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Nederlandse samenvatting

Executive Summary: Nederlands

1. Introductie

Heterogeniteit in effectiviteitsonderzoek naar educatieve videogames en vragen die
gesteld worden met betrekking tot de validiteit en betrouwbaarheid van enkele van deze studie
design kenmerken hebben geleid tot een nood naar een meer gestandaardiseerde aanpak. Dit
doctoraat was gericht op de ontwikkeling van een gestandaardiseerde procedure om
effectiviteit van educatieve videogames te meten die zich richten op cognitieve leeruitkomsten
(i.e., gericht op kennisoverdracht en niet zozeer op de ontwikkeling van vaardigheden of
attitude-/gedragsverandering). In de eerste fase werd een eerste versie van deze procedure
ontwikkeld. Hiervoor werden de verschillende studie design kenmerken van reeds
gepubliceerde (quasi-) experimentele studies die als doel hadden de effectiviteit van
educatieve videogames gericht op cognitieve leeruitkomsten te onderzoeken in een eerste stap
in kaart gebracht door middel van een systematische literatuurstudie (hoofdstuk 2). Daarna
werd effectiviteit van educatieve videogames aan de hand van een requirements analyse met
relevante stakeholdergroepen geconceptualiseerd en geoperationaliseerd (hoofdstuk 3).
Vervolgens hebben we enkele richtlijnen gedefinieerd voor effectiviteitsonderzoek naar
educatieve videogames door middel van expert interviews (hoofdstuk 4). In een tweede fase
hebben we de haalbaarheid van de procedure onderzocht door middel van drie experimentele
studies in de voornaamste sectoren waar educatieve videogames geimplementeerd worden,
waarbij de procedure als handleiding werd gebruikt. In een derde fase werd op basis van de

haalbaarheidsstudies een tweede versie van de procedure ontwikkeld.

2. Samenvatting van de voornaamste bevindingen

2.1. Issues met betrekking tot gepubliceerde effectiviteitsstudies

De systematische literatuurstudie heeft drie voorname issues naar voor gebracht. Eerst en
vooral werd aangetoond dat er een grote heterogeniteit bestaat tussen studies. De voornaamste
oorzaken van deze heterogeniteit kunnen de uitkomsten significant beinvloeden. Zo worden er
verschillende activiteiten geimplementeerd in de controlegroepen (e.g., geen of een andere
educatieve interventie), worden er verschillende maten gebruikt om effectiviteit te meten
(e.g., gepercipieerd leren, score op een test ontwikkeld voor onderzoek, examenscores,

attitude, motivatie, etc.) en gebruikt men verschillende statistische technieken om



leeruitkomsten te kwantificeren (e.g., vergelijking van vooruitgang, van post-test scores,
percentage vooruitgang bekijken, etc.). Een tweede issue zijn suboptimale studie designs als
gevolg van ‘confounds’ of verstorende factoren in een onderzoeksdesign die kunnen leiden tot
vertekende resultaten. De voornaamste confounds in effectiviteitsonderzoek naar educatieve
videogames zijn a) het toevoegen van extra elementen aan de interventie (e.g., verplichte
leesopdracht, debriefing sessie), b) de rol van (e.g., begeleiding, procedurele hulp, enkel
aanwezig om toezicht te houden) en het type (vertrouwde leerkracht of onderzoeker)
instructeur en c) het mogelijks optreden van een oefeneffect wanneer dezelfde test pre- en
post- interventie wordt toegediend. Al deze verstorende factoren maken het moeilijk om te
weten of positieve effecten het resultaat zijn van de game als medium. Een derde issue heeft
betrekking tot op replicatiemogelijkheden door onvoldoende informatie die wordt
meegegeven in gepubliceerde studies. Zo wordt weinig informatie meegegeven rond hoe de
interventies geimplementeerd werden (e.g., wie was er aanwezig gedurende de interventie? In
welke context vond deze plaats? Was gameplay individueel? Etc.), hoe rekrutering gebeurd is,
op basis van welke karakteristieken de condities gelijk gehouden werden, welke testen er
gebruikt werden en indien er testen werden gebruikt die ontwikkeld werden door de
onderzoekers zelf, hoe deze ontwikkeld werden.

2.2. Effectiviteit van educatieve videogames: conceptualisatie en operationalisering

De requirements analyse wijst erop dat effectiviteit van educatieve videogames een
multidimensionaal construct is dat bestaat uit drie categorieén van gewenste uitkomsten:
leeruitkomsten, motivatie-uitkomsten en efficiéntie-uitkomsten. VVoor elke categorie van
uitkomsten kunnen verschillende indicatoren gebruikt worden. VVoor leeruitkomsten kan dit a)
een verhoogde interesse in de leerinhoud, b) prestatie m.b.t. de leerinhoud (vb. op een test)
en/of c) transfer van de leerinhoud naar de ‘echte’ wereld zijn. Indicatoren voor motivatie-
uitkomsten zijn: a) het creéren van een leukere leerervaring in vergelijking met traditionelere
instructieve media en/of b) de student gemotiveerder maken om een bepaalde leerinhoud aan
te leren. Efficiéntie-uitkomsten kunnen verwijzen naar a) een reductie in tijd om een bepaalde
materie aan te leren en/of b) een kostenefficiéntere manier bieden om een bepaalde materie
aan te leren. Motivatie- en efficiéntie- uitkomsten zijn geen alleenstaande reden om te
investeren in de ontwikkeling en implementatie van educatieve videogames. Hogere motivatie
en efficiéntie- uitkomsten moeten steeds gerelateerd zijn aan gelijkaardige leeruitkomsten die
met de huidige leermedia bereikt worden.
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2.3.Best practices om effectiviteit van educatieve videogames te meten

In hoofdstuk 4 hebben we enkele potentiéle verbeterpunten gedefinieerd in
effectiviteitsonderzoek naar educatieve videogames. Deze zaken hebben betrekking op de
implementatie van de interventie en onderzoeksmethodes gebruikt om effectiviteit te meten.
Met betrekking tot implementatie van interventies in zowel de experimentele als controlegroep,
werden enkele praktijken afgelijnd die liefst worden vermeden om verstorende effecten te
reduceren (e.g., begeleiding van de instructeur, extra elementen die toegevoegd worden aan de
interventie die inhoudelijke informatie bevatten). Ook werden praktijken afgelijnd die wel
toegelaten zouden zijn, zoals procedurele hulp en een training sessie. Daarenboven werden
enkele variabelen naar voren geschoven die relevant zijn om gelijk te houden tussen de
experimentele en controleconditie, zoals instructietijd, instructeur, tijdsslot en dag. Met
betrekking tot de methodes die gebruikt worden, zijn voorgestelde verbeterpunten gerelateerd
aan het toewijzen van deelnemers aan condities (e.g., variabelen die overwogen dienen te
worden bij matchen van deelnemers in groepen), algemeen design (vb. toevoegen van een
follow-up studie) en testontwikkeling (vb. ontwikkeling en piloten van parallelle tests). Hoewel
eerdere al suggesties werden gemaakt tot verbetering van effectiviteitsonderzoek naar
educatieve videogames, omvatten deze niet elk aspect van het studie design, zoals welke
variabelen het liefst vergelijkbaar zijn in de condities, de rol van de instructeur, elementen die
liefst niet worden toegevoegd aan de implementatie van de interventie. Dit hoofdstuk heeft

getracht om elk aspect van het studie design te behandelen.

2.4.Empirische bevindingen met betrekking tot effectiviteit van educatieve videogames

Buiten het testen van de haalbaarheid en optimalisatie van de procedure die ontwikkeld
werd in de eerste fase, hebben deze effectiviteitsstudies ook enkele interessante bevindingen
naar voor gebracht met betrekking tot effectiviteit van educatieve videogames. De eerste
haalbaarheidsstudie (hoofdstuk 5) heeft aangetoond dat hoewel er geen significante verschillen
gevonden werden tussen een game en een klassikale les om Engelse woordenschat te leren, de
woordenschat langer bleef hangen bij leerlingen die de klassikale les kregen. De traditionele les
bleek dus effectiever op langere termijn (i.e., na 3 weken). Dit ondersteunt voorgaande Kkritieken
met betrekking tot korte termijn effecten van computer gemedieerd leren. Daarenboven toonde
deze studie aan dat een debriefing sessie na het spelen van het game geen meerwaarde bood ten
opzichte van leerlingen die enkel het game speelden. Dit staat in tegenstelling tot de literatuur

waarin wordt gesuggereerd dat een debriefingsessie onmisbaar is bij leren via digitale games.
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Dit heeft enkele vragen naar voor gebracht met betrekking tot de aflijning van kenmerken van
educatieve videogames die een debriefing sessie noodzakelijk maken. Er is meer bepaald
nuancering nodig met betrekking tot game type, complexiteit van de leerinhoud,
impliciete/expliciete leerdoelen, game karakteristieken en mogelijks nog andere factoren.

In de tweede haalbaarheidsstudie (hoofdstuk 6) werd aangetoond dat het toedienen van
een pre-test in een effectiviteitsstudie de resultaten van de post-test kan vertekenen. Meer
bepaald scoorden de deelnemers die een pre-test voor de klassikale les kregen significant hoger
op de post-test dan deelnemers die geen pre-test voor de klassikale les kregen, wijzend op pre-
test sensitisatie. Bij de deelnemers die de leerinhoud door middel van een game aangeleerd
kregen, werden geen significante verschillen gevonden tussen degenen die geen of wel een pre-
test kregen voor het spelen van de game. Dit bemoeilijkt de vergelijking tussen een
traditionelere les en een game in een pre-test post-test controlegroep experiment, aangezien de
scores bij deelnemers in een traditionele les vertekend kunnen zijn. Een mogelijke verklaring
voor het feit dat pre-test sensitisatie enkel plaatsvindt in de traditionele lesgroep, is dat de
interactiviteit van het game de aandacht en verwerking van de leerinhoud van de deelnemers
vergt om verder te kunnen gaan in het spel, onafhankelijk van het feit of ze nu een pre-test
kregen of niet. Dit bevestigt de effectiviteit van het game nogmaals. Daarenboven scoorden
beide gamegroepen (met en zonder pre-test) beter op de post-test dan de groep die een pre-test
kregen voor de traditionele les, wat de effectiviteit van het game nogmaals bevestigt. Deze
studie heeft dus ook de meerwaarde van het Solomon 4-groepen design aangetoond, aangezien
wij nu beter ondersteunde uitspraken kunnen doen over de effectiviteit van het game.

In onze laatste haalbaarheidsstudie (hoofdstuk 7) die werd uitgevoerd in een bedrijfscontext
bleek de interactiviteit van de game geen meerwaarde te bieden ten opzichte van een leervideo
die exact dezelfde inhoud aanbood. Het motivatie-idee achter educatieve videogames hield dus
geen stand in deze studie, wat er op wijst dat men goed moet afwegen waar interactieve inhoud

een meerwaarde kan bieden.

3. Reflectie

Gebaseerd op dit doctoraat, kunnen we stellen dat effectiviteit van educatieve videogames
een complex construct is. De verschillende dimensies en sub dimensies die naar voor gebracht
werden in onze conceptualisatie, kunnen op twee verschillende manieren benaderd worden.

Meer bepaald, kwam het verschil tussen absolute (i.e., het bereiken van vooropgestelde doelen)
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en relatieve effectiviteit (i.e., vergelijking van leer-, motivatie- en efficiéntie-uitkomsten met
andere leermedia) naar voor. Welk type effectiviteit dient onderzocht te worden, hangt af van
de onderzoeksvraag en welke media er momenteel voorhanden zijn om een bepaald onderwerp
te behandelen.

Met betrekking tot het meten van effectiviteit, is controle over zo veel mogelijk elementen
niet altijd mogelijk noch wenselijk in de context van educatieve videogames. Een eerste reden
is de complexe omgeving waar educatieve videogames worden geintegreerd, zoals
implementatie in natuurlijke collectieven (vb. klasgroepen) waar de onderzoeker niet altijd
controle heeft over geobserveerde en niet-geobserveerde variabelen. Een andere reden waarom
controle niet altijd wenselijk is, is omdat het idee achter het instructiepotentieel van digitale
games €én van motivatie is. Implementatie in een gecontroleerde lab-omgeving zou hier dus
een beperkt inzicht kunnen geven in motivatie-uitkomsten. De complexiteit van effectiviteit
van educatieve videogames zorgt er ook voor dat er soms moet ingegeven worden aan
experimentele controle. Bijvoorbeeld, het gelijk houden van instructietijd in de experimentele
en controlegroep is niet altijd wenselijk. In een context waar leerlingen betaalde werknemers
zijn is een gewenste uitkomst van educatieve videogames een vermindering van de leertijd en
bijgevolg, een hogere kostenefficiéntie. Het gelijk houden van instructietijd is dus incompatibel
met de gewenste efficiénte-uitkomsten van educatieve videogames. In dergelijke gevallen,
dient instructietijd als een uitkomst behandeld te worden en dient de focus te liggen op de vraag:
leert men door middel van de game minstens even veel of meer in minder tijd in vergelijking
met de huidige leermedia?

Om alles samen te vatten, wordt een evenwicht tussen ecologische validiteit en controle
best bereikt door eerst en vooral interne validiteit hoog te houden door de invloed van
verstorende variabelen te reduceren gedurende de implementatie van de interventie (vb.,
ondersteuning van de instructeur, geen extra materiaal toevoegen die gerelateerd is aan de
leerinhoud). Daarenboven dient men de mogelijke invloed van verstorende factoren gelijk te
houden in beide condities (vb. dag en tijd van de interventie, context van implementatie, etc.).
Indien er een onevenwicht is met betrekking tot relevante deelnemersvariabelen, kan dit
toegevoegd worden aan de analyse om bepaalde verschillen in rekening te brengen (vb.
verschillen op de pre-test). Externe validiteit kan gemaximaliseerd worden door
vergelijkbaarheid te waarborgen tussen elementen in de studie en hoe het game zou
geimplementeerd worden in de echte wereld (vb. context van implementatie, implementatie in
natuurlijke collectieven, aanwezigheid van de gewoonlijke leerkracht, aanbieden van

procedurele hulp, etc.).



4. Conclusie

Dit doctoraat heeft aangetoond dat een meer gestandaardiseerde aanpak voor het meten van
effectiviteit van educatieve videogames gericht op cognitieve leeruitkomsten niet alleen
mogelijk, maar noodzakelijk is. Een meer gestroomlijnde aanpak is nu mogelijk m.b.t. uitkomst
maten door middel van onze conceptualisatie en operationalisering van effectiviteit van
educatieve videogames. Daarenboven is een gestandaardiseerde aanpak met betrekking tot
studie design nu ook mogelijk tot een bepaald punt (vb. pre-test, post-test, follow-up, context
die representatief is voor de echte implementatie, procedurele help gedurende de implementatie,
etc.). Voor sommige studie design elementen is complete standaardisatie echter niet mogelijk
en zal de invulling afhangen van de onderzoeksvraag en de noden en wensen van de
stakeholders voor wie de studie wordt uitgevoerd (vb. effectieve of relatieve effectiviteit,
afweging tussen ecologische validiteit en experimentele controle, etc.). Daarom is het bij deze
studie design elementen vooral belangrijk dat de onderzoekers accuraat rapporteren en dat ze
een genuanceerder beeld geven over andere factoren die potentieel invioed kunnen gehad
hebben op de uitkomsten. Tot slot is een meer gestandaardiseerde aanpak niet enkel mogelijk,
maar ook noodzakelijk om assumpties te kunnen maken over effectgroottes van educatieve
videogames, uitspraken over effectiviteit van educatieve videogames op een algemener niveau
te kunnen maken en om verder te kunnen onderzoeken welke kenmerken van digitale games

kunnen bijdragen aan de effectiviteit van educatieve videogames.
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Executive Summary: English

1. Introduction

A large heterogeneity in study designs assessing the effectiveness of digital game-based
(DGBL) and questions raised regarding reliability and validity of certain study design
characteristics has resulted in a need for a more common methodology. The aim of this Ph.D.
project was to develop a standardized procedure for assessing the effectiveness of DGBL,
with a primary focus on games that target cognitive learning outcomes (i.e., knowledge
transfer and not aimed at skill development or attitudinal/behavioral change). In a first phase,
a first version of the procedure was developed. For this purpose, firstly study design
characteristics of published DGBL effectiveness studies aimed towards cognitive learning
outcomes were mapped by means of a systematic literature review (chapter 2). Secondly, we
conceptualized and operationalized effectiveness of DGBL by means of a user requirements
analysis among relevant stakeholder groups (chapter 3). Thirdly, we defined best practices for
assessing the effectiveness of DGBL by means of expert interviews (chapter 4) in order to
finalize the first version of the procedure. In a second phase, we tested the feasibility of the
procedure by means of experimental studies using this procedure as a guideline in order to
further optimize it. Based on our experiences in the second stage, we have developed a second
version of the procedure.

2. Summary of main findings

2.1.Issues in published effectiveness studies of DGBL

The systematic literature review has pointed towards three main issues in the field of
effectiveness research on DGBL. Firstly, heterogeneity exists among separate studies. The
main causes of this heterogeneity significantly impact results. More specifically, the three
main issues causing heterogeneity are different activities that are implemented in the control
group, the different measures that are used to assess effectiveness and different statistical
techniques for quantifying learning outcomes. A second issue with the DGBL effectiveness
research field are suboptimal study designs as a result of confounds. More specifically, a) the
addition of extra elements to the intervention (i.e., required reading, debriefing session, etc.),
b) the presence, type (i.e., familiar vs unfamiliar) and role (i.e., supervision, procedural help
or guidance) of the instructor during the intervention and c) practice effects as a result of the

same test administered pre- and post-intervention. These elements make it difficult to know



whether the same beneficial effects would have been found without these elements. A third
and last issue with DGBL effectiveness research is that of replication of studies. Very little
information is given about how the interventions were implemented (e.g., who was present?
In which context was the game played? Was gameplay individual? Etc.), how sampling
occurred, how similarity was attained between experimental and control group, which tests
were implemented and if tests were developed by researchers themselves, how these were

developed.

2.2.Conceptualizing and operationalizing DGBL effectiveness

Results of the user requirements analysis has shown that effectiveness of DGBL is a
multidimensional construct consisting of three categories of desired outcomes: learning,
motivational and efficiency outcomes. For every category of outcomes, several indicators can
be used. For learning outcomes this can be a) an increased interest in the subject matter, b)
performance (i.e., on a knowledge test) and c) transfer. Motivational outcomes can refer to a)
creating a more enjoyable learning experience compared to current instructional media or b)
making learners more motivated to learn using DGBL. Efficiency outcomes refer to a)
reducing time for teaching a certain content matter or b) providing a more cost-effective
solution for teaching a content matter to a certain group of learners. Higher motivational and
efficiency outcomes are not a stand-alone reason to implement DGBL, but should still be

related to similar learning outcomes achieved by more traditional media.

2.3.Best practices for assessing DGBL effectiveness

In chapter 3 we have defined best practices for assessing the effectiveness of DGBL,
based on semi-structured interviews with experts on intervention research coming from the field
of psychology and educational science. In this chapter, we have detected several potential areas
for improvement in the field of DGBL effectiveness research: the implementation of the
intervention and the methods employed to assess effectiveness. Regarding implementation of
both the interventions in the experimental and control group, several practices were defined that
are preferably avoided during the intervention in order to reduce confounds (such as guidance
by the instructor, extra elements that consist of substantive information) and which elements
could be allowed (e.g., procedural help, training session). Moreover, variables on which
similarity between experimental and control condition should be attained were determined (e.g.,

time exposed to intervention, instructor, day of the week). With regard to the methods
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dimension, proposed improvements related to assignment of participants to conditions (e.g.,
variables to take into account when using blocked randomized design), general design (e.g.,
necessity of a pre-test and control group), test development (e.g., develop and pilot parallel
tests) and testing moments (e.g., follow up after minimum 2 weeks). In sum, this chapter
provides best practices that cover all aspects of the study design. While several suggestions
have previously been made regarding research design of DGBL effectiveness studies these do
not cover all aspects of the research design, such as aspects for which similarity between
subjects should be attained between experimental and control group, instructor role and

implementation of the intervention.

2.4 Empirical findings on DGBL effectiveness

Besides testing the feasibility of and optimizing the procedure, the experimental studies
also provided us with some insights regarding the effectiveness of DGBL. Our first feasibility
study (chapter 5) has shown that while no significant difference could be found between the
group that had learned English vocabulary using DGBL and the group that had received a
traditional class by the teacher; at the second post-test -three weeks later- the group that had
received the traditional class outperformed the group that was instructed by DGBL. Thus, in
the longer term the traditional class proved to be more effective. This supports previously made
claims on short term effects in computer-based learning. Moreover, a debriefing session did not
add value regarding learning and motivational outcomes to the game-only condition. This goes
against part of the literature as it has been suggested that a debriefing is indispensable in digital
game-based learning. This has raised a number of questions regarding delineation of DGBL
characteristics that require a debriefing. More specifically, nuances regarding game type,
complexity of learning content, explicit/implicit learning goals, game characteristics and
possibly other factors need to be explored.

In our second feasibility study (chapter 6) we found that adding a pre-test to an
effectiveness study of DGBL can influence results as pre-test sensitization only occurs in the
group that received a slide-based lecture. More specifically, the participants that received a pre-
test before the slide-based lecture had significantly higher post-test scores than the slide-based
group that did not receive a pre-test before the lecture. In the game group, no significant
differences could be found between those participants that received a pre-test before the game-
based training and those that did not. This makes comparison of DGBL and more traditional
classes in a pre-test post-test control group design rather difficult, as post-test scores of the



traditional class might be positively biased. However, the fact that pre-test sensitization does
not occur in the DGBL group also confirms the effectiveness of DGBL, as the interactivity of
the game required them to be attentive, regardless of whether they received a pre-test or not
before the DGBL intervention. Furthermore, both game groups still outperformed the slide-
based group that received a pre-test before the lecture, confirming the higher effectiveness of
the game. This study has thus also shown the added value of conducting a Solomon 4-group
design in the context of DGBL.

In our third feasibility study (chapter 7), which took place in a corporate context (chapter
7), the interactivity of the game was found not to add value to a passive instructional video that
delivers exactly the same content. The motivation rationale behind DGBL did not hold true in

this case pointing to the need for careful consideration as to where to use interactive content.

3. Reflection

Based on this dissertation, we can state that effectiveness of DGBL is a complex construct.
The several dimensions and sub dimensions defined in chapter 3 can be approached in different
ways. An important distinction that comes forward in this dissertation is the difference between
absolute effectiveness (i.e., achievement of predefined goals) and relative effectiveness (i.e.,
comparison of learning, motivational and efficiency outcomes with other instructional media).
What type of effectiveness will be required, will ultimately depend on the research question
and what type of media are currently available for teaching a certain content matter.

Regarding assessment of DGBL effectiveness, control of as many elements as possible —
which is desired in experimental research- can be problematic in the context of DGBL. A first
reason for this is the complex environments in which DGBL is often being implemented, such
as natural collectives in which one does not always have control over observed and unobserved
variables. Another reason why control is not always possible or desirable is that the main
rationale behind implementing games as instructional tools is one of motivation. Hence,
implementing a game in a controlled lab setting would provide us with limited insight in
motivational outcomes as this is a highly artificial environment. The complexity of DGBL
effectiveness also results in a trade-off between control and ecological validity. For instance,
keeping instructional time equal between experimental and control group is not always
desirable. In a context where learners are paid employees, a reduction of training time and as a
result, higher cost-efficiency is often a desired outcome. Hence, keeping instructional time

equal is incompatible with the efficiency outcomes of DGBL. In such cases, instructional time
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should be treated as an outcome and research should focus on investigating whether learners
learn as much or more in less time using the game-based method.

To summarize, a balance between ecological validity and control is thus best achieved by
firstly increasing internal validity by reducing the influence of confounding variables (i.e.,
instructor support, extra material during the intervention, etc.) during implementation of the
intervention(s) as much as possible and by keeping potential confounds equal in the
experimental and control group (e.g., day and time of the intervention, context of
implementation, etc.). If there is an imbalance between groups regarding relevant participant
variables that might influence the outcomes, this could be added to the analysis in order to take
this difference into account (e.qg., differences regarding prior knowledge). External validity can
be maximized by ensuring similarity between elements present in the real world implementation
environment and the implementation for the effectiveness assessment, such as implementation
in a context in which the game is intended to be used, implementation in natural collectives
such as existing class groups (i.e., randomization on a classroom level or blocked random
assignment), the presence of a familiar teacher in a classroom, the provision of procedural help,

etcetera.

4. Conclusion

This dissertation has shown that a more standardized approach for assessing DGBL
effectiveness is not only possible, but required. Firstly, a more streamlined approach on
outcome measures is now possible by our conceptualization and operationalization of DGBL
effectiveness. Secondly, a more standardized approach regarding actual study design
characteristics is possible up to a certain point (e.g., pre-test, post-test, follow-up, context that
is representative for real-world implementation, procedural help during implementation, etc.).
However, for some study design aspects, complete standardization is not possible and will
ultimately depend on the research question and needs of the people for whom the study is
conducted (e.g., assessment of absolute effectiveness, trade-off between ecological validity and
experimental control, etc.). Important here is accurate reporting by researchers in order to
provide readers with a more nuanced view on factors potentially influencing the outcomes of
interest. Finally, a more standardized approach is not only possible, but required in order to
make assumptions of the magnitude of the effect of DGBL by means of effect sizes, make
claims on a more general level and further investigate features of DGBL that contribute to its

effectiveness.
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Chapter 1

CHAPTER 1.
GENERAL INTRODUCTION

1. Background

In the first world war, propaganda made its appearance in order to influence the public
opinion. At the end of the sixties, the TV show Sesame Street used the entertaining power of
television to educate. Today, commercials are increasingly interrupting our favorite TV show
during primetime in order to influence our purchasing behavior. Media have since their rise
believed to have the potential to influence people’s attitudes, belief systems, cognition and
behavior (McQuail, 2010). Hence, one of the primary focusses of mass communication has
been the social, cultural and psychological effects of media contents and its use (Perse. 2001).

Media effects can be subdivided into three categories: cognitive, affective and behavioral.
Cognitive media effects refer to the influence media can have on our knowledge and belief
system and thus concern media as tools for acquisition of information. Examples of cognitive
media effects are, foreign language acquisition as a result of watching subtitled television
programs (d"Ydewalle & Van de Poel, 1999) or the impact of women’s magazines on thin
ideals (Grabe, Ward, & Hyde, 2008). Affective media effects are related to the influence
media can have on attitude formation, for instance, positive attitudes towards smoking as a
result of tobacco advertising or positive images of tobacco in films (Wellman, Sugarman,
DiFranza, & Winickoff, 2006) or gender socialization as a result of stereotypical sex role
patterns on television and in films (Smith & Granados, 2009). Affective media effects can
also relate to the impact of media on emotions, such as fear or anxiety as a result of scary
television (Pearce & Field, 2016) or the usage of Facebook on feelings of loneliness (Song et
al., 2014). Behavioral media effects refer to the influence media can have on behavior. This
can for instance be exergames influencing children’s physical activity (Daley, 2009) or online
news use influencing political engagement (Boulianne, 2009).

Media influences can occur on a micro-level, referring to influences on an individual,
or on a macro-level, which refers to influences on an audience aggregate, such as institutions,
certain societal groups, or on society as a whole (Perse, 2001). A useful example that clarifies
the difference between micro- and macro-level media effects is the educational TV show
Sesame Street, which leads to learning effects among children from all socio-economic
classes (micro-level). However, the TV show also widened the knowledge gap between
children from high and low socio-economic statuses (SES) as the children coming from

higher SES households learned at a faster rate compared to children from lower SES
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households (macro-level) (Cook et al., 1975). This example also shows that media effects can
differ based on intentionality: media influence can be intended (e.g., learning) or unintended
(e.g., widening the knowledge gap). Furthermore, media influences can either be short or long
term (McQuiail, 2010).

Media influences studied in this dissertation are those of digital games, more specifically

the effects of providing instructional content by means of digital games.

1.1.Digital game-based learning as growing market

Digital games have become an important part of today’s society. In 2015, the global game
market’s revenue was 90 million dollars (Newzoo, 2015a). In Belgium, 4.2 million people are
active gamers (Newzoo, 2015b) and in the USA, half of the Americans adults play videogames
(Duggan, 2015). The revenues for educational games are currently estimated at 1.8 billion
dollars (Adkins, 2015). The biggest buyers in 2014 can be found in Asia, with a revenue of
1,1123.47 million dollars of which China accounts for 621.7 million; followed by North
America (466.13 million) and Western Europe (135.69 million). Consumers account for the
largest part of the global revenue (1,362.64 million), followed by corporations (165.73 million)
and primary education (143.8 million).

On a policy level, interest in and support for using games as instructional media or Digital
Game-Based Learning (DGBL) keeps growing. For instance, in Flanders (Belgium), the Game
Fund (part of the Flemish Audiovisual Fund) has been established in 2012, in order to stimulate
the gaming industry in Flanders. Two types of funds exist here: a fund for serious games in
compulsory education (200 000 euros per year) and a fund for other serious games and
entertainment games (550 000 euros per year). On a European level, there is also a belief in the
instructional potential of digital games. For instance, the European Commission invested in
research investigating the potential of digital games for empowerment and inclusion (Stewart
etal., 2013). Moreover, by means of H2020 funding, development of instructional digital games
is stimulated. For instance, in 2016, a call was sent out specifically aimed towards transfer of
gaming technologies in non-leisure contexts.

Given this increasing interest and resources that are being allocated for digital game-based
learning (DGBL); it is important to know whether the theoretical foundations that underlie
digital game-based learning hold true in real life and thus and whether the products that are
currently being developed actually succeed in achieving their goals. Meta-analyses have shown
mixed results on the effectiveness of DGBL (Backlund & Hendrix, 2013; Clark, Tanner-Smith,
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& Killingsworth, 2015; Connolly, Boyle, MacArthur, Hainey, & Boyle, 2012; Wouters, Van
Nimwegen, Van Oostendorp, & Van Der Spek, 2013). Moreover, certain authors have pointed
out elements that jeopardize reliability and validity of some findings (Clark, 2007; Clark et al.,
2015; Hays, 2005), stating that positive results might not have been found when a more rigorous
design would have been applied.

The aim of this dissertation was to develop a standardized procedure for assessing the
effectiveness of DGBL (with a primary focus on games that target cognitive learning
outcomes). In this introductory chapter, we will first discuss the relationship of media and
learning. Secondly, we will define digital game-based learning and its position in the field of
entertainment education. Thirdly, we will discuss motivational and instructional theoretical
underpinnings as to why digital games can be a successful instructional medium. Fourthly, we
will point towards some issues regarding the validation of the effectiveness of DGBL. Lastly,
we will describe the research objectives of this dissertation and methodology used to reach these

objectives.

2. Media & learning

Since the early days of mass communication research, it has been common to study the
differential effectiveness of media for information processing and learning (Valkenburg,
Peter, & Walther, 2016). In the literature, however, there has been discussion as to whether
media can actually influence learning. This is often referred to as ‘The great media debate’
between Richard Clark and Robert Kozma. Since the introduction of computers to education
until current implementations of games in education, Clark has stated that media can never
influence learning, but that they are mere vehicles through which instruction is delivered. The
effects found are thus a result of the instructional methods embedded in the media
presentation. Hence, the choice of media is irrelevant to the effectiveness of instruction and
choices for a certain medium to deliver a certain instructional method should be based on
efficiency and cost (Clark, 1994). According to Kozma (1994), however, the medium and
learning content are inherently connected. More specifically, different media consist of
different attributes or capabilities that can influence the effectiveness of instruction. Hence,

both the media and the instructional method are part of the instructional design:
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In good designs, a medium’s capabilities enable methods and the methods that are
used take advantage of those capabilities. If media are going to influence learning,
method must be confounded with the medium. Media must be designed to give us
powerful new methods, and our methods must take appropriate advantage of a
medium'’s capabilities

(Kozma, 1994, p. 2).

In line with Kozma (1994), we consider that learning is indeed a result of the method
embedded in a medium but that certain media possess certain attributes that allow for certain
methods to be embedded (i.e., interactivity). This can possibly result in a more effective
instructional tool. On the other hand, we also agree with Clark (1994), that decisions to
implement a certain medium as instructional tool can also merely be based on efficiency and
cost, without the medium providing an added value regarding learning outcomes. However,
the main rationale behind implementing a certain medium for instruction can also be related
to its motivational power —which in turn can influence learning- that again is a result of

attributes certain media types possess, which again is in line with Kozma’s vision.

3. Digital game-based learning

One field that relies on the assumption that media do influence learning is Digital Game-
Based Learning (DGBL). Digital games encompass a variety of types and genres that can be
played using a multitude of digital technologies such as computers, (handheld) consoles and
mobile devices. Based on a literature review of digital games definitions, Juul (2003) defines a
digital game as

...a rule-based formal system with a variable and quantifiable outcome, where different

outcomes are assigned different values, the player exerts effort in order to influence the

outcome, the player feels attached to the outcome, and the consequences of the activity are

optional and negotiable (p.5).

DGBL refers to the usage of the entertaining power of digital games to serve an educational
purpose (Prensky, 2001). The goal of DGBL is thus twofold: it has to be fun/entertaining and
it has to be educational (Bellotti et al. 2013). Before we discuss why digital games are

considered a good medium for instruction, we will firstly introduce related terms to position
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digital-game based learning and why we did not choose other similar concepts, such as serious
games. Digital game-based learning can be considered a form of edutainment or
entertainment education, referring to the usage of entertainment media such as television to
serve an educational purpose (Susi, Johannesson, & Backlund, 2007). An example of
edutainment is the children’s TV show Sesame Street. DGBL can also be considered a
subcategory of e-learning, which refers to “...technology-based learning in which learning
materials are delivered electronically to remote learners via a computer network™ (Zhang, Zhao,
Zhou, & Nunamaker Jr, 2004, p. 2). DGBL can also be considered a subcategory of serious
games, which is a more broader term that has applications outside the field of education, such
as games for health, therapy or games made with job recruitment purposes. Game-based
learning (without the qualifier ‘digital’) is also a broader term and can also refer to learning by
means of board games. Classical edutainment games refer to a series of educational games
that have made their appearance in the 1990s (e.g., Where in the world is Carmen Sandiego?).
Lastly, Classical entertainment games can also be used for educational purposes. This is often
referred to as Commercial of the Shelf games or COTS (Stewart et al., 2013). Figure 1 provides
a schematic overview of Digital Game-Based Learning and similar instructional media concepts
(Breuer & Bente, 2010).

Fig. 1: Relationship between DGBL and similar entertainment education concepts

Taken from Breuer, J. S., & Bente, G. (2010). Why so serious? On the relation of serious games and learning. Eludamos. Journal for
Computer Game Culture, 4(1), 7-24, p. 11.
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There are several reasons why scholars believe that digital games are considered an
appropriate medium for instruction. First, digital games possess certain attributes that can
positively influence the learner’s motivation to start and persist in the educational intervention.
Secondly, games also contain certain attributes that allow the implementation of certain
learning paradigms. Below, we discuss the main rationales for implementation of games as

instructional tools for their motivational (section 3.1.) and instructional power (section 3.2.).

3.1.Motivational benefits of digital game-based learning.

3.1.1. Intrinsic motivation

The power of games to intrinsically motivate players to engage in the activity has been
considered as an important characteristic which can benefit learning (Garris, Ahlers, & Driskell,
2002). Intrinsic motivation is a concept from self-determination theory (Ryan & Deci, 2000a,
Ryan & Deci, 2000b) and distinguishes between intrinsic motivation and extrinsic motivation.
Intrinsic motivation refers to doing an activity in itself for itself, because it is inherently
enjoyable and/or interesting. Those activities have an appeal of curiosity, novelty or aesthetic
for individuals. Extrinsic motivation refers to doing an activity, because it will lead to a
separable outcome (Ryan & Deci, 2000a). The concept of intrinsic motivation is especially
relevant for digital game-based learning as intrinsic motivation to perform an activity is
associated with higher levels of enjoyment, interest, performance, higher quality of learning
and heightened self-esteem (Ryan & Deci, 2000b).

Intrinsic motivation, however, is often assumed in the context of gaming, but is not
always a reality. Especially in the context of DGBL, players can be primarily extrinsically
motivated to participate, referring to engaging in the activity as a result of external coercion,
influencing enjoyment of the activity and consequently, learning outcomes (Boyle et al., 2011,
Mayer et al., 2014). However, intrinsic motivation is not a perquisite for learning and several
types of extrinsic motivation can also have a positive impact on learning. According to self-
determination theory (Ryan & Deci, 2000a) extrinsic motivation can be nuanced and subdivided
in different types, depending on the extent to which their regulation is internalized (i.e., inner
acceptance of the value or utility of an activity) or are thus more autonomous. Higher levels of
autonomy of regulation related to extrinsic motivation result in higher levels of engagement
(Connell & Wellborn, 1991), performance (Miserandino, 1996), higher quality of learning
(Grolnick & Ryan, 1987) and lower levels of dropout (Vallerand & Reid, 1984).
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Internalization of the regulation related to the motivation can be stimulated by a sense
of relatedness (i.e., a sense of belongingness and connectedness to the persons, group, or culture
disseminating a goal), competence (i.e., self-efficacy) and autonomy support (i.e., create a sense
of volition) (Ryan & Deci, 2000b). The least autonomous form of extrinsic motivation is
external regulation, which refers to an activity that is performed in order to receive a reward or
avoid some negative contingency. An example of external regulation is engaging in DGBL in
order to receive extra credits for a class. A more autonomous form of extrinsic motivation is
introjected regulation and refers to an activity that is performed out of a sense of guilt or
obligation or a need to prove something. Engaging in DGBL in a classroom context out of fear
of being evaluated negatively by the teacher is an example of introjected regulation. The second
most autonomous form of extrinsic motivation is identified regulation which refers to the
performance of an activity, because the action or the outcome is accepted as personally
important. An example of this type of regulation is engaging in DGBL for programming,
because it will help the player to achieve his goal of becoming a programmer. Integrated
regulation is the most autonomous type of external motivation and refers to regulations that are
fully assimilated to the self and are consistent with other goals and values. When a pupil engages
in DGBL in a school context, because he/she wants to be a good student, is an example of
integrated regulation.

Shifts from external to more internalized types of motivation or even to intrinsic
motivation in a learning context can be stimulated by characteristics of the learning
environment (Ryan & Deci, 2000a; Ryan & Deci, 2000b). Table 1 provides a non-exhaustive

overview of game features that can foster intrinsic motivation.
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Table 1: Game features that can foster intrinsic motivation

Character-/player related Game related Related to graphical representation

Autonomy/sense of control Challenge Realism

Triggered by sense of choice, character (Banarowski, 2007; Clark, 2007, Hsu et al, Characters/world are similar to the real world
management 2005) representations

(Clark, 2007; Dickey 2007, Hsu et al, 2005; (Hsu et al, 2005)

Malone, 1981)

Self-efficacy Integrated goals Fantasy

Triggered by balance between challenge and  (Clark, 2007) Stimulation of imagination
skill-level; positive feedback (Banarowksi, 2007; Malone, 1981)
(Clark, 2007; Malone, 1981)

Curiosity Feedback

Triggered by quests, hidden information (Clark, 2007; Banarowski, 2007)

(Malone, 1981)

Identification Interactivity

With in-game character and game world (Banarowski, 2007; Clark, 2007, Hsu et al,

(Hsu et al, 2005) 2005)

Sense of powerfulness Rewards

Triggerd by powerful weapons or skills, can in  (Banarwoski, 2007; Hsu et al, 2005)
turn influence self-efficacy
(Hsu et al, 2005; Banarowksi, 2007)

Narrative
(Hsu et al, 2005)

Novelty
(Hsu et al, 2005)

Cooperation (Dickey, 2007)

3.1.2. Flow theory

Flow is a concept that refers to the mental state where concentration is so intense that
one loses notion of the self and of time (Csikszentmihalyi, 1990). This mental state is reached
when an activity is performed which in itself is satisfying and enjoyable; the activity must thus
be intrinsically motivating. Characteristics of activities that can lead to this flow state are related
to the ability to complete the task, the ability to concentrate on the task as a result of clear goals
and immediate feedback and sense of control over actions (Csikzentmihalyi, 1990). Examples
of activities that can produce a flow experience are dancing, making music, exercising, but also
playing video games (Chiang, Sunny, Chao-Yang, & Liu, 2011; Csikszentmihalyi, 2013;
Hoffman & Novak, 2009). A prerequisite to attain a flow state is to achieve a balance between
a person’s (perceived) skills to perform an activity and the challenges that are associated with
executing that activity. Both should attain a certain level to result in a flow state. When there is
no balance between the challenge related to tasks in an activity and skills to perform these tasks,
a flow state will not be achieved. When someone, for instance, learns a new sport, skills will

rather be low while challenge will be high. The fear to fail will thus be somewhat higher. As
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the skill level improves, however, and the challenge remains high by learning new tasks or
subcomponents of that activity, anxiety will develop into arousal. When skill level in turn,
becomes more advanced, a state of flow can be reached (Csikszentmihlayi, 1990).

Flow theory is a framework that is often referred to when explaining why games create
an enjoying experience as game play experiences are consistent with dimensions of flow
experience (Kiili, de Freitas, Arnab, & Lainema, 2012). In order to create an optimal game
experience -similar to antecedents for creating a flow experience- clear goals, feedback, sense
of control and an appropriate balance between challenge and skills should be integrated in a
digital game (Kiili et al., 2012; Sweetser & Wyeth, 2005). More specifically, the overriding
goal of the game should be made clear from the beginning and intermediate goals should be
presented at appropriate times (Federoff, 2002; Pagulayan et al., 2002). Feedback can consist
of several elements: progress