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Abstract
Serious games foster the acquisition of complex problem solving skills. Assessment of such
skills should be in line with instruction, and within a serious game environment its content
validity should equal face-to-face assessment. Research on assessment in serious gaming has
remained rather scarce. This article shows how assessment can be implemented in serious
gaming in a way that assures content validity. The core of our validation method entails mapping
learning activities (as contained in the game scenario) on performance indicators and outputs (as
derived from formal attainment levels). We present how we have elaborated and applied the
method on an assessment game for ICT managers in secondary vocational education. We
describe the procedure and extent to which this assessement is content valid compared to face-toface assessment.

Keywords
serious games, seamless assessment, content validation method,
professional competence, game scenarios
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1. Introduction

Playing games in education is generally known for its contribution to improving motoric skills or
gaining knowledge about certain topics. Less known is that serious games may also foster the
acquisition of more complex cognitive skills, like problem solving and intercultural
communication (e.g., Guillén-Nieto & Aleson-Carbonell, 2012; Yang, 2012). Interest in and use
of educational games has grown over the last decades. Findings of a review study on empirical
evidence for the potential positive impacts of gaming revealed that playing computer games is
linked to a range of perceptual, cognitive, behavioural, affective and motivational impacts and
outcomes (Connolly, Boyle, MacArthur, Hainey, & Boyle, 2012). Most frequent outcomes and
impacts were knowledge acquisition, content understanding, as well as affective and
motivational outcomes.
The review showed that the games are used for learning and not for assessment purposes.
Based on summative assessment, important decisions about students are made in terms of fail or
pass. The assessment method, whether paper-and-pencil, face-to-face or by serious gaming,
should therefore not bias that decision. As a consequence, serious games have hardly been
adopted for summative assessment purposes. For the true adoption of serious games for both
learning and assessment, we first of all need to ensure that the quality of an assessment with
serious gaming equals (or outperforms) the quality of other proven assessment methods.
Assessment during game play should be seamless in order not to interrupt the game experience
while therefore keeping the learner in a state of flow (Csikszentmihalyi, 1990; Shute, Ventura,
Bauer & Zapata-Riviera, 2009). In other words, assessment should be (as) unobtrusive (as
possible) to the player, while at the same time not sacrificing reliability and validity.
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The study presented in this article will describe how summative assessment was
implemented in a serious game, and will evaluate the content validity of this assessment in
relation to a previously used face-to-face assessment. The remainder of this introduction will
explain the role of serious games in education, explain specific criteria when using serious games
for summative assessment, discuss the content validity of serious games, describe the specific
educational context for this study, and present our research question. The specific game for this
study (section 2.1) and the validation method (section 2.2) will be elaborated in the second
section. After presenting the results on applying the validation method in section 3, final section
4 concludes with an evaluation of the method and suggestions for future research.

Serious gaming in the educational context
To adequately function in their jobs, future employees need to be able to deal with complex
problems and dilemmas. Games that aim to foster the acquisition of such skills are called
‘serious’ to denote that they are not just fun to play, but also hold potential as cognitive tools for
learning (e.g., Michael & Chen, 2006). The use of games can be a valuable way to engage
students in learning, as it fits well to their daily computer use. Student engagement is strongly
associated with academic achievement. Thus, the combination of school and gaming has
potential to increase learning, especially for lower performing, disengaged students (Shute,
Ventura, Bauer & Zapata-Rivera, 2009). In a competence based learning environment, serious
gaming could be of interest in combination with a balanced set of different assessment types in
an assessment program (Baartman & Gulikers, 2014). Single assessment methods are not valid
for assessing the complex nature of competences, including professional knowledge, skills and
attitudes and their application in complex occupational settings (Van der Vleuten et al., 2012).
5
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Serious games and summative assessment
Gee and Shaffer (2010) expect games to reform current educational assessment, and lead to
radical transformation towards learning for 21st century skills. With many other other
educationalists, they state that “Assessment is the tail that wags the dog of learning”. Assessment
is the process of using data to demonstrate that stated learning objectives are actually being met
by a learner (Black & Wiliam, 1998; Chin, Dukes & Gamson, 2009). For using serious games as
summative assessment methods, it is important that the activities of the serious game (i.e., the
scenario) align with the learning objectives that are to be assessed. Alignment, as used by Biggs
(1996; 2003), refers to the need for clear and logical connections between the intended outcomes
of the learning experience and the practices and processes utilized in the learning environment.
The intended learning outcomes have to be described in terms of performances that represent a
suitable cognitive level. Performances mentioned in the objectives are thus used to
systematically align the teaching methods with the assessment. Several authors have argued for
the strength of games as assessment engines (Gee & Shaffer, 2010; Ifenthaler, Eseryel, & Ge,
2012). Gee and Shaffer argue that games are good learning engines because they are first of all
good assessment engines. The use of a serious game as a learning environment that fits with the
learning objectives asks for an assessment in a comparable environment.
A main challenge involved with creating games in which the learning has to be assessed, is
to consider the dynamic nature of the game assessment which has to be as unobtrusive as
possible to the player. Such ‘seamless’ assessment at the same time should not sacrifice
reliability and validity.
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In the design of the assessment it should be clear whether the objective of the assessment is
formative (i.e., to deliver information that serves to improve further learning), or summative (i.e.,
to deliver information that serves to make a ‘high stakes’ decision). In the context of formative
assessment, implementations show the benefits of serious gaming. Students spend more time on
tasks which may lead to higher learning outcomes, they evaluate the use of the games as
stimulating and the context of the tasks often as more authentic (Connoly et al., 2012). However,
research on the use of serious gaming for summative assessments is scarce.
Furthermore, the use of computers for summative assessment purposes, called e-assessment,
has been mostly limited to assessment of lower order cognitive skills. Redecker, Punie and
Ferrari (2012) describe the history of e-assessment. The first generation e-assessments in the
1990s were focused on automated administration and scoring. Around 2000, the second
generation e-assessments introduced computer adaptive testing (e.g., Eggen, 2011). From 2010
onwards, focus shifted to continuous, unobstrusive and more formative e-assessments, which are
supposed to include behavioral tracking in immersive and game-based environments (Bellotti,
Kapralos, Lee, Moreno-Ger & Berta, 2013). To assess higher order cognitive skills, creating
scenarios with more complex learning activities is expected to provide possibilities. However, a
major impediment for exploiting games for summative assessment purposes is the current lack of
proof on the content validity of such serious games (e.g., Wouters, Van Nimwegen, Van
Oostendorp & Van der Spek, 2013).

Content validity of serious games
Validation methods evaluate whether an assessment achieves its purposes. They determine the so
called ‘fitness for purpose’ (Van der Vleuten et al., 2012), which encompasses the way results of
7

Content Validity in Serious Games Assessment

an assessment are interpreted and used by educators and students. A validation method provides
information on whether the (game) assessment aligns with the learning objectives and the
activities of the learning scenario (within the game). This implicates that assessments need to
represent the learning objectives. Higher order thinking skills are often assessed using
performance assessments. These are observed achievements with a professional judgment
(Stiggins, 1987). Performance assessments can be performed in real working environments
(authentic assessment) or in virtual, more or less controlled but work-based, learning
environments, for example simulations. It is not always evident to what extent performance
demonstrated in virtual learning environments will also be showed in real working environments
(Straetmans, 2014). However, game-based assessment is assumed to be more efficient than
assessment in a real-life working environment because the work-based tasks can be better
selected and aligned to learning objectives than in real working environments where practical
constraints often hamper such alignment. Furthermore, games offer safe and controlled
environments where students can have prolongued varied practice with scaffolded guidance
towards goal achievement (e.g., Aldrich, 2009). To evaluate the validity of a performance
assessment, different kinds of evidence have to be taken into account. It is the process of
building arguments to support the claims and decisions that are made from assessment scores
(Kane, 2006). It involves the translation of learning objectives into assessment tasks in the
learning scenario, the assessment criteria, the instructions for students, teachers and workplace
supervisors, the expert judgments, and the documentation that provides information about the
content validity. When game-based assessment is part of a larger assessment procedure, a
distinction can be made between the content validity of the game itself (i.e., the activities put in
the scenario that represent the learning objectives) and the content validity of the entire
8
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assessment procedure that may encompass other non-game-based activities as well (e.g., face-toface role play).

Educational context of the study
This study on game-based assessment took place in secondary vocational education in the
Netherlands. This kind of education is largely offered by so called Regional Education Centers,
large training institutes that on the average serve about 30,000 students each. Learning objectives
for each profession are documented in national qualification profiles, for example a qualification
as ICT manager. Each qualification profile consists of a set of core tasks with work processes
and performance indicators. The qualification profiles have been accredited on a national level.
Students enter secondary educational vocational education at the age of 16 and the program takes
four years of study. At the Regional Education Center where this study took place, yearly around
200 students enroll to follow ICT management education (courses with traditional assessment),
of which 20 participated in this study and studied the course with game-based assessment.
The qualification 'ICT manager’ consists of four core tasks: (1) Develop (parts of)
information- or media systems; (2) Implement (parts of) information- or media systems; (3)
Manage (parts of) information- or media systems; and (4) Organize an (existing) helpdesk. The
assessment game under study is aimed at the first core task, which in its turn comprises of five
work processes: 1.1 Set clear the information needs of the client; 1.2 Create a functional design
for these systems; 1.3 Create a technical design for these systems; 1.4 Create a test plan; and 1.5
Realize a test environment. In the first column of Table 1 performance indicators for work
process 1.1 are given.

9
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The traditional assessment consists of an assignment on paper to develop the (parts of an)
information system for an imaginary company, and takes place in a school setting with other
students doing the same or another assessment, with assessors available for task specific
questions and for judging the performance. The traditional summative assessment has been
accepted and accredited by the Inspectorate of Education. During this traditional assessment,
several assessors play one or more roles to assess the performance indicators, for example the
role as client or the role as financial manager of the fictive company. All student performances
are observed and scores on all of performance indicators are noted down on several assessment
forms. This traditional assessment lasted two days, with the assessor filling in the final form and
score for each student at the end of the last day. This assessment procedure was time consuming
and administratively overloaded the assessors. The purpose of the serious gaming environment
was to reduce the administratieve load for the assessors by letting the computer take over time
consuming task. This e-assessment should be as valid and reliable as the traditional format.
This study compares the traditional summative assessment with the game-based version,
based on the same learning objectives. The research question for this study is whether the content
validity of the game-based assessment equals the content validity of the traditional summative
assessment.

2. Method
In order to answer the research question, the serious game first had to be developed. In section
2.1 we describe the serious game under study. In section 2.2 we describe both the design of the
game-based summative assessment and the method of evaluating its content validity.
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2.1. The serious game under study
The game-based assessment was realized by using the EMERGO game platform (Nadolski et al.,
2008). EMERGO entails both a methodology and generic toolkit for developing and delivering
scenario-based serious games that are aimed at the acquisition of complex cognitive skills. A
game scenario is the basis for the game development. The work processes with their performance
indicators were ‘translated’ into game scenarios. These scenarios and their learning activities
warrant the application of knowledge and skills in professional contexts. Core to our method for
content validity is that performance indicators are mapped on the learning activities and outputs
within the game scenario.
---------------------------------------------------FIGURE 1 ABOUT HERE
---------------------------------------------------The game scenario under study is based on the ‘Events Agency Galema’ case which has to
be studied within a virtual company that builds IT solutions. This means that students are largely
assessed while carrying out tasks on their computer. The game they play is based on a scenario
with consecutive learning activities that partly have to be carried out within the virtual company,
and partly by having talks with the assessor in real life. A virtual coach (see Figure 1) welcomes
students as new employee for ‘ITadvice4U’, a fictive IT company that exists 20 years. The coach
(Mr. Alaoui) is one of its employees, and (in the role of superior) introduces the company and
assigns the student with the following task: develop a new system for project management for
the Galema agency that organizes events. In this (also virtual) events agency the student will
encounter other employees, like the director, the secretary, the project leader, a financial expert
(Mr. Jonkman), and a software developer. The student first has to carry out a needs-analysis by
11
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interviewing a number of employees of the agency, and by studying a number of documents, in
order to analyze current IT problems and possible solutions. Most interviews are conducted
within the game. For these interviews, students choose appropriate experts and questions from a
list, which are answered in video messages. One interview is conducted face-to-face with the
teacher playing Mr. Jonkman (who also has this role of financial expert within the game). This
face-to-face interview involves the specific communication skills that are difficult to assess
within the serious game, like reacting appropriate to strange questions. On the basis of the
interview and information found, the student writes a needs-analysis as output of this activity (3
hours). In the next activities, the student uses the needs-analysis to distill a functional and
technical design of the new system, which are discussed with the teacher / Mr. Jonkman in a
face-to-face setting (5 hours). Finally the student draws up a plan for developing the new system
for project management (2 hours), develops and tests a first version, and writes a test report
about his (all students so far were male) findings (6 hours), yielding a total study load of about
two days to complete the assessment game. Instead of four role-players in the face-to-face
version, just one assessor/role-player was necessary in the game-based assessment.

2.2. The game design and method for evaluating content validity
The game design and method for evaluating content validity comprise the following four steps:
(1) Analyze the qualification profile for ICT manager to decide how the performance indicators
should be demonstrated by the students; (2) Develop the game scenario in which the assessment
tasks are executed; (3) Design assessment procedures, instructions and forms; and (4) Evaluate to
which extent performance indicators are covered by the assessment tasks. The method is not
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merely linear but iterative as well. For instance, evaluation takes place in various rounds, leaving
opportunity to adjust the game scenario. The core of the method can be depicted as in Figure 2.
---------------------------------------------------FIGURE 2 ABOUT HERE
----------------------------------------------------

Step 1: Translating performance indicators into activities for assessment
For step 1 the performance indicators were analyzed. To reduce the work load of the assessor, all
performance indicators were evaluated to decide whether they could be assessed within the game
by the computer (using logging data), by using a delivered product, or by a person. Table 1 gives
an overview of the performance indicators for work process 1.1 (e.g., P1 collect sufficient
information); place of occurrence within the scenario (e.g., for P1 to have interviews with virtual
employees, and a face-to-face talk with teacher); information the game contains for the
assessment (e.g., for P1 there is none); and information the document output or face-to-face talk
contain for the assessment (e.g., for P1 during the face-to-face talk teacher may decide if relevant
questions have been raised). The third and fourth column of this table reveal which performance
indicators have to be assessed beyond the computer program and how (e.g., for P1 this will be
done by having a face-to-face talk with teacher). The second and third column reveal which
activities of the scenario will be used for assessment purposes. The third column describes the
information the computer program contains for assessment purposes, like logging data on
progress, sent mails and document outcomes. For instance, work process 1.4 can use the
following information as contained in the computer program: Has a report of the talk with the
secretary be sent?; Has a report of all talks with the supervisor been sent?; Have comments made
13
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by Jonkman been adapted?; and Was the needs analysis shown to Jonkman, the supervisor and
director?

Step 2: Development of the game scenario
Step 2 consisted of the development of a fully elaborated and adjusted game scenario. At this
point it is good to further define scenario-based serious games as simulated task environments,
which have been modelled after real-life situations that often include a sequence of learning
activities that involve complex decision making, problem solving strategies, intelligent reasoning
and other complex cognitive skills. Such games are often based on professional or academic role
adoption and modelled after expert behavior. Students are left in charge to deal with complex
problems according to professional or scientific standards. Real-life situations display ambiguity
and conflicting information and offer a large degree of freedom. The EMERGO approach and
toolkit (e.g., Nadolski et al., 2008) is dedicated for such scenario-based games, and has been
used for the development of the scenario and game under study. The design phase of this
approach results in a detailed scenario document via the intermediate framework scenario and
ingredients scenario, with each step providing more detail and completeness.
A framework scenario describes the global activities students carry out during the game.
This enables the game design team to identify a first series of activities without getting
overwhelmed by details. This scenario is a blue print with issues to be further worked upon,
resembling a construction drawing for a building. Within the ingredients scenario, for each
activity we identify how students are to perform: what does the student do, with whom, with
what tools and resources, and with which support (teacher, fellow student, or embedded)? All
(possible) interactions for each activity are exhaustively described, but not yet in terms of
14
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required tools and resources. In the ingredients scenario all the assessment tasks have to be clear.
Finally, the detailed scenario describes each activity exhaustively in terms of required tools and
resources for their actual performance. For instance, if students can interview a person, all
interview questions need to be identified. At this point, we identify which materials and tools are
already available or still need to be developed.

Step 3: Development of assessment procedures, instructions and forms
In this third step, clear instructions are needed for teachers, assessors and students that will be
using the assessment game. As determined in step 1, some performance indicators are left out of
the game and assessed during face-to-face talks. Because the teacher plays both the role of
assessor as of Mr. Jonkman (the financial expert in the game environment), these situations have
to be congruent. The teacher executes a number of face-to-face talks with students in this role,
and he then has to behave according to this role. An assessment manual with some tips and
instructions is available that, for instance, offers some basic questions / answers for Jonkman that
have been worked out to describe this role. Besides, assessment forms were developed for each
core task (and the individual scoring of work processes, see Table 2), as well as for the overall
assessment as final output of the validation method.

Step 4: Evaluation of the mapping
For step 4 a number of iterative evaluation rounds to establish the content validity were carried
out in which the performance indicators are mapped on the game scenario. Two assessment
experts mapped indicators on activities and outputs as contained in the game scenario, using
Table 1 independently from each other. In case not all indicators could be mapped, this was fed
15
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back to the project team which then decided either to incorporate the assessment of more
indicators in the scenario or leave them out. In this case, the first evaluation round showed that
not all indicators could by assessed within the game, and it was decided that some of these
performances (partially) required an assessment by a teacher during a face-to-face talk. In order
to have these talks, the student has to “step out” of the scenario and afterwards “step in” again.
For determining the content validity, following aspects were assessed by two assessment experts
(being co-authors of this article): the extent to which performance indicators could be mapped on
the game scenario; the extent to which these performances could be assessed by products
delivered through game play (and by procedures beyond the game); the perceived efficiency as
compared to traditional assessment; and the perceived validity as compared to traditional
assessment.
To evaluate whether the users experienced the e-assessment as valid as the original
assessment, eight assessors were interviewed. We invited 15 assessors (the total pool of assessors
for the traditional assessment) and 8 of them volunteered to participate. They all had a long time
experience (three to ten years) with the traditional assessment and were all assigned as assessors
for the assessment with the serious game. Two of them did already participate in the new
assessment game, six of them evaluated the new assessment based on a full game scenario and a
demonstration. In the group interview, the assessors were asked: (1) whether each of the
performance indicators was assessed by the assessors; (2) what the student had to deliver after
each work process; and (3) which criteria were used for a pass score. The outcomes of the
interviews were compared with the evaluation of the assessment in the serious game.

3. Results
16
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This section provides the results of applying step 4 of the method presented in the previous
section and the interviews with assessors, to establish whether the content validity for the gamebased assessment (and the entire assessment procedure, including face-to-face interviews with
the teacher) is equal to the traditional assessment. For the ‘Event Agency Galema’ case, the
content validity of the game-based assessment has been determined in a number of evaluation
rounds.

Evaluation of the mapping of performance indicators
Most performance indicators (twenty out of thirty-two) could be fully mapped on activities in the
game (i.e., the content validity of the game itself). Five indicators could only be partly mapped
on the scenario, like ‘Uses insight during the technical design in an appropriate way’ (work
process 1.3, indicator 3) for which it was not clear how this could be made visible in the game.
For seven performance indicators it was decided they could better be assessed beyond the
computer program (but still as integral part of the game scenario) by means of a face-to-face talk
with the teacher (i.e., the content validity of the entire assessment procedure). These were
performance indicators like ‘Asks for an opinion, ideas, and needs of others to get a complete
picture of the information needs in the organization’ (work process 1.1, indicator 2) and
‘Explains the functional design in an understandable way which depends on the audience’ (work
process 1.2, indicator 5). Typical for such performance indicators is that the student is able to
empathize with the audience. To assess such empathy, a human assessor appears to be necessary.
Although only the first work process is elaborated and used as worked example for this article,
we can mention that all other indicators that were hard or impossible to integrate in the game
scenario also dealt with communication (like asking others for opinions and showing, defending
17
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and discussing outcomes). Work process 1.5 (Realize a test environment) appeared most
problematic to map. It became clear that the performance indicators for this work process
required a high degree of tuning with all stakeholders, which appeared hard to include in the
game scenario. In total, all indicators of the four work processes could be mapped, either on
learning activities within the game (content validity of the game itself) or on face-to-face talks
beyond the e-assessment (included in the entire assessment procedure). As worked example, the
evaluation of the content validity for work process 1.1 is provided in Table 1.
--------------------------------------------------------INSERT TABLE 1 ABOUT HERE
------------------------------------------------------------

Game-based assessment products and procedures beyond the game
Table 2 presents the scoring model (for work process 1.1) that was derived after mapping the
(six) performance indicators. Table 2 also makes clear to what extent the assessor can use
information obtained in outcomes from game play (like a written needs analysis) or as contained
in logging data (like tracking of reports sent).
--------------------------------------------------------INSERT TABLE 2 ABOUT HERE
-----------------------------------------------------------Attainment of performance indicators is scored by either U (unsufficient), S (Sufficient) or
G (Good). It was further decided and documented (in the assessment manual) that following
(ten) performance indicators for the outcome of work process 1.1 (information needs analysis)
could be assessed by using the needs analysis report delivered by game play: (a) task is clearly
18
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described; (b) reason for task assignment is clearly described; (c) the current way of working in
projects is clearly described; (d) problems of the current system are clearly mentioned; (e)
demands on the new system are clearly mentioned; (f) wishes (may haves) and requirements
(must haves) are clearly distinguished; (h) a conclusion about the needs of client is drawn based
on requirements and wishes; (i) in the conclusion pros and cons have been carefully balanced;
and (j) the description of the needs analysis is clearly structured.
As explained before, sometimes the student has to step out of the computer program to
explain or defend outcomes to Mr. Jonkman during a face-to-face talk. Because Mr. Jonkman is
a financial expert who does not have much technological background, the student has to be able
to clearly present his analyses or designs without using technological jargon (work process 1.2,
indicator 5). During this interview the teacher will - in Jonkmans’ role - assess the student’s
ability to raise the right questions and use clear language. Besides instructions and forms, the
assessment manual also contains about twenty basic questions and answers for face-to-face talks
with Mr. Jonkman / the teacher, that provides background information about this case-role, like:
Can you tell how projects currently are managed?
Yes I can. We have been working with Excel sheets for ages. They contain the various tasks and planning.
Team members use them to keep track of their projects. For the use of me and my financial colleague I
have built a large Access Database, in which we neatly keep track of everything. But in order to do so,
others do have to supply us with the information needed in time. And that unfortunately often is not the
case.
Can you tell what you do when a new project starts?
For us a new project starts when the quotation has been signed. This quotation contains the total amount
of money the client will pay. Then the project leader will provide me with a list of estimated costs. The
difference between this estimate and the amount in the bid is, roughly speaking, our profit. The project
leader periodically has to supply me information about which tasks have been completed, so that I can
keep track of what has been spent. I mostly receive that information by mail. However, most project
leaders are not that precise and tend to forget this.
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Efficiency as compared to traditional assessment
The two teachers who used this assessment game over the last year (with 20 students) report that
both the preparation and execution of the assessment have become less labor-intensive. For
instance, some laborious pacing mechanisms to receive output over time have been successfully
automated within the scripting of the game play.

Evaluation of the validity and role by content experts
We conducted interviews with the content experts and assessors to evaluate their role in realizing
content validity of the game-based assessment as compared to the traditional assessment. These
assessors found the products as delivered by game play to be appropriate evidence for required
students’ skills on work processes. Overall this game-based assessment was considered more
transparent when compared to the traditional assessment. However, the interviews showed
different views on the product to be delivered in the fifth work process, which already appeared
hardest to include in the game scenario. Some assessors stated that it was more important to
produce a prototype instead of a test environment, and that teachers should steer the format of
such a prototype. Some of them argued that the performance indicators for the technical design
could not be standardized. In the traditional assessment, some assessors preferred to use a more
holistic judgment based on the delivered product and only used the performance indicators in
cases of doubt. Others preferred to use decision rules like “five out of seven performance
indicators have to be scored sufficient to pass”. Although the assessors felt competent to take the
final decision, all assessors indicated that in the traditional assessment it was sometimes a
difficult process to decide whether a student should pass or fail. As all the products in the
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traditional assessment were assessed by just one assessor, this difference in vision on how to use
the performance indicators is a real problem.

4. Conclusion and discussion
This study shows that it is indeed possible to develop game-based assessment with a content
validity that at least equals the traditional assessment. The study reveals that the game under
study could cover most of the performance indicators as defined for the core task. The entire
assessment procedure, including face-to-face talks with the teacher, could include all
performance indicators. Our evaluation with assessors and teachers shows that game-based
assessment that uses the content validation method seems to be more transparent, better
documented, and more efficiently organized when compared to traditional assessment. The use
of game-based assessment also seems to decrease the risks of subjective and arbitrary scoring by
assessors. For instance, when discussing the mapping of the performance indicators on the
learning scenario, teachers had to be more concrete about their use of performance indicators.
For the teachers, it became more transparent that game-based assessment uses the same
performance indicators for all students. Despite the fact that teachers are trained in the use of
performance indicators, the interviews showed that they used the indicators in different ways in
the traditional assessment.
This case study also revealed that some of the indicators were not suitable for inclusion in eassessment. For example, if a student has to show that he is capable in ‘collecting sufficient
information by an interview’ (performance indicator P1), he has to do an interview. Therefore,
the face-to-face component was still required. Fortunately, such a blended approach in the game
scenario (virtual and face-to-face) with students and teachers “stepping in and out” the computer
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program did not appear to be problematic, neither for students nor teachers. Further research is
needed, however, to provide more firm conclusions on students’ and teachers’ experiences with
e-assessments. Specific gaming platforms simply do no cater for all possible types of learning
activities. In this case study for example, the gaming platform appeared less suitable for the
assessment of more ‘soft’ communication skills.
It has remained beyond the scope of this study (which is mainly descriptive) to study why
students and teachers like this way of assessment and how they exactly develop skills and
monitor their success. Another limitation of this study is that we do not have enough proof that
such game-based assessments are sufficiently warranted towards fraud on the long run, when
larger numbers of students use the same cases. Although each student has to deliver his own
assessment products, this needs more attention in the design. Finally, we have still to see if
results found within the domain of ICT management are generalizable towards other domains
and educational levels. After this study, this and threeother Regional Education Centers have
developed and evaluated similar games and e-assessment for other core tasks and educational
levels in the domain of ICT management, which can be interpreted as preliminary proof for
succesful uptake and generalizability of the validation method presented here. The development
of a detailed game scenario can be a cumbersome process. In this case for quite some time no
sufficient content expertise could be made available during the design phase, which has seriously
hampered progress. This experience again has showed the importance of multi-disciplinary
collaboration (both content, didactical, assessment and technological experts working together)
when developing game-based assessments using the EMERGO platform. For this case a detailed
scenario of about 50 pages containing 55 learning activities could be agreed upon (Step 2 of the
method), which was used for the evaluation and mapping rounds in Step 4.
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Validating the content of game scenarios for assessment purposes seems to be an important
line of future research, and can ensure that serious games are better warranted against the current
criticism of not being transparent enough for summative assessment. According to Corti (In
Michael & Chen, 2011, p. 34): "Serious games will only grow as an industry if the learning
experience is definable, quantifiable and measurable".
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Figure 1. Screen of the game with Mr. Alaoui (supervisor) explaining the task to the student
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Figure 2. Stepwise design method
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Table 1. Validation Table (for work process 1.1)
Performance indicators

(P1) Collect sufficient
information by both
interviewing and document
analysis.

(P2) Ask for the ideas and
needs of employees to get a
good overview of the
information need within the
organization
(P3) Consider the wishes of the
client in relation with the
possibilities when determining
the information needs
(P4) Show plan to relevant
others and adjust it when
appropriate

Content validation (place in
scenario / activity student)

Assessment Information
contained in system

Virtual talks with employees
Galema: Mrs. Galema, Mr.
Boekhorst, Mrs. Vos
F2F talk with Mr. Jonkman: Does
student pose relevant and
sufficient question?

F2F talk with Mr. Jonkman. Must
prepare questions.

Virtual talks with employees
Galema
F2F talk with Mr. Jonkman: Does
student pose questions about
opinions, ideas and needs?

F2F talk with Mr. Jonkman. Must
prepare questions.
Make a needs-analysis

Needs-analysis: Does student
weigh the wishes and possibilities?

Send report talk with Mr.
Boekhorst to him

Report talk with Boekhorst
been send to him?

Send reports of all talks to coach

All reports sent to coach?
F2F-talk with Mr. Jonkman: Does
student respond adequately to
comments?

F2F-talk with Mr. Jonkman:
discuss ideas and adjust analysis
Send needs-analysis to Jonkman,
coach and Galema

(P5) Acquire a full and correct
overview of business processes
and information streams
(P6) Verify correctness of
acquired information, structure
information, and consider
conclusions by using available
facts and weighing pros and
cons.

Assessment Information
contained in documents or by
Jonkman

Has needs-analysis been
send to Jonkman, coach and
Galema?

Make needs-analysis

Needs-analysis: Does it show
practice correctly and completely?

Make needs-analysis

Needs-analysis: is document
correct and complete with clear
structure?

Report talk with Boekhorst:
Verify with him if it is a correct
reflection of actual practice

Report sent to Boekhorst
requesting him to check for
correctness?
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Table 2. Sub-scales and scoring form (for work process 1.1)
Performance indicators

(P1) Collect sufficient
information by both
interviewing and document
analysis.

(P2) Ask for the ideas and
needs of employees to get a
good overview of the
information need within the
organization
(P3) Consider the wishes of
the client in relation with the
possibilities when determining
the information needs
(P4) Show plan to relevant
others and adjust it when
appropriate

(P5) Based on the collected
information acquire a full and
correct overview of the
business processes and
information streams within
the organization
(P6) Verify the correctness of
acquired information,
structure this information, and
consider possible conclusions
rationally by using available
facts and carefully weighing
pros and cons.

A. Assessment by
Jonkman

B. Assessment based
on outcomes

C. Assessment
based on logged
data

Assessment Score

Has student prepared and
raised relevant and
sufficient questions?

-

-

U/S/G

Has student prepared and
raised questions about
opinions, ideas and
needs?

-

-

U/S/G

-

Needs-analysis: rational
weighing of
possibilities?

-

U/S/G

- Report Boekhorst
send to him?
- All reports send to
coach?
- Needs-analyses send
to Jonkman, coach
and Galema?

U/S/G

Does student
communicate needsanalysis? Respond
adequately to comments
Jonkman? Adjust plans
when requested?
Needs-analysis:
complete and correct?

U/S/G

Needs-analysis:
complete and correct
document with clear
structure?

U/S/G

Report send to
Boekhorst requesting
to check for
correctness?
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