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RESEARCH ARTICLE

Motivated learning with digital learning tasks: what
about autonomy and structure?

Anne-Marieke van Loon • Anje Ros • Rob Martens

� Association for Educational Communications and Technology 2012

Abstract In the present study, the ways in which digital learning tasks contribute to

students’ intrinsic motivation and learning outcomes were examined. In particular, this

study explored the relative contributions of autonomy support and the provision of

structure in digital learning tasks. Participants were 320 fifth- and sixth-grade students

from eight elementary schools throughout the Netherlands. The results show that a digital

learning task that combined autonomy support and structure had a positive effect on both

intrinsic motivation and learning outcomes in students. A digital learning task that only

provided structure also had a positive effect on learning outcomes, but a digital learning

task with only autonomy support did not yield a similar effect.

Keywords Digital learning task � Self-determination theory � Structure �
Autonomy support � Intrinsic motivation

Introduction

When students are motivated, they tend to approach challenging tasks with greater

eagerness, persevere in difficult situations, and take pleasure in their achievements (Stipek

1993). If students are motivated to learn, they often perform better (Ryan and Deci 2000a).

Computer-supported learning environments offer features that may promote motivation

(Liu et al. 2011; Mayer 2011). A digital problem-based learning (PBL) environment is an
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example of a computer-supported learning environment that takes an instructional

approach to motivate students (Liu and Bera 2005; Liu et al. 2011; Mayer 2011). In this

type of environment, the emphasis is on solving complex problems in rich contexts to

facilitate the development of higher-order thinking skills in students (Savery and Duffy

1995). Students have opportunities to apply their content knowledge and skills while

working on contextualized problems (Dunlap 2005). Important aspects of PBL are that

learning activities are student-centered, problems are the starting-point and stimulus for

learning and new information is acquired through self-directed learning (Barrows 1996).

Making use of a hypermedia environment could enhance PBL, because hypermedia

could provide richer information resources using different media (i.e. texts, images, and

video sequences) in a more efficient way (Liu and Bera 2005; Narciss et al. 2007). The

nonlinear, associative, and interactive capabilities of hypermedia can allow students to

access information according to their own learning needs, and present multiple related

problems in one environment (Hoffman and Richie 1997).

Certain researchers, however, have noted the increased demands on learners, as indi-

cated by relatively high dropout rates and a diminished ability to focus during learning

(Clark et al. 2010; Mayer 2011). Although PBL hypermedia environments provide rich and

realistic contexts that allow learners to explore multiple options, the extensive amount of

available information may cause them to become distracted from their learning objectives,

lose their way in cyberspace, focus too much on irrelevant information, or absorb

important information only cursorily (Salomon and Almog 1998).

A PBL hypermedia environment entails an increased degree of freedom that can dis-

comfort students (Hoffman and Richie 1997). In these environments, students are often

presented with a complex, ill-structured problem that they are expected to resolve and are

able to choose whichever path they desire to solve the problem (Toprac 2011). Many

learners do not make effective choices and may experience information overload (Azevedo

and Witherspoon 2009; Liu and Bera 2005; Narciss and Körndle 1998). This reasoning is

in line with the findings based on cognitive load theory (Sweller 2004), which posits that

digital tasks imposing too much extraneous load hinder students from understanding the

course content (Morrison and Anglin 2005).

An important question that emerges from this discussion is this: what should good

digital learning environments contain to stimulate and motivate students to learn? This

study is based on a digital PBL task in a hypermedia environment in which students’

learning is initiated in the process of solving a complex problem. The challenge for

teachers who design and use digital learning tasks in the classroom is to take advantage not

only of the appealing appearance or novelty of the technology but also the didactic and

educational substance of digital tasks that might improve motivation and promote learning.

This study builds upon the self-determination theory (SDT), which is an influential

theory regarding motivation. By specifying the contextual environments that foster optimal

learning, SDT is a relevant framework for the study of favorable conditions for digital PBL

that enhance motivation and learning performance. First, we will look more closely at the

design principles that can be derived from SDT.

The self-determination theory and basic psychological needs

SDT is a motivational theory that focuses on intrinsic motivation. The theory assumes that

all individuals, regardless of background, have an intrinsic urge to explore, organize,

understand, and assimilate with their environment (Deci et al. 1996). Because SDT
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assumes that everyone is naturally motivated, the theory’s focus is on the conditions that

facilitate or hinder intrinsic motivation (Ryan et al. 1997). Research reveals that to function

optimally, an individual needs to satisfy three universal, innate, and essential psychological

needs: the need for competence (White 1959), the need for autonomy (DeCharms 1968;

Deci 1975), and the need for relatedness (Baumeister and Leary 1995). The need for

competence is concerned with the experience of efficacy after completing a (learning) task

(Ryan and Deci 2000a). The need for autonomy refers to the initiative and freedom that a

person experiences when engaged in an activity in the absence of outside pressure with

respect to his or her personal goals (Ryan and Deci 2000b). Finally, the need for relat-

edness concerns the feeling of connectedness to significant others, including teachers (Deci

and Ryan 2000).

Students who are intrinsically motivated to learn often perform better in school (Ryan and

Deci 2000a). Intrinsic motivation has been associated with high cognitive performance, in-

depth learning, and better recall of the acquired knowledge (Grolnick and Ryan 1987; Vans-

teenkiste et al. 2004). Intrinsically motivated students tend to be more curious (Kuhl 2000;

Lewalter and Krapp 2004), exhibit greater exploratory behavior (Martens et al. 2004), and focus

more on understanding rather than simply memorizing (Deci and Ryan 2008).

If a digital learning environment motivates and encourages learners to learn with greater

depth, students should experience both autonomy and competence. Both of these needs

may be fulfilled by the provision of autonomy support and structure in the digital learning

environment.

The roles of autonomy support and structure

An environment with autonomy support is an environment in which external pressure is

minimal, the personal goals of students are recognized (Deci and Ryan 2000, 2008), and choices

are offered (Zuckerman et al. 1978). Being able to choose from among several options makes

students feel more in control of their actions (Reeve et al. 2003). Research by Cordova and

Lepper (1996) shows that when students work on a meaningful digital learning task that

presents options, their intrinsic motivation levels are higher. Students are more engaged in the

task, employ more deep-level learning, and learn more in a shorter amount of time. In addition

to offering choices, providing a rationale for a task can also promote a sense of autonomy. If

students receive a meaningful explanation of the purpose behind a certain learning task, they are

likely to be more personally engaged in the learning task and, therefore, to be more motivated to

learn (Deci et al. 1994). Autonomy-supportive language in learning tasks is characterized by

non-directive language that encourages students to take the initiative (Deci et al. 1996).

Research shows that environments that are autonomy-supportive help to fulfill the need for

autonomy (Reeve et al. 2007) and foster greater intrinsic motivation in students (Reeve and Jang

2006). Such environments stimulate students’ curiosity and encourage them to confront

challenges (Flink et al. 1990; Ryan and Grolnick 1986).

There is a risk, however, that autonomy-supportive environments create too much

associative distraction and overwhelm students with too many choices. Research by

Martens et al. (2004) shows that students with high intrinsic motivation engage in greater

exploratory behavior during digital learning tasks. Exploratory behavior, however,

increases the likelihood of ‘‘getting lost’’ and following ineffective online learning paths.

The risk is that, given the nonlinear and associative visual appeal of the digital task, the

learner will wander from one item to another. As a consequence learners will only con-

struct shallow associative cognitive networks which have no intellectual merit (Okan 2003;

Motivated learning with digital learning tasks?
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Salomon and Almog 1998). Thus, in addition to autonomy support, structure also plays a

key role in an optimal digital learning environment (Guay et al. 2008).

Providing structure makes the learning environment less chaotic and more consistent

and predictable for students. Moreover, from a motivational point of view, structure

enables students to feel more competent (Grolnick and Ryan 1989; Skinner and Belmont

1993; Tucker et al. 2002). According to SDT, structure is of secondary importance com-

pared with autonomy support in an optimal learning environment (Guay et al. 2008).

Providing structure means providing clear goals and expectations for students and

explicitly describing the consequences of achieving (or not achieving) those goals (Connell

1990). Providing structure also means providing help, support, appropriate strategies, and

guidance for students to carry out a task successfully (Connell 1990; Skinner and Belmont

1993). Finally, structure requires providing students with clear procedures to follow (Reeve

et al. 2004). Structure is associated not only with positive learning outcomes but also with

greater learner engagement (Skinner and Belmont 1993; Tucker et al. 2002), lower pas-

sivity with regard to learning, and less school-avoidant behavior (Patrick et al. 2003).

Providing structure for students is not the opposite of providing autonomy support,

however (Ryan 1993). According to Reeve et al. (2004), autonomy support and structure

are separate dimensions of a teaching style that motivates students. In fact, the opposite of

an autonomy-supportive environment is a controlling environment (Black and Deci 2000;

Koestner et al. 1984). A controlling environment is characterized by extrinsic incentives

and pressuring language that tend to interfere with student motivation (Reeve et al. 2004).

The combined influence of autonomy and structure on learning and motivation has not

yet been empirically examined in the context of digital tasks but only in physical learning

environments. Research studies on learning in the classroom show that offering choices

and providing structure together produce positive effects on student motivation and the

extent of self-regulated learning (Jang et al. 2010; Sierens et al. 2009). In an empirical

study among 526 eleventh- to twelfth-grade students, Sierens et al. (2009) found that

structure was associated with more self-regulated learning only under conditions of

moderate and high autonomy support. Therefore, teachers who want their students to be

more self-regulated in their learning should provide help, goals, and expectations in ways

that support autonomy. Jang et al. (2010) studied the effect of autonomy support and

structure in a sample of 133 teachers and 2,523 students. The authors concluded that the

elements of structure (e.g. clear expectations and goals) had to be offered in an autonomy-

supportive way to enhance student engagement.

The present study and hypotheses

Research on the proper balance between autonomy support and structure is particularly

relevant to PBL in a hypermedia environment. Digital PBL tasks in the classroom often

offer a large amount of information without structure, thereby increasing the risk of

information overload and superficial information processing (Narciss and Körndle 1998).

The challenge is to create a digital learning task that provides students with choices and

guidance. This study was based on the assumption that digital PBL tasks should provide

both autonomy support and structure and that both dimensions positively influence stu-

dents’ intrinsic motivation and learning outcomes. Currently, however, there is a lack of

scientific research on autonomy support and structure in a hypermedia learning environ-

ment. Particularly with the emergence of digital PBL tasks in education it is important to

examine whether there is evidence to support this type of task design.

A.-M. van Loon et al.
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This study aims to answer the following question: ‘‘In what ways can digital tasks based

on PBL in a hypermedia environment contribute to the motivation and learning outcomes

of students?’’ In summary, we examine the combined and relative influence of autonomy

support and structure on learning in digital PBL hypermedia environments.

To answer the research question, this study explores three hypotheses. The first

hypothesis (1A) is that in an autonomy-supportive digital learning task in which external

pressure is minimal and choices are offered, students experience a greater sense of

autonomy, and (1B) providing structure in a digital learning task makes the task predict-

able and offers enough guidance for students to experience a greater sense of competence.

Because the nature of the digital learning task also affects intrinsic motivation and

learning outcomes, the second hypothesis (2) is that an autonomy-supportive digital

learning task with structure contributes to a higher degree of intrinsic motivation.

The third hypothesis (3) is that an autonomy-supportive digital learning task with

structure yields better learning outcomes.

Methodology

Design

In this research, we examined the effects of autonomy support and the provision of

structure on motivation and learning outcomes in a digital learning environment. The

research was experimental in nature and based on a 2 (with or without autonomy support)

by 2 (with or without structure) design. Students from all the appropriate classrooms within

a school were randomly selected and assigned to one of the four experimental conditions.

Because students within a school were randomly selected and assigned to one of the four

experimental conditions, the effect of the school as a factor on the motivation and learning

outcomes of students was minimized. We designed a digital learning task that was used in

each of the four experimental conditions. The conditions differed in their degrees of

autonomy support and structure. Learning condition 1 involved a digital task with

autonomy support and structure. Learning condition 2 involved a digital task with structure

but without autonomy support. Learning condition 3 involved a digital task with autonomy

support but without structure. Learning condition 4 involved a digital task with neither

autonomy support nor structure. Table 1 presents the factorial design with sample sizes by

learning condition.

Participants

The study took place in the Netherlands. Participants were 320 fifth- and sixth-grade

students from eight elementary schools across the country. The mean age of the students at

Table 1 Factorial design with
sample sizes by learning
condition

Structure Autonomy support

?Autonomy support -Autonomy support

?Structure Learning condition 1
n = 80

Learning condition 2
n = 80

-Structure Learning condition 3
n = 80

Learning condition 4
n = 80

Motivated learning with digital learning tasks?
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the outset of the study was 11.7 years (SD = .63, range = 10.0–13.6 years). A total of 160

boys and 160 girls from 12 different classrooms participated. On the basis of reports issued

by the National Board of Education, we assumed that the learning outcomes of the students

from the participating schools would be representative of the level achieved by their peers

at other schools throughout the country. We selected the participating schools according to

two criteria: (1) the students in these schools were accustomed to work independently, and

(2) these schools integrated working with computers into the curriculum.

The task was incorporated into the regular curriculum in the classroom. Students

received no reward or extra credit for their participation.

In every participating class, students were randomly assigned to one of four conditions.

In total, we randomly assigned 80 students (38 boys, 42 girls) to condition 1 with

autonomy support and structure, 80 students (41 boys, 39 girls), to condition 2 with

structure but without autonomy support, 80 students (46 boys, 34 girls) to condition 3

with autonomy support but without structure, and 80 students (35 boys, 45 girls) to con-

dition 4 with neither autonomy support nor structure (Table 1). No student dropped out of

the experiment.

Digital learning task, design features and cognitive tools

The digital PBL task in this study incorporates design features that are supported by PBL

and hypermedia learning.

PBL is an instructional approach that exemplifies authentic learning and emphasizes

solving problems in rich contexts (Dunlap 2005). Compared with the main characteristics

of PBL (Barrows 1996) the digital PBL task in this study was a structured PBL-like

activity. It contained most aspects of PBL, namely:

• Learning is student-centered as students assume a major responsibility for their own

learning; in the task in this study students themselves had to solve a problem about

advertising with their own arguments and findings.

• Teachers are facilitators or guides; in this task there was electronic guidance. For

example students could use a roadmap to understand and manage the problem better.

• Problems form the organizing focus and stimulus for learning; in this task students had

to solve a problem about the need to convey a clear message in advertising.

• Problems, similar to those one would face in future professions, are a vehicle for the

development of problem-solving skills; students were asked to play the role of an

advertising creator who had to encourage people to buy a product.

• New information is acquired through self-directed learning; students had access to

cognitive tools that facilitated the learning process. For example, students could use an

information database to learn from their own study and research and acquire new

information.

The task in this study was more of a structured PBL-like activity because one tenet of

PBL, that learning does occur in small groups, was not met. In this study students learned

individually.

The task consisted of a hypermedia electronic learning environment where students

could navigate freely. The task was composed of hypertext with images, graphics and

video. The content of the task related to the need to convey a clear message in advertising.

In all conditions, the introduction of the task began by presenting a problem situation that

was situated in a rich context with different hypermedia formats (i.e. text, graphics, video)

so that students could see the complexity of the problem from multiple perspectives.

A.-M. van Loon et al.

123

Author's personal copy



Specifically, students were asked to play the role of an advertising creator who had to

insure good advertising to encourage people to buy a product. All the students read

instructions for the task so that they knew what was expected of them. The instructions

were as follows: ‘‘In this task, you are a creator of advertisements. You are going to decide

what good advertising is and identify the tricks used in advertisements to ensure that

customers really do buy more.’’ Also, the task provided a digital information database with

advertisements and online sources with hyperlinks so students could navigate freely on the

internet to facilitate knowledge acquisition and to solve the problem. In addition in all

conditions they had access to computer-based cognitive tools that facilitated the learning

process (Lajoie 1993).

Cognitive tools are computer-based instruments that assist learners in accomplishing

complex cognitive tasks. (Lajoie 1993). Lajoie categorizes cognitive tools as follows:

(1) tools that share the cognitive load, (2) tools that support cognitive processes, (3)

tools that support cognitive activities that would be out of reach otherwise, and (4) tools

that allow hypothesis generation and testing. Tools in this study could be grouped into

categories 1 and 2. Tools that share cognitive overload existed of the problem pre-

sentation students received, and an information database with online sources and

examples of advertisements so students could navigate to acquire information about

advertising and to solve the problem. Tools supporting cognitive processes were a

digital roadmap of the stages required to complete the task successfully and a template

to interpret and organize information and present methods for solving the problem (a

Word or PowerPoint document). See Fig. 1 for a visual presentation of the start screen

of the task.

The assignment and the basic features of the task (as described above) were the same for

each student in all conditions. The only differences between the conditions were associated

with autonomy support and structure.

Fig. 1 Visual presentation of the start screen of the task in condition 1

Motivated learning with digital learning tasks?
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Four experimental conditions

The digital learning task in condition 1 (with autonomy support and structure) provided

options and structural guidance (Fig. 1). In terms of autonomy support, students had

control over the content (i.e. the student could select an advertisement for him/herself),

online sources (i.e. the student could search for information on websites of their own

choice), and computer program (i.e. the student could choose to complete the task in Word

or PowerPoint). An explanation was given about the relevance of the task to their learning.

The autonomy-supportive task was also characterized by language that was non-directive

and encouraged initiative (i.e. ‘‘You can make use of …,’’ and ‘‘You can do this task.’’). In

terms of structure, students were given information to support their achievement of the

learning goals, such as a roadmap of the stages required to complete the task successfully.

Additionally, there was clarity regarding the way in which the finished product would be

assessed. Lastly, the task with structure also provided clear procedures so that the students

knew how long they were allowed to work on the task and what they could do when they

had finished their work.

The digital learning task in condition 2 (without autonomy support but with structure)

offered no choices and only structural guidance. Students were instructed to use a par-

ticular advertisement, to use only a set of recommended online sources, and to complete

the task in either Word or PowerPoint. The relevance of the task was not explained. The

language was directive (i.e. ‘‘You should do this task,’’ and ‘‘You are expected to perform

the task properly.’’). In terms of structure, information was given to support students’

achievement of the learning goals, such as a roadmap of the stages required to complete the

task successfully. Clear procedures and information regarding the way in which the fin-

ished product would be assessed were available.

The digital learning task in condition 3 (with autonomy support but without structure)

offered choices and no structural guidance. Students were allowed to choose their own

content, online sources, and program to present their findings. An explanation was given

about the relevance of the task. The autonomy-supportive task was characterized by lan-

guage that was non-directive and encouraged initiative. In terms of structure, no infor-

mation was given to insure achievement of the learning goals; students were not given a

roadmap of the stages required to complete the task successfully. Students were not told

how the finished product would be assessed, nor did they receive a description of the

procedures. Thus, they did not know how long they were allowed to work on the task and

what they could do when they had finished their work.

The digital learning task in condition 4 (without structure and without autonomy sup-

port) offered no choices and no structural guidance. Students were required to use a

particular advertisement, to use the recommended online sources, and to complete the task

either in Word or PowerPoint. There was no explanation of the relevance of the task. The

language was directive. In terms of structure, no information (e.g. a roadmap) was pro-

vided to support students’ achievement of the learning goals. Students were not given a

description of the procedures nor were they told how the finished product would be

assessed.

Procedure

The intervention was conducted in separate rooms at the different schools. A number of the

schools had special computer rooms available for the task, which meant that all the

students were able to work on the task at the same time. In other schools, the students had

A.-M. van Loon et al.
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to work during different sessions. The intervention was conducted during a single session

and took approximately 1.5 h for each learner. An experimenter explained the task at the

beginning of the session. The teacher was present but played no active role. The students

completed the task independently and were not allowed to work together. Students were

allowed to ask questions but were only given minimal help. Teachers were not allowed to

give instructions. At the end of the task, each student filled out a questionnaire concerning

the extent to which he or she had been motivated to complete the task and the degree of

autonomy and competence that he or she had experienced.

Measures

Perceived autonomy, perceived competence, and intrinsic motivation

To measure the intrinsic motivation of students, we used the Intrinsic Motivation Inventory

(IMI), which was originally developed by Ryan (1982). The IMI is a structured written

questionnaire proven by McAuley et al. (1987) to be reliable and valid. The subscale

‘‘interest/enjoyment’’ from the IMI contains seven items that measure intrinsic motivation

(e.g. ‘‘I enjoyed doing this activity very much’’ and ‘‘This activity was fun to do.’’). The

perceived degrees of competence and autonomy were measured by questions based on the

IMI subscales of ‘‘perceived competence’’ that consisted of six items (e.g. ‘‘I am satisfied

with my performance in this task’’ and ‘‘I was pretty skilled at this task’’) and ‘‘perceived

freedom of choice’’ that consisted of seven items (e.g.‘‘I believe I had some choice about

doing this activity’’ and ‘‘I felt like it was not my own choice to do this task,’’ which was

reverse coded). Each item is presented in the form of a statement about which the

respondent indicates his or her degree of agreement or disagreement on a seven-point

Likert scale (with a score of one indicating ‘‘totally disagree’’ and a score of seven

indicating ‘‘totally agree’’). In this sample, the reliability was high for all three scales:

intrinsic motivation (a = .95), perceived autonomy (a = .95), and perceived competence

(a = .93). No significant correlation was observed between perceived autonomy and

perceived competence, which suggested that these variables were independent. To detect

the possible issue of multicollinearity of perceived autonomy and perceived competence,

we examined the impact on the precision of estimation of the regressors, with the result

being reflected in the variance inflation index (VIF). If the largest VIF is greater than 10,

there is cause for concern (Bowerman and O’Connell 1990). In this study, none of the VIF

values was greater than 10 (maximum VIF = 1.00). A tolerance below .2 also indicates a

potential problem (Menard 1995), but this result was not found in our data (minimum

tolerance = .99). Thus, multicollinearity was not detected, making it possible to interpret

the effects of perceived autonomy and perceived competence in a reliable manner.

Learning outcomes

The learning outcomes were measured by assessing the learning presentations (Word or

PowerPoint document) created by the students. The students had to take the role of an

advertising creator and produce a Word or PowerPoint document about effective adver-

tising based on their research on the Internet. The quality of the learning products was

assessed by a standard scoring form based on the learning goals of the task. The scoring

form consisted of four areas in which students could earn points: the number of techniques

that advertisers use to make customers buy more (maximum three points), the strengths of

the advertisement (maximum two points), suggestions for how to improve the advertising
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message (maximum two points), and the readability of the report (maximum one point).

Students could earn a maximum of eight points. Two independent reviewers scored all of

the products. There was a high inter-rater reliability between the ratings of the two

reviewers (r = .95, p \ .001).

Results

Effects of digital learning conditions with autonomy support on perceived autonomy

(hypothesis 1A)

First, we explored the effect of the digital learning conditions with autonomy support on

perceived autonomy. A general linear model univariate analysis of variance indicated that

the main effect of autonomy support on perceived autonomy was significant (F(1,

316) = 610.27, p \ .001, partial g2 = .66). There was no significant interaction between

the provision of structure and autonomy support on perceived autonomy (F(1, 316) = .86,

p = .356, partial g2 = .00). The perceived autonomy scores in the conditions with

autonomy support (1 and 3) (M = 5.79, SD = 1.07) were higher than the scores in the

conditions without autonomy support (2 and 4) (M = 2.71, SD = 1.16). Thus, students

experienced a greater sense of autonomy in the autonomy-supportive conditions.

Effects of digital learning conditions with structure on perceived competence

(hypothesis 1B)

Second, we explored the impact of the digital learning conditions with structure on per-

ceived competence. A general linear model univariate analysis of variance showed that the

main effect of structure on perceived competence was significant (F(1, 316) = 217.65,

p \ .001, partial g2 = .41). There was no significant interaction between the provision of

structure and autonomy support on perceived competence (F(1, 316) = 2.49, p = .116,

partial g2 = .01). Students under conditions with structure (1 and 2) (M = 5.55,

SD = 1.10) scored higher on perceived competence than students under conditions without

structure (3 and 4) (M = 3.65, SD = 1.21). Thus, providing structure in the learning

environment resulted in a greater sense of competence.

Effects of digital learning conditions on intrinsic motivation (hypothesis 2)

We analyzed the relationship between digital learning conditions and intrinsic motivation.

A general linear model univariate analysis of variance was conducted with intrinsic

motivation as the dependent variable and autonomy support (with or without) and provi-

sion of structure (with or without) as the independent variables. The main effect of

autonomy support on intrinsic motivation was significant (F(1, 316) = 69.86, p \ .001,

partial g2 = .18). The main effect of structure on intrinsic motivation was also significant

(F(1, 316) = 70.29, p \ .001, partial g2 = .18), as was the interaction between autonomy

support and structure (F(1, 316) = 14.60, p \ .001, partial g2 = .04). These results meant

that the effect of structure on intrinsic motivation was different in conditions with

autonomy support from that in conditions without autonomy support. Simple effects

analysis showed significant differences in the mean intrinsic motivation between providing

structure together with autonomy support (p \ .005) and providing structure in the absence
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of autonomy support (p \ .001). As shown in Table 2, the intrinsic motivation of students

was highest in the condition with both autonomy support and structure (condition 1)

(M = 5.83, SD = 1.11), and lowest in the condition with neither autonomy support nor

structure (condition 4) (M = 3.51, SD = 1.42). These findings showed that the existence

of an autonomy-supportive condition with structure had a positive influence on intrinsic

motivation. When both autonomy support and structure were absent, low intrinsic moti-

vation was evident.

Effects of digital learning conditions on learning outcomes (hypothesis 3)

Next, we analyzed the effects of the digital learning conditions on learning outcomes. A

general linear model univariate analysis of variance was conducted with learning outcomes

as the dependent variable and autonomy support (with or without) and structure (with or

without) as the independent variables. The main effect of structure on learning outcomes

was significant (F(1, 316) = 191.06, p \ .001, partial g2 = .38). The main effect of

autonomy support on learning outcomes was not significant (F(1, 316) = 1.25, p = .264,

partial g2 = .00). The interaction between autonomy support and structure on learning

outcomes was significant (F(1, 316) = 16.05, p \ .001, partial g2 = .05), which meant

that the effect of structure on learning outcomes was different in conditions with autonomy

support from that in conditions without autonomy support. Simple effects analysis showed

significant differences in the mean learning outcome between providing structure when

there was autonomy support (p \ .001) and providing structure in the absence of autonomy

support (p \ .001). Table 2 shows that the condition with both autonomy support and

structure (condition 1) produced the best learning outcomes (M = 5.59, SD = 1.35).

Students scored slightly lower when they were provided with structure but no autonomy

support (condition 2) (M = 4.70, SD = 1.52.). In the condition with neither autonomy

support nor structure (condition 4), even lower scores were found (M = 3.00, SD = 1.66).

The lowest learning outcomes were achieved in the condition in which autonomy support

was given without structure (condition 3) (M = 2.50, SD = 1.64).

Perceived autonomy and perceived competence increase intrinsic motivation

and learning outcomes

The relative effects of perceived autonomy and perceived competence on intrinsic moti-

vation and learning outcomes were examined by hierarchical regression analyses using the

enter method. The results are displayed in Table 3, which shows that perceived compe-

tence was the strongest predictor of learning outcomes (b = .48) and intrinsic motivation

(b = .50). In addition, perceived autonomy had a significant effect on intrinsic motivation

(b = .44) but not on learning outcomes (b = .02).

Table 2 Mean scores (and standard deviations) for all measures as a function of digital learning condition

Learning
condition 1

Learning
condition 2

Learning
condition 3

Learning
condition 4

Perceived autonomy 5.78 (1.10) 2.82 (1.25) 5.79 (1.04) 2.60 (1.05)

Perceived competence 5.50 (1.14) 5.59 (1.06) 3.81 (1.19) 3.49 (1.21)

Intrinsic motivation 5.83 (1.11) 5.20 (1.26) 5.20 (1.14) 3.51 (1.42)

Learning outcomes 5.59 (1.35) 4.70 (1.52) 2.50 (1.64) 3.00 (1.66)
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In addition, the effect of intrinsic motivation on learning outcomes was examined by

regression analyses using the enter method. Results show that intrinsic motivation was a

good predictor of learning outcomes (t(318) = 5.80, p \ .001, b = .31). Because intrinsic

motivation significantly predicted learning outcomes and structure was significantly related

to both enhanced intrinsic motivation and learning outcomes, an additional mediation

analysis was performed that treated the relationship between structure and learning out-

comes mediated by intrinsic motivation. This was done by the Sobel (1982) that assessed

whether a mediation effect of intrinsic motivation is significant. This showed that the

indirect path was significant and that intrinsic motivation was a significant mediator

between structure and learning outcomes (p \ .05). There was partial mediation; intrinsic

motivation accounts for some, but not all, of the relationship between structure and

learning outcomes. The standardized regression coefficient between structure and learning

outcomes (b = .60, p \ .001) decreased when we controlled for intrinsic motivation

(b = .55, p \ .001).

Discussion

The aim of the study was to explore the ways in which digital learning tasks featuring PBL

in a hypermedia environment contribute to the level of intrinsic motivation and learning

outcomes in students. Although digital PBL tasks are used in classroom teaching with

increasing frequency, there is a lack of research informing the optimization of structure and

autonomy support in such tasks.

The first hypothesis was confirmed in its entirety. Specifically, students provided with

autonomy support experienced a greater sense of autonomy, and students provided with

structure experienced a greater sense of competence. Results suggest that perceived

autonomy increases when a digital learning task supports autonomy by offering choices, a

rationale for a task, and non-directive language. Further, an autonomy-supportive digital

learning task helps to fulfill the need for autonomy because students can experience

freedom in the activity (Reeve et al. 2007). A digital learning task that provides structure

through clear expectations, guidance, and procedures contributes to greater perceived

competence. This finding is consistent with previous findings that the provision of structure

makes a learning task consistent and predictable and, in turn, helps students to feel more

Table 3 Results of hierarchical regression analyses predicting intrinsic motivation and learning outcomes
by perceived competence and perceived autonomy

Intrinsic motivation Learning outcomes

b SE B t b SE B t

Step 1

Perceived competence .54*** .05 11.40 .48*** .07 9.74

DR2 .29*** .23***

Step 2

Perceived competence .50*** .04 12.38 .48*** .07 9.66

Perceived autonomy .44*** .03 10.69 .02 .05 .46

DR2 .19*** .00

*** p \ .001
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competent (Connell 1990; Grolnick and Ryan 1989; Skinner and Belmont 1993; Tucker

et al. 2002).

The second hypothesis was that a digital learning task characterized by both autonomy

support and structure would have a positive effect on intrinsic motivation. This hypothesis

was also supported by the results, though the occurrence of both dimensions was not

necessary for promoting intrinsic motivation. The results showed that even a single

dimension (autonomy support or structure) was sufficient to foster intrinsic motivation.

The positive interaction suggests, however, that when both autonomy support and structure

are present they are mutually supportive and result in high motivation. If both are absent,

however, low intrinsic motivation results. This finding concurs with previous research

suggesting that environments that inhibit the fulfillment of these needs yield fewer optimal

forms of motivation (Deci and Ryan 2008).

The third hypothesis was that a digital learning task characterized by both autonomy

support and structure would have a positive effect on learning outcomes. This hypothesis

was also confirmed. The positive interaction indicated that the combination of autonomy

support and structure leads to better learning outcomes. Specifically, structure was asso-

ciated with better learning outcomes in conditions that also provided autonomy support. A

main effect of structure on learning outcomes was also found, but there was no main effect

of autonomy support on learning outcomes. In other words, providing autonomy support

had no impact on learning outcomes. It was only when it was combined with structure that

autonomy support resulted in positive outcomes.

A possible explanation for this finding is that when students work on a digital learning

task with autonomy support, but not structure, they may be too easily distracted from the

purpose of the assignment. Students could be confused by the options offered when there is

no corresponding guidance on the different steps they should take to reach a solution. Such

confusion could lead students to lose sight of their objectives and become less focused on

the goals of the task, which, in turn, could negatively affect their learning outcomes. These

results suggest that structure facilitates metacognitive skills or self-regulated learning.

Metacognitive skills comprise the control, monitoring, time-management, and self-regu-

lation required by learning activities and problem-solving (Brown 1978).

In accordance with the research on metacognition, structure can be seen as a supportive

tool that students use when they think through their planning and strategy to complete the

task. Bannert (2004) shows that students with this type of metacognitive support tend to

achieve better learning outcomes. Even adult users of web-based contexts indicate that

they benefit from guided tools, such as a checklist, a help function, or an overview of

phases and steps (Stoof et al. 2007.

In this study, we can see that perceived autonomy and perceived competence in digital

learning are good predictors of intrinsic motivation. This finding is in accordance with the

research on SDT, which shows that perceived autonomy and perceived competence

increase intrinsic motivation (Deci and Ryan 2000, 2008). In contrast, learning outcomes

appear to be affected only by perceived competence. Perceived autonomy by itself appears

to have no additional effect on learning outcomes. The observation that perceived com-

petence strongly predicted learning outcomes is in agreement with previous research that

showed how classroom achievement is affected by students’ beliefs about themselves and

their academic competence (Deci et al. 1991; Pintrich and Schunk 2002). In addition, the

direct effect of intrinsic motivation on learning outcome suggests that improved motivation

enhances learning outcomes. The finding that student learning and education benefits from

increased intrinsic motivation is in line with previous research based on the SDT (Ryan and

Deci 2000a; Vansteenkiste et al. 2004).
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Limitations and future research

The present study, using an experimental design, shows significant evidence that the

hypotheses were almost entirely confirmed. Nonetheless, several limitations of the study

should be acknowledged.

The research consisted of a relatively short task that students completed in approxi-

mately an hour and a half. In future research, the effects of autonomy support and structure

on student motivation and learning performance should be examined in digital tasks of

varied duration that require students to spend more time completing them.

Because the student presentations could only be scored with eight points across four

different criteria, there was limited variation in the learning outcome measure. Despite the

limited variation, however, the effects of autonomy support and structure on learning

performance were still significant.

Another limitation was that no pre- and post- measurements were administered. Instead,

to overcome the fact that students were unlikely to have the same levels of prior knowledge

and motivation, a large and representative sample was used. To control for possible

interactions of the schools and the conditions on motivational and learning outcomes,

students from all the appropriate classrooms within a school were randomly selected and

assigned to one of the four experimental conditions. In follow-up work, pre- and post-

measurements should be included to control for the different levels of prior knowledge and

motivation of students.

In addition, whereas the impact of autonomy support and structure was examined, the

impact of specific aspects of autonomy support and structure (e.g. providing a rationale for

a task that explains task relevance or using a roadmap) on motivation and learning per-

formance has not been studied. Follow-up work should investigate the contributions of

specific aspects of autonomy support and structure to clarify the mechanisms underlying

the relationships found in this study. This is also the case for metacognitive skills and self-

regulated learning. In particular, the results suggest that structure facilitates self-regulated

learning. Students under the structured conditions were told the time limit for the task but

those under the non-structured conditions were not. It is possible that the metacognitive

skills used in this task related mainly to time management and that time management

explained the effect to a greater extent than other metacognitive skills. Unfortunately, the

investigation of this possibility fell beyond the scope of this study because it would have

entailed the use of more than four experimental conditions. Thus, future research should

take into account the effect of specific aspects of metacognitive skills under the structured

condition to clarify the exact ways in which metacognitive skills have an effect on the

motivation and learning performance of students.

The ultimate aim of the research was to examine the factors that increase the intrinsic

motivation of students. Extrinsic motivation was excluded by giving students a task that

was part of their regular curriculum and resulted in no associated score, grade, or reward

upon completion. Despite these efforts, the existence of extrinsic motivation cannot be

ruled out entirely. In follow-up research, a subscale should be included to measure

extrinsic motivation to enable comparison of the levels of extrinsic motivation and intrinsic

motivation that students experience.

It would also be interesting to investigate the ways in which the teacher can contribute

to a more autonomy-supportive and structured digital learning environment. In a follow-up

study, we intend to take into consideration the role of the teacher as a designer of digital

learning tasks.
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Conclusion

In summary, the results of the present study show that when autonomy support and

structure are present, digital learning tasks featuring PBL in a hypermedia environment

lead to a positive effect on intrinsic motivation and learning outcomes of students. Because

structure ensures that the digital learning task is consistent and clear, students are better

able to make appropriate choices. Although providing structure has a positive effect on

both intrinsic motivation and learning achievement, this effect was not observed for

autonomy support. In the study, autonomy support without structure produced the least

effective learning outcomes. The fact that structure matters in a digital learning task is not

surprising. Because structure encourages metacognitive reflection and leads to more

effective learning performance (Bannert 2004) it can be seen as a tool that students

leverage in their learning process.

The combined impact of autonomy support and structure has not been previously

studied in the context of digital learning. In this study, we found that both dimensions

affected student motivation and learning outcomes, similarly to previous findings on

learning in the classroom (Jang et al. 2010; Sierens et al. 2009). The findings of this study

will not only help teachers to use digital learning tasks more effectively to improve the

learning process but will also contribute to the discussion on SDT.

With regard to the implications of the present findings for educational practice, we

believe that teachers will be able to use the results of this study to design better digital PBL

tasks in a hypermedia environment. Digital learning tasks in the classroom often offer a lot

of information but the lack of structure tends to increase the risk of information overload

and cause students to lose sight of task objectives. This study suggests that the combination

of autonomy support and structure contributes to the increased motivation and learning

performance of students in the process of digital learning.
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