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Abstract 
 
Educational games research is a menagerie of different methodologies and paradigms. Mixed results 
in the literature are difficult to interpret due to the combination of different theoretical frames, 
different data reporting conventions, and a general focus on proof-of-concept studies. Narrower 
investigations of specific causal relationships between game properties and outcomes of engagement 
and learning can provide more specific findings, but require a way to incorporate them into the 
broader picture of educational games research. In this study, we focus on educational games and 
propose the Model-Master-Transfer (MMT) framework to break down educational game usage into a 
set of formal sub-processes that can be studied in more depth individually, and specify how such 
narrow studies can then be assembled to build up a causal model of the underlying effects. The 
framework is illustrated using different educational examples. The conceptual study contributes a 
comprehensive framework to the ambiguous research on educational learning using games. 
Additionally, it provides practical implications for game developers and educators alike. 
 

Introduction 
 

There is great potential for serious games to benefit people through avenues such as education, and 
health. Serious games are games for achieving a positive outcome beyond the game itself, such as 
encouraging exercise, social activism, or gaining specific knowledge (Adams & Dormans, 2012; Barton 
et al., 2016; Bogost, 2007). Many studies have found that serious games can be effective at achieving 
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such positive outcomes (Ibrahim, Gutiérrez Vela, Rodríguez, González Sánchez, & Zea, 2012; Morris, 
Croker, Zimmerman, Gill, & Romig, 2013; Squire, 2008). However, others have had mixed results 
including  weak effects or finding support for only a few of their hypotheses (Clark, Tanner-smith, & 
Killingsworth, 2014; McClarty et al., 2012; Wouters, van Nimwegen, van Oostendorp, & van der Spek, 
2013) . Others still have failed to achieve their intended outcomes with serious games altogether 
(Frank, 2011; Ronen & Eliahu, 2000).  

Meta-analyses and literature reviews have tried to draw conclusions from the diverse literature, but 
have had difficulty comparing studies due to the multiplicity of methodologies and approaches, and 
recommended a shift away from proof-of-concept studies toward systematic investigations of how 
specific design changes cause specific outcomes such as learning and engagement (Boyle et al., 2016; 
Clark et al., 2014; Connolly, Boyle, MacArthur, Hainey, & Boyle, 2012; McClarty et al., 2012). Without 
a unifying framework, it is difficult to compare, contrast, and generalise the findings of studies. In this 
study, we address this research problem and derive a conceptual framework for educational video 
games. Educational games are a category of serious games that have the main objective of increasing 
a certain field of knowledge by teaching new skills through gameplay (Fjællingsdal & Klöckner, 2017; 
Roungas & Dalpiaz, 2016).  

This research is motivated by the question:  

RQ1: How can the learning with educational video games be broken down into conceptual sub-
processes that can be studied individually?  

RQ2: How can the sub-processes be gradually assembled to build up a detailed causal model? 

Answering the first research question enables greater depth and precision while improving 
comparability between different games. The second research question paves the way towards 
condensed causal models that explains educational success in various domains and in relation to 
different learning theories.   

To the best of our knowledge this is the first attempt to develop a framework for that purpose in 
relation to educational video games. The results provide a theoretical foundation that supports 
educational game developers and educators. Game developers benefit from quantifying properties of 
their games to put into our framework to derive predictions of learning outcomes, while educators 
benefit from tools that can identify educational game interventions that are not likely to succeed, to 
end them at early stages and save time to try again with interventions that are more likely to succeed. 

We propose the Model-Master-Transfer (MMT) framework. It consists of three entities – the game, 
the player, and the real-world domain – mediated by three processes – modelling the real-world 
domain into a game, player mastery of the game, and player transfer of mastery to the real-world 
domain. By specifying the mathematical relationships between these entities and processes, MMT 
serves the purpose of breaking down educational game research into smaller phenomena that can be 
studied individually in greater depth, then re-assembled into the larger picture provided by MMT. The 
need for such a framework was derived from meta-analyses and literature reviews of educational 
games (Boyle et al., 2016; Clark et al., 2014; Connolly et al., 2012; McClarty et al., 2012). 

We proceed as follows: First, we provide an overview of the literature on serious games and education 
video games. The results clarify the need and specific purpose of our model as well as major entities 
and processes in educational computer games. We then derive the Model-Master-Transfer (MMT) 
framework and explain the mathematical relationships between the variables within the framework. 
This is followed by example applications of the MMT framework and a discussion on its effects on 



game design, education, and related research implications. The study ends with a conclusion outlining 
limitations and future research opportunities.  

 

Literature Review 
 

Educational games as part of serious games 
According to Blumberg et al. (2012) serious games are defined as “generally designed to entertain and 
educate players, and promote behavioural change via the incorporation of prosocial messages […] 
embedded within game play”(p. 334). To that end, it is a broad category of games designed for 
achieving a positive outcome beyond the game itself, such as encouraging exercise (exergames), 
advertising (advergames), social activism, or education (Adams & Dormans, 2012; Barton et al., 2016; 
Blumberg et al., 2012; Bogost, 2007). The possible intended outcomes of serious games are diverse. 
Connolly et al. (2012) conducted a systematic literature review and categorised serious game purposes 
as being either affective and motivational, behaviour change, knowledge acquisition/content 
understanding, motor skills, perceptual and cognitive, physiological, social/soft skill outcomes, and 
various. Similar categories were used in an update to that review (Boyle et al., 2016). While potential 
applications for serious games are broad, these reviews found that the majority could be categorised 
as “games for learning”. Therefore, while educational games are a subset of serious games, they are 
very prominent, which makes them a highly relevant subset. Educational video games are a relatively 
new phenomena that use technology to support educational games (Gee, 2005). Gee explains some 
of the ways the technology offers support, such as programming the game to offer relevant feedback 
and information just as it is needed. He uses the example of System Shock 21, which includes 
explanations within kiosks that are each found near to where the information will prove useful to 
make progress in the game.  Examples include Squire et al. (2004) teaching electromagnetism, Cheng 
and Su (2012) teaching system analysis, Green et al. (2010) and Shute et al. (2015) teaching spatial 
skills, and Kim at al. (2009) and Moncarz (2011) teaching metacognition, all of them using some form 
of educational video game. 

In this study we focus on educational video games as a highly relevant domain that combines the use 
of technology with educational learning games.  To that end, we will only focus on examples of that 
domain even though our framework could potentially be used more broadly in relation to other 
serious games in non-electronic formats. 

 

Learning theories for educational games 
Various learning theories can be applied in the design and evaluation of educational games and more 
specifically educational video games. The choice of theory puts emphases on different aspects of the 
game’s design. 

For example, Instance-Based Learning Theory (IBLT) posits that skills develop as learners associate a 
particular perceptual cue (e.g. falling downward) with a particular motor response (e.g. pulling up on 
the joystick) (Fischer, Greiff, & Funke, 2012; Geddes & Stevenson, 1997; Gonzalez & Quesada, 2003; 
Logan, 1988). It therefore has relevance for skills that can be performed in real-time, such as piloting 

 
1 System Shock 2 is a first-person action role-playing survival horror video game for personal computers. It was 
published in 1999 by Electronic Arts. (https://www.imdb.com/title/tt0308956/) 



an aircraft. Educational video games based on IBLT are likely to focus on the perceptual fidelity of the 
stimulus the game provides (e.g. the graphics and sound), and the physical fidelity of the control 
system (e.g. the joystick), to ensure players build an accurate instance library through game 
experience. 

This can be contrasted with Causal Bayes Nets (CBNs, Gopnik & Schulz, 2007). This learning theory 
posits that learners discover causal relationships in systems (e.g. relative air speed and density affect 
the drag forces on the rudder necessary for steering the aircraft) via intervention (e.g. exploratorily 
trying different flight manoeuvres at different altitudes and speeds), and thereby build a mental 
model. Such a mental model can simulate what would occur in novel situations never before 
encountered, thus giving it an advantage over the library of experiences accumulated in IBLT. 
Therefore, CBNs shift the emphasis from perceptual resemblances to abstract causal structure (Gopnik 
& Wellman, 2012; Ross, 2013; Steyvers, Tenenbaum, Wagenmakers, & Blum, 2003): Do the causal 
relationships players discover in the game correspond accurately to the causal relationships that exist 
in the real-world domain? 

Cognitive Load Theory (CLT) is different again, describing how the amount of work the brain has to do 
at any one time can impact performance and learning (Naismith & Cavalcanti, 2015; Paas, Tuovinen, 
Tabbers, & Van Gerven, 2010). It posits that there is a range of ideal cognitive load (how much the 
situation demands the learner’s mental effort and attention), and that if this amount is exceeded (e.g. 
due to a confusing presentation or the requirement to perform multiple complex tasks 
simultaneously), then performance and learning suffer as a result. This puts the emphasis on 
minimising irrelevant stimuli, complexity, and distractions when designing or evaluating an 
educational video game. This might entail reducing the visual complexity of the graphical user 
interface in order to eliminate unnecessary cognitive load (e.g. a simplified cockpit might foster better 
learning than a realistic but complex cockpit). 

These are just some of the various learning theories that can apply to educational video games, but 
they demonstrate the diversity of learning theories, with each bringing distinct parts of the game 
experience into focus. These learning theories will therefore serve as useful examples in this paper 
when discussing mechanisms for learning in games. 

 

Ambiguity of educational game outcomes  
Educational video games research has revealed ambiguous outcomes across a broad range of contexts 
(e.g. traditional classroom instruction vs. at-home usage), game types (e.g. simulations vs. puzzle 
games), methodologies (e.g. qualitative vs. quantitative), and intended outcomes (e.g. science 
education vs. aviation training), all of which are too numerous and diverse to list here (interested 
readers are directed to the studies that are cited below, as these details are not necessary to 
understand the present study). While some studies were able to use educational video games to 
achieve measurable benefits (Ibrahim et al., 2012; Morris et al., 2013; Squire, 2008), others have been 
unable to achieve their intended outcomes with educational games (Frank, 2011; Ronen & Eliahu, 
2000). Reviews and meta-analyses paint a similar picture. For example, Powers and Brooks (2014) 
conducted a meta-analysis of video game training transfer (including a range of learning outcomes, 
such as motor skills and executive functions) and found a mixture of mostly small to medium effects, 
depending on game type and outcomes measured. Sala et al. (2018) found negligible to no benefits 
for motor skills from educational video game training in their meta-analysis. In contrast, Wouters et 
al. (2013) found in their meta-analysis (including a range of learning outcomes, such as school curricula 
and job-oriented domains of training) that educational video games were more effective than 



traditional instruction for learning and retention (but not motivation), and Parisod et al. (2014) found 
that educational video games could be effective for several children’s health applications. 

McClarty et al. (2012) reviewed the literature of video gaming in education (across a wide range of 
school curricula subjects, including science and mathematics) and concluded that, “results are mixed 
because of differences in definitions and methodologies,” continuing to say that a more coherent 
research approach should investigate the content, structure and mechanics of educational video 
games, creating definitions and models of the relevant properties of educational video games. 

Clark et al. (2014) tested multiple hypotheses in their meta-analysis (spanning a wide range of 
outcomes, including interpersonal skills and creativity) to determine if certain variables could explain 
why some educational video games resulted in learning and others did not. For example, they found 
support for the hypotheses that scaffolding is helpful and that schematic games rather than cartoon 
or realistic games are more effective. They conclude that research should shift from proof-of-concept 
studies that focus on medium, to studies that test how theoretically-driven design decisions affect 
learning outcomes. 

Connolly et al. (2012) and Boyle et al. (2016) gathered various serious games studies (spanning a wide 
range of domains, including health and engineering) and summarised notable positive and null 
findings. Like McClarty et al., they found the studies were very diverse with respect to their underlying 
theoretical models, methodological approaches, and outcomes reported, noting a majority were 
qualitative study designs. Despite learning being the most common purpose of the studies reviewed, 
they found that, “Evidence that games lead to more effective learning was not strong” (Connolly et 
al., 2012, p. 671). They conclude that, “more RCTs [randomised controlled trials] should be carried 
out” (Connolly et al., 2012, p. 671), and, “future research will benefit from detailed experimental 
studies that systematically explore which game features are most effective in promoting engagement 
and supporting learning” (Boyle et al., 2016, p. 188). 

One could search for an explanation of mixed outcomes of educational games research in terms of 
the subject matter that was taught, the type of game used, the context of its use, or any number of 
other variables. But that is outside the scope of this study. This study instead considers the common 
thread running through the conclusions and recommendations of the above-cited meta-analyses and 
literature reviews. 

The above meta-analyses and literature reviews recommend research shift from proof-of-concept 
studies to more systematically investigate how specific design changes to the properties of 
educational video games can affect outcomes such as learning and engagement. It could remove 
ambiguity about the cause of success or failure when a research design is narrowed down to more 
deeply investigate a singular relationship between, for example, the amount of cognitive load 
represented by the game’s choice structure, and players’ resultant learning of the game content. 
However, the ultimate relevance of such a study might be difficult to interpret given that it did not 
test transfer of that learning to a real-world context. Similarly, a study that investigates the 
relationship between the degree of agency afforded in a game and engagement could be easily 
overlooked by educational video games researchers as irrelevant for lacking a test of any learning at 
all. 

According to the meta-analyses reviewed above, narrow studies on causal relationships between 
specific educational video game properties and resulting experience or behaviour should be able to 
contribute to the larger picture of how to design and apply educational video games to achieve 
beneficial outcomes. This could be encouraged by a framework that specifies their relevance by 



providing a means to integrate studies of narrow sub-processes into the larger process of educational 
video games usage. Therefore, our framework’s goal is to specify the broader relevance of narrower 
research in order to assist researchers and practitioners in piecing together disparate, narrow research 
to form a more comprehensive causal model of how educational video games can achieve positive 
outcomes for players. For example, a literature review or meta-analysis should be able to link together 
multiple narrow studies to form a causal chain that spans the beginning of the process (designing the 
game), all the way to the end of the process (transferring learning to the real world). 

 

Entities and processes in existing frameworks 
As mentioned above, multiple literature reviews and meta-analyses have suggested a shift from proof-
of-concept studies to narrower investigations of specific design changes and their outcomes (Boyle et 
al., 2016; Clark et al., 2014; Connolly et al., 2012; McClarty et al., 2012). Therefore, existing 
frameworks for educational video games will now be reviewed in order to extract the major entities 
and processes they consider pivotal in educational video games. The frameworks reviewed are 
summarised in table 1 in the Appendix. 

The frameworks summarised in table 1 share much commonality in terms of which entities and 
processes they included. Of the 27 frameworks collected, 19 (71%) included the game itself as an 
entity in the framework, and an equal number (19) also included the player in the framework (11, or 
41%, included both). Seven (26%) included the real-world domain of knowledge to be taught, and only 
five (19%) included some kind of social context as an entity. Social context being the least common 
inclusion is perhaps due to the fact that, while all educational video games involve games and players, 
not all require or even support multiple players. Therefore, including the game as an entity will be 
relevant to all educational video games, but the social context will only be relevant to a subset. 
In terms of processes, the vast majority of frameworks (24 or 89%) included the process of mastering 
the game. Four (15%) included the process of designing the game as part of the framework, and three 
(11%) included the process of transferring the mastery of the game back to the real world. 

Many frameworks have been proposed for various processes and sub-processes of educational video 
games, but few have similar aims to ours. Of the 27 gathered in table 1, 12 (44%) serve as a game 
design guideline framework for satisfying clients and stakeholders when developing educational 
games at the start of the process. Eleven (41%) aimed at evaluating the effectiveness of the game at 
the end of the process, seven (26%) were for deriving hypotheses based on causal relationships, and 
only two (7%) hoped to guide research on educational video games. 

However, none of these frameworks sought to address issues identified by the above meta-analyses 
and reviews (Boyle et al., 2016; Clark et al., 2014; Connolly et al., 2012; McClarty et al., 2012) such as 
mixed results, incomparability between studies with conflicting results, or facilitating research that 
moves away from proof-of-concept studies to investigations of how specific design changes affect 
specific outcomes. More specifically, none sought to provide a structure by which to break down 
educational video games into smaller processes to study, or a structure in which to assemble narrow 
studies on specific causal relationships to build up the larger picture of educational video games. In 
the next section we propose a framework to break down and specify such processes to get a clearer 
and deeper understanding of them individually, and how to then re-integrate those processes to form 
the larger picture again. 

 



The MMT Framework 
Development of our new framework involved reviewing existing causal frameworks for educational 
video games, then identifying the different major processes that are included and the major entities 
which are assigned a causal role in those processes. In reviewing the above models from the literature, 
we identified three major entities, connected by three major processes, that form our framework. 

Our framework considers educational video game research in terms of the three most commonly-
appearing entities in table 1: The game, the player, and the real-world domain. Our mathematical 
discussion will adopt the convention of using subscript to specify the entity to which a variable 
belongs: g for the game, p for the player, and r for the real-world domain.  

These entities are related via the three processes identified in the above review: The (video) game is 
modelled after the real-world task, the player masters the game, and then the player transfers that 
learning to the real-world task. This can be called the game-player-domain framework, referring to 
the entities, or the model-master-transfer framework, referring to the processes connecting the 
entities. Since the processes follow a logical, linear progression, we will use a terminology that 
describe the processes connecting the entities (game, player, and domain). To that end, we refer to 
these processes and their interaction as Model-Master-Transfer (MMT) framework. Figure 1 illustrates 
the concept. 

 

Figure 1 Overview of our proposed Model-Master-Transfer framework. 

Many entities and processes could be added, or these major processes and entities could be 
subdivided into more specific sub-processes and sub-entities. For example, the player component 
could be further specified addressing aspects such as individual differences, background knowledge, 
attitudes, preferences, demographics. The MMT framework acts as a high-level umbrella concept that 



integrates these more detailed studies that focus on specific aspects. Consequently, MMT’s goal is not 
to replace existing concepts, but to provide a bridging structure by which these concepts can be 
compared for predictive power, or integrated to form a larger model that accounts for more 
processes. Therefore, MMT seeks to be parsimonious and agnostic towards many of the details of 
exactly how each of these three processes occur, and exactly which factors of these three entities are 
relevant.  

Traditionally, most educational games studies have bundled all three processes of modelling, mastery, 
and transfer (Barton et al., 2016; Cheng & Su, 2012; Hsu, Tsai, & Wang, 2012; Sengupta, Krinks, & 
Clark, 2015; Squire et al., 2004). This can be problematic when the game produced no measurable 
benefit to participants, and it is unclear where the failure occurred. As a result, the meta-analyses and 
literature reviews discussed above recommended research to shift away from these proof-of-concept 
studies and instead unpack these entities and relationships, and narrow the focus to investigating one 
at a time. The MMT framework provides a theoretical foundation for such studies.  

In the following, we will focus on each process in detail (modelling, mastery, and transfer) and explain 
how mathematical formulae can precisely describe their interactions. We will use the example of 
educational video games being studied in terms of their complexity to elaborate these details of the 
MMT framework. By specifying mathematical relationships between these three processes, the MMT 
framework enables a study on just one process to inform our understanding and predictions of the 
other processes through these formulae. Thus, MMT is able to specify the broader relevance of 
narrower research. 

Modelling 
In MMT, the first process of “Modelling” refers to encoding the real-world domain into a game. This 
kind of modelling captures what learners need to learn about the real-world domain, but also to 
produce an engaging game. Therefore, it is not a strictly descriptive modelling process. 

It is thus important to distinguish two types of modelling: Descriptive and prescriptive. Descriptive 
modelling aims to accurately, objectively map its subject matter (e.g. a real-world domain or a game). 
Prescriptive modelling aims to convert the real-world domain into a suitable game. In other words, 
prescriptive modelling is a specific subset of the game design field: game design when adapting a real-
world domain into a game (analogous to adapting a novel to film). Such prescriptive modelling is the 
kind referred to by the first stage of MMT. 

Rigorous modelling will involve different procedures and guidelines depending on whether it is 
descriptive or prescriptive. Descriptive modelling procedures should capture as much relevant and 
accurate information as possible about the subject. In contrast, prescriptive modelling procedures 
would purport to tell us which elements to omit or alter to convert a domain into a successful 
(engaging) game. Therefore, many of the frameworks reviewed above that seek to guide educational 
game design are examples of prescriptive modelling procedures and fall into the first stage of MMT. 

Descriptive modelling procedures have been suggested by Sterman (2000), but every model is 
incomplete as it is an abstract representation of the real world Sterman (2002) and there is no 
accepted, correct descriptive modelling procedure to apply to any subject matter . Choosing the level 
of abstraction at which to model can be a difficult issue (Chu, Strand, & Fjelland, 2003; Grim, 
Rosenberger, Rosenfeld, Anderson, & Eason, 2013; A. J. Ryan, 2007; Sterman, 2000). To that end, 
descriptive modelling procedures will have to be selected or developed to suit a specific purpose. 
There is also no standardised objective formal notation or description procedure for games that could 
open them up to comparison and mathematical analysis (Araújo & Roque, 2009; Koster, 2005). The 



learning theory employed by a particular study can be used to guide the choice or development of 
descriptive modelling procedure. This will have to be considered alongside a choice of modelling 
notation (i.e. what format the model will take). For example, a common modelling notation in the 
cognitive science of play is the Causal Bayes Net (CBN, Gopnik & Schulz, 2007). CBNs form a network 
where each node is an event, and each link is a probabilistic causal influence on another event. For 
example, touching a contaminated object has a 90% chance of contaminating your hands, but also has 
a 70% of causing you to wash your hands; washing hands has an 80% chance of decontaminating 
hands; eating food with contaminated hands has a 75% chance of infection, which itself has a 60% 
chance of presenting symptoms; symptoms have a 95% chance of causing you to take medicine; taking 
medicine has a 95% chance of curing the infection, etc. 

Whatever descriptive modelling procedure is selected for a study, it should capture the elements 
necessary to determine if learning occurs and transfers, according to the theory of learning employed 
in the particular study. Ideally the modelling procedures for both the game and the real-world domain 
would be precise and systematic, such that the resulting model would be reproducible by a different 
research team working with the same material and the same modelling procedures (for an in-depth 
discussion on how to make modelling decisions, see Sterman, 2000). 

The relationship between the game’s veracity, the game model, and the real-world domain model can 
be described mathematically. If 𝑉𝑉 is game veracity, 𝑚𝑚𝑔𝑔 is the game model, and 𝑚𝑚𝑟𝑟  is model of the 
real-world domain, then these variables could be related on a fundamental level by the following 
formula: 

0 ≤ 𝑉𝑉 =  
𝑚𝑚𝑔𝑔

𝑚𝑚𝑟𝑟
  ≤ 1 (1) 

We define veracity as the difference between the game model and the domain model. When 
considered in terms of the complexity or informational content, this would be a measure of how much 
the game simplifies the real-world domain (given that the descriptive modelling procedure should 
capture what needs to be learned about the real-world domain). The formula in (1) states that total 
difference between the game model and the real-world domain model can provide a measure of the 
veracity, i.e. the realism or accuracy of the game. If the veracity is zero, then the game has nothing in 
common with the real-world domain it represents. A veracity of 100% should in principle be 
problematic because that would mean that there were no differences: It would not be a designed 
game but merely a descriptive copy of the real-world domain.  Veracity can thus provide some 
information on how effective the prescriptive modelling procedure was at producing the intended 
kind of game. 

Veracity in MMT can be informed by research on fidelity and similar concepts. Hamstra et al. (2014) 
argue for distinguishing different kinds of fidelity, rather than using the blanket term due to its 
vagueness. Physical resemblance refers to the perceptual similarities, such as look, sound, smell, and 
feeling. Functional task alignment is how well the simulation’s functional components demand the 
appropriate skills that are needed to perform the same task in real life. Norman et al. (2012) used the 
terms engineering fidelity and psychological fidelity respectively, to refer to very similar concepts. Both 
groups of authors stressed the potential ambiguity in the term fidelity, noting that, “Proximity to ‘real 
life’ may not be unidimensional” (Norman et al., 2012, p. 637). Therefore, it can be useful to distinguish 
several dimensions or types of veracity, depending on the context. 

Specifically, different learning theories imply different conceptions of veracity. Hamstra et al. (2014, 
p. 389) notes that, “A simulator that is considered low fidelity in one circumstance might be considered 
high fidelity in another for legitimate reasons”.  Therefore, how a study defines and measures veracity 



must be informed by the learning theory used to analyse educational games in each individual study. 
Conceptions of veracity and learning are inter-dependent. 

Comparing the learning theories reviewed earlier with various literature on veracity suggests some 
dimensions of veracity (additional dimensions may come to light when considering other learning 
theories, but the diversity of learning theories is prohibitively vast to cover here): 

1. Veracity as Physical Resemblance: Hamstra et al. (2014) define physical resemblance as the 
perceptual fidelity of the artefact, having the same look, sound, and feel of the real thing. This 
would be applicable as a form of veracity when using Instance-Based Learning Theory. IBLT 
posits that learners associate a specific perceptual cue (e.g. falling downward) with a specific 
motor response (e.g. pulling up on the joystick), building up an instance library of how to 
respond. This would make physical resemblance critical to effective learning. Therefore, a 
study that used IBLT to study educational games would best measure veracity in terms of 
physical resemblance (e.g. the realism of the graphics and control systems). 

2. Veracity as Causal Isomorphism: In mathematics, isomorphism is the extent to which two 
models are structurally identical or mathematically equivalent. If we accept veracity as 
entailing isomorphism, we could model our real-world domain as a formal system and 
compare this to the game system. Any features that they have in common bring them closer 
to being isomorphic. Any differences between the real-world model and the game model 
would indicate they were not isomorphic, and therefore decrease the veracity score. This is 
an apt conception of veracity for a causal learning theory such as Causal Bayes Nets. If the 
game and real-world domain are modelled as networks (as in CBNs), then determining 
veracity is a matter of counting how many nodes and links are missing or different when the 
game model is compared to the domain model. More complex measures of isomorphism are 
also being developed (Schieber et al., 2017). 

The concepts of veracity and isomorphism can be explained with an example. Figure 2 shows a 
simplified causal model of an aquaponics system to demonstrate a calculation of veracity as 
isomorphism. The real-world model on the left is assumed to be complete and correct. It includes 
seven nodes and eight links. The game model on the right is compared to the real-world model 
and scored for accuracy. It has seven links that are correct, but one link from fish to carbon dioxide 
is missing (scoring a zero), and one link from the bacteria to carbon dioxide that is incorrect 
(scoring a negative one). The seven correct plus the zero for the missing link, and the negative one 
for the incorrect link, results in a score of six. To get veracity this score is divided by the maximum 
possible score of eight based on the real-world model. Therefore, veracity is six divided by eight, 
which is 0.75. This simple example demonstrates how a veracity score based on isomorphism 
could be calculated for a game teaching aquaponics based on a causal learning theory like CBNs. 
Such a procedure would not only be appropriate for teaching aquaponics, but for any studies using 
simulation games to teach about the structure of systems such as ecology, business, or circuitry 
(Greiff & Fischer, 2013; Greiff, Stadler, Sonnleitner, Wolff, & Martin, 2015; Ibrahim et al., 2012). 



 

Figure 2 Simplified causal model of an aquaponics system to demonstrate calculating veracity as causal isomorphism. The 
game model on the right is compared to the real-world model on the left. 

 

𝑉𝑉 =  
1 + 1 + 1 + 1 + 1 + 1 + 1 + 0 − 1

1 + 1 + 1 + 1 + 1 + 1 + 1 + 1
 =  

6
8

= 0.75  

From this, we would predict that a game with low veracity is likely to result in lower transfer of 
learning, due to that difference between the game and the reality. The mastery process mediates this 
relationship between veracity and transfer. 

 

Mastery 
 

A study investigating mastery should be able to test how much mastery participants achieved after 
playing the game. This mastery measurement can be normalised, thereby putting it on a universal 
scale for easy comparison to and integration with other studies. When the player demonstrates a 
degree of mastery of the game, this could be compared to the perfect and complete knowledge 
represented by the game, and therefore give a measure of player mastery on a scale of zero to 100%. 
Exactly how this is measured will depend on the kind of learning in the study. For example, if the player 
demonstrates full declarative knowledge of all the content presented in the game, they could be 
considered to have achieved full mastery. Similarly, if the player is consistently executing the optimal 
strategy flawlessly, then they have mastered the game. In either case, it can be quantified and 
normalised. Let ϸ𝑔𝑔 be the normalised performance of a participant in the game, ϸ�𝑔𝑔 be the raw 
measured performance of that participant, and 𝑜𝑜𝑔𝑔 be the optimal performance score (e.g. as 
measured when an artificial intelligence plays the game optimally): 

ϸ𝑔𝑔 =  
ϸ�𝑔𝑔
𝑜𝑜𝑔𝑔

(2) 



Often, performance will be a vector or matrix, containing multiple elements of performance (e.g. 
subsections of geometry and algebra on a maths exam). Just like the subsections in an exam, each 
element can be normalised individually, and/or a total score for the entire exam can be calculated. 
This measure of mastery will be useful for predicting transfer. 

Transfer 
Much like veracity and fidelity, transfer has proven a difficult concept to precisely define. Barnett and 
Ceci (2002) characterise transfer research as difficult to interpret, with various successes and failures 
of transfer in different studies, and attributed this to inconsistency in conceptualisations of transfer. 
One study might define transfer according to certain factors (e.g. the different environment of the lab 
vs. the real world), while another used a different definition (e.g. changing from a written test to a 
physical performance). Barnett and Ceci therefore break transfer into factors related to content (what 
is transferred) and context (where it is transferred). 

In terms of the context aspect of transfer, transfer is often conceptualised is as the distance separating 
the training scenario from the real-world scenario. This is the distinction between near and far transfer 
(Barnett & Ceci, 2002; Kiili, 2005; Powers & Brooks, 2014). This distance may be due to any number of 
differences between the training context and the real-world context, such as modality (written test 
vs. problem-solving task), or the knowledge domain (carpentry vs. sailing). Note that this concept of 
the distance between the game and the real-world domain corresponds to MMT’s concept of veracity. 
Therefore, we will consider a different conception of transfer for MMT. 

In terms of the content aspect of transfer, the theory of identical elements states that, “some tasks 
involve identical processing components. The more identical processing elements two tasks share, the 
more learning on one will benefit the other — for example, large transfer from learning to drive a car 
to learning to drive a truck, but less transfer to learning to drive a boat. … seemingly different tasks 
may nonetheless have similar rules at their roots” (C. S. Green & Bavelier, 2012, p. 199). Note that the 
theory of identical elements corresponds almost directly to veracity conceptualised as isomorphic 
rules, suggesting that physical resemblance won’t encourage transfer, as supported by some studies 
on fidelity (Hamstra et al., 2014; Norman et al., 2012). Thus, theories of learning, transfer and veracity 
are often deeply interdependent. 

Transfer is much like veracity in MMT: There is an ongoing debate as to how best to define it, and 
MMT doesn’t aim to resolve that debate. MMT aims to be agnostic towards what theories are best 
applied to the sub-processes of modelling, mastery and transfer. However, it is clear from the work in 
these areas that theories of learning, transfer and veracity will be deeply inter-dependent, and 
therefore selection of one should inform the others. 

The above quotation from Green and Bavelier focuses on the content aspect of transfer. They use the 
term transfer to refer to the magnitude of the learning that is retained between the two scenarios 
(e.g. the training, and the real world), rather than the distance between the scenarios. Because the 
context aspect (distance between the scenarios) is already captured by veracity in MMT, the below 
equations will attempt to capture the content aspect (how much learning is retained between the two 
contexts). 

Once measured, the amount of mastery can be multiplied by the veracity of the game to give a 
prediction of the amount of transfer, and therefore how well they will perform in the real world. For 
example, when the game’s veracity is 100%, and the learning is 100%, one would expect performance 
in the real world to also be very high. If either of those are zero (e.g. the game has nothing in common 
with the real-world domain, or the player has learned nothing), then predicted transfer is zero. In 



reality, both variables are likely to be somewhere in between, predicting a particular degree of 
transfer. Note that transfer entails performance, and therefore could be a vector containing all the 
same elements of the game performance vector. Let ϸ𝑟𝑟� be normalised predicted real-world 
performance for a participant, ϸ𝑔𝑔 be normalised measured game performance of a participant, 𝑉𝑉 be 
game veracity: 

ϸ𝑟𝑟�  =  ϸ𝑔𝑔 𝑉𝑉 (3) 

Calculating this predicted level of performance allows a comparison to the actual measured 
performance as a test of the reliability of MMT. In order to make such a comparison, real-world 
performance would have to be normalised as well, which would be done in much the same way as 
game performance. Let ϸ𝑟𝑟 be the normalised performance of participants in the sample, ϸ�𝑟𝑟 be the 
raw measured performance of participants, and 𝑜𝑜𝑟𝑟  be the optimal performance score: 

ϸ𝑟𝑟 =  
ϸ�𝑟𝑟
𝑜𝑜𝑟𝑟

(4) 

The measured real-world performance can then be compared to game performance to see how much 
of their mastery of the game carried over to the real world, thereby giving a measure of transfer. Let 
𝑇𝑇 be transfer for the sample, ϸ𝑟𝑟 be the normalised measured real-world performance of the sample, 
and ϸ𝑔𝑔 be the normalised measured game performance of the sample: 

𝑇𝑇 =  
ϸ𝑟𝑟
ϸ𝑔𝑔

(5) 

Note that this formula is just an algebraic re-arrangement of formula (3) for predicting real-world 
performance based on game performance and veracity. Therefore, MMT entails the following axiom: 

𝑇𝑇 = 𝑉𝑉 (6) 

This could be a crucial component in testing the validity of a game, or MMT itself, or just a way of 
triangulating variables from multiple approaches. 

Now that we have explained the broad mathematical relationship between modelling, mastery, and 
transfer in MMT, we will elaborate the “play” and “learn” aspects of mastery, each in turn. This will 
detail the mathematical relationship between the properties of the game and predictions of mastery. 

Engagement & play appeal 
Engagement being a core concept in game design, we now formally describe its relationship to the 
other variables that have been established above, thereby demarcating engagement’s place in MMT. 
Here, engagement will be used in the literal sense of engaging with an item: attending to and physically 
or cognitively manipulating it. Note that this is a behavioural definition of engagement concerned with 
what one actually does. For example, it is possible to be engaged but experiencing negative affect. 
Although positive affect and motivation are likely to often be correlated with engagement. 

Time spent playing is a direct measure of engagement. It is often treated as an indicator of liking a 
game (Johnson, Watling, Gardner, & Nacke, 2014; Malone, 1980). For example, in many studies on 
intrinsic motivation, free time spent on an activity is often used as a measure of intrinsic motivation 
(Boggiano & Ruble, 1982; Cameron, Banko, & Pierce, 2001; Elliot & Harackiewicz, 1996; Lieberoth, 
2015; R. Ryan & Deci, 2000). Free time spent could also be useful in evaluating the educational 
efficiency of a game by comparing free time engaged to the time required to achieve full mastery. 



Engagement has a dimension of intensity and one of time. A game might engage players with a mild 
degree of intensity, but maintain engagement consistently over a long period. Another game might 
engage players with a fiercely high intensity that only lasts briefly. Therefore, engagement is more 
fully understood when it is considered as magnitude over time. This becomes very relevant for 
educational games where predicted learning could be a function of engagement over time and the 
difficulty of the content to be learned. The more difficult the content, the slower the learning, and 
therefore the more time they must spend engaged. 

A total amount of engagement that has occurred can be calculated as the area under the engagement-
over-time curve. An educational game designed to deliver a lesson once is more likely to be interested 
in total engagement. But a serious game to encourage exercise and a healthy lifestyle is going to be 
much more interested in maintaining engagement over a long period. 

Predicting engagement depends on theories of play motivation (e.g. challenge, immersion, etc.). 
Whatever theory of play one adopts, one would predict that certain game designs will result in more 
or less engagement due to how successfully they appeal to that theorised play motivation. For 
example, working from immersion, one would predict that a game that creates a deep sense of 
immersion would be more engaging than a game with weak or broken immersion, and “immersion” 
could be operationally defined based on a specific theory thereof. 

Crucially, such definitions can and should be developed into quantitative operational definitions so 
that we can quantify the strength of this play appeal in different game designs and produce more 
precise predictions. For example, there have been proposed methods for quantifying the degree of 
challenge in a game (Aponte, Levieux, & Natkin, 2011; Fraser, Katchabaw, & Mercer, 2014; McMillan, 
2013; Tornqvist & Tichon, in review). These precise quantitative measurements of the play appeal of 
a game would allow a study on the first process of MMT – modelling the domain into a game – to 
apply its game design framework (a prescriptive modelling procedure) to produce a game, then 
objectively quantify the game properties relevant to a theory of play, and therefore test how 
successful their prescriptive modelling procedure was at producing a game with the intended 
properties. 

Precise objective measures of play appeal factors are also vital for populating our formulae and testing 
theories of play. The amount of play appeal in a game should be quantified so that it can be used to 
provide predictions of engagement, because engagement is relevant for predicting mastery. 

Play appeal can be a vector, as (dependent on the theory of play) there may be multiple parameters 
that interact to give rise to play appeal. Let 𝑒𝑒𝑝𝑝� be predicted engagement of players, 𝒂𝒂𝒈𝒈 be a vector 
containing the play appeal parameter/s of the game, and ϝ(𝒂𝒂𝒈𝒈) be the function described by the 
theory of play that explains how the particular game parameter/s relate to engagement (some 
theories may purport a linear relationship, but others may describe a more complex function): 

𝑒𝑒𝑝𝑝�  =  ϝ�𝒂𝒂𝒈𝒈� (7) 

This would be used for research into general effects across populations. But studies on individual 
differences would want to include parameters of an individual person (i.e. personality) to come up 
with an individualised prediction for that person. Let 𝑒𝑒𝑝𝑝� be the predicted engagement for a specific 
person, 𝒂𝒂𝒑𝒑 be a vector containing the play appeal parameters relevant to the specified person (their 
personal play preferences), and ϝ(𝒂𝒂𝒈𝒈,𝒂𝒂𝒑𝒑) be the function describing how the theory of play relates 
those parameters to engagement: 

𝑒𝑒𝑝𝑝�  =  ϝ�𝒂𝒂𝒈𝒈,𝒂𝒂𝒑𝒑� (8) 



These predicted levels of engagement could be compared to the actual, measured levels of 
engagement to test the accuracy of the theory of play. 

If pilot tests are able to determine how much time engaged is needed to fully master the game under 
controlled conditions, then measured engagement can be normalised. Let 𝑒𝑒𝑝𝑝 be normalised 
engagement for a participant, �̂�𝑒𝑝𝑝 be engagement measured for a participant during the actual 
experiment, and 𝑒𝑒𝑔𝑔 be the engagement needed to achieve complete mastery according to pilot 
studies: 

𝑒𝑒𝑝𝑝 =
�̂�𝑒𝑝𝑝
𝑒𝑒𝑔𝑔

(9) 

 

This measure of engagement can now be used to predict how much of the game players will master. 
This requires a measure of how much there is to learn, or how difficult it is to master. 

 

Learning difficulty & complexity 
A game that has more to learn, or is more difficult to learn, will require more time engaged to fully 
master. One way to conceptualise learning difficulty is as a form of complexity. The complexity of the 
game (quantified with e.g. Kolmogorov complexity) can be used to give a prediction of the amount of 
game mastery to expect. It would have a direct effect on the difficulty of learning, and therefore time 
required for mastery would increase with complexity. More complex should mean more difficult to 
learn. But it might also have an indirect effect on learning through play appeal and engagement. For 
example, according to Flow theory (Czikszentmihalyi, 1990), player engagement will be highest when 
the game is not too simple as to be boring, and not too complex as to be frustrating. Therefore, 
complexity could be one of the play appeal factors included in 𝒂𝒂𝒈𝒈 for predicting engagement based 
on a theory of play in equations (7) and (8). Like veracity, how complexity is measured should be 
derived from a theory of human cognition. 

Predicted game mastery is a function of engagement over time (the longer one spends on something, 
the more they are likely to learn), and difficulty of learning (complexity, in this example). Let ϸ𝒈𝒈�  be 
predicted normalised mastery for the sample, 𝑐𝑐 be game complexity (or amount of content to be 
learned, or any other measure of learning difficulty), and 𝑒𝑒𝑝𝑝 be normalised measured engagement of 
the sample, and 𝑙𝑙(𝑒𝑒𝑝𝑝, 𝑐𝑐) be the function relating these variables to mastery as described by the theory 
of learning used in the study: 

ϸ𝒈𝒈� =  𝑙𝑙�𝑒𝑒𝑝𝑝, 𝑐𝑐� (10) 

Studies investigating individual differences would want to include parameters of individual learning 
aptitude to generate an individualised prediction. Let ϸ𝒈𝒈�  be predicted normalised mastery for a 
participant, 𝑐𝑐𝑔𝑔 be game complexity (or other measure of learning difficulty), 𝑒𝑒𝑝𝑝 be normalised 
measured engagement of a participant, 𝜍𝜍 be a vector containing factors of cognitive aptitude for the 
individual participant, and 𝑙𝑙(𝑒𝑒𝑝𝑝, 𝜍𝜍, 𝑐𝑐) be the function relating these variables to mastery as described 
by the theory of learning used in the study: 

ϸ𝒈𝒈� =  𝑙𝑙�𝑒𝑒𝑝𝑝, 𝜍𝜍, 𝑐𝑐� (11) 



These formulas show how MMT could be used to break educational video games into more specific 
sub-processes to study in greater depth and precision individually. They also specify how such narrow 
studies could be integrated with others to build up a larger causal picture of how educational games 
achieve positive outcomes. A game design framework may produce games with certain properties 
(play appeal factors, learning difficulty, and veracity), and certain game properties result in some 
degree of engagement, which results in some amount of game mastery, which yields a certain amount 
of transfer to the real-world domain, depending on the veracity of that game. The overview of figure 
1 is expanded with these added details as a summary for quick future reference in figure 3. 

 

Figure 3 Overview of the most important mathematical relationships between the variables in MMT. 



MMT has interesting implications and applications for not only researchers, but also practitioners such 
as game developers and educators. 

 

Implications & Applications 
MMT is a tool for developing a better scientific understanding of how educational video games yield 
positive outcomes. But there are also useful ways it can be applied by practitioners, such as educators 
and software developers who are using educational video games. 

Implications for practitioners 
For Educational Game Developers: 

1. Select a specific prescriptive modelling procedure (i.e. a game design framework), reporting what 
procedure was used and what the outcome was (see points below for reporting outcome). This 
will help establish what kinds of prescriptive modelling procedures produce what kinds of games. 

2. Report how the design of specific game properties were derived from a specific theory of 
play/learning. Or, if designing informally through iterative playtesting, then still measure and 
report game properties (see next points). 

3. Quantify Game Properties: In the resulting game, objectively quantify properties that are 
purported to have a causal relationship to engagement or learning according to your selected 
theory of learning/play. This will help determine the effectiveness of the prescriptive modelling 
procedure. For example, a prescriptive modelling procedure might be built to produce the ideal 
amount of challenge, or to maximise veracity. Therefore, those game properties need to be 
quantified and reported to have a record of the success of the procedure. 
3.1. Veracity: Report the veracity of the resulting game, e.g. by using a descriptive modelling 

procedure to model both the game and the real-world domain on which it is based, then 
applying a measure of veracity, fidelity, and/or isomorphism, derived from your selected 
learning theory. 

4. Adjustable Game Properties: Academics can test theories of play and learning, discovering the 
relationships between specific game properties and outcomes such as learning and engagement. 
But they can only do so if developers build into their games administrative controls to adjust the 
levels of different game properties. For example, there could be a configuration file that scientists 
or educators could edit to manipulate the degree of challenge, complexity, or agency in the game 
to test different theories of play. At its most basic level, a feature such as multiplayer functionality 
could be simply turned on or off. Deciding which game properties to open up to experimental 
manipulation should be based on the theory of play/learning used to design the game (e.g. if the 
game design was primarily concerned with agency, then agency should be an adjustable 
parameter). This feature is not just useful for scientific investigations, but also allows the game to 
be adapted to different contexts as new research comes to light concerning what combinations of 
what levels of which game properties maximise engagement and learning. 

5. Build in Measures of Mastery and Engagement: Build into the game systems that measure the 
engagement and mastery of players. These can either be explicit questionnaires, or subtle, 
invisible measures built into the game code itself that simply record natural player behaviour to 
derive measures of engagement (e.g. time spent playing) or mastery (e.g. how optimally they are 
playing, or how high they are scoring). 

6. Report Mastery and Engagement Outcomes: Based on some form of playtesting or actual field 
use, record and report the levels of engagement and mastery for players. This helps test the 



success of the prescriptive modelling procedure, and can be used to derive predictions of transfer 
using the discussed equations. 

For Educators: 

1. When working with game developers to produce a game, employ the approaches listed above for 
game developers. 

2. Instead of (or in addition to) comparing the game intervention to a no-game intervention, 
compare the game to itself with its game properties adjusted for different groups (see point 4 for 
game developers, above). For example, compare a group using a low-agency version of the game 
to a group using a high-agency version. Measure and report which levels of the different 
properties were used for different groups. 

3. Measure Engagement and Mastery: Measure and report students' engagement with and mastery 
of the game. This is a direct test of the effectiveness of the design of the game, but is also 
necessary to test theories of transfer - We need to know what percentage of their game mastery 
is carried over to the final test (e.g. the academic exam, or the real-world problem-solving task). 

4. Report Transfer: When you test for improved academic outcomes or performance, compare this 
to the amount of game mastery to determine how much mastery was able to transfer to the real 
world. For example, if improved real-world performance is uncorrelated with improved game 
mastery, then it may simply have been the enjoyable experience of the game, and not its 
educational subject matter, that benefited students. 

5. When trying to maximise educational efficiency, you can use MMT to catch early any interventions 
that aren’t likely to succeed, to spend more time on interventions more likely to succeed. For 
example: 
5.1. When using a theory of play/learning to create a game with particular play appeal factors, 

MMT suggests you should quantify the properties of the game that correspond to those play 
appeal factors (such as Kolmogorov complexity, or degree of challenge). If the game design 
process failed to produce a game with the intended properties, then this can be caught early 
and you can try again with a different prescriptive modelling procedure, rather than going 
through the whole process of testing the game and finding it didn’t incite engagement. 

5.2. Before you use a game in the classroom, if you can get a measure of its veracity (derived from 
a theory of learning), then you can get an upper limit on the usefulness of the game: If 
veracity is high, then it is possible to have large transfer benefits. If veracity is low or zero, 
then (according MMT’s equations) that means anything learned in the game is unlikely to 
have any bearing on the real-world domain you are trying to teach.  Therefore, a different 
game should be used. 

5.3. When students are playing the game, you should measure their degree of mastery of the 
game. If some or all students are only achieving low levels of mastery of the game, then 
(according to the equations of MMT) there is likely to be little or no improvement when it 
comes to transfer that mastery to the real-world domain. Therefore, the intervention can be 
ended right there and you can try again with a different approach, without necessarily having 
to actually do the transfer tests. Catching failed interventions early like this can save time and 
thereby increase the total number of different interventions that can be trialled. 

Implications for researchers 
MMT contributes a framework that facilitates deconstruction of educational video game research into 
more specific sub-processes, and facilitates integrating studies on such sub-processes, assembling 



them to gradually build up a larger causal model of how educational video games achieve positive 
outcomes for players. This has important implications for the practice of researchers in this field: 

1. It would be invaluable to narrow the focus of your study to investigate just one or two 
processes at a time with greater depth and specificity. For example, just investigating transfer, 
or just investigating mastery. 

2. Narrow the focus to the relationship between several specific variables, deriving hypotheses 
from specific theories of play or learning. For example, testing the theory that increasing 
complexity increases challenge and therefore engagement, but decreases mastery. 

3. Use or develop games that allow you to manipulate these variables. 
4. Use or develop objective measures for these variables, based on the theories of play or 

learning used in the study (e.g. quantifying agency in a game as the number of options 
available to the player at a time). 

5. Where possible, normalise variables to put them on an absolute scale to enable inter-study 
comparison and integration into MMT to build up a larger causal model. For example, 
compare the time participants spend playing with the amount of play time required to master 
the game, thereby normalising the engagement variable. 

6. If investigating the first process - modelling the domain as a game - then select or develop a 
specific prescriptive modelling procedure (a game design framework), follow it, and report on 
the outcome in terms of the properties of the resulting game, and in terms of the repeatability 
of the procedure (e.g. does a different team following the same procedure produce a similar 
game?). 

7. If investigating the final process - transfer - then use or develop a theory of learning and 
transfer to derive hypotheses of how game veracity and players' mastery of the game will 
affect real-world performance. 

MMT’s implications for research are best explained with an example. Here we will consider previous 
research developing tools to study challenge and flow in games, and how MMT delineates their 
relevance to other studies on similar or distinct topics. 

Previous literature reviews and meta analyses (e.g. Boyle et al., 2016; Clark et al., 2014; Connolly et 
al., 2012) have recommended research shift from broad proof-of-concept studies to narrower studies 
of how specific educational video game properties affect specific outcomes of engagement and 
learning. There are already many tools that have been proposed to study these individual pieces of 
the causal picture, such as Adams and Dormans’ (2012) game modelling notation, or Aponte et al.’s 
(2011) method for quantifying challenge. But most such formal tools haven’t yet seen widespread use 
in the education or educational video games field. However, such tools are invaluable for studying 
narrower sub-processes. 

In our above literature review, we saw that there have been many frameworks for educational games 
proposed, but we could not locate one that sought to facilitate the integration of such narrower 
research into a cohesive whole. MMT allows a more detailed causal picture to be incrementally built 
up from multiple narrow studies that each investigate a smaller piece of the picture. 

MMT specifies how studies proposing formal tools such Adams and Dormans (2012) and Aponte et al. 
(2011) can be employed to contribute to understanding how educational video games produce 
positive outcomes. When viewed in isolation, each of these studies might be easily dismissed as 
irrelevant to designing educational video games. But how they fit within MMT to contribute to this 
field is clearer when running through an example of how they can be strung together to span the 
entire, larger picture: 



1. Modelling: To investigate the theory of flow, a prescriptive modelling procedure (e.g. that of 
Zee, Holkenborg, & Robinson, 2012) can be used to design a game to teach about, for example, 
business management, using a formal notation system (e.g. that of Hunecker, 2013) to 
document and report the structure of the game. That formal description of the structure of 
the game can then be compared to an expert’s formal diagram of the real business made using 
the same formal notation system, to derive a measure of isomorphism to report a dimension 
of veracity for use in MMT’s equations. Then a method to quantify the degree of challenge in 
the game (e.g., that of Aponte et al., 2011) can be used to determine if the prescriptive 
modelling procedure produced the intended degree of challenge to engage players (see 
section Engagement & play appeal). 

2. Mastery: Then, a tool (e.g., Sweetser, Johnson, & Wyeth, 2012; Sweetser & Wyeth, 2005) can 
be used to measure outcomes of flow to confirm if the intended degree of challenge causes 
the intended experience of flow, corroborated with other measures of engagement (e.g., 
Rigby & Ryan, 2007; R. M. Ryan, Rigby, & Przybylski, 2006) and free time spent playing. Then 
players’ mastery of the game can be quantified as their performance relative to the optimal 
possible performance in the game. That measure of mastery can be used with the measure of 
veracity to generate predictions of transfer. 

3. Transfer: Then players can be tested on a real-world transfer task. This not only provides an 
overall measure of the success of the educational video game, but can also feedback into the 
definition and theory of transfer and veracity – If our equations predicted a different amount 
of transfer to what actually occurred, this brings into question the definition or measures used 
to quantify veracity, and/or its relationship to mastery and subsequent transfer. 

This above example demonstrates how a very narrow study dedicated to establishing a mathematical 
way to measure challenge, such as Aponte et al. (2011), even though it could be easily dismissed as 
having limited direct use for someone who is, for example, studying transfer, it actually addresses a 
key step in the causal chain that ultimately determines the success of an educational video game. 

It would be unrealistic for a singular study to attempt all of the above steps across modelling, mastery, 
and transfer. But the value of MMT is to facilitate narrower studies that each examine one or two of 
the above parts of the process, while maintaining relevance to the larger picture. For example, a study 
that just used a prescriptive modelling procedure to design the game, then used a method for 
measuring its degree of challenge, provides vital information for designing educational video games 
when it is inserted into MMT. MMT demarcates the exact role and relevance of such narrower studies 
to the field at large by specifying exactly how they can be assembled to form a coherent causal chain 
toward the ultimate outcome of transfer to the real world. Thus, narrower and deeper studies are 
able to build directly on top of each other’s previous work, and disparate studies on distinct processes 
are able to inform each other to contribute to a broader and deeper understanding of how these 
processes interact. 

 

Limitations & Future Directions 
This paper is limited in that it is only theoretical. The specific predictions made possible with the above 
mathematical expression of MMT could be tested experimentally to determine if these equations bear 
accurate predictions or require reworking. Furthermore, MMT (by design) only describes the entities 
and processes at a high, abstract level. It therefore depends on additional theoretical tools to fill in 
the details – for example, a theory of play to specify the exact relationship between play appeal factors 
and engagement, or a descriptive modelling procedure to help ascertain a measure of veracity. 



Consequently, MMT inherits the limitations of such tools. For example, veracity and transfer are much-
debated concepts in need of further refinement (as explained above). Similarly, the current lack of any 
standardised notation for game modelling (Araújo & Roque, 2009; Koster, 2005) also limits the 
usefulness of MMT, and therefore is a crucial area for future research. 

 

Conclusion 
Multitudinous studies on educational and serious games have together produced somewhat mixed 
results (see e.g. Clark et al., 2014; Ibrahim et al., 2012; McClarty et al., 2012; Morris et al., 2013; Ronen 
& Eliahu, 2000; Wouters et al., 2013). Some educational video game projects yield significant 
measurable benefits for their players, while others do not.  The meta analyses and literature reviews 
gathered in this paper recommend that future work narrow its focus to more systematically 
investigate how specific design changes (e.g. changing measurable game properties) affect specific 
outcomes such as engagement and learning (Boyle et al., 2016; Clark et al., 2014; Connolly et al., 2012; 
McClarty et al., 2012). Unable to locate an existing framework that facilitates such an approach to 
educational video games research, we proposed our own: MMT. 

The Model-Master-Transfer framework conceptualises this field in terms of three entities – the game, 
the player, and the real-world domain – and their relationships. Many educational video game studies 
bundle together all three processes of modelling, mastery, and transfer (Barton et al., 2016; Cheng & 
Su, 2012; Hsu et al., 2012; Sengupta et al., 2015; Squire et al., 2004), rendering it impossible to 
determine where things went wrong if the results are negative. But if a study investigates only one 
process, it can be easily overlooked for having insufficient relevance to the larger field of educational 
video games. MMT specifies the broader relevance of narrower studies. It provides a structure by 
which to break down educational video game research into more specific sub-process to study in 
greater depth, and also detailing how such narrow studies can be assembled to gradually build a larger, 
more comprehensive causal model of how educational video games achieve positive outcomes for 
players. 

This requires considering the variables that serve causal roles in the success of each of the three 
processes, and how those variables relate mathematically. MMT proposes such formulae. Successful 
modelling should result in high game veracity, as calculated by the difference between the real-world 
domain model and the game model. Mastery is predicted to be determined by the difficulty of learning 
(e.g. game complexity) and player engagement, and measured in terms of how the player’s 
performance differs from perfect performance derived from the game model. Transfer is predicted to 
be a function of the veracity of the game and the achieved level of mastery, and measured in terms 
of the difference between the player’s performance in the game versus their performance in the real-
world domain. 

MMT has many practical implications. For researchers, properties of the game that are causal variables 
in a theory of play or learning should be quantified to derive predictions. For example, if the theory of 
play hinges on agency, then use an operational definition of agency to quantify the degree of agency 
present in different experimental conditions to make predictions of engagement. For educational 
video game designers, they should build into their games measures of engagement and mastery, and 
ways for educators and researchers to manipulate properties of the game to test hypotheses and 
adapt the game to future contexts and findings. For example, there could be a configuration file that 
educators can edit to adjust the level of challenge or agency in the game. For educators, MMT reveals 
ways to improve the efficiency of trialling multiple game interventions, by checking the game 



properties like veracity of the game, and the level of mastery of players, to catch early trials that are 
likely to fail, to save time to try more promising games. 

Many of these recommended practices (quantifying game parameters relevant for play appeal, 
measuring complexity) could be facilitated by a model of the game. Making sense of mixed results 
would be aided if researchers would not just briefly describe their games, but model them with formal 
notation and provide the model diagrams as appendices in their studies. 

There are still many obstacles and sources of ambiguity in the field of educational video games 
research. Some could be combatted with the recommendations provided in this paper. The 
advancement of educational video games necessitates deeper investigation of the processes of 
modelling, mastery and transfer, more consistent and more detailed reporting of objectively 
quantifiable parameters, variables and models of games. Regardless of whether MMT proves popular, 
hopefully some of these recommended practices will become common. 
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Appendix 

The focus was on models that posit causal relationships or mechanisms because our aim was not to 
satisfy stakeholders or guide designers directly, but to assist at the more foundational level by 
improving our collective scientific understanding of educational and serious games. The collected 
papers' abstracts were screened to trim away papers not relevant to this investigation: Those that 
did not propose a causal model of how serious games achieve positive outcomes for players. For 
example, those that merely modelled player enjoyment, or clients' and stakeholders' concerns about 
managing a serious game project, were excluded. To be included, studies had to: 

• propose and explain a framework, 
• pertain to learning in games generally, not specialised only for a specific genre of game (e.g. 

puzzle games) or only for teaching a specific topic or skill (e.g. piloting aircraft), 
• propose causal mechanisms, not simply organising categories, 
• be a general framework of learning in games, not a technique or notation for converting a 

game into a formal model. 

Table 1 Summary of Reviewed Frameworks. 

Citation Framework 
Name 

Summary Use Major 
Entities 

Major 
Processes 

Abbasi, 
Ting, & 
Jamek 
(2015) 

Unnamed Relates engagement to factors of 
attention, retention, reproduction, 
motivation, and learning. 

Derive 
hypotheses based 
on causal 
relationships 

Game, Player Learning 
through play 

Ak (2012) Unnamed Framework for evaluating games, 
including input factors such as the 
curriculum, an intermediate 
play/learning cycle, and finally 
outcomes such as motivation. 

Guide 
evaluation of 
educational 
games 

Real-world 
domain, 
Game, Player 

Game design, 
Learning 
through play 



Amory 
(2007) 

Game Object 
Model version II 
(GOM II) 

Organisational framework relating 
the game, player, the problem to be 
solved, and the social environment. 

Guide design or 
evaluation of 
educational 
games 

Game, Player, 
Social context 

Learning 
through play, 
Social 
collaboration 

All, Nuñez 
Castellar, & 
Van Looy 
(2015) 

Unnamed Used interviews with stakeholders 
and game designers to derive an 
evaluation framework including 
learning, motivational, and 
efficiency outcomes. 

Guide evaluation 
of educational 
games 

Game Learning 
through play 

Ariffin, 
Oxley, & 
Sulaiman 
(2014) 

Unnamed Causal relationship between factors 
of learner background and 
motivation, and motivation to 
performance. 

Derive 
hypotheses based 
on causal 
relationships 

Player Learning 
through play 

Arnab et al. 
(2015) 

Learning 
Mechanics-
Game Mechanics 
(LM-GM) 

Relates specific learning mechanics 
to game mechanics. 

Guide design or 
evaluation of 
educational 
games 

Game Learning 
through play 

Carvalho et 
al. (2015) 

Activity Theory-
based Model of 
Serious Games 
(ATMSG) 

Relates the game, player, and social 
community to outcomes based on 
goals, tools and actions. 

Guide design and 
evaluation of 
educational 
games 

Game, Player, 
Real-world 
task/problem 

Learning 
through play 

De Freitas & 
Oliver 
(2006) 

Unnamed Framework to guide evaluation and 
design of educational games based 
on the context, learner 
characteristics, the pedagogy to 
teach, and the tool of media 
representation used (the game). 

Guide design and 
evaluation of 
educational 
games 

Game, Player, 
Real-world 
domain, 
Social context 

Learning 
through play 

Duke (1980) Unnamed An iterative stepwise process for 
designing a serious game for a 
client 

Guide game 
design 

Game, Real-
world 
task/problem 

Game design 

Eseryel, 
Law, 
Ifenthaler, 
Ge, & Miller 
(2013) 

Unnamed Relates motivations of interest, 
competence, autonomy, 
relatedness, and self-efficacy to 
engagement and problem 
representation 

Derive 
hypotheses based 
on causal 
relationships 

Player Learning 
through play 

Fjællingsdal 
& Klöckner 
(2017) 

Environmental 
Educational 
Game 
Enjoyment 
Model (ENED-
GEM) 

Relating factors of learner 
background and game properties to 
learning outcomes, via three-stage 
process starting with motivation, 
then gameplay, then learning 
outcomes. 

Derive 
hypotheses based 
on causal 
relationships 

Game, Player Learning 
through play, 
Applying to 
the real world 

Gunter, 
Kenny, & 
Vick (2006) 

Relevance 
Engagement 
Translation 
Assimilation 
Immersion 
Naturalization 
(RETAIN) 

Integrates elements of the ARCS 
motivational model, Events of 
Instruction, and Bloom's 
Taxonomy, into Salen & 
Zimmerman's (2003) Multivalent 
Model of Interactivity to derive 
guidelines for educational game 
design. 

Guide design of 
educational 
games 

Game Learning 
through play 

Hainey, 
Connolly, & 
Boyle 
(2010) 

Unnamed Evaluates game effectiveness based 
on the preferences, attitudes, 
perceptions, and motivation of the 
learner and instructor, and the 
environment in which it is used. 

Guide 
evaluation of 
educational 
games 

Player, Social 
context, 
Instructor 

Learning 
through play 



Harteveld 
(2010) 

Triadic Game 
Evaluation 

Macro cycle consists of three micro 
cycles: Engagement during play, 
making meaning or taking value 
from the game, and applying it to 
the real world. 

Guide 
evaluation of 
educational 
games 

Player Learning 
through play, 
Applying to 
the real world 

Jackson & 
Mcnamara 
(2017) 

Motivation and 
Mastery Cycle 
Framework 

A cyclical causal framework where 
player factors and game factors 
affect initial interest, interest 
affects persistence, persistence 
affects mastery, mastery affects 
self-efficacy, and self-efficacy 
affects interest, creating a positive 
feedback loop. 

Guide design of 
educational 
games 

Game, Player Learning 
through play 

Jorge & 
Sutton 
(2017) 

FUNIFICATION 
Model 2.0 

A Likert-type tool for evaluating 
the design of educational games. 

Guide evaluation 
of educational 
games 

Game Learning 
through play 

Kiili (2005), 
Kiili, 
Lainema, 
Freitas, & 
Arnab 
(2014) 

Unnamed Relates factors leading to flow, 
signs flow has occurred, and 
outcomes such as schema 
construction. 

Guide design and 
evaluation of 
educational 
games 

Game, Player, 
Task 

Learning 
through play 

Klabbers 
(2018) 

Unnamed Micro-cycle describes learning 
through play. Macro-cycle 
describes learning with external 
assistance such as debriefing. 

Guide research Player, Social 
context 

Learning 
through play 

Landers & 
Armstrong 
(2017) 

Technology-
Enhanced 
Training 
Effectiveness 
Model (TETEM) 

Relates attitudes of students and 
teachers about technology to 
learning outcomes 

Derive 
hypotheses based 
on causal 
relationships 

Player Learning 

Mayer 
(2012), 
Mayer et al. 
(2014) 

Unnamed Framework for game evaluation to 
satisfy stakeholders, incorporating 
the various roles that can be taken 
(e.g. organisational, player, learner, 
professional). 

Guide research Game, Player, 
Social context 

Learning 
through play, 
Applying to 
the real world 

Obikwelu & 
Read (2012) 

Unnamed Describes how constructivism can 
occur in educational games. 

Guide evaluation 
of educational 
games 

Player Learning 
through play 

Plass, 
Homer, & 
Kinzer 
(2015) 

Unnamed Cycle of play driven by game 
features (incentive system, game 
mechanics, aesthetic design, 
narrative design, and musical 
score), looping through states of 
challenge, response, feedback, and 
back to challenge. 

Guide game 
design 

Game Learning 
through play 

Roungas & 
Dalpiaz 
(2016) 

Unnamed Class diagram for an application 
for managing a design document 
for a serious game 

Guide game 
design 

Game Learning 
through play 

Shi & Shih 
(2015) 

GBL design 
model 

Relates game factors to outcomes 
of motivation 

Guide game 
design 

Game Play 

Starks 
(2014) 

Cognitive 
Behavioural 
Game Design 
(CBGD) 

Relates certain goals of the game 
designer to certain game features, 
which in turn are associated with 
certain player outcomes 

Guide game 
design 

Game Learning 
through play 



Westera 
(2017) 

Unnamed Computational model of learning 
through play based on cognitive 
flow. Models knowledge and game 
activities as a tree where 
prerequisite knowledge unlocks 
nodes further down the tree. 

Derive 
hypotheses based 
on causal 
relationships 

Game, Player, 
Real-world 
domain 

Learning 
through play 

Zee, 
Holkenborg, 
& Robinson 
(2012) 

Unnamed Framework to guide the design of 
an educational game based on a 
conceptual model of a real system, 
working with a client. 

Guide game 
design 

Game, Player, 
Real-world 
domain 

Game design 
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