 1–14. 

Zhou, C., Bhatnagar, N., Shekhar, S., & Terveen, L. (2007). Mining personally important places from GPS tracks. Proceedings of 
International Conference on Data Engineering Workshop (pp. 517–526). doi: 10.1109/ICDEW.2007.4401037 

 

373 

http://dx.doi.org/10.1109/ICDEW.2007.4401037


Zaharias, P., Machael, D., & Chrysanthou, Y. (2013). Learning through Multi-touch Interfaces in Museum Exhibits: An Empirical 
Investigation. Educational Technology & Society, 16 (3), 374–384. 

Learning through Multi-touch Interfaces in Museum Exhibits: An Empirical 
Investigation 

 
  Panagiotis Zaharias¹*, Despina Michael² and Yiorgos Chrysanthou3 

1Open University of Cyprus, Information Systems, Faculty of Pure and Applied Sciences, PO Box 12794, 2252, 
Latsia, Cyprus //  2Cyprus University of Technology, Multimedia and Graphic Arts Department, 30 Archbishop 
Kyprianou Str. 3036, Limassol, Cyprus // 3University of Cyprus, Computer Science Department, 75 Kallipoleos 

Street, P.O.Box.20537, CY-1678, Nicosia, Cyprus // pz@aueb.gr// despina.michael@cut.ac.cy // 
yiorgos@cs.ucy.ac.cy 

*Corresponding author 
 

(Submitted January 23, 2012; Revised May 24, 2012; Accepted September 12, 2012) 
 
ABSTRACT 

Interactive technologies are employed in museums to enhance the visitors’ experience and help them learn in 
more authentic ways. Great amounts of time and money and many man-hours of hard work have been spent. But 
do such systems indeed achieve their goals? Do they contribute to a greater user experience (UX) and learning 
effectiveness? In this paper we describe the use of the “Walls of Nicosia” a 3D multi-touch table installed at the 
Leventis Municipal Museum in Nicosia, Cyprus. Two groups of students actively participated in this empirical 
study (they attended the 5th year class at elementary school, all aged from 10 to 11 years old): a) The traditional 
group (control group) where students took a guided tour throughout the museum and learned about the walls of 
Nicosia through printed maps exhibited at the museum and b) the virtual group where students interacted with 
the multi-touch application. The main aim of the study was to assess the learning performance and user 
experience between the two groups. Results showed no statistically significant differences in the learning 
performance but the virtual group reported user experience at significantly higher levels. The main findings are 
discussed and ideas for future research are presented. 

   
Keywords  

Interactive learning environments, Evaluation methodologies, Elementary education, Virtual reality, 
Multimedia/hypermedia systems 

 

Introduction 
 
Traditionally museums were using only real objects as exhibits to convey information to their visitors. During last 
two decades a new trend exists which is based on the involvement of the visitor and thus museums exploit 
technologically advanced systems to achieve their targets (Wishart and Triggs, 2010). The use of such systems aim 
in two directions: firstly to attract more visitors to the museums and secondly to “pass” the knowledge to their 
visitors in a more effective way. 
 
Great amount in budgets and many man-hours of hard work and effort are spent to develop such systems. Does it 
really worth to do so? Do such systems indeed achieve their goals? Do they enhance the user experience (UX)? In 
this study we evaluate the learning performance and user experience of such a system installed at the Leventis 
Municipal Museum in Nicosia, Cyprus. The system under investigation is a 3D multi-touch table that runs an 
application about “the Walls of Nicosia” which is the fortification of Nicosia in different historical periods. We 
compare the results with those achieved with the traditional way of getting information from a museum which is by 
studying the exhibits (printed maps).  
 
In the following section we describe related work on interactive systems installed at the museums. The Section 3 
describes the multi-touch system that is evaluated and the application “The Walls of Nicosia” that runs on it. The 
next section, Section 4, is about the method that has been followed for the empirical evaluation. Results of the 
experiments are demonstrated at the Section 5. Finally at the last section we discuss our results and we give 
directions for further work on the subject. 
 
 

374 ISSN 1436-4522 (online) and 1176-3647 (print). © International Forum of Educational Technology & Society (IFETS). The authors and the forum jointly retain the 
copyright of the articles. Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies 
are not made or distributed for profit or commercial advantage and that copies bear the full citation on the first page. Copyrights for components of this work owned by 
others than IFETS must be honoured. Abstracting with credit is permitted. To copy otherwise, to republish, to post on servers, or to redistribute to lists, requires prior 
specific permission and/or a fee. Request permissions from the editors at kinshuk@ieee.org. 



Related work  
 
Technology is exploited recently by modern-day museums as a tool to convey information to their visitors; physical 
or virtual ones. Many museums setup technologically advanced systems in their physical space to attract more 
visitors and convey information in a more effective way or use online technologies in order to disseminate 
knowledge to remote visitors as well. Such systems are (or at least they should be) based on a theoretical background 
for learning and knowledge in the context of museum’s content. In this section we give a brief theoretical 
background on learning related to technology and then we review work that has been done on interactive systems 
implemented in museums. 
 
Hawkey (2004) made a review of aspects of learning provided by museums and galleries through the use of digital 
technologies. There are different learning philosophies regarding the learning opportunities in museums: should 
museums offer delivery or engagement? Should the underpinning rationale be a passive/transmission view or an 
active/constructivist view?  Different taxonomies of learning experiences in a museum have been proposed. 
Gammon (2001) in his practical guide for museum evaluators classifies the learning process to cognitive, affective, 
social, skills development and personal categories. Hooper-Greenhill et al., (2003) proposed a quite similar set of 
learning experiences in a museum: a) knowledge and understanding, b) skills, c) values and attitudes, d) enjoyment, 
inspiration and creativity, and e) activity, behavior and progression. 
 
During the recent years main emphasis has been put on a constructive process where the visitor feels that she is a 
privileged participant who has several possible learning pathways and possibilities. Accordingly, most of the 
proposed learning taxonomies take into account new learning developments and theories; such developments 
approach learning in the digital age as not a passive transmission of information to the learners/users of interactive 
technologies but as an active process through which people construct new understandings of the world around them 
(Resnick, 2001). 
 
Such an approach can be verified by recent research findings that highlight the crucial role that technology and 
interactive systems can play in helping to maintain museums as constructive learning spaces. Interactive systems 
used by museums can be separated in two categories; those accessible from remote visitors, through online 
multimedia or VR systems and those systems that are located within the physical space of a museum. In the first 
category we have virtual museums, which extend the physical museums in a variety of ways (Bennet & Hodges, 
2005). Focusing on 3D representations, a virtual museum may be a digital depiction of the existing museum and its 
exhibits (Kunkel & Averkiou & Chrysanthou, 2008; Patias, Chrysanthou, Sylaiou, Georgiades & Michael & 
Stylainidis, 2008), or it might include a combination of objects existing in several museums, while in some cases the 
3D objects that have been modeled are based on description of historical documents (Gaitatzes & Christopoulos & 
Roussou, 2001). This category of systems, aims to convey information and knowledge that can be found at the 
museums, to virtual visitors who are not able to visit physically the museum. 
 
Systems in the second category, that are located within the museum, aim to attract more visitors at the physical space 
of the museum. They provide modern ways of learning while increasing the satisfaction of museum’s visitors. They 
allow the virtual interactivity of the user with a 3D representation of objects or the tour within virtual worlds. This 
category includes applications that run on VR systems (Roussou, 2001), Augmented Reality systems 
(Wojciechowski, Walczak & White & Cellary, 2004), haptics devices (Loscos, Tecchia, Frisoli,  Carozzino, 
Widenfeld & Swapp &  Bergamasco, 2004), multi-touch tables (Averkiou & Chrysanthou, 2009;  Geller, 2006) etc. 
These technologies combine in a great extent entertainment and education/ training. 
 
Several studies have examined the aforementioned systems and applications for their learning strengths and 
affordances. Issues such as the learners’ engagement and motivation, as well as the increase of learning performance 
and retention of knowledge have been investigated (Ang & Wang, 2006; Hut, 2007; Nijholt, 2000). More recently 
there is a focus on the provision of authentic learning experiences and the organization of learning activities. In the 
MuseumScouts project (Wishart & Triggs, 2010) a learner-centred approach in museums is adopted. In this project 
learners use information they collect during authentic learning opportunities in a museum to design short interactive 
multimedia teaching presentations with collaborative authoring tools.  
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Evaluation of such systems (Chittaro & Ieronutti & Ranons, 2004; Karoulis & Sylaiou & White 2006; Tzanavari, 
Vogiatzis, Zembylas & Retalis & Lalos, 2005) is another main research issue, since they are used by users with a 
great diversity in their profiles. Despite the increasing interest in the evaluation of museum interactive technologies, 
there is little knowledge regarding the crucial issue of user experience (UX) evaluation. Vavoula, Sharples, Rudman, 
& Meek & Lonsdale (2009) presented an evaluation of Myartspace, a service on mobile phones for inquiry-led 
learning. Such a service allowed students to gather information during a school field trip which is automatically sent 
to a website where they can view, share and present it, back in the classroom or at home. The evaluation during this 
study focused on usability issues, educational effectiveness and the impact of the new technology on school museum 
visits practice. 
 
Reynolds & Walker & Speight (2010) described a three-stage qualitative evaluation programme of web-based 
museum trails in the Victoria and Albert Museum in London. The trails were only partially successful from a 
technological standpoint due to device and network problems. Nevertheless student feedback showed that overall the 
trails enhanced students’ knowledge and their interest in the museums’ objects.  
 
 
The Walls of Nicosia 
 
The application "The Walls of Nicosia” is an interactive application that runs on a multi-touch table (Figure 1). The 
aim of this application is to allow the user to have a virtual tour through the fortifications of Nicosia across the 
centuries and learn about the Walls of the city at each historical period. The target was to explain and present the 
development of the area and the history of the development of the fortifications of the city – From a Roman and 
Byzantine Castle to a Medieval Royal Capital and a Venetian Fortified city.  
 

 
Figure 1.  The application “The Walls of Nicosia” runs on a multi-touch table. 

 
The application uses 3D models (Figure 2) representing the fortifications of the city as well as the most important 
landmarks for five historical periods: pre-Roman (villages with no fortification), Roman castle, Byzantine castle, 
Lusignan Walls and Venetian Walls.  
 

 
Figure 2. The fortifications of the city with the most important landmarks demonstrated with 3D models. 
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The interaction is achieved through the multi-touch surface of the table. A menu appears on the top of the screen of 
the table with a clickable button for each historical period. The users can navigate through time by touching using 
one finger on the corresponding button. They can then interact and study the 3D models of the historical period they 
choose using intuitive gestures, touching the surface with one or two fingers at a time. The users are able to zoom 
in/out, pan and tilt the virtual camera. 
 
A helping menu exists on the interface of the application, describing which gesture should be used by the user in 
order to perform a specific operation. A compass, on the top-right corner of the interface, assists the users with 
orientation. Traditional music is played for each historical period, in order to immerse the user. 
 
The multi-touch table hardware is based on back projection. A projector, connected with the host computer resides 
inside the table. The final image on the top surface is produced with the use of a mirror that reflects the projector image. 
This technique is used in order to virtually increase the space within the table and allow us to use a standard DLP 
project (not a short throw one). The gestures of the user’s fingers are tracked using infrared light. 300 LEDs and an 
infrared camera have been mounted inside the table for the finger tracking. LEDs emit light toward the table surface. 
When a user touches the surface the infrared light is reflected back and the infrared camera captures that light. Each 
frame that is captured by the camera is processed in order to detect the position of the user’s fingers on the screen. 
 
 
Pedagogical affordances of “The Walls of Nicosia”  
 
The main purpose of “The Walls of Nicosia” is to provide rich interactivity and to facilitate users/visitors 
engagement and participation. “The Walls of Nicosia” was developed so as to provide several pathways to explore 
the walls of Nicosia during distinct historical times. Priority was given to provide an inquiry-based learning 
experience to the visitors. Inquiry learning is considered to be a very effective pedagogical strategy for a museum 
visit (McLeod and Kilpatrick, 2001). To this end, this interactive 3D application followed the pedagogical approach 
of guided-inquiry (Colburn, 2000). A typical scenario of guided inquiry in a museum prescribes a short introduction 
(by the teachers and museum guides) and then it is expected that students/visitors will be guided to uncover critical 
concepts for themselves and finally learn from the museum’s objects rather than simply learn about them. “The 
Walls of Nicosia” provides opportunities for “hands-on” exploration while the 3D models of each historical period 
and the facility to zoom in/out, pan and tilt the virtual camera provides a greater sense of interactivity and 
authenticity to the users.   
 
 
Methods 
 
Research design 
 
This study compared two different types of classes: (a) a traditional one (control group) where children took a guided 
tour throughout the museum and learned about the walls of Nicosia through printed maps exhibited at the museum and 
(b) the virtual group where children interacted with the multi-touch application "The Walls of Nicosia". The main aim 
was to assess the learning performance and user experience between the two groups. The two different classes were 
based on the same learning content and learning objectives and both of them were located at the same place, the 
Leventis Municipal Museum of Nicosia. Accordingly in this study the following research questions were investigated:  
Are there any differences in the learning performance between students of the traditional group and the virtual group? 
Are there any differences in the user experience between students of the traditional group and the virtual group? 
 
 
Participants  
 
The participants for the study were randomly selected from a list of elementary schools in Nicosia. In total 53 
children (24 girls and 29 boys) participated in this study from 3 Elementary Schools of Nicosia. The children 
attended the 5th year class at elementary school, all aged from 10 to 11 years old. 
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Data collection  
 
Quantitative data were collected and observations were made by the authors that supported quantitative findings. 
Two questionnaires were developed:  
• A pre-test questionnaire containing two parts, one part for collecting demographic information (age, gender, 

year at school) and the second part for evaluating learning performance, i.e., a knowledge test regarding the 
walls of Nicosia. The knowledge test contained 10 multiple-choice questions on issues related with the walls of 
Nicosia. This test was developed by the authors in collaboration with a colleague who is a school teacher and 
teaches topics on local history. The content validity was assessed by three experienced teachers who were 
responsible for the visit in the museum and they had very good knowledge about the history of Nicosia at 
different times. 
 

• A post-test questionnaire containing two parts, one part for assessing the user experience and the second part for 
evaluating learning performance. As already mentioned the users in this field study were children. Therefore in 
order to assess the user experience we employed the Smileyometer and the Again-Again table (appendix). Both 
of them are tools contained in the FunToolkit (Read, 2008), which is a well-known and validated technique for 
assessing user experience with technology when the users are children (reliability analysis shown Chronbach’s 
Alpha a = 0.786, for the total scale and N = 53). The knowledge test was the same as included in the pre-test. 

 
Students’ observation took place for both classes. The focus of this observation was to capture their motivation and 
experience as expressed by gestures, body movements, attention and words.   
 
 
Procedure  
 
Concerning the procedure, the 53 students that participated in this field study were randomly (by using the lottery 
method) assigned to one of two groups: the traditional group (control group) and the virtual group. None of the 
students had ever been taught anything about the walls of Nicosia before. In addition as pointed out, both 
interventions (traditional class and virtual class) were based on the same learning content and learning objectives. 
Therefore we can assume that any differences in the learning performance and user experience can be attributed to 
the different type of classes (i.e. the two different interventions). Before starting the museum visit, students from 
both classes completed the questionnaire with demographic information (gender, age and year at school) and the 
knowledge test. Right after, the visit began in parallel for the two groups which last about 60-65 minutes. The visit 
experience included three parts: the first part was an introductory talk given by the teachers along with the 
presentation of the main exhibits (maps and multi touch table). The second part (20 minutes) was dedicated to a 
lively discussion and commentary on the Walls of Nicosia. The third part (20 minutes) focused on the assessment of 
User experience and the final knowledge test.    
 
One researcher was present at each group. The traditional group entered the room with maps. Maps of the walls of 
Nicosia from different chronological periods are exhibited in this room. The teacher talked to the students about the 
fortifications showing to them the corresponding information on the maps (Figure 3).  
 

 
Figure 3. Exhibition of the printed maps at the traditional group 
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The multi-touch table running the application was set up in a separate room. Students entered the room and a short 
introduction about the system followed by the researcher. Then the teacher talked to the students about the Walls. 
The teacher was interacting with the application while she was talking to the students and she was showing the 
corresponding information for the walls on the system. 
 
Teaching and discussion in both groups was interactive. The teachers asked students several questions about the 
walls (e.g., their shape, extend etc) and prompted the students to express and share their opinions. The students were 
requested to find the answers by studying the maps for the traditional group or by interacting with the system for the 
virtual group. The researcher that observed the virtual group noted that there was a great enthusiasm and curiosity by 
the students. In cases where students did not give an answer, the correct answer was then given by the teacher. After 
the introduction and presentation of the system (first part of the visit), students in the virtual group were called to 
interact with the multi-touch table two at a time (second part). Afterwards students were given around 20 minutes 
(third part) in order to complete the post-test questionnaire by filling out the Smileyometer, the Again-Again table 
and the knowledge test. 
 
 
Data analysis and results 
 
This study investigates a) whether there is a difference in learning performance between the students of the two 
different groups and b) whether there is a difference in user experience between the students of the two different 
groups. In order to identify any differences in the learning performance for the pre-test and the post-test phase an 
independent samples t-test analysis was performed. Significance level was set at 0.05 for all the analyses performed. 
For the investigation of changes in the learning performance within each group across the pre-test and the post-test 
phase, two paired-samples t-test were performed. Concerning the knowledge tests, a total score was calculated 
ranging from 0 to 10. Independent samples t-test was also employed in order to compare user experience between the 
two classes. 
 
 
Comparison of two groups regarding the learning performance  
 
As far as concerns the pre-test phase, the t-test analysis did not revealed statistical significant differences [(t51) = -
.304, p = .762] between the traditional group (M = 2.81, SD = 1.642) and the virtual group (M=2.69, SD=1.258) 
(Table 1). Such finding reveals that both groups had similar background knowledge on the walls of Nicosia. 
 

Table 1. Pre-test learning performance 
 Intervention N Mean Std. Deviation t Sig. (2-tailed) 
Pre-test 
knowledge score 

Virtual group 26 2,69 1, 258 -,304 ,762 
Traditional group 27 2,81 1,642 

 
 
For the post-test phase the independent samples t-test analysis did not revealed statistical significant differences ((t51) 
= -1.889, p = .065) between the traditional group (M = 7.81, SD = 1.902) and the virtual group (M = 6.81, SD = 
1.980). Although learning performance shows that traditional group performed higher at the post-test knowledge 
questionnaire (Table 2), this was a non statistical significant result. 
 

Table 2. Post-test learning performance 
 Intervention N Mean Std. 

Deviation 
T Sig. (2-tailed) 

Post-test 
knowledge score 

Virtual group  26 6,81 1,980 -1,889 ,065 
Traditional group 27 7,81 1,902 

 
 
Regarding the change in the learning performance within each group across the pre-test and the post-test phase, the 
two paired-samples t-test showed significant changes for both groups (Table 3). In the traditional group there was a 

379 



significant increase in learning performance from pre-test (M = 2.81, SD = 1.642) to post-test phase (M = 7.81, SD = 
1.902), t(26) = -10.221, p<0.001). Mean increase in learning performance was 5,000. In the virtual group there was 
also a significant increase in learning performance from pre-test (M = 2.69, SD = 1.258) to post-test phase (M = 6.81, 
SD = 1.908), t(25) = -9.474, p<0.001). Mean increase in learning performance was 4.115 (Table 3), which was 
slightly smaller than the increase in the traditional group.  
 
 

Table 3. Changes in learning performance 
 Paired differences  

  Mean N Std. Deviation Mean  T Sig. (2-tailed) 
Traditional 
group  

Pre-test learning 
performance 

2,81 
 

27 1,642 -5,000 -10,221 ,000 

Post-test learning 
performance 

7,81 27 1,902 

 Paired differences  
  Mean N Std. Deviation Mean  T Sig. (2-tailed) 
Virtual  
group  

Pre-test learning 
performance 

2,69 26 1,258 -4,115 -9,474 ,000 

Post-test learning 
performance 

6,81 26 1,980 

 
 
Comparison of two groups regarding the user experience 
 
We move on with the analysis of the second research question which is about the user experience. Independent 
samples t-test was also employed in order to compare user experience between the two classes. For the Smileyometer, 
the analysis showed statistical significant differences [(t51) = 3.042, p = .004] between the traditional group (M = 
3.96, SD = 0.898) and the virtual group (M = 4.65, SD = 0.745). It is evident that students from both classes reported 
high levels of user experience, however findings from this analysis shows that virtual group reported user experience 
at significantly higher levels (Table 4). For the Again-Again table, analysis also revealed statistical significant 
differences [(t51) = 2.947, p = .016] between the traditional group (M = 2.33, SD = 0.452) and the virtual group (M 
= 2.73, SD = 0.679) (Table 4).  
 
In order to control other variables for possible effects on the results, additional test were performed. In more details, 
we tested whether gender had a significant impact on learning performance and user experience. No statistical 
significant differences were found for learning performance as for the pre-test [(t51) = 1.516, p = 0.136] and the 
post-test [(t51) = - 1.070, p = 0.290]. No statistical significant differences were found for user experience [(t51) = -
0.693, p = 0.492, for the smileyometer] and [(t51) = .144, p = 0.886, for the again-again table]. 
 

Table 4. User/visitor experience 
 Intervention N Mean Std. Deviation T Sig. (2-tailed) 
UserExperience 
(smileyometer) 

Virtual group 26 4,65 ,000 3,042 ,004 
Traditional group 27 3,96 ,833 

 
 Intervention N Mean Std. Deviation T Sig. (2-tailed) 
UserExperience 
(again-again 
table) 

Virtual group 26 2,73 ,452 2,947 ,016 
Traditional group 27 2,33 ,679 

 
 
Observations  
 
It was observed that students participating in the traditional group were passively listening to the teacher without any 
active role in the learning procedure. On the other hand students in the virtual group were enthusiastic and actively 
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engaged in the whole process. This finding is also confirmed by the quantitative analysis as far as concerns the user 
experience analysis.  
 
The discussion in the virtual group was very lively and kept the interest of the students during the whole visit. For 
instance, as soon as the teacher of the virtual group switch to the Venetian period a student said “oh now I can see 
the shape of the ramparts” which was one of the questions of the knowledge test while another student started to 
count how many ramparts exist that was the issue of another question. Some other instances from the process: When 
the teacher pointed out on the display the shape and direction of the river we observed that the students came nearer 
to the table to be able to see by themselves the river and interact with it. In addition another student stated that “the 
Walls are very big!” and the teacher confirmed his observation saying that they indeed cover several square 
Kilometers. 
 
 
Discussion and future research  
 
In this study, “The Walls of Nicosia”, a 3D multi-touch table which is part of the permanent exhibition at the 
Leventis Municipal Museum of Nicosia, is presented. The main focus is on investigating the user experience and the 
learning effectiveness after the interaction with this interactive technology. Two groups of students, who were 
visiting the museum, participated in the study. In the virtual group students interacted with the 3D multi-touch 
application in order to learn about the history of walls in old Nicosia, while in the traditional group students took a 
guided tour throughout the museum and learned about the walls of Nicosia through printed maps exhibited at the 
museum. 
 
The results showed no statistically significant differences in the learning performance between the two groups. 
Although results of learning performance shows that traditional group performed higher, this was a non statistical 
significant result.  
 
Initially it was expected that students in the virtual group would perform better; many other studies (Wishart & 
Triggs, 2010; Tüzün, Yilmaz-Soylu, Karakus & Inal & Kizilkaya, 2009;  Ke & Grabowski, 2007) with students have 
showed that interaction with 3D applications, such as games, virtual worlds etc. can contribute to higher learning 
performance across several topics (history, geography, mathematics, literature). Although the learning performance 
was increased in a statistically significant way in both groups (comparing knowledge before and after the museum 
visit), there was no significant difference in the learning performance between the two groups. Other studies as well 
(Wrzesien & Raya, 2010; Papastegriou, 2009) demonstrated no differences in the learning performance, mainly due 
to the perceived novelty of the interactive technology at hand. For instance in this study, the innovative way of 
exploring and navigating the 3D multi touch interactive environment may explain the learning performance of the 
virtual group.  The several novel features and the realistic 3D graphics of the “Walls of Nicosia” may have distracted 
to a certain extent the students in the virtual group. On the other hand the physical tour at the museum’s exhibition 
seems a more natural way of learning about the history of walls of the old Nicosia. This was more or less confirmed 
by the informal observations of the researchers and the commentaries made by the students after their visit.      
  
As far as concerns the user experience issues, findings from this study shows that virtual group reported user 
experience at significantly higher levels (as depicted in Smileyometer instrument). They seem to enjoy it more than 
the other students, being more engaged and they expressed a greater intention to repeat such a visit (as drawn from 
the Again-Again table). Such findings confirm relevant data from other studies as well (Wrzesien and Raya, 2010; 
Papastergiou, 2009). 
 
The study has some specific limitations. The knowledge test we developed was quite short and focused on factual 
type of knowledge and short-term retention. In a future study a longer-term retention of knowledge and other types 
of knowledge (other than simple concepts and mere facts) can be evaluated. To this end, future studies can perform 
some post-museum visit activities in order for the students to reflect upon what has been learned during their 
museum visit and further assess whether knowledge can be retained.    
 
Regarding the organization of the field study: The fact that students in the virtual group were called to interact with 
the multi-touch table two at time may have influence the user experience. Additionally there were two different 
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teachers who were responsible for the museum visit for the respective groups of students. Despite the fact that the 
learning content and objectives were the same and the protocol for the “teaching” process, the presentation of the 
exhibits by two different persons could influence the results in both the learning performance and the user experience. 
 
At the current state the “Walls of Nicosia” does not provide the opportunity to build an avatar, so as to enhance the 
perception of presence and the ownership of the virtual environment. Such enhancements can lead to a greater 
contribution to the learning effectiveness and the user/visitor experience; this could be investigated in a future study. 
Moreover, a future study can pursue the deeper investigation of the impact that individual museum’s visitor 
characteristics (such as specific learning and cognitive styles) may have on the learning process and the whole 
user/visitor experience. Moreover, a future work could include an assessment of anticipated user experience of both 
groups, which can further enlighten the focal research questions.   
 
In conclusion, this study demonstrates that the use of new types of interactive systems contribute to the experience of 
visitors in museums, enhancing their level of active participation and engagement and their intention to repeat visits. 
As for the learning gains that the visitor should grasp, it can be argued that such interactive technologies provide new 
learning experiences no less than the traditional exhibition methods. In many cases and after the novelty effect has 
passed, such interactive technologies can provide more authentic learning and entertainment at the same time.     
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Appendix  
 
Questionnaire for user experience: 
 

1) How was your experience in this visit?   
 

 
 

2) Would you like to do it again? 
 
 
 

Yes  Maybe No  
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ABSTRACT 

The purpose of the study was to explore the judgment criteria used by university students for evaluating online 
information about a socio-scientific issue and the associations, if any, with their epistemic beliefs. The problem 
context was a socio-scientific issue concerning the impact of electromagnetic waves on human health. The 
participants were 36 university students, who were asked to read a news report, briefly state their thoughts, and 
then proceed to the web search activity in order to determine if their thoughts were legitimate. The students’ 
search processes were recorded by web camera. After the search activity, all students were interviewed about the 
criteria used to determine the credibility of the online information. The students responded to the interview 
questions as they were watching their own web search processes. Epistemic beliefs were then assessed using 
questionnaires. A coding scheme was developed to analyze the students’ oral responses. It was found that these 
university students determined the credibility of the online information mostly with reference to the richness and 
explanative power of argument, the presence of evidence, and the authority source of information. However, 
few of them went further to examine the validity of the evidence. Correlation analyses and ANOVA showed that 
the use of overall criteria for judging the online information was associated significantly with students’ 
epistemic beliefs regarding authority. Meanwhile, the number of criteria used for justifying evidence was 
significantly associated with the students’ beliefs about learning ability and justification in science.  

 
Keywords 

Web-based learning, Online information credibility, Epistemic beliefs, Media and science education 
 
Introduction 
 
In many work places, public areas, or at home, people rely on the World Wide Web to search for information that 
can help them solve problems and make decisions. Although online technology allows instant and easy access to 
knowledge and information, there are few constraints on what kinds of information should be posted on the Internet.  
 
Consequently, web users need to develop effective judgment schemes to help them distinguish useful and credible 
online information. In the domain of science education, evaluating information is an essential part of a “scientific 
habit of mind,” which emphasizes the critical and evaluative thinking about information as the evidence for any 
claim or theory. Nevertheless, until recent years, few studies in science education have paid attention to how students 
think and make judgments about the online information that concerns the application of science and technology. 
Thus, the purposes of this study were to explore the judgment schemes employed by university students for 
evaluating online information, and discuss the factors that might influence their evaluative behaviors. 
 
 
Literature review 
 
Criteria for judging online information 
 
In the literature, a considerable amount of research regarding information searching can be found in the marketing, 
medical and health, and communication fields. In these studies, web search activities are linked to problem-solving 
and decision-making processes where the research questions are largely concerned with search strategies and 
consumer behaviors or characteristics (e.g., Darley, Blankson, & Juethge, 2010; Lin & Chan, 2009; Case, 2002). In 
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the last ten years, the World Wide Web has become a popular open source of information that can be easily accessed. 
However, since web information is often posted without proper screening, the issue about how web users evaluate 
the credibility of online information receives an increasing amount of attention from information researchers.  
 
To justify online information, information researchers propose five key criteria—accuracy, authority, objectivity, 
currency, and coverage—as a guideline for information credibility (Metzger, 2007). However, empirical studies 
show that information seekers in general do not spend all of their mental efforts on evaluating the content of the 
online information. They determine its credibility largely by considering the characteristics of source, the quality of 
the data, the reputation of the source, the site’s presentation, or sometimes only the surface features, depending on 
the search context (e.g., Eysenbach & Kohler, 2002; Fogg, Soohoo, Danielson, Marable, Stanford, & Trauber, 2003; 
Walthen & Burkell, 2002; Metzger, 2007).  
 
In the context of learning, Metzger Flanagin, and Zwarun (2003), found that although college students used the Web 
extensively for searching for general and academic information, they seldom verified what they found. Kimsey and 
Cameron (2005) reported that college students lacked the critical thinking skills to evaluate the credibility of online 
information. Sundin and Francke (2009) showed that upper secondary school learners (around age 17 and 18) in a 
social science program displayed unsophisticated search skills, and also had a hard time evaluating the credibility of 
information they found on the Web. Julien and Barker (2009) also demonstrated a similar result with students in 
biology classes. Zuccala (2010) showed that when searching the online open access of research literature, users 
referred to science journalists as fact interpreters. Meanwhile, universities and scholars were considered more 
credible as information sources. Studies that have examined the practice of the five key criteria mentioned previously 
demonstrated that these criteria were not used frequently in students’ responses, and on many occasions, only one or 
two were applied (Metzger, 2007; Julien & Barker, 2009). In sum, the studies reviewed above suggest that 
inadequate criterion systems are employed by learners for evaluating online information. 
 
In the domain of science education, a major topic of discussion regarding Internet technology is how to incorporate 
the WWW source into instructional design. A popular instructional approach is the inclusion of online search 
activities as a part of the curriculum (Jonassen, Peck, & Wilson, 1999; Linn, Davis, & Bell, 2004; Relan & Gillani, 
1997; Tsai, 2005). In general, it has been shown that such activities promote self-regulated learning and help learners 
to construct knowledge. More recently, to enhance search abilities and outcomes, a number of researchers have 
directed their attention to information needs, searching skills or strategies, and learner characteristics (Howard & 
Massanari, 2007; Jansen, Booth, & Smith, 2009; Liang & Tsai, 2010; Tsai, 2009; Hwang, Tsai, Tsai, & Tseng, 
2008). Although the roles that the online search activities can play in promoting knowledge construction have been 
recognized by science educators, until recently few studies have examined how learners evaluate online information 
during a web search. A thorough examination of this issue can reveal students’ reasoning modes, providing baseline 
information for curriculum design aimed at promoting evaluative and reflective thinking.  
 
Although literature about information credibility has been accumulating in recent years, most available studies used 
self-report surveys or after-task interviews to assess students’ evaluation performances. There are also studies 
confined to off-line environments (Mason, Boldrin, & Ariasi, 2010; Mason, Arisai, & Boldrin, 2011). The main 
problem of these methods is that they could not reflect the judgment criteria that students naturally employ during a 
particular search task. Thus, in this study, an attempt was made to address this issue. The first research question is: 
“During a naturalistic task, by what criteria did university students evaluate online information when they were 
exposed to a science-related issue that involves science and its application?”  
 
 
Epistemic beliefs and its relevance to the evaluative intention 
 
In the previous section, we argued that web users and learners at different levels tend to not employ legitimate 
schemes for evaluating online information. Information researchers have proposed a checklist training approach for 
improving evaluative ability. Basically, the approach emphasizes the one-by-one use of the five key criteria 
mentioned previously to guide the evaluation process (Metzger, 2007). Although the approach is useful, we found 
that users’ information needs (motivations), ability, and the problem contexts mediate the evaluation results (Fritch 
& Cromwell, 2001; Walthen & Burkell, 2002; Dutta-Bergman, 2004; Metzger, 2007). Hence, we believe that an in-
depth investigation of these factors will help clarify problems regarding how and why web users employ or do not 
employ criteria necessary for judging online information. 
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As mentioned, information research points out that user motivation and ability moderate the degree to which users  
evaluate online information. According to Metzger (2007), user motivation is related to personal or situational 
factors. Thus, other than the task demands, personal goals, values, and beliefs would determine whether an 
information searcher has found what he or she needs.  
 
In this study, we propose an investigation of the belief construct. In particular, we are interested in the students’ 
personal epistemic beliefs. Kitchener (1983) put forward that human cognition could be differentiated into three 
levels of activities at the cognitive, metacognitive, and epistemic levels. The epistemic level of cognitive activity 
involves personal reflections on or thinking about the epistemological assumptions about knowledge and knowing. 
Some researchers argue that personal beliefs about learning also constitute epistemological assumptions (Schommer, 
1993). In the literature, different terminologies and models have been proposed to describe the above-mentioned 
personal reflections, such as personal epistemology, personal epistemological beliefs/perspectives, and epistemic 
beliefs. Though there are still disagreements among psychologists about the nature and definitions of personal 
epistemological assumptions, empirical studies have found that personal beliefs about knowledge, knowing, and 
learning seem to mediate thinking, decision-making and knowledge construction (Kitchener, 1983; King & 
Kitchener, 1994; Hofer & Pintrich, 1997; 2002; Schommer, 1993; Yang, 2005; Yang & Tsai, 2010).  
 
In the context of web-based learning, many studies have found significant associations between epistemic beliefs and 
learning approaches as well as outcomes (Soloman, 2000; Hartley & Bendixen, 2001; Tsai, 2004; Yang & Tsai, 2008; 
Yang & Chang, 2009. Recent studies regarding web searching (Tsai, 2004; Tsai & Tsai, 2003) have indicated that 
learners’ beliefs about the subject knowledge to be learned have a large effect on online search behaviors. Moreover, 
two recent studies found that college and high-school students were able to activate their epistemic beliefs when 
doing web searches about a controversial science issue (Mason, Boldrin, & Ariasi, 2010; Mason, Arisai, & Boldrin, 
2011). Based on these studies, we believe that epistemic beliefs should also play a critical role in mediating the use 
of judgment criteria for evaluating online information. Thus, the second research question in the study is, “To what 
extent were the students’ personal epistemic beliefs related to the judgment criteria used for evaluating the online 
information?”  
 
 
Research method 
 
Subjects 
 
The participants of the study were 36 university students taking introductory courses in science education in two 
national universities in Taiwan. These students were aged from 20 to 25 and voluntarily took part in the study. Most 
of the subjects were science majors. Four were social science majors.  
 
 
Assessments Interview with “meta-recall” technique for assessing the judgment criteria 
 
To study the students’ search behavior, we used an information search platform called Meta-Analyzer, developed by 
Hwang and colleges (2008), to record online search performance. This online platform was able to record the total 
search time, navigating time, and websites that the web searchers visited and explored. To assess their judgment 
criteria, we developed an interview protocol coupled with a “meta-recall” technique for data collection. The meta-
recall was a concept inspired by a previous work conducted by Tsai (2001), who assessed students’ cognitive 
structure using the interview procedure coupled with a meta-listening technique. In most studies that employ the 
interview method, subjects are usually asked to think aloud about what they did during an activity after the activity 
has been completed. Such a procedure suffers from the fact that subjects might not be able to track their actions 
precisely because of the high cognitive demand on their memory. To reduce the memory load, we used an online 
camera, WebCam, to record all the user actions displayed on the computer screen during the search task. After the 
search task, participants took part in interviews during which they were shown their own search processes and were 
asked to comment on the credibility of the websites that they had visited or skipped as displayed in their own search 
records. With the aid of this meta-recall technique, the students were brought back to the moments when they were 
checking the online information. We believed that the students’ responses would therefore reflect more closely the 
actual criteria they used for evaluating the online information. 
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Tools for assessing epistemic beliefs 
 
To explore different aspects of the students’ epistemic cognition, two questionnaires of epistemological beliefs were 
employed in the study. One is the Revised Epistemology Questionnaire (REQ) modified from Schommer’s 
Epistemology Questionnaire (EQ) (Schommer-Aikin, 2004). The other is the Scientific Epistemology Questionnaire 
(SEQ), originally developed by Conley et al. (2004). The REQ is a domain-general tool, while SEQ focuses 
specifically on the knowledge of science.  
 
The 36-item REQ was adapted and reduced from the 63-item Schommer’s Epistemological Questionnaire (EQ) for 
college students (Schommer, 1998. The REQ was developed by factor analysis with 350 university students in 
Taiwan. Four epistemological factors were abstracted from the factor analysis: (a) authority knowledge, with 6 items 
(Cronbach’s α = 0.52), (b) certain knowledge, with 10 items (Cronbach’s α = 0.68), (c) simple knowledge, with 11 
items (Cronbach’s α = 0.65), and (d) Innate Ability with 9 items (Cronbach’s α= 0.71). According to Hofer and 
Pintrich (2002), the domain-general construct of personal epistemology suffers somewhat from ambiguous 
definitions and uncertainty about the core constituents. Therefore, the existing epistemology questionnaires 
developed based on the domain-general assumptions were usually not particularly reliable. However, Hatcher and 
Stepanski (1994) have claimed that, for social science studies, a Cronbach’s alpha coefficient even as low as 0.55 can 
be recognized and accepted for statistical consideration. Accordingly, except for “authority knowledge,” which was 
slightly below this requirement, the alpha values of these epistemic factors were statistically acceptable. The factor 
structure of REQ was similar to EBQ (32 items) developed by Quian and Alvermann (1995), who employed the 
previous version of EQ and the same analysis procedure.  
 
The 26-item, five-point Likert-style SEQ questionnaire was developed by Conley and others (Conley, Pintrich, 
Vekiri, & Harrison, 2004). It also consists of four factors, namely source (five items, Cronbach’s α = 0.82); certainty 
(six items, Cronbach’s α = 0.79); development (six items, Cronbach’s α = 0.66); and justification (9 items, 
Cronbach’s α = 0.76). In brief, “source” concerns the belief in authority knowledge, “certainty” refers to the belief in 
the right answer, “development” measures the belief about science as an evolving and changing subject, and 
“justification” focuses on how individuals justify knowledge. The SEQ questionnaire was translated into Chinese and 
has been tested with Taiwanese samples (Liang & Tsai, 2010) 
 
 
Procedure 
 
The study involved activities of decision-making and online information searching. The problem context was a 
socio-scientific issue, namely “whether the electromagnetic waves (EMW) emitted by a cellular phone base station 
would cause cancer.” Participants were first asked to write down their prior beliefs about whether EMWs are harmful 
to human health, and then two news reports from different standpoints regarding the effects of EMWs emitted from 
cellular base stations were given to the participants to read. They were then asked to write down their preferred 
position. Afterward, the students were asked to search freely on the World Wide Web in order to decide if their 
thoughts were legitimate. There was no time limit for their search because it was our intention to create a naturalistic 
task environment. Each student’s search process was screen-captured by the WebCam software. Once the 
information search activity stopped, the interviews coupled with the meta-recall technique, as described in the 
instrument section, were conducted right away to probe the students’ thoughts about the issue, and their criteria for 
judging the credibility of the information on the Web. The questionnaire surveys for epistemic beliefs were 
administered after the interviews. 
 
 
Data analysis  
 
Probing students’ judgment criteria 
 
As mentioned, to probe students’ criteria for judging the online information, their whole online search processes 
were recorded and then shown during the interviews. The students were asked one webpage after another as they 
were displayed in their records to explain why they visited a particular website or stayed on some particular online 
information, and whether and why they thought the particular source or information was reliable. The interviews 
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were tape-recorded and afterward, all the responses were transcribed and analyzed according to the content analysis 
procedure. 
  
To analyze the students’ responses, we developed a coding scheme. Initially, the five key criteria identified in the 
literature regarding the credibility of the online information were considered, including accuracy, authority, 
objectivity, currency, and coverage (or scope) (Metzger, 2007). However, when analyzing the students’ responses, 
we found that they actually displayed more complicated judgment systems for distinguishing the online information. 
Two aspects of information frequently appeared in the student responses, namely the content and the source of the 
information. 
  
As far as content was concerned, the students proposed different concerns about the online information, such as 
whether the description was clearly and logically stated, whether the information was up-to-date (consistent with the 
currency criterion), whether the information was given without taking sides (aligned to the objectivity criterion), 
whether there were numerical data stated in the information, and so forth. As a matter of fact, the content criterion in 
many ways also overlapped with the coverage criterion, defined by the information research. 
 
When speaking about the source of the information, many students would check whether the information was from 
authority sources including professional organizations, books, science magazines (the authority criterion), or other 
sources open to the public. In addition to the content and source categories, quite a few students talked about whether 
the online information was consistent with their own experiences, beliefs, and prior understandings. 
  
Consequently, a coding scheme for assessing the online judgment criterion was constructed. Table 1 shows the main 
evaluation categories (indicated by “aspect”), the associated requirement of each aspect, the major criterion, and 
examples of student responses. Five students’ responses were randomly selected for the inter-coder agreement 
analysis after the final coding scheme was established. The agreement was higher than 93%. The slight difference 
was discussed and reconciled. A single coder then did the rest of the coding analysis. 
 

Table 1. The categories, aspects, major criteria and student responses for evaluating the online information 
Aspect Requirement Major criteria Student responses (examples) 

Content 

Argument 
 

Richness • It provided detailed information about the standards for 
the emission of electromagnetic waves (such as 
boundary conditions). 

Power of explanation • The information contained explanative information. 
• It explained the cause and effects. 

Clear scope • It provided well-defined definitions and conditions of 
the damage. 

Clear reference • It provided background information of who posted the 
information (such as occupation and academic 
background).  

Objectivity • It provided information of both sides. 
 Logical and structured 

statement • The arguments were logically and clearly stated. 

Evidence Controlled study • There was a controlled experiment/study. 
  Empirical data • It provided numerical data in the text. 

  Repetition • It was only a one-time human experiment. More 
experiments are needed. 

Format  Science report • It was a medical report. 
 Descriptions of real cases • They showed real incidents.  

Source 

Organization Authority • The information was provided by some research 
organization. 

   • It was from a global group or organization. 
Expert Authority • The information was provided by a scientist. 
  • It was posted by people with a proper background. 
Website Public accessibility • It was from a wiki. 
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 Reliability • English sites are more reliable. 
Document Authority  • It was a book chapter. 
  • It was from a thesis. 

Personal 
domain 

 Belief/theory • It was consistent with what I believe. 
 Prior understanding • It was consistent with my understanding. 

 
 
Analyzing personal epistemic perspectives and their associations with the use of judgment criteria 
 
As mentioned in the instrument section, two questionnaires (REQ and SEQ) were used to assess the students’ 
epistemic perspectives in both general and science domains. Both REQ and SEV have four factors. Thus, the mean 
scores of each factor were calculated and compared via descriptive and correlation analyses. Meanwhile, to cross-
analyze the students’ judgment criteria and their epistemic beliefs, correlation analyses and one-way ANOVA were 
performed. 
 
 
Result 
 
The overall web search  
 
According to the meta-analyzer records, the average time of a web search was 14.76 minutes (SD = 7.75) and the 
mean number of visited web sites was 10.09 (SD = 6.44). Among the visited sites, non-science-related websites were 
visited more often (mean = 8.49, SD = 5.51) than science-related sites (mean = 1.60, SD = 1.59).  
 
 
The criteria used for judging the online information 
 
The coding result of the students’ judgment criteria is shown in Figures 1 to 4. Basically, as Table 1 reveals, three 
aspects of online information, namely content, source, and personal aspects, could be extracted from the participants’ 
responses. In the content aspect, the web searchers would consider three requirements. The first is the argument 
requirement: “Were the arguments well presented?” The second is the evidence requirement: “Was there any 
empirical evidence?” The third was the format requirement: “What types of online information were more reliable?” 
 
To satisfy the argument requirement, whether the information provided enough details and varieties of viewpoint 
(richness), and whether the information contained sufficient explanations of the cause and effects (explanative 
power) were the two major criteria frequently mentioned by the participants (higher than 30%). Some students (about 
25%) paid attention to whether the information was well organized and logically stated, and whether the conditions 
for the facts to occur and the extent of the effects were explicitly described (scope). However, only about 22% of 
participants were concerned with whether the information was objectively expressed without taking sides 
(objectivity), and even fewer students (about 10%) reflected on whether the information was up-to-date (currency). 
The coding result is shown in Figure 1. 
 
Since the problem context of the study was science-related, most students expressed the need for evidence. As 
presented in Figure 2 for the evidence request, most participants considered the presence of empirical data 
(mentioned by 66.7% of the participants). Nevertheless, less than half of the students (about 42%) went further to 
check if the data came from repeated studies or had been mentioned many times in other online sources. About 30% 
of the students mentioned that related claims should be drawn based on controlled studies. Some participants (22%) 
expected to see descriptions of how the studies were done. In short, for some university students, empirical data 
alone could not guarantee the validity of the online information. How the data were obtained and tested were also 
critical points to be considered. However, the percentage distributions showed that most students did not exercise 
multiple criteria to justify evidence.  
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Figure 1. Percentage of students per argument criterion 

 

 
Figure 2. Percentage of students per evidence criterion 

 

391 



The frequency analysis of the criteria for “evidence” is shown in Table 3. We found that the majority of participants 
(about 86%) recognized the need for scientific evidence. Among these students, most were able to pinpoint one 
criterion, but only 36% of students went further to question the quality of the evidence.  
 

 Table 3. The numbers and percentages of “evidence” criteria  
 Number of criteria Number of subjects Percentage 

0 5 13.9 
1 18 50.0 
2 8 22.2 
3 4 11.1 
5 1 2.8 

Total 36 100.0 
 
Furthermore, as indicated in the “format” requirement (see Figure 3), about 39% of the participants mentioned that 
the information would be more reliable if it was a science report or a description of real incidents. 
 

.  
Figure 3. Percentage of students per format criterion 

 
From the students’ responses, we found that “source” was a vital aspect for them to look at. In general, as shown in 
Figure 4, information that came from authority (or professional) sources, such as professional organizations or expert 
figures, was considered to be trustworthy. In addition, if the information came from online sources that were open to 
the public, the degree of legitimacy might be increased. Finally, it was found that over 55% of students tended to 
take serious consideration of their own beliefs or understandings about the EMW issue when making judgments. 
 
Students’ uses of these criteria in terms of mean numbers are displayed in Table 4. The mean number of overall 
criteria (referred to as CRITERIA in Table 4) used in judging the online information was 6.42. On average, the 
students recognized two aspects of the online information, and they were able to pinpoint four judgment requests. 
Meanwhile, they considered approximately four criteria on average in the content aspect and more than one in the 
source aspect. As for the personal aspect, over half of the subjects (55.6%) mentioned either their personal beliefs or 
prior understanding of the issue. The mean numbers of criteria of the two most frequently mentioned requirements in 
the content aspect are also listed in Table 4. They are “argument” and “evidence.” As noted, our subjects used 

392 



approximately two criteria to examine the arguments presented in the online information, but only 1.42 to evaluate 
evidence. 
 

Figure 4. Percentage of students per format criterion 
 

Table 4. The numbers of judgment criteria used for judging the online information  
Criteria category Minimum Maximum Mean SD 

ASPECT 1 3 2.31 0.62 
REQUIREMENT 2 8 4.25 1.25 

SOURCE1 0 5 1.50 1.28 
CONTENT1 1 8 4.36 1.71 

PERSONAL1 0 1 0.53 0.51 
ARGUMENT2 0 5 2.11 1.26 
EVIDENCE2 0 5 1.42 1.05 
CRITERIA 3 12 6.42 2.38 

Note: 1 = components of “aspects”; 2 = requirements of “content” 
 
 
Students’ epistemic beliefs 
 
As mentioned above, two questionnaires, REQ and SEQ, were administered to assess the students’ epistemic beliefs. 
All participants (n = 36) completed the REQ survey, but only 32 completed the SEQ. Tables 5 and 6 present the 
descriptive statistics for the REQ and SEQ results. According to Table 5, the university students in this study tended 
to agree that knowledge, in a general sense, comes from authority (mean = 3.04,), but they thought more or less that 
knowledge is uncertain (mean = 2.77). On the other hand, when asked about scientific knowledge (as Table 6 shows), 
they seemed to have doubts about authority source (mean = 2.45) and believed to some extent that scientific 
knowledge is uncertain (mean = 2.65). Meanwhile, they agreed that scientific knowledge undergoes development 
and justification.  
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 Table 5. The factor structure and scores of REQ (on a five-point Likert scale, n = 36) 
Factor Item Reliability Mean (SD) 

AUTHORITY KNOWLEDGE (AK) 6 0.52 3.04 (0.51) 
CERTAIN KNOWLEDGE (CK) 10 0.68 2.77 (0.53) 

INNATE ABILITY (IA) 9 0.65 2.22 (0.42) 
SIMPLE KNOWLEDGE (SK) 11 0.71 2.04 (0.53) 

 
Table 6. The factor structure and scores of SEQ (on a five-point Likert scale, n = 32) 

Factor Item Reliability Mean (SD) 
SOURCE (S) 5 0.81 2.45 (0.61) 

CERTAINTY (C) 6 0.79 2.65 (0.72) 
DEVELOPMENT (D) 6 0.58 4.42 (0.49) 
JUSTIFICATION (J) 9 0.66 4.23 (0.42) 

 
Table 7 reveals the associations between REQ and SEQ. As the table displays, beliefs in authority knowledge and 
certain knowledge in general (AK and CK) were significantly correlated to beliefs in authority sources and certain 
knowledge in science (S and C). Belief in the simple structure of knowledge in general (SK) was negatively 
correlated with beliefs in development and justification in science (D and J) to a rather high degree. In addition, 
belief in innate ability was moderately correlated with belief in certain knowledge in science and negatively 
correlated with belief in development and justification in science. In sum, epistemic beliefs regarding knowledge and 
learning in general were associated from moderate to high degrees with beliefs about the nature of scientific 
knowledge and the construction of scientific knowledge.  
 

Table 7. Correlations between REQ and SEQ factors (n = 32) 
 S C D J 

AK 0.43* 0.52** −0.17 0.07 
CK 0.34(*) 0.35* −0.12 0.04 
IA 0.21 0.38*   −0.35*   −0.31(*) 
SK −0.17 0.12     −0.47**  −0.63** 

*p < 0.05; ** p < 0.01; (*) p < 0.1 
 
 
Associations between the use of judgment criteria and epistemic beliefs 
 
To find out the associations, if any, between the use of judgment criteria and epistemic beliefs, we conducted a 
correlation analysis. According to the Spearman’s rho analysis, the factor of authority knowledge in REQ was 
significantly correlated with the number of argument criteria (r = −0.39, p < 0.05) and approximately correlated with 
the total number of criteria used in judgment (r = −0.26, p < 0.1). As for SEQ, the factor of authority source was 
approximately associated with the number of argument criteria in the content aspect (r = −0.32, p < 0.1) and the 
number of overall criteria (r = −0.27, p < 0.1). In sum, the correlation analyses revealed that the number of criteria 
used in judging online information seemed to be more apparent in relation with beliefs in authority. It seems that the 
more students believed in authority, the fewer criteria they would apply to examine the content of online information. 
 
In addition to the correlation analysis, an in-depth investigation was carried out by the one-way ANOVA. The 
criterion categories in Table 3 were included in the analysis. To perform one-way ANOVA, we grouped the students 
into three levels indicating high (H), mean (M), and low (L) criterion usage. The mean numbers of the criteria, as 
shown in Table 3, plus or minus 0.5 standard deviation, were used as the grouping standards. Since the number in 
each usage level was uneven, the test of homogeneity of variance was performed to examine the equality of the 
group variances. The significant findings reported here survived the test. 
 
The ANOVA result showed that among these criterion categories, usage levels of the argument, and evidence criteria 
in the content aspects were statistically associated with the students’ epistemic beliefs. Tables 8 and 9 demonstrate 
the findings. 
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Table 8. One-way ANOVA for epistemic beliefs and the use of evidence criteria 

Epistemic beliefs Usage level1 N Mean SD 
ANOVA2 

F Post-hoc analysis 
REQ 

Innate 
L 5 2.00 0.29 3.57* Level 2 > Level 3(*) 
M 18 2.36 0.43   
H 13 2.03 0.33   

REQ 
Simple 

L 5 1.64 0.35  3.00(*) Level 2 > Level 1(*) 
M 18 2.23 0.59   
H 13 1.98 0.41   

SEQ 
Development 

L 4 4.92 0.10  3.02(*) Level 1 > Level 2(*) 
M 15 4.28 0.42   
H 13 4.40 0.56   

SEQ 
Justification 

L 4 4.61 0.14 3.38* Level 1 > Level 2 (*) 
M 15 4.07 0.42   
H 13 4.32 0.40   

Notes:  
1. Level L—no criterion used; level M—one criterion used; level H—more than one criterion used 
2. * p < 0.05; (*) p < 0.1 
 
 

Table 9. One-way ANOVA for epistemic beliefs and the use of the argument criteria 

Epistemic beliefs Usage level1 
 

SD 
ANOVA2 

N Mean F Post-hoc analysis 

REQ 
Authority 

L 11 3.26 0.29 4.34* Level 1 > Level 3* 
M 12 3.14 0.43  Level 2 > Level 3 (*) 
H 13 2.74 0.33   

SEQ 
Authority source 

L 9 2.76 0.88 2.40(*)  
M 10 2.40 0.41   
H 13 2.22 0.37   

Notes:  
1. Level L—one criterion used; level M—two criteria used; level H—more than two criteria used 
2. * p < 0.05; (*) p < 0.1  
 
The post-hoc analyses displayed in Table 8 show that those in the high-usage level (that is, those who used more than 
one evidence criterion) to evaluate the online information tended to believe less in their innate ability. However, 
those who did not mention any evidence criteria (low usage) seemed to hold a stronger idea that knowledge is not 
just simple, piecemeal facts but has complicated structure and that scientific knowledge undergoes development and 
justification. As far as the use of argument criteria was concerned, the post-hoc analyses in Table 9 indicate that 
more criteria were used by students who believed less in authority.  
 
 
Discussion 
 
Use of judgment criteria 
 
Our study demonstrates that when judging online information that involves scientific investigations, these university 
students activated complicated judgment systems to evaluate the credibility of the information. According to the 
content analysis, the students in this study paid rather high attention to the content and source aspects of the 
information. They examined the richness and explanative power of the arguments, required empirical evidence, and 
checked if the information came from authority sources. With respect to the five key criteria proposed by the 
information researchers, students in this study considered more the coverage and authority criteria but less the 
accuracy, objectivity, and currency criteria. This result was consistent with previous findings (e.g., Metzger, 2007; 
Julien & Barker, 2009). From the students’ responses, it was also evident that they had employed various criteria 
beyond the scope of the five main criteria. These findings imply a lack of understanding of the information 
credibility of adult learners. 
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In the process of scientific argumentation, the inclusion of evidence is crucial for making a sound argument. 
However, while the evidence request was important for verifying the scientific claims, it is not explicitly included in 
the literature of information credibility. Even though, by definition, the evidence criterion might conceptually 
overlap the accuracy criterion, the former specifies the process of science. Hence, it is suggested that the evidence 
request, including the presence of empirical data and quality of evidence, should be regarded as a key criterion for 
the credibility of online information that involves scientific arguments. In this study, we found that most participants 
recognized the need for scientific evidence, but less than half went further to question the quality of the evidence. 
Such a finding echoes previous findings that even adults do not understand the role evidence plays in scientific 
argumentation (Kuhn, 1991).  
 
 
The associations between students’ epistemic beliefs and evaluation behaviors 
 
In this study, we also investigated a psychological factor that theoretically motivates the practice of judgment 
criteria, that is, the students’ epistemic beliefs. One domain-general (REQ) and one domain-specific (SEQ) 
questionnaire were used to assess their beliefs. The correlation analysis found medium to high degrees of association 
between some of the factor scores of the two instruments, which indicate an overlap of the epistemic conceptions 
assessed by the two instruments. 
 
The relationship between the students’ epistemic beliefs and their use of judgment criteria was examined by 
correlation analysis and ANOVA. The correlation analyses showed that the more criteria used to examine the content 
of arguments, the less belief in authority the student had. The result of the one-way ANOVA also confirmed this 
finding. On the other hand, one-way ANOVA found that the use of criteria for verifying the presence and quality of 
evidence seemed to interact with beliefs in innate ability, the simplicity of knowledge, and development in science 
and justification in science. Further ad hoc analyses demonstrated that while students who exercised more evidence-
based criteria tended to hold lower beliefs in their innate ability, some with lower scores in simple knowledge 
(indicating that they held the idea that knowledge is rather complex) mentioned no evidence at all. Similarly, 
students who gave higher scores for their beliefs about development and justification in science might not even 
recognize the role of evidence. 
 
The above findings suggest complicated interactions between the use of evidence-related criteria and students’ 
epistemic beliefs regarding learning ability, knowledge structure, and the construction of scientific knowledge. 
Although many students displayed advanced epistemic beliefs, not all of them recognized that evidence needs to be 
justified. In other words, even when students have seemingly developed advanced epistemic beliefs, they might still 
lack an in-depth understanding of the role of evidence in the development of scientific knowledge. The participants 
of this study could have regarded evidence as a part of scientific knowledge, and consequently found no need to 
justify it. This finding is consistent with previous studies showing that adults and adolescents tend to lack a proper 
understanding of the nature of evidence and theory (e.g., Kuhn, 1991; Yang, 2005). However, it should be noted that 
we conducted the correlation analysis and ANOVA in an attempt to probe possible relationships. Future studies 
should include large-scale samples or experimental designs to study in-depth the role of epistemic beliefs in the 
evaluation process. 
 
 
Educational implications  
 
As discussed above, the participants of this study were able to practise complicated schemes to evaluate online 
information, but the schemes deviated from what information researchers have defined for information credibility. 
These findings suggest a need for training or learning activities aimed at promoting the understanding of information 
credibility. In particular, emphasis should be placed on accuracy, objectivity, and currency. As suggested by 
information researchers, a checklist approach based on the “big five” criteria (Metzger, 2007) would be a good way 
to focus web users’ attention on the critical aspects of online information. Noticeably, considering the nature of the 
issue discussed in this study, which involved consideration of scientific information, the validity of evidence should 
also be included as a major criterion for information credibility. Accordingly, we recommend that the design of the 
training program for information credibility should take into consideration the problem context and the nature of 
information to be discussed. 
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In this study, we show that the use of criteria is associated with personal epistemic beliefs. This finding suggests that 
students’ practices of judgment schemes could not be solely explained by unfamiliarity with information credibility. 
A thorough exploration of the nature of knowledge and the process of knowledge construction is critical for 
enhancing learners’ intention to use the essential criteria mentioned in the study. It is thus recommended that, prior to 
the training program for information credibility, trainees should be given opportunities to reflect on their own 
personal views about the nature of knowledge and knowing. In this way, both trainer and trainees will have a chance 
to reach an agreement on the credibility criteria. 
 
Another fact revealed by the study is that, after years of science education, university students majoring in science 
might still hold naïve views about scientific evidence. This finding is a warning for science educators because it 
implies that scientific knowledge could have still been portrayed in schools as an end product without the process of 
justification (Duschl, 1990). While there are many reform efforts to be made, teachers can make use of online 
resources to design curricula that emphasize scientific argumentation that allows learners to experience the process 
of knowledge construction in science (Duschl & Osborne, 2002). Course activities that include the searching and 
evaluation of online information related to controversial science issues or socio-scientific issues, such as the one 
presented in this study, could be an effective way to bring about discussions on the development of science and 
scientific knowledge.  
 
 
Limitations and the future development of the study  
 
Although by way of the qualitative and quantitative analyses, this study made an attempt to reveal the criterion 
system employed by university students for evaluating online information, and how the use of criteria might be 
affected by students’ epistemic beliefs, generalization of the study results should be made with caution. First, this 
study involved 36 university students who were mostly majoring in science. Considering the optimum requirements 
of quantitative analysis, the small number of subjects involved and the lack of students with non-science 
backgrounds would reduce the power of generalization. In terms of future research, a thorough and large-scale 
investigation with students from various academic backgrounds is recommended. Such a large-scale study will allow 
a further discussion of the prior knowledge effect. In addition, given that the current study analyzed students’ 
evaluative criteria one by one, it is also expected that a large-scale study that applies cluster analysis may further 
reveal whether certain criteria are activated together. Second, since the study was mainly explorative in nature, 
whether a learning or training process can effectively change students’ evaluative behavior as claimed in the 
previous section remains an open question. Thus, in the future, it is necessary to conduct experimental studies that 
aim to examine whether students’ evaluation behaviors can be changed or guided by the instructional treatments.  
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ABSTRACT 

The purpose of this study was to investigate and compare the effect of the two computer-assisted learning 
systems named the Example-Based Dynamic Program Visualization Environment (EDPVE) and the Example-
Based Static Program Visualization Environment (ESPVE) on undergraduate students’ programming skills in an 
introductory programming course. The study was conducted using a quasi-experimental, non-equivalent control 
group design with 81 pre-service teachers in a Turkish university. Two classes were randomly assigned to use 
EDPVE(experimental group) and ESPVE(control group)  system. The results of the experiments showed that: (1) 
there were a significant difference between EDPVE and ESPVE groups in favour of the EDPVE group; and (2) 
there were no significant difference between male and female students in EDPVE and ESPVE groups 
respectively. The findings of this study suggest that teaching and learning programming can be improved 
through the use of dynamic program visualization techniques.  

 
Keywords 

Interactive learning environments, Programming and programming languages, Gender studies, Program visualization, 
Computer-assisted learning 

 
Introduction 
 
Learning of programming can be a difficult and complicated process. One of  the main reasons is (Miyadera, 
Kurasawa, Nakamura, Yonezawa, & Yokoyama, 2007) that students have difficulty in understanding what a 
computer is actually doing when executing a program lines and what is simultaneously happening in memory. 
Program visualization and animation tools have been developed in order to present the execution of program lines 
using graphical effects. These tools are used to help students to better understand program codes and how the 
execution of a program works.  
 
Program visualization (PV) is “a research area that studies ways of visually assisting learners in understanding 
behaviour of programs” (Rajala, Laakso, Kaila, & Salakoski, 2008). Diehl (2007) divided PV into dynamic program 
visualization (DPV) and static program visualization (SPV), in reference to the behavior and the structure of the 
program respectively. DPV tools show the dynamic execution of programs for debugging, profiling, and also for 
understanding program run-time behavior. On the other hand, SPV tools are useful for producing textual 
representations such as pretty-printing in order to increase users’ understanding of program code (Storey, Wong, & 
Müller, 2000).  
 
A considerable amount of literature has been published on program visualization and animation tools developed for 
use in programming education environments (LaFollette, Korsh, & Sangwan, 2000; Ben-Bassat Levy, Ben-Ari, & 
Uronen, 2003; Moreno & Joy, 2007). 
 
Byrne, Catrambone and Stasko (1999) conducted two experiments in order to examine whether animations of 
algorithms would help students to learn them more effectively. The results showed that one-way animations may aid 
learning as they encourage learners to predict the behavior of algorithms. These researchers concluded that instead of 
animation, prediction was the key factor for learning in their study.  
 
Another study (Hundhausen & Brown, 2007) implemented an algorithm development and visualization model 
named “What You See Is What You Code” for novice learners, which taught programming using an imperative 
paradigm. An analysis of its usability and field study shows that their model helps novices to quickly identify and 
correct programming errors and to develop semantically corrected code. 
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Naps et al. (2003) surveyed the role of visualization and engagement in computer science education and found their 
respondents agreed that using visualization can help students.  
 
Although Empirica Control (EC) is a visual programming platform designed primarily for technology education, it 
can be used to teach programming. Students can use it to produce graphical representations of programs on 
flowcharts. The results of a teaching experiment with 34 eighth-grade students indicated that EC is a useful tool for 
learning the principal elements of programming with minimal teaching effort (Lavonen, Meisalo, Lattu, & Sutinen, 
2003). 
 
Many studies were conducted using the Jeliot series (Eliot, Jeliot I, Jeliot 2000 and Jeliot 3) of program visualization 
applications (http://cs.joensuu.fi/jeliot/description.php). Ben-Bassat Levy, Ben-Ari and Uronen (2003) carried out an 
experiment with Jeliot 2000 in a year-long course. The results of the experiment show that the animation program 
helps students who have difficulty in learning the abstract concepts of computer science. Another experiment was 
conducted by Moreno and Joy (2007) using the Jeliot 3 animation tool that Jeliot 3 animations are hard for novice 
students but helped them to debug their programs and that using the program was easy. The findings of another 
qualitative case study with Jeliot 3 showed that animation programs can help students to learn programming basics 
and may increase their motivation (Sivula, 2005). Still, in another research by Hongwarittorrn  and  Krairit (2010), 
Jeliot 3 was used  as a learning tool. The experimental results showed that the use of Jeliot 3 could help students 
improve their learning performance in Java programming and obtain higher scores than those who did not use 
Jeliot3, but also it was found that the use of tool did not affect students’ long-term attitudes toward programming. 
 
A study by Lee and Wu (1999) was conducted in order to investigate the effects of debugging practices on 
programming skills. They developed a system called DebugIt:Loop for debugging errors in loop programs. The 
results of two experiments conducted with 26 college and 46 senior high school students enrolled in an introductory 
Pascal course showed that their model was effective in improving novice programmers’ programming skills.  
 
An online tutorial called VINCE, was developed by Rowe and Thorburn (2000) to teach C programming by showing 
program graphically. VINCE provides students with a step-by-step visualization of the execution of the program, 
shows the memory map and provides comments at every step. An evaluation study showed that VINCE improves 
students’ learning of programming and that students also find it to be well-designed.  
 
Many PV tools have been developed and used to teach programming recently, but vary widely in features and 
capabilities. Gomez-Albarran (2005) conducted an in-depth analysis of nearly 20 tools, selected those which were 
outstanding and classified them into four categories as follows: (1) tools that include a simple and reduced 
development environment (THETIS, AnimPascal, BlueJ and DrJava); (2) example-based environments (ELM-PE, 
ELM-ART, WebEx and Javy); (3) tools based on visualization and animation (ANIMAL, LEONARDO, XTANGO, 
POLKA, JHAVE, The Teaching Machine of C++ and the Jeliot family); and (4) simulation environments (the Karel 
family, JkarelRobot and Alice).  
 
Using carefully prepared visual examples can help students to understand even more complicated and abstract 
concepts (Lee & Owens, 2000; Clark & Mayer, 2003). A number of example-based tools have been developed in 
order to teach programming using examples. These tools include ELM-PE, ELM-ART, WebEx and Javy. ELM-PE is 
an example-based intelligent programming environment for learning the LISP programming language (Brusilovsky 
& Weber, 1996). ELM-ART, which was based on ELM-PE, is an adaptive web-based tool for learning LISP (Weber 
& Brusilovsky 2001). WebEx is a web-based tool to enable teachers to teach programming using an example-based 
approach in heterogeneous classes (Brusilovsky, 2001). Javy is a teaching tool designed to simulate the structure of a 
Java Virtual Machine (JVM) and allows users to learn JVM and the Java language compilation process (Gomez-
Martin, Gomez-Martin, & Gonzalez-Calero, 2003). 
 
Some of the other most widely used PV tools are summarized below:  
• Bradman is a low-level Program Visualization tool. Smith and Webb (2000) conducted an experiment 

using Bradman to tests the efficacy of tool in assisting novice programmers learn programming concepts using C 
in an introductory programming course. The results of the experiment showed that students who studied with this 
tool achieved more understanding of some programming concepts than those without access it. 

 

401 

http://www.cs.helsinki.fi/research/aaps/Eliot/Eliot.en.html
http://cs.joensuu.fi/jeliot/jeliot.html
http://cs.joensuu.fi/jeliot/description.php


• DrJava (http://drjava.sourceforge.net/) is a lightweight programming development environment for writing Java 
programs. It is designed primarily for students, providing an intuitive interface and the ability to interactively 
evaluate Java code and also includes powerful features for more advanced users. Moreover it is a pedagogic 
programming environment that enables students to focus on designing programs, rather than learning how to use 
the environment (Allen, Cartwright, & Stoler, 2002).  

 
• JIVE (http://www.cse.buffalo.edu/jive/) is an interactive execution environment and provides a rich visualization 

of the execution of Java programs. JIVE can be used both as a debugger for incorrect programs as well as for 
gaining a deeper insight into the behavior of correct programs. It also serves as a pedagogic tool for teaching 
object-oriented programming, and has been successfully used in undergraduate and graduate programming 
courses (Lessa, Jayaraman, & Czyz, 2010). 

 
• VILLE is a language-independent program visualization tool for teaching novice programming. Some key 

features of the tool are defining and adding new languages, visualization row by row, flexible control of the 
visualization both forwards and backwards, breakpoints, code line explanation, the parallel view shows the 
program code execution simultaneously in two different programming languages, call stack, and publish 
examples. Rajala, Laakso, Kaila, and Salakoski (2008) conducted an experiment to evaluate ViLLE’s 
effectiveness in learning basic programming concepts. In this experiment, while the control group used only a 
textual programming tutorial, the treatment group used the same material and in addition could execute the 
examples with ViLLE. They argue that program visualization, more specifically the ViLLE tool, enhances 
students’ learning regardless of previous programming experience. In other words the tool benefits novice 
learners more than learners with some previous experience. 

 
• EduVisor is a program visualization tool developed based on the four high-level design principles from theories 

of learning and the theory of perception (Moons & Backer, 2009). Findings of the experiment by Moons, and 
Backer (2012) showed that the students and teachers see the environment and the way it is used as an invaluable 
part of their education and the environment can help with understanding programming concepts that most 
students consider very difficult. 

 
• OGRE (Object-oriented GRaphical Environment) – a program visualization tool that has been developed to 

specifically address these memory related issues by providing three-dimensional, interactive visualizations that 
aid higher-level understanding of a program’s execution in memory. The most important difference between 
OGRE and the above tools are its 3D environment, in which all the main features of a running program can be 
visualized. The experiments by developer of the tool showed significant improvements in students’ understanding 
of C++’s memory-related topics (Milne & Rowe, 2004). 

 
Although there are many studies which have evaluated SPV and DPV tools separately in the literature, this is the first 
study to compare the effect of DPV and SPV on learning programming. In this study, two computer-assisted learning 
systems (EDPVE and ESPVE) developed to teach introductory programming. The purpose of this study was to 
investigate the effectiveness of instruction with EDPVE system in terms of students’ achievement, retention and 
gender differences in comparison to ESPVE system. So, the research questions that guide this study were formulated 
as follows:  
• Is there a significant difference between the mean scores of the students in the EDPVE and those in ESPVE 

group? 
• Is there a significant difference between the mean scores of the male and female students in the EDPVE and 

those in ESPVE group respectively? 
 
 
Method 
 
Research design 
 
This study was conducted using a quasi-experimental, non-equivalent group design with pretest and posttest control 
groups. The research design is shown in Table 1. 
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Table 1: The research design 
Groups Pretest Treatment Posttest Delayed-test 
EDPVE O1 X1 O3 O5 
ESPVE O2 X2 O4 O6 
O1, O2: Pre-tests  
X1: Teaching with the EDPVE system 
X2: Teaching with the ESPVE system 
O3, O4: Post-tests 
O5, O6: Delayed-tests 
 
 
Participants  
 
The participants were 81 undergraduate second-year students of the Faculty of Education, Computer and 
Instructional Technologies at the Department of Education of Cukurova University in Adana, Turkey. The study was 
conducted during “Programming Languages I” course. 
 
 
Sampling 
 
The convenience sampling technique was adapted and used to select participants for the study. Two classes were 
selected and randomly assigned to the EDPVE and ESPVE groups. The EDPVE group included 41 (22 males, 19 
females) students and the ESPVE group included 40 (23 males, 17 females) students.  
 
 
Instruments 
 
In order to assess the students’ achievement in the EDPVE and ESPVE groups, a Programming Achievement Test 
(PAT) was constructed using three experts in the subject area. The scope of the PAT includes: variables, control 
statements, loops and arrays. The PAT consists of 25 multiple-choice items. Each item had five alternative answers.  
 
Before using the PAT in this study, the test was administrated to a group of students (N = 77) in order to test the 
reliability of the test instrument. An analysis of the items showed that two of the items were too easy. These items 
were slightly revised and 25 items were used. The inter-item consistency was calculated using the Kuder-Richardson 
formula 20 reliability coefficient (KR-20) and a reliability coefficient of 0.83 was obtained. 
 
 
Materials 
 
Two computer-assisted learning systems (EDPVE and ESPVE) have been developed and are used to teach 
programming. The ESPVE group used the ESPVE teaching system with static visualization examples, whereas the 
EDPVE group used the EDPVE teaching system with dynamic visualization examples. Both systems used the same 
number of examples. A screenshot of the EDPVE system is shown in Figure 1.  
 
The EDPVE system interface has six windows. These windows include Animation Control, Program Code, 
Flowchart, Variables, Console and Status Bar. With the Animation Control window, the user can start/stop/restart the 
program execution, run the program lines step-by-step or continuously and adjust the program execution speed. 
When the program execution starts, visualizations of the program line in the Program Code and the Flowchart 
windows are highlighted at the same time. Although both the Program Code and the Flowchart windows are active 
concurrently, the students have the option to close one window and observe the program execution in another. 
During program execution, comments about the current line are shown in the Status Bar and the values of variables 
are listed in the Variables window. The Console window appears on the screen during the execution of the input and 
output commands to interact with the user. In addition, the Console window simulates the console of programming 
language and provides a way to experiment with the execution of the program, as in a real programming language 
environment.  
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Figure 1. The Screenshot of the EDPVE system 

 
The interface of the ESPVE system is similar to that of the EDPVE system, but it only has the Program Code, 
Variables and Flowchart windows. In this system, students can only inspect the program code and the related 
flowchart of static textual examples. A screenshot of the ESPVE system is shown in Figure 2. 
 

 
Figure 2. The Screenshot of the ESPVE system 
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Procedure 
 
The study was conducted during the students’ normal lessons over 14 weeks. First, a pretest assessment was 
conducted with both groups before beginning the experiment. Second, the ESPVE group studied using traditional 
methods supported by the ESPVE system, while the EDPVE group was taught using traditional methods supported 
by the EDPVE system. Third, both groups completed their posttest assessment at the end of the experiment. Finally, 
three weeks after the posttest, both groups completed delayed-test assessments.    
 
 
Results 
 
Descriptive results 
 
The sample sizes, means and standard deviations for the students’ mean PAT scores were calculated. These values 
are listed in Table 2. A significance level of 0.05 was used throughout this study. Levene’s test of homogeneity of 
variance was used in order to test the t-test assumption and showed that the variance between the groups was 
homogeneous. Non-parametric tests were conducted in order to test non-normally distributed data (Field, 2005). 
 

Table 2. Sample sizes (N), means (Mean) and standard deviations (SD) of the students’ PAT mean scores 

 
 
Learning results 
 
Pretest, posttest and delayed-test significance levels are shown in Table 3. The results of the independent samples t-
test analysis indicated that: (1) there was a non-significant difference between the pretest mean scores of the students 
in the EDPVE group (M = 10.51, SD = 2.52) and the ESPVE group (M = 10.78, SD = 2.53), t(79) = -.47, p = .641; 
(2) there was a significant difference between the posttest mean scores of the students in the EDPVE group (M = 
21.41, SD = 2.93) and the ESPVE group (M = 19.15, SD = 3.63), t(79) = 3.09, p = .003; and (3) there was a 
significant difference between the delayed-test mean scores of the students in the EDPVE group (M = 21.05, SD = 
2.99) and the ESPVE group (M = 18.13, SD = 3.14), t(79) = 4.29, p = .000. In brief, pretest results indicate the 
EDPVE and ESPVE groups were equivalent and posttest and delayed-test results show significant differences 
favoring the EDPVE group. 
 

Table 3. Pretest, posttest and delayed-test significance levels 
 Tests Groups N Mean SD t df Significance(p) 

Pretest EDPVE 41 10.51 2.52 -.469 79 .641 ESPVE 40 10.78 2.53 

Posttest EDPVE 41 21.41 2.93 3.090 79 .003 ESPVE 40 19.15 2.63 

Delayed-test EDPVE 41 21.05 2.99 4.292 79 .000 ESPVE 40 18.13 3.14 
 
 
Retention results 
 
Paired samples t-test results of pretest, posttest and delayed-test are shown in Table 4. The results of the paired 
samples t-test analysis indicated that: (1) there was a significant difference between the EDPVE group’s pretest (M = 
10.51, SD = 2.52) and posttest scores (M = 21.41, SD = 2.93), t(40) = -37.10, p = .000; (2) there was a significant 
difference between the ESPVE group’s pretest (M = 10.78, SD = 2.53) and posttest scores (M = 19.15, SD = 3.63), 
t(39) = -30.53, p = .000; (3) there was a non-significant difference between the EDPVE group’s posttest (M = 21.41, 
SD = 2.93) and delayed-test scores (M = 21.05, SD = 2.99), t(40) = .87, p = .392; and (4) there was a non-significant 

  Pretest Posttest Delayed-test 
Groups N Mean SD Mean SD Mean SD 
EDPVE 41 10.51 2.52 21.41 2.93 21.05 2.99 
ESPVE 40 10.78 2.53 19.15 3.63 18.13 3.14 
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difference between the ESPVE group’s posttest (M = 19.15, SD = 3.63) and delayed-test scores (M = 18.13, SD = 
3.14), t(39) = 1.29, p = .204. In brief, the results indicated that there was not a significant difference between the 
posttest and delayed-test mean scores of both the EDPVE and ESPVE groups. 
 

Table 4. Paired samples t-test results of pretest, posttest and delayed-test significance levels 
Group Test N Mean SD t df Significance(p) 

EDPVE Pretest 41 10.51 2.52 -37.10 40 0.000 Posttest 41 21.41 2.93 

ESPVE Pretest 40 10.78 2.53 -30.53 39 0.003 Posttest 40 19.15 3.63 

EDPVE Posttest 41 21.41 2.93 0.865 40 0.392 Delayed-test 41 21.05 2.99 

ESPVE Posttest 40 19.15 3.63 1.291 39 0.204 Delayed-test 40 18.13 3.14 
 
 
Gender results 
 
The result of the independent samples t-test analysis indicated that: (1) there was a non-significant difference 
between the pretest mean scores of the male (M = 10.91, SD = 2.31) and female (M = 10.05, SD = 2.74) students in 
the EDPVE group, t(39) = 1.087, p = .284; (2) there was a non-significant difference between the posttest mean 
scores of the male (M = 22.05, SD = 2.97) and female (M = 20.68, SD = 2.79) students in the EDPVE group, t(39) =  
1.506, p = .140; and (3) there was a non-significant difference between the delayed-test mean scores of the male (M 
= 21.27, SD=2.93) and female (M = 20.79, SD = 3.12) students in the EDPVE group, t(39) = .511, p = .612. The 
results are listed in Table 5.  
 
The results of the independent samples t-test analysis indicated that: (1) there was a non-significant difference 
between the pretest mean scores of the male (M = 10.65, SD = 2.65) and female (M = 10.94, SD = 2.41) students in 
the ESPVE group, t(38) = -.354, p = .726; (2) there was a non-significant difference between the posttest mean 
scores of the male (M = 18.70, SD = 3.61) and female (M = 19.76, SD = 3.68) students in the ESPVE group, t(38)= -
.918, p = .364; and (3) there was a non-significant difference between the delayed-test mean scores of the male (M = 
18.22, SD = 3.18) and female (M = 18.00, SD = 3.18) students in the ESPVE group, t(38) = .214, p = .832. The 
results are listed in Table 5. 
 
In brief, the results indicated that there were no significant differences between males and females in both the 
EDPVE and ESPVE groups. 
 

Table 5. Results of pretest, posttest and delayed-test mean scores of males and females 
Groups Tests Gender N Mean SD t df Significance(p) 

EDPVE 

Pretest Male 22 10.91 2.31 1.087 39 .284 Female 19 10.05 2.74 

Posttest Male 22 22.05 2.97 1.506 39 .140 Female 19 20.68 2.79 

Delayed-test Male 22 21.27 2.93 .511 39 .612 Female 19 20.79 3.12 

ESPVE 

Pretest Male 23 10.65 2.65 -.354 38 .726 Female 17 10.94 2.41 

Posttest Male 23 18.70 3.61 -.918 38 .364 Female 17 19.76 3.68 

Delayed-test Male 23 18.22 3.17 .214 38 .832 Female 17 18.00 3.18 
 
 
Subtest results 
 
For further analysis, in addition to a comparison of the two groups’ PAT mean scores for the overall test items, the 
study also divided the PAT items into three subcategories: the Control Statements Test (CST)(7 items); the Loop 
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Statements Test (LST) (11 items); and the Array Statements Test (AST) (7 items), according to programming context 
subtopics. In this case, because the data could not meet the assumption of normality, the Mann-Whitney U-test was 
used instead of an independent samples t-test.  
 
The results of the Mann-Whitney U-test analysis showed that: (1) there was a non-significant difference between the 
CST pretest mean scores of the students in the EDPVE group (Mdn = 4.00) and the ESPVE group (Mdn = 4.00), U = 
757.50, p = .515; (2) there was a non-significant difference between the LST pretest mean scores of the students in 
the EDPVE group (Mdn=3.00) and the ESPVE group (Mdn = 3.00), U= 748.50, p = .488; and (3) there was a non-
significant difference between the AST pretest mean scores of the students in the EDPVE group (Mdn = 3.00) and 
the ESPVE group (Mdn = 3.00), U= 814.50, p = .957. The results are listed in Table 6. 

 
The result of Mann-Whitney U test analysis showed that (1) there was a significant difference between the CST 
posttest mean scores of the students in EDPVE group (Mdn = 7.00) and ESPVE group (Mdn = 6.00), U = 588.00, p 
= .020; (2) there was a significant difference between the LST posttest mean scores of the students in EDPVE group 
(Mdn = 9.00) and ESPVE group (Mdn = 8.00), U = 551.00, p = .010; and (3) there was a significant difference 
between the AST posttest mean scores of the students in EDPVE group (Mdn = 7.00) and ESPVE group (Mdn = 
6.00), U = 586.50, p = .019. Results are listed in Table 6. 
 
The results of the Mann-Whitney U-test analysis showed that: (1) there was a significant difference between the CST 
delayed-test mean scores of the students in the EDPVE group (Mdn = 7.00) and the ESPVE group (Mdn = 6.00), U = 
530.00, p = .003; (2) there was a significant difference between the LST delayed-test mean scores of the students in 
the EDPVE group (Mdn = 8.00) and the ESPVE group (Mdn = 7.00), U= 549.00, p = .010; and (3) there was a 
significant difference between the AST delayed-test mean scores of the students in the EDPVE group (Mdn = 7.00) 
and the ESPVE group (Mdn = 5.50), U = 384.50, p = .000. The results are listed in Table 6. 
 
In brief, the results show pretest performance to be the same on each subcategory and significant differences in all 
subcategories on the posttest and delayed-test favoring the EDPVE group. 
 
 

Table 6. Results of subcategories tests 
 Control Statements Test Loop Statements Test Array Statements Test 
Tests Groups N Mdn U Z p Mdn U Z p Mdn U Z p 

Pretest EDPVE 41 4.0 757.5 -.650 .515 3.0 748.0 -.694 .488 3.0 814.5 -.053 .957 ESPVE 40 4.0 3.0 3.0 

Posttest EDPVE 41 7.0 588.0 -
2.328 .020 9.0 551.0 -

2.572 .010 7.0 586.5 -
2.353 .019 ESPVE 40 6.0 8.0 6.0 

Delayed-
test 

EDPVE 41 7.0 530.0 -
2.929 .003 8.0 549.0 -

2.583 .010 7.0 384.5 -
4.297 .000 ESPVE 40 6.0 7.0 5.5 

 
 
Discussion and implications 
 
The aim of this study was to investigate the effect of teaching/learning using the EDPVE system on students’ 
programming skills. First, there was a significant difference between the posttest mean scores of the EDPVE and 
ESPVE groups in favour of the EDPVE group. This result in the achievement test suggests that the students in the 
EDPVE group had higher mean scores than the students in the ESPVE group, meaning that the learning effect of 
studying using the EDPVE system is superior to the effect of studying using the ESPVE system. The finding of the 
current study is consistent with a number of similar previous empirical researches (Hongwarittorrn & Krairit, 2010; 
Lee & Wu, 1999; Smith & Webb, 2000; Rajala, Laakso, Kaila, & Salakoski, 2008;   Milne & Rowe, 2004; Moons & 
Backer, 2009) on the use of PV techniques that improves the students learning performances. Although this study has 
provided a significant result, the findings of similar studies reported in the literature present both significant and non-
significant results. The meta-study conducted by Hundhausen, Douglas, and Stasko (2002), which comprised an 
analysis of experimental studies of the effectiveness of algorithm visualization, showed that only 11 out of 24 
experiments gave significant results regarding the effect of visualization on learning programming. Another meta-
analysis conducted by Baker and Dwyer (2000) showed that visualization has a positive effect on students’ 
achievement. One of the advantages of program visualization is that it provides a way to interact with programs and 
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to animate the execution of program code. Mayer and Moreno (2002) argue that animation has great potential to 
improve human learning by promoting a deeper understanding.  
 
Second, there was a significant difference between the delayed-test mean scores of the EDPVE and ESPVE groups 
in favour of the EDPVE group. On the other hand, an analysis of the paired-sample t-test showed that there was not a 
significant difference between the posttest and delayed-test mean scores of both the EDPVE and ESPVE groups. 
This result indicates that studying under either the EDPVE system or the ESPVE system will have a retaining effect.  
 
 Third, the test results of CST, LST and AST showed that there was a significant difference between both the posttest 
and delayed-test mean scores of the EDPVE and ESPVE groups in favour of the EDPVE group. The result of the 
subtests are consistent with those of the overall test, and, once again, we can reasonably argue that learning effect of 
teaching/learning control, loop and array subtopics with the EDPVE system is better than the effect of using the 
ESPVE system. These findings of the current study are consistent with those of Ben-Bassat Levy, Ben-Ari, and 
Uronen (2003). In the case of ‘if and when’ statements, they found a significant improvement in the performance of 
the animation group, but no significant improvement with assignment or input/output statements. The present 
findings also seem to be similar to other research which has found that basic program structures, such as if, trigger 
and loop, were mastered (Lavonen, Meisalo, Lattu, & Sutinen, 2003). 
 
Finally, no significant gender differences were found in this study. Although the posttest mean score of the male 
students (22.05) in the EDPVE group was better than that of the female students (20.68), and the posttest mean score 
of the female students (19.76) in the ESPVE group was better than that of the male students (18.70), neither the 
EDPVE nor the ESPVE group revealed significant differences. The findings of most of the previous studies have 
shown gender differences in programming achievement (Hess & Miura, 1983; Lieberman, 1985; Becker, 1986; 
Collis et al., 1988). However, the findings of the current study and a number of newer studies (Byrne & Lyons, 2001; 
Rountree, Rountree, & Robins, 2002; Bergin & Reilly, 2005; Lau & Yuen, 2009) have not found the expected gender 
differences. It is difficult to explain this result, but it may be related to the different learning environment which is 
provided for new generations. The students of today are different from those in earlier studies. Today’s students have 
grown up in a rich technology-based teaching and learning environment, which incorporates information and 
communication technologies, meaning that they think, learn and visualize differently.  
 
Although the findings of the present study indicate that EDPVE is effective for under-graduate students, further 
research is required in order to test whether it is effective for high school students. In addition, this study used a 
sample of students with no technical background. Therefore, further studies are being carried out in order to test 
whether similar results can be obtained with students who have scientific and engineering backgrounds. 
 
The findings of this study have shown that the effect of dynamic program visualization has important implications 
for the future design and development of tools for teaching programming, and that it may be valuable to use dynamic 
program visualization techniques. This is an important issue for educators wishing to integrate dynamic program 
visualization techniques into their courseware.  
 
 
Limitations and future works 
 
Due to limitations of the current system, students were used only a restricted number of pre-written examples of 
programming. For future studies, new versions of the learning system can be developed to help students not only use 
ready-to-use examples but also write and use her/his own examples. Based on the results of this study, other 
recommendations for future researches are (1) only quantitative research methods were used to compare the effect of 
learning systems on students’ learning. In order to further explain why dynamic program visualization is more 
effective, it would be valuable to use both quantitative and qualitative research methods together depending on the 
opinions of students and teachers; (2) this study compared the two computer-assisted learning systems. It would be 
convenience to compare these systems with traditional teaching methods; and (3) this study also show that program 
visualization techniques can improve learning of programming. This potential can be adapted in new development 
teaching/learning environments.    
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ABSTRACT  

The user’s acceptance of Computer Based Assessment (CBA) Systems is examined with the help of the 
Computer Based Assessment Acceptance Model (CBAAM) in the two different cultures of Greece and Mexico. 
The study was conducted by delivering the same CBA system to students of identical courses in Greece and 
Mexico. The research data were analyzed using Partial Least Squares (PLS). The results indicate that the 
CBAAM is valid for both countries in overall. However, there are some cultural differences. Greek students’ 
behavioral intention is triggered mainly by Perceived Playfulness and Perceived Ease of Use, while Mexican 
students’ behavioral intention is caused by Perceived Playfulness and Perceived Usefulness. This study is a first 
step towards a cross-cultural analysis regarding CBA’s acceptance and use. 

 
Keywords 

Computer based assessment, Technology acceptance, Cross-culture comparison, Hofstede’s cultural dimension, 
Perceived playfulness 

 
Introduction 
 
Learning Management Systems (LMS) became a valuable tool for teachers and learners worldwide. The increased 
use of LMS drove to globalized educational software such as Blackboard and Moodle, that help teachers to provide 
high quality LMS to their learners. Globalization can also be found in computer based test and assessments such as 
Test Of English as a Foreign Language (TOEFL), Graduate Management Admission Test (GMAT) and Graduate 
Record Examination (GRE). Many students around the world take these exams and are prepared using simulated 
Computer Based Assessment systems. 
 
Computer Based Assessment (CBA) is an integral service which comes along with LMS or alone. It provides many 
advantages to teachers and learners. Learners can find CBA very useful because they can practice in any lesson or 
specific task they want in order to ameliorate their weaknesses and to evaluate their performance (Joosten-ten Brinke 
et al., 2007; Kaklauskas et al., 2010). On the other hand, educators savor other advantages such as: test security, 
reduction of time and cost, automation of records and distance learning/marking (Gvozdenko & Chambers, 2007; 
Smith & Caputi, 2007). 
 
Despite the increased use of CBA, many learners are against using CBAs (Frankola, 2000). Thus, Researchers are 
trying to identify the factors that affect learners to use CBA. Researchers, based on models regarding Information 
Technology (IT) acceptance, e.g., Technology Acceptance Model (TAM) (Davis, 1989), developed many models to 
explain learner’s acceptance and intention to use learning management systems (LMS) or CBA. Regarding CBA, 
Computer Based Assessment Acceptance Model (CBAAM) (Figure 1) is a model that includes many important 
variables to explain learner’s acceptance on CBA (Terzis & Economides, 2011). 
 
However, CBA’s globalization questioned the invariance of CBAAM in other cultures around the world. Cultural 
differences that exist among different countries may affect CBAAM’s effectiveness or the factors that affect 
learner’s intentions to use CBA.  
 
Thus, this paper aims to examine possible differences in computer based assessment acceptance between different 
cultures by applying CBAAM to Greek and Mexican students.  
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Section 2 presents previous studies that shed light on CBA acceptance or cultural effect on IT acceptance. Section 3 
describes the methodology. Section 4 provides the data analysis and the results. Finally, sections 5 and 6 discuss the 
results and present the conclusions of this study respectively. 
 
 
Literature review 
 
Computer based assessment acceptance 
 
Technology Acceptance Model (TAM) is the first and the most dominant model regarding IT acceptance (Davis, 
1989). Davis developed TAM based on the Theory of Reasoned Action (TRA) (Fishbein & Ajzen, 1975).  Another 
model that explains user’s intentions is the Theory of Planned Behaviour (TPB) (Ajzen, 1991). Taylor and Todd 
(1995) presented a hybrid model which combined TAM and TPB. Unified Theory of Acceptance and Use of 
Technology (UTUAT) came to integrate previous models regarding IT acceptance (Venkatesh, Morris, Davis, & F. 
D. Davis, 2003).  
 
LMS and CBA acceptance studies such as CBAAM have adopted variables from these previous models. From TAM, 
CBAAM and other studies have adopted Perceived Usefulness (PU) and Perceived Ease of Use (PEOU) (Landry, 
Griffeth & Hartman, 2006; Lee, 2008; Ong, Lai & Wang 2004; Ong & Lai, 2006; Padilla-Melendez, Garrido-
Moreno & Del Aguila-Obra, 2008; Teo, 2009; Van Raaij & Schepers, 2008; Yi & Hwang, 2003). From Unified 
Theory of Acceptance and Use of Technology (UTUAT), CBAAM and other LMS acceptance studies used 
Facilitating Conditions (Teo, 2009; Teo, Lee, & Chai, 2008) or Social Influence in their research models (Van Raaij 
& Schepers, 2008; Wang, Wu & Wang, 2009). 
 
Furthermore, CBAAM included variables which were found to be more relevant with the context of learning and 
assessment acceptance. It adopted Perceived Playfulness (Moon and Kim, 2001; Wang et al., 2009). It proposed 
firstly Goal Expectancy which is based on Self-Management of Learning (Wang et al., 2009) and secondly Content 
(Shee & Wang, 2008; Wang, 2003).  
 
CBAAM suggests that user’s intentions to use a CBA are defined by Perceived Playfulness and Perceived Ease of 
Use. Perceived Usefulness is significantly attributed by Goal Expectancy, Content, Social Influence and Perceived 
Ease of Use. Usefulness, Content, Ease of Use and Goal Expectancy explain Perceived Playfulness Furthermore, 
Perceived Ease of Use explained by Computer Self Efficacy and Facilitating Conditions (Figure 1).  
 
 
User acceptance across cultures 
 
The need to clearly understand the individual acceptance drives many researchers to a cross cultural analysis 
regarding acceptance. Several previous studies added a cross-cultural dimension by comparing the efficiency of an 
acceptance model such as TAM or by adding variables that are distinguishing the cultures.  
 
Cultural differences showed that the culture has an impact on IT acceptance (Straub, Keil & Brenner, 1997; Straub et 
al., 2002). Specifically, Straub (1997) found through a three-country study that TAM did not remain invariant across 
different countries. Another cross-cultural analysis was applied in the context of pre-services teachers regarding 
TAM (Teo, Luan & Sing, 2008). Cross-cultural application of the TAM was performed also in the global consumer 
acceptance of international web sites among Brazilians, Germans, and Taiwanese (Singh, Fassott, Chao & Hoffmann, 
2006). Other researchers applied TAM to countries that have many cultural differences with west such as Saudi 
Arabia (Al-Gahtani, Hubona & Wang, 2007) and People’s Republic of China (Huang, Lu & Wong, 2003). In 
addition, UTUAT was also used to examine cultural differences in IT acceptance (Taksa & Flomenbaum, 2009; Im, 
Hong, & Kang, 2011). Cross-cultural analysis regarding IT acceptance was applied also in other contexts such as 
prepayment metering systems (Bandyopadhyay, K. & Bandyopadhyay, S., 2008), and e-learning (Keller, Hrastinski 
& Carlsson, 2007).  
 
On the other hand, some studies extended TAM with cultural value-dimensions (eg. Zakour, 2004; Li et al., 2009) 
based on previous researches (Hofstede & Bond, 1988; Hofstede, 2001; Trompenaars, Hampden-Turner, 1988; Hall, 
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1989) regarding cultural differences. Finally, Gaspay, Dardan, & Legorreta (2007) delivered a very useful meta-
analysis regarding the implementation of Hofstede’s cultural dimensions in IT research. 
 
This paper explores the cultural effect on CBA and highlight possible differences by applying CBAAM to Greek and 
Mexican students. Greece was selected as a European country, while Mexico as a Latin American country. In 
addition, the cultural values of these two countries indicated that the analysis will provide interesting results 
regarding the differences and similarities between different cultures and their effects on CBA’s acceptance (Hofstede, 
2001). Particularly, regarding differences between countries, Greece has the highest value regarding Uncertainty 
Avoidance, while Mexico is twentieth among sixty six (66) countries. Moreover, Mexico has one of the highest 
values (fifth) regarding Power Distance, while Greece is fortieth. Another smaller difference between the two 
countries is their values regarding Masculinity. Mexico is eighth in this cultural dimension while Greece is twenty-
third. On the contrary, the fourth cultural dimension “Individualism” is almost the same for the two countries. The 
aforementioned differences and similarities between Greece and Mexico will provide useful insights regarding the 
effect of cultural dimensions on CBA’s acceptance. 
 
Thus, the present research is the first at examining the influence of national culture on the acceptance and use of CBA. 
 
 
Methodology 
 
Data collection 
 
The survey study was conducted at two universities in Greece and Mexico. In order to eliminate any other effect 
except cultural, the questionnaire was distributed to first year students that were attending similar courses in the two 
universities. The course was an introductory informatics course. Students were educated regarding general concepts 
of Information Technology and basic use of internet and word processing.  
 
The CBA includes questions from this course. The participation in the CBA was voluntary. 117 first-year Greek 
students, 45 males (38%) and 72 females (62%), signed up and appeared to the procedure. The average age of Greek 
students was 19.2 (SD = 1.03). In addition, 51 first-year Mexican students, 19 males (37%) and 32 females (63%), 
participated to the procedure. The average age of Mexican students was 18.9 (SD = 1.05). Furthermore, from the 
mean and standard deviation of the Computer Self Efficacy variable, we are able to understand that students from 
both countries felt confident regarding their computer skills (Table 1).  
 
The CBA was a summative test in order to prepare students regarding their final examination for the introductory 
informatics course. Therefore, it was delivered two weeks after the end of the courses in order to give to the students 
the opportunity to be prepared for the procedure. The procedure was administered in January 2011 for both countries. 
 
The CBA has the same characteristics for both groups. The only difference was the questions’ language. Mexican 
students used the CBA in Spanish, while Greek students in Greek.  
 
The CBA system is very simple. The questions appearance was randomized. Each question was appeared with four 
possible answers and a “next” button, which allowed the students to move to the next question after he/she answered 
the present question first. The CBA was build in a Windows XP machine using JavaScript with Perl CGI on Apache 
web server with MySQL (Moridis & Economides, 2009). 
 
After the end of the procedure, the student has to answer the questionnaire survey (CBAAM). CBAAM consists of 
30 items in order to measure its 9 latent variables. We used the seven point Likert-type scale with 1 = “strongly 
disagree” to 7 = “strongly agree”, in order to measure the items. 
 
 
Research model and hypotheses 
 
The proposed research model (Figure 1), CBAAM, was applied to Greek and Mexican students in order to examine 
the acceptance and use of CBA (Terzis & Economides, 2011). This section describes the CBAAM’s variables and 
hypotheses.  
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Figure 1.  Research Model 

 
 
Perceived playfulness 
 
Perceived Playfulness (PP) is an intrinsic significant belief that is formed from the individual’s subjective experience 
with the system (Moon & Kim, 2001). Moon and Kim described PP as a variable defined by three dimensions such 
as concentration, curiosity and enjoyment. These dimensions are very essential for user’s acceptance of a CBA. 
Previous studies showed that Perceived Playfulness is one of the most important determinants to use a CBA (Terzis 
& Economides, 2011).  
 
Therefore we hypothesized: 
H1: Greek and Mexican students’ Perceived Playfulness will have a positive effect on their Behavioural Intention to 
use CBA. 
 
 
Perceived usefulness 
 
The degree to which a user considers that using a specific system will improve his/her job performance is Perceived 
Usefulness (PU) (Davis, 1989). LMS acceptance models highlighted Perceived Usefulness as a very important factor 
of behavioral intention to use an e-learning system (e.g. Lee, 2008; Ong & Lai, 2006; Van Raaij & Schepers, 2008). 
Furthermore, Perceived Usefulness is also an essential determinant of Perceived Playfulness (Terzis & Economides, 
2011). Therefore, we hypothesized: 
 
H2: Greek and Mexican students’ Perceived Usefulness will have a positive effect on their Behavioural Intention to 
use CBA.  
H3: Greek and Mexican students’ Perceived Usefulness will have a positive effect on their Perceived Playfulness. 
Perceived ease of use 
 
The degree to which a user considers that using a system would be free of effort is Perceived Ease of Use (PEOU) 
(Davis, 1989). LMS acceptance models showed that the Perceived Ease of Use influences positively and directly the 
Perceived Playfulness, Perceived Usefulness and Behavioral Intention to Use (Venkatesh, 1999; Venkatesh & Davis, 
1996).  
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H4: Greek and Mexican students’ Perceived Ease of Use will have a positive effect on their Behavioural Intention to 
use CBA.  
H5: Greek and Mexican students’ Perceived Ease of Use will have a positive effect on their Perceived Usefulness. 
H6: Greek and Mexican students’ Perceived Ease of Use will have a positive effect on their Perceived Playfulness. 
 
 
Computer self efficacy 
 
The degree to which a user perceives his/her capacity to use computers is Computer Self Efficacy (CSE) (Compeau 
& Higgins, 1995). CSE affects students during CBA. Individuals with higher CSE find the CBA system easier and 
consequently they have higher intentions to use the CBA system. The direct causal effect of CSE on PEOU and the 
indirect on Behavioral intention in the context of LMS or CBA acceptance are supported by previous studies 
(Agarwal, Sambamurthy, & Stair, 2000; Padilla-Melendez, Garrido-Moreno, & Del Aguila-Obra, 2008; Terzis & 
Economides, 2011).  
 
H7: Greek and Mexican students’ Computer Self Efficacy will have a positive effect on their Perceived Ease of Use. 
 
 
Social influence 
 
Social Influence (SI) is a variable to measure the effect of other opinions on person behaviour and beliefs (Taylor & 
Todd, 1995). Social Influence consists of three dimensions: Subjective Norm, Image and Voluntariness (Karahanna 
& Straub, 1999). UTUAT combined the three dimensions and delivered Social Influence as one of the four key 
determinants of Behavioral Intention (Venkatesh et al., 2003). Social Influence was also found as a major 
determinant of behavioral intention in LMS and CBA contexts (e.g., Wang et al., 2009; Terzis & Economides, 2011). 
 
H8: Social Influence will have a positive effect on Greek and Mexican students’ Perceived Usefulness. 
 
 
Facilitating conditions 
 
Facilitating Conditions (FC) are the system’s characteristics or technical support that facilitate individuals to use a 
system. FC are delivered by help buttons, menus, Frequently Asked Questions (FAQ) and other facilities that may 
help users to interact with the system more effectively. Moreover, FC could be provided by the organization’s staff. 
In CBA, tutors play an important role to proper delivery of the system to the students. So, we hypothesized a positive 
effect of FC on PEOU.  
 
H9:  Facilitating Conditions will have a positive effect on Greek and Mexican students’ Perceived Ease of Use. 
 
 
Goal expectancy 
 
Goal Expectancy (GE) is a construct that impacts an individual’s belief that he/she is prepared properly to use the 
CBA system. GE has two dimensions.  The first dimension is the student’s beliefs regarding their preparation to 
answer the CBA’s questions. The second dimension is the student’s expectations and aspirations regarding the level 
of success. Previous studies showed that GE is a significant determinant of Perceived Usefulness and Perceived 
Playfulness (Terzis & Economides, 2011).  
 
H10: Goal Expectancy will have a positive effect on Greek and Mexican students’ Perceived Usefulness. 
H11: Goal Expectancy will have a positive effect on Greek and Mexican students’ Perceived Playfulness. 
 
 
Content 
 
Content is a variable that measures user’s perceptions regarding the CBA’s corresponding course and CBA’s 
questions. Course’s content is an important factor for student’s intentions to use the CBA. Students with higher 
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interest for a particular course will have higher intentions to use the corresponding CBA. In addition, the design of 
the CBA’s questions is also essential regarding the user’s beliefs and intentions.  CBAs provided with questions that 
are higher in quality (understandable, relative with the course, innovative) and probably quantity are more likely to 
be used by the students. Therefore, we hypothesized: 
 
H12: Content will have a positive effect on Greek and Mexican students’ Perceived Usefulness. 
H13: Content will have a positive effect on Greek and Mexican students’ Perceived Playfulness. 
H14: Content will have a positive effect on Greek and Mexican students’ Goal Expectancy. 
H15: Content will have a positive effect on Greek and Mexican students’ Behavioral Intention to Use CBA. 
 
Thus, this paper aims to examine the CBAAM’s efficiency in different cultures by testing the aforementioned 
hypotheses in Greece and Mexico. 
 
 
Data analysis and results 
 
Partial least-squares (PLS) analysis was used to measure the structural and the measurement model (Chin, 1998; Falk 
& Miller, 1992; Wold, 1992). The samples for both groups are large enough, since they surpass the minimum limit 
which is at least 10 times the largest number of independent variables impacting a dependent variable (Chin, 1998).  
In our model, the largest number of independent variables impacting a dependent variable is four (PU, PP, PEOU 
and C to BI). Thus, both the Greek and the Mexican samples are large enough since they are higher than 40.  
 
Reliability and validity for the measurement model are measured through internal consistency, convergent validity 
and discriminant validity (Barclay, Higgins & Thompson, 1995; Wixon & Watson, 2001). Table 1 displays the 
items’ reliabilities (Cronbach’s alpha, Composite Reliability), Average Variance Extracted (AVE) and factor 
loadings, while Table 2 displays the variables’ correlations and Square Roots of AVEs. The minimum values for 
these criteria are presented in Tables 1 and 2. Specifically: (1) Table 1 confirms convergent validity, (2) Tables 2 and 
3 confirms discriminant validity for Greece and Mexico respectively. Thus, the results support the measurement 
model since they exceed the minimum values for both countries (Table 1, 2, 3). The only inconsistency is the second 
item regarding CSE which has factor loading lower than the minimum value (Table 1). Thus, CSE2 was omitted 
from the core construct regarding Mexico.    
 

 
*p < 0.1, **p < 0.05, ***p < 0.01, ns: not significant. 

Figure 2. Path coefficients of the research model. 
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The structural model is evaluated by examining the variance measured (R2) by the antecedent constructs. Values of 
the variance equal to 0.02, 0.13 and 0.26 are considered as small, medium and large respectively (Cohen, 1988).  
Secondly, t-values or p-values through the bootstrapping procedure are used in order to evaluate the significance of 
the path coefficients and total effects. Table 4 and figure 2 summarize the results for the hypotheses and R2. R2 

regarding Behavioral Intention and the most important model’s variables such as Perceived Playfulness, Perceived 
Usefulness and Perceived Ease of Use are considered as large for both countries. In addition, most of the hypotheses 
are significant for both countries with some exemptions. The results are thoroughly discussed at the Discussions 
section.  
 
Finally, Goodness of Fit (GoF) provides an overall prediction performance of the research model by taking into 
consideration the measurement and the structural models. The GoF is determined as the geometric mean of the 
average communality in the measurement model (AVE) and the average R2 of the endogenous variables (Tenenhaus, 
Vinzi, Chatelin, & Lauro, 2005). GoF is defined as small (0.10), medium (0.25) and large (0.36) (Wetzels, 
Odekerken-Schröder, & van Oppen, 2009). GoF is 0.60 and 0.61 for Greece and Mexico respectively. This means 
that the CBAAM is a reliable model to predict Behavioral Intention to use a CBA for both countries. The software 
for the data analysis was SmartPLS 2.0 (Ringle, Wende, & Will, 2005). 
 

Table 1. Results for the Measurement Model 
Construct Items Mean Standard 

Deviation 
Factor 
Loading 
 
(> 0.7)a 

Cronbach a 
 
 
(> 0.7) a 

Composite 
Reliability 
 
(> 0.7) a 

Average 
variance 
extracted(> 
0.5) a 

 GR MX GR MX GR MX GR MX GR MX GR MX 
Perceived 
Playfulness 

4.95 5.34 1.15 0.84   0.86 0.80 0.91 0.87 0.71 0.62 

PP1     0.77 0.80       
PP2     0.87 0.82       
PP3     0.86 0.77       
PP4     0.87 0.76       
Perceived 
Usefulness 

5.09 5.24 1.18 1.04   0.88 0.88 0.93 0.92 0.82 0.80 

PU1     0.90 0.91       
PU2     0.93 0.93       
PU3     0.88 0.85       
Perceived Ease of 
Use 

5.56 5.55 1.15 0.98   0.77 0.72 
 

0.87 0.84 0.69 0.64 

PEOU1     0.84 0.88       
PEOU2     0.87 0.72       
PEOU3     0.77 0.78       
Computer Self 
Efficacy 

5.33 5.91 1.00 0.82   0.84 0.7 0.89 0.82 0.67 0.61 

CSE1     0.83 0.79       
CSE2     0.82 0.20       
CSE3     0.77 0.73       
CSE4     0.86 0.82       
Social Influence 5.81 4.57 0.96 1.01   0.83 0.77 0.89 0.85 0.66 0.59 
SI1     0.78 0.70       
SI2     0.85 0.85       
SI3     0.81 0.80       
SI4     0.81 0.73       
Facilitating 
Conditions 

5.96 5.20 0.91 1.02   0.80 0.70 0.91 0.87 0.83 0.76 

FC1     0.89 0.91       
FC2     0.93 0.84       
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Goal Expectancy 5.20 5.18 1.06 1.07   0.83 0.80 0.90 0.88 0.75 0.71 
GE1     0.88 0.82       
GE2     0.86 0.87       
GE3     0.86 0.85       
Content 5.41 5.68 1.09 0.90   0.83 0.82 0.89 0.88 0.67 0.65 
C1     0.87 0.86       
C2     0.85 0.77       
C3     0.73 0.78       
C4     0.80 0.82       
Behavioral 
Intention to Use 

5.47 5.30 1.20 1.06   0.89 0.78 0.93 0.87 0.81 0.69 

BI1     0.92 0.86       
BI2     0.88 0.74       
BI3     0.92 0.87       
a: Indicates an acceptable level of reliability and validity, GR: Greece, MX: Mexico.  

 
Table 2. Discriminant validity for the measurement model in Greece 

Constructs      BI       C     CSE      FC      GE    PEOU      PP      PU      SI 
  BI 0.90         
   C 0.54 0.82        
 CSE 0.24 0.32 0.82       
  FC 0.34 0.49 0.17 0.91      
  GE 0.41 0.60 0.41 0.23 0.86     
PEOU 0.57 0.61 0.34 0.54 0.40 0.82    
  PP 0.63 0.65 0.34 0.30 0.63 0.46 0.84   
  PU 0.60 0.65 0.31 0.33 0.65 0.66 0.72 0.90  
  SI 0.48 0.50 0.27 0.54 0.44 0.48 0.41 0.46 0.81 
Bold values: the square root of the average variance extracted (AVE) of each construct. 
 

Table 3. Discriminant validity for the measurement model in Mexico 
Constructs      BI       C     CSE      FC      GE    PEOU      PP      PU      SI 
  BI 0.83         
   C 0.51 0.81        
 CSE 0.16 0.42 0.78       
  FC 0.18 0.56 0.36 0.87      
  GE 0.44 0.67 0.53 0.45 0.84     
PEOU 0.46 0.69 0.65 0.52 0.59 0.80    
  PP 0.65 0.78 0.33 0.54 0.60 0.63 0.79   
  PU 0.65 0.61 0.39 0.32 0.51 0.55 0.66 0.90  
  SI 0.44 0.55 0.38 0.52 0.47 0.51 0.63 0.67 0.77 
Bold values: the square root of the average variance extracted (AVE) of each construct. 
 

Table 4. Greece and Mexico results in relationships 
  Greece (n= 117) Mexico (n = 51) 
  RGr

2 βGr  RMx
2 βMx  

 BI 0.52   0.51   
 PP 0.60   0.68   
 PU 0.62   0.55   
 PEOU 0.36   0.51   
 GE 0.36   0.45   
H1 PP → BI  0.41*** support  0.45*** support 
H2 PU → BI  0.08ns not support  0.40*** support 
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H3 PU → PP  0.48*** support  0.26** support 
H4 PEOU → BI  0.31** support  0.04ns not support 
H5 PEOU → PU  0.39*** support  0.11ns not support 
H6 PEOU → PP  -0.12ns not support  0.10ns not support 
H7 CSE → PEOU  0.26*** support  0.53*** support 
H8 SI → PU  0.03ns not support  0.45*** support 
H9 FC → PEOU  0.50*** support  0.33** support 
H10 GE → PU  0.38*** support  0.08ns not support 
H11 GE → PP  0.19** support  0.05ns not support 
H12 C → PU  0.18* support  0.23* support 
H13 C → PP  0.30*** support  0.52*** support 
H14 C → GE  0.60*** support  0.67*** support 
H15 C → BI  0.02ns not support  -0.11ns not support 
*p < 0.1, **p < 0.05, ***p < 0.01, ns: not significant. 
 
 
Discussion 
 
The good fit of the overall model in the two diverse cultures of Greece and Mexico indicates that the CBAAM could 
be used to explain user’s behavior regarding CBA acceptance. The model was similar for both countries on the 
following effects: (1) Perceived Playfulness has the most important direct positive effect on Behavioral Intention to 
use the CBA. Previous studies also suggested Perceived Playfulness as a major determinant of Behavioral Intention 
to use an Information System or a Computer Based Assessment (Moon & Kim, 2001; Wang et al., 2009; Terzis & 
Economides, 2011), (2) Content has significant positive effect on Perceived Usefulness, on Perceived Playfulness 
and on Goal Expectancy but not direct significant effect on Behavioral Intention. Therefore, when a CBA’s Content 
is designed wisely, students might experience CBA as useful and playful, and consequently it would be more likely 
to be used. Moreover, students’ Goal Expectancy is affected by the CBA’s Content. Course content and CBA’s 
content have to be clear and comprehensible in order to facilitate students regarding their study, and goal estimation.  
(3) Perceived Usefulness has a significant direct effect on Perceived Playfulness. This means that the level of 
Perceived Usefulness determines the level of Perceived Playfulness. As we describe Playfulness is a three-
dimensional construct which includes concentration, curiosity and enjoyment.  Results showed that students’ 
perceptions regarding usefulness for both countries affect positively their perceptions regarding the level of their 
concentration, curiosity and enjoyment during the CBA. Consequently, it might be assumed that the students use 
Playfulness to connect Usefulness with Behavioural Intention to Use. (4) Perceived Ease of Use is significantly 
attributed to Computer Self Efficacy and to Facilitating Conditions. The effect of Computer Self Efficacy indicates 
that a student who knows how to use computers, probably he/she will find easy to use a Computer Based Assessment 
that requires basic information technology skills. On the other hand, the effect of Facilitating Conditions suggests 
that if designers provide technical support through the system and tutors physical support with their presence to 
answer the students’ queries, it is more likely students to find CBA ease of use. (5) On the other hand, the effect of 
Perceived Ease of Use on Perceived Playfulness was not significant for both countries. This means that the ease of 
use of the system does not provide any advantage in order to enhance their perceptions regarding the playfulness of 
the system. This result might be explained by the fact that students from both countries have very large Computer 
Self Efficacy (Table 1). Therefore, since students are qualified to use basic computer software, ease of use of the 
system could not affect students’ perceptions regarding the playfulness of the system. In this point, we have to 
mention that these results might be different if our samples were larger or different in age. However, it is believed 
that users’ new generation is computer educated and capable to use a lot of different software; therefore the ease of 
use might not be a strong determinant of Perceived Playfulness. 
 
However, previous cross-cultural studies showed that acceptance models such as TAM are influenced by culture. 
Thus, despite the similarities of the two groups (students of identical course and age), the results support the same 
idea regarding CBAAM. Figure 3 presents the values of Greece and Mexico regarding the five cultural dimensions 
of Hofstede (Power distance, Individualism, Masculinity Uncertainty avoidance). We used these values to suggest 
some ideas and explanations regarding our results delivered by the differences between Greek and Mexican students. 
Specifically: (1) regarding the items only one item of CSE was problematic. This sustains that the questionnaire’s 
items were reliable and valid for measuring the perceptions of Greek and Mexican students regarding our research 
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constructs. (2) Social Influence determines Perceived Usefulness only in Mexico. This could be supported from 
Hofstede’s findings regarding Power Distance for Greece equals to 60 and for Mexico equals to 81 (Figure 3). The 
higher Power Distance for Mexico indicates that Mexicans are individuals that are influenced from their superiors’ 
opinions; therefore social influence effect is larger and significant in Mexico. In our research, this means that 
students’ opinions are influenced by their tutors or other academic staff regarding the use of CBA, while Greek 
students are not significant affected by their professors or other staff. (3) Goal Expectancy has a significant positive 
effect on Perceived Usefulness and on Perceived Playfulness only in Greece. Goal Expectancy is a variable related 
with someone’s effort to be properly prepared regarding CBA. It is believed that students who avoid uncertainty will 
also be properly prepared. Uncertainty Avoidance is another cultural dimension (Hofstede, 2001) which is higher in 
Greece and consequently Goal Expectancy has significant effects in Greece (Figure 3). This means that Greek 
students with expectations regarding the CBA would be more likely to find it useful and playful. On the other hand, 
Mexican students did not associate their goal expectations with the usefulness and the playfulness of the system. (4) 
Perceived Ease of Use defines Perceived Usefulness and Behavioral Intention only in Greece. This result is in line 
with Srite (2006) results which used Hofstede’s (2001) findings to support that cultures that are less masculine might 
be more concerned with the ease of use of a technology. Hofstede’s (2001) findings regarding masculinity for Greece 
equals with 57 and for Mexico equals with 69, therefore the direct positive effect of Perceived Ease of Use on 
Behavioral Intention is significant only in Greece. The significant effect of Greek students perceptions regarding 
Ease of Use on Behavioral Intention to use a CBA and on Perceived Usefulness is in line with previous studies 
(Terzis & Economides, 2011) (5) Perceived Usefulness explains Behavioral intention only in Mexico. This result 
could also be explained by Masculinity.  In a society with high masculinity such as Mexico, people put more 
emphasis on goals and tasks, therefore perceived usefulness, a variable that is linked with CBA’s capability to reach 
user’s goals and tasks, is an important determinant of behavioral intention to use a CBA in Mexico. The possible 
cultural effects on relationships among CBAAM’s variables are displayed in Figure 4. 
 

 
Figure 3. Hofstede’s values regarding Greece and Mexico (Hofstede, 2001) 

 

 
Figure 4. Cultural effects on relationships among CBAAM’s variables 
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Conclusions 
 
This study compares the user’s acceptance behavior of a computer based assessment system in two different cultural 
environments (Greece and Mexico) by applying the CBAAM (Terzis & Economides, 2011) in both cultures. Despite 
the good model fit in both countries and the aforementioned similarities which indicate a trend to a globalized use of 
CBA systems, ethnic or national culture plays important role on user’s behavioral intentions regarding CBA 
acceptance.  
 
This research faces some limitations which might have influenced the results. The first limitation is the small number 
of individuals regarding Mexico’s sample. A sample with more students might have provided different and more 
significant results. Moreover, the sample is very specific. All the participants are first-year undergraduate students in 
an introductory course to informatics. Similar studies should be applied to other groups with different characteristics 
regarding age, specialization, nationality and course’s content. Thus, the results should be treated as indications and 
not as proofs. 
 
To conclude, this study provides potential evidences regarding the cultural effect on CBA acceptance. Developers, 
researchers and educators could found helpful the results and they should take them into consideration for future (1) 
CBA systems’ development, (2) studies regarding the implementation and acceptance of LMS and CBA systems, 
especially studies interest in cultural dimensions and their effects in education, (3) the implementation of new and 
more personalized educational practices. Further studies should be towards this direction in order to provide more 
useful and significant results.   
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Appendix 1 
 
Constructs Items  
Perceived Usefulness   
 PU1 Using the Computer Based Assessment (CBA) will improve 

my work. 
 PU2 Using the Computer Based Assessment (CBA) will enhance 

my effectiveness. 
 PU3 Using the Computer Based Assessment (CBA) will increase 

my productivity. 
Perceived Ease of Use    
 PEOU1 My interaction with the system is clear and understandable. 
 PEOU2 It is easy for me to become skilful in using the system. 
 PEOU3 I find the system easy to use. 
Computer Self Efficacy   
 CSE1 I could complete a job or task using the computer. 
 CSE2 I could complete a job or task using the computer if 

someone showed how to do it first. 
 CSE3 I can navigate easily through the Web to find any 

information I need. 
 CSE4 I was fully able to use the computer and Internet before I 

began using the Computer Based Assessment (CBA). 
Social Influence   
 SI1 People who influence my behaviour think that I should use 

CBA. 
 SI2 People who are important to me think that I should use 

CBA. 
 SI3 The seniors in my university have been helpful in the use of 

CBA. 
 SI4 In general, my university has supported the use of CBA. 
Facilitating Conditions   
 FC1 When I need help to use the CBA, someone is there to help 

me. 
 FC2 When I need help to learn to use the CBA, system’s help 

support is there to teach me. 
Content   
 C1 CBA’s questions were clear and understandable. 
 C2 CBA’s questions were easy to answer. 
 C3 CBA’s questions were relative to the course’s syllabus. 
 C4 CBA’s questions were useful for my course. 
Goal Expectancy   
 GE1 My Course’s preparation was sufficient for the CBA 
 GE2 My personal preparation for the CBA. 
 GE3 My performance expectations for the CBA. 
Perceived Playfulness   
 PP1 Using CBA keeps me happy for my task. 
 PP2 Using CBA gives me enjoyment for my learning. 
 PP3 Using CBA, my curiosity is stimulated. 
 PP4 Using CBA will lead to my exploration. 
Behavioural Intention to use CBA   
 BI1 I intend to use CBA in the future. 
 BI2 I predict I would use CBA in the future. 
 BI3 I plan to use CBA in the future. 
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‘Perspectives on Open and Distance Learning: Open Educational Resources: An Asian Perspective’ offers a look at 
the current utilization of open educational resources (OER) in higher education (HE) in Asia. This compilation of 
country perspectives and cases studies is co-published by the Commonwealth of Learning (COL) in Vancouver, 
Canada and OER Asia operated out of the Institute for Research and Innovation at the Wawasan Open University in 
Malaysia. It is the latest in a series of publications addressing OER from the COL, which is an intergovernmental 
organisation comprised of more than 50 countries whose mandate is to “encourage the development and sharing of 
open learning/distance education knowledge, resources and technologies” (www.col.org/about). 
 
While there are several different definitions of what exactly OER are, the common thread among all the proposed 
explanations is they are educational resources, from individual lesson plans to entire course modules, that are openly 
available and can be used by teachers and students for free. Further to this, OER users are actively encouraged to 
reuse, revise, remix and redistribute the resources, although in reality there are often barriers to accomplishing this 
goal. 
 
Following a brief overview of the state of OER in HE in Asia generally, the book includes ten in-depth country 
perspectives, in addition to ten case studies showcasing specific uses of OER. The perspectives and cases studies 
highlight both the opportunities and barriers of using OER in HE. While some institutions have been quicker to adopt 
the use of OER than others, it is evident that the use of these resources is on the rise and major investments are being 
made to integrate them into the HE environment in Asia. 
 
The country perspectives provide a detailed report on the use of OER in various HE institutions in China, Hong 
Kong, India, Indonesia, Japan, Korea, Malaysia, Pakistan, Philippines and Vietnam. Every chapter in this section 
presents an overview of how OER have been adopted in each of the ten countries, followed by a survey conducted by 
the authors to further explore the level of acceptance and engagement of OER by HE institutions, and more 
especially by faculty members and teachers. While the results vary from country to country and from institution to 
institution, a number of issues appear consistently.  
 
Copyright and intellectual property concerns are cited by all the authors, with the exception of the Virtual University 
of Pakistan, which makes all of its OER courses available under a Creative Commons license and requires OER 
producers to assign all intellectual property rights over to the university. In many of the countries perspectives, the 
authors identify a need for education on copyright and intellectual property rights for faculty members. The surveys 
indicate that many do not fully understand the implications of both using OER or producing and contributing OER. 
And while almost all of the HE institutions reported upon are either already using Creative Commons licenses or in 
the process of moving in that direction, there is also a lack of understanding of what this actually means for 
individual faculty members. I believe part of the challenge is this is a major shift in the way most faculty and HE 
institutions are used to working; a shift away from having personal ownership and control over educational resources 
to making those resources openly available with little to no control over how they are used.  
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Quality assurance is also cited as an ongoing concern and potential barrier to making educational resources openly 
available. Understandably, HE institutions and individuals producing OER want the materials they make available to 
be of excellent quality. Those who succeed in producing high quality materials do so with considerable coordination, 
time and financial resources. The University of Madras provides a valuable example of a project that entailed 
producing 250 openly available instructional modules related to students’ soft skills. The project had a budget of 
$70,320USD and took 27 months to complete with three working groups, including project personnel, a core content 
development team and an advisory committee to provide quality assurance checks. The author reports that at the time 
of writing this report, no major cost benefits existed, mainly due to the expense of producing the large number of 
OER. It seems it is simply too early to tell what the cost benefits are of producing OER on an institution wide scale, 
however response from teachers, students and the university administration has been positive.    
 
Encouraging faculty and teachers to contribute OER material can be difficult. From the surveys conducted, it appears 
that while faculty members are actively using OER in their classrooms, they are not yet in the habit of making their 
teaching materials freely available. Several authors mention the need for HE to create institutional policies that 
support and promote not only the use of OER, but also the development of such resources amongst their faculty 
members. Related to this is the need for HE to offer supports to make this culture shift easier, by way of offering 
training, tech support and scholarly incentives.   
 
Another way to help ease this culture shift would be to provide more knowledge sharing opportunities for faculty and 
teachers using and producing OER. Many authors reported a lack of organized ways for faculty to learn from each 
other, both within individual institutions and across institutions and countries. Using readily available social media 
tools to connect people and provide them with a chance to share their experiences, as well as pose and answer 
questions may help spread the use of OER more widely and allow faculty to become more comfortable with using 
them.     
 
The second section of the book offers ten case studies from Malaysia, the Philippines, Korea, Indonesia, Hong Kong, 
China and four different institutions in India. These case studies provide a glimpse into how OER are being adopted 
and adapted to suit local needs. Each location has developed different approaches making OER openly available. 
Many house their institutionally developed OER on purpose built systems, for example Korean’s Open Courseware 
System and the Indira Ghandi National Open University’s eGyanKosh, a learning resource repository; while others 
have chosen to instead use third party solutions such as YouTube and iTunesU, as is the case with Beijing Open 
University. What emerges from these case studies however, is that the exact technology used is really a matter of 
what makes the most sense for each location—this isn’t a one-size-fits-all endeavour. More important is that 
institutions are able to make OER freely available in a way that builds on their own individual needs and strengths.  
In the countries that are most successfully embracing OER, as demonstrated in India, Pakistan and Malaysia, their 
use has partially been driven by a desire to provide access to education for all members of society, especially to those 
who have previously been excluded from access to HE. Emerging markets need to provide training and education to 
a wider audience in new ways in order to achieve their desire for economic growth and equality. This desire, coupled 
with supportive policies and major financial investments from HE, government sectors and other partners, is 
enabling countries like those mentioned above to emerge as leaders in OER in Asia.  
 
One of the main strengths of this book is the wide range of examples presented from across Asia, representing a 
number of different cultures, educational systems and economic realities. I thought the case studies were particularly 
useful, as they feature very pragmatic issues such as how a variety of OER programs or systems were implemented, 
how they were supported (or not), challenges faced, lessons learned and the opportunities and successes that were 
identified, all of which would be of interest to those working in this area. 
 
Unfortunately some of the surveys are more robust than others and some contain relatively low numbers of 
respondents, for example just 15 respondents are identified in the Japanese survey. This makes it difficult to 
determine just how wide spread the use OER really in HE. It would have also been useful to survey students at the 
various institutions to get a sense of how they are using the OER and how important they feel these resources are to 
their success. I would have also liked to see case studies from all the countries surveyed in the country perspectives 
section, as there are no case studies from Japan, Pakistan or Vietnam. And lastly, given the rich insights and 
learnings presented in the case studies, a list of best practices or issues to be mindful of when initiating an OER 
project would have been a valuable inclusion. 
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‘Perspectives on Open and Distance Learning: Open Educational Resources: An Asian Perspective’ provides a 
valuable overview of the current state of OER use in Asia, in addition to highlighting common issues, barriers and 
opportunities. While the book focuses on Asian examples, I believe the points raised would be of use those in the HE 
field worldwide. The country perspectives and case studies are especially useful in demonstrating the value of 
investing in this emerging area of educational technology, as well as the benefits of providing open and freely 
available OER to populations who might not otherwise have access to HE.  
 
This book would be useful to faculty and teachers, as well as not-for-profits, NGOs and HE institutions interested in 
using and developing OER. It would also provide useful insights to policy makers, both at universities and in 
government who can mandate and fund the use of OER. Researchers interested in educational technology and OER, 
especially those looking for groups or environments to study, may also find this resource of value. 
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