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ABSTRACT 

Serious games hold potential for fostering the acquisition of more 

complex problem solving skills in professional practice. However, 

until now the empirical evidence on these workplace learning 

effects of serious games has remained rather scarce. Therefore 

such games have hardly been adopted for assessment purposes. 

This article argues why a validation method is needed that points 

out and controls what and where learners are learning from games. 

The core of the method entails mapping the learning activities on 

the performance indicators and outputs, as derived from the 

formal attainment levels in vocational education. In this study we 

have elaborated and applied a validation method for the 

development of a scenario-based assessment game for system 

managers in (secondary vocational) education. The method 

provides a general procedure, practical guidelines, and assessment 

forms, that can be used beyond this educational context and 

domain by those interested in more dynamic and motivating ways 

to assess the acquisition of complex skills in workplace learning.  
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1. INTRODUCTION 
Several  authors have argued the strength of games as assessment 

engines [1, 2]. Gee and Schaffer argue that games are good 

learning engines because they are first good assessment engines 

[1]. Interest in and use of serious games for learning has grown 

over the last decade, but until now the empirical evidence on the 

professional learning effects of serious games has remained rather 

scarce. As a consequence such games have hardly been adopted 

for assessment purposes yet. 

For the true adoption of serious games for both learning and 

assessment, we first of all need to employ some type of validation 

method that makes us understand better what a learner is learning 

from playing the game, to what degree, and in which contexts 

while at the same time no sacrifices are made to reliability, and 

validity of assessment and to the core essence of the highly 

dynamic interactive nature of games.  

The study presented in this article will describe a method to 

validate game scenarios for the assessment of professional 

competence, and describe the application of this method on an 

assessment game that was developed for system managers within 

secondary vocational education. Core to the approach and 

developed game is that all performance indicators (as were 

derived from the formal attainment level) have been clearly 

mapped on the learning activities and outputs (within the game 

scenario). We will describe this validation method and argue why 

our approach can be useful beyond this educational context and 

domain for those interested in more dynamic and motivating ways 

to formatively assess professional competence in action. 

The remainder of this introduction will now further explain the 

need for seamless assessment using scenario-based gaming 

(section 1.1), explain the need for more transparency using a 

validation method (section 1.2), and introduce the educational 

context and assessment game (and its scenario) we have used for 

this study (section 1.3). The validation method itself (section 2) 

and the game obtained by applying the method (section 3) will 

then be elaborated and presented in subsequent sections. We will 

conclude (section 4) with an evaluation of this validation method 

and suggest future research. 

 

1.1 Seamless assessment in games 
The main challenge involved with creating games that assess 

competencies key to workplace learning is to consider their highly 

dynamic interactive nature, being unobtrusive to the player, while 

not sacrificing reliability and validity in the assessment process. 

The integration of formative assessment within game play should 

be ‘seamless’. Gee and Shaffer expect games to reform current 

educational  assessment (mainly facts and knowledge), and lead to 

radical transformation towards learning for 21st century skills [1]. 

As they and other educationists state it: “Assessment is the tail 

that wags the dog of learning”. Assessment of learning is the 

process of using data to demonstrate that stated learning 

objectives are actually being met by a learner [3, 4]. Creating 

scenarios with learning activities closely aligned with the learning 

objectives is key in ensuring learning goals will be met. In other 

words, assessments need to be aligned with learning objectives 

and with the learning activities (i.e. constructive alignment [5, 6]). 

As a consequence, the domain of assessment is in transition from 

a perspective with an emphasis on summative assessment to a 

more balanced assessment program in which summative 

assessment is balanced with formative assessments. Redecker et 

al. describe the stepwise development from 1st generation in the 



1990s (automated administration and scoring) and 2nd generation 

in the 2000s (more adaptive) to 3rd generation from 2010 

(continuous, unobtrusive, more formative assessment), which is 

supposed to further include behavioral tracking in immersive and 

game-based environments [7]. For several formative assessment 

methods, like giving feedback, feed up and feed forward, working 

with rubrics or self and peer assessment, evidence is available that 

formative assessment is effective for learning [8]. However, as 

stated before, a major impediment for exploiting games for the 

formative assessment of more complex skills purposes is the 

current lack of proof on the efficacy and impact of serious games 

on learner achievement [9, 10]. This type of learning and 

assessment requires more complex, seamless but also transparent 

validation methods and assessment procedures, which we will 

present in this article. According to Corti: "Serious games will 

only grow as an industry if the learning experience is definable, 

quantifiable and measurable" [11].  

 

1.2 Validation methods and assessment 
Validation is the process of building arguments to support the 

claims and decisions that are made from assessment scores [12]. 

Validation methods evaluate whether assessment achieves its 

purposes, i.e. the fitness for purpose[13]. Fitness for purpose 

encompasses the way results of an assessment are interpreted and 

used by the educators and students. A validation model provides 

information whether the assessment is in line with the learning 

objectives and the learning scenario. This implicates that 

assessments are representative for and balanced over the learning 

objectives. Validation has to be argument-based using two kinds 

of arguments [12]. Interpretive arguments specify the proposed 

interpretations and uses of scores and are used as a starting point 

for validation. This includes the analyses of performance 

indicators and the learning activities. Validity arguments then 

evaluate the plausibility of these interpretations and uses by 

evaluating to which extend performance indicators are covered by 

learning activities and the availability of assessment procedures, 

instructions and forms. A validation method to assess complex 

skills therefore has to involve different kinds of evidence, like the 

implementation of assessment procedures, the translation of the 

learning objectives into the learning scenario, the expert 

judgments and the documentation. 

With the implementation of competence-based education comes 

the need for other, more dynamic forms of assessment. More 

classical forms of testing and assessment have gradually been 

replaced by so called competence assessment programs (CAP), 

where the mere application of classical criteria for reliability and 

validity no longer suffices. Such programs and the examination 

projects within also need to comply to the new demands of 

competence-based assessment, like acceptability, authenticity, 

meaningfulness, cognitive complexity, fairness, fitness for 

purpose, reproducibility of decision, educational consequences, 

self-regulated learning, transparency, comparability and costs and 

efficiency [14]. For this educational context, the general quality of 

education and assessment is considered to be problematic by the 

various stakeholders involved [15]. Evidently, serious games offer 

great potential for CAP as they provide highly engaging and 

dynamic environments with authentic tasks at the core for the 

development of professional competence.   

The qualitative problem  with assessment is largely caused by the 

lack of clear design criteria and standards for examination which 

make that the various examination projects differ largely and are 

hard to compare. Another important aspect that has hampered the 

uptake of more dynamic forms of education and assessment (like 

serious games) is the lack of sufficient evidence-based research 

into these innovations, even though research did reveal that the 

way assessment is conducted is a major determinant of reaching 

graduation. 

 

1.3 Example game: Events Agency Galema 
Secondary vocational education is (in the Netherlands) largely 

offered by so called Regional Education Centres, large training 

institutes that on the average serve about 30,000 students each. 

The attainment levels for each profession and educational level 

(of which there are four) are documented in so called 

Qualification Dossiers which have been accredited on a national 

level. The Stichting Praktijk Leren (SPL) is the Dutch Foundation 

on work-based learning that operates closely together with branch 

organizations for various professions, and has the responsibility to 

stimulate, coordinate and coach the development of more 

innovative ways of professional training and assessment in 

secondary vocational education.  Recently SPL decided to aim for 

an integral, transparent  and proven system of examination 

projects that covers all Core Tasks within the Qualification 

Dossiers. To validate such assessments currently two instruments 

are available and used for their design: quality criteria for CAP 

[14], and frameworks of the educational inspection [15]. The 

development of the learning and assessment games is done by 

applying the EMERGO game platform [16]. Eventually SPL 

strives to have each core task assessed by a game. The curriculum 

for training System Managers on attainment level 4 has been 

taken as first pilot, one learning game and one assessment game 

have been developed so far. This study deals with the developed 

assessment game which is called ‘Events Agency Galema’ (name 

of the case and virtual contractor).  

The examination project ‘Events Agency Galema’ is based on a 

practical case that has to be done within a virtual company 

‘ITadvice4U’. This means that students are largely assessed while 

carrying out tasks on their computer. The game is based on a 

scenario with consecutive learning activities that have to be 

carried out within the virtual company by guidance of a virtual 

coach, and partly by having face-to-face talks with the teacher in 

real life. The main task that is given to the student:  develop a new 

system for project management for a agency that organizes events. 

For this, the student performs  a needs-analysis, distills a 

functional and technical design of the new system, draws up a 

plan for developing the new system, tests a first version, and 

writes a test report. This all yields a total study load of about two 

days to pass the assessment game.  

2. METHOD 
This section will briefly introduce the validation method we used 

and its four steps (section 2.1), then explain the first two steps 

(Performance Indicators and Game Scenario) in section 2.2, and 

on the last two steps (Mapping and Assessment Procedures) in 

section 2.3. The next section will present the results of applying 

this validation method on the Galema game. 

2.1 Validation method  
The validation method essentially is comprised of executing 

following four steps procedure: (1) Analyze the Qualification 

Dossier, with having Performance Indicators as its outcome; (2)  

Develop learning activities, with having a detailed Game Scenario 



as its outcome; (3) Evaluate to which extend performance 

indicators are covered by learning activities, with having a 

Mapping of intended performance on activity; and (4) Distill 

Assessment procedures, instructions and forms. The method is not 

merely consecutive, 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 1. 

 
 

Figure 1. Stepwise validation method 

 

2.2 Performance indicators and game 

scenario 
For Step 1 we analyze the Qualification Dossier. As stated 

before, the attainment levels and performance indicators of 

vocational education for various professionals and levels are 

nationally documented and accredited in so called Qualification 

Dossiers. The structure of each Qualification Dossier is comprised 

of Core Tasks, that each contain Work Processes. Each Work 

Process is described with Performance Indicators and Wanted 

outcomes. The assessment game under study aims at the core task 

1 'Develop (parts of) information -or media systems' which is 

comprised of five work processes. For brevity reasons, we only 

look at the first work process ('Analyze the needs of the 

contractor'). This process has two outcomes (i.e., a full and correct 

overview of (O1): the information needs of the contractor 

organization; and (O2): the conditions and possibilities within the 

organization) and six performance indicators P1 up till P6 (see 

Table 1). Step 1 ends by filling a validation table with four 

columns: performance indicator; place of occurrence within the 

scenario, information the game - if applicable - contains for the 

assessment, and information the document output or face-to-face 

talk - if applicable - contain for the assessment (see Table 1 which 

is already filled for the game example that is further described in 

Section 3). The third and fourth column of this table will reveal if 

and which performance indicators have to be assessed beyond the 

digital part of the game (i.e., computer program) and how. The 

second and third column will 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 Step 2 we need to have 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 modeled 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 modeled 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 is dedicated towards such scenario-based games, and has 

been used for the development of the scenario and game under 

study [16]. Before game development actually starts, for each 

activity is identified how students are expected and allowed to 

perform: what does the student do, with whom, with what tools 

and resources, and with which support (teacher, fellow student, or 

embedded in the game)? Does task performance result in a 

product, and if so, how will this be evaluated? Is a sufficient result 

needed before students can carry on? Which interactions with 

other participants and the digital part of the game are foreseen 

during and after carrying out activities? All (possible) interactions 

for each activity are exhaustively described, also in terms of 

required tools and resources. 

2.3 Mapping and assessment procedures   
For Step 3 a number of iterative evaluation rounds to establish the 

content validity are carried out in which the performance 

indicators will be mapped on the game scenario. The performance 

indicators for core task 1 (Develop (parts of) information- or 

media systems) were used as they could be derived and 

formulated by SPL based on the Qualification Dossier. Two 

assessment experts mapped indicators on activities and outputs as 

contained in the game scenario, using Table 1 independent from 

each other.  In case not all indicators could be mapped, this was 

reported back to the project team which then decided either to 

incorporate the assessment of more indicators in the scenario or 

leave them out. 

For Step 4, clear instructions are needed for the teachers / 

assessors that will be using the assessment game. In this case 

some performance indicators are left out of the digital part of the 

game and will be assessed during face-to-face talks. As results of 

Step 4, Assessment forms are developed for each core task (and 

the individual scoring on performance indicators for each work 

processes), as well as for the overall assessment that refers to a 

weighted sum of the performance scores on all five work 

processes and constitutes the final output of the validation 

method. 

3. RESULTS 
This section provides the results of applying the validation 

method on the Galema game. Again, we first describe the first two 

steps in section 3.1, and then the last two steps in section 3.2. 

3.1 Game activities for assessment 
Two assessment experts found that most performance 

indicators could be mapped on activities in the (adjusted version) 

of the game scenario. Some Work Processes could only be partly 

mapped on the scenario. And for some Performance Indicators it 

was decided they could better be assessed completely 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 game role 

that is indicated with the label 'Mr. Jonkman'). The Validation 

table for work process 1.1 is provided in Table 1. 



Eventually, a detailed scenario of about 50 pages containing 55 

learning activities could be agreed upon (Step 2), which could be 

used for the evaluation / mapping rounds in Step 3. 

3.2 Assessment procedure and instructions 
During Step 3, for each work process, a scoring model could be 

derived after it was decided what performance indicators were 

assessed (where and how). Such scoring models  also clarify to 

what extend the assessor can use information obtained from 

outcomes (like written needs analysis) or contained in the 

computer program (like reports sent or logging of actions).  

Attainment of each performance indicator is assessed by either I 

(insufficient), S (Sufficient) or G (Good). It was further decided 

and documented (in the assessment manual) that several criteria 

should be considered by the teacher when assessing work 

processes (for example: task is clearly described; the current way 

of working in projects is clearly described; problems of the 

current system are clearly mentioned; demands on the new system 

are clearly mentioned; wishes (may haves) and requirements 

(must haves) are clearly distinguished). Furthermore, the 

assessment manual contains example questions for the face-to-

face talks and provides information for the game-role the teacher 

has to fulfill.     

 

Table 1. Validation for work process 1.1 (Analyze the needs of the contractor) 

Performance indicators Content validation (place in 

scenario / activity student) 

Assessment 

Information (system) 

Assessment Information (in 

documents or by Jonkman) 

(P1) Collect sufficient information by both 

interviewing and document analysis. 
Virtual talks with employees 

Galema; F2F talk with Mr. 

Jonkman: Must prepare questions 

 F2F talk with Mr. Jonkman: Does 

student pose relevant and sufficient 

question? 

(P2) Ask for the ideas and needs of 

employees to get a good overview of the 

information need within the organization 

Virtual talks with employees 

Galema; F2F talk with Mr. 

Jonkman:  Must prepare questions. 

 F2F talk with Mr. Jonkman: Does 

student pose questions about 

opinions, ideas and needs?  

(P3) Consider the wishes of the client in 

relation with the possibilities when 

determining the information needs 

Make a needs-analysis  Needs-analysis: Does student weigh 

the wishes and possibilities? 

(P4) Show plan to relevant others and adjust 

them when appropriate 

Send report talk with Mr. Boekhorst 

to him ; Send reports of all talks to 

coach; F2F-talk with Mr. Jonkman: 

discuss ideas and adjust analysis; 

Send needs-analysis to Jonkman, 

coach and Galema 

Report talk with Boekhorst 

been send to him?; All 

reports sent to coach?; Has 

needs-analysis been send 

to Jonkman, coach and 

Galema? 

F2F-talk with Mr. Jonkman: Does 

student respond adequately to 

comments? 

(P5) Acquire a full and correct overview of 

business processes and information streams 

Make needs-analysis  Needs-analysis: Does it show 

practice correctly and completely? 

(P6) Verify correctness of acquired 

information, structure information, and 

consider conclusions by using available facts 

and weighing pros and cons. 

Make needs-analysis; 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? 

Needs-analysis: is document 

correct and complete with clear 

structure? 

 

 

4. CONCLUSION AND DISCUSSION 
This study shows it is indeed possible to develop and apply a 

validation method to validate game scenarios for assessment 

purposes. Preliminary experiences reveal that an assessment 

game that results from this validation is indeed more transparent, 

better documented, and can be more effectively compared and 

organized. Both students and teachers find this more dynamic 

way of assessment more motivating and effective. Two teachers 

that used this assessment game over the last months (with 20 

students) report that both the preparation and execution of the 

examination project is now less labor-intensive. 

However, some of the performance indicators were not suitable 

for e-assessment (i.e., the digital part of the game). Therefore, 

the face-to-face component is still required. A blended approach 

(both virtual and face-to-face) with students and teacher 

“stepping in and out” of the digital part of the game did not 

appear to be problematic for students and teachers. Current 

gaming platforms do not yet cater for valid and reliable in-game 

assessment of all types of activities. For example, the assessment 

of the more ‘soft’ communication competence is beyond scope 

although there are some promising developments with respect to 

speech recognition and emotion recognition that alleviates the 

work of the teacher and can prevent students from struggling too 

long on ineffective learning paths [17].Validating the content of 

game scenarios 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 

assessment purposes. The assessment in this case study seems to 

result in comparable and more efficient assessments. Such 

advances in adaptive serious games with “embedded 

assessment” make better visible how learners develop skills and 

monitor their success, and thus provide teachers with new 

insights that help them improve their teaching and tutoring. It 

has remained beyond the scope of this study (which is mainly 

descriptive) to investigate the impact of different design 

mechanism upon students' and teachers' opinions with respect to 

assessment and students' skill development and success. We are 

currently preparing a study with a larger group of participants in 

which we will examine the impact of different game guidance 



mechanics towards students' success. Another limitation of this 

study is that we do not have enough proof that such assessment 

games are sufficiently warranted towards fraud on the long run, 

when larger numbers of students study the same cases. Although 

we cannot fully exclude such risks, it needs more attention in the 

design and exploitation. Furthermore,  the positive effects of 

studying just one assessment game (of two days) will be snowed 

under when the remainder of the curriculum is still classically 

tested. For this reason SPL is now developing assessment games 

for all core tasks within the piloted curriculum. Finally, we also 

have to see if results found within the domain of system 

management are generalizable towards other domains. 
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