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Preface

Over the past two decades, game-based learning has grown increasingly into a pop-
ular instructional approach due to its power to motivate and engage students in 
complex learning, such as problem-solving, decision-making, and metacognitive 
thinking. There has been a lot of effort to design and develop educational games or 
to use existing commercial entertaining games to create a game-based learning 
environment. Despite some ongoing debates about the positive or negative impact 
of digital games perceived by many people, there is sufficient empirical evidence to 
support the benefits of digital games (including video and computer games) for 
learners on several aspects, such as cognitive, motivational, emotional, and social 
domains. Since games have such capability and power to motivate and benefit their 
cognitive thinking, educational researchers have attempted to capture the fun, chal-
lenges, and engagement of gaming experience to be applied to learning and 
instruction.

Accordingly, the capabilities and possibilities of emerging game-based learning 
technologies bring about a new perspective of learning and instruction. The purpose 
of this edited volume Game-Based Learning Across The Disciplines is to map how 
various disciplines such as Economics, Business Administration, Management, 
STEM, Social Science, or History exploit the benefits of game-based learning, but 
also which specific challenges they encounter and how they cope with them. It fea-
tures three major parts: Part I—Inside And Across Social Science, Business, and 
Economics Disciplines, Part II—Inside And Across The STEM Disciplines, and Part 
III—Substantiating Game-based Learning.

In Part I, the contributions are set to explore game-based learning inside and 
across the disciplines of Social Science, Business, and Economics. The first chapter 
titled Applying Insights from Behavioral Finance and Learning Theory in Designing 
a Financial Education Serious Game for Secondary School Students (Julia 
Schultheis, Carmela Aprea, Chap. 1) describes the development of a serious game 
that aims to promote short-term financial decisions. The next chapter, Game-Based 
Learning in Economics Education at Upper Secondary Level, focuses on the pre-
sentation of a newly developed GBL environment—Moonshot—to promote the 
financial literacy of upper secondary students, its theoretical framework, and 
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describe the research design of the empirical study in which the game will be imple-
mented to assess the effects of GBL on financial literacy (Liane Platz, Michael 
Jüttler, Stephan Schumann, Chap. 2). Then, Jessica Paeßens and Esther Winther 
suggest in their chapter, Game Design in Financial Literacy: Exploring Design 
Patterns for a Collaborative and Inclusive Serious Game from Different Perspectives, 
a trialogue with nonplaying characters to foster and assess collaborative problem- 
solving (Chap. 3). The following chapter, Development and Pilot Testing of a 
Financial Literacy Game for Young Adults, present the theoretical foundations of 
serious games, how they have been implemented in this game, with a special focus 
on the game mechanics, as well as the results from the pilot testing phase of the 
game (Andrea Maria Pfändler, Chap. 4). Business Simulation Games: Three Cases 
from Supply Chain Management, Marketing, and Business Strategy explores some 
of the theoretical business concepts and models underpinning the use of educational 
games in business disciplines and explores how those are embedded in three busi-
ness simulations as illuminative practice examples (Scott J. Warren, Meranda Roy, 
Heather A.  Robinson, Chap. 5). Then, Serious Games as Assessment Tools: 
Visualizing Sustainable Creative Competence in the Field of Retail, shows how sta-
tistical models can help match the observed competence of players with an intended 
competence model formulated a priori and relates the findings to the underlying 
theoretical competence model (Susanne Weber, Mona Off, Tobias Hackenberg, 
Matthias Schumann, Frank Achtenhagen, Chap. 6). The final chapter of this part, 
Gameful Learning and the Syrian Conflict: Developing Global Learning 
Competencies in a Complex Conflict, discusses the Syria Simulation project through 
theoretical lenses and describes the ways in which the game’s design reflects an 
experiential system of rules, play and culturally responsive design (Jason Rosenblum, 
Selin Guner, Christie Wilson, Mity Myhr, Chap. 7).

In Part II, the contributions study game-based learning inside and across STEM 
disciplines. The first chapter, Designing Dynamic Learning Supports for Game and 
Simulation-Based Learning in STEM Education, presents two design cases of simu-
lation game-based learning platforms integrating dynamic learning support sys-
tems, discusses specific challenges that were encountered when incorporating the 
supports in the platforms (Byung-Joo Kim, Fengfeng Ke, Jewoong Moon, Luke 
West, Chap. 8). Next, Fostering Learning Transfer by Employing a Learning App 
for Future Preschool Educators in Vocational Schools focuses on the development 
of a learning app in the area of STEM education for future professionals in the area 
of Early Childhood Education and Care (Jana Heinz, Eva Born-Rauchenecker, 
Chap. 9). A Naturalistic Inquiry into Digital Game-Based Learning in STEM 
Classes from the Instructors’ Perspective seeks to gain insights from instructors into 
their teaching practices when integrating the variant game into STEM classes (Yun 
Li, Armanto Sutedjo, Suzanna J.  Ramos, Hector Ramos Garcimartin, André 
Thomas, Chap. 10). Then, Designing an Augmented Reality Digital Game for 
Adaptive Number Knowledge Development provides a detailed description of The 
Nomads game and an in-depth analysis of how underlying theories have informed 
the design and the development of the game (Jiaqi Yu, André R. Denham, Chap. 11). 
The final chapter of this part, The Iteration of Design and Assessment for a Digital 
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Game to Support Reasoning in a College Algebra Course, reports a design-based 
research project for an educational digital game Functions of the Machine, which 
was designed to motivate college students to learn mathematics through playing the 
educational game that scaffolds their reasoning, critical thinking, and problem- 
solving in mathematics, specifically algebra (Xun Ge, Scott N.  Wilson, Jackie 
T. Mania Singer, William M. Thompson, Keri A. Kornelson, Jessica Lajos, Braden 
Roper, Javier Elizondo, Stacy L. Reeder, Leslie Williams, and Margaret L. Kleiser, 
Chap. 12).

In Part III, the contributions demonstrate foundations of game-based learning 
and a look beyond discipline-centered approaches of game-based learning. The first 
chapter, Instructional Design for Digital Game-Based Learning, focuses on possi-
bilities to intermesh domain-specific knowledge and task structures with suitable 
game scenarios and game mechanics using examples from different domains 
(Jacqueline Schuldt, Helmut Niegemann, Chap. 13). Then, Play Attention: Thinking 
Like a Game Designer with Online Instructional Design explains why game-based 
learning can be impactful and describes strategies for thinking like a pedagogue and 
a game designer simultaneously (Christopher Lindberg, Meghan Naxer, Chap. 14). 
The following chapter, The Teacher-Centered Perspective on Digital Game-Based 
Learning, aims to provide an overview of quantitative and qualitative methods from 
diverse disciplines for the teacher-centered evaluation of game-based learning 
approaches (Thea Nieland, Anna Fehrenbach, Maximilian Marowsky, Miriam 
Burfeind, Chap. 15). Narrative, Video Games, and Performance In Situ: Evaluating 
Learning Within Games and Implications for Research from a Literacy Perspective 
is dedicated to establishing the relationship between the field of literacy and game- 
based learning (P. G. Schrader, Kenneth J. Fasching-Varner, Michael P. McCreery, 
Chap. 16). Next, Could Minecraft Be a School? What Are the Transdisciplinary 
Implications of this Game-Based Learning Environment? reflects on possible impli-
cations for teaching and learning if schools stopped requiring a planned curriculum 
and instead would engage in an immersive game-based learning environment 
(Bryan P. Sanders, Chap. 17). The final chapter, Looking Back and Moving Forward 
with Game-based Learning Across the Disciplines, highlights the current state of 
research in game-based learning with a specific emphasis on cross-disciplinary per-
spectives as well as concludes with future directions for research and practice 
(Carmela Aprea, Dirk Ifenthaler, Chap. 18).

Without the assistance of experts in the field of game-based learning, the editors 
would have been unable to prepare this volume for publication. We wish to thank 
our board of reviewers for their tremendous help with both reviewing the chapters 
and linguistic editing.

Mannheim, BW, Germany Carmela Aprea 
Mannheim, BW, Germany and Perth, WA, Australia Dirk Ifenthaler
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Chapter 1
Applying Insights from Behavioral Finance 
and Learning Theory in Designing 
a Financial Education Serious Game 
for Secondary School Students

Julia Schultheis and Carmela Aprea

1.1  Importance of Financial Literacy and Challenges 
in Financial Education

During the current COVID-19 pandemic, the media has focused on the importance 
of financial buffers for private households. It became clear that although not every-
one is able to build a financial buffer, the planning and management of one’s own 
money is essential. Besides sudden and unforeseeable events such as the COVID-19 
pandemic, studies show an increase in household indebtedness since 2008 (OECD, 
2017). The increase also underlines that the management of one’s financial matters 
is something that is relevant in all life situations to avoid over-indebtedness. The 
ability to reasonably deal with money and financial matters is called financial lit-
eracy. The increasing importance of this ability is widely acknowledged, and finan-
cial literacy is considered a twenty-first-century skill (Aprea et al., 2016; Davies, 
2015; Lusardi, 2015). One component of financial literacy is being able to make 
reasonable and considered financial decisions. For financial decision-making and 
financial planning to become widespread skills, financial education programs are 
needed. However, meta-analyses show that such programs are not as successful as 
they are intended to be (Fernandes et al., 2014). One reason for this problem could 
be the fact that these programs mainly focus on knowledge aspects and leave moti-
vational and behavioral aspects aside (Aprea & Wuttke, 2016). For example, imag-
ine a person who has to draw a monthly budget. This person needs to know what 
aspects belong in a budget, the differences between variable and fixed costs, and 
how to calculate the budget. These are knowledge aspects. While the person may be 
able to draw the budget, because he or she is familiar with all the knowledge aspects, 
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it is unsure if he or she will actually draw a budget. At this point, motivation and 
behavior come into play, but this is often left aside in traditional financial education 
programs. Serious games seem to be a promising way to overcome these obstacles, 
as they provide the possibility to simulate decision-making processes and foster 
motivation. Serious games are “digital games that merge a non-entertaining purpose 
(serious) with a video game structure (game)” (Djaouti et al., 2011). Meta-analyses 
and literature reviews show their promising results regarding the promotion of moti-
vation and the development of cognitive skills (Clark et al., 2016; Connolly et al., 
2012; Sitzmann, 2011; Wouters et al., 2013).

Based on these considerations, this chapter aims to describe the design of a seri-
ous game intended to foster the financial literacy of secondary school students. It 
was initiated by a joint venture of two Swiss teacher associations and the Association 
of Swiss Cantonal Banks (VSKB Verband Schweizer Kantonalbanken) as a response 
to a reform in Swiss basic education curricula. The new curricula entailed a compe-
tence orientation and the inclusion of financial literacy aspects in grades seven to 
nine for the first time. In this chapter, we will report on the genesis of the game, with 
special emphasis on the theories that underlie the game. Thus, the key research 
question is as follows: How should a serious game be designed to support financial 
decisions? As researchers in the field of serious games and game-based learning 
highlight (e.g., Qian & Clark, 2016), designing games for a specific educational 
purpose presents an interdisciplinary challenge, as it requires a deep understanding 
of game design aspects as well as sustained knowledge of the game content and a 
foundation in relevant learning theories. In addition, a profound analysis of the tar-
get group and the context in which the serious game should function is required. 
Consequently, the structure of this chapter is as follows: In Sect. 1.2, we will outline 
the theoretical foundations that we used to inform the design of the financial educa-
tion game. To model the game content, we particularly drew on behavioral finance 
(i.e., financial decision-making) and on theoretical perspectives that focus on cogni-
tive and motivational aspects of game-based learning as well as insights from game 
design theory. We have chosen these approaches because they represent the state of 
the art in both content and learning-related regards of our specific field of applica-
tion. We then delineate in Sect. 1.3 the process of developing the financial education 
serious game, including the target group and the contextual analysis. In Sect. 1.4, 
we will demonstrate how the suggestions from behavioral finance, learning theo-
ries, and game design theory as well as from the additional analyses have been 
translated into the design of the financial education serious game. We conclude the 
chapter with a discussion of the development process and the final financial educa-
tion serious game and give an outlook on future research projects.
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1.2  Theoretical Foundations to Inform the Design 
of the Financial Education Serious Game

When developing a game for learning, other findings besides game design need to 
be taken into account (Kalmpourtzis, 2018). These include, on the one hand, the 
corresponding domain science and, on the other hand, theories of learning and moti-
vation. For the game we developed, behavioral finance is the corresponding domain 
science. Figure 1.1 shows the connection of these theories for the design of our 
game. In addition, the context needs to be addressed, i.e., the conditions under 
which the game is developed and/or intended to function. It includes, for example, 
the target group as well as the available resources. In this section, insights from 
behavioral finance and theories of learning and motivation are addressed. 
Furthermore, it will be discussed how game design elements have to be imple-
mented in order to meet the requirements of the theories of learning and motivation. 
In Sect. 1.3, the context in which the game was developed will be described.

1.2.1  Relevant Insights from Behavioral Finance

Behavioral finance is a branch of financial economics, a relatively new research 
direction that could be understood as a kind of countermovement to traditional eco-
nomic theory. In this section, we will briefly describe how and why behavioral eco-
nomics differs from traditional economic theory, delineate key aspects, and argue 
why it is suitable for financial education.

One of the key assumptions of the traditional economic theory refers to the homo 
oeconomicus. Homo oeconomicus is a simplifying model assumption that repre-
sents an agent who always makes decisions based on economic considerations. As 
a consumer, homo oeconomicus always pursues the goal of maximizing utility. The 
homo oeconomicus has (1) complete information about all markets, (2) knowledge 
of all decision options, (3) no preferences or aversions, and (4) immediate reactions 

Fig. 1.1 Interrelationship 
of the game determinants 
(own representation based 
on Kalmpourtzis, 2018)

1 Applying Insights from Behavioral Finance and Learning Theory in Designing…



6

to changes in circumstances. Based on these core assumptions, homo oeconomicus 
(also known as a rational agent) makes financial decisions. This model simplifies 
basic economic interdependences, which allows for high abstraction and elegant 
mathematic modeling, while neglecting the complexity of human beings and their 
decision-making, including financial decisions (Daxhammer & Facsar, 2018; Glaser 
et al., 2004; Yoong, 2013). The main criticism of the traditional economic theory is 
that it considers all humans as rational agents. Psychological influences such as 
emotions, attitudes, or personal preferences in decision-making are completely left 
aside as well as the possibility of making mistakes when receiving and processing 
information. This is one reason why traditional economic theories fail to predict the 
development of economic crises.

This criticism of homo oeconomicus is now gathered under the theoretical 
approach of behavioral economics. Behavioral economics dismisses the concept of 
the homo oeconomicus by assuming that rationality is limited, and the agents are 
regarded as people who are exposed to psychological influences and personal pref-
erences. Behavioral finance is a subdiscipline of behavioral economics that focuses 
on the cognitive and affective aspects that influence human behavior and applies 
insights from psychology to the decision-making process (Prosad et al., 2015). The 
theory of bounded rationality by Herbert Simon (1959) was the starting point for 
research on behavioral finance. Experiments have shown not only that people act 
rationally and out of self-interest but also that fairness is an important argument for 
them, even if it means they have to pay more (Loerwald & Stemmann, 2016). The 
prospect theory of Kahnemann and Tversky (1979) described how individuals make 
decisions and which factors influence this process: The decision-making of indi-
viduals is based on biases and is driven by heuristics. In the following, we will 
define heuristics and biases and illustrate selected ones in more detail.

Heuristics are shortcuts or rules of thumb that are used to approach complex 
problems. Heuristics can reduce complexity and help with information processing. 
Prospect theory describes three main heuristics: availability heuristic, representa-
tiveness, and anchoring and adjustment heuristic. In the following, we will describe 
these heuristics and illustrate them with examples for better understanding.

• The term availability heuristic describes how people estimate a probability 
depending on how quickly they think of an example or a situation. For example, 
one may assess the risk of having a heart attack by recalling how many of his or 
her friends have had a heart attack (Tversky & Kahnemann, 1974). Regarding 
financial decisions, individuals may assess the risk for investing in shares based 
on previous experience with shares or stories they heard from friends or family.

• The representativeness heuristic is a judgment heuristic in which the probability 
of an event is determined based on a stereotypical character, while information 
about the general probability of an event is ignored. For example, if a student in 
a suit is sitting in the university cafeteria, he or she will be considered a business 
or law student, regardless of how large the proportion of business or law students 
is compared to all students at the university. Regarding financial decisions, indi-
viduals may judge the development of a share based on its current performance. 

J. Schultheis and C. Aprea



7

Investors are likely to think that stocks that performed well recently will also 
perform well in the future.

• The anchoring and adjustment heuristic describes an approach to estimating 
unknown variables. Individuals usually start with a known or estimated value 
(the anchor) and adjust that number either higher or lower, whichever seems 
reasonable. For example, when one is asked how long it takes Mars to go around 
the sun, a person using this approach will probably begin with 365 days (how 
long it takes the earth to go around the sun) and then incrementally adjust the 
number (Tversky & Kahnemann, 1974). Regarding financial decisions, an indi-
vidual who does not know how much money they spend on food in a month will 
start by estimating how much they spend on food weekly and then increase 
this number.

Biases are influences and distortions of perceptions that affect the decision- 
making process. Three of the most important biases are illusion of control/overcon-
fidence, confirmation bias, and home bias.

• Illusion of control/overconfidence describes the tendency of humans to overesti-
mate their cognitive abilities and skills, which leads to an inflated view of one’s 
own abilities and a lower estimated risk of losses. For example, 80% of drivers 
consider themselves as a part of the 30% best car drivers (Loerwald & Stemmann, 
2016). This is also possible in the context of financial decisions—for example, 
when investors make a targeted selection of stocks and bonds without consider-
ing risk diversification because they believe that their selections are safe 
from loss.

• Confirmation bias occurs when people seek out information or evidence that 
supports their existing thinking and beliefs. People tend to overvalue information 
that confirms their statements and ignore information that contradicts their state-
ments (Andrews et  al., 2018). A physician might not examine a patient thor-
oughly because the patient is a known hypochondriac. By doing so, a physician 
may not be able to diagnose a serious illness. In the field of financial decision- 
making, investors might seek out information that confirms their opinions and 
filter out potentially useful facts. This could lead to harmful investment decisions.

• Home bias (or ambiguity aversion) describes the preference for known risks over 
unknown risks. When choosing between two bets, people are more likely to 
choose the bet for which the odds are known, even if the odds are poor, rather 
than the one for which they do not know the odds (Daxhammer & Facsar, 2018). 
Ambiguity aversion in the field of financial decision-making can be the tendency 
of investors to invest in funds they already know.

Behavioral finance provides insights into the factors influencing the decision- 
making process. These insights are important to directly consider and counteract in 
financial education interventions (Altman, 2012; Loerwald & Stemmann, 2016). As 
discussed above, traditional forms of education fail to support actual decision- 
making processes. Therefore, the advantage of financial education games is the 
simulation of financial decision-making processes. By integrating heuristics and 
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biases directly into a game and combining them with insights from game-based 
learning, we can overcome the challenges.

1.2.2  Insights from Theories of Learning and Motivation 
and Related Empirical Research

As explained in the introduction, serious games can promote learning and motiva-
tion. The following section will examine in more detail how games can promote 
cognitive and motivational elements of learning:

 1. Games can help build knowledge and cognitive skills by confronting learners 
with problems and challenges in a virtual world. In this way, learning is contex-
tualized and situated (Prensky, 2001). This can enable meaningful and targeted 
learning—for example, by providing relevant information at the time it is needed. 
In order to solve the given tasks and challenges, the learners also draw on their 
prior knowledge and experiences. They then form mental models based on the 
game information and previous knowledge to solve the given problems. An inte-
gral part of the game is that the game gives the learners direct feedback on their 
approach to problem-solving. Similar to experiential learning, the learners can 
try different strategies in the game world and learn from their errors. However, 
incorrect decisions have no consequences for the real world. Serious games thus 
provide a safe and error-friendly environment. The information processing that 
the learners go through while playing can lead to a change or consolidation of 
existing mental models.

 2. Games can promote joy, intrinsic motivation, and a positive attitude toward 
learning. As games are entertaining, it is assumed that they are an attractive 
learning medium, especially for young people. They can therefore involve learn-
ers more emotionally, which in turn can manifest itself in intrinsic motivation. 
Intrinsic motivation is based on curiosity, challenge, control, and imagination. 
These can be found in serious games, as they stimulate sensory and cognitive 
processes, are goal-oriented, and tell a story (Tobias & Fletcher, 2011). The 
increase in motivation can then initiate cognitive processes in the learners and 
thereby make the process of forming mental models attractive in a playful way. 
Games can also fulfill the human needs highlighted by Ryan and Deci (2000) in 
their theory of self-determination, which includes competence, autonomy, and 
social relatedness. Learners can experience competence through the game’s 
feedback on their actions, as they receive direct feedback on the success of their 
actions. Autonomy can be experienced through freedom when determining the 
strategy to solve problems. Through interactions with the game or other learners, 
learners can experience the feeling of relatedness. Because of the immersive 
character, games can also provide a flow experience, which means that the learn-
ers are highly concentrated and completely immersed in a story. Experiencing 
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flow can have a positive influence on learning. These motivating characteristics 
of games can influence learning in general as well as in specific domains.

Despite these potentials, learning with games is not a sure-fire success. This is 
evident, for example, in a meta-analysis by Clark et al. (2016) including 69 studies. 
Here was found that game design has an effect on learning outcomes. For example, 
game design elements such as design perspective, complexity of game story, and 
sophistication of game mechanics influence learning outcomes. The results of 
Sitzmann’s (2011) meta-analysis also show that players need to be actively engaged 
by a game in order to maximize learning potential by having the game promote 
engagement with the learning content. Consequently, careful game design is essen-
tial to harness the full potential of games (Gibson, 2015). In the following section, 
these game design elements and the requirements from theories of learning and 
motivation are discussed in more detail.

1.2.3  Game Design Theory and Implications 
from Empirical Evidence

Game design theory provides information about the various elements that constitute 
a serious game. These elements are presented in the following, including empirical 
results about the effect that their design has on cognitive and motivational learning 
processes.

In general, the learning activities in a game should have clear learning objectives 
and relate to a specific domain. Learning goals and objectives of the game should be 
precisely coordinated (Kalmpourtzis, 2018). In serious games, it is also important 
that the serious and the entertaining elements are balanced and coordinated. To 
ensure this, game designers configure specific game design elements. Although 
there is no defined taxonomy of game design elements, many elements overlap in 
research and refer to the following game design elements: game mechanics, narra-
tive, aesthetics, incentive and feedback mechanisms, and scaffolding (Plass et al., 
2015). The elements are presented in the following paragraphs. Additionally, empir-
ical results are provided to show how the implementation should be designed in 
order to have a beneficial effect on learning and motivation.

Game mechanics refer to all activities that reflect the learning-related activities 
in the game. The learners are confronted with a challenge and have control over the 
actions in the game. The adaptation of the challenge in a game can increase linearly 
or adapt to the success of the learners based on assessments. In order to meet the 
challenges, learners have to follow defined rules (framework that limits the activi-
ties of the learners) with specific goals or objectives (criteria for how to win). While 
playing, learners interact with the game and, depending on the game design, with 
other learners. The interactions with other learners can be cooperative (learners 
have to solve tasks together) or competitive (learners compete to solve tasks). The 
level of challenge has an influence on the motivation of the learners. Too low or too 
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high a challenge can lead to frustration and reduced motivation among learners (Van 
Staalduinen & de Freitas, 2011). Both types of adaptation can satisfy the need for 
autonomy and show an increase in cognitive learning outcomes for learners (Wilson 
et al., 2009). Clear and specific goals can increase motivation and are a prerequisite 
for experiencing flow (Garris et  al., 2002; Van Staalduinen & de Freitas, 2011; 
Wilson et  al., 2009). Cooperative and competitive elements, such as multiplayer 
options or leaderboards, have positive effects on motivation and cognitive learning 
outcomes. Interaction elements can also support the feeling of social inclusion 
(Plass et al., 2015).

The narrative is the story around which the game develops. The narrative also 
includes the characters or avatars and the location in which a game is situated. The 
narrative gives the learners a context and helps them understand the goals and rules 
of a game. The narrative can arouse the interest of the learners. It can also trigger 
positive emotions and motivate learners (Dickey, 2006). It should be noted that a 
complex action could distract from the content, making learning difficult due to 
cognitive overload (Wouters et al., 2013). Empirical results also show that the devel-
opment or choice of one’s own avatar can lead to an increase in motivation, interest, 
and attention as well as positive emotions. It is assumed that this is because learners 
can then identify with the avatars (Fox & Bailenson, 2009; Plass et al., 2015; Yee & 
Bailenson, 2006).

Aesthetics refer to the visual and auditory representation of a game. These types 
of representation help learners perceive the reality of the game. On the one hand, the 
aesthetics are the visual and musical presentation of the narrative and can thus direct 
the attention of the learners. On the other hand, the game mechanics are integrated 
into the aesthetics, which means that the learners receive feedback through the aes-
thetics—this can be both visual and auditory. Research shows that the visual and 
musical elements can arouse interest and positive emotions in learners, which can 
lead to improved cognitive learning outcomes. Games designed in the third-person 
perspective are more likely to change behavior than games designed in the first- 
person perspective. It is assumed that because learners observe themselves from the 
third-person perspective, they reflect on their real-life behavior (Kapp, 2012). If the 
game depicts elements (e.g., a map) from the real world, learners can more easily 
activate their previous knowledge and transfer the game content into reality (Plass 
et al., 2009).

The incentive and feedback mechanisms of a game aim to motivate learners and 
give them feedback on their behavior. The learners get feedback on their actions and 
experience how successful these actions were. In this way, the learners get hints for 
future behavior in the game. Feedback can also be designed as an incentive by 
awarding points, money, or trophies or by unlocking new levels if learners are suc-
cessful. Incentive systems can evoke joy and commitment and have a motivating 
effect on learners in the context of experiencing competence (Cruz et al., 2015). 
Feedback during the game seems to be more effective on cognitive outcomes than 
feedback after the game (Johnson et al., 2017).

Scaffolds are supporting elements that appear especially in learning games. They 
are used to provide assistance in understanding and dealing with challenges. Static 
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scaffolds give all learners the same support (e.g., by a tutorial level). Adaptive scaf-
folds measure the performance of the learners and give them specific feedback on 
this basis. It is important to ensure that support is gradually reduced during the 
course of the game in order to enable an experience of competence (Plass et al., 2015).

1.3  Development Process of the Financial Education Serious 
Game “FinanceMission Heroes”

In this section, we will illustrate the development process while considering the 
theoretical and empirical findings described above. Therefore, we will describe the 
development steps with a focus on learning theories and behavioral finance.

The development process was inspired by a design-based research approach 
(e.g., Design-Based Research Collective [DBRC], 2003). In this process, a team of 
interdisciplinary experts (notably researchers from media psychology, business and 
economics education, economics, behavioral and household finance, and business 
ethics), game designers, media designers, and secondary school teachers collabo-
rated closely. Hence, in the design-based research approach, designing, analyzing, 
testing, and redesigning alternated during the development process. As a first step, 
a needs analysis was conducted to learn about the needs of the persons affected by 
the game, such as parents, students, and teachers. The prestudy included workshops 
with these people, in which they were asked to describe typical situations where 
adolescents get in touch with financial issues. They were asked to name competen-
cies they consider important to deal with these situations. There was also a content 
analysis of the new curriculum and a review of financial education programs in 
other countries for the same age group. This prestudy revealed situations and tasks 
and a first list of requirements for the game. The team of experts and the steering 
committee discussed the results. They decided to focus on purchasing decisions and 
budgeting, as these seemed to be the most important aspects for the adolescents to 
learn. A model of related content was built. Content-related and technical organiza-
tional requirements were identified, and everything was merged into a tender 
specification.

Based on the tender specification, a team of game designers was selected and 
was assigned to develop a digital learning game. During the game-development 
process, the game designers met with the steering committee and the group of 
experts regularly to consult about the game. The experts and selected secondary 
school students tested prototypes of the game at different developmental levels. 
They repeatedly provided feedback, which was then taken into account in the fur-
ther development process. In some cases, the whole team had to make design deci-
sions where theoretical game design insights stood in contrast with constraints of 
some team members. This concerned, for example, the possibility of getting into 
debt, the product range of the equipment store, and the control of time. The whole 
team discussed these aspects to find solutions that met the requirements and needs, 
were appropriate, and did not destroy the spirit of the game. A detailed description 
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of the creation process can be found in Aprea et al. (2018). The result of this devel-
opment process is an action game with a superhero story. The objective of the game 
is to encourage financial decision-making and, in particular, short-term decisions 
regarding the budget, as these decisions could be conceived as the core component 
of financial literacy (e.g., Gutter et al., 2016). In doing so, players should learn to 
identify and use different sources of income. In addition, the players should learn to 
make targeted and conscious investment decisions. The game control works by 
point and click. The game can be played directly in the browser as an online game, 
but there is also a downloadable version for Windows and Mac. In the online game, 
there is the possibility of registration so that scores are saved and the game can be 
continued at a later time. In the download version, the game scores are saved auto-
matically. The game is also available as an app for smartphones in the AppStore and 
the Google Play Store. Detailed screenshots of the game design and structure can be 
seen in the next section.

1.4  The Developed Financial Education Serious Game: 
FinanceMission Heroes

In this section, we will demonstrate how the insights from behavioral finance, learn-
ing theories, and game design theory were put into action. This section is structured 
according to the game structure, as the game structure depicts the decision-making 
process. In each section, we will first describe the game design elements and sub-
stantiate their realization with insights from behavioral finance and theories for 
learning and motivation and game design theory. This will first be done in the form 
of a table, followed by a comprehensive explanation of the individual game phases 
and game elements. The order is as follows: narrative, configuring the avatar, tuto-
rial, overview, equipment store, time management, level, and statement of accounts 
(Table 1.1).

The narrative of the game FinanceMission Heroes is a classic superhero plot with 
a Marvel-inspired visual aesthetic. It is placed in a fictional town. Robots have 
invaded the local bank, wanting to steal the money from all the savings accounts. 
The players take on the role of the students of the local school, and their goal is to 
fight the robots to protect their savings. The challenge for players is to develop a 
strategy that includes time management, earnings planning, and budgeting for 
equipment purchases. The game consists of ten consecutive levels with increasing 
difficulty. Each level has a number of small robots that can get in the way of players 
and cause them to lose important health points. The players have to win against a 
big robot at the end of each level. The objective is to win the fight against the final 
boss in the last level, after which the savings are rescued. The game was designed 
with a third-person perspective. With the third-person perspective, the players can 
watch themselves in action, which is expected to encourage a reflection on the play-
ers’ decision-making process. The narrative provides a stage for the decision- 
making process according to behavioral finance theories. According to insights 
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from learning theories, the narrative enables situated learning for financial decision- 
making. The Marvel-inspired visual aesthetics and the superhero story are expected 
to have a positive impact on the players’ interest and motivation in playing the game.

1.4.1  Configuring the Avatar

At the beginning of the game, the players can configure and name their own avatars 
for the game. The game offers options for sex, haircut, and skin color. This gives 
players the opportunity to develop a character with which they can identify. If play-
ers can identify with the avatar, it is assumed that motivation, attention, and interest 
in a game will increase (Fig. 1.2).

1.4.2  Tutorial

The tutorial introduces the story, the goal, and the basic functions of the game by 
using explanatory bubbles. The objective of the tutorial is to teach the players the 
game controls. The tutorial is mandatory, but players can skip it, which meets the 
players’ need for autonomy. The tutorial meets learning theoretical requirements, as 

Fig. 1.2 Configuring the 
avatar
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it is a scaffold for the players to discover the goal and to learn the controls in a 
secured environment.

1.4.3  Overview

The overview screen gives the players various information and options: First, the 
players can see which levels they have already played (and how often) and which 
levels they have unlocked. Second, when the players choose an unlocked level, they 
are given specific information about this level—for example, how many and which 
small robots they can expect in the chosen level and how often they have already 
played this level. Third, this screen also provides information about the achieve-
ments of the characters, such as their received medals and experience. The objective 
of this screen is that the players have to decide if they want to play levels again or if 
they want to play a recently unlocked level. By playing a level they have already 
mastered, players can earn more medals and experience points. By choosing new 
levels, the players can unlock more levels. The possibility to repeat levels triggers 
ambiguity aversion, as the players can choose a level with known challenges over a 
level with unknown challenges. By giving the players the option to choose the level, 
the game meets the players’ need for autonomy and competence.

On the overview screen, players can use the calculator to calculate in advance 
how expensive a level will be by specifying the number of robots they want to fight 
and the equipment they want to buy. The calculator supports the players’ anchoring 
heuristics by giving them the opportunity to imagine what to expect during the level. 
The calculator is a scaffold, as it helps the players to plan and calculate different 
strategies (Fig. 1.3).

1.4.4  Equipment Store

After choosing a level, the players enter the equipment store. At this point, the play-
ers can equip their characters by buying or repairing appropriate equipment for the 
upcoming level. In the equipment store, the players can buy weapons, protective 
clothes, level boosters, and capes. The overall rules for the store are as follows: (1) 
The players can only buy as much equipment as they have money. (2) After every 
newly mastered level, new equipment is unlocked. (3) The new equipment is more 
expensive and more powerful than the previously available equipment. (4) There are 
different equipment options regarding price and power. (5) Once bought, durable 
equipment can be used throughout the whole game. (6) Used equipment needs to be 
repaired (if durable good) or bought new (if consumer good).

The shopping options are fourfold: weapons, protective clothing, boosting 
options, and capes. The weapon helps the avatar fight the robots. The weapons are 
everyday objects such as road signs or frying pans. The players get information 
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about durability and power for each weapon. Second, the players can buy protective 
clothing. The clothes can protect the avatar and slow down the loss of health points 
during the fights with the robots. Weapons and protective clothes are durable goods, 
which means that the players can repair and use these items as often as they want to. 
Third, the players can buy boosting options, which are items that give the avatar a 
power boost or support during a level. The boosters are consumer goods, which 
means the players have to buy them again after they have used them. Fourth, the 
players can buy capes to equip their avatar. The capes are vanity items and have no 
benefit in winning the game. From a behavioral finance point of view, the selection 
of equipment depicts anchoring heuristics, as the players will choose the equipment 
based on their experiences in the preceding levels. The selection of the level boost-
ers depicts the availability heuristics, as the players decide how many boosters they 
need based on their experiences in the preceding levels. When the players do not 
spend sufficient money on the equipment, this might come from an overconfidence 
bias, as they think they do not need the equipment. From a learning theoretical point 
of view, the options in the equipment store meet the need for autonomy by offering 
different options to equip the characters. Furthermore, the store situates the learning 
by modeling purchase decisions. The similarities with situated learning are the pro-
vided context for financial decisions. The game fosters experiential learning, as the 
players can develop and try out different shopping and equipment strategies during 
the game.

Fig. 1.3 The overview screen
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1.4.5  Time Management

After the players choose their equipment, they have to decide on their time manage-
ment. The game offers three options for how the players can spend their time. Each 
option has its own rules. First, they can spend time learning. By doing so, the avatars 
can improve their grades, which results in more time for the next level. The players 
can also spend time on a side job. In the side job, the avatars can earn money without 
any risks. This is the safest way to earn money but is also the least lucrative one. The 
third option is to spend time on a level, where the players can fight the robots. By 
playing the levels, the players can earn the most money but also face the risk of los-
ing money. The players can make money the safe way with the side job, in which 
they also earn less, or with the levels, which are riskier but, if succeeding, are also 
more profitable. They can also develop a strategy in which they first earn money 
with the side job and then buy more expensive equipment with the earned money. A 
strategy regarding the grades and the curfew could be that the players will improve 
their grades to have more time in the first place. After the grades are improved, the 
players can set the controls so that they have more time in a level to fight the robots. 
The operation of the time slide represents an anchoring heuristic, as the players will 
change the settings based on their experience in previous levels, how much time 
they need, and whether they want to earn money without risk. If the players do not 
plan enough time for a level, this may be due to overconfidence bias. The part-time 
job provides an opportunity for the players to earn money without risk, which 
reflects ambiguity aversion in the game. In terms of learning and motivation theo-
ries, these settings have the following meaning: Players are free to decide on a 
strategy for how they want to earn money and spend their time, thus enabling them 
to experience autonomy. In addition, the players get a scaffolding, because the time 
slide controls always remain in the settings from the previous level (Fig. 1.4).

1.4.6  Level

The objective of each level is to unlock the next level; the players have to fight the 
big robot at the end of the level. To do so, they have to start the level by fighting 
small robots. The amount of small robots is announced on the overview screen. The 
higher the level, the higher the difficulty, which means that there are more small 
robots in the way and that the route to the big robot becomes longer at each level. 
The design of the levels is randomized and not foreseeable. The players can abort a 
level at any time. This causes the loss of the earned money, and the equipment 
(weapons and clothing) stays damaged and needs to be repaired. If the players lose 
too many health points, the level will abort automatically. In this case, the players 
will also lose the earned money, and the equipment stays damaged and needs repair. 
A little bar over the head of the avatar informs the players about the status of 
health points.

J. Schultheis and C. Aprea
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During the levels, the players have several rules that build the framework, within 
which they can decide on strategies for how to solve the challenges. (1) The players 
can play as long as their avatars have enough health points and enough time. With 
each robot attack, they lose health points. The bigger the robot, the bigger the loss. 
This means that better and more expensive equipment is needed at higher levels. (2) 
As the higher levels are longer, the players need more time to finish higher levels. 
(3) Passageways can be blocked randomly by a door; the players have to open them 
with a keycard. The keycards are hidden behind small robots. As the players do not 
know which small robots hide the keycard, they have to fight the small robots until 
they find the keycard.

Behavioral finance theory is embedded in the levels as follows: The designs of 
the levels, the robot types, and the tasks of each level are similar. Thus, the players 
use anchoring and representativeness heuristics to complete the levels. The players 
might suffer from overconfidence bias as the difficulty of the levels increases, and 
the strategy needs to be adjusted regularly. Learning and motivation theories are 
represented by the increasing difficulty of the game, and players must gain skills 
and experience to meet the increasing challenge. Thus, the players’ need to experi-
ence competence is fulfilled. The possibility to quit any level at any time fulfills the 
need for autonomy of the players (Fig. 1.5).

Fig. 1.4 Time management
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1.4.7  Statement of Account

At the end of each level, the players get a statement of their account. The objective 
of the statement is to inform the players about the amount and the source of their 
income and expenses and to show how expensive the repair of the equipment is. The 
players have to decide whether they want to repair their equipment to use it for the 
next level. The statement gives hints of how the players can improve their strategy. 
In terms of learning and motivation theory, the account statement is feedback, as 
players can see at a glance the results of the previous level. It also serves as a repre-
sentation of a bank statement, which facilitates the transfer of learning from the 
game to the real world. The hints on how to improve the strategy are scaffolding for 
the players (Fig. 1.6).

1.5  Discussion and Outlook

In this chapter, we described the development of a financial education serious game 
for secondary school students. In order to promote learners’ short-term financial 
decision-making, insights from behavioral finance, theories of learning and motiva-
tion, and game design theory were combined.

Fig. 1.5 The level
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Experts from various fields (e.g., economic and media education, game design, 
behavioral finance, and teachers) were involved in the development of the game. 
The resulting game, FinanceMission Heroes, has a superhero story in which players 
have to fight against robots. In order to be successful in the game, the players have 
to develop a financial strategy and adjust it regularly. During the first usability tests, 
the game was perceived as motivating and interesting (Aprea et al., 2018). After the 
development of the game, additional learning materials were developed to facilitate 
the integration of the game into school lessons. The materials are designed to com-
bine the game and classroom learning in order to facilitate the transfer of the content 
from the game to the real world. These materials have been used and tested in class 
and show promising results. A further quasi-experimental study with students found 
that the use of the game in combination with pretraining in the area of conceptual 
knowledge could lead to significant learning success (Schultheis & Aprea, 2020).

However, despite these promising results, the game, which resulted from this 
process, has some limitations: During game development, the requirements of the 
different user groups, as well as the sponsors, had to be taken into account. Thus, 
compromises had to be found in close coordination between game designers, 
affected groups, and the other experts involved. One shortcoming of the game is the 

Fig. 1.6 Statement of account
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lack of multiplayer options, such as leaderboard or other direct interaction options. 
Although empirical results show a strong effect on motivation, this was not imple-
mented due to limited funding. Another limitation results from the lack of log files. 
Log files would have enabled a comprehensive and in-depth analysis of gaming 
behavior. The sponsor has decided against log files for data protection reasons.

In addition to the limitations as discussed above, there are a number of open 
questions that need to be addressed in future studies. These include the following in 
particular:

One question will be whether the heuristics and biases implemented in the game 
are the same heuristics and biases on which real financial decisions are based. 
Therefore, the next research step will be an external validation to determine whether 
the decisions in the game match real financial decisions. Besides the external valida-
tion, experimental validation is planned. The effects of serious games on learning 
success, motivation, and the development of mental models mentioned in the meta- 
analyses will be investigated. Particular references will be made to the connection 
between the theories of learning and motivation and game design.

As already mentioned, serious games are not a sure-fire success and require a 
structured and comprehensive integration into a learning arrangement. Further 
research is needed to determine the best way to integrate the game into learning 
arrangements. Of course, this needs to be examined from both a practical and a 
learning theory perspective. In addition to the further investigation of the existing 
financial education serious game, the development of new serious games in the area 
of financial education is also planned. The focus of FinanceMission Heroes is on 
short-term financial decisions and, in particular, the topic of budgets. However, 
financial literacy also includes other financial decisions, such as retirement provi-
sion, taxes, or insurance. In this regard, systemic aspects such as economic depen-
dencies should also be taken into account, as these are also important components 
of financial literacy.
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Chapter 2
Game-Based Learning in Economics 
Education at Upper Secondary Level: 
The Impact of Game Mechanics 
and Reflection on Students’ Financial 
Literacy

Liane Platz, Michael Jüttler, and Stephan Schumann

2.1  Introduction

Financial education is becoming increasingly important, especially for younger 
generations (Wuttke et al., 2016). One reason is a growing risk shift, stated from 
public institutions to private individuals, which is associated with greater personal 
responsibility for private provision (Hacker, 2019). Additionally, the growing num-
ber of atypical forms of employment requires a different form of security (Hermeier 
et al., 2019). In this regard, financial products offered for this purpose are becoming 
more complex and meet a lack of consumer sovereignty in financial markets (Kaiser 
& Lutter, 2015). Preparing young adults in schools for these dynamic challenges is 
increasingly necessary and therefore becomes an important educational goal at the 
upper secondary level.

One approach that offers great potential in promoting financial literacy is game- 
based learning (GBL) (Aprea et al., 2018). However, the wide range of digital and 
analog games available to promote financial literacy is contrasted by a research gap 
regarding their actual effectiveness. Although there are empirical indications of the 
general potential of GBL (Plass et al., 2019), it is unclear how this potential can be 
used for learning in this domain. The effective use of GBL to promote financial lit-
eracy, especially interest in this domain, is not a sure-fire success but depends on 
many aspects. These are grounded on theoretical considerations of the correspond-
ing domain and the respective target group, in this case, students in upper secondary 
school who are about to graduate and start the next phase of their life, which for 
them entails greater economic responsibility (Förster et al., 2018). One approach to 
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promoting the aspired educational goals is through the use of a serious game and its 
instructional framework. Game activities, which are primarily determined by game 
mechanics as well as reflection, are critical for learning gains (Pawar et al., 2019; 
Taub et al., 2019).

Against this background, the aims of the chapter are the presentation of a newly 
developed GBL environment—Moonshot—to promote the financial literacy of 
upper secondary students, its theoretical framework, and describe the research 
design of the empirical study in which the game will be implemented to assess the 
effects of GBL on financial literacy.

2.2  Theoretical Background

This section starts with a short definition of GBL and its essential elements—the 
game as a learning medium based on Mayer (2014) and instructional guiding 
through reflection according to Kolb and Kolb (2013), which is then explained and 
justified in more detail. Based on this, the diversity in the field of games is narrowed 
to serious games (Graesser, 2017), since one of the aims of this chapter is to present 
a game for learning purposes alone and one of its main building blocks “game 
mechanic” following Sicart (2008), which determines the main game activity and 
therefore is considered important for learning. Subsequently, it is explained how the 
use of GBL can contribute to fostering financial literacy in the context of financial 
education. A field with a long tradition of GBL applications but hardly any evi-
dence. Finally, financial literacy as an important learning goal for students is legiti-
mized and how it could be fostered, especially interest in this domain according to 
Krapp (2005). Interest has an important influence on the extent to which students 
also deal with the topic of finance in the future (Renninger & Hidi, 2016).

2.2.1  Game-based Learning and the Meaning of Reflection

The specific peculiarity of a game as a medium involves the combination of five 
characteristics: it is a rule-based simulative system that is responsive, cumulative, 
challenging, and inviting (Loh et al., 2015b; Mayer, 2014). There has been repeated 
reference to debriefing and instructional support so that GBL can reveal its promis-
ing effects as an experiential learning method (Crookall, 2015; Kerres et al., 2009; 
Kolb & Kolb, 2013; Taub et al., 2019).

To enable a transfer of the player’s world into reality, reflection phases or debrief-
ings are of central importance (Crookall, 2015; Zumbach et  al., 2020). Students 
reflect on the reasons for their playing behavior and their interaction and compare 
their game experience with their real life. The aim is to avoid misconceptions and to 
establish a connection with the students’ lives, especially to increase the 
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value-based valence for the game content as well as their self-efficacy in this domain 
(Krapp & Ryan, 2002; Ryan & Deci, 2000).

Reflection phases are an essential prerequisite for deeper interpretative learning 
(Kolb & Kolb, 2013). During reflection, students not only become aware of their 
metacognitive processes but also learn to regulate their cognition (Bräuer, 2016; 
Taub et  al., 2019). This applies even more to GBL.  While experiential learning 
theory (Kolb & Kolb, 2013) refers to general experience-based learning, reflection 
in GBL is meaningful on two levels. First and foremost, reflection on the game and 
playing behavior can improve players’ success in the game. Beyond that, transfer 
into the real life of students is an important learning outcome (Ke, 2016). On the one 
hand, it is important to compare game behavior with behavior in certain real-life 
situations, especially when a serious game is supposed to model financial decision 
situations. The determinant bases that can be derived from this can be valuable for 
young people. On the other hand, it is also about reflecting the opportunities and 
limits of this complexity-reduced modeling through the game to prevent incorrect 
concepts with regard to economic relationships and to avoid biases (Büchler & 
Quarg, 2014; Lusardi & Mitchell, 2014). Although the importance of reflection, 
e.g., through prompts, is uncontroversial, it is still unclear how this can be used 
(e.g., in a generic or direct way) to promote learning in a given GBL setting (Taub 
et al., 2019; Zumbach et al., 2020).

2.2.2  Serious Games and Game Mechanics

While it is possible to use an off-the-shelf game for learning purposes, there are so- 
called serious games with a well-thought-out learning goal (Graesser, 2017), on 
which the design of game elements such as the design of incentives, identity design, 
narratives, or the selection and design of game mechanics (Pawar & Tam, 2019) is 
based. Because the focus in off-the-shelf games is entertainment and engagement, 
game elements are designed accordingly. In a serious game, entertaining elements 
can distract from the actual learning goal and therefore have to be avoided when 
they do not serve a specific learning purpose (Jacob & Teuteberg, 2017). In regard 
to investigating the effects of serious games, a value-added approach is preferred 
due to methodological and theoretical reasons (Loh et al., 2015a). In this case, the 
effects of a basic version of the game are compared with the effects of an extended 
version. The extended version includes an additional element, e.g., a game mechanic 
or a narrative (Mayer, 2014).

Game mechanics are the main building blocks of game activities (Plass et al., 
2012; Sicart, 2008) and therefore deserve special attention in game development. 
Nevertheless, there is only a small body of research on this design factor, although 
it has a major impact on game dynamics and learning effects (Pawar et al., 2019). 
To ensure the learning effect through a supplementary game mechanic, it must be 
provided that the corresponding mechanics are congruent with the learning content 
and are not distracting (Pawar et  al., 2019; Zhonggen, 2019). Ideally, game 
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activities and learning activities align or are even identical (Plass et al., 2012). In 
this case, they are no longer just game mechanics but so-called learning mechanics 
(Plass et al., 2016). Regarding simulating the effects of dealing with financial deci-
sions, this should be represented by a game mechanic that involves dealing with 
scarce resources and considering changing (economic) conditions (Kaiser & 
Menkhoff, 2018). In contrast to game mechanics where the course of the game is 
predominantly random—as in a game of dice or roulette, for example—there are 
game mechanics where the success of the game is more directly connected to the 
strategic decisions of the players, e.g., in chess. To increase perceived learning suc-
cess, central game mechanics should take this into account, increase the decision- 
making scope for players, and link the success of the game as closely as possible to 
game decisions.

2.2.3  Game-Based Learning and Financial Education

Meta-analyses in the field of financial education refer to the potential of experiential 
learning to make one’s own actions tangible and, in the upper secondary level, to 
take future life goals into account (Amagir et al., 2017; Kaiser & Menkhoff, 2016, 
2018). Both of these aspects of experiential learning could potentially be supported 
through GBL.  There has also been a plea for “just-in-time” financial education 
(Fernandes et al., 2014) to ensure that the subjective significance of the content was 
conveyed to the real life of the students by aligning the content with student motiva-
tion and interest and thereby facilitating the transfer of what has been learned 
(Kaiser & Menkhoff, 2018; Totenhagen et al., 2015).

Numerous digital and analog educational games to promote financial literacy 
have been developed in recent years. According to our own count, there are more 
than 70 analog and digital games within the economic or financial domain in either 
English or German language. In addition to a different content focus and different 
gaming activities, the providers also vary. However, there is little empirical evi-
dence about the effectiveness of these games in the area of financial literacy in 
general as well as information regarding the influence of certain design elements 
(Hainey et al., 2016). There have been some evaluations in this domain, but not all 
yet meet strict scientific criteria.

Although serious game evidence in the financial literacy area is still very sparse, 
much is already known about its general potential. Using a media-comparison 
approach (Mayer, 2014), it was suggested that GBL might be more effective in 
regard to knowledge acquisition and its retention period (Boyle et al., 2016; Riopel 
et al., 2019; Wouters et al., 2013) as well as providing higher motivation and interest 
development during the learning process (Clark et al., 2016; Connolly et al., 2012; 
Larson, 2020; Wouters & van Oostendorp, 2017; Zhonggen, 2019). In particular, 
increases in affective activation and learning engagement have been emphasized 
(Zhonggen, 2019) as important indicators of higher interest (Renninger & 
Hidi, 2011).
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2.2.4  Interest as Part of Financial Literacy and Its Role 
in Learning

In line with several definitions of financial literacy, domain-specific interest can be 
seen as a substantial component (Koh, 2016; Weinert, 2001). Financial literacy is 
also defined as a competence incorporating five distinct content dimensions: money 
and payments, saving, loans, insurance, and monetary policy (Rudeloff, 2019; 
Schürkmann, 2017). Interest, as a crucial motivational variable (Hidi & Renninger, 
2006), is an important predictor for attention, goal setting, and knowledge acquisi-
tion (Renninger & Hidi, 2016; Rotgans & Schmidt, 2017), since it influences the 
way and the frequency in which we interact with a certain context (Prenzel, 1986). 
In regard to interest in financial matters, studies have shown mixed results among 
young adults. There is evidence of a high level of interest in finance among young 
people (Greimel-Fuhrmann, 2018), but other studies have shown decreases in inter-
est in finance and economic topics, especially for this age group (Kantar, 2019).

Especially with respect to assumed treatment effects, the distinction between 
situational (state) and individual interest (trait) has to be kept in mind (Reber et al., 
2018; Renninger et al., 2014): While triggered situational interest can be considered 
simply an affective activation, a more developed situational interest as well as indi-
vidual interest includes cognitive and emotional components, which are each related 
to a certain object (Hidi & Renninger, 2006). The cognitive dimension is defined as 
a high value-related valence, whereas the emotional dimension is defined as a high 
(positive) emotional experience. Both the cognitive and the emotional dimensions 
are connected to each other (Hulleman et al., 2010).

Following Krapp (2005), the development of interest can be explained by the 
basic needs of the theory of self-determination by Deci and Ryan (Deci et al., 2013; 
Ryan & Deci, 2017) involving social relatedness, perceived competence, and auton-
omy experience. Krapp (2005) links this concept to the person-object theory of 
interest (Prenzel, 1986). The role of basic needs with regard to the development of 
situational and individual interest in the learning process has been supported by 
several studies (Großmann & Wilde, 2018; Minnaert et al., 2011; Tsai et al., 2008). 
Regarding this learning process, Ryan and Rigby (2019) have suggested motiva-
tional effects of GBL. However, the role of basic needs in the learning process to 
promote intrinsic motivation, e.g., in GBL, could also be confirmed independent of 
person-object theory and plays an important role in measuring game experience 
(Johnson et al., 2018).
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2.3  Development, Implementation and Evaluation 
of the GBL Environment “Moonshot”

Based on the theoretical considerations outlined above, we developed a GBL envi-
ronment (“Moonshot”, see Fig. 2.1) to promote learners’ interest in the financial 
domain (see Sect. 2.3.1). As we aim to analyze the effects of this game and its 
reflective environment, we describe the research design (see Sect. 2.3.2) of an 
upcoming empirical study.

2.3.1  Game-Based Learning Environment “Moonshot”

The development of the serious game “Moonshot” comprised a two-year process 
including several pilot phases that involved experts from various disciplines (e.g., 
domain-specific didactics, educational sciences, game and communication design). 
It is designed for upper secondary school students (age: 15 years and older) and can 
be played by groups of 3–5 players. Accompanying reflection tasks were developed. 
In principle, the game can also be played without these tasks. In the following sec-
tions, the game components, game mechanics, and game reflection are briefly 
described. In addition, challenges in game development are briefly described.

Fig. 2.1 Game “Moonshot”. Photo © Susanna Grimm
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2.3.1.1  Game Components of the Serious Game “Moonshot”

To make the game inviting to students, it starts with a so-called “life dream” that can 
be individually selected by each player at the beginning of the game (e.g., being a 
social media influencer or living in a self-sufficient manner on a farm). Every “life 
dream” can be achieved by making personal financial decisions while taking into 
account (a) changing economic conditions, (b) decisions of others, and (c) scarce 
resources. These “life dreams” were developed in such a way that they represent 
different value concepts and life plans and thus offer identification potential for 
students in different environments (Calmbach et al., 2016) to take into account the 
value-related valence for the game content by the players right from the beginning 
(Krapp & Ryan, 2002). All of these goals are comparable in their level of difficulty 
and allow the players to pursue different or even identical goals within the game, 
which also means realistic effects on cooperation and competition for existing 
resources.

The game goal can be achieved through three challenging game levels with 
increasing difficulty, each of which has different resource requirements. In every 
round of the game, there is a new economic and political situation that influences 
opportunities: change in interest rate, change in demand, environmental events, tax 
cuts, and others. Resources in exemplary areas of life must be taken into account: 
relationships, education, job and career, regeneration time, and finances. After one 
level has been completed, the next level can be started. The game is designed in such 
a way that players in one game can play with each other at the same time, even 
though they are at different levels, to make it more challenging and provide different 
opportunities to compete, cooperate, and catch up (Mayer, 2014).

All players have the opportunity to increase their income through gainful employ-
ment and financial investments, can take out loans, and insure themselves through 
different insurance opportunities. The rules are based on real conditions that have 
been reduced due to their complexity, e.g., changing interest rates are directly 
offered to the players as consumers and not through different commercial banks.

Thus, the area of finance is the focus of this game, and the game content and 
goals are aligned with the intended learning goal (Graesser, 2017; Klopfer et al., 
2018; Plass et al., 2016). To bring it into connection with other areas of life, differ-
ent resources (represented by different card stacks) must also be taken into account 
during the game. In addition to “Jobs” and “Investment,” there are additional cate-
gories called “Education,” “Social Affairs,” “Career,” and “Leisure” (see Table 2.1). 
Focusing on only one aspect of life (e.g., investment) is only successful to the extent 
that it corresponds to one’s own life dream.

Apart from freely selectable possibilities to get closer to one’s own game goal, 
card stacks contain the so-called individual “fates” in both positive and negative 
forms (e.g., (lottery) winnings, illnesses, or family and professional changes).

All options produce “costs” in different forms and amounts regarding time 
requirements, finances, and opportunity costs. These costs increase with each level 
of the game. During the game, the players keep track of their income and expenses 
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as well as their game progress and monitor each other. This allows them to respond 
potentially early on changing circumstances (Mayer, 2014).

2.3.1.2  Direct and Generic Reflection

In the GBL environment, two reflection phases with two different standardized 
guidelines were implemented.

The basic version provides for a general, nonteacher-guided reflection (generic 
reflection): In the first phase, the players talk about their playing experience, and 
after the second phase of the game, they discuss the relationship to their lives. The 
first phase was to reflect on game decisions and the overall concept of the game so 
that in subsequent rounds, what has been learned can be tested directly in the game. 
Since the developed game has a high number of decision-making possibilities, it is 
intended to avoid overstraining and to create an experience of success for all partici-
pants (Ke, 2016).

In a second version, this objective is implemented by the teacher with the help of 
standardized instructional guidelines (direct reflection): After a first game phase, 
students’ insights into promising game decisions were collected, categorized, and 
discussed. This should make the problem-solving ability within the game more effi-
cient for the players (Kolb, 2015; Pawar et al., 2019) and increase their competence 
experience (Ryan & Deci, 2000). The topics to be discussed here are not limited to 
solutions according to the game logic but focus on individual reasons for game deci-
sions to avoid cognitive biases in financial decision-making (Loerwald & Stemmann, 
2016). The second phase of reflection focuses on the transfer of the playing experi-
ence to the reality of the students’ lives. The references to reality, which were lim-
ited due to the simulation, are worked out to support the value-related valence for 
the game content (Krapp & Ryan, 2002). The final step is the design of a personal 
“(real)life dream” and the necessary budgeting in partial steps. Beyond the interven-
tion, the aim here is to promote further engagement with the topic of finance as an 
important indicator of individual interest development (Renninger & Hidi, 2016).

Table 2.1 Overview of categories

Category Possible options

Jobs Job offers with different salaries, depending on educational qualifications
Investment More classic forms of investment with different profit and loss expectations, some 

of which can be anticipated by corresponding key figures
Education Formal and informal educational opportunities
Career Exemplary options for career advancement
Social Exemplary options of civil society and voluntary work as well as individual family 

and friendship care
Leisure Different forms of leisure activities and time-saving
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2.3.1.3  Varying Game Mechanics to Influence Perceived Basic 
Needs Experience

Two versions of the game were designed (see Table 2.2): In the first version (treat-
ment I), different opportunities are randomly presented to the players, whereas in 
the second version (treatment II), limited time resources were added that the players 
could use at their own discretion to perform an action (e.g., to invest in education) 
and to achieve their goals. This simulates the use of scarce resources and links indi-
vidual game decisions more closely to the achievement of the game goal to support 
the competence experience (Ryan & Deci, 2000). The resulting greater freedom of 
choice was also intended to promote the autonomous experience (Aprea et al., 2018; 
Ryan & Deci, 2017). The economic conditions determine the number of limited 
resources in the category fields for which the players compete.

If categories relevant to the players are currently not available—because other 
players have already used up the resources in a certain round—there are two addi-
tional categories that are available at any time without limit: mini-jobs and advanced 
training courses. They are not associated with any risk but have a low return. Using 
only these categories cannot lead to victory, but it does guarantee the players’ ability 
to act until the next economic scenario begins. Based on the person-object theory of 
interest, it was assumed that this play experience will be perceived as more relevant 
to the students’ lives (Krapp, 2005).

2.3.1.4  Challenges During Game Development

Based on the defined game and learning goals, different game versions were tested 
and discarded. A central challenge was to balance realistic representation and appro-
priate complexity for the target group. Many pieces of information in text form 

Table 2.2 Differences in strategic decisions according to the game mechanic

Strategic decisions Random events

Treatment I: Basic game, 
using dice (random)

• Taking out a loan
• Dealing with an “offer” on playing 
card: Accept, exchange, or sale

• Economic situation 
(e.g., tax increase)
• Fate (e.g., illness, 
winning in the lottery)
• Decisions about 
resource category (e.g., 
job, leisure)

Treatment II: Advanced 
game, using an additional 
strategic game mechanic

• Taking out a loan
• Analysis of available information on 
open cards
• Deciding on a category, depending on 
the time budget, available resources, 
and individual game objective
• Dealing with an “offer” on playing 
card: Accept, exchange or sale

• Economic situation 
(e.g., tax increase)
• Fate (e.g., illness, 
winning in the lottery)
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(e.g., on life goals or investment options) were thus significantly reduced or trans-
ferred into symbolic representations. The game mechanics in treatment II should 
also serve to represent the learning goals more adequately. The decision for an ana-
log variant also brings, in addition to many advantages, such as a haptic gaming 
experience and a more direct interaction with other players—a few challenges—
such as fewer control options for adhering to game rules or correct calculation paths. 
To counter this, peer control mechanisms were introduced, and it was ensured that 
minor rule violations did not contradict the intended learning goals. It became clear 
that not all content dimensions could be considered equally to keep the complexity 
and clarity appropriate. While money and payment transactions, savings, and loans 
were considered in a differentiated manner, insurance (through fates and the choice 
between three different insurance policies) and monetary policy (through changes 
in key interest rates) are less represented.

2.3.2  Research Design

2.3.2.1  Hypotheses

For the upcoming main study (2020/21), four treatment groups in the GBL environ-
ment “Moonshot” will be established and tested within the research design (see 
Fig. 2.2). The following two questions will be addressed. (1) How do specific game 
mechanics influence the basic needs experience of the players so that their interest 

Fig. 2.2 Research design to test the effects of different game mechanics and reflections in the 
GBL environment “Moonshot”
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in the financial domain increases? (2) How can the design of reflection phases sup-
port this learning goal? The experiment consists of a 2 × 2 group design. All four 
groups will play the game “Moonshot.” Two groups will play the game with a game 
mechanic that chooses the opportunities on a random basis (I and II), whereas the 
two other groups (III and IV) will play the game with a strategic game mechanic. 
Furthermore, two groups with different game mechanics will reflect freely on their 
game experience as well as on the role of the game experience in their personal life 
(“generic reflection”; II and IV), whereas the other two groups (“direct reflection”; 
I and III) will reflect with the help of specific tasks given by the teacher. Thus, the 
following groups will be compared: group I (random game mechanic; direct reflec-
tion), group II (random game mechanic; generic reflection), group III (strategic 
game mechanic; direct reflection), and group IV (strategic game mechanic; generic 
reflection).

This group design will allow us to test several hypotheses regarding the effects 
of different game mechanics as well as reflection phases on the financial literacy of 
students in the upper secondary level. The following hypotheses will be tested:

(H1) In groups with strategic game mechanics (groups III and IV), the autonomy 
experience will be higher than in groups with random game mechanics (groups I 
and II).

(H2) In groups with strategic game mechanics (groups III and IV), the competence 
experience will be higher than in groups with random game mechanics (groups I 
and II).

(H3) In groups with strategic game mechanics (groups III and IV), the situational 
interest (state) will be higher than in groups with random game mechanics 
(groups I and II).

(H4) In groups with strategic game mechanics (groups III and IV), the value- related 
valence will be higher than in groups with random game mechanics (groups I 
and II).

(H5) In groups with direct reflections (groups II and IV), the value-related valence 
will be higher than in groups with generic reflections (groups I and III).

(H6) In the group with strategic game mechanics and direct reflections (group III), 
the individual interest (trait) will increase more strongly than in groups with no 
strategic game mechanics and/or direct reflection phases (groups I, II, and IV).

2.3.2.2  Sample and Procedure

The aim is to conduct a randomized controlled field trial (randomization by class; 
for an overview, see Fig. 2.2). The entire intervention will take place at schools and 
last 270  min., including the surveys. The playing time will involve two 60-min. 
periods, the reflection phases will last 90 min., and completion of the questionnaire 
will take 60 min. Based on power analyses using the statistic program G*Power 
(Faul et al., 2007), an optimal sample size of at least 300 students will be aimed at 
validating small to medium effect sizes for the 2×2 experimental control group 
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design with repeated measures described above. To achieve this, five school classes 
for each treatment group will be tested.

One week before each intervention, relevant variables are collected by a pretest, 
and the program is explained to the students. Due to the different technical resources 
of the schools, all surveys will be paper-based.

The investigator-in-charge will be involved in all courses and will be supported 
by research assistants. The entire program during the quasi-experiment will follow 
a standardized procedure, which is provided by guidelines and standardized materi-
als that accompany the game and reflection.

The intervention starts with a brief introduction explaining the game rules and 
measurement of emotional states. During the first 60-min. game time, data on emo-
tional activation as a subset of interest (Renninger & Hidi, 2011) will be collected 
by continuous state sampling (Csikszentmihalyi & Larson, 2014). Basic needs 
experience and value-based valence will be measured directly after each game 
phase. After reflection phases, this happens again, but there is no continuous state 
sampling. After the second period of reflection, a final measurement of the depen-
dent variables will be made, this time including planned changes in behavior. The 
survey will end with a follow-up two weeks after the intervention. Here, individual 
interest (trait) and actual engagement with finances will be measured again.

2.3.2.3  Instruments

To measure the development of situational and individual interest as well as basic 
needs experience, a questionnaire will be used. The questionnaire contains relevant 
control variables for the assessment of individual condition factors, socioeconomic 
backgrounds, and institutional framework conditions that are collected with existing 
and established scales (for an overview, see Table 2.3).

When selecting the dependent variables to be measured, the emphasis was placed 
on emotional and value-related valence concerning the game content, a general 
measurement of interest on the five content dimensions of financial literacy as well 
as the basic needs experience during and after play (for an overview, see Table 2.4). 
In addition, measurement of intended behavioral change was added as a supplement 
to have an indicator of change in individuals and not just situational interest 
(Renninger & Hidi, 2016).

Table 2.3 Extract on control variables measured in the pretest

Variable Origin
Number of 
items

Attitudes, perceptions, and 
intentions toward serious games

Adapted according to Riemer and Schrader 
(2015)

16

Financial background and 
socialization

Adapted according to Rudeloff (2019) 5

Personal and socioeconomic 
factors

Age, gender, mother tongue, school, grades, 
parental education, and scope of employment

9
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To control the quality of each intervention, the teacher rates the quality after the 
intervention is finished in a class. The dependent variables are also controlled by 
measuring game engagement in the area of finance by collecting the players’ 
accounting to count actual game decisions in the finance category; furthermore, the 
individual game progress is tracked (Klopfer et al., 2018).

2.4  Outlook and Expected Implications

In this chapter, the game “Moonshot” was presented and discussed with regard to its 
potential as a serious game to foster financial literacy. Furthermore, a research 
design to analyze the effects of different game mechanics, especially on interest in 
the financial domain, was introduced.

On the basis of theoretical considerations, it was explained that game mechanics 
in particular must be taken into account in the development of games, as these form 
the core of game activity. On this basis, it was argued that in a serious game focus-
ing on financial literacy, the strategic use of scarce resources as well as (economic) 
real-life conditions should be simulated by game mechanics. By linking the success 
of the game more closely to individual game decisions and actions, the aim is also 
to promote upper school students’ experience of competence and autonomy.

Furthermore, reflection phases were included as an essential component of GBL 
environments (Taub et al., 2019). In the case of the GBL environment presented 
here, the value-related valence is to be promoted by instructional reflection on the 

Table 2.4 Dependent variables

Variable Origin
Number 
of items Pretest Accompanying Posttesta Follow-up

Value-related 
valence (state)

Adapted according to 
Prenzel et al. (2001)

6 x x

Emotional 
activation 
(state)

Adapted according to 
Schallenberger (2005)

10 x x

Competence 
experience

Adapted according to 
Prenzel et al. (2001)

5 x x

Autonomy 
experience

Adapted according to 
Prenzel et al. (2001)

5 x x

Interest in the 
financial 
domain (trait)

Adapted according to 
content dimensions of 
financial literacy and 
scale for interest used 
in PISA (2015)

5 x x x

(intended) 
engagement 
with subject

Self-developed, based 
on Renninger and 
Hidi (2016)

9 x x x

aAfter game and reflection phases
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relationship between the life of the player and the game decisions, since this is 
where a transfer to the students’ own life is initiated.

Testing the hypotheses outlined above will provide needed empirical evidence on 
the development and implementation of serious games within schools to foster stu-
dents’ financial literacy as well as other learning goals in different school subjects. 
In this regard, discussing promising methods for teaching and learning as well as 
advancing the well-founded use of GBL methods could be major implications of 
this study.
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Chapter 3
Game Design in Financial Literacy: 
Exploring Design Patterns 
for a Collaborative and Inclusive Serious 
Game from Different Perspectives

Jessica Paeßens and Esther Winther

3.1  Game-Based Learning as an Approach for Inclusion1

The National Decade of Literacy and Basic Education in Germany aims to improve 
literacy and basic skills in areas, which are relevant to everyday life such as health, 
finance, and nutrition (Bundesministerium für Bildung und Forschung [Federal 
Ministry of Education and Research], 2015). Basic skills in reading and writing are 
regarded as an individual antecedent for social participation (Abraham & Linde, 
2018; Sting, 2005). The literacy and basic numeracy skills of everyday life are 
understood as literacy in the narrower sense. The broader understanding of the term 
also includes the handling of knowledge (Sting, 2005). According to the Level One 
study, which measures adult literacy at different levels of competence, 6.2 million 
German-speaking adults between the ages of 18 and 64 living in Germany have 
reading and writing difficulties. The percentage of adults with reading and writing 
difficulties in the total population is thus 12 percent. Despite a low literacy rate, 62.3 
percent of these adults are gainfully employed, and 76 percent have received a 
school diploma in their educational biography (Grotlüschen et al., 2019).

The concept of basic education is a broader concept than literacy work (Kastner, 
2016). In addition to the fostering of reading and writing skills (literacy), basic 
education includes in particular the learning fields of media/computer literacy, 

1 The manuscript was  written through project funding. The  project “CurVe II—Curriculum 
and  Professionalization in  Financial Literacy” is funded by the  Federal Ministry of  Education 
and  Research. The  project is described in  Mania and  Tröster (2016) and  Tröster and  Bowien- 
Jansen (2020).
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health literacy, food literacy, financial literacy, civic literacy, and basic foreign lan-
guage skills (Abraham & Linde, 2018; Mania & Tröster, 2018; Tröster & Schrader, 
2016). Mania and Tröster (2014) understand basic financial education as part of 
basic economic education. The necessity of financial literacy can be explained on 
the one hand by the economic and financial crises taking place at the macro-level 
(Aprea et al., 2012). On the other hand, the high per capita indebtedness of private 
households, precarious employment, complex financial services, and the need for 
private provision can be observed at the micro-level (Remmele et al., 2013). Mania 
and Tröster (2018) postulate that new groups of learners for basic education can be 
reached through other content areas. With thematic content areas such as finance, 
politics, and health at the level of basic education, it should be possible to reach new 
participants. The action- and lifeworld-oriented topic ensures a learning transfer 
into everyday life and maintains the motivation for learning in basic education. 
Further developments of the content of basic education will enable new strategies, 
actors, and places of learning (Mania & Tröster, 2018). In addition, basic education 
in finance enables both social participation (Mania & Tröster, 2015) and employ-
ability by increasing autonomy, self-determination, trust, and feelings of value 
(Engartner, 2016). Basic education is contextualized in lifelong learning (Abraham 
& Linde, 2018). Basic education is thus also understood as an instrument of labor 
market integration (Mania & Tröster, 2015). The addition of general content rele-
vant to the world of work and life in literacy work is necessary to strengthen the 
learning motivation of the less literates (Huck & Schäfer, 1991). While literacy has 
been discussed in Germany for some time, research on the design of learning set-
tings at the basic education level can still be expanded. The scientific knowledge on 
courses of basic financial literacy is less extensive. There are a small number of 
basic education courses that teach financial literacy (Mania & Tröster, 2018). 
Existing courses are more likely to address school education or vocational educa-
tion and training.

Literacy and basic education courses are offered by civic associations, prisons, 
and adult education centers (Volkshochschulen). Courses include formats such as 
literacy courses, preparatory courses for obtaining school diplomas, literacy courses 
prior to integration courses, or open learning cafes (Mania & Thöne-Geyer, 2019). 
Löffler and Korfkamp (2016) refer to the target group-specific (rather negative) 
learning experiences that are associated with complex demands on teachers when 
planning and designing literacy and basic education courses. National and interna-
tional studies show that teaching–learning processes of adults in literacy and basic 
education receive little attention (LEO, Grotlüschen et al., 2019; PIAAC, OECD, 
2009). The findings of the AlphaPanel also indicate that there is little evidence of 
learning progress in literacy courses (von Rosenbladt & Lehmann, 2013). The 
assessment of the written language competence of participants with diagnostic pro-
cedures is rejected by course teachers (Bonna, 2015). Because the target group is 
often learning disabled, lives precariously, has low self-confidence, and needs to 
learn, how to learn (von Rosenbladt & Lehmann, 2013).

Overall, participants in literacy courses are often learners with specific learning 
impairments, concrete learning disabilities, and without educational socialization 
(von Rosenbladt & Lehmann, 2013). Thus, the target group of literacy courses 
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requires an instructional setting that is internally differentiated and inclusive. This 
contribution argues that learners who cannot go through typical learning processes 
can be integrated via a serious game (SG). Game-based learning (gbl) offers various 
advantages that are shown in Table 3.1, which are comparable to the success criteria 
of basic education courses (Abraham & Linde, 2018).

Given these advantages of gbl in basic education courses, the aim of this contri-
bution is (1) to identify the design principles from teaching practitioners in financial 
literacy learning settings, (2) to structure it based on central learning theories in SG, 
and (3) to discuss it in a context of increasing collaboration requirements. In the first 
step, the recommendations from practice for practice based on a document analysis 
are grouped into eight principles for game design. In a second step, the game 
“Curve,” developed by the literacy/basic education practice, will be structured along 
the content and instructional characteristics of SG (Castell & Jenson, 2003). In a 
third step, the identified principles for designing inclusive learning settings in basic 
education are intertwined with the design elements of the inclusive SG to develop 
the SG theoretically as an intervention for fostering collaborative problem-solving 
(CPS; Fiore et al., 2017; OECD, 2017) skills. Due to changing market and work 
situations, new collaboration requirements arise for learners. Therefore, the collab-
oration will be fostered and assessed in the SG. The contribution thus addresses 
research desiderata but also stimulates the goal-oriented further development and 
design possibilities of game design in literacy in order to be able to react proactively 
to current developments.

3.2  Assumptions and Theoretical Derivations 
for Serious Games

For the analysis of the inclusive SG Curve regarding content and instructional char-
acteristics of SG (Castell & Jenson, 2003), it is useful to first outline the theoretical 
background of SG. SG combines knowledge transfer with playful activity. In doing 
so, motivational factors of computer games are integrated with teaching-learning 
methods to aim at an active knowledge construction in authentic contexts. The field 
of application varies between training, enlightenment, recreation as well as didactic 
design possibilities (Blötz, 2015). If playful elements are used in SG in a reflective 
manner to impart knowledge, they increase the motivation and self-efficacy of the 

Table 3.1 Gbl in inclusive literacy courses

Success patterns for literacy classes Gbl as an inclusive approach

(Re-)start of learning Reduction of access barriers
Discover the fun of learning Motivation of learners
Receiving suggestions for everyday life and work Reaching other groups of learners
Knowledge transfer in private/professional 
context

Development of social bonding structures

3 Game Design in Financial Literacy: Exploring Design Patterns for a Collaborative…
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learners. This is possible if feedback mechanisms and individual learning processes 
(interests and learning pace of players) are considered in the conception of SG 
(Blötz, 2015). An SG can be characterized by the following criteria: (1) learning 
takes place casually in the game; (2) the game has rules; (3) winning is objective and 
possible; (4) in case of misconduct, achieved game points are not reduced; (5) 
games are played as intended; (6) games are less efficient in learning than other 
methods; and (7) teachers do not believe in games (Becker, 2017b). First, it is neces-
sary to identify the game design in the SG Curve, and therefore the first research 
question (RQ1) is:

• RQ1: Which principles guide practitioners of basic education/literacy in design-
ing learning settings in financial literacy?

SG links education and training with labor market skills and leisure activities. 
SG or simulations promote skills that will be required by employers in the future 
and are not taught adequately at school (Jackson Kellinger, 2017). In addition to the 
ability to solve problems, critical thinking, communication, and collaboration, espe-
cially in SG, the requirements for gamers include creativity and an innovative mind-
set. Players are characterized by the adoption of new identities and perspectives, 
their perception as problem solvers, and the understanding of mistakes as a learning 
opportunity (Gee, 2003). While playing, they test hypothesis- like developed game 
strategies to eliminate cognitive dissonance (van Eck, 2007). The learning approach 
in SG is based on constructivism. The idea is that learners construct knowledge 
through discovery learning (Bruner, 1961). Through the variety of game possibili-
ties, trying out the game world, and direct feedback, learners in SG can learn from 
their mistakes and take risks (Gee, 2003; Prensky, 2001; Shaffer, 2006). The theory 
of situated cognition also requires that learning has to be embedded in an authentic 
context in order to explore contexts (Achtenhagen, 2002; Driscoll, 2005; Winther, 
2010). SG should be designed in terms of content and instructional processes along 
with different approaches and theories for the specific design of learning support. 
The transfer of evident learning theories to SG can be found in Castell and Jenson 
(2003). Here, meta-analyses prove that the use of SG makes sense from a pedagogi-
cal point of view, since an increase in performance (Marzano, 2010), knowledge 
availability (retention), cognitive gains, and a better attitude toward learning content 
can be observed. This leads to the second research question (RQ2):

• RQ 2: Which design elements of gbl are implemented in the SG Curve?

The transfer of SG to real situations is particularly successful when the SG envi-
ronment is moderately adapted to reality and real-world variables are limited for 
simplification (Gee, 2003; Grabe & Grabe, 2007). The ability of players to work in 
a team and communicate is promoted as they create affinity spaces (Gee, 2007) for 
exchange and establish a gaming culture based on experience. Collaboration is 
found both in the research by (1) educationalists Webb and Palincsar (1996) as the 
best form of learning (Squire, 2011) and in (2) game literature by Prensky (2006). 
Cooperation, esp. CPS, in groups or pairs, is called a twenty- first- century skill 
(Andrews et al., 2017; Graesser et al., 2018; von Davier &  Halpin, 2013). When SG 
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is played in dyads, participation, commitment, and learning outcomes are greater 
than when learners play alone (Schrier, 2007; Squire, 2011). Playing in dyads (1) 
promotes action–reflection through decision discussions, (2) verbalizes the inten-
tions and thoughts of players, and (3) enables the sharing of problems within a game 
(Squire, 2011). Players describe playing in dyads as a way to share ideas and tasks, 
have small debates, remember information better, develop decision-making skills, 
and as a way to reflect (Schrier, 2007). This playing and collaboration within the SG 
encourage critical thinking, collaboration, and problem-solving skills. In other 
words, those skills are called future work skills (Davies et al., 2011). With a focus 
on inclusive teaching, teachers will be faced (in the future) with the challenge of 
teaching and promoting collaboration skills in the best possible way for all learners, 
regardless of their individual learning needs. This is the reason for a third research 
question (RQ3):

• RQ 3: To what extent can the practical and theoretical perspectives of designing 
an SG in financial literacy be intertwined to foster and assess CPS among 
learners?

The research questions are answered subsequently.

3.3  Designing a Serious Game in the Field 
of Financial Literacy

3.3.1  Design Principles from Teaching Practitioners

To answer the RQ1, which principles guide practitioners of basic education/literacy 
in designing learning settings in financial literacy, a document analysis (Lamnek & 
Krell, 2016; Rädiker & Kuckartz, 2018) was conducted. Here, publications avail-
able on the project website are used as documents. The analysis includes 35 German- 
language publications in journals, edited volumes, or monographs of the CurVe II 
project team. Thus, a broad spectrum of dissemination can be considered. The 
period covers the years 2016–2020; the number of published papers totales 2016 
(10), 2017 (5), 2018 (5), 2019 (8), and 2020 (7). The documents are evaluated using 
content analysis (Mayring, 2015). To answer the research question, the recommen-
dations were keyworded and categorized into eight principles in a first step of analy-
sis (e.g., Deutsches Institut für Erwachsenenbildung [German Institute for Adult 
Education], 2019). In a final deductive analysis, all recommendations of the induc-
tive categorization could be assigned to this scheme. The eight identified principles 
are presented in Table 3.2.

The identified design principles help teaching practitioners as well as learners. 
The design principles go back to the teaching–learning theory instructional approach 
of anchored instruction (Brown et al., 1989; Cognition and Technology Group at 
Vanderbilt [CTGV], 1997; The Cognition and Technology Group at Vanderbilt 
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[CTGV], 1990). The approach emphasizes instructional ways to avoid inert knowl-
edge in a particular way. To this end, learners are provided with narrative anchors 
that can be used to establish an everyday or real-life connection to specific learning 
content. The anchors make it easier for the learners to identify with the learning 
content, to experience it as relevant, and to transfer the acquired knowledge later in 
order to be able to recognize and solve further, similarly structured requirements on 
their own.

3.3.2  Game-Based Learning Design Elements Applied 
to “Curve”

To answer the RQ2, which design elements of gbl are implemented in the SG 
Curve, the designed SG is presented along with learning theories in Table 3.3. Here, 
the design elements are considered to complement each other to add pedagogi-
cal value.

Table 3.2 Identified design principles from practitioners in the field of financial literacy

Design pattern Description

Practical orientation Materials should be usable in different settings by teachers with different 
teaching experiences.

Modularity Materials should consist out of small and flexible units, which addresses 
the need, life circumstances and competences of low literate adults.

Openness and 
flexibility

Materials should be modifiable and supplemental and flexible regarding 
the needed time and different units.

Target 
group-spreading

Materials should be designed for different and heterogeneous target 
groups.

Learner orientation Materials should be authentic and designed along realistic experiences, 
competencies, interests, and needs of low-literate adults.

Competence 
orientation

Materials should be built on a systematic competence model, developed 
along everyday requirements in different degrees of difficulties, and 
promote competence to act.

Connectivity and 
sustainability

Materials should be integrable into existing curricular/concepts in a 
different course.

Testing and trial Materials should be theory-driven, tested by users (teaching practitioners 
and learners).
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3.3.3  Linking Practitioners’ Principles and Theory-Driven 
Game Design Elements to Foster Collaborative 
Problem-Solving

To answer RQ3, to what extent can the practical and theoretical perspectives of 
designing an SG in financial literacy be intertwined to foster and assess CPS among 
learners, it is first outlined why CPS is a new requirement in the twenty-first century. 
Due to changing market and work situations, new collaboration requirements are 
emerging overall. Ongoing digitization is changing the requirements for human–
human and human–machine interaction. This also affects the less literates. Compared 
to individual work, collaboration offers advantages in terms of (1) more effective 
use of work; (2) a greater scope of knowledge, perspectives, and experience; and (3) 
more creativity based on the ideas of the group members (OECD, 2017). 
Collaboration does not achieve better results per se; what matters is the effective-
ness of the collaboration. CPS is a type of collaboration that, in the educational 
context, refers to both the cognitive and the social dimensions of interaction (Griffin 
et al., 2015). The SG aims to foster their collaboration skills (social component of 
CPS) and their learning progress in financial literacy (cognitive component of CPS).

Barkley et  al. (2014) briefly summarize theoretical background and scientific 
findings for collaborative learning in digital learning environments. They conclude 
that, like on-site learning, it is based on theoretical foundations of learner-centered 
teaching research and contributes to social constructivist learning research. Learners 
actively construct their knowledge and link it to previous knowledge and experi-
ence. Learners in digital learning environments acquire digital skills, such as the 
assessment of resources available online or effective online communication. It is 
believed that training enhances this effect and that effective communication is 
essential in collaborative processes. Furthermore, a digital learning environment 
with structure-giving elements can support learning novices until they can become 
active on their own. Scaffolding is important in digital learning environments from 
the perspective of teachers as it is the case with collaborative learning (Major, 2010, 
2015). Digital learning environments offer numerous possibilities to collect and cre-
ate knowledge (Barkley et al., 2014; Hillebrand, 1994; Reither & Vipond, 1989). 
Higher performing learners are more likely to benefit, while lower performing 
learners need support (Kirschner et al., 2006). This typical aptitude–treatment inter-
action (ATI) shows that there is no one optimal teaching method for all. This ATI is 
contrasted with the finding that weaker learners benefit from performance heteroge-
neous groups (e.g., for the field of mathematics see Fuchs et al. (1996)). For average 
learners, performance-homogeneous groups are more effective, while group com-
position has no effect on the best performing learners. The need for support and the 
individual performance in collaboration are therefore related.

The intertwining of practice and research perspectives thus takes place through 
the fostering of CPS.  While the practice perspective mainly takes into account 
design principles that aim at the heterogeneity of the literacy/basic education set-
ting, the gbl design elements bring constructivist learning theories into play.
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Figure 3.1 illustrates the intertwining of perspectives.
The fostering of CPS is linked to an instructional learning setting, the SG, which 

can be theoretically contextualized through the situated cognition approach: The 
interventions that address the social and the cognitive components of CPS and are 
situated in teaching-learning theory. From a constructivist or gbl research perspec-
tive, the central assumption is that knowledge is constructed by learners (Becker, 
2017a; Webb et al., 1995). The design is based on the theory of situated cognition, 
in which anchored instruction can also be placed. Learning (and instruction) in this 
tradition are understood as active, constructive processes in a particular context of 
action. Knowledge emerges from the interaction between learners and situations 
under the following premises (Law & Wong, 1996; Resnick, 1991): thought and 
action can only be understood in contexts, learning is always situated, and knowl-
edge is actively constructed by the perceiving subject, the learner, and constitutes 
shared knowledge. In the new moderately constructive instructional approach of 
situated learning, the aspect of situatedness and social interaction is combined with 
the results of empirical cognitive research. Knowledge acquisition in situated learn-
ing can be described based on process characteristics as active, self-directed, con-
structive, situational, and social. For this purpose, complex teaching-learning 
arrangements (Achtenhagen, 2002; Winther, 2006) have to be designed. The central 
principle of the learning theory conception is that learning can take place along nar-
rative and new situations that are close to life or the professional field. This principle 
combines the principles of practice with those of gbl.

The practical implementation of the intervention should take place in a trialogue. 
The extension of a human-agent dialogue by another agent to a trialogue (conversa-
tional trialogues) improves learning and assessment (Graesser et al., 2017). Multiple 
agents have been used in various learning environments (including Betty’s Brain 
(Biswas, 2010), iSTART (Jackson & McNamara, 2013), or Operation ARIES! 

Foster CPS through

Theory-driven gbl design 
elements

Practitioners' design 
principles

• Instructional theory
of situated learning

• In a serious game

• Constructivist
theories of learning

• Practice in the field
of financial literacy

• Anchored instruction

Fig. 3.1 Linking practitioners’ principles along the anchored instruction approach and construc-
tivist game design elements to foster CPS in situated learning settings within an SG
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(Forsyth et al., 2013; Halpern et al., 2012), in various assessments (including trial-
ogues in Zapata-Rivera et al., 2015, tetralogues with two agents and two humans 
Liu et al., 2016). The scientific literature focuses on the different configurations of 
trialogues to understand how trialogues can be used productively for learners, top-
ics, deeper learning, and assessments (Cai et  al., 2014; von Davier et  al., 2017; 
Zapata-Rivera et al., 2015). As trialogue design criteria, Graesser et al. (2017) elab-
orate exemplary criteria for assessing CPS. Application in learning and assessment 
environments varies. The AutoTutor that was used in the Center for the Study of 
Adult Literacy helps over 16-year-olds to improve their reading skills (Graesser 
et al., 2015). In the assessment development, in addition to low literacy, learners’ 
self-concept is taken into consideration by enhancing motivation and self-esteem 
through two design criteria. The design criteria are presented in Table  3.4 and 
adapted to the SG Curve.

Hence, the proposal of fostering CPS is equally connectable to current assess-
ments of CPS. Currently developed assessments measure collaboration by perfor-
mance in cooperative games and simulations. Assessments are implemented in 
interactive two-person games or simulations (Griffin, 2017; Hao et al., 2017), in 

Table 3.4 Design elements to assess and foster cognitive and social component of CPS in an SG

Design element to 
foster CPS Applied to the SG Curve Fostering CPS

Two agents talk 
with each other 
and they will ask 
a yes-/
no-question to the 
learner

Icebreaker questions for learners with little prior 
knowledge can be realized through additional video 
sequences. The video can visualize a discussion about the 
situation of the financial task from a family member of 
the Mueller’s with a nonplaying character (e.g., an uncle). 
The financial problem is the order that the learner has to 
fulfill successfully. The video can end with a yes-/
no-questionnaire, which will be scored automatically. The 
questionnaire addresses the understanding of the problem 
and integrate at the same time design principles from the 
teaching practice and from the gbl in a form that the 
learning goals derive from the competence model, the 
storyline fits to family Mueller and a real-life problem is 
offered to the learners, which have to be solved during the 
game

Foster cognitive 
component of 
CPS
•  Task 

regulation
•  Knowledge 

building

A playful 
competition 
between 
peer-agent and 
expert-agent 
motivates the 
learner as a 
viewer

The game integrates different events (negative, positive, 
social). When a player enters a specific field on the game 
board, he has to pull an event card. The social events 
cards could offer an additional video sequence (via 
QR-code), where non-playing characters (e.g., an aunt of 
family Mueller) addresses social elements like 
participation (e.g., the aunt presents a part of the solution 
and asks the learner to complete the task), perspective 
taking (e.g., the aunt tells different opinions from her 
friends and ask the learner to collect different ideas from 
their group) or social regulation (e.g., the aunt shows her 
strengths and weaknesses and ask the learner to recognize 
his strengths and weaknesses)

Foster social 
component of 
CPS
• Participation
•  Perspective 

taking
•  Social 

regulation
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multi-player games (Zhu & Bergner, 2017), or in problem-solving contexts in which 
collaboration is carried out with a human agent (Graesser et al., 2017). Collaboration 
skills are also measured in automated tutoring systems in which dialog data 
(Graesser et al., 2017; Griffin, 2017; Olsen et al., 2017) or eye-tracking data (Olsen 
et al., 2017) are evaluated.

3.4  Impact of Serious Games in Financial Literacy

Financial literacy teaches basic knowledge of money and payment transactions to 
secure one’s own existence and to cope with everyday monetary issues, which are 
becoming increasingly complex (Aprea et al., 2012; Mania & Tröster, 2014). To 
enable teachers to professionalize financial literacy and establish it as a component 
of literacy and basic education, this research highlights the importance of SG. SG is 
an instructional instrument with which the low-literate persons who cannot go 
through typical learning processes can be integrated. The SG Curve is an educa-
tional innovation in the field of financial literacy. On the one hand, the cognitive 
needs of financial literacy and, on the other hand, the learning-promoting potential 
of gbl (cognitive + social dimension) are combined to enable participatory involve-
ment (social dimension) in society. The analysis of the development of learning 
settings shows that practitioners are guided by eight principles, and theoretical gbl 
criteria can be applied to the SG Curve. The practical and theoretical results have 
been developed along the design-based research (DBR; Reeves, 2006) approach. 
This is primarily focused on generating theories to solve authentic problems. The 
findings show that practitioners are good instructional designers. Learning materi-
als, which are designed with instructional theories, support the teaching-learning 
processes in basic education courses. Thus, the DBR approach is an appropriate and 
adequate research paradigm when it comes to developing inclusive SG. As scien-
tists within DBR take the initiative to trigger new design processes, this paper pro-
poses that inclusive SG to be extended to incorporate CPS. Since the SG is inclusive 
and developed along gbl design elements, the two components of CPS are proposed 
for fostering. As a result, an agent-based trialogue is proposed that embeds cogni-
tive and social components of CPS into the game story via additional personas.
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Chapter 4
Development and Pilot Testing 
of a Financial Literacy Game for Young 
Adults: The Happy Life Game

Andrea Maria Pfändler

4.1  Introduction

The effective promotion of financial literacy (or financial competence)1 has become 
increasingly important in the international debate over the past two decades. 
Numerous German and international studies have revealed that young people, in 
particular, lack financial literacy and practical skills when it comes to handling 
finance-related issues. They often overestimate their competencies in this domain 
(FINRA, 2016; Kaminski & Friebel, 2012; Union Investment, 2017). While 
Fürstenau and Hommel (2019) found that informal learning situations via the inter-
net without sound prior knowledge have no positive effect on financial competence, 
internationally relevant literature shows that targeted teaching situations can have a 
positive effect on the financial literacy levels of students (Walstad, 2010, p. 353; 
Asarta, 2014, p. 49; Cameron, 2014, p. 17; Tang & Peter, 2015, p. 129; Bover et al., 
2018; Bruhn et  al., 2018; Frisancho, 2018). By contrast, there were only a few 
studies that found teaching financial literacy had no impact on the students’ levels 
of financial literacy (Mandell & Schmid-Klein, 2009; Peng et al., 2007).

1 The terms are not used uniformly. Financial literacy, financial capability, and financial education 
are sometimes used as synonyms, and in other cases one subsumes the other. In this chapter, finan-
cial literacy and financial competence are used as synonyms. A competence-oriented view of finan-
cial literacy is preferred, and financial knowledge is only a precondition to develop financial 
competence, which leads to adequate financial decision making and financial behavior.
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In recent years, numerous interventions to promote financial literacy have been 
put into practice. In a meta-analysis, Kaiser and Menkhoff (2018a), Kaiser & 
Menkhoff, 2018b) found that such interventions have a far greater effect on finan-
cial knowledge than financial behavior. Fernandes (2014) question the long-term 
learning effect of teaching financial literacy. They discovered that the learning effect 
of interventions of different duration (24, 18, 12, and 6 h) is the same after 24 months. 
Lusardi and Mitchell (2014) see the reasons for this in the low quality and motiva-
tion of the teachers teaching personal finance. Furthermore, they state that the finan-
cial literacy programs are still not tailored well enough to the respective target 
groups. Other studies show that the positive correlation between financial literacy 
and good financial decision-making is significantly influenced by other individual 
factors, such as an increased affinity for numbers (Erner & Oberste, 2016), mathe-
matical competencies (Cole et al., 2015), motivation to deal with personal finances 
(Bucher-Koenen & Lusardi, 2011), and patience (Hastings & Mitchell, 2011). 
Therefore, each of these competencies needs to be promoted individually. In par-
ticular, it was found that training young people to be more patient and exercise bet-
ter self-control leads to lasting positive effects (Alan & Ertac, 2018; Lührmann 
et  al., 2018). The increased acquisition of financial experience that comes from 
having a bank account and a higher income, combined with the socioeconomic 
status of the family of origin, also have an impact on financial literacy (Förster et al., 
2019; Lusardi et al., 2009; Sohn et al., 2012; Zhan et al., 2006).

A further explanation for the lower effectiveness of these financial literacy pro-
grams in the long-term could be the lack of applicability and relevance of the mate-
rial in the period immediately following instruction, which decreases the likelihood 
of retention (Renkl, 1996). On the one hand, it is assumed that things are more 
likely to be retained in memory if they are associated with strong emotions (Sembill, 
2010). On the other hand, some emotions can be an additional obstacle to rational 
financial decisions, namely attachment (property, real estate), aversion (fear of 
loss), ignorance, delusion and confusion, envy and jealousy, and pride (Gonzales & 
Byron, 2010, p. 55). As a result, adequate handling of these emotional states is nec-
essary and should be trained to allow youth to make meaningful financial deci-
sions—in addition to imparting financial knowledge.

Furthermore, the promotion of financial literacy must be holistic and multidi-
mensional if it is to have a sustainable impact (Smith et al., 2015). According to 
Hira (2012), such a program should address the required values and attitudes 
required to make long-term responsible financial decisions and to encourage reflec-
tion, yet should be simple and realistic. The inclusion of a game as a part of an 
intervention could be helpful to overcome the shortcomings of traditional financial 
literacy programs. Boyle et al. (2016) found positive effects on cognitive, physio-
logical, affective, and social skills of both entertaining computer games and serious 
games. Moreover, board games are effective teaching tools (Berland & Lee, 2011; 
Gobet et al., 2004; Shanklin & Ehlen, 2007; Shanklin & Ehlen, 2017; Treher, 2011; 
Yoon et al., 2014). Games kindle emotions such as curiosity, frustration, and fun 
(Kim, 2012), and make learning possible through trial and error, failure and success, 
and through practice, experience, and reflection (Buckley et al., 2016). Since games 
can be played repeatedly and thus lead to experimentation, initial failure is not final, 
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but rather the first step to success (Lee & Hammer, 2011). This has the potential to 
increase motivation, which can be seen as a key determinant of learning (Brophy, 
2013). These findings could explain the boom of serious games, gamification, and 
physical and analog learning games in recent years.

For a game to be successful at increasing an individual’s financial competence 
and financial literacy, it has to simulate the financial context in a way similar to how 
young adults are required to manage their money. Furthermore, its design should be 
motivating enough so it can be played with pleasure. With this in mind, the board 
game here presented has been developed based on the following assumptions:

 1. The game characters live in an industrialized country and lead an average, 
middle- class life.

 2. The game is based on the comprehensive competencies model for financial lit-
eracy (Aprea & Wuttke, 2016).

 3. It takes a holistic approach in that not only knowledge is taught but also decision- 
making competency is promoted.

 4. The emotional–motivational facets play a central role.
 5. While financial well-being plays an important role, it is not the sole determinant 

of success as the winner is the happiest player, not the richest in financial terms. 
This implies that to become the happiest player, you need to make sound and 
reflected financial decisions.

The research objective presented in this chapter is the development and the pilot 
testing of a financial literacy board game, which can be used solely or in combina-
tion with other tools to foster financial literacy.

This chapter is structured as follows: Section 2 contains the relevant theoretical 
foundations. After presenting important definitions, the latest research results in the 
fields of financial literacy (Sect. 4.2.1), happiness research in relation to money 
(Sect. 4.2.2), and game-based learning (Sect. 4.2.3) will be illustrated. Taking the 
theoretical foundations into account, the development of the game is described and 
the methods and results of the pilot testing are presented (Sects. 4.3 and 4.4). Finally, 
the results are discussed, limitations are specified, and an outlook for future research 
is presented (Sect. 4.5).

4.2  Theoretical Foundations

4.2.1  Financial Literacy

4.2.1.1  Concept, Underlying Definitions, and Competency Model

In academic literature, there is a wide range of concepts surrounding financial lit-
eracy (Davies 2015; Kaminski & Friebel, 2012; Remmele & Seeber, 2012; Schlösser 
et  al., 2011; Retzmann, 2011; Aprea & Leumann, 2016), and there exist several 
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competency models for different target groups and educational contexts.2 Only the 
most important concepts, terms, and definitions deemed relevant for this article will 
be examined here.

Financial literacy is defined by the OECD as “the knowledge and understanding 
of financial concepts, and the skills, motivations and confidence to apply such 
knowledge and understanding to make efficient decisions across range of financial 
contexts, to improve financial well-being of individuals, and to enable participation 
in economic life” (OECD, 2014, p. 33). It is “a combination of awareness, knowl-
edge, skill, attitude, and behavior necessary to make sound financial decisions and 
ultimately achieve individual financial well-being” (OECD, 2017, p. 50). Financial 
literacy can thus be compared with the concept of competence. Based on Weinert’s 
definition of competencies, they “are the cognitive abilities and skills available in or 
learnable by individuals to solve specific problems, as well as the associated moti-
vational, volitional and social willingness and ability to use problem-solving in vari-
able situations successfully and responsibly” (Weinert, 2001, p. 27).

As financial literacy focusses more on basic education like “money and transac-
tions,” “planning and managing finances,” or “risk and reward” (OECD, 2017, 
p. 50), this concept is criticized for referring more to knowledge than the application 
of this knowledge and for disregarding the relevance of motivation, emotion or atti-
tudes (Rudeloff, 2019, p. 53). In contrast, competence emphasizes motivation, emo-
tion, and attitudes within a holistic approach and refers to more complex issues 
(Fürstenau & Hommel, 2019, p. 3).

According to Aprea and Wuttke (2016), financial literacy is “the potential that 
enables a person to effectively plan, execute, and control financial decisions” 
(p. 402). In their competence-oriented working model of financial decision-making, 
they have adopted Weinert’s definition of competence. The authors argue that intel-
lectual activities (e.g., reasoning and decision-making) depend partially on the per-
son and his /her individual characteristics and partly on his/her individual situation 
and environment. These activities can be subdivided into a planning phase, an exe-
cution phase, and a control phase. As an outcome of this process, the person gains a 
new mental attitude and motivation by developing knowledge and skills, and the 
person shows an observable performance (Aprea & Wuttke, 2016, p.  401). By 
repeating the process, earlier decision processes and their decision outcomes affect 
subsequent processes and decision outcomes (referred to as a decision product in 
the model). Accordingly, financial literacy can change a person’s financial behavior.

2 (1) Basic education (Finanzielle Grundbildung) (Mania & Tröster, 2015), (2) financial education 
(Finanzielle Bildung) (Retzmann & Seeber, 2016), (3) basic education (Ökonomische 
Grundbildung) (Remmele et  al., 2013) and (4) general economic education (Ökonomische 
Allgemeinbildung) (Seeber et al., 2012).
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4.2.1.2  Spheres of Activity and Central Competences

For young adults, the spheres “money and transactions, planning and managing 
finances, risk and rewards, and financial landscape” (OECD, 2017, p. 50) are relevant 
for managing their personal finance issues. Manz (2011) specifies the spheres of 
financial literacy as earning and spending money, making debts, saving and invest-
ing, and dealing with risk. In an interview-based study, Aprea et al. (2015) broke this 
down even further and found the following individual cognitive competence facets: 
Earning money, planning and dealing with money issues in everyday life, spending 
money, dealing with debt, and avoiding excessive indebtedness, wealth-creation, and 
retirement savings, and managing risks with insurance policies. A similar break-
down of important individual financial decisions in private life and their interdepen-
dencies was found in a multidimensional expert survey on the topics relevant to the 
target group Young Adults on the Road to Financial Independence, (Pfändler, 2021): 
Earning and spending money (budgeting including money earned/money spent cal-
culations as well as saving), taking on debt (including various forms of debt such as 
overdraft facilities or real estate financing, interest and repayment, and over-indebt-
edness), identifying, taking on and covering risks (by defining insurance concepts for 
the most serious life risks and differentiating between relevant and less relevant 
insurance policies), saving and investing (with a focus on investing money in securi-
ties, identifying asset classes and investment forms with regard to the relationship 
between risk and return, interest rates, and changes in value).

In addition to these cognitive competencies, there are non-cognitive competen-
cies with respect to emotion, motivation, and volition relevant for financial deci-
sions (Aprea et al., 2015, p. 13). Manz (2011) emphasizes that mathematical skills, 
discipline, and intuitive cleverness are relevant for being successful regarding finan-
cial matters. Furthermore, the abilities of structuring information, self-motivation, 
openness, decision-making ability, (self-)reflection, information exchange within 
the peer group, mutual support, and patience are crucial as well (Pfändler, 2021).

4.2.2  Findings of Happiness Research in Relation to Money

Happiness research is helpful in understanding why people spend money. “General 
happiness is, philosophically, a sense of well-being which in turn has been defined 
either as a complete and lasting satisfaction with life-as-a-whole, or as a preponder-
ance of positive over negative feelings” (Kamann et al., 1984, p. 91).

Regarding the connection between happiness and money, Jebb et  al. (2018) 
showed that globally, people are the happiest in terms of how they evaluate their life 
and emotional well-being when they receive a solid middle income. In the sense of 
Maslow’s pyramid of needs, money is associated with security and thus is a basic 
need (Howell et al., 2013). Financial well-being is important to sustaining current 
and anticipating desired living standards and financial freedom (Brüggen 
et al., 2017).
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In addition to income and wealth, this also includes work and the quality thereof, 
work-life balance, health status, education and skills, social connections, civic 
engagement and governance, environmental quality, personal security, and subjec-
tive well-being (OECD, 2011, p. 6). Within the context of the phrase money can’t 
buy happiness, the question is often raised whether or not spending on events to gain 
positive experiences can increase subjective well-being and personal happiness 
(Pchelin & Howell, 2014).

According to Haidt (2018), the living conditions of a person and his or her vol-
untary activities add up to a fixed, personally individual target value (p. 130). This 
implies that each person has an individual level of happiness that is influenced by 
his or her living conditions and actions.

There is a variety of factors that have a positive or negative effect on the feeling 
of happiness. In their research, Kumar et al. (2014) have found that anticipating a 
(positive) experience makes people happier than anticipating a new possession. 
Furthermore, one of the most important life conditions with regard to the feeling of 
happiness is the intensity and number of relationships a person maintains (Baumeister 
& Leary, 1995; Myers, 2000). With regard to living conditions, constant noise can 
cause stress and reduce the quality of life, and thus the feeling of happiness (Glass 
& Singer, 1972). Other investigations have shown that people do not get entirely 
used to a longer commute to work, which is generally associated with stress 
(Koslowsky et al., 1995). Also, a lack of control and the inability to make decisions 
for oneself affects people’s living conditions negatively (Langer & Rodin, 1976).

What if you use your money to create these situations that have been found to be 
relevant to happiness? Will that make you happy? One argument in favor of this is 
that if people can spend money to live in a quieter and more prosperous area closer 
to their workplace, they reduce stress (Firebaugh & Schroeder, 2009). They could 
have more leisure time and can build and maintain more positive relationships with 
other people. According to Haidt (2018), spending money on simple and functional 
appliances or cars makes people happier than saving and investing the rest of the 
money in high-priced consumer goods for later consumption (p. 140). Demonstrative 
consumption can thus be seen as a zero-sum game since the acquisition of increas-
ingly expensive status symbols by one person devalues the possessions of another 
and vice versa (Haidt, 2018, p. 141). Keeping up with the Joneses—the comparison 
of income within the peer group—can make people unhappy (Harris, 2008).

In contrast, spending money on things that put you in the flow state, i.e., the 
temporary and subjective feeling of deep happiness combined with high commit-
ment can make people happy (Cziksentmihalyi, 1990). Flow can come from hob-
bies or enjoyable work, challenging and voluntary physical activities, mental 
activity in the form of thinking or remembering, philosophical considerations, com-
munication, writing, or diversified work. According to the author, the following 
prerequisites are necessary to attain this state (Cziksentmihalyi, 1990, p. 304):

 1. tasks with a reasonable chance of completion
 2. the ability of full concentration on the activity
 3. clear goals
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 4. immediate feedback
 5. deep but effortless involvement that removes from awareness the frustrations and 

worries of everyday life
 6. sense of control over our actions
 7. no concern for the self
 8. alteration of the concept of time, hours can pass in minutes and minutes can feel 

like hours.

These findings would seem to indicate that spending on hobbies, further educa-
tion, or other activities should be high to achieve a high balance of happiness. There 
is also another relationship between happiness and money, e.g., people feel happy 
when they donate money or spend their money on other people (Dunn et al., 2008). 
Children have a positive influence on the life satisfaction of parents if the parents do 
not experience a noticeable deterioration in their material circumstances after the 
birth of their children, according to Blanchflower and Clark (2019). However, peo-
ple who get into financial difficulties as a result of having children are less happy 
than before.

In summary, it can be assumed that money alone does not make people happy, 
but indirectly money can make people happy as a certain amount necessary to create 
security, freedom, and pleasant living conditions.

4.2.3  Game-Based Learning

4.2.3.1  State of Research

Game-based learning can be implemented in analog or physical (non-computer 
simulation games, board simulation games) or digital settings (computer simulation 
games), i.e., video games or apps (Geuting, 2000). This gamification of learning is 
defined by Landers (2014) as “the use of game elements, including action language, 
assessment, conflict/challenge, control, environment, game fiction, human interac-
tion, immersion, and rules/goals, to facilitate learning and related outcomes” 
(p. 757).

By using special learning games, students can experience motivation and engage-
ment in complex learning situations where problems are solved, decisions are made, 
and metacognitive thinking is required. This in turn leads to changes in attitudes, 
behavior, and skills (Ifenthaler et al., 2012; Kim et al., 2009; McClarty et al., 2012; 
Mishra & Foster, 2007). Furthermore, they receive constant feedback via a score or 
changes in the game world that enables them to monitor their progress (Prensky, 
2001). Game-based learning is understood as the use of games for teaching and 
learning purposes (Wilson et al., 2013). It focuses on interactive problem-solving to 
reach a specific objective by using required competencies where the learners receive 
timely feedback on previously uncertain game results to promote learning (Eseryel 
et al., 2014). It can be used as an assessment tool as well (Ifenthaler et al., 2012; 
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Shute & Ke, 2012). In comparison with digital games, analog games, especially 
board games, are often much simpler and more transparent in terms of game 
mechanics and the associated links (Zagal et al., 2006). The decision-making and 
the execution speed of a game move are higher in physically tangible games than in 
screen-based games or exclusively virtual versions (Esteves et al., 2013).

Several reviews and meta-studies have shown the positive effects of game-based 
learning. In an evaluation by Boyle et al. (2016), games are seen as a way to change 
behavior via unintentional learning opportunities. Hamari (2014) has also identified 
positive effects from gamification. Granic et al. (2014) summarized the cognitive 
(e.g., attention), motivational (e.g., resilience in the face of failure), emotional (e.g., 
mood management), and social (e.g., prosocial behavior) benefits. Moreover, 
Wouters et al. (2013) state that games are more effective in terms of learning and 
retention than other teaching methods.

The studies also identified shortcomings of learning with games. Boyle et  al. 
(2016) noted that the primary outcome of learning-focused games was knowledge 
acquisition, whereas entertainment games achieved a broader range of affective 
behavior change, perceptual and cognitive, and physiological outcomes. According 
to Wouters et al. (2013), games for learning are not more motivating than conven-
tional instruction methods. They also found that students only learned more using 
games in comparison to conventional instruction methods when the gameplay was 
supplemented by other instruction methods, when multiple training sessions were 
involved, and when players were working in groups. Furthermore, Hamari (2014) 
claimed that the effects of gamification greatly depend on the context of usage and 
the individual user. In other words, not all learning games are interesting and moti-
vating for every player. Expectation also played a role. Motivation dropped in par-
ticular when learners went into a game expecting a gaming experience offering 
problem-solving within a complex system, but came to realize they dealing with 
nicely packaged teaching material that failed to create a context they could identify 
with and did not succeed at creating a flow state (Granic et al., 2014). In some cases, 
learners recognizing that they were playing a learning game led to resistance against 
the game (Remmele, 2017). Finally, based on data on 9343 games taken from 
BoardGameGeek.com, Koehler et al. (2016) came to the conclusion that learning 
games were rated as less entertaining than traditional games. They surmised this 
could be because the design of good education is different from the design of a 
good game.

That being said, positive learning effects have been achieved through the use of 
computer games and board games—within the framework of intervention studies—
in the domains of pharmacology (Karbownik et al., 2016), marketing (Ross, 2013), 
information literacy (Greifender & Markey, 2008; Wilson et al., 2017), physics and 
astronomy (Cardinot & Fairfield, 2019), and in the learning of abstract scientific 
concepts such as quantum mechanics, relativity and nano-biology (Chiarello & 
Castellano, 2016).

In the field of financial literacy, too, there are various analog and digital games 
and intervention studies, e.g., Credit Union Island in the Teen Grid of Second Life 
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3D3 (learning objective: budgeting, saving, how to deal with loans and investing in 
a house) (Elliott, 2009; Liu et al., 2011), The Stock Market Game (learning objec-
tive: promoting investment decisions and mathematical knowledge) (Harter & 
Harter, 2010; Hinojosa et al., 2010), Cashflow 101 (learning objective: training of 
investment and saving behavior with the aim of living on passive income only) 
(Sánchez-Macías et al., 2018), Finance Mission Heroes in which financial-eating 
robots must be actively combated (learning objective: earning, spending and saving 
money) (Aprea et al., 2018).

Other examples of educational games in the financial sector are W2 Finance 
ABC from the Schufa education initiative4 (learning objective: basic financial 
knowledge), Visa’s Financial Soccer and Financial Football5 (Learning objective: 
basic financial knowledge), Piggy Bank Game,6 (Learning objective: earning 
money), D2D’s Celebrity Calamity Game7 (learning objective: budgeting, avoiding 
overindebtedness, see Aprea & Schultheis, 2019). But there are no intervention 
studies in which the educational use of these games has been tested. Regarding the 
game Isle of Economy8 (learning objective: general economic competences and 
financial literacy), the study showed that the learning effects, and especially with 
regard to motivation, were rather low (Remmele, 2017).

Based on this review, it would appear that a financial literacy game that covers all 
relevant competencies needed by young adults and does so in an authentic, interest-
ing, and motivating way, does not yet seem to exist. In the following section, this 
paper will outline the theoretical foundations of a workable concept and compe-
tency model of financial literacy, the findings of happiness research in relation to 
money, and the principles and mechanics of game-based learning, which would be 
relevant to developing such a game.

4.2.3.2  Principles, Mechanics, and Elements of Game-Based Learning

According to Perotta (2013) and Eseryel et al. (2014), there are several interdepen-
dent principles or concepts and mechanisms (or processes) that are important in 

3 Second Life (released in 2003) is a virtual 3D world with virtual figures, which was developed by 
Linden Lab for use in various games for people over 16 years. There are no further documents or 
entries online about the Financial Literacy Game and its further use. In Germany, the platform 
came into disrepute due to a lack of youth protection (young people worked virtually in brothels 
and earned Linden Dollars) and criminal activities (child pornography). For more details see 
https://secondlife.com/
4 For more details see https://www.schufa.de/ueber-uns/presse/pressemitteilungen/finanz-abc.jsp
5 For more details see https://www.visa.co.in/dam/VCOM/download/corporate/media/ 
Visa_FinancialSoccer_FactSheet_012915_v8.pdf
6 For more details see https://mymoneyrain.com/piggybank
7 For more details see https://www.thesolutionsjournal.com/article/
video-games-teach-financial-skills-to-women/
8 For more details see https://www.teacheconomy.de/planspiele/isle-of-economy/
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game-based learning. There is (1) intrinsic motivation (see Ryan & Deci, 2000), 
which manifests itself through voluntariness and self-determination when playing. 
When a game awakens a player’s intrinsic motivation, learning is accompanied by 
(2) intense enjoyment, fun, and authenticity, and can lead to flow (see Cziksentmihalyi, 
1990). The learning processes should exhibit (3) authenticity. That means that they 
are concrete, coherent, and goal-oriented in a way that allows the player to experi-
ence (4) autonomy and self-control. The passion and interest in the subject matter 
resulting from this (5) experimental learning lead the learner to become more and 
more immersed in the subject matter.

Based on self-determination theory, motivation consists of three basic needs: 
autonomy, competence, and connectedness (see Ryan & Deci, 2000). When these 
needs are satisfied, intrinsic motivation arises, leading to a qualitatively higher 
commitment, and thus to learning processes. Experiencing self-efficacy and the 
belief in achieving the desired results, in turn, leads to higher motivation (Bandura, 
1997). According to Cziksentmihalyi (1990), individuals can reach a state of flow, 
a state characterized by optimal experience, if (1) they believe that they are 
approaching the envisaged goal, (2) this is signaled to them by feedback, and (3) 
the achievement of the goal is not associated with uncertainty and the associated 
challenges correspond to their abilities and skills (Schell, 2012, p.  194). 
Commitment can be represented by indicators like effort, persistence, and perse-
verance arises when the motivational factors interest, autonomy, competence, con-
nectedness, and self- efficacy are demanded in the context of a task (Ryan & 
Deci, 2000).

Given the abovementioned principles, an effective game would implement the 
following mechanisms (Perotta, 2013; Shute & Ke, 2012, p. 46). Complex decisions 
must be made based on (1) clear rules, and (2) objectives of the game need to be 
clear and challenging—but not too challenging (Cziksentmihalyi, 1990)—for the 
learner. The game should take place in a (3) fictional setting or a compelling back-
ground and should contain (4) progressive difficulty levels. (5) Interaction and con-
trol should exist although there should be a (6) degree of uncertainty and 
unpredictability combined with (7) immediate and constructive feedback. Finally, it 
is important that the players feel a sense of cohesion and belonging through the (8) 
shared experience.

A game basically consists of the elements mechanics, story, aesthetics, and tech-
nology (Schell, 2012, p. 93). The mechanics of the game are the processes and rules 
of the game as explained in the section above. They determine what the game’s goal 
is and how the players can achieve it. The story of the game comprises the sequence 
and events (actions) during the game, whereas the aesthetics of the game are respon-
sible for the sensory perception of the game. Technology is the medium through 
which the aesthetics are transported, the mechanics come into play, and the story 
is told.

It is based on these principles, mechanics, and elements that the development 
and pilot testing of the Happy Life Game will be presented in the following chapter.
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4.3  Methodology

4.3.1  Development of the Happy Life Game

4.3.1.1  Requirements for the Specific Game Design

Based on the theoretical foundations, the following requirements can be postulated 
for a good game design that fosters financial literacy in young adults. (1) The 
decision- making process of the competency model as well as the concrete compe-
tencies and their interdependencies (see Sect. 4.2.1.2) should have a clear practical 
manifestation in the game. (2) The game principles need to be implemented by 
adequate mechanics as explained above (see Sect. 4.2.3.2). (3) The game has to be 
challenging but not too challenging for the target group. (4) In particular, it has to 
be designed in a manner that allows the target group—the late Millennials and the 
early born of Generation Z9—to be enthusiastic and excited about playing it (Schell, 
2012, p. 167). This could be achieved by stimulating a situation in which the players 
envision a possible future. (5) Additionally, a credible connection between money 
and happiness (see Sect. 4.2.2) is key to game authenticity as the target group sees 
life as “a journey to find their purpose in life, a pursuit of happiness” (Tan et al., 
2015, p. 9). In particular, being healthy, both physically and mentally (94%), as well 
as having a good relationship with one’s family (92%) and friends (91%) contrib-
utes mostly in their opinion but having enough money to make life comfortable 
(86%) is very important for them, too (Broadbent et al., 2017, p. 30).

4.3.1.2  Aim of the Game and Game Structure

Happiness and well-being are seen by the target group as reasons for spending 
money. Happiness is operationalized in the Happy Life Game by giving players the 
goal of accumulating as many happiness points as possible in the course of their 
play-life. The players can only earn happiness points if they are careful with their 
finances, especially in their younger years. In other words, by not spending too 
much at the beginning of the game, their income increases through further rounds, 
they build up savings and investments and can take out necessary insurance policies 
early on. This framework balances rewards for good against setbacks for bad finan-
cial choices, thus encouraging responsible financial behavior. In addition to the hap-
piness points collected (e.g., for pleasant shared experiences or goods and services 
that make life easier, see Sect. 4.2.2), earned money and assets are converted into 
happiness points at the end of the game, as wealth increases financial security and 
thus the probability of continuing to live happily after retirement. However, you 
receive fewer happiness points when converting at the end of the game than you 

9 Millennials are those born between the early 1980s and the late 1990s, Generation Z are those 
born afterwards.
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would have earned from happiness-enhancing extra spending during the game. 
Players are in competition with each other but without the possibility of consciously 
hindering one another.

4.3.1.3  Story, Aesthetics, and Technology

The story of the game covers the years of life from young adulthood, employment 
to retirement age. Corresponding decision-making situations with financial conse-
quences are implemented on this path of life. This period of time, the Path of Life, 
is depicted on the game board in different game field colors (see Figs. 4.1 and 4.2): 
Green for payday, blue for income earned by securities, e.g., stocks and bonds, and 
rental income, yellow for extra expense fields and cards, orange for property fields 
and cards, and grey for event fields and cards. Further education (pink) and the birth 
of a child (delicate pink) lead to both higher spending and higher happiness (by 
gaining happiness points). Unemployment, which means the player must sit out 
three rounds, has been designed in alarming red. The technique itself is simple as it 
consists only of a game board, different cards, game pieces, and 6-sided and 
12-sided dice.

Fig. 4.1 Happy Life Game 
(own illustration)
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4.3.1.4  Game Mechanics

The game board represents the path of life and consists of six connected semicircles 
(see Fig. 4.2). Each player receives start-up money at the beginning of the game. For 
the rest of the game, the players are financially autonomous and have to design their 
earning and spending independently from each other, i.e., plan and make permanent 
financial decisions. This includes the long-term increase of income through further 
education, conscious decisions for or against spending money, investing in the capi-
tal market or buying real estate, taking out loans, and insurance policies against 
undesirable life events. Each player has to keep track of these activities on an earn-
ing/spending and an asset portfolio sheet. Furthermore, the players are constantly 
confronted with decisions such as rewards by spending more on education or invest-
ing in securities or real estate to generate higher future monetary income; or spend-
ing their money in the present time and acquiring immediate happiness points. As 
the players are not able to foresee future events, they are always being faced with 
realistic life decisions.

In the Happy Life Game, each move consists of financial planning, decision- 
making, and repeated decisions being reviewed. The players can revise their deci-
sions from move to move. They have to apply their financial knowledge to different 
situations with the goal of improving their financial competence (see Sect. 4.2.1).

Expensive losses can also come about, and the only way to protect against these 
is to take out the right insurance policy or to have enough money or/and liquid 

Fig. 4.2 Game board of the Happy Life Game (own illustration)
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assets. Stocks, bonds, and real estate investments may increase or decrease in value 
at the end of each semicircle (when the first player lands on or passes the field 
Marktveränderungen, see Fig.  4.2). Additional costs in the form of mandatory 
expenses (e.g., car repair, broken smartphone) or optional expenses, which increase 
the player’s happiness (e.g., holidays, candlelight dinner) are incurred when players 
land on the extra expense field. In addition, players may unexpectedly become 
unemployed, resulting in a loss of income. Players receive happiness points due to 
the birth of a child but may also face permanently higher future expenses, which is 
determined by a throw of the dice after landing on a specific field. The worst-case 
scenario for players is private bankruptcy, i.e., they no longer have any assets and 
have exhausted their overdraft to the maximum amount of three months’ salary. In 
this case, the player has to sit out several rounds and loses happiness points. 
Afterward, the player reenters the game with a balance of zero at the beginning of 
the next semicircle. At the end of the game, when all players have reached the retire-
ment field, the money and assets they have accumulated are converted into happi-
ness points and added to the happiness points they earned during the game.

In addition to throwing the dice, there are two ways that gameplay is advanced. 
Firstly, there are real estate, event cards, and extra-expense cards. Secondly, there 
are chance-based, recurring market changes. The probability of falling asset prices 
is slightly lower than that of rising prices, which takes into account that over the last 
70 years asset prices have, on average, shown positive trend growth (Claessen, 2017).

In addition, a snowball system as per Friese (2010) has been integrated into the 
game, i.e., early saving and investment, as well as the deferral of rewards all result 
in income that the player can then invest again (compound interest effect) or spend. 
Players are usually quite uncertain when making their early decisions about which 
real estate, bonds, or stocks to invest in. As the values of these investments fluctuate 
independently later in the game, this can be equated with a large element of chance 
(implementation of lotteries). The only way to hedge against these risks is to achieve 
sufficient diversification in terms of portfolio selection (Markowitz, 1952).

4.3.2  Pilot Testing of the Happy Life Game

4.3.2.1  Criteria of Game Evaluation

Annetta (2010) and Aprea and Schultheis (2019) provide suitable criteria for evalu-
ating a serious game. According to Annetta (2010), a game requires six central char-
acteristics to enhance motivation and sustained commitment of the player and to 
fulfill didactic purposes. The first is identity, which means that the player quickly 
identifies with the game and perceives himself as a unique individual in this new 
environment. It is a prerequisite for achieving complete immersion in the game 
without experiencing real consequences. The interactivity of the players, the 
increasing complexity, and the direct feedback by evaluating the actions through 
informed teaching lead to a deeper involvement in the game. The focus of a serious 
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game should be instructional learning. On the one hand, this requires the fulfillment 
of the previous elements, on the other, the content must also be meaningful for the 
learner and draw on his or her previous knowledge to address long-term memory. In 
this sense, Annetta (2010) argues from a constructivist’s point of view, claiming that 
to generate new knowledge, serious games must be structured in a way that game 
experiences can be linked to existing ones. Ideally, the players are not consciously 
aware of this learning process, resulting in implicit learning.

Aprea and Schultheis (2019) likewise summarize six design principles of game 
design. They partially overlap with those of Annetta’s (2010). Firstly, situatedness 
(Situiertheit), can be compared to characteristic identity. Furthermore, goal and rule 
orientation (Ziel- und Regeloriertierung) in connection with a transparent goal, an 
increasing challenge (zunehmende Herausforderung) in the course of the game, the 
easy learnability of the game mechanics (Erlernbarkeit der Spielmechanismen), 
especially linked to the examination of the game content, social interaction possi-
bilities (Soziale Interaktionsmöglichkeiten) of the players as well as direct control 
(Kontrolle) connected with the experience of autonomy and competence are 
mentioned.

The evaluation of a game is possible during and after playing (Eseryel et  al., 
2011, p. 164). The assessment during the game refers to the gameplay itself, while 
the assessment after the game focuses on the impact and the results. Eseryel et al. 
(2011) differentiate between external and internal assessment. The external assess-
ment is carried out through interviews outside the game process, the internal assess-
ment takes place in the context of the game and—at least in the case of digital 
games—does not lead to an interruption of the game flow (Eseryel et al., 2011). 
Dynamic feedback within game-based learning environments is mentioned to be a 
reliable and valid assessment tool. Ifenthaler et  al. (2012) differentiate between 
game scoring, i.e., the points achieved or the time required, external assessment, 
e.g., through surveys before, during, and after the game, and embedded assessment 
of game-based learning, i.e., feedback implemented through clickstreams.

Since the Happy Life Game is an analog board game, embedded assessment is 
hardly possible. For this reason, the pilot study focused on the usability assessment 
as its main objective. Game scoring has not yet been examined in detail. As a result, 
the pilot study is largely based on external assessment.

4.3.2.2  Sample

Testing was done with five young adults (18–27 years, target group of the game). 
This was a sufficiently high number to identify most of the usability problems. It is 
unlikely that using more testers would lead to better findings as saturation has 
already occurred (Jacobsen & Meyer, 2019, p.  189; Sarodnick & Brau, 2011, 
p. 174). The test persons played the game in three rounds. In the first two rounds 
with one respondent and the interviewer, in the third round, there were three respon-
dents and one interviewer. The interviewer explained the game and played it along 
at the beginning of each round.
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The average age was 26 years (min = 24; max = 27), the sample consisted of two 
female and three male participants. With regard to the highest educational qualifica-
tions attained, one participant possessed an intermediate school leaving certificate 
(Realschulabschluss), two had the general higher education entrance qualification 
(Abitur), one had a Bachelor’s, and one a Master’s degree. Two test persons were 
doing an apprenticeship while the remainder were students.

4.3.2.3  Usability Testing

The pilot study was conducted in December 2019. The evaluation materials, as well 
as the procedure, were pilot-tested in advance with two additional test persons 
belonging to the target group. The methodology proposed of Moreno et al. (2012)—a 
Serious Game Usability Evaluator (SeGUE)—was chosen for testing as it takes into 
account the specifics of serious games. It is a structured approach that records and 
categorizes events and the player’s reactions. The trigger for coding an event is the 
emergence of a problem or the display of a negative or positive reaction. Events are 
coded using event category definitions provided by Moreno et al. (2012). In addition 
to the positive, negative, and neutral information, greater detail on the specific form 
of the emotional reaction is coded, linked in each case to an interface/design area.

The SeGUE categories are further divided into interface and game design. 
Interface comprises six subcategories with items like content, user interface, and 
technical errors. Game design includes the subcategories like game flow and func-
tionality. Examples of emotional reactions and states shown by the users could be 
learning, reflecting, satisfied/excited, pleasantly frustrated, frustrated, confused, 
annoyed, unable to continue (fatal), nonapplicable, or suggestion/comment. Each of 
the reactions is assigned a negative, neutral, or positive valence. In this application 
of SeGUE for the pilot study, the category N/A (non-applicable) was added to cover 
events that could not be accurately assigned to an existing category.

The Thinking-Aloud method (Ericsson, 1993) was employed to collect data dur-
ing the game rounds. This method is suitable for detecting usability problems and 
also provides insights into whether a test person is captivated by the game 
(Knoll, 2018).

Furthermore, a questionnaire consisting of two parts was used to record the test 
subjects’ perceptions of the factors such as playability and learnability immediately 
after the game. Since the flow experience is suitable for assessing playability 
(Procci, 2012), the first 10 items of the first section of the questionnaire formed the 
7-step short scale by Rheinberg (2003), which showed reliability of 0.8 < α < 0.9 in 
previous tests (Rheinberg & Vollmeyer, 2003). Based on the performed factor anal-
ysis, the first section forms the scale Flow (items 1–10) which can be additionally 
divided into two sub-scales Absorbedness (items 1,3,6,10) and Smooth automated 
progression (items 2,4,5,7,8,9).

The second section consists of self-developed items with a 7-step Likert scale 
and items with open answer options which refer to Concern and Fear (items 11–12) 
as well as Usability, Playability, and Learnability (items 13–22). Items 14–15 
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(Request and Ability) have been used for the level of requirements and items 16–17 
for the players’ subjective learning effect (Learnability). Items 18–20 concentrated 
on playability in terms of the concept of Fun. With item 21, reasons why the game 
was not fun, and 22, general suggestions for improvement (usability) were obtained 
from users. The reliability of the scales was determined with Cronbach’s Alpha 
(αc). For the two scales Concern and Request and Ability the Spearman-Brown- 
Coefficient (αs) was additionally determined. In addition, demographic and socio-
economic data of the test persons were collected. The participants filled out the 
questionnaire directly after ending the game.

4.4  Results

Using the SeGUE method, 202 events were identified. Of those, 67 (33.2%) were 
classified as negative, 62 (30.7%) as positive and 73 (36.1%) as neutral events. 
Regarding the type, 102 (50.5%) related to the interface and 100 (49.5%) to the 
design of the game. The negative events were mostly annoyance and confusion with 
the layout or the user interface, content, and game flow, e.g., when the players had 
to pay standard expenses and overdraft interest or when they had to sit out several 
rounds due to unemployment. Among the positive events, the reactions to the game 
flow stand out, especially satisfaction and excitement such as increases in asset 
values aftermarket adjustments or extra spending that brought happiness points. The 
neutral events came mainly from comments on the layout/user interface, content, 
and functionality. Furthermore, there werwe no technical errors or events that inter-
rupted the game flow. With regard to the negative and neutral events, there were 
suggestions for improving usability, such as swapping two fields on the game board 
and removing various small ambiguities in the game instructions. These could be 
easily addressed. Figure  4.3 (Results of SeGue) gives an overview of the 
assigned events.

With regard to the questionnaire, the following evaluation results were obtained 
(Table 4.1).

The results show that the scales Flow, including the subscales Absorbedness and 
Smooth automated progression, and Fun are highly rated—considering values 
above the mean value of four. Average values were obtained for the scales Request 
and Ability (3.9) and Learnability (3.8), whereas the scales Concern (2.6) and Level 
of difficulty (2.8) resulted in values below average.

The answers to the open question (item 17) revealed a greater awareness for 
circumstances that could impact the player’s financial situation in real life (“Ich 
wurde sensibilisiert für Dinge, die im Leben passieren können, und welche 
Auswirkungen sie auf die eigene finanzielle Situation haben.”). The participants 
also stated that they had learned, which factors can influence financial decisions 
(“Ich habe gelernt, welche Faktoren bei finanziellen Entscheidungen eine Rolle 
spielen können.”), that it is necessary to take precautions against unexpected nega-
tive events (“Man muss echt vorsorgen, falls etwas Unerwartetes eintrifft.”) and the 
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importance of insurance (“Versicherungen sind so wichtig!”). They also became 
aware of the influences of chance and luck (“Der Einfluss von Zufall und Glück ist 
heftig.”).

Taking into account the answers to item 21, the participants stated that the game 
simulation led them to think about their own choices in life and they recognized 
situations relevant to their own during the course of the game (“Man fängt an, sich 
während des Spielens über seinen eignen Lebensweg Gedanken zu machen und 
identifiziert sich dabei ein wenig mit dem Spielverlauf.”). They also found them-
selves getting emotionally involved and found the game exciting and also very 
entertaining, especially when they were successful (“Man wird quasi emotional 
mitgerissen. In dieser Hinsicht, ist es sehr spannend, aber auch sehr unterhaltsam, 
wenn man Erfolge vorweisen kann.”). They rated the game as something new com-
pared to other board games (“Verglichen mit anderen “typischen” Brettspielen war 
es etwas Neues.”) and found the game fun (“Macht Spaß, besonders das Durchdenken 
von Alternativen!“).

The answers on Usability (item 22) pointed ways to make the game even more 
realistic, e.g., introducing the opportunity to throw the dice in case of unemploy-
ment. The participants rated the situation as unrealistic that they would not be able 
to take any action while unemployed (“Bei Arbeitslosigkeit sollte man zwar keine 
Einnahmen mehr bekommen, aber dennoch die Möglichkeit haben zu Würfeln. Es 
ist unrealistisch, dass man bei Arbeitslosigkeit gar keine Handlungsmöglichkeit 
mehr hat.”). One participant criticized the game design (“Ein anderes Design des 
Spielbretts wäre schöner.”) and the layout of the forms used during game (“Die 
Übersichtlichkeit der Zettel ist verbesserungswürdig.”).

Fig. 4.3 Results of SeGUE
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4.5  Discussion, Limitations, and Conclusion

In this study, a board game was developed to convey relevant financial literacy com-
petencies to young adults. In particular, the game was designed to promote mathe-
matical and decision-making competencies in accordance with the competency 
model of Aprea and Wuttke (2016).

In addition, the game design considered the findings of happiness research in its 
evaluation of choices about how to appropriately spend money. This may appear 
contradictory to the premise of financial literacy as the supposed pursuit of happi-
ness of the target group could be seen as one driving force behind excessive con-
sumption. Nevertheless, studies have shown that being happy in their lives and 
being able to look back on a happy life are defining characteristics of the youth 
cohort in question (Sect. 4.3.1). For this reason, the objective of the game was not 
to maximize money, but happiness points, which in turn requires responsible use 
of money.

An important message conveyed by the game rules was that one should not buy 
too much happiness because that will undermine the financial basis for security and 
pleasant living conditions and the player’s situation will no longer be financially 
viable. For a person of the target group, it could be important to become aware of 
these factors as they relate the feeling of happiness, to balance them out, and to learn 
how this could be achieved through an adequate implementation of financial liter-
acy. A game can make these interrelationships tangible—and thus learnable—which 
an intervention based purely on financial literacy focused on financial knowledge 
cannot do.

Although digital serious games are a trend, using a board game to foster financial 
literacy competencies brings several advantages. Firstly, the interdependencies 
between the facets of financial literacy are clearer and more transparent. Secondly, 
a player has more time for reflection between the moves and can observe and dis-
cuss the strategies of the other players. Finally, the players have to calculate their 
money transactions and have to structure their cashflows independently.

The results of the pilot study show that the average test person attained a flow 
state while playing the game. They had fun and dealt actively with relevant financial 
literacy objects in a stimulating state of high concentration, absorption, motivation, 
and commitment. Furthermore, they could name subjective learning effects in retro-
spect. These facts permit the interpretation that the game is a very good fit for the 
target group.

Nevertheless, there are some limitations. Although saturation was achieved, the 
sample was rather small and the participants were well-educated (Abitur, 
Realschule). Additionally, the game still has to be tested with younger students 
(18–25 years) and groups having lower levels of education (Hauptschulabschluss; 
no graduation). The piloting also revealed some opportunities for improvement 
which will be included in a second edition.

The game strongly reduced the number of investment opportunities within the 
most diverse asset classes and the most diverse products within these, as well as the 

A. M. Pfändler



81

most diverse forms of financing. It did the same regarding the abundance of differ-
ent insurance policies and the different ways of accessing credit in real life. Nor can 
every eventuality in life be represented. Personal tragedies such as divorce or the 
death of a partner were ignored in the design.

As the game was designed to increase financial literacy, it would additionally be 
important to test the game’s effectiveness at doing just that. In a further study, the 
learning effects will be tested by means of an intervention study. Keeping in mind 
that long-term learning effects strongly decrease over time (see Sect. 4.1), the study 
will capture financial knowledge and financial behavior at three points in time 
(before playing the game, shortly after, and a longer period after the intervention). 
This approach will allow better conclusions on whether the game is suitable for a 
long-term and sustainable promotion of financial literacy.
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Chapter 5
Business Simulation Games: Three Cases 
from Supply Chain Management, 
Marketing, and Business Strategy

Scott J. Warren, Meranda Roy, and Heather A. Robinson

5.1  Introduction

Why are business games and simulations valuable tools for teaching and learning? 
Many analog business games and simulations were used in organizational training 
for decades before digital as evidenced by the hundreds captured in Horn’s (1977) 
seminal book The Guide to Simulation/Games for Education and Training. Most 
games and simulations in this time were simulations developed for different busi-
ness disciplines. These learning tools are often intended to give users the opportu-
nity to practice complex cognitive tasks with low consequences for failure (Levant 
et al., 2016). Using simulations reduces the risk of negative consequences for learn-
ers while allowing them to repeatedly test different strategies and approaches and 
learn from mistakes (Johnson et al., 2016).

These basic learning affordances (Greeno, 1994; Robertson, 2011) of business 
games and simulations explain the value of different cognitive and psychomotor 
aspects of a digital tool and how they align to identified learning affordances in the 
field of educational gaming. However, whether business games and simulations are 
effective for teaching and training remains a challenging question due to limited 
research over the last several decades. Over the last 20 years, the field has enjoyed 
a significant increase in the availability of business games and simulations for K-12 
and higher education students; unfortunately, research on these digital business 
training tools lags research on other educational games (Buil et al., 2020). The pur-
pose of this chapter is to explore use cases of simulation games designed for busi-
ness education and describe how they are expected to improve learning using 
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concepts of game, simulation, and learning affordance to better explain how to ana-
lyze these instructional tools to determine their value for business education settings.

5.2  Background

Business simulations allow users to apply theory and practice skills in a low-threat 
environment (Buil et al., 2020; Wolfe, 1993). Since business disciplines are rooted 
in the real world, simulation games model what the field understands about con-
cepts such as consumer psychology, applied mathematics (e.g., accounting), organi-
zational structuring, management, and law (Faria et  al., 2009). Today’s digital 
simulation games remain rooted in analog, in-person simulation games that pre-
ceded them as well as the business principles and practices they teach. It is therefore 
important to explain some of the primary business concepts that frame the design, 
rule sets, conflicts, and the value those simulations offer for learning transfer.

5.2.1  Core Business Concepts: Boundary of the Firm; Explore 
and Exploit, Creative Destruction

Three root concepts frame both the practices and broader conceptual frameworks of 
the business discipline (Barney & Hesterly, 2012; Yang et al., 2010); and therefore, 
underpin the interactions and goals of most simulation games, especially those used 
in higher education courses. Many business simulation games ask students to 
address one aspect (e.g., supply chain management) within a discipline, and to 
address tradeoffs that result from their simulated choices in response to presented 
consequences. The following concepts in the literature are a common focus, whether 
explicitly stated or not, of what students are expected to engage with in business 
simulation games.

5.2.1.1  Boundary of the Firm

The first concept is the boundary of the firm and explains the central purpose of 
business firms as organizations and why they provide an important social service in 
providing goods and services to individuals.

The study of firm boundaries originated with ideas put forth by Coase (1937, 
p. 1) who considered:

The question of why we observe significant economic activity within formal organizations 
despite the economic argument that markets are the most powerful and effective mecha-
nisms for allocating scarce environmental resources.
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Coase explained that organized companies (i.e., firms) can transact business at 
lower costs despite having imperfect information from the markets. At the time 
Coase rejected the commonly accepted concept that for one business agent to do 
better, another must-do worse, making it a core conceit of business logic (Holmström 
& Roberts, 1998), leading to a need to employ game theory where we cannot know 
how our opponent will react in each situation (Bendle & Vandenbosch, 2014). This 
situation results because business actors must decide how to spend limited funds on 
advertising, renting workspace, buying needed resources from suppliers to make a 
product, hiring lawyers to write and enforce contracts, and many other activities that 
are cost-prohibitive for one person to encumber; therefore, an organized firm made 
up of many people acting in concert is a more secure way to do business. As such, 
business students must learn how to establish a firm boundary that allows their com-
pany to produce better, cheaper products than their competitors. Wernerfelt (1984) 
later identified that the goal of any business firm is to strategically manage scarce 
industrial and human resources more effectively, efficiently, and sustainably than 
their competitors to generate profit and maintain a competitive advantage over time 
(Oliver, 1997). As such, in business simulations, it is common to provide students 
with the task of developing a firm boundary in such a way that their simulated com-
pany provides a product at a lower cost to consumers than their competitors (Carenys 
& Moya, 2016). Using this view, business simulation games often require students 
to manage and/or explore to acquire scarce resources and exploit them to best effect 
for their company to survive against competitors.

5.2.1.2  Explore and Exploit

Another concept central to business logic is exploring the external environment 
(i.e., markets, physical world, etc.) and internal capabilities of an organization to 
discover valuable resources that can be exploited for the financial benefit of a firm 
(Levitt, 1965; Nielsen et al., 2018). Business educators teach students to observe 
and analyze potential markets for products, seeking to maximize profit by entering 
the right target market segment with the right product at the right time, exploiting 
demand, and matching current knowledge of consumer psychology (Ho et al., 2006; 
Stephen, 2016). Related educational practice in business classrooms provide stu-
dents with opportunities to practice skills such as research on available markets, 
product development and pricing, segmentation, targeting, and survey research to 
best exploit the current environment and available corporate resources to best 
improve financial gain (Harrigan & Hulbert, 2011; Teece et al., 1997).

5.2.1.3  Creative Destruction

Creative destruction, because of industry changes over time, is a central feature of 
capitalism (Schumpeter, 1942). Maintaining an advantage against competitors is a 
goal of corporations, but the conflict to gain market share and grow profit through 
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exploration of new products and markets can lead to strategic failures and, poten-
tially, the financial collapse of a firm. However, the failure of a product in the market 
can lead to innovative approaches by an existing firm or allow entry of a new com-
pany that offers something that customers want to buy (Suddaby & Foster, 2017). 
Competition among businesses in the same market can lead to the perception that 
the firms are at war and, over time, corporate strategists employed analyses of envi-
ronmental and competitive conflict to strategic planning, a view inherent in business 
simulation games (Pitkethly, 2006).

5.2.2  Business Framed as Interplay Between Conflict 
and Strategy

In business, participants recognize core concepts regarding what constitutes a game 
and play (Salen & Zimmerman, 2004):

• Conflict driving activity: In games, the conflict is generally rooted in an artificial 
situation that drives the play. Case studies on conflict analysis are often written 
to mirror the real world; thus, improving learning transfer to existing corporate 
contexts.

• Interactive rule set: In simulation games, the interactive rule set may be signifi-
cantly abstracted from the real world due to logistical constraints with program-
ming. In simulation games, the rule set is based on limited models of human 
behavior. Although, not always realistic it can provide a useful approximation for 
teaching. Business simulations portray business rules in accordance with the 
theoretical and practical frameworks of business (e.g., resource-based view of 
the firm) so students can understand the consequences of their decisions within a 
coherent rule set.

• Win scenario: Some business firms win, and others lose or simply perform less 
well than others based on decisions of the non-player characters or competing 
live players. These game aspects are combined with high fidelity of experience 
simulations, rather than high graphical fidelity tools, to provide learners with 
opportunities to apply and practice business concepts and skills and to illustrate 
how they work in a recognizable situation (Thavikulwat, 2004).

5.2.3  Learning Affordances and Uses of Business 
Simulation Games

The primary learning affordance of simulations in business disciplines is to provide 
practice applying knowledge and skills. Since most simulations have high fidelity to 
the real world where they are expected to transfer, learners can apply concepts and 
skills they are likely to encounter in work settings (Warren & Jones, 2017). For 
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example, accurate presentation and interaction with operational principles, account-
ing calculations, marketing and sales concepts, and others are necessary to be suc-
cessful in the workforce, which is a challenging development task and does not 
always occur effectively in business simulation games. The purpose of the chapter 
is therefore to provide example cases that can act as a guide to researchers and users 
for identifying and evaluating the central learning, simulation, and gaming aspects 
of business simulation games prior to adoption.

5.3  Methods

For the purpose of this chapter, we played and analyzed three available business 
simulation games. The simulations were chosen based on convenience and avail-
ability (e.g., no subscription-based fee) as well as the defined business activities 
(i.e., specific business disciplines) that students are expected to learn through prac-
tice. Simulations also needed accessible directions or other curricular materials that 
explained use. To qualitatively examine the business simulation game cases, we 
used an adapted procedure following steps from Zhang and Wildemuth’s (Zhang & 
Wildemuth, 2009, in Ravitch & Mittenfelner Carl, 2016):

 1. Create or define the dataset.
At the outset, we had to define which simulation games we could review in- 

depth to examine their pedagogical, game, and simulation characteristics. 
Reviewed products were designed for collegiate business disciplines and did not 
include edutainment titles such as Railroad Tycoon due to a lack of explained 
pedagogical or content rigor. Most games examined for this chapter have expen-
sive counterparts that can be purchased; however, we opted for low- or no-cost 
alternatives that are broadly available to faculty. We located 20 different business 
simulation games online; however, only seven were accessible for play, while 
others were simply described. To select the games that would be analyzed, the 
following choice criteria were used:

 (a) Playability: Is the game accessible to play?
 (b) Single business subject: Only one game per subject.
 (c) Ability: Do the analysts have enough knowledge and skills with the disci-

pline and game requirements to successfully play it?

 2. Define the unit(s) of analysis.
The following units of analysis were chosen to provide readers and analysts 

with a view of the structural underpinnings of the simulation games so that they 
could be analyzed in terms of how well they aligned with the stated overall learn-
ing goals and outcomes.

 (a) Educational purpose: What was the design intention of the simulation game 
regarding its identified discipline?
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 (b) Game structure: What is the overall narrative and game play structure with 
the simulation that is used to contextualize student learning activities? These 
included (a) description of game intention (e.g., number of players, disci-
pline, etc.), (b) simulated play characteristics, (c) artificial conflict, (d) inter-
active rules, and (e) win scenario.

 (c) Learning affordances: What media, simulation characteristics, and other 
learning affordances exist in the game and how do they support student 
performance?

 (d) Overall expected value to business educators: We provide an overall evalua-
tion of the likely value that instructors and students will receive from inte-
grating the business simulation into their curriculum and will note areas for 
improvement.

 3. Develop categories and coding schemes.
The etic set of codes used to organize and describe the resulting data stemmed 

from the units of analysis described in step 2. Since the etic codes were pre-
defined, we did not use Zhang and Wildemuth’s code testing step.

 4. Assessing coding consistency and drawing conclusions from coded data.
During this step, we analyzed the game documents, played the simulation games, 

and took notes focused on the etic, predefined categories.

The following section provides the outcomes of our analysis as a model that oth-
ers may use for evaluating the learning and play components present in a business 
simulation game.

5.4  Findings: Example Business Education Use Cases

The first case, SCM Game, is a supply chain management (SCM) game offered to 
help students make decisions about resource allocation. The second case is called 
Marketing Simulation Game; it allows online or face-to-face team-based learning 
decision-making regarding market segmentation, targeting, and product choice. The 
third case is The Founder, a business strategy game, which simulated an internet 
startup and required players to make complex decisions about markets, product 
development, employee management, company location, and other common busi-
ness choices.

5.4.1  Case 1: SCM Game: Low Resolution, High Fidelity 
Supply Chain Management Practice

Number of players: 1.
Business discipline: Supply chain and operations management.
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Game format: Web browser.
Instructor responsibility for support: None.
Instructor access to learning outcomes: None.
Website: https://www.mbacrystalball.com/app/scm/scmmain.php

5.4.1.1  Educational Purpose

The overall goal of the SCM Game is to immerse students in the decision-making 
and mathematics activities common to supply chain decision management. Students 
are provided with a realistic context to prepare them for interactions with concepts, 
work activities, and cognitions they will be expected to perform in future work set-
tings. Students practice the activities and receive visual and numeric feedback on 
their performance each time they practice with different expectations and data sets 
that simulate real-world practice.

5.4.1.2  Game Structure

Learners role-play as new employees on a probationary contract who must prove 
themselves by successfully completing activities common to supply chain manage-
ment (Chopra & Meindl, 2010). The simulation game is made up of four central 
learning activities:

 1. Review the status of customer orders: This mathematics activity requires stu-
dents to observe and record the total demand for products as well as to calculate 
whether the inventory is enough to meet demand.

 2. Determine and enter production quantity into the system: Using data collected in 
the first step, learners decide how much their simulated company should pro-
duce. Learners are also expected to calculate time delays to project on-time 
delivery to customers.

 3. Submit order decision: Students practice the work of using supply chain logic to 
meet customer needs which includes repeating the order process until the supply 
chain system achieves successful equilibrium or until failure results at the end of 
the probation period.

 4. Review results for performance feedback: The final screen presents numeric data 
and visual feedback to learners. Feedback on failed attempts is expected to help 
students improve performance on each next attempt.

A visual depiction of the game play process is included in Fig. 5.1.
 When compared with the business operations activities described in Chopra and 

Meindl’s (2010)  text, the game activities mirror common supply chain practices, 
although simplified to accommodate learners new to the topic and practice of 
management.
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5.4.1.2.1 Artificial Conflict

The SCM Game’s conflict is naturalistic and presents situations that mirror real- 
world contexts and problems, which the students may encounter in their future 
work. Directions are presented in straightforward text and graphics. Students are 
asked to observe information presented on the screen, complete the inferred math 
problems outside the game system, and input solutions into the simulation. Feedback 
is then presented to the student regarding the game play conflict relative to expected 
performance.

5.4.1.2.2 Interactive Rule Set

The interactive rule set provided by the simulation game  is derived from supply 
chain management theory and mathematics procedures commonly outlined in text-
book practice. Rule governing concepts including implied demand uncertainty, cus-
tomer demand requirements, inventory, spoilage, transportation times based on 
distance, and other relevant ideas that govern play, practice, and performance. The 
rule set is used to frame the win/lose scenario that defines desired learner/player 
performance.

5.4.1.2.3 Win/Lose Scenario

The win-lose scenario is framed in terms of desired customer satisfaction metrics, 
so a score representing equilibrium is the player’s performance target. Meeting that 
requirement indicates that they won the simulation game. A loss is coupled with 
performance feedback, so students can learn from their mistakes and improve 
over time.

Fig. 5.1 SCM Game activity flowchart
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5.4.1.3  Learning Affordances

Primary media affordances of the simulation game include text, visual images, and 
data visualizations. The primary means of communicating with learners are text 
directions and numeric data. Information needed to make decisions is presented 
visually and logically so learners can complete the needed mathematical calcula-
tions. Learning feedback comes primarily through visual graphs overlaid with 
related numeric outcomes presenting the results of student attempts.

5.4.1.4  Overall Value for Business Education

The free version of the simulation game provides single-line feedback on student 
performance, explaining the consequences of failing to meet customer demand and 
what number of units they should have produced. Students are provided with lim-
ited opportunities to practice simple supply chain calculations in a business context. 
The more advanced version allows unlimited attempts, which may improve student 
performance. While the realism and graphical fidelity are simple, the simulation 
game may provide business educators the opportunity to supplement textbooks and 
examination preparation with additional practice. This was a common approach in 
many described business simulation games and while this was designed for indi-
vidual players, the next example allowed for team-based play.

5.4.2  Case 2: Marketing Simulation Game: An Excel-Based 
Free to Play Tool

Number of players: Flexible: one or more with up to ten teams.
Business discipline: Marketing.

Format: Multimedia, web browser (text), document downloads (MS Word & 
Excel, PDF).
Instructor responsibility for support: Significant tracking and management.
Instructor access to learning outcomes: All outcomes are in team spreadsheets.

Website: https://www.greatideasforteachingmarketing.com/
free- marketing- simulation- game/

5.4.2.1  Educational Purpose

The overall purpose of this simulation game is to maximize profits by completing 
common marketing tasks such as identifying resources for target customers, deter-
mining the return on investment for marketing items, calculating marketing metrics, 
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and more. Students use the marketing dashboard to allocate various resources and 
to complete required tasks. Bulleted learning objectives are common to marketing 
activities conducted by business professionals (Hooley et al., 2004). As noted in the 
game directions, the primary learning goal is to teach students how to determine 
what target market their company should compete in, a task called positioning.

5.4.2.2  Game Structure

The simulation game uses a combination of digital documents and web-based game 
play. By providing digital resources, the game structure makes it simpler for the 
professor to distribute them to students and teams, allows students to share docu-
ments and work together at a distance, and makes grading easier. The game provides 
students with a business problem (i.e., in what target market should their company 
compete based on data) that is introduced using directions posted on a website. The 
developer includes a visual map with cells that functions similarly to an analog 
game board, a general guide to game play, as well as an instructor guide that func-
tions as a job aid for the simulation. The visual map is divided into four potential 
target markets color-coded by their level of attractiveness as follows: green (i.e., 
most attractive), yellow (i.e., average attractiveness), and red (i.e., not attractive) 
based on predicted demand for the company’s products. Using other information 
provided in individual cells, students decide what products to develop and where to 
advertise them.

Learner teams have limited funds (5000 points). Each advertising decision can 
result in financial gain or loss for the company. Decisions for each round are cap-
tured on a sheet and the total number of points is captured during eight rounds of 
play. The general game process is presented in the following systemic diagram 
(Systemigram)—Fig. 5.2. Systemigrams are visualizations of complex systems to 
provide a narrative that more simply explains how a complex system is structured 
(Sauser & Boardman, 2015).

5.4.2.2.1 Artificial Conflict

The game conflict game is naturalistic and represents common business problems of 
deciding what products to develop and in what markets a company should compete 
to gain the most financial advantage. Conflict emerges because the learner has imper-
fect information similar to the experience of managers; therefore, students are 
faced with the common business problem of making decisions about how to best 
employ scarce resources to best effect for the company. Furthermore, real conflict 
arises as team members compete with one another to develop marketing strategies 
in line with their views while not knowing how competitor teams will choose to 
allocate their resources, and which will result in the highest profit.
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5.4.2.2.2 Interactive Rule Set

The rule set for game play results from common marketing theory models (Hooley 
et al., 2004). Students in the simulation are required to learn about the product, posi-
tion the product within the market, advertise products to consumers, and measure 
profit. Using information throughout the process, students also can reposition the 
product within existing markets or start the process over again with new a product. 
If a set of choices results in higher profit for a team’s simulated company based on 
their success using the rule set, they likely internalized and learned the rule set and 
provided evidence, which they applied successfully.

5.4.2.2.3 Win/Lose Scenario

Competition among teams, representing separate companies, results in a win/loss 
scenario governed by which unit has the highest profit, which is not necessarily the 
same as the largest number of units sold. This situation results because the student’s 
choice to produce lower priced products may result in more units sold but at a lower 
profit. Therefore, the team may lose the game because they yield lower profits 
despite selling significantly more products.

Fig. 5.2 Marketing simulation game depicted as a systemigram
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5.4.2.3  Learning Affordances

The simulation’s primary media learning affordances (Greeno, 1994) include text to 
present game play context, business problem/conflict, and directions for learning 
from play. The directions give limited detail but are written in a language and con-
ceptual complexity level appropriate to the target audience of undergraduate and 
early-stage MBA students. Furthermore, online video (i.e., audio-visual affordance) 
is used to provide text in an alternative modality that supports students with visual 
learning needs or preferences. Students are also provided with visual maps to con-
textualize practice and game play, as well as documents to apply what they have 
learned as part of measuring performance. These documents provide a cognitive 
organizational schema for their future business practice while also providing the 
instructor with evidence of student learning and information for performance feed-
back. The competition results also afford students with knowledge of how they per-
formed against peers, mirroring how performance is judged in real-world corporate 
settings.

5.4.2.4  Overall Value for Business Education

As with the supply chain simulation, the marketing simulation game provides stu-
dents with the opportunity to practice real-world business skills in a low-threat con-
text. Because of the system that allows eight rounds of play, as well as reviewing 
their performance against peers using numeric outcomes representing financial out-
comes, students can connect what they learn in the game to marketing cases they 
read in the textbook or assigned articles. The simulated practice, contextualized 
with educational media and play, should help reinforce what students learn and 
foster their ability to transfer what they learn to other relevant contexts. Additionally, 
the simulation is easy to implement due to the instructional videos on how to play 
the game, directions for how to use the digital documents, and an instructor’s manual.

5.4.3  Case 3: The Founder: A Dystopian Business Simulator: 
A Realistic Start-Up Game

Number of players: Flexible: one or more with up to ten teams.
Business disciplines: Business strategy, research and development, and 

management.
Format: Browser.
Instructor responsibility for support: Significant tracking and management.
Instructor access to learning outcomes: All outcomes are in team spreadsheets.
Website: thefounder.biz
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5.4.3.1  Educational Purpose

The simulation introduces students to the basic principles of starting up a new busi-
ness with minimal resources. Common organizational behavior concepts are intro-
duced through game play such as human resource selection and allocation, employee 
onboarding, market target, product development, and competition. Competitor busi-
nesses students play against are modeled on real-world internet startups that are 
now major technology companies such as Google (Kougle). Players encounter the 
concept of disruption from Schumpeter’s (1942) creative destruction concept by 
competing against smaller competitors initially and then against these stronger 
companies as they grow. Students learn principles such as the business cycle 
(Schumpeter, 1927) and organizational forms through competitive play.

5.4.3.2  Game Structure

The Founder places students in the context of starting a business just after the end 
of the late 1990s dot-com bubble. As in the second case, players receive startup 
funds from a venture capitalist at the outset of the game. Players create a name and 
choose what kind of business they will start with (i.e., hardware products or infor-
mation services) as part of their vertical business strategy, introducing the concept 
and providing examples of those company forms. Hardware products include gad-
gets or mobile devices while information services include e-commerce or social 
networks and players choose which type to start with at the outset, with options for 
combining types or expanding into new markets later. Players also choose which 
city to start in and each location provides different bonuses to game play (e.g., 
Boston provides +3 to employee engineering skills). Once the location is chosen, 
players choose a non-player character (NPC) cofounder who provides additional 
benefits to their play within natural competitive conflicts.

5.4.3.2.1 Artificial Conflict

Game conflict arises from simulated conflict between the player’s startup company 
and competitors who each provide similar products or services with different attri-
butes resulting from their size, available resources, organizational structure, and 
chosen employees. Players can overcome conflict by making better management 
choices than other companies  when they face strategic paradoxes (Smith, 2014) 
such as insufficient resources to meet expected demands. However, as with game 
theory (Reiners & Wood, 2015), the players cannot know what choices their com-
petitors will make regarding resource allocation, so they decide how to allocate 
resources based on knowledge of their own company’s competitive advantages and 
the situation.

5 Business Simulation Games: Three Cases from Supply Chain Management…



102

5.4.3.2.2 Interactive Rule Set

Game play in The Founder is complex and governed by rules enforced by an NPC 
board of directors who provide feedback on player performance using backgrounded 
rules that codify performance expectations tied to return on investment and product 
sales outcomes. Players start by creating a new product by combining different 
product types. Bonuses are given to player’s companies based on whether combina-
tions are deemed by the rules to be innovative; however, like in the real world, those 
rules may be unclear or hidden until the player encounters them. Players assign 
NPC employees to tasks that are responsive to the declared game play business 
expectations. The more skill points the employees contribute, the better the product 
or service. As the game progresses, players can unlock and purchase new product 
options using profits. The product that results must be designed based on quantity 
(i.e., how many in the market), the strength of the product versus others in the mar-
ket, and how well it suffuses in the market. A competitor is assigned, and a difficulty 
level is associated with it. Upon product launch, students choose where to compete 
in the market based on how much money is available in a target segment per turn. 
Once the ten-turn market competition phase ends, the NPC mentor provides forma-
tive and summative feedback on how well the player performed against the com-
petitive rules. The NPC explains how the product generates revenue based on 
business factors such as market share, communication costs, etc.

The more employees assigned to a product development task, the more rapid the 
new development. Figure 5.3 is a Systemigram that explains the broad activities 
flow process that players engage in using The Founder simulation game.

As companies become more successful, new challenges are introduced (e.g., 
server attacks) that require making decisions about how to allocate resources (e.g., 
harden servers) or suffer consequences (e.g., public/customer outrage), which can 

Fig. 5.3 The Founder’s business simulation game activity flow
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harm profits. Presenting such situations teaches players about trade-offs inherent in 
management decision-making. As players are more successful in building products, 
the complexity and challenge of managing the company and its products increase.

5.4.3.2.3 Win/Lose Scenario

The player competes against their previous highest profit scored in dollars. The 
player’s performance is evaluated by the fictional board after the second year based 
on profit expectations (e.g., 12% profit growth for year three). Failure to meet the 
board’s expectations for too long results in the player being fired from the company. 
Each time player meets expectations, the board raises those expectations for the fol-
lowing year, often far more than the previous target (e.g., increase target profit from 
$17,000 to $112,000).

Another win/loss scenario comes as students play on the market game board 
against simulated competitors and is based on the percentage of market share they 
achieve over ten turns. For example, with an initial product that took three months 
to create, our fictional  company captured 21.74% of the market representing 
$28,800. The outcome included bonuses from locations, new products, economic 
health, social media influence, hype, and consumer spending. On the game board, 
players can also knock their competition out of the market, providing a significant 
bonus to the company’s market share and revenue. There is no specified educational 
win or loss outcome unless the student or instructor sets an external profit goal or 
how many years the company survives. This outcome may be decided by either 
party, depending on the instructional goals. Significant learning should take place 
informally because of the failure against competitors and reflecting on past strate-
gies and decisions. Determning whether learning took place in this case may require 
the creation of reflection activities so students can think about what they learned 
during the experience.

5.4.3.3  Learning Affordances

The simulation initially provides players with a simple visual depiction  of their 
start-up  apartment with workstations and their NPC co-founder moving through 
space. Displayed onscreen are the current month and year, available funds, board 
attitude (e.g., content), available player choices (e.g., New Task, View Tasks), and 
information about available company strength level regarding design, marketing, 
engineering, and productivity. The text provides basic information while mildly 
flashing symbols draw users’ eyes to available tasks.
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5.4.3.4  Overall Value for Business Education

Major benefits of The Founder are that students can play independently, and it mod-
els the complexity of starting up a new business. A challenge is that the simulation 
game does not come with specific instructor materials that support integration into 
the curriculum and it was not formally designed as an educational tool. However, an 
instructor could easily create debrief and reflection questions to guide discussion 
about student game play and for students to reflect on what they learned. These 
questions provide assessment evidence and diagnostic information about concepts 
students need more practice through repeated play before testing.

5.5  Discussion

The business simulation game cases analyzed for this chapter leveraged common 
learning affordances such as text, video, audio, multimedia, and simulated real- 
world practice to support instruction. Using technologies that have varying levels of 
complexity and fidelity of experience provides students with opportunities to prac-
tice the application of concepts and skills needed to successfully work in corporate 
firms (Anderson & Lawton, 2009). There are many available commercial simula-
tions as well as some free-to-use or limited access products available online. The 
quality of the graphics varies, but most employ lower resolution graphics in favor of 
increased fidelity of experience likely to improve learning transfer to industry 
settings.

Our analysis of simulation games for supply chain and operations management, 
marketing, and business strategy highlighted the various tasks and available choices 
provided to users during their play experience. The Supply Chain Game was nar-
rowly focused on teaching a single skill (i.e., determine production target). Such a 
product would be valuable for teaching a discrete skill during class time and to spur 
discourse or as independent work by students as practice in anticipation of examina-
tions. By comparison, The Founder started with simple choices such as where to 
locate the business and what product, to begin with; however, the complexity of 
decisions and consequences rapidly increased as the game progressed. The 
Marketing Simulation Game simulated likely real-world tasks to provide modeling 
needed to support transfer from the simulation game to future business settings 
where they will apply them.

The more realistic the simulated activities and outcomes (i.e., fidelity of experi-
ence) in the game, the more instructors should expect the transfer to the business 
contexts where students are expected to work in the future. It is this preparedness 
from the use of such simulations that provides their primary educational value and 
justifies investment in their use. However, all simulation games should be evaluated 
independently by instructors to determine their quality prior to curriculum integra-
tion. It would also be beneficial to locate empirical research in support of the 
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simulation to increase the likelihood it will provide students with a valuable learn-
ing experience.

5.5.1  Limitations of Business Simulations Games

A significant limitation of business simulation games is that they are not as complex 
as real-world applications. Therefore, as with other simulations, the fidelity of expe-
rience may not be high enough to allow successful transfer to real-world practice 
and other contexts. Some of the reviewed games included overly broad contexts that 
lacked sufficient detail to scaffold learning successfully, because students may not 
see clear connections between the game play and other contexts without significant 
debrief by the instructor. If a simulation game provides a model that is not suffi-
ciently complex, students may draw inappropriate conclusions and strategies for 
applying business principles. This outcome may harm a student’s future success if 
they apply lessons that worked in the simulation game but do not work in real prac-
tice. It will be important to ensure that any business simulation game includes mod-
els of business practice that are accurate relative to real practice. This inclusion may 
be complicated if the designer(s) lacks experience with a corporate application. This 
challenge may be overcome by including subject matter experts working currently 
in the target discipline, including graduates of the program, to inform a successful 
design. Ensuring that course materials include classroom debriefings regarding stu-
dent simulation game experiences is important to fostering transfer to classroom 
and work contexts outside of the digital space (Jaye et al., 2015).

5.5.1.1  Opportunities for Research

An obstacle to using business simulation games is a dearth of published academic 
research on their effectiveness for supporting students as they learn concepts in 
business courses. When evidence of efficacy is presented on websites, it is often 
presented as anecdotal quotes from past or existing customers. Further research into 
the educational value of available business simulations regarding learning efficacy 
and real-world transfer to work contexts is needed.

5.5.1.2  Challenges to Research

With publicly available simulation games, conducting formal research should not be 
difficult. However, with commercial games, the cost to purchase and study them 
may be prohibitive  and limit possibilities for future study. Furthermore, private 
companies may not want the structure and efficacy of their products published as it 
may harm their perceived competitive advantage against rivals selling similar 
games or reduce sales.
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5.6  Conclusion

While games and simulations have a long history of use for training in business 
disciplines, research on their efficacy and theory development to explain their value 
remains limited, so there is much work to be done. However, the three cases pre-
sented in this chapter may act as a guide to illustrate how we may analyze and 
determine the intended pedagogical value of a simulation game used to support 
learning topics related to business. These tools range from simple (e.g., SCM game) 
in terms of the number required management activities and choices at around 20 to 
highly complex (e.g., The Founder) with potentially thousands of simulated choices. 
As such, the instructor’s choice of the game depends on an instructor’s learning 
objectives. Not all learning outcomes require extreme levels of detail; however, if a 
simulation game fails to provide sufficient fidelity of experience, learning transfer 
may be limited. We believe that simulation games provide learners with safe, repeat-
able practice, which can help students apply business concepts and skills indepen-
dently or with instructor guidance that has benefits that outweigh readings, quizzes, 
and analog problem-solving activities. Significant systematic study still needs to be 
done to test the efficacy of existing available products. It is this research and analy-
sis that provides researchers with opportunities to determine and disseminate impor-
tant knowledge regarding the value of these learning technologies.
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Chapter 6
Serious Games as Assessment Tools: 
Visualizing Sustainable Creative 
Competence in the Field of Retail

Susanne Weber, Mona Off, Tobias Hackenberg, Matthias Schumann, 
and Frank Achtenhagen

6.1  Introduction

Serious games are games designed to be played in settings whose primary intention 
is to achieve certain learning goals or to purposefully impact the lives of players 
beyond the game’s self-contained aims of engagement, entertainment, or satisfac-
tion (Kapp, 2012; Mitgutsch & Alvarado, 2013; Sailer, 2016; Sailer et al., 2017). 
The increasing availability of new platforms, mobile technologies, online games, 
virtual worlds, and augmented reality experiences have increased the accessibility 
to games and introduced new ways in which they can be played (Connolly et al., 
2012). Serious games can be an effective learning tool to engage with young adults, 
given their affinity with technology (Boctor, 2013; Day-Black et al., 2015; Hummel 
et  al., 2017). The JIM-Studie (Jugend, Information, Medien-Studie; Youth, 
Information, Media) survey shows that 97% of German teenagers (between 12 and 
19 years old) own digital devices, including smartphones (93%), computers/laptops 
(65%), and tablets (25%) (Medienpädagogischer Forschungsverbund Südwest 
(mpfs), 2019, p. 5). Fifty-six percent of teenagers watch videos online daily, 84% at 
least several times a week. This survey also found that 31% of teenagers play digital 
games daily and 63% do so several times a week (mpfs, 2019, p. 12). Thus, the 
inclusion of gamified systems in the workplace to address the needs of young 
employees and modern learners is not unexpected (Larson, 2020; Singh, 2012).

Blohm and Leimeister (2013) estimate that 40% of the largest 1000 organiza-
tions in the world implement gamification techniques and principles to refine their 
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business activities (Larson, 2020). For example, the European Central Bank pro-
motes the serious game Economia to teach their employees the impact of interest 
rate changes on financial indicators (European Central Bank, 2019); Cisco uses the 
gamified program MindShare to help its employees develop principles of network-
ing and hardware; and the call center LiveOps Inc. uses a digital gamification plat-
form inspired by Bunchball to keep calls brief and close more sales (Larson, 2020).

Serious games are garnering popularity in teaching and learning processes, espe-
cially in Vocational Education and Training (VET) and in business and professional 
development (Larson, 2020; Westera, 2019). The application of serious games in 
learning and teaching/training seeks to extend the natural play moments of homo 
ludens (Huizinga, 2011) into serious everyday contexts, such as school and work 
(Larson, 2020; Westera, 2019). The word “serious” does not mean that these games 
are boring or humorless (Mitgutsch & Alvarado, 2013), but that players find enjoy-
ment in the face of challenging tasks that require seriousness, engagement, and 
commitment. Players are eager to see how they can expand their own competences 
(Westera, 2019) which includes knowledge, skills, and attitudes (Blömeke et al., 
2015). Hence, using these game properties in learning/training contexts can help 
learners to fulfill their basic human needs for autonomy, competence, and related-
ness (Deci & Ryan, 1993, 2002, 2012) but also successfully encourage learners to 
engage with hands-on challenges, tasks, and lessons, and stay active past school or 
working hours (Westera, 2015; Westera, 2019).

Research on serious games shows mixed results. On the one hand, meta-studies 
claim that serious games have positive effects on cognitive, affective, emotional, 
motor, and social skills (Connolly et  al., 2012; Boyle et  al., 2016) and scientific 
reasoning through Commercial-Off-the-Shelf (COTS) or Massively Multiplayer 
Online Games (MMOs) (Connolly et al., 2012). On the other hand, some studies 
report unintended negative effects, such as a decrease in intrinsic motivation and 
changes to extrinsic motivation as a consequence of purely behavioral external 
award mechanics. Such “crowding-out-effects” of gamified curricula have been 
connected to poor performance and lower grades in final examinations (Hanus & 
Fox, 2015). A critical phase is also observed after the “novelty effect” wears out 
(Tsay et al., 2019).

Furthermore, studies show that the effectiveness of serious games is largely 
determined by game properties, the way it is implemented into the learning and 
training processes (Garris et al., 2002; Plass et al., 2015; Van Rosmalen & Westera, 
2014), and to what extent it meets the needs and preferences of players (cf., Larson, 
2020). There are games that neglect intended learning effectiveness and outcomes 
by ignoring postulated domain-specific or domain-general learning goals and con-
tent in favor of isolated experiences that emphasize either the fidelity of the environ-
ment, the quality of gameplay, or entertainment value for the player. Such games 
lack the necessary impulses to activate relevant teaching and learning processes to 
guide players (cf., Canhoto & Murphy, 2016; Westera, 2019). Serious games may 
improve learning processes when technology, content, and pedagogy successfully 
align. This alignment, which must be driven both by theory and evidence, occurs 
through (a) technologies featured in commercial games; (b) content that embraces 
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the intended learning goals and competences through knowledge, skills, and atti-
tudes; and (c) pedagogical teaching and learning processes and assessments that 
regard the intended outcomes (Loh et al., 2015; Mislevy et al., 2014; Verschueren 
et al., 2019; Weber et al., 2014).

Several authors (Gee & Shaffer, 2010; Ifenthaler et al., 2012) argue that games 
that are good learning engines should also be good assessment engines. In practice, 
applying serious games to learning environments that fit the set learning goals 
requires an adequate assessment of the whole environment, including the effect seri-
ous games have on players’ learning progress and behavioral and social changes 
(Hummel et  al., 2017; Mitgutsch & Alvarado, 2013). Before a serious game is 
widely adopted, we must first ensure its effectiveness as a learning and assessment 
tool (Hummel et al., 2017; Verschueren et al., 2019) by answering the following 
questions:

• Does this serious game evoke and foster the intended learning processes?
• Does this serious game measure the intended output/outcome in a valid and reli-

able manner?

With regard to these considerations, the literature introduces several elements, 
lists, and frameworks to assess the efficiency and effectiveness of serious games in 
learning, including but not limited to Kapp (2012), Mitgutsch and Alvarado (2013), 
Sailer (2016), Verschueren et al. (2019), and Warren et al. (2012). The evidence- 
centered design (ECD) approach (Mislevy & Rionscente, 2006; Pellegrino et al., 
2016) and its evidence-centered game design (ECgD) (Mislevy et al., 2014; Mislevy, 
Steinberg, & Almond, 2003) variation are prominent frameworks used to set up a 
sound assessment. Nevertheless, it is often unclear how different assessment layers 
correspond to serious game design elements with regard to the player’s competence 
(knowledge, skills, or attitudes) or the intended outcomes (Ifenthaler & Kim, 2019; 
Ke et al., 2019; Kim & Ifenthaler, 2019, p. 7). In other words, the following ques-
tions remain unanswered:

• How can competence models be operationalized and translated to learning 
mechanics?

• Through which serious game mechanics can players be prompted to show the 
intended competence?

• How can psychometrics as the basis of the assessment be implemented?

Our study shows how statistical models can help match the observed competence 
of players with an intended competence model formulated a priori and relate the 
results to the underlying theoretical competence model (Kim & Ifenthaler, 2019, 
pp. 7–8). Through our contribution, we sought to merge serious game elements with 
layers of the ECgD framework. To this end, we underline the changed view on the 
development of serious games for assessment purposes. By focusing on the third 
layer of the ECgD assessment—the Conceptual Assessment Framework (CAF) and 
its student model, task model, and evidence model—we demonstrate how an 
intended domain-specific competence can be operationalized and translated into 
learning mechanics, how game features should be selected to prompt the intended 
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learning processes and play actions, and how these mechanics can be related to the 
intended competence (knowledge, skills, attitudes) through psychometrics. In our 
case, we selected sustainable creative competence (SC competence) in retail and 
sales as an example.

6.2  Theoretical Background

6.2.1  Serious Games

Although in general, games are not given a standard definition (Oranje et al., 2019), 
the term serious game was introduced by Abt (1970) to contrast the purposeful 
application of games with leisure games (Westera, 2019, p. 60). Broadly, serious 
games are games whose primary intentions are to achieve certain learning goals or 
to have a purposeful impact on the lives of players beyond the self-contained aims 
of engagement, entertainment, or satisfaction (Hogan et al., 2011, p. 4; Kapp, 2012; 
Larson, 2020, p. 319; Mitgutsch & Alvarado, 2013; Sailer, 2016, p. 12; Verschueren 
et al., 2019; Warren et al., 2012; Wouters et al., 2013; Wouters & van Oostendorp, 
2017). Playfulness and seriousness are not necessarily opposed; while entertain-
ment may not be their primary goal, serious games are not necessarily boring or 
humorless (Mitgutsch & Alvarado, 2013, p. 2). Likewise, playfulness and entertain-
ment are not synonymous with easy. Papert (1980) coined the term hard fun to 
describe the entertainment value players find in difficult tasks and problems that 
require seriousness, engagement, and commitment when prompted to challenge 
their abilities (skills and competences) (Westera, 2019, p. 60).

Based on a literature review, Warren et al. (2012) defined six core principles that 
constitute learning games, and by extension, serious games: the possibility of active 
play, conflict as a motivator for play and cognitive activity, rules that represent the 
play structure, interactivity between the player and the game, feedback from the 
system, and win/loss ((2012, p. 15). Serious games can support and enrich school 
curricula by satisfying learners basic human needs for autonomy, competence, and 
relatedness (Deci & Ryan, 1993, 2002, 2012) through providing learners with enter-
tainment, lack of negative feedback after failing a task, positive feedback upon suc-
cess, clear rules and constraints, reasonable time limits, and homework and 
assessments (Westera, 2019, p.  60; Wouters et  al., 2013). Furthermore, serious 
games are linked to affective, social, motor, and cognitive outcomes (Connolly 
et al., 2012; Westera, 2019). Therefore, these serious game properties can be applied 
to learning and work environments to actively engage with and challenge players 
(Westera, 2015, Westera, 2019, p. 60).

Although research on serious games is still underdeveloped, several meta-studies 
emphasize their positive effects (Westera, 2019, p.  60). One reason behind the 
mixed results might be the many possible approaches and methodologies. Based on 
a systematic literature review, Verschueren et al. (2019) drafted a theory-driven and 
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evidence-based framework that introduces five stages for designing serious games 
through a holistic approach. The first stage is the serious game’s scientific founda-
tion that considers the target audience, learning objectives and outcomes, relevant 
pedagogical and game theory, the content domain, and the evaluation of the devel-
oped serious game in terms of quality and ethics. In the second stage, the scientific 
foundation is translated into the design elements of game mechanics (e.g., narra-
tives, rewards, feedback, levels, protégé effect, etc.), design requirements (e.g., 
simple language, complexity level), and trial designs (e.g., data collection pro-
cesses). The third stage consists of practical development, which includes selecting 
the game genre, formulating the narrative and story, programming game rules and 
algorithms, and visual design. The fourth stage is related to validating the devel-
oped serious game and the fifth and final stage concerns its implementation with 
aspects of dissemination, rollout, and follow-up. This broad approach covers a vari-
ety of serious game development aspects mentioned other renowned serious game 
taxonomies (Mitgutsch & Alvarado, 2013) and gamification elements for learning 
and work environments (Deterding et al., 2011; Kapp, 2012; Sailer, 2016; Sailer 
et  al., 2017). On this basis, Verschueren et  al. (2019) claim that an efficient and 
effective serious game design requires a coherent relationship between learning 
design and game design principles, which Arnab et  al. (2015) introduces as the 
Learning Mechanics–Game Mechanics (LM-GM) model. The LM-GM model pro-
poses the translation of learning goals into learning game mechanics based on learn-
ing theory (Verschueren et  al., 2019, p.  11). According to the model, learning 
mechanics (LM) encompass a priori defined learning goals such as thinking skills 
like exploration, planning, and repetition, which may be related to problem-based 
learning theories and behavioral approaches. Those skills can be linked to one or 
more game mechanics (GM) such as story, strategy, and planning, and cascading 
information describing why they would be expected to evoke the necessary learning 
activities leading to the intended learning goal and output/outcome (Verschueren 
et al., 2019, p. 11; Patino et al., 2016). Here, it becomes overt that serious game 
design goes beyond the traditional game development framework mainly following 
the so-called MDA (mechanics, dynamics, aesthetics) procedure of Hunicke et al. 
(2004). The underlying assumptions here are that game mechanics (e.g., leader-
boards) prompt a certain play behavior (game dynamics) such as collecting or com-
peting and these actions provide the players with experiences and emotions such as 
satisfaction and fun (game aesthetics) (Hunicke et al., 2004; Sailer, 2016). In seri-
ous games, the learning goals and related learning theory are the points of departure.

Beyond these more cross-functional skills also domain-specific competences can 
be defined as learning goals. In the international discussion, competence is defined 
as learnable behaviors that encompass latent cognitive dispositions (knowledge and 
skills) and affective-motivational facets (attitudes) that manifest within the directly 
observable situation-specific performance (Blömeke et  al., 2015; Mulder & 
Winterton, 2017). With regard to the design of serious games the intended domain- 
specific competence has to be operationalized into situation-specific learning behav-
ior resulting in a particular performance. To realize this performance and, thereby, 
to show the domain-specific competence the learner must develop interest, 
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motivation, or willingness to act in a particular situation (Blömeke et al., 2015; Deci 
& Ryan, 1993, 2002, 2012; Weinert 2001). Hence, the game design elements must 
be chosen in a way that they trigger such processes. Various learning theories sus-
tain such learning and game mechanics (Patino et al., 2016).

6.2.2  Serious Games as Assessment Tools

Connolly et al. (2012) show that serious games are mainly used for learning rather 
than for summative assessment purposes (Hummel et al., 2017; Oranje et al., 2019, 
p. 37). To employ serious games as an assessment tool, Mislevy et al. (2014) suggest 
an evidence-centered assessment design (ECD) framework applied to game-based 
assessment, which they name evidence-centered game design (ECgD). The main 
focus of this framework lies on the structure of evidence-based reasoning, in the 
sense that it draws “reasoning from what students say and do, to understand what 
they know and can do” (Mislevy et al., 2013, p. 2). To implement the ECgD frame-
work as a way to infer the extent of the intended competence from the observed 
behavior of students, Mislevy et al. (2014) suggest the application of five layers in 
a stringent and cohesive way:

 1. Domain Analysis: In this first layer, we delve into the domains, including con-
tent, concepts, terminology, tools, common mistakes, difficulty levels of chal-
lenges to draw a bigger picture. It is also important to identify typical situations 
people face and which competences (knowledge, skills, and attitudes) are neces-
sary to manage them. For learning, domain analysis provides us with informa-
tion to formulate learning goals and build environments where students can show 
to which extent they have developed the intended competence. For game design, 
it provides us information on how to create engaging, interesting narratives and 
challenging domain-specific tasks. For assessment tools, it helps us craft specific 
situations and tasks through which we can assess the understanding and compe-
tences of students (Mislevy et al., 2014, p. 41, 136).

 2. Domain Modeling: With regard to this layer, we must design the structure of the 
assessment argument. In other words, a specific learning goal must be drafted 
based on the domain analysis (e.g., systemic thinking competence). This will 
constitute the intended competence in the assessment. Such learning objectives 
may arise from empirically observed workplace affordances, from curricula set 
by companies, or from national school curricula (Mislevy et al., 2014, p. 42, 136).

 3. The conceptual assessment framework (CAF): The CAF represents the threefold 
central models of assessment: student model, task model, and evidence model. 
Through the student model, the intended competence is explicated and opera-
tionalized toward expected evidence that can be observed within the latter stages 
of the assessment process (e.g., the systemic thinking competence can be opera-
tionalized into “naming two main effects of a particular method and two unin-
tended side effects”). In the specified ECgD, the overarching learning objective 
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or secondary objectives must be translated into the learning goal of the serious 
game and incorporated into the learning mechanics. The task model describes 
challenges (tasks, problems, conflicts, etc.) that are to be tackled and solved 
according to the student model (with regard to systemic thinking, in some situa-
tions, players are required to recognize major and side effects, whereas, in other 
situations, they should name or analyze them). These challenges in the task 
model represent situations that prompt players to act, and their actions produce 
evidence. To encourage players to act toward the intended outcome and keep 
playing, certain game mechanics are necessary to create challenges and tasks 
within the game. These game mechanics should be linked to learning mechanics 
and tackle the three basic needs proposed in the self-determination theory of 
Deci and Ryan (1993, 2002, 2012): autonomy, competence, and relatedness. 
This can take place through rules that enable autonomous decision-making or 
through challenges that allow players to perceive their competence via feedback 
or achievement graphs and figures. According to situated learning theory, such 
challenges should consider domain, content, and subject to be authentic and rel-
evant for the particular learning or working context, while remaining meaningful 
and interesting enough to motivate players (CTGV, 1997; Lave, 1991). The chal-
lenges should be related to an intermediate achievement level for the target audi-
ence. This can be done by using learning taxonomies (Marzano & Kendall, 
2007) and cognitive load criteria (van Merriënboer & Kirschner, 2018). The inte-
grated feedback game mechanic informs the player about the progress toward 
the intended competence. With regard to relatedness, game mechanics should 
allow players to identify, collaborate, and empathize with the story and charac-
ters in serious games (Mislevy et  al., 2014, p.  34–39). The evidence model 
bridges the task model—which prompts the players to act and enables them to 
show their competence in different situations—and the student model—which 
allows us to infer the progress toward intended competences. Within the evi-
dence model, the observed play behavior (responses) are identified, collected, 
and evaluated through a scoring guide, which has to be developed a priori in 
accordance with the learning mechanics and goals. Additionally, players’ 
responses are synthesized across all game situations and matched with the 
expected evidence formulated a priori by the student model. This can be done 
through classical test theory, but also through more complex statistical models, 
such as item response theory or inference in Bayesian networks (Mislevy et al., 
2014, p. 51–53, 136).

 4. Assessment Implementation: The fourth layer focuses on the production and pro-
totyping of the serious game according to the theoretical and conceptual founda-
tion made in the former layers. This layer includes authoring tasks, finalizing the 
rubrics, and automated scoring rules, piloting the serious game with regard to 
length, usability, motivation, cognitive load, etc., and evaluating the tool with 
regard to its quality, including validity, reliability, and fairness (Mislevy et al., 
2014, p. 55, 122–133, 136). Salen and Zimmerman (2004) emphasize the neces-
sity to perceive game development as an iterative process with several rounds of 
improvement and modification.
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 5. Assessment Delivery: This final layer is related to the architecture of the game 
process. In other words, how tasks are selected by the players, in which manner 
these tasks are presented to the players (different task formats, e.g., open-ended, 
classification, multiple- or single-choice, online or offline, via social media, 
etc.), when and where the players’ responses are collected and documented (e.g., 
outside the game environment; within the game with regard to an expected 
behavior on a predefined work product, or with regard to a reaction on a class of 
tasks defined a priori) (Oranje et al., 2019). The responses are scored according 
to a transparent scoring guide, synthesized across the tasks, levels, and the whole 
serious game, matched with the student model and interpreted by inferring the 
results to the constituting target argument for the assessment, i.e., evidence- 
based reasoning on whether players achieved the intended competence (Mislevy 
et al., 2014, p. 55–57).

Figure 6.1 below shows how we merged the criteria for developing serious games 
according to the lists, frameworks, and taxonomies of Deterding et al. (2011), Kapp 
(2012), Mitgutsch and Alvarado (2013), Sailer (2016), Verschueren et al. (2019), 
and Warren et al. (2012), with the developed game-based assessments criteria based 
on the ECgD developed by Mislevy et al. (2014). Within this merging process, we 
have to disentangle the multitude of terms applied in the different sources and to 
express our connotation. We use learning features (LF) for the set learning goal and 
intended competence, the necessary engaging and emotionally relevant learning 
situations (game aesthetics) motivating to act in an intended manner (intended game 
dynamics). We use game features (GF) for means (game mechanics) prompting the 
players to show the intended competence through the observed performance 
(observed game dynamics). Decisions on both learning features and game features 
are based on learning and game theory and are stringently linked. The overarching 

Fig. 6.1 Merging serious game mechanics with ECgD assessment criteria
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Fig. 6.1 (continued)
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guiding questions demonstrate the connection and compatibility of serious games as 
learning tools as opposed to serious games as assessment tools.

With regard to our theoretical considerations and the results depicted in Fig. 6.1, 
(knowing that the rubrics are not necessarily exhaustive), in accordance with 
Mislevy et al. (2013), we assume that serious game design and assessment are com-
patible because both are related to the same principles of learning based on the 
structure of reasoning; in other words, we may draw conclusions from what the 
players say and do, to get insights into what they know and can do (Mislevy et al., 
2013, p. 2). However, there are some constraints that must be considered during 
serious game design and the aligned assessment design right from the beginning. 
The primary focus of game-based assessment tools is gathering information to mea-
sure the progress toward the competence model formulated a priori, leaving play, 
engagement, and entertainment in the background. Furthermore, in game-based 
assessment, the results of player-driven actions and the processes they engaged in to 
achieve these results may be of interest to the analyses. When serious games are 
employed as assessment tools, Hummel et  al. (2017) stated that the assessment 
should be as seamless and unobtrusive as possible to the players, while simultane-
ously maintaining reliability and validity (Hummel et al., 2017).

6.3  The Serious Game MyBUY

6.3.1  Context of the Serious Game MyBUY

Sustainable consumption behavior plays a central role in climate change (Harlow 
et  al., 2016). To strengthen such competence, the German Federal Ministry of 
Education and Research launched the Berufsbildung für nachhaltige Entwicklung 
2015–2019 VET initiative for sustainable development (BiBB, 2019). From the per-
spective of VET apprentices in the field of retail, they can assume multiple functions 
and roles. On one hand, VET apprentices mediate sales through the company’s cor-
porate social responsibility (CSR) strategies to meet the needs of customers for 
sustainable products and services. On the other hand, they should also adopt sus-
tainable consumption behavior in their private lives. Hence, the VET apprenticeship 
program in retail and sales, which is one of the most popular apprenticeship pro-
grams in Germany (BMBF, 2018), seems to be a good starting point to boost SC 
competence. Furthermore, salespeople often change places, as they must move 
between the selling floor, storage, accounting department, internal and external sup-
pliers, etc. We decided, therefore, to create a mobile digital learning environment 
that can be accessed anywhere and anytime. The app-based learning environment 
has three components (Weber et al., 2019): (1) a training app to promote SC compe-
tence, (2) a serious game to visualize and assess the SC competence of players, and 
(3) a diary featured in the app (Rausch, 2011) to monitor the progress of the SC 
competence at the workplace. Our focus is on item (2): the serious game as a sum-
mative assessment tool.
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6.3.2  Scientific Foundation: Domain Analysis 
and Domain Modeling

The serious game MyBUY was developed as an individual achievement tool (Oranje 
et al., 2019, p. 39) to assess SC competence. This is not only an affordance raised 
by workplaces but rather a learning object according to the official VET and school 
curricula. Thus, MyBUY’s target audience comprises primarily apprentices in retail 
graduating their three-year program, but also young adults and responsible 
consumers.

We ran extensive domain analyses to narrow down the broad content area of 
sustainable consumption behavior and operationalized the intended learning goals 
toward SC competence. We included primarily expert focus groups, literature 
reviews, analyses of curricula, textbooks, Germany-wide examinations, and news-
letters of sales organizations to identify real-life affordances and analyze the tasks 
and competences salespeople face in their workplace. As a result of these analyses, 
salespeople, apprentices in retail, and responsible consumers must cope, to a greater 
extent, with the following typical situations that comprise the content dimension of 
the game (Table 6.1):

Table 6.1 Typical situations and affordances in retail linked to sustainability: selected results of 
domain analyses

Sustainable situations Situational affordances

CSR (Corporate Social 
Responsibility) report

•  Improving the image and profit through transparent 
reports, e.g., according to the global reporting initiative 
standards (economically)

•  Reporting the turnover of careful resource programs 
(ecologically)

•  Sensitization of employees and customers with regard to 
sustainability (socially)

Seals as orientation for 
customers and symbols of the 
idea of sustainability

• Increase in turnover for products with seals (economically)
•  Certification on the basis of ecological standards 

(ecologically)
•  Information to consumers about a sustainable increase in 

value (socially)
Packaging and recycling •  Cost-cutting through fewer resource requirements 

(economically)
• Awareness of substances and material (ecologically)
•  Information to consumers (e.g., reduction of plastic bags) 

(socially)
Energy efficiency • Reducing energy costs (economically)

• Reducing energy consumption (ecologically)
•  Communicating sustainable guidelines to consumers 

(socially)
Fair dealings with employees 
and stakeholders

• Increase in turnover through image-making (economically)
•  Increase in sustainable actions by informing employees 

and stakeholders (ecologically)
• Further professional education and equal rights (socially)
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To master these domain-specific situations in retail under a sustainability per-
spective, we identified the following facets of a domain-specific SC competence 
(Ritter von Marx et  al., 2019) which becomes the goal of our serious game. 
Concerning the cognitive area, the competence facets are: (a) anticipatory thinking 
(ANTI), (b) systemic thinking (SYST), (c) instrumental understanding (INST), (d) 
sustainable managing (MANA), (e) obtaining and assessing information (OAI), and 
(f) communication (COMM). As for the noncognitive area, the facets are: (g) per-
sonal attitudes (ATTI), (h) personal standards of values (VALU), and (i) reflection 
(REFL). We grounded these categories on the structure of our assessment argu-
ment; players should be able to act in the context of retail and consumption in a 
sustainable and creative competent manner. Players should be able to anticipate 
present and future scenarios and identify sustainable challenges; for instance, creat-
ing or adapting a product line (ANTI). They should be able to apply systemic think-
ing by considering the tensions between the three subsystems of the triple bottom 
line method social (people), ecology (planet), economy (profit), when analyzing, for 
instance, the CSR report (SYST). They should be able to apply their domain- specific 
knowledge and tools in a sustainable creative competent manner (INST) when 
counseling a client, for example.

To develop a serious game that encourages players to improve their SC compe-
tence, we worked on the game as a multidisciplinary project with information sci-
entists, VET experts, and professional media designers. We sought to use this 
serious game as an assessment tool, so we adopted a theoretical learning approach 
(including problem-solving) to get deep-level insights and generalized understand-
ings based on conceptual background facts, principles, and theories (Westera, 
2019). Simultaneously, we required instruction and guidance (Garris et al., 2002; 
Johnson et al., 2017; Kerres et al., 2009; Virvou et al., 2005; Westera, 2019) to avoid 
extended processes of search that could generate a heavy cognitive load on the 
working memory, which might evoke thoughtless trial and error strategies and lead 
to task completion at the expense of deep understanding (Westera, 2019). Thus, 
serious games should combine and integrate challenging gameplay properties and 
dedicated instruction (Westera, 2019). Hence, we decided to use the four- component 
instructional design (4C/ID) systematic approach, developed by van Merriënboer 
and Kirschner (2018), that assists and supports the development of serious games 
that offer entertainment and guidance while recognizing the cognitive load of learn-
ers. With regard to theoretical game criteria, we refer to the game mechanics sum-
marized in our holistic framework in Fig. 6.1. As for the domain-specific content, 
we focus on theoretical approaches to economy and business with the triple bottom 
line concept of sustainability (Elkington, 2018; Pufé, 2014) and Corporate Social 
Responsibility (CSR) report (Elkington, 2018; Morsing & Schulz, 2006). Through 
these approaches, we intend to invite players into an interesting and engaging game- 
based assessment journey (Conejo, 2014; Tsay et al., 2019). The ECgD proposed by 
Mislevy et al. (2013) is applied to analyze the quality of the game as an assessment 
tool linked to the game criteria, as shown in Fig. 6.1.
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6.3.3  Design Foundation: Conceptual Assessment 
Framework (CAF)

The core of the Conceptual Assessment Framework (CAF) are the three models that 
depict the evidence-based reasoning process: the student model, the task model, and 
the evidence model (see Fig. 6.2). However, seeing as we sought to assess a domain- 
specific competence, our approach of using a serious game as a competence-driven 
assessment tool through the implemented questions had to change the chain of 
effects of traditional game development processes as introduced by Hunicke et al. 
(2004). Play and fun were not the primary goals under this perspective. We are also 
going beyond traditional serious game design suggested for example by Arnab et al. 
(2015) as this lacks the assessment view. First, we must clarify that the competence 
under assessment by the serious game (including facets of knowledge, skills, and 
attitudes) embedded in domain-specific situations (associated with game aesthetics) 
was operationalized through expected evidence (associated with intended game 
dynamics). By selecting certain game mechanics, we sought to prompt the aesthet-
ics of players to allow them to willingly and joyfully perform the domain-specific 
tasks to show their competence respectively their observable performance (observ-
able game dynamics).

6.3.3.1  Student Model

For this serious game, we explicitly formulated SC competence as an assessment 
tool set in the domain modeling layer, but only for the six cognitive competence 
facets, as the primary purpose of the serious game is assessment. However, noncog-
nitive competence facets addressed by the app include videos for sensitization, for 
instance. Then, we further operationalized the assessment argument in relation to 
the retail-specific domain with typical everyday challenges (learning features (LF) 
incl. Game aesthetics and intended game dynamics). For example, to assure that 

Fig. 6.2 Design Foundation—Conceptual Assessment Framework (CAF)
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players achieved systemic thinking as one cognitive facet of SC competence, play-
ers had to show that they understand and can judge the different steps of the supply 
chains of their products for sale with regard to sustainability issues. Through the 
game, they should show their ability to analyze the ecological, economical, and 
social effects with regard to individual consumers as well as the whole production 
and consumption system. They also should show SC competence in complex prob-
lem situations (e.g., creating or adapting a sustainable new product for a product 
line, judging the quality of fair trade, counseling a client with regard to their sustain-
able consumption decision-making, explaining seals to a customer). The operation-
alization toward observable behaviors is essential to make evidence-based inferences 
of the SC competence in players (Mislevy et al., 2014). In summary, our goals for 
the serious game in this model were that the players understood, analyzed, and 
applied six domain-specific SC competence facets: (a) anticipatory thinking (ANTI), 
(b) systemic thinking (SYST), (c) instrumental understanding (INST), (d) sustain-
able managing (MANA), (e) obtaining and assessing information (OAI), and (f) 
communication (COMM) (Ritter von Marx et al., 2019) (intended game dynamics) 
when solving authentic interesting challenges (game aesthetics).

6.3.3.2  Task Model

For the task model, we asked ourselves: through which tasks and game features 
(GF) can we prompt players to show the extent of their competence? Following 
Arnab et al. (2015), we mapped the translation of the SC competence model to spe-
cific LF (ownership, cognitive stimulation, etc.), observed game dynamics (sys-
temic thinking to analyze the interrelationship of ecological, economic, and social 
tensions, etc.) and the game mechanics (authentic narrative, story, challenging tasks, 
etc.) within our serious game MyBUY as an assessment tool (see Fig. 6.3). After 
launching the serious game, players are led by an authentic narrative into a simu-
lated retail shop. Here, they are welcomed by a fictional team member who is the 
head of the CSR department (protégé effect). This team member introduces them to 
the contents of the game, sustainability, CSR reporting, the context behind the 
annual sustainability contest, and the rules (tutorial). Then, players assume the role 
of an employee of the MyBUY company (ownership/identity/responsibility) who is 
responsible for holding the company’s title won in the prior sustainability contest 
(competition; motivation) by solving typical authentic problems and tasks in retail 
concerning sustainability issues (authenticity; interest).

These typical tasks and problems occur throughout their year working in retail; 
for example, players can advise clients on sustainability issues along the supply 
chains or refute a client’s concern about a scandalized product (authenticity, actions, 
motivation, and interest). The tasks were designed according to difficulty- generating 
factors related to cognitive requirements (Marzano & Kendall, 2007) as well as to 
cognitive load (van Merriënboer & Kirschner, 2018) which give support and 
guidance.
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The player gets one point for each correct answer relevant to responsible sustain-
able performance (formative feedback). A correct answer is defined a priori and 
fixed within an underlying coding guide (reward). If players need help, they can ask 
a virtual colleague (protégé, characters, identification, responsibility) using a joker 
(as all-purpose request assistance) (support, guidance). Feedback on the sustainable 
performance of players is given by a display bar in the format of a CSR depart-
ment’s satisfaction meter (orientation, achievement). The player runs through linear 
tasks that present domain-specific challenges along with the overarching storyline 
(interest curve/motivation). All players get the same tasks in the same order so that 
the assessment is standardized. The tasks are organized in three time frames (January 
to April, May to August, September to December) with three blocks each (blocks); 
each block consists of three tasks that rope players into one to four types of obsta-
cles (decisions, judgments, and counseling and informing clients); for instance, 
treating a scandal on poisoned Rooibos teas (authenticity, interest, cognitive stimu-
lation). Over the time frames the difficulty level increases (representing the increas-
ing responsibility players earn for the MyBUY company) as players progress, and 
tasks also become more challenging. Correct answers award players double the 
points in the second time frame and quadruple in the third time frame) (rewards, 
levels, achievement, and motivation).

Each block represents different domain-specific areas to be tackled by the play-
ers to improve MyBUY’s position in the sustainability contest (motivation; inter-
est). By designing the surface with simple texts and pictures, we try to meet the 
aesthetic perceptions and needs of players (aesthetics, simple language). Since the 
serious game is a summative assessment, players are not allowed to replay failed 
tasks (replay/do-over), albeit early mistakes in the first time frame can be compen-
sated for.

Fig. 6.3 Serious game map of MyBUY
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When players finish the game, they are given their individual scores and mastery 
percentage via the satisfaction meter (bar graph, feedback, orientation). Unused jok-
ers add extra points at the end of the game (rewards). A player that gets a score 
lower than 60% gets feedback that they do not reach the winners’ podium. If players 
reach a score from 60% to 75%, they get a bronze medal; scores from 76% to 85% 
award players a silver medal; and players who score over 85% get a gold medal 
(win/loss). The player can interrupt the serious game at any point and resume later 
without losing progress. A progress bar shows players how much game content is 
left (orientation, feedback).

6.3.3.3  Evidence Model

Since we developed the serious game as an assessment tool in accordance with the 
ECgD framework, we sought to assess the players’ acquired SC competence (focus-
ing on the cognitive facets) through goals and achievements. In further studies, we 
intend to analyze logfiles or transfer the implemented learning and working diary to 
monitor the effect the game had on players.

6.3.4  Production of the Serious Game: 
Assessment Implementation

6.3.4.1  Development of the Tasks

After mapping out the serious game on a conceptual level, we authored the concrete 
narrative and the single tasks and incorporated the tasks into a sequence of sense- 
making game blocks along with a storyline. The information of the broad and deep 
domain analyses provides fruitful guides to construct correct and authentic tasks 
and problems in the field of retail and sales (e.g., counseling clients on seals, select-
ing sustainable products for the production line, clearing up customer complaints) 
(curve of interest/flow; meaningful actions, interest, motivation). Levels were imple-
mented by structuring the tasks into three time frames (January to April, May to 
August, September to December); as players progress, they are given more and 
more responsibility. Task difficulty also varies according to four difficulty-generat-
ing factors following the instructional design approach for complex learning devel-
oped by van Merriënboer and Kirschner (2018): (a) cognitive requirements, (b) 
complexity, (c) problem structure, and (d) support within the task format. This pro-
cedure allows us to control intrinsic cognitive load by (a) using different levels of 
the cognitive taxonomy (Marzano & Kendall, 2007); (b) varying the number of 
elements to be simultaneously worked on (Paas et al., 2003; Sweller et al., 1998); 
(c) offering well- and ill-structured problems—the latter often has multiple solu-
tions or are redundant, in the sense that players must first identify and then select 
relevant information (Bley et al., 2015; van Merriënboer & Kirschner, 2018); and 
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(d) altering the amount of support given within the task format and guidance offered 
to the players (Van Merriënboer et al., 2002). To this end, we posed classification 
tasks, multiple-choice tasks, fill-in tasks, open-ended tasks, whereas completion 
tasks and conventional tasks were given to players who had built their cognitive 
schemata through the course of the game (van Merriënboer & Kirschner, 2018). 
Additionally, we developed score guidelines in the code. For open-ended tasks, the 
rubrics were fixed. For other tasks, the scores were linked to the possible responses 
by an automated procedure. The algorithm for weighing the scores from the second 
and third time frames, as well as the algorithm for use/nonuse of jokers, was imple-
mented to affect the final score. Simultaneously, the output file was designed and 
created to record the players’ actions and responses in the backend for future 
analyses.

6.3.4.2  Design and Layout

The layout of the app was designed to avoid extraneous cognitive load that results 
from poorly designed instructions and tasks. Therefore, we reduced the nondesir-
able kind of cognitive load by (a) highlighting headlines or using symbols to point 
out important information (Mayer & Moreno, 2010); (b) respecting the different 
audio, verbal, and visual channels to consider different types of modality (van 
Merriënboer & Sweller, 2005); (c) avoiding redundancies by giving relevant infor-
mation on the tasks via a single channel (Mayer & Moreno, 2010); (d) considering 
the contiguity principle when presenting information and elements along with pic-
tures and graphs to be processed simultaneously; and by (e) using a simple verbal 
language to prevent misunderstandings that may evoke biases (Kettler et al., 2011; 
Schnell, 2017). By balancing the intrinsic and extrinsic cognitive loads, the remain-
ing cognitive load is reserved for the germane cognitive load, which is the load 
necessary to work on problems.

Thus, 27 tasks with different difficulty structured in nine blocks on three differ-
ent levels (time frames) serve as a tool for summative assessment (Oranje et al., 
2019, p.  40). To check our theoretically designed tasks we ran an expert rating. 
Thereby each task was rated by VET experts with regard to the difficulty aspects: 
cognitive requirements (understanding: 0; analysis: 1; application: 2), complexity 
(element interactivity: < 2 elements: 0; otherwise: 1), problem structure (clear solu-
tion and no redundant information: 0; otherwise: 1), and support within the task 
format (completion task: 0; conventional task: 1). Thus, there was a maximum of 5 
difficulty points per task, 15 per block (5 × 3) and 135 total difficulty points (27 × 
5) (Bley, 2017; Bley et al., 2015; Weber et al., 2016). To the end of this ranking got 
a difficulty index for the tasks.

Let us take a simple task (time frame 1, block 1, task 2; Fig. 6.4) as an example. 
This task contains three stimuli for players to act upon a customer dialogue accord-
ing to the triple bottom line concept (profit, planet, people). A customer asks players 
“Is the MyBUY really engaged in social belongings? I, as a consumer, did not hear 
anything about such endeavors.” The player is requested to choose the most 
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adequate answer that will convince the customer that MyBUY is involved in social 
belongings.

To solve this task, players must apply their declarative knowledge on the triple 
bottom line approach, analyze the presented arguments, and select the most ade-
quate or correct answer (cognitive requirement: 1). The players focus only on one 
element, the social belongings of MyBUY (complexity: 0).

There are no conflicts to be solved (clear solution: 0). There is just one right 
available answer to be marked (completion task: 0). The task is quite supportive 
because it is preprocessed. The player has no need to create or formulate their own 
arguments since the arguments can be selected in the task (SC-format: 0). In total, 
the difficulty index amounts to 1 difficulty point from a maximum of 5 (=20%). 
Hence, this task is classified as simple according to our standards. This is supported 
by the empirical model, which has a high solution rate.

Now, let us take a difficult task (time frame 1, block 2, task 2; Fig. 6.5). This task 
contains three stimuli for the players to act upon according to the triple bottom line 
approach and different seals. With regard to a tea scandal, MyBUY took a certain 
Rooibos tea out of the shelf. Now the CSR manager asks players to decide on a new 
tea product to fill up the assortment. Hence, they must consider the following 
MyBUY conditions: (a) it should be an organic product, (b) the producer of the tea 
should take social responsibility, and (c) 10 g of tea should cost at most 1 €.

Here, players must analyze the given characteristics of three tea types consider-
ing the three MyBUY requirements and to mark for the presented criteria and 
whether they fit the requirements or not. The players select the tea type that they 
consider the most suitable and formulate an argument for their decision (cognitive 
requirement: 2). For this analysis, players must tackle many elements (the MyBUY 
requirements, the three dimensions of the triple bottom line approach, and the dif-
ferent seals) (complexity: 1). Although there is one single solution to this problem, 
there is redundant information (a) kept within the drop-down field for defining the 
fulfilling criteria and (b) the seal for tea C overfulfills the MyBUY requirements (no 

Fig. 6.4 Examples for simple task in time frame 1, block 1, task 2
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clear solution, redundant information: 1). The task format provides no support. The 
player has to analyze the information, mark the right criteria, and formulate an argu-
ment in an open input field (no support, conventional task: 1). In total, the difficulty 
index amounts to 5 difficulty points from a maximum of 5 (=100%). Hence, this 
task is classified as difficult according to our standards. This is supported by the 
empirical model, which has a low solution rate.

6.3.5  Evaluation: Assessment Implementation

Before commencing the assessment, the serious game MyBUY has to be piloted for 
quality assurance. Mislevy, Wilson, et al. (2003) consider validity, reliability, com-
parability, and fairness important qualities of assessment arguments. Depending on 
the evidence and the intended inference (lower or higher stakes), these quality crite-
ria are more or less critical and operationalized at different levels. In our first pilot 

Fig. 6.5 Examples for a difficult task time frame 1, block 2, task 2
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of MyBUY, we focused on validity. We sought to answer the question: does the 
serious game measure the intended construct of SC competence (with a focus on the 
cognitive part) in retail and sales contexts? Since there is no gold standard to test 
validity, we selected three types of validity studies in accordance with Messick 
(1989): (a) to assess content validity, we ran extended domain analyses (cf., analyz-
ing newsletters, textbooks, final examinations in the retail of the Chambers of 
Industry and Commerce) and focus groups with VET teachers, trainers, and stu-
dents; (b) to assess cognitive validity, we conducted think-aloud studies with VET 
apprentices and analyzing their mental processes as they solved the serious game 
tasks (Brünken et al., 2003); (c) finally, our current study addresses the structural 
validity. To secure quality assurance, we evaluated the usability of the serious game 
(Brooke, 1996) and the evoked cognitive load (van Merriënboer & Kirschner, 2018) 
and motivation (Deci & Ryan, 1993, 2002, 2012).

6.3.6  Assessment Delivery

To provide players with a seamless and as unobtrusive as possible assessment via 
the serious game (Hummel et al., 2017), Mislevy et al. (2013, p. 56) suggest a four-
step process to standardize and monitor the assessment procedure: (a) task selec-
tion, (b) task presentation, (c) data collection, and scoring, and (d) accumulating the 
evidence for evidence-based reasoning and interpretation.

6.3.7  Research Questions

Through our pilot studies, we provide a first-hand look at our approach to answering 
open questions as asked by Kim and Ifenthaler (2019, p. 7). Our approach merged 
serious game development criteria and learning theory with the ECgD layers. To 
this end, we integrated the learning and assessment aspects of serious games into a 
holistic framework (Fig. 6.1). Simultaneously, we suggested—with regard to SC 
competence—how competence models can be transformed into learning mechanics 
and interesting, engaging game mechanics in a serious game. We showed how for-
malized assessment models as the ECgD can be linked to serious game design ele-
ments and how psychometrics can be implemented. Through this procedure, we 
were also able to demonstrate how players’ responses can be inferred to the intended 
competence and the underlying theoretical competence model. Our pilot led us to 
four research questions:

• RQ1: How can we assess SC competence in the serious game MyBUY?
• RQ2: Is usability for the serious game MyBUY given?
• RQ3: To what extent do cognitive load dimensions (extraneous, intrinsic, ger-

mane) affect players of the serious game MyBUY?
• RQ4: Through which aspects does the serious game MyBUY motivate players?
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6.4  Methodology

6.4.1  Sample and Data Collection

Within our pilot study, N  =  30 bachelor’s students in the first year of Business 
Studies played the serious game MyBUY. Their experiences are comparable with 
those of third-year VET apprentices in retail. Since the tasks were related to sales, 
they also mirrored the perspective of private consumers. Data collection occurred 
within the serious game as responses on a class of domain-specific tasks and prob-
lems defined a priori (Oranje et al., 2019, p. 40). Additionally, we collected data on 
usability, cognitive load, and motivation via a questionnaire. We allowed students to 
play the serious game with no time constraints. On average, students took 63 min to 
play the serious game and 10 min to answer the questionnaires.

6.4.2  Measures and Analyses

Within this pilot, we ran a holistic evaluation of the serious game MyBUY through 
different approaches. First, we wanted to observe the players’ empirical sustain-
able creative performance when solving sustainable challenges and tasks in the 
domain of retail to validate our theoretical model and carefully infer the underlying 
SC competence (RQ1). Second, we wanted to control for usability (Bangor et al., 
2008; Brooke, 1996, 2013) to assure that there are little to no negative influences 
from handling the app (RQ2). Third, we sought to monitor the cognitive load 
(Leppink et al., 2014) to further increase validity and ensure that the players were 
not distracted by poorly designed elements and to regulate the task difficulty 
(RQ3). Finally, we were interested in whether we offered the players interesting 
tasks through which they experience autonomy, competence, and (social) related-
ness, and are thus motivated (Deci & Ryan, 2012; Sailer, 2016; Sailer et  al., 
2017) (RQ4).

6.5  Results

6.5.1  Validating the Sustainable Creative Competence Model

When playing the serious game MyBUY, players employed their competence to 
solve typical domain-specific problems through their responses and their progress 
became evident through their performance. According to the evidence-based rea-
soning underlying the ECgD used, we can infer the latent SC competence from this 
observed performance (Mislevy et  al., 2014). Simultaneously, the theoretical SC 
competence model (see Fig.  6.6, left) matches the empirically observed SC 
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performance (see Fig. 6.6, right). The identified SC competence facets are displayed 
in the columns in Fig. 6.6. These facets were assigned to nine different game blocks 
(displayed in the lines) by typical domain-specific tasks. While working on these 
tasks, players tackled sustainable challenges and problems in typical retail situa-
tions (see Table  6.1) identified by domain analyses. For instance, they analyzed 
seals (block 8) using their anticipatory thinking (ANTI) competence or applied a 
CSR report statement as they advised a customer using their communication 
(COMM) competence (block 6).

To match the theoretical and the empirical model, all designed game tasks were 
ranked by a difficulty index. Tasks were classified as (a) simple (S) when they 
reached 0–33% of the maximum of points within the expert ratings on the difficulty 
index, (b) medium (M) when they reached 34–66% of the maximum points within 
the difficulty index, and (c) difficult (D) when they reached 67–100% of the maxi-
mum points within the difficulty index.

The 27 tasks were classified as follows: 9 simple, 10 medium, 8 difficult distrib-
uted over the nine game blocks. This distribution according to the expert ratings 
reflects a balanced picture of the challenges to be mastered across the serious game 
MyBUY. The tasks also demonstrated an overall medium level of difficulty, which 
fits the profile of the target audience. For the empirical model, we classified the 
observed performance scores of the students playing MyBUY as simple (S) when 

Fig. 6.6 Examples of the domain-specific SC competence modeled a priori matched with the 
performance observed when solving domain-specific problems and tasks
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they reached 67–100% of the possible solutions; medium (M) when they reached 
34–66% of the possible solutions and difficult (D) when they reached only 0–33% 
of the possible solutions. The empirical results showed an overall Cronbach’s Alpha 
value of r = 0.69.

The results of the matching procedure show that the theoretically-founded design 
of the serious game MyBUY fits the empirical achievement of the players. In five of 
nine game blocks, our theoretical model fits the solution rates of the empirical 
model, and they were closest in blocks 5 and 6. Hence, we may assume that our 
merged framework (Fig. 6.1) of linking theory-based learning mechanics and game 
mechanics with the ECgD framework is a reliable way to design a game-based 
learning environment using a serious game as an assessment tool.

6.5.2  Usability

According to international standards, products with a practical value are those that 
allow users to reach an intended goal and that can be efficiently and effectively used 
in a given context that leads to everyone’s overall user satisfaction (DIN EN ISO 
9241-110, 2020; Niegemann et al., 2008; Preece et al., 1994). Brooke (1996) out-
lines three major concepts within that framework: (a) effectivity refers to the ability 
of users to fulfill tasks within the system and the quality of output of those tasks, (b) 
efficiency is related to the number of resources consumed when completing these 
tasks, and (c) satisfaction describes the subjective reactions of users as they perform 
these tasks (Bangor et  al., 2008; Brooke, 1996, 2013; Sangmeister et  al., 2018). 
Although there are additional ways to assess practical value (e.g., functionality, 
transparency, complexity) (Herczeg, 2009; Issing & Klimsa, 2002; Sangmeister 
et al., 2018), these are the three basic criteria outlined by the ISO. These criteria are 
operationalized by the 10-item System Usability Scale (SUS) questionnaire 
(Brooke, 1996) to ensure a high response rate and quality responses (Brooke, 1996). 
The SUS is a practical and relevant tool (Bangor et al., 2008; Brooke, 2013) that 
shows reliable results with small samples (N = 8 to 12) (Brooke, 2013, p. 33). The 
comparison with Cronbach’s Alpha shows a value of r = 0.85 (Bangor et al., 2008, 
p. 575).

Figure 6.7 shows the answer distribution for the 10 items of the SUS (adapted 
from Brooke, 1996) when applied to players of the MyBUY serious game in the 
pilot stage. Since four of the items are formulated negatively (−) with respect to our 
game, the difference to 100 was taken as a value. The average usability was 69.3. 
This value corresponds to the averages for 206 studies in a meta-analysis by Bangor 
et  al. (2008, p.  577) for individual surveys (70.1) and multiple surveys (69.7). 
According to Bangor et al. (2008, p. 588), a 69.3 usability is within the “marginal 
ok” rating scale, almost at the “acceptable good” range. Comparable values in the 
context of serious games are found in the literature (cf. Arnab et al., 2015, p. 15).
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6.5.3  Cognitive Load

Through the 4C/ID approach in the serious game, we tried to balance the cognitive 
load and, simultaneously, task difficulty for the players. We measured three types of 
the cognitive load caused by the serious game MyBUY, using the Cognitive Load 
Questionnaire (Leppink et al., 2014) with its ten items on a Likert scale from 1 to 6 
(Table 6.2):

These first results demonstrate that the cognitive load of the learners could be 
influenced as expected by the theoretical assumptions of the 4C/ID approach. For 
the MyBUY serious game, the germane cognitive load has the highest value and the 
extraneous cognitive load has the lowest. The tasks, therefore, could be considered 
goal-oriented. The highest effort from the part of players was related to the main 
mental processes when solving the tasks and problems of the game. The intrinsic 
cognitive load, which is related to the number of elements to be handled simultane-
ously (“elements interactivity”), showed an average value that indicates that the 
tasks in the serious game MyBUY corresponded to a medium level of cognitive 
affordances with respect to task difficulty (related to cognitive level, complexity, 
problem structure, and support within the task format).

6.5.4  Motivation

Serious games can motivate young people and motivation is necessary to assess 
performance. Thus, we assessed the motivational effects of our serious game by 
using the questionnaire designed by Sailer (2016). This questionnaire drew from the 

Fig. 6.7 Usability of the serious game MyBUY
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self-determination theory of Deci and Ryan (1993, 2002, 2012) with the dimensions 
autonomy, competence, and (social) relatedness. This 13-item questionnaire took 
the form of a Likert scale from 1 to 6 with Cronbach’s Alpha values of r = 0.76 
(raut = 0.76, rcom = 0.79, rrel = 0.92).

The results for autonomy (x  =  4.07; SD  =  1.32) and competence (x  =  4.31; 
SD = 1.00) were satisfactory and good. (Social) relatedness showed lower values 
(x = 2.39; SD = 1.17). Items such as “I feel as part of a team” were scored “not 
satisfactory”. This score can be justified by the fact that the serious game MyBUY 
is played offline because some players may not have a permanent internet connec-
tion. Therefore, networking within the serious game is not possible. Additionally, 
the assessment was directed to the individual and not the collective performance of 
the players.

6.6  Discussion and Impact

The popularity, appeal, and potential of serious games are definitely behind the 
novel interest in applying them as learning and summative assessment tools. 
However, our literature review on serious games shows the majority of these games 
seem to be applied primarily in a learning context; only a few are used as assess-
ment tools. Furthermore, most (serious) games prioritize authentic experiences 
without offering support or guidance and focus primarily on general knowledge and 
skills instead of fostering domain-specific competences. Thus, most serious games 
do not fit the requirements for a sophisticated assessment tool, regardless of their 
purpose. Additionally, existing serious games show weaknesses with regard to 
objectivity, reliability, validity, and design (Hummel et  al., 2017; Westera, 2019; 
Wouters et al., 2013).

In our contribution, we sought to merge serious game criteria with the assess-
ment layers of the ECgD. To this end, we also left behind the traditional perspective 
of common game design procedures. When applying serious games as assessment 
tools it is not sufficient to just impose game mechanics which evolves certain game 
dynamics and further more positive responses from the players in the sense of game 
aesthetics. With regard to serious games—with a specific educational purpose—we 
must consider learning theory to stimulate corresponding cognitive and 

Table 6.2 Cognitive load 
within the serious 
game MyBUY

Types of cognitive load Serious Game
Mean SD

Germane cognitive load (GCL) 4.06 0.95
Intrinsic cognitive load (ICL) 3.42 1.13
Extraneous cognitive load (ECL) 2.42 1.17
Total cognitive load (TCL) 3.38 1.27

Remarks. N  =  30; reliability: r  =  0.68 (rGCL  =  0.95; 
rICL = 0.61; rECL = 0.56)
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noncognitive learning processes. Additionally, by using a serious game as an assess-
ment tool, we shift the view toward a game-based assessment perspective.

The Conceptual Assessment Framework (CAF) of the ECgD approach allowed 
us to develop a student model, task model, and evidence model in a stringent and 
cohesive way to demonstrate how an intended domain-specific competence can be 
operationalized and translated to learning features, and how game features should 
be applied to prompt intended learning processes and evoke play actions. We also 
show how game features can be related via psychometrics to a specific competence 
(knowledge, skills, or attitudes) of interest; in our case, the SC competence in retail 
and sales. Through the MyBUY serious game, we show that it is possible and worth-
while to take the hard path and formulate domain-specific competences to identify 
typical real-life situations and translate them into challenging authentic tasks and 
serious game features. The evidence-based construction of tasks—especially inte-
grated game features built on instructional design components and cognitive load 
aspects—seems to yield fruitful results. We achieved the expected performance and 
difficulty levels by using these construction criteria. Furthermore, the serious game 
MyBUY shows usability and is perceived as motivating. The players can act in an 
autonomous space and experience competence. Although we could not answer all 
questions within the presented study, our results, especially those with regard to the 
fit between the theoretical competence model and the solution rate of the empirical 
model, encourages us to investigate further.

6.7  Limitations and Outlook

This study does have some limitations. First, further validation studies by more 
complex theory-oriented statistical models are needed, such as IRT (item response 
theory) and other analytic techniques for pattern detection in game-based research 
(Embretson, 2010; Schrader et al., 2019, p. 22). In addition, there is a lack of com-
parative studies with known groups or groups with other expected effects and lon-
gitudinal studies to analyze development processes. Such approaches may provide 
more insights into the realized cognitive processes and allow for generalizability of 
the results (Achtenhagen & Winther, 2014; Bley, 2017; Kreuzer et al., 2017; Weber 
& Achtenhagen, 2014; Weber et al., 2016).

Furthermore, it is also necessary to include more noncognitive elements into 
assessments to cover the entire SC competence. Further studies should include more 
extensive data collections within and out of the game—also with regard to big data. 
From a more critical point of view, the goals, intentions, added value, and conse-
quences of observing people (students, apprentices, applicants, employees, etc.) 
while playing must be analyzed and reflected upon under an ethical perspective to 
avoid exploitation and manipulation (Kim & Werbach, 2016; Larson, 2020).
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Chapter 7
Gameful Learning and the Syrian Conflict: 
Developing Global Learning Competencies 
in a Complex Conflict

Jason Rosenblum, Selin Guner, Christie Wilson, and Mity Myhr

7.1  Conceptual and Theoretical Foundations

7.1.1  Overview

From 2012 to 2016, a team of five educators from St. Edward’s University, a 
medium-sized liberal arts university in the Southwestern United States, engaged in 
sustained collaboration to design and deliver a game-based simulation to challenge 
student perspective-taking and decision making related to the civil war in Syria. 
Known as the Syria Simulation, this experiential activity took place both within and 
outside of the traditional classroom, in settings that included gameplay set over two 
to three class sessions, cocurricular activities, and workshops delivered over a con-
tinuous 3-h timespan. During this period, the Syria Simulation was delivered to 
approximately 850 students in classroom and workshop formats. The simulation 
was delivered to seven traditional classes, averaging approximately 20 students 
each, three cocurricular activities (each 3-h long) with 10–18 students each, and 
seven global understanding workshops (each 3-h long) with approximately 90 stu-
dents each. Each format was broadly designed to meet university outcomes for 
global understanding, while simultaneously meeting course-level outcomes focused 
on helping students to understand the geopolitical, cultural, and international con-
texts of actors involved in the conflict. The simulation required students to work in 
teams role-playing an actor in the conflict. The actors represented a wide variety of 
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groups involved in the conflict. The design of the Syria Simulation was rooted in 
three core theoretical frameworks, namely, culturally responsive and significant 
high impact learning, game-based learning through enactive role-play, and low- 
fidelity simulation design. In this chapter, we will describe how this simulation was 
designed from these perspectives and embedded within a liberal arts curriculum. We 
also elaborate on successes and challenges and present a framework to design simi-
lar experiences.

7.1.2  Significant, High Impact Curriculum 
for Liberal Education

The Syria Simulation was conceptually designed from what Fink (2003) describes 
as a significant learning perspective. In Fink’s taxonomy, significant learning is that 
which includes an equal emphasis on cognitive, metacognitive, and affective learn-
ing outcomes. The simulation was broadly designed to elicit student participation 
that demonstrated both perspective-taking and empathy building, in addition to 
moral reasoning and cooperative decision-making. The Syria Simulation required 
that students learn about themselves and others, integrate ideas about far-away pop-
ulations with current events, and develop and demonstrate caring through non- 
Western perspective-taking. Taken holistically, this simulation functioned as a 
comprehensive learning activity within a liberal arts curriculum. Critically, the 
adoption of a significant, high-impact learning theoretical frame was embedded 
throughout the application of the AAC&U Global Learning VALUE rubric through 
its deep integration as a curricular tool to meet core university outcomes (AAC&U, 
2014). This deep integration thus represents what Kuh (2008) describes as a high- 
impact learning practice since it demands that students have a deep, extended 
engagement with both subject matter and faculty over a prolonged period. In this 
experiential strategy, students were encouraged to draw connections between what 
they were learning in their general educational and disciplinary courses and apply 
their knowledge to the complex global issues discussed in the workshop. This 
extended immersion defines what Ferren and Anderson (2016) describe as an inte-
grative learning approach. In the spring semester of 2016, the simulation was 
applied to the “Workshops for Global Understanding” (GU), a required cocurricular 
activity for students taking two junior-level, globally focused general education 
courses. The workshops met two shared Student Learning Outcomes for the courses: 
Students will apply the knowledge and analytical skills gained in the classroom and 
through experiential activities to selected issues of global significance and Students 
will analyze the social justice implications of increasing globalization in a histori-
cal and/or contemporary context. These learning outcomes fulfill specific elements 
of the University’s Mission that address global learning, moral reasoning, and criti-
cal and creative thinking. As the University engaged in the work of integrating 
global learning into our curriculum, the strategic plan and quality enhancement 
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program (QEP) was focused upon providing students, both on and off campus, cur-
ricular and cocurricular experiences focused on global learning.

Each semester for 10 years, the course directors (Wilson and Myhr) organized a 
“Workshop for Global Understanding” that addressed a different significant global 
issue such as the global water crisis, food justice, and global health. The planning of 
each workshop was influenced by the AAC&U’s Shared Futures: Global Learning 
and Liberal Education program and LEAP Goals, which are rooted in High Impact 
Practices (AAC&U, 2020; Hovland, 2005, 2006; Kuh, 2008; Nair & Henning, 
2017; Schneider, 2015). These initiatives focus on active and collaborative learning 
to address intellectual and practical skills needed in the increasingly interconnected 
world of the twenty-first century. Furthermore, design and assessment of the simu-
lation relied on the AAC&U Global Learning VALUE rubric. A 6-year report on the 
application of this Global Learning rubric by Calahan (2018) maintains that this 
rubric continues to be vital for institutions whose educators wish to “consider the 
ways learning goals align with cultural diversity, understanding global systems, or 
social responsibility.” The AAC&U rubric draws from Bennett’s (1986) perspective 
that maintains that developing higher degrees of cultural competence and intercul-
tural sensitivity requires students to move through stages of personal growth along 
a path that leads from ethnocentrist to ethnorelativist ways of thinking about the 
world (Bennett, 1993). Crucially, as Nadan (2014) notes, attaining such perspec-
tives meant more than providing students with knowledge about the “other” in the 
cultures represented in this simulation. It meant encouraging students to gain cul-
tural fluency by playing actors from international cultures through a global, socio-
culturally relevant, contextual lens and adopting perspectives by highlighting power 
dynamics between conflict actors and affected populations like the Syrian refugees 
and non-politicized Syrian population (Chun & Evans, 2016; Deardorff, 2009). 
Gaining a contextual understanding of the Syrian conflict through these dynamics is 
a critical component of social justice work (Nadan, 2014). The culturally responsive 
and game-based design elements in this simulation required students to analyze 
problems, propose solutions and make responsible decisions that lead to sustain-
able, just outcomes through experiential learning of a Middle East conflict.

7.1.3  Game-Based Learning, Conflict, and Social Justice

We have thus far discussed the curricular frameworks and multicultural and social 
justice perspectives that guided the conceptual thinking about this project. We now 
turn our attention to the game-based learning and role-playing perspectives that 
further guided this project’s design. That contemporary students spend a great deal 
of time playing video games is a truism (Lenhart, 2008). However, this assumption 
is insufficient to justify designing a game, instead of another learning tool, to help 
students build empathy for people in a conflict far distant from the lives of typical 
liberal arts university students. It was critical to prioritize the design of a game as a 
learning environment, while simultaneously adopting a Deweyian lens to help 
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students understand the “moving force of [their] experience” while playing the 
game to learn about the Syrian conflict (Squire, 2007; Dewey, 1938, p. 14). The 
moving force of the game experience rested upon what Salen and Zimmerman 
(2003) describe as an intersection of the systems of rules, play, and cultural repre-
sentation (intended or otherwise) within a game’s design. Games are also often 
defined by a complex system of interactions and reactions between players and the 
ludic environment that situates their play (Walz, 2010). These environments are 
wide-ranging and include everything from intricate three-dimensional spaces to the 
world of the imagination that serves as the arena for role-playing games (Männamaa 
& Leijen, 2015; Simkins, 2011; Zagal & Deterding, 2018). Game environments are 
defined by the interactions and the transactions that players take between them-
selves, the environment of the game, and between each other if play is cooperative 
(Bogost, 2010; Gee, 2005; Squire, 2003, 2006). According to Gee (2005), one rea-
son educators should consider games as tools for learning is that players experience 
more than entertainment when they play a game. They interact with components 
like the environment, characters, and rule systems while tackling challenges using, 
at times, real-world processes. And, depending upon the game, they are presented 
with cultural representations embedded within the game (Gee, 2005; Salen & 
Zimmerman, 2003). In our example, these components can be taken to represent 
what Gee (2005) describes as an internal design grammar that reflects a game’s 
interlocking complex, embedded meanings. Game environments, rule systems, and 
associated mechanics are outlets for what Squire (2006) describes as designed expe-
riences. According to Squire (2003), as players play and otherwise interact with the 
game, they transact within purposefully designed possibility spaces that offer them 
a chance to understand the ideologies that permeate the worlds in which they visit.

The Syria Simulation represented such a designed space, open to multiple inter-
pretations, complex moral dilemmas, and a large range of possible actions on the 
part of the students who played the game. The experiences within the game required 
that we adopt a design grammar that defined the actors, events, game mechanics, 
and rules according to real-life conflict outcomes. Despite having the identical set 
of resources, game actions, and embedded geopolitical content, no two endings to 
the simulation were exactly alike, and no sets of student choices were identical. 
Similar to opportunities to explore racial stereotypes in commercial digital games 
like Grand Theft Auto San Andreas or the historic and geographic factors that drive 
the rise and fall of empires in Civilization or Europa Universalis, our project pre-
sented students with an opportunity to trial decisions and to learn from their experi-
ences (Egenfeldt-Nielsen, 2005; Squire, 2006). These play experiences that 
challenged student worldviews are consistent with what we see from other role- 
playing projects. Simkins and Steinkuehler (2008) otherwise describe such moments 
of critical perspective-taking as “significant moments in games [where] players be 
given legitimate choices about what action to take that are experienced as important 
in some way” (p. 18).

Simulations allow students to model complex real-world processes using varying 
levels of technology integration while allowing for experiential, real-life decision- 
making. We use the term simulation to denote real-life experiential play, instead of 
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virtual play using a digital game. Experiential simulations have a significant history 
of supporting a range of disciplines particularly in business and healthcare educa-
tion (Faria, 2001; Gold, 2016; Wolfe & Keys, 1997; Zhang, Grandits, Härenstam, 
Hauge, & Meijer, 2018). Highly structured business simulations frequently ask stu-
dents to interact with software-based platforms to perform computations and fore-
casts, while integrating their use as experiential teaching tools (de Smale, Overmans, 
Jeuring, & Grint, 2016; Gold, 2016; Tanner, Stewart, Totaro, & Hargrave, 2012; 
Vlachopoulos & Makri, 2017; Zhang et al., 2018). Notably, as found in Tanner et al. 
(2012), students can improve their decision-making through an iterative decision- 
making process. Some simulation games, like the Prosperity Game described by 
Kevin Boyack and Marshall Berman in Wolfe and Keys (1997), organize play using 
paper assets and competitively challenge MBA students to game within unfamiliar 
real-life systems to improve decision-making and to learn global perspectives while 
role-playing. The Syria Simulation bears a striking resemblance to this simulation, 
despite differences in audiences and the fields. In Prosperity and the Syria Simulation 
students were asked to adopt global perspectives and asked to solve complex real- 
life problems. Similar to the Syria Simulation, Prosperity students were subse-
quently organized into working teams comprising various business roles and 
provided a policy toolkit to prime gameplay. In both simulations students tackled 
political and social issues within a game structure and with rule-based play. Further 
insights came from healthcare simulations, where student participation within non-
technical healthcare simulations faced an arguably broader set of challenges, since 
real-life and real-time operational and strategic processes in addition to negotiation 
and reasoning skills (Zhang et al., 2018). Notably, the simulations described pro-
vide a highly structured environment to support gameplay. Research into nonstruc-
tured simulation environments (e.g., Minecraft) reveals the tendency for some 
players to engage in “nonsensical” play as players explore the boundaries and struc-
ture of their environment (Tornqvist, 2014).

Although our project was a highly structured face-to-face activity, we incorpo-
rated similar design elements from the serious digital game, Peacemaker, into our 
simulation’s design. Peacemaker was designed by Asi Burak, a former Israeli intel-
ligence officer (now with Games for Change) to help people to understand the com-
plexities of the Israeli–Palestinian conflict by playing the role of either the prime 
minister of Israel or the president of Palestine (Burak, 2014). Peacemaker connected 
player choices to real-life news reports of similar actions and used a system to indi-
cate approval ratings by stakeholder groups ranging from local populations to the 
United States. This global perspective on conflict outcomes was compelling, and we 
incorporated a voting phase and approval outcomes into the mechanics for the Syria 
Simulation. Researchers at The Ohio State University who studied the application 
Peacemaker found that using this simulation to teach dispute resolution helped stu-
dents to learn about this complex conflict (Goodrich & Schneider, 2010). Referencing 
this simulation, Goodrich and Schneider (2010) discuss ways that simulations 
focused on international conflicts can also help to shape attitudes toward the conflict 
and can be used to support learning-related topics such as dispute resolution. 
Similarly, in their research on using simulations to change player attitudes about a 
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Mideast conflict, Williams and Williams (2011) examined multiple identification 
theory (MIT) as a possible strategy to change attitudes about an international con-
flict within their game, Culture and Creed. Culture and Creed require that people 
role-play a country involved in the conflict (e.g., Israel, Iraq, Iran, Syria, Turkey, the 
EU, and Syria), while also situating play within a facilitated face-to-face game. 
According to these researchers, participants demonstrably changed their attitudes 
about the conflict after playing over an extended 10-day period. According to this 
study, players were able to accomplish this because they, “care[d] at an emotional 
level about the game’s outcome,” “associate[d] the structure, processes, and results 
of the simulation with reality” and were playing in ways in which they were able to 
“formulate different approaches to play, test them out, and witness the results” 
(p. 735).

We have thus far used both of the terms game and simulation to describe this 
project, sometimes in tandem. We describe this project as a game-based simulation, 
as a way to reflect our attempt to model a real-life, extraordinarily complex phe-
nomenon involving multiple state and non-state actors. There is no single accepted 
academic language to distinguish between these two terms, and in fact, these terms 
are often grouped when talking about educational technology innovations (Edutech 
Wiki, n.d.; Vlachopoulos & Makri, 2017). Another attempt to distinguish between 
these two very similar educational tools describes the different terms of enjoyment 
by participants (Prensky, 2007). These definitions are inadequate to properly situate 
our application of game and simulation elements to create this simulation. However, 
perspectives by Sauvé, Renaud, Kaufman, and Marquis (2007) and Lean, Moizer, 
Towler, and Abbey (2006) are useful. Both agree that simulations reflect a degree of 
modeling of real-life systems, and both agree that game-based systems include ele-
ments that engage players through competition, cooperation, and conflict. Lean 
et al. (2006) also include collusion as a type of interaction available in games. If one 
assumes that competition, cooperation, and conflict are required to “win”, then one 
arguable distinction between games and simulations is that people participate in 
these behaviors in games, but not in simulations, to win.

Games have the potential to help people see the world differently (McGonigal, 
2011). According to McGonigal’s research, one of the reasons that we play games 
is to strive for what she describes as an epic win. To achieve such a win inherently 
implies overcoming difficult, or nearly insurmountable, obstacles, and the historical 
examples of using game play to support human survival are compelling. Furthermore, 
it is possible, according to McGonigal (2016), for individuals to apply gameful 
approaches in ways that improve their quality of life by taking steps that include 
“go[ing] for an epic win” (Kindle location 284). By way of example, Rosenblum 
(2012) designed an undergraduate global social problems course based on 
McGonigal’s (2011) design to encourage students to take direct actions to solve 
those problems and encourage epic engagement in the course. Research into student 
immersion within social science simulations similarly reveals that such deep immer-
sion is correlated with the enjoyment of learning, and that personality traits such as 
player interest were critical to this immersion (Preuß, 2020).
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In this project, we asked students to work toward an epic win by gaming for 
peace in a real-life, tragic conflict. The game-based simulation framework for this 
design engaged students experientially, in ways that supported learning through 
authentic decision-making and action-taking (Kolb, 1984). Driving toward social 
justice outcomes prompted students to think critically about “cultural models 
regarding the world” as they worked toward achieving an epic win, that of peace in 
Syria (Gee, 2005, p. 211).

7.1.4  Role-Play and Culturally Responsive Design

We have described the use of role-play in the Syria Simulation. We use enactive 
role-play to define the process used by students to play game characters, and to take 
actions based on the role of that character (Simkins & Steinkuehler, 2008). This 
usage differs somewhat from Coutou’s (1951) sociological framing of role-playing 
as being connected to the obligations and behaviors that are defined by a particular 
role in society. It could, however, be argued that what we discuss as role-playing in 
the context of games is what Coutou might otherwise describe as “role-taking,” or 
“thinking and feeling like someone else,” without actually needing to perform the 
real-life behaviors of that person (Coutou, 1951, p. 182; Muhamad & Yang, 2019). 
A central assumption of this simulation was to craft student perception of the war in 
Syria as a conflict between state and non-state actors, involving proxy wars, con-
flicts between different religious groups represented across widely varied strands of 
a single religion, and impacting members of the non-politicized Syrian population. 
Thus, this conflict was (and still is) driven by equal parts of complex geopolitical 
interests, decision-making, and culturally derived sociocultural contexts. Culturally 
responsive design within the Syria Simulation uses a decolonizing pedagogy to 
build cultural competencies and knowledge about the Syrian conflict through role- 
play. Liberal arts university students were thus given a sociocultural lens that priori-
tized knowledge about the conflict from the perspective of what would be seen as 
“the other” by many of these students. We adopted what Tejeda, Espinoza, and 
Gutierrez (2003) describe as a decolonizing pedagogy to frame non-Western ways 
of thinking about the conflict. Through this strategy, students participating in the 
Syria Simulation would be able to develop what Ladson-Billings describe as cul-
tural competencies about the conflict (Ladson-Billings, 1995).

Role-play has been previously used to design opportunities to develop cultural 
competencies in other simulation games. Männamaa (2013) details the application 
of role-play within a game intended to develop cultural fluency around the Bronze 
Night conflict in Estonia. Männamaa and Leijen (2015) discuss the application of a 
similar tabletop simulation game (FOUNTAINS) to examine cultural integration 
processes by students as a result of playing the game. Muhamad and Yang (2019) 
similarly describe how they applied role-taking to immerse students in a novel cul-
ture within their game, BAFÁ. Unlike these examples, the Syria Simulation was not 
designed specifically to study the acquisition of cultural competency; rather, a 
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primary goal of the simulation was to foster global perspective-taking and social 
justice orientations among students. With the integration of active learning and self- 
reflection, along with asking students to consider actions that would increase social 
justice, the simulation incorporated elements designed for transformative social jus-
tice education (Vaccaro et al., 2017). However, the successful application of role- 
playing or role-taking in these games as a strategy to address cultural awareness 
within an international conflict is compelling and aligns with our application of 
role-play within the Syria Simulation.

We designed opportunities for students to develop cultural awareness as they 
role-played, made decisions as actors in the conflict, and interpreted the actions of 
other groups as the simulation progressed. Interestingly, a 2006 review of role- 
playing in international and comparative politics courses found that “in terms of 
focusing learning in the desired direction, role-playing can foster identification with 
‘the other.’” (Wheeler, 2006, p. 334). Beyond politics or general education goals, 
role-play is equally vital to help people develop cultural competence in other fields 
of study, including in communications, engineering, and medical education. Beyond 
using role-play to design engaged, active learning, student self-efficacy, and subject- 
matter competency role-play works to improve fluency in other culturally diverse 
settings (Ampatuan & San Jose, 2016; McLaughlan & Kirkpatrick, 2004; Shearer 
& Davidhizar, 2003).

Engaging in role-play necessitates a voluntary suspension of disbelief and enter-
ing into what Huizinga describes as the “magic circle” of play (Huizinga, 1971; 
Salen & Zimmerman, 2003). While the notions of this circle typically refer to tem-
poral or physical boundaries that demarcate the space for play, we designed this 
circle to demarcate new boundaries based on adopting novel cultural frames of ref-
erence, what Stenros (2014) describes as a culturally defined border for the play 
space. Similarly, the magic circle also represents the boundaries of a complex social 
system, specifically, the geopolitics of the Syrian conflict (Klabbers, 2006).

7.2  Syria Simulation Game Play

7.2.1  Workshop Simulation Overview

The GU workshop in spring 2016 was the Syria Simulation, which represented its 
final iteration. Each workshop was organized and led by a team of faculty and staff, 
working with a group of 12 to 15 student interns who served as peer instructors. 
Over a 3-h block of time, 80 to 100 students learned about the issue at hand, with 
time to consider its political, economic, social, and cultural complexities and finally, 
develop socially just solutions. To encourage integrative learning, the workshop 
theme was reinforced in other cocurricular events and activities. In spring 2016, the 
programming included a film series and panel discussion of the challenges facing 
refugees, both from Syria as well as other conflict zones around the world. Students 
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also had opportunities to engage with organizations in the metropolitan area that 
serve refugees, encouraging them to appreciate the impact of global issues on local 
communities and organizations.

Play within the Syria Simulation was organized using (a) a three-phase timeline 
of the conflict, (b) 12 distinct conflict actors, (c) real-world limits as defined by each 
actor, (d) rule systems as defined by simulation mechanics, (e) unique player actions 
defined by actor, and (f) cultural representations based upon an actor’s geopolitical 
and moral ideology. Each round was further divided into three phases: research, 
action, and voting. Student teams were grouped by the table, corresponding to each 
actor in the conflict. By running the simulation in a team-based setting, we also cre-
ated a space for cooperative play. As is recommended in other applications of coop-
erative learning in live, experiential simulation games, we chose this strategy so that 
groups could process the problems presented during each round of play, gain oppor-
tunities to collectively apply theoretical knowledge of the conflict within the “action 
phase” of the game and, ultimately, reflect upon their decisions before the next 
round of play (Malave & Figueiredo, 2002).

The three rounds of play corresponded to critical historical markers in the con-
flict, beginning with the Day of Rage when 50 protesters were killed by security 
forces while thousands protested against repressive policies of the Syrian govern-
ment (Al Jazeera, 2011). Each round ended with a major event during the year that 
the simulation was delivered. The actors and events included shifted slightly over 
the design of the simulation to account for changes in the conflict. A listing of con-
flict actors to reflect the geopolitics of 2016 is presented in Table 7.1, while a snap-
shot of students grouped by an actor is presented in Fig. 7.1.

For the spring 2016 simulation, students had access to the actor information 
sheets, through web-based resources (provided using iPads), presentations by simu-
lation faculty, and participation of student interns at each table. A sample Actor 
Information Sheet is provided in Fig. 7.2. Student players were asked to (a) research 
the problem of peace in Syria, (b) decide on an action to address the problem, (c) 

Table 7.1 Syria simulation actors

State actors Non-state actors

European Union Hezbollah
Iran Free Syrian Army rebels
Jordan/Lebanon Islamist rebels
Russia Salafi rebels/ISIS
Saudia Arabia Syrian Kurdish Militia
Bashar al-Assad (President of Syria) Syrian population
Turkey United Nationsb

Western powers (the United States and Great Britain)
Chinaa

aChina was not an actor in the 2016 workshop
bThe U.N. was present in courses and cocurricular presentations and integrated as an external actor 
in the 2016 workshop
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defend their group’s choice of action, (d) vote on the outcomes of the actions taken 
by all of the actors, (e) reflect upon the social justice implications of choices, and (f) 
repeat the steps for the subsequent rounds of play. The overall objective of the simu-
lation was to achieve a measure of peace or at least a cessation of conflict (Win 
Condition explained in Sect 7.4.2).

Gameplay began with an overview of the simulation by workshop leaders, which 
included videos to ground gameplay in the actual events of the conflict in Syria, and 
a brief lecture by history and global studies faculty members (Table 7.2) (Klein, 
2015; Setrakian, 2012). Players were then given 20 min. during the first round of the 
three-round simulation to research possible decisions based on the beginning of the 
simulation. The simulated events began in 2012 with the conflict’s rise as an internal 
proxy war, continuing in 2013 as a great powers dispute, and finally beginning 
round three as a global crisis involving Turkey and Jordan (UNHCR, 2018; Wilson, 
Myhr, Guner, & Micklethwait, 2016). During the research phase in the first round 
of play, students worked with trained student interns from a variety of disciplinary 
backgrounds at each table. Students were subsequently given another 20 min. to 
decide on what action to take, based on the cards available to their conflict actor 
(Appendix 1). Actions ranged from military options actions like ground assaults to 
social media actions and appeals to state actors for aid. A sample of the fronts and 
backs of social media and military action cards is provided in Fig. 7.3. A full list of 
action cards available for each actor is available in Appendix 1. Available actions 
varied, depending on the actor being played.

Students were asked to (a) play their action “in character” consistent with their 
actor, (b) stand up and state their action and their justification for their action, and 
(c) react and respond to actions by other tables. Rosenblum played the role of a 
“game master” (GM) and facilitated these interactions while also tallying game 
scores and refereeing dialogue between teams. Teams were given time limits for 

Fig. 7.1 Syria simulation workshop setting
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each round of play, and response time during each action phase was limited 
(Fig. 7.4).

Students were asked to present and defend their choice of action at the end of 
each round. Teams took turns announcing their actions to the group, while the facili-
tator (a) checked the action to determine eligibility based on potential real-life 
behavior, (b) determined the consequences for the action based on game mechanics, 

Fig. 7.2 Actor information sheet
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and (c) offered affected actors the chance to respond verbally to actions that imme-
diately impacted their play. Like Simkins and Steinkuehler (2008), we found the 
application of role-play to be essential to student reasoning and immersion. In this 
simulation, role-play was essential for students to immerse themselves and to make 
decisions from the perspective of culturally distant individuals and groups. This 
immersion was evident as students stood to deliver their choices of action at the end 

Table 7.2 Sequence of events

Introduction Orientation by 
faculty

Introductory lecture on the Syrian conflict
Introductory videos (Klein, 2015; Setrakian, 2012)

Orientation by 
game master

Gameplay
Basic Win Condition

Round 1 Research phase Students consult resources.
Students consult interns.

Action phase Dice rolls for play order
Students are prompted to enter actions in Google docs
Tables take turns to state and defend actions
Casualty and refugee counts are updated

Voting phase Actors vote on approval or disapproval of actions taken
Social justice 
reflection

Students are prompted to enter reflection to social justice reflections in 
Google docs

Round 2 Action summary Actions from prior round are reviewed
Win condition is reviewed

Research phase Round 2 introductory video is shown
Students consult resources and interns

Action phase Dice rolls for play order
Student tables are coached on follow-up actions (e.g., 
social media, alliance making, or breaking)
Students are prompted to enter actions in Google docs
Tables take turns to state and defend actions
Casualty and refugee counts updated

Voting phase Actors vote on approval/disapproval of actions taken
Social justice 
reflection

Students are prompted to enter reflection to social justice reflections in 
Google docs

Round 3 Action summary Actions from prior round are reviewed
Win condition is reviewed
Final round coaching provided

Research phase Round 3 introductory video is shown
Students consult resources and interns.

Action phase Dice rolls for play order
Student tables are coached on follow-up actions (e.g., 
social media, alliance making, or breaking)
Students are prompted to enter actions in Google docs
Tables take turns to state and defend actions
Casualty and refugee counts are updated

Voting phase Actors vote on approval or disapproval of actions taken
Social justice 
reflection

Students are prompted to enter reflection to social justice reflections in 
Google docs
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of each turn (Fig. 7.4). Prior to standing to make their choices, student groups were 
asked to record their thoughts by writing down their decisions in a spreadsheet 
(Table 7.3).

An example of the simulations dynamics comes from the second workshop 
(Table 7.2) when students playing Bashar al-Assad made a decision to:

“Bomb the leader of the FSA (Military Assault). Objective: Send a message to 
the FSA that if you choose to attack my government directly, I’ll react accordingly. 
I have always wanted what is best for the Syrian people, and when the FSA kills one 
of my own, I cannot properly represent the Syrian people.” (Assad table, anony-
mous workshop communication, 2016).

For this assault to succeed, players had to roll two 20-sided dice to determine a 
random percentage. The assault then generated as many casualties as the corre-
sponding percentage on the casualty table listed on the action card, with a minimum 
of 50 casualties and a maximum of 200 (Table 7.4). However, given the specific 
target called by the Assad team, the GM imposed a further penalty on the attack, to 

Fig. 7.3 Sample action cards

Fig. 7.4 Student speeches, action round
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Table 7.4 Heavy military assault

Action Heavy military assaults involve heavy artillery such as tanks as well as airstrikes. 
State who you will assault, by what means, and state your objective for launching a 
military action

Turns 1 turn to plan and 1 turn to execute
Casualties Generates extreme numbers of

Casualties
0–25% = 50
25–50% = 100
50–75% = 150
75–100% = 200

Refugees 3× refugees for 2 turns

Table 7.3 Sample simulation actions, workshop 2

Round 1 Round 2 Round 3

Actor: Assad
Bomb the leader of the FSA 
(military assault). Objective: 
Send a message to the FSA 
that if you choose to attack 
my government directly, I’ll 
react accordingly. I have 
always wanted what is best 
for the Syrian people, and 
when the FSA kills one of my 
own, I cannot properly 
represent the Syrian people.

Make a speech: In the recent 
chemical weapon attacks, 
many of our beloved Syrian 
people were killed and 
harmed. I want the world to 
know first and foremost, it 
was not me. I would never 
harm our people. If the FSA 
was already capable of killing 
a representative of the people, 
why wouldn’t they use these 
chemical weapons to harm 
the Syrian people further and 
blame it on me. The rebels 
have always been the 
obstacle toward modernizing 
Syria. I only want what is 
best for Syria and the Syrian 
people

Launch a solidarity social media 
campaign through a speech. I 
will use Facebook and Twitter, 
as well as the speech to make 
sure the message reaches 
everybody. The entire world is 
against ISIS. We are all agreeing 
on one thing: The defeat of 
ISIS. I am prepared to provide 
the necessary support for anyone 
who wants to join our cause 
against ISIS. I am offering air 
bases as well as land and 
resources for strategic planning 
to meet the goal of defeating 
ISIS. No matter if you oppose 
my politics, we can all agree 
that ISIS is a threat to the world 
and most importantly my 
beloved Syrian people

Actor: Islamist rebels
Made an alliance with Saudi 
Arabia and with the Salafi 
rebels

We decided we are going to 
use social media to speak out 
to other rebel groups and get 
support from them because 
we all have similar goals and 
want to take down Assad

Actor: Salafi rebels
Made military alliance with 
the Islamists

Random assault on the 
Kurds. Made a speech to all 
devout Sunni Muslims asking 
them to come live in our 
caliphate and fight with us 
against the Western infidels. 
Join us for a purpose; we will 
guide you to paradise and a 
new era

We launched a social media 
campaign to gain support and 
grow our ranks. Additionally, we 
made a speech calling upon 
vulnerable youths and devout 
Sunni Muslims to convert to our 
way of life. We encourage them 
to go to the west and strike them 
on their soil—for this, they will 
be awarded in eternity
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account for the difficulty in finding and assassinating the leader of the Free Syrian 
Army (FSA, one of three rebel groups). This attempt to crush the rebellion by the 
FSA, with an ill-planned first strike, failed. This example illustrates the need for a 
facilitator to account for potentially unplanned actions on the part of the players, 
and to adapt to decisions in the simulations, based on real-life actions. This facilita-
tor is referred to in the context of live action role-playing (LARP)  and role-playing 
game literature as a game master (GM) (Torner & Jones, 2014; Zagal & Deterding, 
2018). Any attempt in real life to eliminate the rebellion by Assad had failed. 
However, the GM allowed for the possibility of this action succeeding in the simula-
tion, only giving it a 1/1000 chance of success. Had the attack actually succeeded, 
the number of casualties would have been counted, and the number of refugees flee-
ing Syria would have tripled in size from the default of one million refugees fleeing 
per round. These outcomes were recorded in the Google Doc and counted against 
the win condition (Table 7.4). In addition, the FSA would have continued, with a 
corresponding disadvantage, which the GM would have needed to adapt in real- 
time. Following this failed attack by the Assad group, the FSA chose not to respond 
immediately and instead forged an alliance with the Kurds to seek military support. 
Their response in round two was to “make a speech denouncing Islamic extremism. 
Currently, we are halting military activity on Assad so we can focus on ending 
ISIS’s power (we are still angry about Assad’s use of chemical weapons). We are 
asking the EU and Saudi Arabia for backing and small arms/surface to air missiles” 
(FSA table, anonymous workshop communication, 2016). Indeed, students playing 
the FSA were also asked to take a “Plea for Support” action and requested military 
aid from the European Union and Saudi Arabia (Appendix 1, Make a Speech, Plea 
for Support).

When making a speech, students were asked to provide specific details of their 
actions. When students attempted to simply summarize their response, the GM 
intervened to ask for further detail, and when necessary, simulation faculty also 
provided the coaching needed to help the student effectively role-play the speech. 
The action card that defined the speech action (a) required that students speak in the 
voice of their actor and (b) allowed subsequent actions to be taken simultaneously.

Once all tables shared their actions, and in the last phase of each of the three 
rounds of play, we began the voting phase of the simulation. Participants held up 
cards to acknowledge whether they approved or disapproved of actions taken during 
the round using “Confidence” and “Contempt” cards (Fig. 7.5). We asked students 
to vote from the perspective of the actor. Approvals by the represented actors typi-
cally fell within the bounds of what student groups interpreted as in the best 

Fig. 7.5 Voting cards
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interests of the actor, or in the case of groups like the Syrian population, what was 
in the best interest of the Syrian refugees. At the end of each round of play, students 
were also asked to answer questions such as, “What are social justice challenges?” 
and “What actions were most likely to lead to peace?” Although these questions did 
not direct students to play toward these goals, the process of asking students to 
reflect on their experiences was essential in developing critical awareness of their 
decision- making during play. We did not attempt to define what constituted social 
justice decision-making by providing a single decision-making framework. In fact, 
by describing preset moral frameworks for actors, such as for the Salafi Rebels (a 
group that later played as ISIS), we gave students normative and dogmatic lenses 
from which to play their assigned actor (Fig. 7.3). The Syrian population and United 
Nations (U.N.) body, with members composed of student representatives and fac-
ulty, voted, with votes tallied separately.

A full accounting of any delivery of this simulation is beyond the scope of this 
book chapter. However, the examples presented reflect the basics of the role-play, 
mechanics, and experiential engagement of students during gameplay.

7.2.2  Critical Decision-Making

The decisions and statements made by Assad and the FSA during the first round of 
this workshop reflect similar descriptive and critical social justice choices that 
emerged from gameplay as the simulation continued over three rounds of play. 
These statements in particular were made within the context of the moral frame-
work available to the students playing Assad and the Free Syrian Army. The exam-
ple from the Assad character (as defined by the actor’s information sheet) 
interestingly allowed for a range of decision-making. In real life, Assad is known 
for having received a Western education and for neoliberal and capitalist-oriented 
decision-making (Al Jazeera, 2018). He is also criticized for political repression and 
human rights abuses (U.N. Human Rights Council, 2016; Wilson et al., 2016). With 
this social justice framing, students could choose to play Assad as a leader who 
grossly violates human rights, or as someone who has chosen to act from neoliberal 
political positions in ways that otherwise benefit his regime. These students chose 
to play Assad as a bully who had few qualms about assassinating a leader in an 
attempt to end the conflict, instead of exercising diplomatic actions to achieve simi-
lar ends. Although this decision may not have been strategically realistic, it never-
theless was allowable based on the character defined for these students.

However, other actors had moral frameworks that allowed for little latitude for 
player choices. One example of this was the group who at the time of this simulation 
was known as the Salafi Rebels, known as a group that rejected state control by 
countries like Saudia Arabia, and that was condemned as terrorists by state actors 
(Moniquet, 2016). Although their numbers were relatively small (fewer than 20,000 
Syrians), their doctrines gave rise to the movement commonly represented by the 
extremist group, ISIS (Liepman, Nichiporuk, & Killmeyer, 2014). Given their 
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militant, jihadist framing, the students playing this group were informed that they 
would collaborate with moderate groups, including the Islamist Rebels and the 
FSA; however, this group did not share a democratic vision for Syria. Their goal 
was to create an Islamic State based on Sharia, Islamic Law (Moniquet, 2016; 
Wilson et al., 2016). Consequently, the moral framing available to students for the 
Salafi Rebels was extraordinarily narrow and ran in opposition to their personal 
moral perspectives. The act of both observing and taking actions inconsistent with 
their own perspectives thus reflected at least attainment of basic cultural knowledge 
about these rebels (Calahan, 2018). As Bennett (1993) describes, as students make 
progress in deepening their sophistication with their cultural competency, they nec-
essarily “mov[e] from ethnocentrism through stages of greater recognition and 
acceptance of difference, here termed ‘ethnorelativism’” (p. 22). Thus, the dichot-
omy experienced by these students likely reflects their cognitive dissonance as they 
compared the actions they may have been either normatively or dogmatically driven 
to take, with actions that either their liberal arts university or personal positions may 
have inclined them to take.

Students articulated this dissonance in their writing both during the workshop 
and in postworkshop essays. In the workshop, two students who were role-playing 
the Salafi Rebels made an alliance with the team playing the Islamists. These groups 
justified their alliance through a shared goal of overthrowing Assad. The Salafi table 
further called upon, “all devout Sunni Muslims asking them to come live in our 
caliphate and fight with us against the Western infidels. Join us for a purpose, we 
will guide you to paradise and a new era” (Table 7.2). In workshop 6, students in the 
role of Assad specifically spoke to this as they reflected on the social justice impli-
cations after round three saying “every time we took an action, we had to consider 
it. We didn’t act socially just, but we still discussed it at the table.” (Syria Simulation, 
Workshop 6). Similar dissonance was evident in student reflective essays as they 
described their discomfort with deciding to take actions that increased the number 
of refugees and suffering of the population. These dissonances are compelling since 
students demonstrated a willingness and facility to play this simulation from these 
perspectives and included this learning in their reflections (Table 7.2).

7.2.3  Course Simulation Overview: A Middle East Survey 
and Politics and Government Course

In the preceding, we describe the design of the Syria Simulation in a 3-h workshop 
format. This workshop’s general education student population was composed of 
various majors, and most students did not have in-depth course work in either 
Middle East history or Middle East politics. However, this simulation can be applied 
in smaller classes and more advanced settings, including courses with an emphasis 
on the history and politics of the Middle East.
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In a role-playing application of the Syrian conflict within a class setting, Frank 
and Genauer (2019) highlight a semester-long classroom simulation of the Syrian 
conflict, within an introductory international relations (IR) course. Students are ran-
domly assigned to play one of 15 roles involving three actor types: states, non- state 
actors, and international organizations. The simulation culminates with 2 weeks of 
multi-stakeholder negotiations addressing four issues: humanitarian aid, economic 
sanctions, ceasefire, and political transition. This simulation design highlights cru-
cial theories in IR and is mainly conference- and negotiation-based. It does not have 
the components of a game-based system. The model presented in this paper includes 
both negotiation and game elements that are potentially more engaging for students. 
The Syria Simulation was implemented in Guner’s Middle East Survey (GLST 
1327) and Middle East Government and Politics (POLS 3316) courses in the spring 
semesters of 2014–2016. Below is a short description of these courses, their student 
learning objectives (SLOs), and student population, which can provide a back-
ground for the impact of the Syria Simulation game. We have found that the Syria 
Simulation is more engaging than other similar Syria simulations published in the 
literature.

7.2.3.1  Middle East Survey Course Description and Student 
Learning Objectives

The Middle East Survey course provides Global Studies students who chose a 
regional focus of the Middle East a basic introduction to the history and politics of 
the region with the goals of assisting students in understanding history and politics 
of the Middle East, developing a comparative perspective (i.e., the ability to discern 
similarities and differences between Middle Eastern countries, their politics and 
government), and developing an understanding and awareness of current important 
issues in the Middle East. The course discusses issues such as the geographical and 
political definition of the Middle East, the Israel-Palestine conflict, and Islam’s role 
in the political structure of the Middle East. This course emphasizes the historical 
background of the Middle East with an understanding that any solid knowledge of 
a given region should include the region’s political history. The course explores the 
political history, government, and political structure, and society and culture of 
Turkey, Egypt, Syria, Iraq, Iran, Israel, Palestine, Libya, Jordan, Lebanon, Saudi 
Arabia, Kuwait, Bahrain, Qatar, UAE, and Oman. As the prerequisite course before 
students specialize further in their region, these are students who are interested in 
the region but do not have in-depth knowledge of the history and politics of 
the region.

Middle East Government and Politics is a higher level course in Middle East 
Politics that involves further discussions on the above-mentioned countries and 
their political regimes. This course builds on the learning objectives of the survey 
with added emphasis on the political and governmental structure of the Middle 
Eastern countries.
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The Syria Simulation was implemented in the fifth or sixth week of the semester 
in both classes after students were introduced to some basic history of the region. 
The average class size during the exercise was 17. The simulation was implemented 
in two separate 75-min sessions. During the simulation, the Syrian crisis was very 
current on the world agenda and the game could be employed at any time because 
the conflict is ongoing.

7.3  Simulation Assessment

7.3.1  Workshop Format

According to the Partnership for twenty-first-Century Skills, synthesizing, inter-
preting, and reflecting behaviors are essential to critical thought during the process 
of making and evaluating decisions (National Education Agency, 2004). Developing 
critical inquiry skills is an essential aspect of designing playful and gameful learn-
ing, and is a common goal shared by face-to-face role-play and digital game-based 
learning interventions alike (Qian & Clark, 2016; Salen & Zimmerman, 2003; 
Simkins & Steinkuehler, 2008). In a review of 29 digital games, Qian and Clark 
(2016) discovered that critical thinking skills were targeted in nearly 70% of the 
studies involving various digital games, together with creativity, collaboration, and 
to a lesser extent, communication. Moreover, these researchers recommend that 
learning game designers incorporate, “collaboration, competition, complexity, 
exploration and discovery, role play, self-expression and interactivity” in building 
twenty-first-century skills through gameplay (p.  53). The design of the Syria 
Simulation used role-play, combined with moral dilemmas, strategic use of game 
decisions, mechanics, and competitive participation as a design strategy to structure 
collaboration, competition, build complexity, encourage discovery and apply self- 
expression as students made and defended their respective decisions.

Assessment researchers such as Christian Loh in Ifenthaler, Eseryel, and Ge 
(2012) describe structured, quantitative assessment models to answer questions 
about retention or progress toward outcomes. Researchers in Ifenthaler et al. (2012) 
critically noted the importance of perspectives from learners, trainers, and adminis-
trators in assessing a game’s effectiveness. While we collected formative feedback 
from learners and used a summative assessment instrument to gauge perspective- 
taking, quantitative measures on the retention of knowledge were not a goal in our 
application. Additionally, although students certainly demonstrated behavior like 
cooperation, mediation, and conflict resolution in this project, this measure was not 
a defined learning outcome and was not vital to the project’s success. Thus, we did 
not collect empirical data to describe what comprised the so-called “black box” of 
our game-based simulation project (Ifenthaler et al., 2012). Nor was it a primary 
goal to study the cognitive, affective, and behavioral identification markers critical 
to an application of MIT that might have led to attitude change. Nevertheless, we 
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hoped to challenge student social justice attitudes about Mideast conflict. Our expe-
rience supports Goodrich and Schneider’s (2010) and Williams and Williams’s 
(2011) findings that students who interact within complex, gameful, and playful 
role-playing simulations have an opportunity to challenge their world view and 
change attitudes about complex, difficult to understand international conflicts. 
Evidence from both the Syria Simulation workshop format and the traditional class-
room setting indicates that students were challenged by the experience, understood 
the conflict in more complex ways, and had an increasingly nuanced understanding 
of the interconnectedness of the parties involved and the increased difficulty that 
these connections brought to any proposed solutions.

Students completed multiple assessments, derived from the AAC&U Global 
Learning Rubric (AAC&U, 2014). As the VALUE rubric was integrated into the 
workshop and its assessment as part of an interdisciplinary curriculum assessed at 
the institutional level, its use was aligned with best practices for obtaining the most 
reliable results. As is a hallmark of the VALUE approach, the rubric was modified 
to meet the needs of the local campus, while staying true to the designated dimen-
sions and definitions contained within the rubric (Filer & Steehler, 2018; Finley, 
2011; Pike & McConnell, 2018). In the workshop format, multiple layers of assess-
ment with increasing levels of reflection provided insight into student achievement, 
particularly with regard to their ability to engage in the complex perspective-taking 
embedded in the simulation. It allowed students to consider complicated and conse-
quential social justice implications of decisions at each stage of the conflict. The 
workshop was a cocurricular element of one of two upper-division General 
Education courses at this liberal arts university, and thus multiple layers of assess-
ment were needed. The first layer consisted of questions about social justice posed 
to students following each round of play. The final two layers allowed for measure-
ment of its effectiveness in expanding students’ understanding of the various per-
spectives involved in the civil war and how they critically considered the implications 
for justice that resulted from the decisions of various actors in the conflict. Students 
completed comments during the workshop, evaluations at the end of the workshop, 
and graded reflective essays for their course. The reflective essays were then subse-
quently used for data collection as part of the assessment of the Global Learning 
program at the university, which involved tallying the scores given by instructors on 
the essay rubric and holistic scoring of some student artifacts by program 
coordinators.

The learning outcomes for the workshop and associated assessments were 
derived from the “Perspective Taking,” “Personal and Social Responsibility,” 
“Cultural Diversity” and “Knowledge Application” dimensions of the Global 
Learning Rubric developed by the American Association of Colleges and 
Universities (AAC&U, 2014). The definitions from these dimensions and descrip-
tions of “Benchmark” to “Capstone” levels of mastery were the basis for defining 
the outcomes and measuring student performance.

The first pieces of evidence of student responses were online in Google Docs 
responses to social justice questions during the course of the workshop (Table 7.5). 
These comments tended to be brief and incomplete. While expected of all groups, 
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as the simulation was quite involved and students were interested in participating in 
the simulation and interacting with their peers, reducing the frequency of recording 
their thoughts digitally. However incomplete, the comments indicate some critical 
thinking about the complexities of addressing the injustices created by the actions 
of the simulation. For example, one group commented that “[c]asualties, aid, and 
military spending [created] a circle of violence” (Syria Simulation, workshop 5). 
Some students grappled with the effects of powerful actors on the people, stating, 
“Syrian civilians (those least responsible) suffer the hardest consequences.” (Syria 
Simulation, workshop 3) Also, groups demonstrated perspective-taking in noting 
that a barrier to peace was “[c]lashing ideals between our own cultures” (Syria 
Simulation, workshop 3), the “fear of losing influence” and that “Western ideas of 
justice and Eastern ideas are different” (Syria Simulation, workshop 7). They felt 
that it was hard to overcome entrenched interests to support an agenda that might 
advance justice, as “[c]ountries wanted to do what was right for their country” 
(Syria Simulation, workshop 3) and that “actors all have their own self-interest” 
(Syria Simulation, workshop 6). In all, these comments suggest that students who 
responded were thinking about the complexity of the situation, but were frustrated 
by the difficulty of finding solutions due to the various perspectives and interests 
involved. These comments indicate that students made cursory progress on demon-
strating perspective-taking and were starting to address the social justice questions.

The evaluations at the conclusion of the simulation invited students to rate their 
workshop experience and answer questions related to their understanding of the 
perspectives of actors in the conflict, and the social justice issues at stake in the 
simulation. These questions connected to each of the AAC&U Global Learning 

Table 7.5 Social justice questions, round 1 and 2

Round 1 Workshop 2 Student Responses
Who most benefited from 
decisions?

The refugees from Syria

Who was left out? <No response given>
What were some 
consequences of the 
choices that stakeholders 
made?

Increased military presence in Syria

Round 2
What would a socially just 
world look like? What is 
needed to achieve peace?

Do we do what’s best for people as Russia versus society as a 
whole? We’d have leadership in Syria that represents all people—
re: Assad doesn’t do this
Being able to educate the masses. Not being able to overcome 
Assad—he sees differences as being a bad thing. A socially just 
state—differences are accepted and thus people can live together

What are social justice 
challenges?

[A]mount of refugees going into Jordan & Turkey that affect their 
economy. Not all countries share responsibility for refugees 
equally. To assess the extent Turkey/Jordan have the responsibility 
to make refugees comfortable. Balance needs of refugees w/own 
country [sic]
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dimensions that undergirded the learning outcomes. These evaluations were distrib-
uted and collected at the conclusion of the workshop and were completed within 
5 min or less. In addition to responding to questions using a 5-point Likert-type 
scale (1—Strongly Disagree, 2—Disagree, 3—Neutral, 4—Agree, 5—Strongly 
Agree), students could leave freeform comments. Table 7.6 provides an average of 
responses for each question. Five hundred and eleven evaluations were collected 
over the course of the term. These results indicate that students increased their 
understanding of the different perspectives represented in the simulation, their abil-
ity to consider the complex moral questions posed by the conflict, and were chal-
lenged to consider what kinds of changes could lead to more just outcomes.

Overall, these responses indicate that students were challenged by the questions 
posed by the workshop, particularly that of what intervention could be found that 
would result in a more socially just outcome. In the face of that challenge, they were 
engaged with the work of examining different perspectives and the moral questions 
that the civil war raises. When invited to comment on these evaluations, students 
indicated both that they had found the experience instructive and frustrating. 
Comments included observations such as, “the situation is complex, intricate, and 
hard to understand, further it should not be trivialized.” Another common reflection 
was that, “sitting in a ballroom at [their] university was very far away,” so meaning-
ful intervention was difficult to imagine (Appendix 2, Workshop Evaluation).

Finally, students were required to write reflective essays as a graded assignment 
in the general education class associated with the workshop. The essay prompt and 
grading rubric were common to all sections of the courses and essays were scored 
by individual professors during the semester. As part of the program assessment 
after the conclusion of the semester, all rubrics from a subset of classes 
(approximately 120 rubrics) were collected and the scores on each item (Knowledge, 
Analysis, Social Justice Knowledge, and Social Justice Application) were tallied 
and averaged (Table 7.7).

The tally of the rubrics gives a view of how students performed as a group. 
However, as faculty in individual classes completed these rubrics, there was neces-
sarily variation in how each faculty member scored their students as part of their 
overall grading schema in their class. Therefore, the rubrics did not have a sufficient 
level of consistency for the final program assessment. As an additional step, a sam-
ple of approximately 25 essays was holistically scored by the General Education 
program coordinators to evaluate the impact of the workshop related to its goals of 
global and ethical learning (Table 7.8). The holistic rubric is used to evaluate each 

Table 7.6 Workshop evaluation responses

Evaluation responses Average score (out of 5)

Gained a clear understanding of the perspectives of different actors 
in the Syrian crisis

4.22

Had a greater ability to consider the moral questions posed by the 
crisis and how these are understood differently by different 
stakeholders in the conflict

4.24

Were challenged to consider the kinds of actions/interventions that 
could lead to more socially just outcomes for the Syrian people

4.33
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semester’s workshop in four areas (Knowledge, Analysis, Social Justice Knowledge, 
and Social Justice Application). How these areas of program assessment are inter-
preted for each workshop is defined by the student learning outcomes specific to the 
workshop experience and is specified in the scoring rubric used by instructors 

Table 7.7 Tally of rubrics assessed by professors in class

Skill 
evaluated: Description of skill evaluated

Average score 
(out of 10)

Knowledge Essay demonstrates an understanding of the perspective of the 
stakeholder in the Syrian conflict: Paper clearly explains the 
perspective of the stakeholder and decisions and implications 
of those decisions

8.9

Analysis Essay critically analyzes the consequences of decisions and 
related actions for the whole group—Did they result in more 
peaceful and just circumstances or not, and why: Essay 
identifies a key decision and understands the nature of the 
decision and the implications of the consequences for the 
Syrian people and other actors in the conflict

8.6

Social justice: 
Knowledge

Essay demonstrates an understanding of social justice: Paper 
demonstrates an understanding of what is meant by social 
justice as it relates to the implications of decisions for the lives 
of people impacted by the Syrian conflict

8.4

Social justice: 
Application

Essay analyzes the social justice implications of working 
toward the win conditions: Paper demonstrates an 
understanding of the social justice implications of the degree 
to which the simulation was able to achieve the “win” 
conditions and why these were or were not achievable

8.3

Table 7.8 Holistic scoring of sample essays by program coordinators

Skill 
evaluated Description of skill evaluated

Average score 
(out of 10)

Knowledge Essay demonstrates an understanding of the perspective of the 
stakeholder in the Syrian conflict: Paper clearly explains the 
perspective of the stakeholder and decisions and implications of 
those decisions

8.1

Analysis Essay critically analyzes the consequences of decisions and 
related actions for the whole group—Did they result in more 
peaceful and just circumstances or not, and why: Essay identifies 
a key decision and understands the nature of the decision and the 
implications of the consequences for the Syrian people and other 
actors in the conflict

8.0

Social justice 
knowledge

Essay demonstrates an understanding of social justice: Paper 
demonstrates an understanding of what is meant by social justice 
as it relates to the implications of decisions for the lives of 
people impacted by the Syrian conflict

7.0

Social justice 
application

Essay analyzes the social justice implications of working toward 
the win conditions: Paper demonstrates an understanding of the 
social justice implications of the degree to which the simulation 
was able to achieve the “win” conditions and why these were or 
were not achievable

6.9
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(which is rooted in the AAC&U Global Learning rubric). The program coordinators 
did a blind reading of several essays to establish inter-rater reliability, and scoring 
was as follows. The essay prompt and holistic rubric are attached in Appendix 1: 
Essay and Rubrics.

These rubric scores indicate that students did demonstrate achievement related to 
the learning outcomes stated for the workshops. As evidence of their Knowledge 
and Analysis of the Syrian civil war (as defined in the student learning outcomes and 
rubric), students noted that the choices faced by actors often posed moral and social 
justice dilemmas for them as students sitting safely in a workshop at their university. 
To act in the assigned role and take actions such as making a decision that would 
force people to become refugees, meant to contradict their values. Furthermore, 
some student papers underscored a shift in student understanding of the conflict, 
explicitly indicating that participating in the workshop moved their understanding 
of the civil war from the abstract, to a more concrete realization of the nature and 
consequences of the war, for example, with regard to the issue of refugees. Several 
students reported gaining more clear opinions about how they and their society 
should respond to the crisis in Syria, saying that it was not acceptable for individu-
als or society not to act, especially in light of the refugee crisis. Together this cate-
gory of statement demonstrates that students made gains in Perspective Taking and 
Personal and Social Responsibility (the underlying dimensions of the AAC&U 
Global Learning Rubric) (AAC&U, 2014). Students demonstrated a greater appre-
ciation of the complexities of the decisions made by different actors in the conflict 
and the myriad consequences of decisions as seen from the perspective of different 
stakeholders. This increased understanding is reflected in their relatively higher 
scores in the Knowledge and Analysis dimensions, where they were more consis-
tently able to articulate the perspectives and power relations involved in the decision 
making, as well as consider the implications and consequences of these different 
positions (thus relating to the Cultural Diversity dimension of the AAC&U rubric). 
Less consistent in the student artifacts, resulting in the somewhat lower average 
scores in Social Justice Application, was a reflection on the depth of the tragedy for 
the Syrian population and the degree to which ending the conflict would require 
actors to stop acting in their self-interest. Some students considered the ideological 
and cultural components of the conflict that were barriers to finding a peaceful solu-
tion, though this was generally less specific than a reflection on political and mili-
tary decisions, resulting in lower scores. Social Justice Knowledge was demonstrated 
by the ability to clearly articulate the interplay of actions of one or more actors on 
the rights and opportunities of other actors. One example was the tensions involved 
in choosing an action designed to ameliorate the suffering of the Syrian population 
(e.g., Turkey choosing to build refugee camps) that was motivated by social justice 
concerns and the real potential consequences of such a move (retaliatory violence or 
economic or political instability) that could create new social justice concerns for 
other populations. The immense difficulty of meeting the win conditions under-
scored the complexity of the conflict and the costs for the people and the region for 
many students.
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7.3.2  Syria Simulation Course Assessments and Outcome

In both GLST 1327 (Middle East Survey) and POLS3316 (Middle East Government) 
classes, the Syria Simulation helped students understand the conflict better by mak-
ing them think critically from various viewpoints. All students were engaged and 
participated in the game and they have commented that the class was successful in 
integrating current events. One student commented that the class provided “great 
methods in teaching on an un-biased platform” (GLST 1327-Middle East Survey/
SP 15 Course Evaluations). Another commented that the class did a “great job inte-
grating history and current events” (GLST 1327/SP 15 Course Evaluations). Another 
comment stated that the simulation was very important in integrating current events 
(GLST 1327-SP 16 Course Evaluations). Overall students found the game interest-
ing and fun (GLST 1327- SP 16 Course Evaluations). Guner found that there was 
an increase in course evaluation ratings after incorporating the Syria Simulation 
game in her syllabus. The success of the simulation in both small classes (as small 
as 12 students) and bigger workshops (as big as 100) shows that Syria Simulation 
can be applied in various class settings. The simulation can be divided into two 
75-min sessions as well as one 3-h session.

One important adjustment that was made in a smaller class setting provided the 
best outcomes from the simulation. Students were required to prepare a short pre-
sentation before they came to class to play the game. The presentation was graded 
and this gave students motivation to better prepare for the game. More specifically, 
the presentation assignment included an overview of the main stance of the assigned 
actor including their priorities and their political associations. The assignment also 
asked students to define some turning points in the Syria conflict (presentation 
instructions available). Although formal assessments for the simulation itself were 
not conducted, the positive course evaluations indicate that students found the simu-
lation an interesting and fun learning experience.

7.3.3  Implications

Students of the Syria Simulation, whether in the full workshop or the course format 
demonstrated key twenty-first-century global learning skills. Assessment outcomes 
reveal that the simulation prompted students to consider additional and complex 
perspectives and engage in critical moral thinking in evaluating actions and deci-
sions. Student evaluations and reflections indicate that their sense of understanding 
and certainty as to what might be a “right” outcome often becomes less clear. Many 
students demonstrated achievement of the desired outcomes of increased perspective- 
taking and empathy. These results are consistent with the changes in attitude seen 
from the application of strategies such as MIT, to affect attitudes about international 
conflict. Participation through role-play also supported a culturally responsive 
design, in which students gained increased fluency with a novel culture and conflict. 
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Moreover, these results remain consistent with the ability of role-play to foster iden-
tification with “the other” within disciplines like comparative politics. Rubric-based 
assessments of student writing strongly indicate that a game-based simulation, 
based on a high impact, significant learning format that incorporates role-play and 
game-based learning in a low-fidelity simulation, can positively impact knowledge 
and social justice outcomes common to general global learning goals and Middle 
East politics courses.

7.4  Design and Development

We have described strategies to design experiential engagement, role-play, game- 
based participation, and curriculum design. We have also given an overview of the 
Syria Simulation implemented as both a workshop and a stand-alone class, and have 
described how we subsequently assessed student engagement. We now provide the 
instructional design and game design strategies used to create the simulation. We 
have also chosen to expose details of the iterative design model used to continu-
ously improve this project. We conclude by presenting a general model by which 
educators can design their own game-based simulation experiences. We used rapid 
prototyping and design-thinking model to guide the overall design process. Rapid 
prototyping approaches are known for prioritizing completing short cycles of design 
and prototyping that successively develop stronger prototypes through iteration 
(Daugherty, Teng, & Cornachione, 2007; Desrosier, 2011; Rathbun, Saito, & 
Goodrum, 1997). This team began by designing what Daughterty (2007) describes 
as shallow prototypes that illustrated the overall flow of the simulation and that 
improved over time (p. 2). At the beginning of the project, we also adopted an infor-
mal design thinking process, outlined by the Hasso Plattner Institute of Design at 
Stanford University, also known as the d.school (d.school, n.d.). Unlike more pro-
cedurally oriented instructional design processes, such as ADDIE frameworks, 
rapid prototyping approaches prioritize working from a basic prototype of the 
design, while design-thinking processes initially prioritize building empathy around 
the group affected by the design. Figure  7.6 shows an early, back-of-the-napkin 
design to incorporate both casualties and refugees in the simulation, an original, 
hand-drawn illustration of our early rapid prototyping steps.

Our team first began with a straw man, a shallow prototype of a possible simula-
tion with potential actors, actions, and consequences (Fig. 7.7). These hand-drawn 
illustrations of the planning process provide an example of how the initial ideas for 
the simulation were conceived and tentatively sketched. No specialized software 
was used in this stage of development. Later stages of the design process were real-
ized through Google Sheets. The decision to keep design tools lightweight enabled 
us to readily alter designs through successive prototypes. We revised design proto-
types based on sometimes-tentative answers to questions related to Salen and 
Zimmerman’s (2003) notion of rules, play, and cultural considerations in game 
design, rather than to questions about the knowledge students would gain from the 
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simulation or to how performance outcomes could be established that were mea-
sured for cognitive gains. Our design process, although well considered, did not 
follow an otherwise predictable instructional design path. We eschewed systematic 
approaches to define instructional design outcomes, evaluations, and quantitative 
assessments (Czerkawski & Lyman, 2016; Dick & Carey, 2000; Roblyer, 2015). 
Although useful for many projects, systematic instructional design approaches can 
lack flexibility, prioritizing processes instead of learner-centered approaches to 
designing instruction (Daugherty et al., 2007; Morrison, Ross, Morrison, & Kalman, 
2019; Rathbun et al., 1997).

While we certainly addressed questions related to assessment and outcomes, 
these factors were used to evaluate and tweak successive prototypes, rather than as 
a way to plan either the choice of instructional strategy or components of the game 
itself. We were instead able to drive design and development through rapid, succes-
sively deeper design prototypes. As we iterated, we reflected upon the actions taken 
by students during the simulation and evaluated the extent to which the simulation 
encouraged culturally aware decision-making and empathy for an oppressed Syrian 
population. Following each iteration of the game (either in the cocurricular activity 
or between class sessions), we evaluated student decisions for each round of play 
and noted the extent to which student engagement reflected contextually and cultur-
ally aware perspectives and awareness of social justice outcomes. Lessons learned 
from this analysis of gameplay enabled us to tweak the game’s timeline, actors, and 
potential actions made available to students. We began sustained design in spring 
2012 and iterated the design through spring 2016. Applications of the game in early 
cocurricular workshops and class settings led to revision of design decisions that 
eventually allowed this team to polish the simulation’s workshop format and deliver 
the experience to approximately 700 students in the spring of 2016.

Fig. 7.6 Conflict actors mindmap
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7.4.1  Game Mechanics

Rosenblum began the process to design the simulation by first researching the fac-
tors that propelled the conflict in Syria, which required learning the details of geo-
politics, state and non-state actors, and actions by actors like those taken by Bashar 
al-Assad to attack his people through chemical warfare, or through the use of barrel 
bombs (Perry & Laila, 2017; United Nations Secretary-General, 2015). Outputs 
from these actions, which included the increase of Syrian refugees and the curtail-
ing of human rights, such as limiting access to Internet services, were analyzed for 
their potential inclusion in the simulation (UNHCR, n.d.; UNHCR, 2018). As is 
suggested by Adams and Dormans (2012), we used the outputs from these occur-
rences to map variables to quantifiable outcomes (Fig. 7.8). Variables such as casu-
alty counts from a range of different types of military actions were kept as a stable 

Fig. 7.7 Syrian refugees planning
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feature, while tentative variables such as political influence were tried and dis-
carded. Variables related to differing availability of resources across actors were not 
in the initial design but were added in spring 2016. Variables related to support by 
other conflict actors, noted in Fig.  7.8 as external support and eventually called 
Votes of Confidence, were used from the start of the simulation’s first pilot work-
shop, although the way this variable was balanced with the win condition shifted 
over time. One critical variable related to the refugees who were fleeing conflict 
regions is shown in Fig. 7.6 as Refugee Count but is not included within the back- 
of- the-napkin design shown in Fig. 7.8. This variable was incorporated in the early 
design stages of the simulation and continued to be a critical variable throughout the 
simulation. The frequency and type of armed conflicts seen in the region (terrorist 
assaults, random assaults, and strategic assaults) were connected to the variable of 
Casualty Count. The Refugee Count variable was then connected to casualty counts. 
These variables were used to define the mathematical levers that we used to struc-
ture gameplay. These levers, which included casualties inflicted by military assaults 
(of all sizes), refugees fleeing Syria, and overall support for the simulation were 
then drafted in the game’s design within Google Sheets. The team used this spread-
sheet to experiment with mechanics from one iteration of the game to the next.

As Adams and Dormans (2012) suggest for when to plan game mechanics, the 
designer defined these mechanics early in the design process, so that the rest of the 
authors could apply their expertise in history and global studies to evaluate, critique, 
and tweak starting assumptions. The sequence for the game was initially drafted at 
the start of the simulation’s design and remained largely unchanged over the time 
the simulation was applied as a workshop or an in-class exercise (Fig. 7.9). In prac-
tice, successive play tests were required to balance the mechanics so that the casu-
alty and refugee counts were realistic, and the win condition based on these counts 
was technically achievable within three rounds of player actions. According to 
Adams and Dormans (2012), the act of balancing mechanics is a “balance between 
order and chaos,” and is one that is “easily upset” (Kindle location 1128). Our 

Fig. 7.8 Variables and outcomes
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challenge was to balance between offering students enough latitude to inflict casual-
ties without giving them unrealistic or unwelcome capacity to inflict catastrophic 
casualties that would break the simulation. We originally included the capacity for 
Bashar al-Assad to obtain a nuclear weapon, and then to use that weapon on the 
Syrian people, or a state power. Naturally, one student group in 2013 attempted and 
succeeded in using this power, which inflicted enough devastation that it prema-
turely ended the conflict by eliminating multiple rebel actors, this led to a chain 
reaction that ended in Assad himself being attacked with nuclear weapons by state 
power. To avoid such a “simulation Armageddon” in the future, we eliminated any 
realistic chance for Assad to obtain and to use such catastrophic force, and thus bet-
ter balanced chaos with order in the simulation.

The mechanics summarized for the Syria Simulation are designed to reflect key 
aspects of the conflict, including the actors involved in the conflict, casualties 
inflicted by actors, a steady stream of Syrian refugees, culturally derived social 
justice contexts, and the approval of conflict actors on local and global conflict out-
comes. Defining these mechanics relied upon identifying the variables critical to 
both the real-life conflict and the curricular goals identified for the simulation. 
Given the complexity of the variables in the real-life conflict, we based the decisions 
on which variables to implement in the game by identifying threshold learning con-
cepts that were necessary for student learning and perspective taking for the con-
flict. At one level, threshold concepts are those ideas that are critical to attaining 
knowledge, performance outcomes, or understanding of crucial learning goals 
(Donovan, 2017). On another level, threshold concepts transform learning by help-
ing learners to build relationships between ideas, and by surmounting barriers to 
learning (Meyer, 2012; Webb, 2016). In the Syria Simulation, our threshold con-
cepts required that students (a) form an understanding about complex geopolitical 

Fig. 7.9 Game sequence
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interactions by state and non-state actors, (b) adopt a non-Western centric perspec-
tive to gain empathy about these actors, and (c) realize that a cessation of conflict 
required adopting a global perspective on the conflict (United Nations, 2019). These 
perspectives were critical assumptions in the decisions to include both game actions 
and the mechanics to manage the game actions within the game. As is referenced in 
Fig.  7.9, we identified these threshold concepts early in the simulation’s design 
process and used them to turn refugees and casualties into mathematical levers that 
powered the game and fueled gameplay until students either did or did not reach the 
established win condition (Fig. 7.10). Although we revised the mechanics repeat-
edly, neither the threshold concepts nor the game levers changed substantially dur-
ing the four-year lifespan of the simulation.

The Syrian conflict is inherently complex, and even with careful planning by this 
interdisciplinary faculty team, it was extraordinarily difficult to model the nuances 
of a conflict with real-life behavior by students who are (mostly) novices at geopoli-
tics. Given our explicit goals of non-Western perspective building, we decided to 
design what Munshi, Lababidi, and Alyousef (2015) refer to as a low-fidelity simu-
lation, which differs from a high-fidelity counterpart in the level of detail used to 
approximate the real-life environment being simulated. These researchers con-
ducted an in-depth review of the literature on medical simulations to highlight dif-
ferences between low- and high-fidelity simulations in terms of outcomes. For this 
review, high-fidelity simulations were not reliably better than low-fidelity simula-
tions at modeling medical concepts, and Massoth et al. (2019) caution that for this 
topic, high-fidelity simulations can at times be detrimental in terms of overconfi-
dence by participants.

Fig. 7.10 Refugee action
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7.4.2  Win Condition

To achieve a win, students had to work collectively to achieve peace, even as certain 
factions (e.g., ISIS) played actions that would work to sabotage that peace. This 
design decision reflected a collectivist learning design since the group as a whole 
would either succeed or fail to achieve peace. This design was intended to mirror the 
globalized nature of the conflict and represents what Bogost (2010) describes as use 
of implied procedural rhetoric to design game experiences. Procedural rhetoric is 
codified in the rule systems used by games, and also reflects real-world processes. 
The procedural rhetoric embedded in the Syria Simulation was based on the assump-
tion that the real-life conflict being role-played was both intractable and without an 
easy, or even realistic, path toward peace. Moreover, this situation would continue 
as long as the actors in the conflict continued to make decisions that were consistent 
with fixed ideological, isolationist, and at times dogmatic frameworks. The win 
condition is reflected in Table 7.4. The numbers in this example are based on statis-
tics from the UN’s Regional Refugee and Resilience Plan in 2015, published by the 
UNHCR and the UN Development program (United Nations Development 
Programme, 2015), and reflect the scope of the conflict in 2016, as the numbers of 
refugees fleeing Syria had increased precipitously since the time the simulation was 
designed in 2012. As a result, the win condition required that Syrian refugees exit-
ing the country be kept to one million during each turn of the conflict. In a mechanic 
introduced during the 2016 workshops, the support available to refugees was dic-
tated by the amount of investment made by an actor. To achieve a win, actors needed 
to collectively provide 300 points worth of support by the end of three turns of play 
(Table 7.9). We further stipulated that refugees needed to receive minimum support 
during each round of play. This mechanic connected to the intention for a win in this 
simulation to reflect a cessation of conflict, a circumstance that could be evaluated 
by the impact of decisions on the refugee population. Real-life conflict actors have 
vastly different capacities to provide either humanitarian or military assistance, to 
either refugees or other conflict actors. We, therefore, defined the level of humani-
tarian and military resources available to spend during the simulation. The values 
for military and humanitarian (refugee) support are identical for every actor, except 
for the Syrian population, since that group could not realistically be expected to be 
able to provide military support to any group. Notably, actors could use their mili-
tary or humanitarian resources to back any group represented in the simulation. 
Figure 7.10 shows an example of an action card to provide refugees with direct 

Table 7.9 Win condition

Cessation of armed conflict 500 casualties or less
Votes of confidence 30 “Yes” votes by member countries
Refugee support 300 (100 points per round)
Minimum refugees fleeing per round 1 million
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support. Actors had differing levels of ability to provide either refugee or military 
support, with state actors possessing exponentially greater resources overall 
(Table 7.10). Actors could support refugees at a cost of 100 units per action or sup-
port military interventions at a cost of 200 units per action. The resources allocated 
to each actor were based on an assessment of the actor’s real-life economic and 
military power at the start of 2016. This mechanic is still arguably in its infancy, and 
more iteration is needed to ensure that an appropriate balance between resources 
and support can be realistically achieved.

In the actions taken from the second 2016 workshop and shared in Table 7.3, the 
number of casualties present at the end of the three rounds were 90 and came as a 
result of military actions taken by ISIS, the Kurdish militia, the FSA, and Russia, 
with ISIS and the Kurds responsible for the majority of the 90 people killed during 
this iteration of the simulation. The numbers were well below the level of casualties 
specified in the win condition. However, even though these numbers were low, the 
accumulation of any casualties prompted a doubling (or tripling for some actions) 
of refugees fleeing Syria. The total number of refugees who fled the country there-
fore increased in rounds two and three to a total of seven million refugees by the end 
of round three. This was more than enough to avert a win. Moreover, there were 22 
votes of approval during the voting phases of the workshop, 8 votes shy of the 30 
needed for the win. To put this in perspective, to achieve a win, 10 of the 12 actors 
in each round needed to approve of the actions taken by the group (Table 7.9). To 
arrive at this number, we assumed that (a) ISIS would never approve of action and 
(b) the team would have enough votes if Assad (and by extension other supporting 
actors like Russia) also approved of actions taken. Students were prompted at the 

Table 7.10 Humanitarian 
and military support 
resources

Actors Support

Assad 5000
EU 5000
Hezbollah 200
Iran 500
Jordan/Lebanon 700
FSA rebels 200
Islamist rebels 200
Salafi rebels 200
Russia 5000
Saudi Arabia 500
Syrian Kurdish militia 200
Syrian populationa 900a

Turkey 500
Western powers 5000

aUnable to provide military support
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end of each round of play to revisit the win condition before choosing actions in the 
coming round. Although the GM did not explicitly tell students about the procedural 
rhetoric embedded in the simulation, as a facilitator he reminded players about the 
likelihood of being able to achieve a win and prompted thinking by posing questions 
for further thought, including consequences of weak versus strong military actions, 
or the corresponding retaliation or possible alliance building that could result from 
actions taken. These in-game markers provided guidance to prompt students to 
think about the goals they wanted to achieve and to pair those choices against what 
was needed to “win” in this game.

We supported this guidance at the beginning of the simulation by providing pre- 
written simulation background resources, and critically, actor information sheets, 
which were vetted by history and global studies faculty (Wilson et al., 2016). In our 
discussion of the simulation with students, we made the collectivist orientation 
embedded in the design rhetoric as transparent as possible, without enforcing value 
statements on what choices actors should or should not take. A win was designed to 
be technically possible, but unlikely unless actors decided to work together to 
achieve a cessation of conflict (see Table  7.9). Moreover, if military action was 
taken (e.g., by ISIS or Assad), thereby increasing refugees, a corresponding aid 
action needed to be taken to bring the number of refugees back down to levels com-
patible with a win condition (Appendix 1, Lend Aid). Student teams playing Jordan 
and Turkey offered aid, but their ability to provide aid was limited because of their 
available resources. By the corresponding point in the actual conflict in 2013 and 
2014, Turkey had already become overwhelmed with the number of refugees it 
could support, having created overcrowded encampments along its border with 
Syria (UNHCR, 2018). Regardless, the number of refugees, although reduced, still 
accumulated past the win condition. Conversely, actors could also choose to lend 
military aid to rebel groups, which would (assuming the military action was suc-
cessful) significantly increase casualties during that actor’s next attack.

Creating what Adams and Dormans (2012) describe as volatile systems within a 
game is an important tool to balancing a game since it leads to the design of a posi-
tive feedback loop that can help to drive play toward the game’s conclusion. We 
adopted such a feedback loop by adding the mechanic to increase the number of 
refugees that fled Syria based on (a) an initial attack or (b) an aided attack by another 
actor. Conversely, designers can also use negative feedback loops to slow game 
progress by introducing a mechanic that assists players in winning the game. In our 
game, we used cards such as the Lend Aid, Make Alliances, and Social Media action 
cards to provide students with diplomatic alternatives that could easily be used to 
reverse enough of the effects of other actors’ decisions. This constrained what 
would otherwise be chaotic decisions that would make a win unachievable by the 
end of the simulation. A snapshot of the game mechanics, including the variables of 
Casualties Inflicted and Refugee Counts as they relate to the specific actions and 
their corresponding consequences as defined for spring 2016 is provided in 
Table 7.11.
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7.5  Game Design Recommendations

Four years of iterative design on this simulation began with a thoughtful design 
embedded within an established institutional context, developed and launched as a 
limited release pilot, and culminated in scaled delivery to enrolled juniors at St. 
Edward’s University during the spring of 2016. The model depicted in Fig. 7.11 

Table 7.11 Syria simulation mechanics

Response Group Casualties inflicted
Turns 
needed

Refugee 
count

Strategic assault Assad/rebel groups/pro-Bashar 
Palestinians/anti-Bashar 
Palestinians

0–25% = 5
25–50% = 10
50–75% = 15
75–100% = 20

2 No change

Random assault Assad/rebel groups/pro-Bashar 
Palestinians/anti-Bashar 
Palestinians

0–25% = 20
25–50% = 40
50–75% = 60
75–100% = 80

1 Increase: 
×2

Build 
government

Rebel groups
*requires support > = 50 from 
Syrian population

0 3 Decrease 
to 0

Negotiate peace All groups 0 1 Decrease: 
1/2

Terrorize 
population

Assad/rebel groups/pro-Bashar 
Palestinians/anti-Bashar 
Palestinians

0–25% = 10
25–50% = 20
50–75%. = 30
75–100% = 40

1 Increase: 
×2

Military assault Assad/pro-Bashar Palestinians/
Turkey

0–25% = 20
25–50% = 40
50–75% = 60
75–100% = 80

2 Increase: 
×2

Heavy military 
assault

Assad/Turkey 0–25% = 50
25–50% = 100
50–75% = 150
75–100% = 200

2 Increase: 
×3

Make speech All groups 0 1 No change
Make alliances All groups 0 1 No change
Break alliances All groups 0 1 No change
Plea for support Assad/rebel groups 0 1 No change
Lend military aid All non-actors, except UN and 

NGO
On next attack, 
attack takes −1 
turns
Casualties increase 
by 25%

−1 No change

Build shelters for 
refugees

Turkey 0 1 No change

Lend 
humanitarian aid

All non-actors 0 1 Decrease: 
1/2
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reflects critical components in the design of the game as was distilled from this 
process. For other educators to find this model useful, we recommend that they 
document this process in ways that enable future revision. Management of this com-
plex design required that we adopt a design-thinking approach to sketch ideas and 
track the design process (d.school, n.d.). The figures presented in Sect. 7.5 are an 
example of design documentation work products from this process that were used 
to manage design changes during successive iterations as we revised the simulation 
to meet course-specific and university learning outcomes. Design documentation 
can include but is not limited to mind maps of core components and play sequence, 
back-of-the-napkin calculations of mechanics, spreadsheets to codify and test 
mechanics and storyboards of game assets to help them to plan the process (Adams 
& Dormans, 2012; Fullerton, Hoffman, & Swain, 2004).

In addition to the considered use of design assets, we also recommend that edu-
cators apply considerable thought to project scope. Educators may find it useful to 
limit the scope of their designs to a single, solvable learning problem to simulate. 
Often, by extension, this means identifying a single threshold concept that is critical 
to solving the problem. Once a threshold concept has been identified for a real-life 
scenario, educators can then create a map of the most critical elements in the pro-
cess. Once an outline has been created and relationships between potential variables 
established, we recommend identifying the stumbling blocks that students often 
encounter in learning the concept. These blocks can include factors such as faulty 
assumptions or gaps in prior knowledge. These stumbling blocks can then be turned 
into complicating variables that can also be gamed. For our simulation, an important 
stumbling block was understanding that certain actions, such as gaining access to 
airbases of other state actors or even maintaining alliances with seemingly ideologi-
cally compatible actors, could not be assumed. We used these complicating vari-
ables in the design of available action cards by making them prerequisites to playing 
the corresponding action card during a round of play.

Once the variables in the simulation design are identified, designers can turn 
these into levers that can drive the game. They can subsequently plan a range of 
choices, and consequences for those choices, that will result as the game levers are 
flipped. These outcomes can then be used to further constrain gameplay as the simu-
lation moves forward. For instance, if players in the Syria Simulation chose to make 
an alliance with an actor during one round of play, the benefits and consequences of 
that action then constrained the actions of both parties involved (e.g., to limit mili-
tary actions or provide social media support) until the actors dissolved the alliance. 

Fig. 7.11 Simulation design model
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The Islamist Rebels in workshop 2 (Table 7.2) made such an alliance with Saudi 
Arabia and the Salafi Rebels, and thus their actions were constrained during the 
subsequent round of play, even as their alliance members benefited from their action.

Player choices in this example led to consequences that, in turn, led to more 
choices that further constrained gameplay while also moving the simulation for-
ward. This design strategy does more than just impact game mechanics. Assuming 
the variables and levers are based on real-life outcomes, this approach empowers 
players to think strategically, while making in-character role-playing decisions and 
playing through realistic constraints. As is reflected in Fig. 7.11, we used this pro-
cess to define the sequence of play that determined when game levers would be 
flipped by participants and to balance the game mechanics in ways that would allow 
us to drive the simulation to a satisfying conclusion. Should other educators wish to 
adopt this model to design game mechanics, we recommend that designers test the 
game’s win condition mathematically in a spreadsheet, and plan successive itera-
tions of play-testing in low-stakes academic settings to properly balance gameplay.

7.5.1  Future Research Recommendations

This manuscript describes a retrospective view of a large, complex simulation. Our 
retrospective case details our efforts to design, build and assess this simulation. Any 
future applications of this project (either in its original context or for another course) 
would however benefit from research that examined student engagement and 
decision- making in greater detail. Mixed-methods research involving a combination 
of pre-test and post-test measures of knowledge-building and perspective-taking, 
and analyzed with qualitative feedback from students and instructors would be ben-
eficial. Moreover, the Simulation Design Model (Fig. 7.11) should be researched 
within other simulation contexts. An analysis of quantitative data related to student 
decision-making would help to shed light on the extent to which learning outcomes, 
game variables, and mathematical levers within a simulation can impact or predict 
student decision-making over time. Such an analysis would help to validate the 
preliminary game mechanics model proposed in this project and allow this design 
to be transferable to other simulations. Design-based research strategies would also 
be helpful to examine cognitive and attitudinal outcomes from game participation 
and role-play within this design. Such strategies would also allow for an extended 
investigation into outcomes related to player immersion and flow over the course of 
successive iterations of the simulation.

7.5.2  Concluding Thoughts

The Syria Simulation was designed to remain current with the events of the conflict, 
through its final delivery in the spring of 2016. Student statements during the simu-
lation, and student writing on the topic once the simulations had concluded, 
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demonstrated nuanced perspective-taking, and attention to the complex, and imme-
diate global nature of the conflict. This complex project helped to shape social jus-
tice perspectives for students throughout its implementation. However, it is possible 
for educators to adopt limited components from this simulation design for their own 
courses. Guner, Wilson, and Myhr applied a role-playing perspective in other his-
tory and political science courses. Guner adopted a Model U.N. format including 
negotiation, diplomacy, and problem-solving skills to address international crises 
including the ongoing Syria conflict and the Israel-Palestine conflict. In addition, 
Wilson designed a novel role-playing game to immerse students in the Yugoslavian 
conflict of the 1990s and the Ukrainian Crisis of 2014. Myhr adopted the role-play 
format from the Syria Simulation to model a debate over asylum policy reform in 
the European Commission. These applications demonstrate that even without game 
mechanics, the considered use of role-play can be beneficial to university students 
across courses in history and political science.

Student participation in the role-play elements within this simulation reflected 
what Daniau (2016) describes as “transformative role-play.” For the students in the 
Syria Simulation, and arguably for the students in the political science and history 
courses described, this transformative role-play included heightened attention to 
cultural complexities of simulation actors and assumptions of western-centric geo-
politics and social justice, and an appreciation of the complexities of attaining an 
elusive peace in a volatile region of the world. Indeed, although this simulation was 
designed as a low-fidelity experience, the decision-making on the part of the stu-
dents was at times, prescient. Decisions made on the part of conflict actors within 
the simulation mirrored actions and consequences in real life. We maintain that 
simulations that incorporate enactive role-play and adopt game mechanics to target 
threshold concepts on difficult topics can be designed to challenge student thinking 
about difficult moral dilemmas, particularly as they pertain to complex conflicts like 
Syria. These simulations-as-learning interventions can in turn also be adopted in the 
university curriculum, with the potential to impact students across a domain of 
study (particularly for liberal arts institutions), while also addressing key twenty- 
first- century global learning competencies. It is the hope of these authors that “pull-
ing back the curtain” on the curricular implementation, instructional design, game 
design, assessment design, planning and implementation processes used in this 
project will enable faculty across other disciplines to adopt similar simulations for 
a wide variety of applications.
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 Appendix 1: Syria Simulation Actors and Action Cards 
2015–2016

Bashar al-Assad
Make a Speech, Military Assault, Heavy Military Assault, Terrorize Population, 
Social Media Activity, Make Your Own Card, Broker Cease-Fire with Rebel Groups, 
Tactical Use of Chemical Weapons

Rebel Groups—Salafi/(ISIS)
Strategic Assault, Random Assault, Make a Speech, Plea for Support, Make/Break 
Alliances, Negotiate Peace, Build Government, Procure WMD’s, Organize 
Demonstrations, Social Media Activity, General Strike, Tactical Use of Chemical 
Weapons, Make Your Own Card

Rebel Groups—Islamist
Strategic Assault, Random Assault, Make a Speech, Plea for Support, Make/Break 
Alliances, Negotiate Peace, Build Government, Procure WMD’s, Organize 
Demonstrations, Social Media Activity, General Strike, Tactical Use of Chemical 
Weapons, Make Your Own Card

Rebel Groups—Free Syrian Army
Strategic Assault, Random Assault, Make a Speech, Plea for Support, Make/Break 
Alliances, Negotiate Peace, Build Government, Procure WMD’s, Organize 
Demonstrations, Social Media Activity, General Strike, Tactical Use of Chemical 
Weapons, Make Your Own Card

Turkey
Make a Speech, Build Shelters for Refugees, Voting Cards, Military Assault, Heavy 
Military Assault, Aid Refugees, Social Media Activity, Make Your Own Card, 
Allow US forces to use airbases for strikes on ISIS in Iraq

Iran
Make a Speech, Voting Cards, Lend Military Aid, Aid Refugees, Social Media 
Activity, Make Your Own Card

Russia
Make a Speech, Voting Cards, Lend Military Aid, Lend Humanitarian Aid, Social 
Media Activity, Make Your Own Card, Broker an International Deal to Intervene, 
Support Training for Rebels, Materially Support Rebels, Take Military Action, 
Launch Airstrikes in Syria, Provide Training for Rebels to Overthrow Assad

Syrian Population
Voting Cards, Organize Demonstrations, General Strike, Join Rebellion, Lend 
Support to Rebels, Social Media Activity, Make your own card, Syrian Population 
Members Card, Build Government

Western powers (United States, United Kingdom, Canada)
Make a Speech, Voting Cards, Lend Military Aid, Lend Humanitarian Aid, Social 
Media Activity, Make Your Own Card, Take Military Action, Seek Parliamentary/
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Congressional Approval, Support Training for Rebels, Aid Refugees, Lend Support 
to Rebels, Launch Airstrikes in Syria

European Union
Make a Speech, Voting Cards, Lend Military Aid, Lend Humanitarian Aid, Social 
Media Activity, Make Your Own Card, Take Military Action, Seek Governmental 
Approval, Aid Refugees

Saudi Arabia
Make a Speech, Build Shelters, Voting Cards, Military Assault, Heavy Military 
Assault, Aid Refugees, Social Media Activity, Lend Military Aid, Lend 
Humanitarian Aid, Make Your Own Card, Take Military Action, Allow US forces to 
use airbases, Make/Break Alliances

Syrian Kurdish Militia (YPG and YPJ)
Strategic Assault, Random Assault, Make a Speech, Plea for Support, Make/Break 
Alliances, Negotiate Peace, Build Government, Procure WMD’s, Organize 
Demonstrations, Social Media Activity, General Strike, Tactical Use of Chemical 
Weapons, Make Your Own Card, Build Government

Hezbollah
Strategic Assault, Random Assault, Make a Speech, Plea for Support, Make/Break 
Alliances, Negotiate Peace, Build Government, Procure WMD’s, Organize 
Demonstrations, General Strike, Tactical Use of Chemical Weapons, Make Your 
Own Card, Social Media Activity

Neighboring States Lebanon/Jordan
Make a Speech, Build Shelters, Voting Cards, Military Assault, Heavy Military 
Assault, Aid Refugees, Social Media Activity, Make Your Own Card, Allow US 
forces to use airbases for strikes on ISIS in Iraq, Support training for Rebels; Lend 
Support to Rebels

 Appendix 2: Workshop Evaluation Form

Stakeholder: _________________________________ Group Leader: ___
__________________________________

Please indicate your responses to the questions below. The scale is:
1—Strongly Disagree  2—Disagree  3—Neutral  4 — A g r e e   
5—Strongly Agree

 1. As a result of this workshop I have gained a clear understanding of the perspec-
tives of different actors in the Syrian crisis

1 _________________ 2 _________________ 3 ______________ 
4 _________________ 5 _________________
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 2. As a result of this workshop I have gained a greater understanding of the power 
relations that are affecting the Syrian crisis

1 _________________ 2 _________________ 3 ______________ 
4 _________________ 5 _________________

 3. As a result of this workshop I have a greater ability to consider the moral ques-
tions posed by the crisis and how these are understood differently by different 
stakeholders in the conflict

1 _________________ 2 _________________ 3 ______________ 
4 _________________ 5 _________________

 4. This workshop has challenged me to consider the consequences of various 
actions/interventions in the conflict by different stakeholders

1 _________________ 2 _________________ 3 ______________ 
4 _________________ 5 _________________

 5. I was challenged to consider the kinds of actions/interventions that could lead 
to more socially just outcomes for the Syrian people

1 _________________ 2 _________________ 3 ______________ 
4 _________________ 5 _________________

 6. The material explaining the overall nature of the conflict and the interests of the 
stakeholders was clear and helpful.

1 _________________ 2 _________________ 3 ______________ 
4 _________________ 5 _________________

 7. The discussion about social justice and consideration of socially just outcomes 
was clear and helpful.

1 _________________ 2 _________________ 3 ______________ 
4 _________________ 5 _________________

 8. The material explaining the situation in my assigned state at each stage of the 
conflict was clear and helpful.

1 _________________ 2 _________________ 3 ______________ 
4 _________________ 5 _________________

 9. My group leader effectively helped our group with discussions and group 
interactions.

1 _________________ 2 _________________ 3 ______________ 
4 _________________ 5 _________________

 10. Did you read the information your group leader sent before the start of the 
workshop? Was it useful?

 11. How could this workshop be improved?

Comments:
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Chapter 8
Designing Dynamic Learning Supports 
for Game and Simulation-Based Learning 
in STEM Education

Byung-Joo Kim, Fengfeng Ke, Jewoong Moon, and Luke West

8.1  Introduction

Research suggests that digital games or simulations present a realistic framework 
and a story context for experimentation and situated understanding, and have posi-
tive cognitive and motivational effects on the development of multistranded learn-
ing outcomes: understanding, problem-solving, and positive disposition (Clark 
et al., 2011; De Freitas, 2018; Ke, 2008, 2016; National Research Council [NRC], 
2011; Qian & Clark, 2016). Yet a critical challenge of using games for learning is to 
provide dynamic and unobtrusive in-game learning support. Engaged gameplay 
may not guarantee successful math learning for all players, especially for those who 
lack the habits and skills associated with critical and reflective thinking. Scaffolds 
for game action-based learning should be designed via unobtrusive in-game learn-
ing support, such as planning and reflection of content-specific gameplay, intrinsic 
learning prompts, and a balance between regulation and autonomy (Chang et al., 
2012; Wouters & Van Oostendorp, 2013).

Learning supports or soft scaffolds (Azevedo et  al., 2008; Puntambekar & 
Hubscher, 2005) in game-based learning can be categorized in terms of their pur-
pose, form of encoding or representation, manifestation, and form of interaction. In 
terms of the purpose of in-game learning support, Reiser (2004) distinguishes 
“structuring” and “problematizing” aspects of scaffolding. Task structuring guides 
“learners through key components and support[s] their planning and performance” 
(p.  273), whereas content problematizing supports their performance and under-
standing of the task in terms of key disciplinary content and strategies. The form of 
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in-game learning support can be syntactic, iconic, or symbolic, with its effect medi-
ated by the player’s prior knowledge and familiarity with a specific game-based task 
or problem (Lee & Ke, 2016). The in-game manifestation of learning support relates 
to its association with the game world or game actions. Research on game-based 
learning support (Chang et al., 2012; Ke, 2016; Wouters & Van Oostendorp, 2013) 
indicates considerable diversity in its manifestation, such as written cues embedded 
in narratives and an end-of-level summary screen, a background game asset (e.g., a 
collapsible help panel or an in-game scratchpad/calculator), instant visual cues or 
feedback (e.g., a “ghost model” of a transformed geometrical figure, cueing the next 
phase of problem-solving), or a rewarded game action (e.g., interacting with an in- 
game prompt to earn additional material credits). The in-game manifestation of the 
learning supports moderates its effectiveness. The literature is still inconclusive as 
to the optimum manifestation of learning support that is both unobtrusive and 
engaging. Ultimately, the form of interaction (e.g., selection or encoding of an inter-
active prompt) and the degree of direction (e.g., explicit instruction or prompts for 
self-explanation and reflection) also vary in in-game learning supports. The litera-
ture on scaffolds in technology-rich learning environments documents the chal-
lenges in designing a balance between regulation and learner autonomy (Hannafin 
& Land, 1997; Hmelo-Silver & Azevedo, 2006; Puntambekar & Hubscher, 2005). 
The time to provide and fade certain manifestations of learning support can be 
dynamic and associated with the game task performance of individual players. For 
example, a game could automatically collapse/expand a help panel or display visual 
feedback when preset threshold values in the stealth assessment are reached (Timms 
et al., 2014).

In the following sections, we present two design cases in which in-game learning 
supports mathematical problem representation and STEM-related representational 
flexibility in simulation game-based learning platforms. The key design challenges, 
learning support features, and user study findings are described and reported.

8.2  Case 1: Designing in-Game Support for Mathematical 
Problem Representation

8.2.1  Background

Computer games have been considered a useful tool for fostering students’ mathe-
matical learning and problem-solving in the classroom (Byun & Joung, 2018). 
Notably, it is suggested that game-based math problem-solving interventions allow 
students to experience real-world problems through multimodal external represen-
tations of the problem situation (Ke & Clark, 2020). However, learners may feel 
cognitively overwhelmed when processing multiple representations while solving 
complex and multifaceted problems (Duval, 2006). Therefore, in-game learning 
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supports need to be provided effectively to support the translation and integration of 
information regarding the problem situations.

Solving math problems in realistic situations requires learners to find, analyze, 
and synthesize information on the problems. Constructing mathematical representa-
tions of a problem situation consists of two phases: (a) problem translation—iden-
tifying mathematical information from the problem situation, and (b) 
integration—selecting mathematical information relevant to solutions and structur-
ing it to create a coherent internal representation of the problem (Mayer, 1992). It is 
reported that the failure to construct meaningful problem representations is due to a 
direct translation strategy that focuses only on the mathematical quantities pre-
sented in the problem description (Hegarty et  al., 1995). Researchers have also 
found that providing a verbal problem representation as a single mode of represen-
tation leads to a failure to formulate meaningful problem representations (Hoogland 
et al., 2016). Thus, instructional supports for problem-solving should involve learn-
ers in meaningful interactions with a multimodal system of external problem repre-
sentation (van Garderen, 2006).

Kirsh (2010) suggested that learners would improve their mental representations 
of information via interactions (i.e., manipulation and interpretation) with external 
representations of the information. Goldin (2002) also asserted that students’ con-
struction of internal problem representations would be enhanced through interac-
tions with carefully designed external representations of the problem. Research on 
the visual-spatial representation of math problems showed that using schematic rep-
resentations of a problem was positively correlated with successful problem solving 
while the use of pictorial representations was not (Kozhevnikov et  al., 2002). 
However, it should be noted that a system of multimodal problem representations 
might involve individual problem solvers in the translation process, which is cogni-
tively overwhelming compared to a text-only mode of problem representation 
(Duval, 2006). Thus, learning supports for mathematical problem representation 
need to support students’ integration of the essential information in a problem by 
employing schematic spatial representations with no additional cognitive load.

8.2.2  E-Rebuild: Architecture Game-Based Platform for Math 
Problem Solving

E-Rebuild is a 3D simulation game that allows students to learn mathematical prob-
lem solving by performing various architectural design tasks to restore an area 
destroyed by natural disasters. In this game, students are required to complete a 
construction task in each game level, such as constructing and positioning struc-
tures. The game tasks are designed to represent contextualized math problems 
aligned with the grade 6–8 Common Core Standards. The 3D game world embodies 
the tasks using multimodal forms such as written task narratives, 3D game objects, 
math notation, and interactive math tools. Overall, the game-based environment 
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enables middle school students to investigate and coordinate multimodal represen-
tations of the math variables and relations in the problem situation.

However, we encountered challenges in using E-Rebuild in the schools. Some 
student players could not develop a sound situational representation of the math 
problem due to a lack of skills and commitment in gathering, translating, and orga-
nizing the problem information embedded in the game world (Ke, 2019; Ke & 
Clark, 2020). Regarding this challenge, in-game learning support is needed to guide 
players’ math problem solving with a focus on problem representation.

After several rounds of implementing E-Rebuild in school, we also faced the 
need to develop a flexible game-based learning platform that enables continuous 
development of game tasks (Ke et al., 2019). The scalable platform allows teachers 
to customize game levels for their students with differing needs and in diverse 
school settings. Correspondingly, each component of in-game learning support 
should be redesigned to be integrated into the platform for automatic learning sup-
port creation.

8.2.3  Learning Supports Design

We designed action-based, multistep learning support situated in the game world. 
The support aims to aid student players’ cognitive processes for mathematical prob-
lem solving during gameplay. In other words, the support encourages students to 
consciously and deliberately comprehend and coordinate multimodal external rep-
resentations. In this section, we explain the steps we took to design and develop the 
in-game mathematical problem-solving support.

The learning support for problem-representation in the previous version of 
E-Rebuild (Lee & Ke, 2016) was refined and extended into a system of learning 
supports, including (1) an updated template that enables automatic generation of 
learning supports along with a game level, (2) an interactive scaffolding of math 
problem solving, (3) real-time tracking of players’ interactions with the in-game 
scaffold, and (4) real-time assessment of students’ math competency.

8.2.3.1  Initial Learning Support Design

8.2.3.1.1 Core Game Actions to Be Supported

Core game actions in E-Rebuild, such as building, allocating, and folding, were 
designed to engage players in actively maneuvering and constructing math problem 
representations in the game world. To be specific, via the core game actions players 
get to organize and integrate task-related information embodied by game objects in 
multimodal forms. We conducted a cognitive task analysis to identify a core set of 
problem representation and solving processes underlying the core game actions.
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The first core game action is building, which involves (a) decomposing the pro-
posed three-dimensional structure into smaller parts or modules; (b) composing the 
structure by stacking and joining building blocks or modules. The critical parame-
ters of the building action are (1) the total interior/exterior space to be created by the 
whole building, (2) the properties of basic building blocks (e.g., length, area, and 
volume) and materials to be used, and (3) the structural relationships among build-
ing modules at various levels. These key variables constitute a structural representa-
tion of the mathematical problem framed by a building action.

Another core game action is allocating, which involves (a) securing enough floor 
space for a certain number of occupants listed in the player inventory and (b) assign-
ing them to a secured space. The key parameters of the allocating-action are the (1) 
interior space provided by buildings, (2) interior space needed to accommodate 
occupants, (3) types of occupants, (4) number and unit space of each type of occu-
pant, and (5) ratio of space need between individuals in each occupant group.

An additional core game action is folding, which involves adjusting angles and 
direction of folding performed on game objects. The key parameters of the folding 
action are the (1) geometric shape and number of figures that compose the solid 
figure, (2) folding angle, and (3) folding direction.

8.2.3.1.2 In-Game Scaffolding of Mathematical Problem Representation

The primary goal of the in-game learning support is to scaffold students’ mathemat-
ical problem-representation processes when they are tackling a game task. 
Specifically, the support is designed to help the student (1) identify the goal state of 
the problem situation, (2) decompose the task into sub-tasks, (3) collect task- 
relevant information distributed in the game world, (4) comprehend the mathemati-
cal relationships among the key variables of the problem, and finally (5) make an 
implementation plan to complete the task.

To achieve these objectives, we conceived three major design elements of the 
interactive learning support, including: (1) step-by-step scaffolding of mathematical 
problem representation, (2) schematic representations to enhance students’ concep-
tual understanding, and (3) interactive pictorial representations to reduce students’ 
cognitive load induced by directly manipulating of 3D game objects.

The interactive learning support visually demonstrates the critical problem- 
solving process required to complete the game-based math task for each game level. 
This stepwise display of the problem-solving process aims to help learners decom-
pose or analyze the main task and focus on its essential features by modeling the 
expert’s problem-solving process (Reiser, 2004). For example, the learning support 
for the allocating action displays three subgoals of the game task at the top of the 
screen (1) identifying floor space needed to place all residents, (2) identifying floor 
space provided, and (3) comparing space provided and space needed. Figure 8.1 
shows a sequential display of these subgoals.

Each step includes multiple sub-steps requiring players to respond to question 
prompts regarding the math problem representation process, especially problem 
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translation and integration (Mayer, 1992). These question prompts aim to facilitate 
learners’ identification and processing of the critical variables of the math problem. 
Table 8.1 shows a list of questions prompted in the learning support for allocating 
related game tasks.

The second learning-support element is a schematic representation of the game- 
based math problem, demonstrating how critical problem information is related. We 
created a schematic diagram for each core game action. Figure 8.2 shows the sche-
matic representation embedded in the allocating-oriented learning support.

The third element of the learning support is an interactive pictorial representation 
of the game-based math problem. This iconic problem representation is presented in 
the support only when a game task requires complex manipulation of 3D objects. 
Figure  8.3 shows the pictorial problem representation presented in allocating- 
related learning support. The drag-and-drop activity prompts learners to focus on 
allocating family units in the containers without spending excessive cognitive effort 
in manipulating multiple 3D game objects.

Fig. 8.1 Stepwise scaffolding of a mathematical problem representation

Table 8.1 A list of questions prompted in the allocating-action support

Step Problem representation Example question

1. Identifying floor 
space needed

Floor space needed to place a 
single unit in each type of 
family

How much space is needed to place one 
2/1 family?

Floor space needed to place 
all units in each type of 
family

How much space is needed to place all 
2/1 families?

2. Identifying floor 
space provided

Floor space provided by a 
single shipping container

What is the area of one shipping 
container?

Number of shipping 
containers placed in the game

How many shipping containers are 
placed in the game?

3. Comparing space 
provided and space 
needed

Comparing two numbers Do you think you can allocate all the 
family units in the inventory to the 
shipping container provided?
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8.2.3.1.3 Usability Study

The usability study on the initial design of the learning support consists of two 
phases: one with teachers and the other with students. In the first phase, four math-
ematics teachers participated in a four-hour user testing session to evaluate the 
learning support prototype. We focused on gathering qualitative data on teachers’ 
experiences and perspectives of the learning support. In the second phase, nine mid-
dle school students participated in a 2.5-hour-long gameplay session. We conducted 
onsite observation to gather qualitative data on student players’ gameplay behaviors 
and their interactions with the learning support during gameplay.

8.2.3.1.4 Study Findings

Based on our observations and participant interviews, teachers enjoyed using the 
learning support during gameplay. They accessed the support voluntarily by click-
ing on a button in the ‘Tips’ panel in the upper-right corner of the screen (see 
Fig. 8.4). They were cognitively engaged in processing the problem-solving scaf-
fold while playing the two most challenging game levels: family allocation and 
stadium seat construction. What they liked most about the support was its useful-
ness in working out the problems before executing their problem-solving plan. No 
user-interface-related issues were reported by teachers, although they found it 
annoying shifting back and forth between the game and the scaffold.

Fig. 8.2 The schematic representation of an allocating-related problem
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The infield observations on students revealed that some players never accessed 
the problem-solving scaffold voluntarily and they had to be reminded on referring 
to the tips panel. Based on our observation, a possible reason for this lack of volun-
tary support usage is that students tended to hide or collapse the tips panel to free up 
the screen space for gameplay. Given the fact that students typically used low- 
specification machines (e.g., Chromebooks) in school classrooms, the support 
access interface needs to be adjusted so as not to hinder students’ voluntary access 
to the learning support.

8.2.3.2  Second-Round Learning Support Design

8.2.3.2.1 Additional Game Actions to Be Supported

To create a parameter-based template for automatic scaffolding generation, we have 
defined an expanded list of core game actions: collecting, covering, placing, and 
trading actions, in addition to the original actions of building, allocating, and fold-
ing. Hence, we had to conduct an additional, systematic cognitive task analysis with 
these game actions and their contextualized embodiment in different game tasks. 

Fig. 8.3 Pictorial representation of an allocating-related problem
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Figure 8.5 shows how all core game actions are related to each other, and how they 
are related to architectural task parameters.

The game action of covering involves the componential actions of (a) decompos-
ing the proposed two-dimensional structure into smaller parts or modules, and (b) 
composing the structure by tiling or painting. The key parameters of the covering 
action are (1) the total exterior space to be covered by the whole surface, (2) the 
properties of basic blocks to be used for covering (e.g., tile and paint), and (3) the 
structural relationships among covering modules at various levels.

The placing action involves the processes of (a) controlling one target structure’s 
geometrical properties relative to those of another target structure, and (b) creating 
multiple geometric relationships between the two structures. The key parameters of 
the placing action are (1) the target architectural structures to be placed, (2) the 

Fig. 8.4 The initial user interface for activating the learning support

Fig. 8.5 Core game actions and architectural task parameters
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reference objects in the game, and (3) the geometric relationship between the target 
and reference.

For the collecting action, one needs to identify the mathematical properties of the 
game objects that can be collected by players in the game world. The key parame-
ters for the collecting action are determined by the game objects to be collected by 
players in different game tasks.

The final game action is trading, which involves (a) estimating the total quantity 
and price of construction materials needed, and (b) purchasing the materials at the 
store in the game. The key parameters for the trading action are defined by the game 
objects to be purchased by players in each game task.

8.2.3.2.2 User-Interface Design

The results of the first usability study led us to revise the learning support’s user 
interface. We removed the tips panel and created a small activator on the left-hand 
side of the screen (see Fig. 8.6a). When a player clicks the button, a small panel 
slides in from the left side of the screen (see Fig. 8.6b). Players can access the learn-
ing support anytime by clicking the ‘Task Planner’ button during gameplay when 
the help panels are inactive.

8.2.3.2.3 In-Game Scaffolding of Mathematical Problem Representation

We added an introduction page, with a conversational narrative and action-specific 
buttons for activating learning supports. An on-screen character or agent was added 
to the intro page (see Fig. 8.7) to make young student players more motivated by 
using the problem-solving scaffold.

Fig. 8.6 Revised user interface for activating the learning support
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8.2.3.2.4 Usability Study

We observed and interviewed eight middle school mathematics teachers for another 
usability study on the second-round design of the learning support. They partici-
pated in a 4-hour user testing session to evaluate the refined learning support proto-
type. We focused on gathering qualitative data on how teachers experience and 
perceive the revised learning support.

8.2.3.2.5 Study Findings

We tested the second version of in-game learning support, including the support for 
five core gameplay actions: allocating, building, folding, collecting, and trading. In 
particular, we focused on testing the new interface design and the learning support 
for newly added game actions.

We found that the teachers interacted most with the learning supports related to 
allocating and building actions. They accessed these supports voluntarily using the 
activator panel on the left side of the screen. They were found actively processing 
the question prompts in the problem-solving scaffold when playing the family allo-
cation level and the stadium construction level. What they liked most about these 
supports was the stepwise problem-solving guide for planning their problem-solv-
ing process. They reported that the newly added supports (e.g., the supports for the 
actions of collecting and trading) were easy to use.

8.2.4  Summary and Implication

Overall, this case study illustrated our design attempts to engage student players in 
mathematical problem solving through action-based, interactive learning supports 
in a game-based learning environment. We observed that student players who lack 

Fig. 8.7 Introduction page in the learning support (second-round design)
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skills and commitment in constructing math problem representation had difficulty 
completing complex game tasks. To guide their problem representation process, we 
have designed and implemented interactive cognitive scaffolds for game-based 
mathematical problem-solving. The interactive scaffold aims to help players model 
the main task mathematically and motivate them to deliberately process information 
relevant to mathematics. We found that the revised version of in-game learning sup-
port managed to engage players in processing math-related information when they 
were playing the most complicated game levels. Additionally, we observed that stu-
dent players frequently gauge the cost and benefit (or value) of specific learning 
support during gameplay. In other words, the timing of providing and fading the 
support during a game task should be dynamically adjusted according to a player’s 
gameplay performance.

8.3  Case 2: Designing in-Game Support 
for Representational Flexibility

8.3.1  Background

Representational flexibility refers to the capability of switching attention and using 
different modes of representations to comprehend or reproduce knowledge (Herbert 
& Hayne, 2000). This concept also explains an individual’s use of representations to 
control responses (Zelazo et al., 1998) and adapt behavior or solutions to surround-
ing situations (Heinze et al., 2009). In prior research, representational flexibility is 
frequently examined as an individual’s capability to understand, interpret, and apply 
content knowledge to various design problem-solving tasks.

Adolescents with autism spectrum disorder (ASD) have been underrepresented 
in science, technology, engineering, and math (STEM) education (Wei et al., 2013; 
Wei et al., 2017). Relevant to this issue, autism research has found that the low rep-
resentational flexibility of adolescents with ASD explains their difficulty in aca-
demic achievement in STEM education. Representational flexibility is related to 
various STEM subjects that require learners to choose and execute correct represen-
tations to design, develop, and implement products. Specifically, tasks in STEM 
fields inherently require learners to enact representational flexibility in design 
problem- solving. For example, in engineering education, learners should decom-
pose, identify, and analyze the core features of a design problem and then imple-
ment design prototypes based on the analysis results. However, adolescents with 
ASD have a low sense of attention switching and inhibition (Geurts et al., 2009). 
Thus, adolescents with ASD are likely to experience challenges in understanding 
and applying content knowledge to various design tasks in STEM education. This 
calls for a task or learning environment that will foster representational experiences 
of adolescents with ASD through visually enriched approaches.
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Researchers have introduced and designed virtual reality (VR) based training for 
developing students’ intellectual skills (Didehbani et al., 2016; Parsons & Mitchell, 
2002). Hands-on and manipulative exercises in 3D simulations enable learners to 
better understand design problems. 3D simulations in a virtual world primarily aid 
learners with ASD in understanding complex and multifaceted design problems 
through enhanced visual and multimodal representations.

8.3.2  VR-Based Flexibility Training

We designed and developed a virtual reality (VR) based flexibility training program 
for adolescents with ASD. We used Opensimulator, an open-source VR platform 
that allows learners to experience interactive simulations and get hands-on practice 
with 3D simulations. The primary goal of this training program is to enhance the 
representational flexibility of adolescents with ASD by making them perform mul-
timodal (e.g., text, voice, and nonverbal) interactions through a series of design 
problem-solving tasks. During this program, participants need to conduct design 
problem-solving in several authentic scenarios. Each participant in this training pro-
gram participated in multiple 1-hour training sessions over 8–16 weeks.

This chapter focuses on two VR-based flexibility training modules: elevation 
bridge design and the Turing test (Fig.  8.8). These two training modules were 
designed in alignment with the science and engineering practices of the Next 
Generation Science Standard (NGSS). These training modules require students to 
engage in diverse inquiries to develop and apply their science and engineering ideas 
to authentic design problem-solving. Specifically, the first module (i.e., elevation 
bridge design) asks learners to design a 3D-morphed elevation bridge that includes 
simulations, while the second (i.e., Turing test) requires learners to design and code 
non-player characters (NPCs) that perform automated social interactions in a virtual 
world. In other words, the goal of the former module is to create a bridge design 
solution concerning mechanical engineering, whereas that the second one is to 
boost learners’ understanding of logic programming that represents human interac-
tions. The first module addresses both science- and math-relevant knowledge on 
Newton’s laws of force and motion. Adolescents with ASD in this module are asked 
to design a bridge based on the design needs of virtual villagers in the virtual world. 
The participants need to identify the villagers’ needs and come up with design solu-
tions via 3D blocks. To create 3D simulations in a virtual world, participants need 
to write scripts and apply them to the artifacts. In the second module, participants 
need to prepare a virtual environment for the Turing test, which is a method for 
discerning whether artificial intelligence is capable of replicating behaviors as a 
human being. Participants need to choose an environment theme (e.g., a restaurant 
and a hotel) that frames NPCs’ social interactions. Adolescents with ASD will then 
code and implement scripts that build adaptive and automatic NPC responses. This 
module requires adolescents with ASD to arrange a collection of code blocks and 
evaluate whether it logically represents human interaction paths. Overall, design 
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problems in a training program encourage adolescents with ASD to identify a design 
problem, collect evidence, draft a design prototype, and finalize a design solution.

As for scripting exercises for 3D simulations, we designed and implemented a 
block-based programming system that enables adolescents with ASD to use 3D 
blocks to code and run 3D simulations. Since all adolescents with ASD in training 
are novice learners in computer programming, we needed to use alternative repre-
sentations to foster their familiarity with scripting exercises. The proposed block- 
based programming board enables participants to create and customize multiple 
code blocks to build 3D simulations in training.

Aligned with the goal of this training, we have prepared an evidence-centered 
design model to evaluate the competency improvement of adolescents with ASD 
during the training program. Furthermore, this evidence-centered design model 
aims to map how given tasks in the training program can promote students’ observ-
able actions aligned with our target competency. Figure 8.9 is a tree diagram dis-
playing the structure of our target competency in our VR-based training. There are 
four significant facets of our competency model: (1) attention-switching or mental 
set-shifting, (2) alternative representations, (3) pattern identification and develop-
ment, and (4) pattern contextualization. Attention-switching or mental set shifting is 
a competency subset that indicates a learner’s capability to change perspectives 
between rules, given contextual demands. Alternative representations denote a 
learner’s use of multiple channels to interact with artifacts. Pattern development 
refers to a learner’s inductive reasoning during problem-solving. Finally, pattern 
contextualization refers to a learner’s deductive reasoning during problem-solving.

Fig. 8.8 Design exercises in VR-based flexibility training (Upper: Elevation Bridge, Lower: 
Turing Test)
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8.3.3  Learning Support Designs

Despite the promise of VR-based training for adolescents with ASD, one concern 
remains. Although VR motivates and engages adolescents with ASD via inquiry 
experiences in a 3D world, complex visual stimuli in VR are likely to cause distrac-
tion. Design problem-solving in a virtual world can be complicated because it 
requires learners to attain design skills as well as a deeper understanding of multi-
faceted design features. Adolescents with ASD are thus likely to experience either 
intellectual or emotional challenges in VR-based training. For these reasons, it is 
essential to provide in-time learning supports that can scaffold design problem solv-
ing while considering individuals’ intellectual capabilities.

8.3.3.1  Iterative Usability Studies

We observed a total of eight adolescents diagnosed with ASD for usability testing 
on the learning support design. We implemented iterative content analysis with both 
qualitative observation notes and screen-recorded videos of the training sessions. 
Based on the content analysis results, we made multiple revisions with the learning 
supports.

Fig. 8.9 Competency model for VR-based flexibility training
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8.3.3.2  Initial Learning Support Design

8.3.3.2.1 Design

In our flexibility training, we initially came up with multiple types of learning sup-
ports to assist adolescents with ASD in recalling relevant content knowledge (e.g., 
physics, mathematics, computer programming) during the training. Table 8.2 shows 
how each type of learning support functioned during training. Mainly, there are four 
types of learning supports, namely, environmental arrangement, agent scaffolding, 
facilitator scaffolding, and direct instruction. Environmental arrangement refers to 
visual feedback situated in the VR world, which enables adolescents with ASD to 
attend to significant changes in given 3D-represented circumstances. Agent scaf-
folding refers to learning supports presented by multiple NPCs, which deliver either 
training scenarios or design feedback to a learner. NPCs are either puppeteered by 
training facilitators or automatically run by an embedded LSL script in a virtual 
world. Facilitator-delivered scaffolding or prompt is aimed to stimulate partici-
pants’ articulation or reflection of their problem-solving behaviors. Finally, direct 
instruction includes both verbal and visual presentations of learning concepts that 
require learners to comprehend before attending to given design problems. Direct 
instruction is mostly implemented along with visual aids, including interactive 
drawing boards and web documents.

8.3.3.2.2 Study Findings

Based on the content analysis results, we identified challenges for adolescents with 
ASD during the VR-based training program. First, the interactive scientific anima-
tions embedded into a virtual world (as part of direct instruction) did not aid the 
participants in recalling their content knowledge. The participants barely used them. 
Via a virtual media board, we embedded and presented the widely-used PhET simu-
lations—the online interactive 2D simulations that allow learners to experience sci-
ence experiments via drag-and-drop mouse interactions (Wieman et al., 2008). We 
encouraged adolescents with ASD to browse and use the related PhET simulations 
during the design inquiry. However, the participants reported difficulty identifying 
how the concepts depicted in the selected PhET simulations would relate to the 
design problem-solving context. For example, when playing the simulation that 
depicts net forces and distance changes by the force and time variables, most ado-
lescents with ASD failed to recall or apply the relevant knowledge during the actual 
design exercises. This observation suggested that the instructive simulations need to 
better bridge the domain-specific concepts and the design problems in the VR train-
ing program.

Second, adolescents with ASD faced a challenge in identifying the relationships 
among multiple variables in physics. For example, they failed to explain intercon-
nections among force, velocity, and distance as to Newton’s second laws when 
designing a prototype of an elevation bridge. Since the elevation bridge module 
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requires learners to adjust the force and time variables while considering the esti-
mated height of the bridge, a task-specific formula was provided for the learners to 
compute the force and time values. However, most of them did not fully understand 
it to compute the results. This finding echoes the previous findings that adolescents 
with ASD need alternative representations that enable them to identify complex and 
intertwined relationships among multiple variables.

Table 8.2 A list of learning supports in VR-based flexibility training

Types of learning 
supports Design features Description

Environmental 
arrangement

Kinematic marker Automated and responsive text messages from a 3D 
object inform how the force and motion variable 
changes over time

Heads-up display 
(HUD)

It enables the participants to either access web-based 
information or co-writes a draft of their code design 
plan

Interactive toy (in 
exercises)

An interactive toy delivers text messages that indicate 
the change of variable values in relation to the toy’s 
forces and movements when a learner manipulates it

Agent scaffolding Information 
presentation

An NPC presents both a scenario and individual needs 
that a participant takes into consideration

Feedback An NPC delivers design suggestions that include 
individuals’ customization needs

Facilitator 
scaffolding

Questioning A facilitator delivers questions to remind participants 
to recall relevant content knowledge or design 
procedures

Guidance A facilitator corrects participants’ behavior during 
either modeling or scripting in exercises

Modeling A facilitator shows example procedures of artifact 
designs that help participants rehearse steps in design 
problem-solving

Acknowledgment When a participant completes a task or has some 
progression, we acknowledge them to keep them 
engaged

Regulation This prohibits participants from visual distractions 
and then keeps them focused during training

Direct instruction Interactive 
animation

A web-based 2D simulation that enables a learner to 
run tests on what they have learned

Advanced organizer A verbal reminder that recalls participants’ prior 
knowledge as to what they have learned in previous 
exercises

Debriefing This facilitates participants’ verbal articulation of 
what they felt and experienced during design 
problem-solving

Explanation Using interactive media (a drawing board or a web 
document), a facilitator presents required concepts on 
domain-specific knowledge
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Third, we found that all adolescents with ASD needed more learning support in 
block-based programming exercises. The goal of block-based programming exer-
cises in our training is to foster learners’ comprehension of the underlying relation-
ships among variables via a hands-on manipulation of code blocks. In addition, such 
block-based programming enables adolescents with ASD to acquire a sense of logic 
programming via the order of code blocks. However, the content analysis result sug-
gests that adolescents with ASD still failed to fully endorse the rules of block-based 
programming exercises. Instead, they relied on random changes to guess solutions 
without data-driven decisions or reasoning. This indicates that additional prompts 
are necessary to encourage adolescents with ASD to identify the rudimentary rules 
of logic programming.

8.3.3.3  Second-Round Learning Support Design

8.3.3.3.1 Design

Based on the aforementioned findings, we built two new learning supports: (1) 3D 
Flow Maker and (2) Cheatsheet. The 3D Flow Maker (Fig. 8.10) is a network cre-
ator that learners can use to build their network model consisting of 3D nodes and 
links. This tool facilitates learners’ understanding of decision trees, which depicts 
the logic of the programming code via network visualizations. This tool allows ado-
lescents with ASD to create, name, and modify connections of networks to repre-
sent the decision trees of scripts beforehand.

Next, the Cheatsheet is a 2D and HTML-supported tool that helps participants 
better retrieve relevant content knowledge (physics, math, and computer program-
ming) for design problem-solving. The Cheatsheet presents interactive slideshows 
that encourage adolescents with ASD to swiftly review and apply the required 
knowledge to their design cases.

Considering the need for multiple representations in adolescents with ASD, the 
Cheatsheet enables adolescents with ASD to choose multiple modes of representa-
tions (i.e., text, visual, and symbolic) on the same concept. The Cheatsheet is pre-
sented using a HUD in VR, in an attempt to accommodate learner agency while 
reducing visual distractions and excessive cognitive load. Figure 8.11 demonstrates 
how the Cheatsheet in this training program was integrated and implemented.

8.3.3.3.2 Study Findings

We tested both the 3D Flow Maker and Cheatsheet in the second training module 
(Turing test). Overall, the learning supports benefited adolescents with ASD in their 
performance of design exercises. All adolescents with ASD in our program reported 
positive feelings of using both learning supports. By using the 3D Flow Maker, our 
participants were engaged in hands-on exercises with the 3D network design. They 
got to draw a structural network that depicts their understanding of the human 
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interactions while embodying the logic of code blocks. The Cheatsheet, as expected, 
was found effective in assisting adolescents with ASD in retrieving relevant knowl-
edge during design problem-solving.

We identified another design issue through the content analysis. Some adoles-
cents with ASD needed additional prompts to process and execute the holistic struc-
ture during scripting exercises. These scripting exercises require learners to consider 
the big picture and align the structure of code blocks with the decision tree self- 
constructed using the 3D Flow Maker. However, our qualitative observations 
revealed that adolescents with ASD faced difficulty in aligning their plan of block- 
code scripting with the decision trees they initially designed. They tended to focus 
on localized pieces of the scripting task. Prior research corroborates this observation 
(Happé & Frith, 2006). Therefore, it is warranted to design learning supports that 
will scaffold holistic procedure planning and execution by adolescents with ASD.

8.3.4  Summary and Implication

Overall, this case study demonstrated our efforts to design VR-situated learning 
supports that promote the enactment of representational flexibility in a complex 
STEM learning task. We found that adolescents with ASD generally experienced 
challenges in enacting representational flexibility during STEM-related design 
problem-solving. To visually support their representational flexibility performance 

Fig. 8.10 3D Flow Maker in VR-based flexibility training
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and guide their attention during VR-based training, we designed and implemented 
two types of learning supports. Specifically, we aimed to foster adolescents’ repre-
sentational flexibility by presenting intuitive and interactive learning support tools 
(i.e., the 3D Flow Maker and Cheatsheet) designed to promote adolescents’ use and 
construction of multiple representations during design problem-solving.

We found that the revised version of in-game learning supports enables adoles-
cents with ASD to actively interact with multiple representations, thus fostering 
their representational flexibility for STEM design problem-solving. First, the 3D 

Fig. 8.11 The 3D Flow Maker in VR-based flexibility training. (a) Implementing the Cheatsheet 
in a VR world. (b) Interface examples of the Cheatsheet
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flow maker enabled adolescents with ASD to practice attention switching/mental set 
shifting to develop multiple pathways of NPC interactions in a 3D represented net-
work. Second, multiple modes of representation in the Cheatsheet allowed adoles-
cents with ASD to explore various representations for the same topic. Third, in 
terms of pattern identification and development, the two learning supports allowed 
students to build a holistic view of the design problem when exploring a solution. 
Finally, as to pattern contextualization, adolescents with ASD analyzed, decom-
posed, and contextualized NPC interaction pathways in the 3D flow maker using the 
template block codes from the Cheatsheet.

8.4  Conclusion and Discussion

In this chapter, we presented two design cases demonstrating how iterative design 
and inquiry of learning support occurred in simulation game-based learning envi-
ronments. For E-Rebuild, we described the iterative design and development of in- 
game learning supports to facilitate student players’ mathematical problem-solving 
processes. Through iteratively refining and pilot testing the in-game learning sup-
ports, we examine design heuristics in relation to unobtrusive learning supports for 
a complex problem-solving task. The current design and exploratory study findings 
could inform on the development of in-game learning support that (a) are game 
action-oriented to be engaging and context-related, and (b) promotes problem anal-
ysis and solving with domain-specific concepts and procedures. A salient design 
and research implication is that learning supports should be task- and context- 
relevant to foster learners’ agency in selecting and processing these supports, espe-
cially when a complex learning task and an open-ended learning environment are 
involved. A potential design challenge is that learners may differ in their commit-
ment, prior knowledge, and cognitive motivation with a learning task, thus compos-
ing different levels of agency in endorsing and processing learning supports. 
Therefore, future research should further examine the design and impact of learner- 
adaptive scaffolds in a computer-assisted, complex learning environment.

In our second design case, we reported on the design and implementation of 
dynamic learning supports that foster the enactment of representational flexibility of 
adolescents with ASD during VR-based, STEM-related design problem-solving. 
The current study findings suggested potential design heuristics governing multi-
modal learning supports suited for adolescents with ASD. Specifically, the learning 
support that enables adolescents with ASD to externalize and review their mental 
sets (the 3D Flow Maker), as well as the one that presents a multimodal representa-
tion of core concepts (the Cheatsheet), are found to promote the enactment of rep-
resentational flexibility. Both learning supports are well integrated into the VR-based 
learning environment and coherent with the problem-solving task. These design 
heuristics can transfer to and get further studied in other technology-rich STEM 
learning environments.
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Chapter 9
Fostering Learning Transfer by Employing 
a Learning App for Future Preschool 
Educators in Vocational Schools

Jana Heinz and Eva Born-Rauchenecker

9.1  Introduction

While game-based learning (GBL) has been established as an increasingly accepted 
and widespread approach in international research, only a few projects can be found 
in the area of Early Childhood Education and Care (ECEC) in Germany (e.g., 
Beutner & Pechuel, 2015; Bildung durch Sprache und Schrift [BiSS], Staatsinstitut 
für Frühpädagogik [IFP], & eforce21, 2018; Heininger et al., 2016). Reasons for 
this may include the teachers’ strong focus on the curriculum, their extensive expe-
rience in analog teaching, and limited support from the state governments, which is 
only now slowly increasing for digital teaching formats in vocational schools.

In this paper, we describe the process of designing a learning app until it was 
programmed. We start with an overview of the project and the differing project 
tasks, one of which was the conception of an app, built upon international research 
results on game-based learning and project-internal research on user expectations. 
We focus on the different groups of people whose expectations and expertise influ-
enced the process of designing the app. We conclude with our learning experience 
that GBL is well suited to meet students’ expectations toward learning and digital 
media in their professional training as well as to foster learning transfer between 
vocational schools and practical internship in the kindergarten. Hence, the efforts to 
develop such GBL applications are multilayered with regard to the necessary 
resources and expertise.
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9.2  Project Background

The learning app is part of a third-party-funded practice development project at the 
German Youth Institute in Munich. The project is called LuPE (Lehr- und 
Praxismaterial für die Erzieherinnenausbildung). It is funded by Deutsche Telekom 
Stiftung and ran from October 2014 to December 2020. It aims at providing a teach-
ing concept and teaching materials for future educators in ECEC, especially in kin-
dergarten, with a focus on S and M in STEM (early scientific education and early 
mathematical education, both mandatory areas in the ECEC specifications in 
Germany). The outcomes of the project include—besides the app—e.g., two books 
for vocational teachers, video clips on DVD, and online teaching materials (Born- 
Rauchenecker et al., 2018; Born-Rauchenecker et al., 2020). The teaching concept 
was developed by researchers at the German Youth Institute, and the teaching mate-
rial was produced in close cooperation with teachers of selected vocational schools 
in Bavaria, Berlin, North Rhine-Westphalia, and Thuringia. The concept for the 
learning app was the initiative of a small team—including two teachers in Thuringia.

ECEC education in Germany takes place predominantly as dual vocational train-
ing, combining more theoretical learning at the vocational schools with several 
internships at early childhood learning facilities. Thus, the main task of the project 
was to enhance the knowledge transfer between these two sites, generally accompa-
nied by the main contact persons—a vocational teacher and a practice instructor. 
Due to the current shortage of skilled ECEC specialists, it is always a challenge to 
guarantee the necessary personnel resources. Therefore, the app can be seen as a 
first small contribution to foster cooperation and knowledge transfer. The app 
includes illustrations of everyday situations showing kindergarten children playing. 
Selected micro-situations serve as a starting point in asking users to playfully reflect 
upon these situations, to identify underlying mathematical phenomena, and to find 
ways of discovering the mathematical aspects together with kindergarten children 
through interaction. In this way, the app provokes the application of professional 
skills that are essential elements of an apprenticeship for ECEC educators (such as 
monitoring, analyzing, reflecting, and interacting in forms of sensitive communica-
tion—suitable for the developmental phases and personalities of the children 
in care).

The teaching concept developed by LuPE’s scientific researchers focuses on an 
approach that integrates STEM education in a kindergarten’s daily routine, building 
upon former projects of the German Youth Institute (Jampert et al., 2006). In the 
recent LuPE materials, the future kindergarten educators are trained to recognize 
underlying mathematical phenomena in daily kindergarten routines, for instance, 
playing with wooden blocks or preparing meals. The materials aim at the develop-
ment of competencies to support children in gradually mastering their living envi-
ronment. Therefore, important skills to be taught are the ability to observe and 
interpret complex situations in pedagogical daily routine (Fröhlich-Gildhoff et al., 
2011) and to design and elaborate processes of interaction between teachers and 
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children (Purdon, 2016), falling back on area-specific knowledge and didactics 
(Duncan et al., 2007).

To help students gain these competencies and knowledge, a vocational teacher 
has to acknowledge students’ prior knowledge. Therefore, LuPE researchers con-
ducted a questionnaire and group discussions with the students at the beginning of 
the project in 2015 (Drexl et al., 2019). Results showed students’ high inhibition 
threshold and poor comprehension of natural sciences as well as a high necessity for 
reflection skills. Thus, early mathematical education for the respective teachers 
requires a holistic perspective for ECEC contexts. Accordingly, the teaching and 
practice materials take up students’ general knowledge, connect to students’ own 
life, start at a low level at vocational schools, and include students’ individual expe-
riences with regard to mathematical topics.

The conception of the LuPE app builds on these preconditions. We consider the 
learning app to be particularly well suited to support future kindergarten educators. 
It offers a playful approach to learning in early mathematics; it can be adapted to the 
learners’ prior knowledge as well as their individual learning rate. The app includes 
five illustrated kindergarten situations showing a girl of about four, called Becca. 
These situations, in particular the first scenes, are the starting point for playing, 
reflecting upon them, deciding on a move, getting the app’s feedback—and thus for 
learning. At an early stage, we planned to employ videos of real situations in kinder-
garten. However, as safety standards of the use of data, in particular of children, 
evolved as nearly insurmountable obstacles to employing these videos in an app, the 
team decided to use illustrations instead. All five playing situations are combined 
with three didactic dimensions:

Dimension 1: students can choose ways to start a conversation with the child in 
the situation. The possible phrases integrate elements of a didactic approach called 
Sustained Shared Thinking (Purdon, 2016). It is defined as a problem-solving form 
of communication, including elements such as active listening and positive ques-
tioning. “An episode in which two or more individuals ‘work together’ in an intel-
lectual way to solve a problem, clarify a concept, evaluate activities, extend a 
narrative, etc. Both parties must contribute to the thinking and it must develop and 
extend” (Siraj-Blatchford et al., 2002, p. 8). The interaction format Sustained Shared 
Thinking has been proven to have an impact on the later academic performance of 
children.

Dimension 2: the users are asked to identify the mathematical competencies of 
the child and mathematical phenomena underlying the illustrated situations. Here 
we build on subject-specific knowledge of early daily life-based mathematical edu-
cation (Purdon, 2016).

Dimension 3: users are offered the possibility to analyze and reflect on the learn-
ing situations with regard to their own professional experiences. This feature is 
based on a raster of analyses and reflection used in the training of ECEC profession-
als (Best et al., 2017). Five levels of a complex pedagogical situation are distin-
guished (each listing stimulating questions with regard to the child, the educator, the 
surrounding, etc.) and adapted to the requirements of ECEC apprenticeship with an 
STEM focus by LuPE researchers (Born-Rauchenecker & Drexl, 2018).
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Thus, users (students in ECEC) are invited to assume the role of a kindergarten 
teacher and start interactions with the children based on the illustrated playing and 
learning situations in the app. Here they can choose between given options or create 
their own individual ones. Depending on the interaction chosen, the learning situa-
tion can change or stop. Moreover, users are asked to identify the mathematical 
competencies of children from a variety of options suggested in the app. Finally, 
after having played the situations, they can reflect on their choices, interactions, and 
ideas. Their individual answers and responses are saved to a file, which can be 
shared via a screenshot with other users and the teacher in the classroom. With 
regard to whether this learning app is a game, it integrates the main features of GBL, 
such as fictional stories, roles, and challenges, although some features are missing, 
such as winning the game with a first/second place, instant rewards, and collecting 
points. As the learning app was designed to motivate students to create individual 
responses, reflect on a multitude of possible answers as well as anticipate many pos-
sible ways children can react, we considered such right/wrong feedback demotivat-
ing and thus did not integrate it.

9.3  Theoretical Context

Digital games have been perceived as a potentially engaging form of learning in 
almost all levels of education. Shaffer, e.g., states, “Computer-based games expand 
the range of what players can realistically do—and thus the worlds they can inhabit 
and obstacles they can overcome” (Shaffer, 2006, p. 127). At the same time, how-
ever, games in education, in particular digital games, have constantly evoked critical 
attitudes, emphasizing possible harm such as addiction and loss of motor skills. In 
their article “The Benefits of Playing Video Games,” Granic et al. (2014) argue that 
for too long, research has only looked at the possible negative effects. They demand 
that more balance is needed to identify the benefits of playing these games. The 
authors summarize research on the positive effects of playing video games, focusing 
on four main domains: cognitive, motivational, emotional, and social.

9.3.1  Terminology

Frequent terms employed in research on digital games in education are “game- 
based learning,” “educational games,” and “serious games.” Witt, for instance, 
defines “serious games” as a term that refers to the games as such, while seeing 
“game-based learning” as a term that highlights the associated learning processes in 
users (Witt, 2013, p. 29). Boyle and colleges, who carried out a review on educa-
tional games, find the term “serious games” has become mainstream and has been 
used interchangeably with “game-based learning” (Boyle et al., 2016). However, 
serious games and game-based learning can be differentiated from entertainment 
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games that are designed with commercial interests and often lack a didactic context. 
According to the majority of definitions on digital games in education, they include 
typical game elements (e.g., a story, game rules, elements of suspense and chal-
lenge), didactic concepts, and the absence of commercial interests (Ge & 
Ifenthaler, 2018).

Thus, in a study on serious game attributes, Bedwell and colleagues collected 
features that characterize serious games. These features were given to subject matter 
experts to discuss. These expert panels resulted in a game attribute taxonomy, 
including nine categories along which serious games can be characterized. These 
are action language, assessment, conflict/challenge, control, environment, game fic-
tion, human interaction, immersion, and rules/goals (Bedwell et al., 2012, p. 737). 
In conclusion, the authors ask for further investigations into the relationship between 
particular attributes and specific learning outcomes (such as motivation, declarative 
knowledge, or cognitive strategies) emphasizing the isolation of individual con-
structs to reveal links in attributes and outcomes.

Similarly, most researchers in the area of game-based learning demand more 
comprehensive and systematic studies. To strengthen GBL as an approach in educa-
tion, there seems to be a need for empirical analyses on specific game features and 
their effects on engagement, learning, and learning outcomes (Boyle et al., 2016).

9.3.2  Research on Effects of GBL on Learning 
and Learning Outcomes

Accordingly, the first systematic literature reviews have been carried out in the last 
decade, analyzing features of GBL that influence learning and learning outcomes. 
As early as 1999, Amaroy and colleagues investigated game types, looking for those 
most suitable for teaching and most interesting to students. Although carried out 
based on a small sample of 20 participants, the authors developed a detailed model 
of interrelations between specifics of a game and educational goals. They empha-
sized the further development of educational games that include visualization and 
problem-solving skills. These tools are regarded as sufficient stimulation to engage 
learners in knowledge discovery while at the same time developing new skills 
(Amory et al., 1999).

In a more recent review, Hainey et al. (2016) analyze studies from 2000 to 2013 
to find which kind of knowledge GBL can produce. The authors specifically looked 
at quality empirical studies associated with the application of GBL in primary edu-
cation. They categorized studies according to their learning outcomes and differen-
tiated between studies with foci on behavioral change, affective and motivational 
outcomes, perceptual and cognitive skills, and knowledge acquisition and content 
understanding (Hainey et al., 2016).

Another review (Boyle et  al., 2016) investigates empirical evidence of the 
impacts and outcomes of computer games and serious games. In their study, the 
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authors included games for entertainment and games for learning. Their analyses 
showed that the most frequently occurring outcome was knowledge acquisition, fol-
lowed by perceptual and cognitive, affective, and behavior change, with fewer 
papers reporting physiological, skills, and soft and social skills outcomes. They 
furthermore found that entertainment games and games for learning address differ-
ent kinds of outcomes with knowledge and skill acquisition almost exclusively stud-
ied in games for learning, with affective behavior change and physiological 
outcomes more likely to be studied with entertainment games. In conclusion, the 
authors see progress, on the one hand, with regard to understanding features that 
make games more engaging and thereby support learning. Thus, experimental stud-
ies found features, such as competition, uncertainty of information, and varying 
training schedules. Additionally, the authors state more precise definitions of sub-
jective experience constructs, such as flow, engagement, and appeal. On the other 
hand, however, they criticize that research on game features is “still quite piece-
meal” and thus demand further research including more comprehensive and system-
atic programs studying game features for engagement and learning (Boyle et al., 
2016, p. 22).

Eseryel et  al. (2014) investigated the interrelationships between motivation, 
engagement, and complex problem-solving in game-based learning. The authors 
found that a game’s design feature affects student engagement, motivation, and 
problem-solving competencies, in particular, their self-efficacy and perceived com-
petence. However, educational games by themselves do not lead to better learning 
outcomes. Therefore, there is a need for more evidence-based knowledge about 
effectively situated learning environments that can engage learners and support their 
development of complex problem-solving competencies. The authors emphasize 
designing educational games with opportunities for “complexity for students to 
engage in problem-solving tasks, with sufficient autonomy for students to make 
choices and attainable challenges to help them move closer to their intended goals” 
(Eseryel et al., 2014, p. 51).

9.3.3  Users’ and Teachers’ Involvement

A review by Jabbar and Felicia (Abdul Jabbar & Felicia, 2015) investigates how 
engagement is characterized in games and how it can affect learning. They find a 
multitude of influencing factors, as engagement and learning depend on players’ 
individual differences. To meet the individual gamers needs and competencies, 
Jabbar and Felicia thus suggest “the active contribution of the participants to the 
research design is important: Researchers should collaborate fully with participants 
to identify matters that contribute to (or decrease) engagement and should propose 
suitable elements to foster engagement and learning” (Abdul Jabbar & Felicia, 
2015, p. 769).

In addition to involving the participants and users of the game, teachers play a 
major role in employing games and thus in participating in designing games 
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(Cojocariu & Boghian, 2014). Research, focusing on the role of teachers, often 
emphasizes teachers’ roles as barriers to using digital media in the classroom and 
how to overcome them. Thus, teachers often seem to show negative attitudes toward 
its use and difficulties in using them in classrooms (Stieler-Hunt & Jones, 2019). 
Rather than focusing on such “teacher-deficit models,” Linderoth and Sjöblom 
(2019) investigate the role of pedagogical content knowledge (PCK) in noncom-
mercial serious games production. The authors compared two case studies of game 
development without any form of commercial agenda. They ask how PCK and the 
noncommercial aspect of the games being developed structured the production. 
They find different sets of skills and experiences provide a naturally organized 
frame for studying divergent approaches to game design, enabling contrastive anal-
ysis of decision-making practices and approaches to tensions between goals of 
design and education (Linderoth & Sjöblom, 2019). In particular, their results show 
that serious games production with a focus on teachers’ pedagogical content knowl-
edge (PCK) “tends to put the educational goal at the forefront of the development 
process. The educational goal takes precedence over other aspects of the game. This 
means that established ways of developing games can come into conflict with seri-
ous game development” (Linderoth & Sjöblom, 2019, p. 784). To meet both educa-
tional goals and game features, the authors suggest involving people with 
pedagogical content knowledge and knowledge about game development.

9.3.4  Fun and/versus Learning

These results point to another challenge in employing games in education: the fric-
tions between users’ expectations toward games as being entertaining and fun, and 
didactic features of serious games that aim at stimulation learning. As shown above, 
Granic et al. (2014) started their study of video games in the area of medical educa-
tion by stating that research about video games is biased, as it shows a strong 
emphasis on its harmful effects. However, at the same time, the authors warn of a 
hype surrounding gamification. One of the shortcomings, the authors explain, is that 
“medical practitioners, teachers, and researchers are not game designers, and as a 
result, they often develop products that miss the most essential mechanism of 
engagement in games: the fun. In an effort to pull together a set of valid principles 
or lessons, games for health and education often end up with the ‘chocolate-covered 
broccoli’ problem—the games look great, they are good for you, but they ultimately 
fail to work because the creative game dynamics that induce transportation and 
immersion are missing, making them simply not fun” (Granic et al., 2014, p. 74).

Similarly, Witt, for instance (Witt, 2013), describes the positive effects of 
employing game-based education in vocational training, such as fostering social 
skills and occupational competencies. However, she also warns that “it also emerges 
that gamers associate gaming with relaxation from the stress of work, and are not 
necessarily keen on seeing their game instrumentalized for work-related purposes” 
(Witt, 2013, p. 30).
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In addition, Eseryel et  al. (2014) find that students’ interest and engagement 
dropped after their initial excitement in playing a Massively Multiplayer Online 
Game (MMOG) when they realized that the tasks were of didactic nature. The 
authors found the decrease in the students’ motivation was due to a considerable 
extent to the digital game design.

Summarizing the research shows how GBL has been established by systematic 
research on the effects of learning. There has been robust knowledge created on the 
influence of individual elements of games on specific learning outcomes and atti-
tudes. Moreover, the challenges of developing GBL applications have become more 
visible. Thus, finding a compromise between the users and the persons involved in 
developing GBL has shown to be challenging. The process and outcomes of match-
ing different stakeholders’ views, experiences, and expectations to develop a GBL 
application—our app—is the focus of our contribution. In the following, we present 
these different groups of persons, their input, and how we have integrated it into the 
development of the app.

9.4  Methods

The following three research questions guided our study:

 1. Which basic conditions are necessary to exploit the specific potentials of the app 
in contrast to conventional teaching materials (worksheets, books, etc.)?

 2. How can the expectations of users (who use digital apps in their everyday life 
primarily for gaming and social media) be met in the vocational training context?

 3. How can didactic and STEM requirements in ECEC that have been developed 
within the research project be implemented in the learning app?

To answer these questions, and then to incorporate the results into the design of 
the app, we conducted workshops and online surveys. Data collection included the 
following different stakeholder groups:

 (a) Workshops with experts in the field of digital learning and software 
programmers.

 (b) A formative evaluation with the target groups (vocational school teachers and 
students) and experts in the field of early mathematics education.

 (a) Workshops with experts in the field of digital learning as well as experts in 
didactics and science

Two expert workshops were conducted in 2018 and 2019. Besides the 
researcher team of the German Youth Institute, two software developers who 
had already developed digital learning games participated as well as two experts 
for digital teaching and learning.

 (b) Formative evaluations with the target groups
The formative evaluation with the target groups (vocational school teachers and 
students) was conducted based on online questionnaires. The questionnaires’ 
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items focused on the following three dimensions: attitudes toward digital media, 
attitudes toward early STEM education in kindergarten, and an evaluation of 
the apps’ planned features with the opportunity to suggest changes and improve-
ments. The questionnaire was individually adapted to the different target groups 
(students and teachers) as well as experts in the area of early STEM education 
in kindergarten. Thus, slightly different versions of the questionnaire were 
employed. We combined quantitative items and questions leaving room for lon-
ger open answers. After preliminary testing (n: 9), the questionnaire was sent to 
all participating teachers (who were already involved in developing the books 
for teachers and thus were familiar with the project and its didactical concept) 
of the LuPE project in Bavaria, Thuringia, Berlin, Brandenburg, and North 
Rhine- Westphalia (n: 53). The teachers were asked to send their students the 
link to the student questionnaire. Furthermore, questionnaires for experts in 
early STEM education were employed and filled in by ten participants.

According to the research question, the aim of the analysis was to summarize and 
generalize the results and answers to use them for the development of the app and 
its refined adaption to target group expectations. The meetings and survey results 
are presented in detail in the following paragraphs.

9.5  Results

 1. Which basic conditions are necessary to exploit the specific potentials of the app 
in contrast to conventional teaching materials (worksheets, books, etc.)?

The two expert panels started with the input of the LuPE researchers. They 
presented initial concepts, the didactic background of the project, and who would 
teach and learn with the app. Following, an exchange of the various ideas, expec-
tations, didactic objectives, and limitations due to data security took place. First, 
a consensus was developed to align the app’s software architecture with the 
didactic concepts already established in the project (a focus on everyday early 
mathematics education, didactic concepts to develop considerate and meaningful 
communication with children, and to strengthen analytical and reflective skills). 
Second, the digital experts’ suggestions to connect digital learning with analog 
classroom activities were discussed. The team agreed upon these characteristics 
as an essential component when putting the app design into practice. In particu-
lar, the app should be seen as a tool for individual learning and, at the same time, 
as a tool for communicative exchange about the learning activities, results, and 
questions. Moreover, the suggestion was taken up for developing the app with 
interfaces to enlarge the originally five learning situations with additional situa-
tions, supplied and fed in by the users. Finally, the software developers showed 
ways how playing and learning can be enriched with elements of gamification. 
Thus, for instance, by playing several rounds in the app, badges are activated, 
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giving the user feedback on their state of learning and their gaming status, e.g., 
which parts were already played and which are still to play.
These workshops resulted in the decision to develop the app with differing menus 

that support users’ skills in the field of knowledge, their analytical skills, and peda-
gogical skills. Moreover, the users’ individual answers and their choices in the game 
can be saved into a file and thus be shared with other students and teachers. This 
feedback can be discussed in classrooms. Hence, the app can be employed for indi-
vidual learning and initiating exchange with other students and teachers. However, 
it was not possible to integrate additional playing and learning situations into the 
app after its finalization. These enlargements would have required constant updat-
ing and further development of the software code and were not included in 
our budget.

 2. How can the expectations of users (who use digital apps in their everyday life 
primarily for gaming and social media) be met in the vocational training context?

The students filling in the questionnaire were between 23 and 39 years old. 
The answers show that mainly women participated. Most of them had high 
school certificates or similar higher education entrance qualifications as their 
highest degree; one participant obtained a secondary school certificate.
All of them use apps in their daily life. Before the coronavirus pandemic and the 

transition from in-person to digital teaching, students reported on the following 
digital tool in teaching and learning: the digital learning campus (a platform provid-
ing content for digital teaching and learning as well as support for developing digi-
tal teaching resources) of their school. Since digital and online teaching has replaced 
in-person instruction, students learn with the learning campus to a larger extent, 
employ digital tools, such as “Zoom” and “Big Blue Button” (an open-source web 
conferencing system designed for online learning), and recorded online lectures.

The majority of the students welcome the shift toward an extension of digital 
media in teaching and learning, in particular when digital tools offer avenues for 
interactions between them. Some emphasize the importance of digital media in 
teaching and learning for times like the coronavirus pandemic, as it ensures they can 
continue their study. However, few students seem tired of digital media in teaching 
and learning, stating they prefer face-to-face lessons. They explained that “regular, 
analog seminars” would offer “more lively discussions, easier contact with other 
students and more motivation to actually participate in a lecture.”

All of the participants agree with the statement that learning apps can support 
them in building key competencies for the digital transformation, in particular when 
the digitals tools “have a clear and well-structured design,” “can convey relevant 
knowledge in a playful way,” and be “integrated into everyday life.”

With regard to their expectations toward a learning app, the questioned students 
express wishes with regard to an app’s usability and content. Thus, the app should 
be “easy to handle,” “well structured,” “easy to understand,” “coherent,” “self- 
explanatory,” “visually appealing,” and “be uncomplicated to use in everyday life.” 
The content should be “relevant,” “be enriched with examples,” have “references to 
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practical situations,” “links to students’ daily lives,” and should be “taught in a play-
ful way.”

The last part of the questionnaire focuses on individual features of the app. 
Answers to the question of how students would describe the app with one word, 
include the following terms: “helpful,” “unique,” and “structured.” All of the partici-
pants would like to learn with the app in their vocational training. Furthermore, we 
asked participants to rate the didactic components, which include exercises to (a) 
practice communication with kindergarten children, (b) identify underlying mathe-
matical phenomena, and (c) strengthen reflective and analytical skills. Compared to 
the other groups of participants (teachers, experts of early STEM education, and 
experts of digital media), the students show the highest degrees of approval. In par-
ticular, the app’s feature to strengthen the users’ analytical and reflective skills was 
very positively evaluated. There was less agreement received only on items asking 
for evaluations of the app’s interactivity.

When we asked for features to improve the app with regard to playfulness, inter-
activity, and further add-ons, the participants suggested the following: “better 
graphics” and “more vivid illustration.” Furthermore, they suggested features that 
“enable users to continue with the last example scene in case of an interruption” and 
“to convert answers into a word document.”

 3. How can didactic and STEM requirements in ECEC that have been developed 
within the research project be implemented in the learning app?

Questionnaires were sent to all vocational teachers who participated in the 
project and the development of the teaching materials. Results from the teachers’ 
questionnaires show that the majority of participants were female (about 80%). 
They were between 20 and 60 years old. Most of the participants in the group of 
teachers (80%) had high school certificates as their highest school certificate and 
some (20%) secondary schools certificates. Most teachers have undergone pro-
fessional training in the area of social work and social education. Their main 
subject responsibilities in schools were very broad, ranging from a focus on 
math to art.
The feedback for questions focusing on digital media in teaching and learning 

shows that the majority have already used digital media. All of the respondents use 
apps on their smartphones. With regard to teaching, 8 of 10 report having used tools 
such as e-mail, apps, eBooks, YouTube, PowerPoint, Google, and language learning 
apps. However, 30% say they had not employed any digital tools. Since the corona-
virus pandemic and the switch from in-person to online teaching, teachers have 
additionally employed digital tools in their lessons and communication with stu-
dents, including YouTube, school clouds, e-teaching books, and tools for video con-
ferences. Still, 20% say they have not used any digital tools. Furthermore, the 
majority of teachers welcome digital teaching and learning (90%), particularly for-
mats such as apps, eBooks, digitally recorded seminars, and school clouds. Teachers 
furthermore agree that digital media, such as apps, can support students’ key quali-
fications necessary for the digital transformation (90%) if they are seen as instru-
ments for learning and are combined with classroom learning.
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In the last part of the questionnaire, we asked the participants to evaluate indi-
vidual parts of the app. First, we asked for the teachers' expectations toward an app. 
The results could be summarized in the following three dimensions: usability, learn-
ing, and learning attitudes. Thus, with regard to the apps’ usability, we summarized 
wishes such as “easy to handle and to understand,” “clearly designed,” “colorful,” 
“not so much text,” “stable,” and “interactive.”

The “learning” category includes the following statement: “giving feedback,” 
“control over content and time to learn,” “support of self and distance-learning,” 
“control over learning,” “answering questions,” “help and stimuli to learn,” and 
“giving examples.”

“Learning attitudes” comprise the following expectations: “positive effects on 
students’ motivations to learn” and “stimulation of curiosity for topics in early 
childhood teacher education.”

Finally, we presented individual parts of the app and asked for the teachers’ 
assessments. When asked to evaluate the app with one word, these were “super,” 
“inspiring,” “partially to much text,” and “helpful.” Moreover, participants could 
rate individual characteristics within a 4-point scale (strongly agree, agree, disagree 
somewhat, disagree). In 90% of the items, the box “agree” was ticked.

Exceptions were the dimensions: support of analytical and reflective skills. Here 
the agreement was even higher (ticked “strongly agree”). However, less agreement 
was expressed when asked if the users would like to employ the app. Only 70% of 
the respondents agreed with this statement.

9.6  Discussion

In this paper, we discuss the process of designing a learning app, in particular how 
we incorporated students’ and teachers’ expectations as well as pedagogical and 
programming experts’ suggestions. While not a massive users’ game, the learning 
app includes important features of GBL, such as imaginary scenes, immersing users 
into a new role, solving problems, and getting feedback. In the process of develop-
ing the app, we drew on the knowledge of the effects of GBL and the associated 
challenges. Thus, the scientifically confirmed positive effects of GBL on students’ 
motivation and affective attitudes was the main reason to employ a learning app for 
the education of prospective kindergarten teachers. We thus hope to improve their 
predominantly negative attitudes toward mathematics, which were evident in the 
first survey. Similarly, positive effects on the increase of didactical competencies are 
expected through experiencing problem-solving situations that require students to 
actively reflect on ways (and prior knowledge) of interacting with the children in the 
app’s playing situations. Moreover, we were strongly conscious of the appeals of 
researchers to involve future users in the process of designing GBL.  Thus, two 
teachers were part of the working group designing the app, and we asked for teach-
ers’ and students’ feedback on the app and suggestions for improvement before 
finalizing the programming.
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Summarizing the results of the questionnaires and the expert panels, the variety 
of ideas and expectations about a learning app has become visible. Students 
expressed many wishes with regard to the apps’ usability and content. Compared to 
the other groups, they showed the highest rate of approval for the app, its features, 
and digital teaching and learning. Students expressed wishes to improve the app by 
including more appealing graphic elements and animations. The teachers’ approval 
of the apps’ individual features was still high; however, about 30% stated they have 
not used any digital media in teaching and still 20% since the coronavirus pan-
demic. Teachers’ expectations toward the app included more dimensions in com-
parison with the group of students, focusing on aspects such as usability, learning, 
and attitudes toward learning. Thus, while the apps’ ability to strengthen reflective 
and analytical skills was evaluated very positively, the apps’ interactivity received 
lower scores. These judgments guided several improvements of the app to enhance 
the interactivity, leading to several possible ways to play the app. Experts on digital 
media in particular emphasized ways to employ the app as a means not only for 
individual learning but also for further activities, such as ways for students to create 
and upload their own ideas. Thus, the app contains a menu that saves the users’ own 
suggestions and ideas that can be shared with other users, students, and teachers. 
Finally, we kept in mind the challenge to design an app that both is a game and 
stimulates specific ways of learning (about mathematics and empathic and cognitive 
activating interactions between teachers and children in childcare organizations). 
While the didactic expectations were largely incorporated, the gaming character is 
somewhat less pronounced (in particular, in contrast to commercial games).

9.7  Conclusion

The development of the app has been a process involving many cycles to meet the 
users’ expectations (vocational students and their teachers). Additionally, expert 
knowledge in the area of digital media, specific legal expertise with regard to data 
security as well as gamification skills contributed to the conception of the app—
even before the step of finally programming it. Thus, developing the app included 
much time, coordination, and expertise. However, as there are hardly any people 
who simultaneously possess didactic STEM knowledge for children and vocational 
students, knowledge on digital media and didactics as well as expertise in gamifica-
tion of learning professional competencies, these coordination efforts are necessary 
to develop an app that is welcomed by students and teachers. Although we tried to 
incorporate the expectations of all targeted user groups, we had to make compro-
mises. Thus, the students’ answers in the questionnaire indicate that the illustrations 
we integrated in the app might be assessed as somewhat antiquated since students 
have grown up as “digital natives” with sophisticated animations and app surfaces 
in digital gadgets. However, we were able to integrate teachers’ and didactic experts’ 
knowledge as well as digital media experts and software programmers’ expertise to 
a large extent. Nevertheless, some of the teachers—even in times when pandemics 
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impede regular teaching—expressed a general refusal to employ digital media in 
their teaching. Thus, regardless of how well the app has been aligned with didactic 
dimensions, the app will not find its way into these teachers’ classrooms.

Interestingly enough, the entire conception process of the learning app was a 
prototype at the German Youth Institute; accordingly, our team was perceived as 
pioneers in the field of GBL in ECEC. While GBL has been well established in 
international research, it is just starting in Germany. Large-scale comparative stud-
ies reveal German lessons repeatedly near the last place with regard to the extent 
digital media is employed as well as teachers’ positive attitudes toward digital 
media. Additionally, since there are no compulsory curricula for all 16 states of 
Germany to comprehensively implement digital media, individual teachers’ and 
administrators’ efforts determine to a large extent whether digital media and thus 
GBL is part of the lessons or not. Accordingly, only limited research on GBL in 
ECEC can be found while at the same time the discipline itself is evolving (Smidt, 
2017). Thus, for instance, the dual education system with a strong professional 
practical focus—proven over decades—is increasingly accompanied by academic 
alternatives (Beher et al., 2019). The teaching concepts and material, such as the 
learning app, are part of efforts to foster learning transfer for future preschool edu-
cators’ in vocational schools. The app addresses these basic skills and basic knowl-
edge, such as individual competence as well as analytical and reflective skills that 
future ECEC educators need whether to be attained in dual or academic training 
programs.

With regard to future research on GBL, we suggest investigating how students 
play and learn with games, such as in the app presented here and on how students 
and teachers integrate them in learning and teaching routines at school. These 
research questions point to the influence of traditional and cultural teaching patterns 
of individual educational systems on the ways learning and teaching are organized 
in schools. Hence, research is needed to show how GBL can be implemented in 
these routines. In Germany, we see a widening gap between students’ informal digi-
tal competencies and dispositions on the one hand and predominantly inflexible 
school structures with a strong focus on books, handouts, the dominant role of the 
teacher as well as a predominance of noncooperative learning forms on the other 
hand. Integrating GBL to a larger degree gives students a tool for individual learn-
ing and thus opposes these structures. Research, accompanying the resulting fric-
tions and changes following the integrating of GBL into teaching can yield insights 
into factors that influence changes in school structures. Scientific inquiries answer-
ing these questions should contribute to adjusting learners’ and teachers’ expecta-
tions in the digital age.
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Chapter 10
A Naturalistic Inquiry Into Digital Game- 
Based Learning in Stem Classes 
From the Instructors’ Perspective

Yun Li, Armanto Sutedjo, Suzanna J. Ramos, Hector Ramos Garcimartin, 
and André Thomas

10.1  Introduction

Digital games have shown much promise in their ability to support learning. 
Evidence indicates that digital games have positive effects on learning such as 
engagement, motivation, and knowledge construction (Clark, 2016; Jong et  al., 
2010; Martens et al., 2004; Prensky, 2006; Tobias & Fletcher, 2011; Wouters et al., 
2013; Wouters & van Oostendorp, 2017). Compared to the amount of money 
invested in digital games and significant research interest in game-based learning 
(Granic et al., 2014), it is roughly estimated that only about 10% of the classroom 
uses digital games as part of the instruction (Takeuchi & Vaala, 2014). Moreover, 
although the majority of adolescents playing video games (Lenhart et al., 2008), 
digital games used for learning purposes seem to fail to capture the hearts and minds 
of young learners the same as what commercial games do. Therefore, extensive 
research studies have been focusing on investigating how to design and develop the 
best games for educational use (Aylett, 2006; Ip et al., 2007; Jong et al., 2006; Lee 
et al., 2006; Shaffer, 2006).

However, apart from the educational game design, the actual adoption and inte-
gration are also critical factors to effective game-based learning. Thus, the issues 
that exist in integrating digital games in the classroom also need to be addressed 
(Halverson, 2005; Jong et al., 2010). In this study, we tend to identify the patterns 
in instructors’ teaching practices of instructional integration of digital games in the 
classroom and explore the possible reasons that influence instructors’ behavior 
within the framework of the Technological Pedagogical Content Knowledge 
(TPCK). Our study is conducted in the discipline of mathematics which requires 
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both conceptual and procedural understanding. Game is regarded as a great tool in 
helping students master abstract concepts and transfer knowledge (Boyle et  al., 
2011). The digital game used in this study is Variant: Limits, designed and devel-
oped by a group of professors and students from the Department of Mathematics, 
the Department of Visualization, and the Department of Educational Psychology at 
Texas A&M University. We aim to raise educators’ interest in using digital games as 
a tool to facilitate learning, particularly for those who are still skeptical about the 
educational value of digital games and to provide suggestions on game integration 
to the instructors who are interested in digital game-based learning.

This chapter is structured into six distinct sections. Section one presents the 
background and the focus of this study. Section two briefly reviews the relevant lit-
erature on game integration, theoretical foundation, and Variant: Limits game used 
in this study. Section three details the methodology of this study including a descrip-
tion of the participants, data collection procedures, and the method used for data 
analysis. Section four reports the findings that emerged from thematic analysis. 
Section five discusses the possible reasons that influence instructors’ game integra-
tion. The conclusion section additionally offers the limitations of the current study, 
implications for the educational practices, and recommendations for future research.

10.2  Technology Integration and the Variant game

10.2.1  Digital Games and Game Integration

Digital games, mostly in the form of serious games in education, are technological 
tools with which learners gain their knowledge and practice their skills by solving a 
set of challenges during gaming (Backlund & Hendrix, 2013; Vandercruysse & 
Elen, 2017; Wouters & Van Oostendorp, 2013; Zhonggen, 2019). Serious games 
contribute to the achievement of defined educational goals rather than entertainment 
purposes (Nazry & Romano, 2017; Zhonggen, 2019; Zyda, 2005). Learners receive 
constant feedback (e.g., scores and badges) to monitor their learning progress 
(Prensky, 2006; Zhonggen, 2019). Effective digital games can foster learning by 
changing learners’ cognitive processes and affect their learning motivation (Wouters 
& van Oostendorp, 2017).

Instructional integration of digital games is essential to achieve effective learning 
(Garris et al., 2002; Liu & Rojewski, 2013; Vandercruysse & Elen, 2017; Wouters 
& Van Oostendorp, 2013). The complexity of digital game learning environments 
can overwhelm learners, for example, overloaded multimodal information, compli-
cated game dynamics, and challenging learning tasks (Wouters & van Oostendorp, 
2017). Additionally, knowledge gained through gaming is intuitive that learners 
may struggle with knowledge retention and learning transfer (Leemkuil & de Jong, 
2011; Wouters et al., 2008; Wouters & van Oostendorp, 2017). Therefore, instruc-
tional support (e.g., guidance, reflection, and class discussion) is considered as a 
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necessary part to facilitate effective game-based learning (Tobias & Fletcher 2011; 
Vandercruysse & Elen, 2017; Wouters & van Oostendorp, 2013; Wouters & van 
Oostendorp, 2017).

10.2.2  Technological Pedagogical Content Knowledge

Technology integration is a complex process that involves three key components: 
content, pedagogy, and technology (Koehler & Mishra, 2009). According to Koehler 
and Mishra (2009), content knowledge discusses the actual subject matter. 
Pedagogical knowledge refers to the processes and methods of teaching and learn-
ing to make the knowledge transfer happening. Technology knowledge displays the 
fluency of technology that requires a deeper and more essential understanding of the 
technological tools to solve teaching and learning tasks in an adaptive way. These 
three components interact with one another that creates a diverse context for educa-
tional technology integration.

Koehler and Mishra’s (2009) TPCK framework describes teachers’ understand-
ing of how technologies interact with pedagogical and content knowledge to pro-
duce effective teaching with technology (See Fig.  10.1). Pedagogical Content 
Knowledge explains the knowledge of pedagogy that can be applied to teach spe-
cific content. Technological Content Knowledge discusses how technology and 
content can influence and constraint one another (Koehler & Mishra, 2009). 
Technological Pedagogical Knowledge describes how a change in teaching and 
learning when technologies are used (Koehler & Mishra, 2009). Teachers need to 
know how to utilize the technology for pedagogical purposes and its limitations to 
teach content knowledge.

Fig. 10.1 The TPCK model
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10.2.3  The Variant: Limits

Variant: Limits (Thomas et al., 2017) used in this study is an educational game that 
is designed specifically to teach Limits. In this three-dimensional adventure, game 
players take on the role of an explorer on an alien planet and are trying to figure out 
what happened to the civilization on that planet. Variant: Limits comprises four 
zones (1) the nature of points, (2) functions, relationship to Limits, & Limit Laws, 
(3) relating continuity to limits, and (4) asymptotes. Each zone has a series of unique 
problems and the players need to solve these problems to move forward (See 
Fig. 10.2 as an example).

A short tutorial is provided at the beginning of zone 1 to let the players get famil-
iar with game mechanics. While progressing in the game, the players get instant 
feedback for what they do in the game to help them build their understanding of the 
mathematical concept. Meanwhile, instructors can monitor students’ progress in the 
game. An integrated assessment is built in the Variant: Limits to help the players 
apply what they have learned during the gaming process (See Fig.  10.3 as an 
example).

10.3  Method

A naturalistic inquiry was chosen based on the type and features of the research 
questions set in this study that allowed the researchers to investigate the phenomena 
in a specific context (Denzin & Lincoln, 2000; Erlandson et  al., 1993; Guba & 
Lincoln, 1982). This qualitative research provided the opportunity for the instruc-
tors to share their stories of integrating the Variant game in Calculus classes. This 
method also guided the researchers to understand and interpret the experience and 
actions of instructors who adopted the game-based learning approach in teaching. 

Fig. 10.2 An example of the game zone
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Through the lens of naturalistic inquiry, researchers sought to assess the patterns in 
instructors’ actions to establish plausible inferences about the effective implementa-
tion of game-based learning in classroom instruction from the instructors’ 
perspective.

This study used Braun and Clarke’s (2006) thematic analysis framework to guide 
the data analysis process. The purpose of thematic analysis is to identify themes in 
qualitative data to explain the phenomenon in a specific context (citation). Braun 
and Clarke (2006) classified themes into semantic and latent. Semantic themes are 
the summary of “the explicit and surface meaning of the data” (p. 84), and latent 
themes capture “underlying ideas, assumptions, and conceptualizations - and ide-
ologies” (p.84) in qualitative data. In this study, researchers aimed to analyze the 
patterns in instructors’ teaching practices and behavior of integrating digital games 
in classroom instruction (semantic level) and to discover the underlying factors of 
the effective implementation of digital games (latent level). Therefore, the thematic 
analysis approach was appropriate to guide the data analysis process.

The target population was the instructors who used the Variant game to facilitate 
teaching in their classroom. A formal invitation e-mail along with a research infor-
mation sheet was sent to Triseum, the company where the Variant game was 
designed and developed. Triseum forwarded the research invitation to all 14 instruc-
tors who purchased the Variant game. In the end, four instructors accepted the invi-
tation and participated voluntarily in this research study. These participants came 
from a high school, community colleges, and a university, and they all had positive 
attitudes toward game-based learning. The following table provided a more detailed 
background of the participants. A pseudonym was assigned to each participant and 
was used throughout the rest of this paper (Table 10.1).

Fig. 10.3 An example of the integrated assessment
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Data were collected using semi-structured interviews that allowed the partici-
pants to fully express themselves within a framework of themes to be explored 
(Merriam, 2009). Four participants were interviewed between October 2019 and 
February 2020. Each interview session lasted 1 h. One interview was done in person 
and the other three were conducted online via Zoom. The interviews were video-
taped and observational notes were taken for data analysis.

Data analysis was guided by a six-phase thematic analysis that consisted of 
familiarizing the data set, generating initial codes, searching for preliminary themes, 
reviewing themes, defining themes, and producing the reports (Braun & Clarke, 
2006). The data analysis fell into three stages in this study. In the first stage, research-
ers reviewed all transcripts and observational notes to get familiar with the data; 
meanwhile, the reflective memo was made to record initial impressions when 
reviewing the data. Two researchers subsequently engaged in open coding using 
Nvivo. The next stage was to search for themes and review them. Four researchers 
held regular meetings to organize the categories and discover the preliminary themes 
during this stage. The last stage was to “identify the ‘essence’ of what each theme 
is about” (Braun & Clarke, 2006, p. 92), after which researchers reported this the-
matic analysis of game-based learning in STEM classes from the instructors’ 
Perspective.

Trustworthiness in qualitative research was equivalent to reliability and validity 
in quantitative research. Lincoln and Guba (1985) proposed four criteria for estab-
lishing the trustworthiness of data: credibility, transferability, dependability, and 
confirmability, according to which, Nowell et al. (2017) outlined a practical proce-
dure that guides researchers to meet trustworthiness criteria in each phase of the-
matic analysis. This study followed Nowel’s (Nowell et  al., 2017) practical 
procedure to ensure the trustworthiness of data analysis (Table 10.2).

10.4  Results

The following section reports the primary categories and emerging themes derived 
from our data analysis. We generate our categories and themes in accordance with 
the thematic analysis proposed by Braun and Clarke (2006). The report below rep-
resents data analyzed from the interviews, observations, and reflective memos. We 
use quotes from our participants to provide an in-depth description of our findings.

Table 10.1 Demographics of participants

Participants Gender Degree background Teaching experience (years) Where to teach

Anna Female Engineering 16 High School
Ben Male Mathematics 37 University
Cody Male Mathematics 15 College
Sammy Female Mathematics 15 College
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10.4.1  Perception of the Value of Digital Games

Participants have teaching experience as math teachers from 15 years to greater 
than 30 years. Three of them have been using the Variant to teach Limits for more 
than 1 year, and one participant has been implementing the game in teaching for 
over 5 years. From the four participant’s narratives, they were all game players on 
different levels yet had little experience and knowledge about game-based learning 
methods. While these instructors all showed strong interest in using the Variant to 
teach Limits, it indicated in the narratives that perception of the value of digital 
games determined how the instructors would use the game in their teaching. When 
instructors only considered the game as an extra fun tool, they spent little time 
investigating the best practices of using the tool in teaching. For example, Sammy 
described the Variant game as “a possibility” and all she did was to play the game 
herself before the class to be able to answer the questions if any. She shared,

It (the Variant game) was only like the support, not mandatory offering... So there are no 
other plans than just providing the possibility at this very moment...But I went through the 
game twice before I gave it to my students, if they don’t understand, just ask me.

When instructors perceived the game as a learning tool, in addition to the immer-
sive experience, fun activity, and self-paced learning experience, they believed “you 
can learn while you play.” Moreover, instructors noted that the Variant game offered 
a different learning context. Before integrating the Variant game in teaching, it was 
common practice to teach math with traditional teacher-centered methods, i.e., lec-
turing, class activities, and homework. “It’s a pattern...that’s what you do and it’s 
your lecture...” Cody commented. In a lecture-based learning context, students 
learned math by listening to the lectures in the classroom and practicing analytical 
problems at home. The Variant game provided a different learning context in which 
students learned with a trying method. Cody explained,

It needs to be an immersive experience and all those things you take from normal video 
game playing, right, like repeatedly tried, don’t mind failing here, and get into it, and bring 
that over to the mathematics side.

Table 10.2 Means of Establishing Trustworthiness

Phase of thematic analysis Means of establishing trustworthiness

Familiarizing data Reflective memo
Generating Initial Codes Peer debriefing

Documentation of all team meetings and debriefings
Searching for Themes Peer debriefing

Diagraming theme connections
Reflective memo

Reviewing Themes Peer debriefing
Theme review by team members

Defining Themes Peer debriefing
Team consensus on themes
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Given this significant change in the learning context, instructors put effort into 
examining the tool and modifying teaching methods, applying various strategies to 
facilitate the game-based learning process, and evaluating the implementation pro-
cess of GBL for improvement.

10.4.2  Examining the Tool and Modifying Teaching Methods

Before integrating the Variant game into the classroom, instructors examined this 
learning tool in various ways. They spent time playing the game to get familiar with 
the content, structure, and rules of the game, piloted the game to collect feedback 
from the students, and searched for how other teachers use the game.

Ben spent quite a significant amount of time playing the game on his sabbatical 
leave. He explained, “I need to understand completely before I integrate it into my 
classroom.” Cody played through the game several times; additionally, he piloted 
the game with his business Calculus class. He recalled, “I set it up as an optional 
assignment...and did a survey to understand what students liked and what they 
didn’t in video games…” Similarly, Anna also piloted the game and realized the 
necessity of modifying her teaching method for the appropriate use of this learning 
tool. She explained,

I did lectures and would supplement with the game. Kids love the game. They absolutely 
loved playing the game. And I just felt like I wasn’t doing it. If you are using the game and 
not changing the way you teach, for me that doesn’t make sense. The whole point of the 
game is to do something different. And I needed to change the way I taught the materials.

After examining the tool, instructors further analyzed the challenges and oppor-
tunities with the Variant game to modify their teaching method accordingly. They 
discovered two major issues if using the Variant game to teach. One was the content 
mismatch. The Variant game built the content in its storyline, but most of the text-
book didn’t match the game structure. The other was teaching goals misalignment 
between the game and the school curriculum. The learning goal set in the Variant 
game was for students to understand the conceptual part of Limits, yet learning 
objectives designed in the school curriculum focused on algebraic operations. To 
address these issues, instructors tailored their teaching methods to meet the learning 
goals for students as follows:

• Revising course structure. Ben rearranged the topics and matched reading mate-
rials to follow the game structure. To make the game more meaningful to the 
students, he taught the topics, had the students playing the game in the class, and 
created some quizzes that were similar to the game puzzles as the homework.

• Chunking the variant game. Cody aligned the learning objectives for each of the 
four zones with the topics required by the school curriculum. When he was 
teaching those particular topics, he plugged the Variant game in the teaching 
process. Considering the concepts of Limits were covered in the Variant game, 
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Cody pushed this part of learning out of the classroom teaching and focused on 
tackling more advanced math problems in the class.

• Using the variant game only. Anna abandoned the textbook and used the Variant 
game as the main learning material. She had the students immersed in the Variant 
game to learn Limits at their own pace by themselves in the class. At the end of 
each class, she required the students to reflect on what they learned or named one 
thing they struggled with during the game playing.

Regarding the teaching goals misalignment, instructors recognized the discrep-
ancies between what was being taught in the game and what was being tested in 
exams. They all acknowledged playing the Variant game might not help students 
pass the exams directly. However, they all believed that the understanding of the 
concepts was the foundation of the algebraic application. Cody shared,

As I explained to my students, it is like a foreign language, right? Learning basic vocabu-
lary is really boring. But you can’t speak, you can’t have a conversation without the vocabu-
lary. But to get to the interesting stuff you’ve got to learn the basic thing. The concepts of 
Limits will be useful for the rest of their lives, but the particular algebraic operations 
may not…

Therefore, in addition to modifying their teaching methods as a whole, instruc-
tors reflected on how they applied specific strategies to help students connect the 
game playing with learning. These strategies were part of how the instructors inte-
grated the digital game in the classroom.

10.4.3  Applying Various Strategies to Facilitate 
the Learning Process

The instructors used a variety of strategies to connect game playing with learning. 
The instructors explained that they implemented these instructional strategies to 
increase students’ understanding that gaming was a part of the learning process. The 
most frequent strategies used were classroom discussion, peer collaboration, and 
reflection:

• Classroom Discussion. Instructors utilized this strategy in the classroom after 
students playing the Variant game. They brought up the questions that guided the 
students to discover the connections between the game playing and the textbook 
content. Cody shared,

When they come out of the game and I say, “OK now let’s do this analytically. You’ve been 
doing this graphically. Now you have an equation that you don’t know what the graph is. 
Before, [in the game] you had a graph, [but] you didn’t know the equation was. Now, you 
have an equation that you don’t know what the graph is. Now, what do you do with this?”

• Peer Collaboration. Instructors monitored the game level of the class as a whole, 
and they encouraged peer collaboration when necessary. The interactions 
between the students allowed those who weren’t gamers to learn from their peers 
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and provide opportunities to those who were gamers to be reflective about what 
they had learned in the Variant game. To promote real collaboration, instructors 
advised students to help their peers discover the solutions but not to tell them the 
answers:

If somebody is stuck, the first thing they do is who’s been on this puzzle before. They help 
each other. The two kids who finished, I told them they had the hardest job because what 
their job was to help people without telling them what to do. They were allowed to sort of 
guide other students through, and maybe give them a little hint, but they weren’t allowed to 
tell them how to solve the puzzle. Because I’ve said if you’re just getting them through the 
puzzle, they can’t really understand why the puzzle works.

• Reflection. Instructors used this strategy to allow the students to share their game 
experiences as well as their struggles and confusion in the Variant game. Anna 
applied this strategy in her classes as she had the students learn Limits at their 
own pace by themselves in the class. She posted reflection questions in a system 
called Grokspot.org at the end of each class. Students could answer the reflection 
questions or share one thing that they had struggled with from the game playing. 
By doing this, she explained,

Just something at the end to give them so it didn’t seem like we just played a game for a 
whole class and then everybody left and forgot everything. So just to hold them accountable 
for their learning a little bit.

10.4.4  Evaluating the Implementation Process 
for Improvement

In general, instructors assessed their implementation in two ways: class observation 
and reflective note-taking. The class observation was used as an informal assess-
ment method that observed student reactions to game-based learning and addressed 
the problems in a timely manner in the classroom. For example, noticing when 
many students were stuck in particular puzzles, instructors pulled up the game and 
walked through that puzzle in the class; recognizing the students who didn’t like 
playing games got frustrated, instructors talked through the first puzzle to help them 
understand how the Variant game worked; spotting when the gamers played fast, 
instructors created teams and assigned roles to them so that they could allocate their 
time to help teammates.

Reflective note-taking was used by Anna. She constantly took notes so that she 
could “go back and look at it again before implementing the game next time.” 
Reflective note-taking was helpful to document her thoughts, experiences, and fail-
ures to implement changes and guide future teaching practices.
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10.4.5  Emergent Themes from the Study

Two major themes emerged from the data analysis: (1) Educational digital games 
are designed for learning purposes and should be incorporated into lesson plans to 
facilitate teaching and learning. (2) Purposeful implementation is essential to make 
game-based learning effective.

Within the TPCK framework, the first emerging theme highlighted a key idea 
that the digital game is a type of educational technology. The purpose of educational 
digital games is to assist instructors to achieve their teaching goals. Similar to other 
technologies, digital games can influence and constraint the type of content that can 
be taught. Therefore, it is critical to understand the affordances and constraints of 
the targeting digital game to identify if it is the appropriate tool for the designated 
teaching goals. This type of understanding is called Technological Content 
Knowledge in the TPCK framework.

In this study, three instructors played the Variant game before integrating it into 
their classroom. They recognized that the choice of the Variant game could impact 
their practices and the learning content they teach. As described earlier, they recon-
figured the Variant game and tailored their teaching method to meet the established 
teaching goals. Unlike the other three instructors, Sammy played the game twice to 
get familiar with the tool before integrating it into her class. She noticed how the 
Variant game could help students better understand the concepts of Limits, but she 
strictly followed what she was required by the school curriculum:

My goal is to help them with the knowledge or show them the knowledge so that they are 
able to do what the exam requires. So in fact, they don’t need it (the Variant game). But I 
know personally that if they go through the understanding, not only through the calcula-
tions, they will be better in mathematics in general. But it’s not the goal of what I am doing 
at my work. I would say my teaching goal is to push students through the exam.

She recognized the affordances and constraints of the Variant game but seemed 
to lack the skills to look beyond the common use of digital games. Therefore, she 
used the Variant game as a “possibility” to attract students’ attention to Limits. 
When she was asked if she had any plans to teach with the Variant game, she 
explained,

It (the Variant game) was only like homework or volunteering support for those who are 
willing to do something more...I don’t have other plans because I don’t have enough time 
to do things. So there are no other plans but just providing the possibility at this very moment.

The second emerging theme outlined the importance of pedagogical knowledge 
in integrating digital games for educational use. The Variant game is designed with 
the constructivist learning paradigm in which learners construct their understanding 
and knowledge of Limits through solving the learning tasks in an interactive adven-
ture. Although the constructivist learning approach emphasizes student-centered 
learning, the teacher’s role as a facilitator is equally important for this learning 
approach to be effective (Bada & Olusegun, 2015). The teacher’s role is particularly 
important for constructivist learning through digital games (Jong et  al., 2010). 
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Without any scaffolding, students have difficulties in knowledge transfer and appli-
cation (Jonassen et al., 2003; Jong et al., 2010).

As aforementioned, three instructors applied various strategies to facilitate 
game-based learning, for example, peer collaboration, reflection, and class discus-
sion. These instructors were actively involved in these activities to guide students to 
integrate learning experience into the gaming experience. Anna recalled,

The kids see learning through the game and they appreciate that. They know that it’s differ-
ent. They notice that they are learning differently and they notice that they are using the 
game to learn instead of being lectured to.

Compared to the above three instructors, Sammy got involved but in a limited 
way in students’ learning construction process:

I went through the game twice before I gave it to my students, so I was quite experienced. 
So I told my students, if they don’t understand, just ask me. But they didn’t use this possi-
bility. So they rather go to YouTube to see the solution than asking the teacher.

As a result, her students played the game for fun. “They took it like fun. The 
game was fun.” Sammy commented.

10.5  Discussion

Research on game-based learning has been emphasizing a balanced design of edu-
cational digital games that aims to integrate learning goals into game mechanics for 
an effective learning game experience (Betz, 1995; Jong et al., 2010; Kirriemuir & 
McFarlane, 2004; Squire, 2003). Apart from the well-designed educational digital 
games, the actual implementation of game-based learning in the classroom is also 
the main determinant of an effective game-based learning experience. Our analysis 
of the 4 instructors in this study suggests that integrating digital games into the 
classroom is dynamic and complex, it particularly requires a deep understanding of 
the relationship between teaching and this specific technology. High implementers 
were acutely aware of the connections of knowledge among content, teaching, and 
the Variant game. These instructors had established their best practices that helped 
students connect learning experience with gaming experience. Low implementers 
overlooked the interaction between content, teaching, and the Variant game. These 
instructors used the Variant game as a standalone activity that resulted in a weak 
connection between the learning experience and gaming experience.

We observed that high implementers tended to be more flexible with the affor-
dances and constraints of the Variant. They leveraged the affordances of the Variant 
game to improve learning experiences and performance and adapted instruction to 
accommodate the constraints. On the other hand, low implementers were relatively 
rigid when working with the Variant game. Their focal point rested on the con-
straints that prevented them from the full integration of the Variant game in the 
classroom. This inflexibility led to the Variant game being used as an optional 
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resource in their traditional teaching method, and consequently, the degree of inte-
gration, to be limited.

What we have learned from this study suggested that what is central to the effec-
tive integration of digital games in the classroom is a deep understanding of the 
relationship between content, teaching, and the game. This requires technological 
content knowledge and technological pedagogical knowledge, according to the 
TPACK framework. Most digital games are not designed to meet the specific learn-
ing context or goals (Koehler & Mishra, 2009). As such, it is essential to overcome 
functional fixedness (Duncker, 1945) and reconfigure digital games in alignment 
with educational purposes.

10.6  Conclusions

When being integrated effectively in the classroom, games can motivate learners 
and help students master learning outcomes for motor skills, technical skills, affec-
tive, and cognitive skills (Garris et al., 2002). The results of this study indicate that 
digital games can be used as an effective tool to facilitate learning when instructors: 
(1) aware educational digital games are designed for learning purposes; (2) recon-
figure the game or modify the teaching method before the implementation; (3) facil-
itate the game-based learning process during the implementation; and (4) evaluate 
the implementation process for future improvement.

Although this study has reached its research goal, there are some unavoidable 
limitations. First, the goal of a qualitative study is to provide a thick description of 
a phenomenon (Merriam, 2009); therefore, a generalization of the findings is not the 
purpose of this study. Second, the information gathered is based on a small sample 
size. Due to limited time and resources, we have only interviewed four instructors, 
but it would help to mitigate some of the bias and validity threats if more instructors 
were interviewed. Third, the study is limited to the data generated from semi- 
structured interviews. The semi-structured interview allows participants to fully 
express themselves within a framework of themes (Merriam, 2009). The questions 
for each participant are not the same that might lead to inconsistent results and biases.

While this study is specific for the discipline of mathematics, information gath-
ered in the study could be useful for researchers and instructors from other disci-
plines who are interested in integrating digital games in a similar setting. In light of 
the findings discussed above, the following implications are recommended:

First, a deep understanding of the interaction between technologies and content 
knowledge is critical for the success of effective game integration. According to our 
findings, an important part of a successful game integration in the classroom is the 
result of instructors’ awareness of educational affordances in digital games and 
instructors’ purposeful implementation of digital games. Therefore, we propose 
integrated training to help instructors understand how technology and content can 
influence and constraint one another and how teaching and learning could be differ-
ent when technologies are used (Koehler & Mishra, 2009).
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Second, more research attention to game integration is needed for a more com-
prehensive understanding of effective game-based learning. Research in game- 
based learning has mainly focused on examining game effectiveness as the main 
contributor that affects the learning outcomes (Aylett, 2006; Ip et al., 2007; Jong 
et al., 2006; Lee et al., 2006; Shaffer, 2006). Compared to game effectiveness, game 
integration in the classroom, as the other major factor that contributes to effective 
game-based learning, has not yet been investigated systematically (Clark, 2016; 
Halverson, 2005; Sitzmann, 2011). Therefore, we call for more qualitative research 
to investigate instructors’ practices and behavior of game integration across various 
disciplines, thereby identifying a set of applicable guidelines for game integration. 
Subsequently, quantitative research should be carried out to evaluate and improve 
the effectiveness of the applicable guidelines summarized from qualitative research.
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Chapter 11
Designing an Augmented Reality Digital 
Game for Adaptive Number Knowledge 
Development

Jiaqi Yu and André R. Denham

11.1  Introduction

In recent decades, the emphasis on arithmetic education has shifted from routine 
expertise to adaptive expertise (Blöte et al., 2000; Hatano & Oura, 2003). Adaptive 
expertise is the ability to flexibly and creatively apply procedures in a meaningful 
way to solve mathematics problems. To strengthen students’ adaptive expertise with 
arithmetic, instructors should encourage students to explore the underlying relations 
between numbers and operations and practice with different number–operation 
combinations. Students also need to develop a stronger network of numerical rela-
tions and form a better mental representation of the system of natural numbers 
(Blöte et al., 2000; Brezovszky et al., 2019; Rittle-Johnson & Star, 2009; Star & 
Seifert, 2006). While constructivists tend to put more emphasis on the development 
of conceptual knowledge, it is important to recognize that one still needs the com-
putational skills involved in procedural knowledge to master the basic regularities 
and concepts in arithmetic problem-solving (Geary, 1994; Siegler & Shrager, 1984).

Adaptive expertise in arithmetic demands a rich, malleable, and interconnected 
network of numerical knowledge and relations that are transferable to novel sce-
narios. McMullen et al. (2016) define such abilities as adaptive number knowledge. 
Adaptive number knowledge encompasses a wide range of mathematical skills, 
such as the ability to recognize factors and multiples of a number, locate magnitude 
representation, and conduct estimations. Research suggests that the adaptive use of 
multiple strategies is associated with general mathematic abilities (Rittle-Johnson 
& Star, 2007; Star & Seifert, 2006). Expert mathematicians tend to show more 
adaptivity in mathematics problem-solving since they have mastered a greater 
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repertoire of strategies for problem-solving, and they are equipped with a more 
advanced level of mental arithmetic (McMullen et al., 2016). Moreover, the mastery 
of adaptive number knowledge can predict later pre-algebra skills and account for 
the disparities in students’ algebra learning (McMullen et al., 2017).

The traditional approach to arithmetic instruction in a classroom setting is often 
insufficient in developing students’ adaptive expertise in arithmetic. The confine-
ments of time and curriculum often limit the teaching of arithmetic to a finite num-
ber of problem-solving strategies and procedures (Baroody, 2003; Siegler & 
Lemaire, 1997; Verschaffel et al., 2009). Digital Game-based learning (DGBL) can 
offer a viable solution to address the issues related to the development of arithmetic 
adaptive expertise by providing an alternative instructional tool for building stu-
dents’ adaptive number knowledge and training their adaptive expertise in arithmetic.

Many scholars and educators have investigated the use of digital games for learn-
ing purposes (Gee, 2003; Prensky, 2007; Squire, 2003). DGBL can enhance motiva-
tion, engagement, and interest among learners (Prensky, 2010; Shaffer et al., 2005). 
Elements such as interactive graphics, storytelling, animation, rewards, and compe-
tition contribute to increasing learners’ external motivation (Prensky, 2010; Shaffer 
et al., 2005). Players can also gain internal motivation when they find the connection 
between learning and the game (Whitton, 2014). Educational games can also reduce 
learners’ cognitive load through embedded instructional scaffolding and meaning-
ful feedback embedded in gameplay (Pellas et al., 2018; Whitton, 2014).

Another affordance of DGBL is its ability to provide situated and experiential 
learning (Squire, 2008; Hainey et  al., 2011). Digital games provide an authentic 
context for learning, as games can situate the knowledge in a meaningful environ-
ment and add value and purpose to the act of learning (Whitton, 2014). Moreover, 
learners can gain a greater sense of agency in an educational game, as they provide 
learners control over the pace of their learning experience (Whitton, 2014). 
Furthermore, well-designed educational games are effective at cultivating learners’ 
higher order thinking skills, collaborative learning skills, and decision-making abil-
ities (Arnseth, 2006; Whitton, 2014).

The implementation of DGBL in mathematics education offers exciting peda-
gogical opportunities (Devlin, 2011). Through interactive gameplay, DGBL can 
provide an engaging training ground for students to practice their burgeoning math-
ematical skills (Denham, 2013). DGBL can also help ease the understanding of 
abstract concepts in mathematic learning since it allows students to interact with the 
metaphoric representation of mathematical concepts in a situated context (Devlin, 
2011). Beavis (2015) suggests that DGBL can enhance students’ higher level under-
standing of mathematics learning since it can help them master the complex concep-
tual and procedural knowledge. Furthermore, DGBL supports transfer as it can 
expose students to a wide range of problems in different contexts (Fregola, 2015).

It is important to point out that DGBL is by no means a panacea for all. The 
effectiveness of DGBL depends considerably on the game’s ability to integrate the 
learning content into the gameplay (Arnab et al., 2014; Devlin, 2011; Habgood & 
Ainsworth, 2011). Denham (2013) points out that the intrinsic integration of learn-
ing content in DGBL is the key to facilitating conceptual understanding in 
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mathematics education. Unfortunately, in mathematics education, the majority of 
educational games available focus on training basic mathematics skills at a lower 
level, and there is a paucity of effective game-based learning applications tailored to 
develop students’ higher order number sense and application skills (Rothschild & 
Williams, 2015).

Considerable research effort has been devoted to the study of DGBL.  At the 
same time, recent advancements in technology have brought new possibilities and 
challenges for digital game-based learning. As augmented reality (AR) technology 
becomes more accessible to average consumers, an increasing number of AR game- 
based learning applications are emerging in various educational fields (Fotaris 
et al., 2017).

Augmented reality encompasses a variety of technological applications that 
superimpose virtual content upon real-world objects (Azuma, 1997). There is a 
growing body of research investigating the affordances of implementing augmented 
reality in education settings. Studies show that AR can impact learning gains and 
improve students’ interest, engagement, and motivation in the learning content 
(Arvanitis et al., 2007; Chen et al., 2011; Di Serio et al., 2013; Radu, 2012). Leighton 
and Crompton (2017) posit that augmented reality can promote the development of 
twenty-first-century thinking skills since AR learning environments can support the 
practice of authentic learning, self-learning, contextualized learning, and collabora-
tive learning.

Moreover, by combining digital information with the physical objects, AR can 
facilitate embodied, situated, and multisensory learning while cultivating a deeper 
understanding of the learning content (Arvanitis et al., 2007; Dunleavy et al., 2009). 
There are two ways one can implement AR in learning environments—image-based 
or location-based (Chen & Tsai, 2012). Image-based AR projects virtual content 
upon a 2D or 3D marker. Location-based AR superimposes digital information 
upon location coordinates identified by GPS. A systematic analysis review found 
that image-based AR applications are more effective in facilitating conceptual 
understanding, spatial training, and hands-on skills. Location-based AR helps sup-
port ubiquitous and inquiry-based learning activities (Broll et al., 2008; Dunleavy 
et al., 2009; Klopfer, 2008).

Despite the increasing recognition of the affordances of AR in education, there is 
a lack of systematic investigations into the implementation of AR in digital game- 
based learning (Koutromanos et al., 2015; Pellas et al., 2018). Moreover, research-
ers point out that the design and development of AR applications should be informed 
by learning science theories and sound pedagogical practices (Chen et al., 2017; 
Sommerauer & Müller, 2018). To further probe the implementation of augmented 
reality in digital game-based learning, we have designed and developed The 
Nomads, an augmented reality mathematics board game that builds students’ adap-
tive number knowledge. To better connect the design of the game with what we 
know about how people learn, we take into account three key learning theories—
cognitive load, multimedia, and sociocultural theory. This chapter will provide an 
in-depth description of The Nomads; furthermore, we will elaborate on the design 
process and how the aforementioned theories informed the design of the game.
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11.2  The Game

11.2.1  The Design Process

The Nomads was designed and developed using a design-based approach. Design- 
based research is a systematic but flexible methodology that addresses the gap 
between traditional research methodology and applied research. It employs an itera-
tive process of design, development, analysis, and implementation in real-world 
settings with the ultimate goal of improving educational practices (Wang & 
Hannafin, 2005). The Nomads aims to provide a pragmatic real-world solution to 
the lack of instructional resources in adaptive expertise in mathematics (Verschaffel 
et al., 2009). An iterative process that takes into account the complex factors and 
emerging properties contingent to the real-world context (Brown, 1992) was imple-
mented in the design and development of The Nomads. Also, detailed accounts of 
the context-based evidence were documented to inform the iterative design and 
development of the game (Wang & Hannafin, 2005).

The initial design of The Nomads was as an analog board game. The analog ver-
sion of the game contains a game map, 2 dice, 12 character cards, buffalo pieces, log 
pieces, 6 player tokens, tipi pieces, and resource cards (buffalos, buffalo meat, ber-
ries, spears, and arrows). At the beginning of the gameplay, each player needs to 
choose a character card. Character cards are a vital game component as they inform 
players of the resources they will start the game with, the band they belong to, and 
the energy they need to spend at each step. The player then needs to gather resource 
cards and pieces according to the instructions on his or her character card (see 
Fig. 11.1).

At the beginning of each round, players first need to throw the dice to generate 
the steps they need to take. After moving their tokens forward according to the num-
ber generated by the dice, players are to calculate the energy their tribe has spent by 
multiplying the energy they need to spend at each step (provided by the character 
card) and the steps they have taken. Players need to feed their tribe using meat and 
berry cards. There are four types of cards they can use—one portion of meat (100 

Fig. 11.1 Analog version
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energy points), half a portion of meat (50 energy points), one portion of berries (20 
energy points), and half a portion of berries (10 energy points). Each player needs 
to replenish the tribe with the exact amount of energy they have spent in each round. 
The players also need to build tipis once every 12 steps. They need to use 3 logs and 
2 buffalo skins to build a tipi. Starting from one tipi initially, they need to build an 
increasing number of tipi until they have a total of six tipis (see Fig. 11.1).

The game map contains three geographical areas—the mountains, plains, and 
deserts. Players can harvest logs and berries in the mountains, hunt buffalos in the 
plains, and mine ore and stones in the desert. Every time players land on the square 
for buffalo hunting, they need to engage in battles. They are to draw a buffalo card 
from the deck, which informs them of attack points required to hunt this buffalo. 
The players are to hunt the buffalo using the weapon cards they have. Each weapon 
card contains an attack point the weapon carries. This is important as the cumulative 
attack points of the weapon cards they use need to match the attack points required 
by the buffalo card. Resources tend to be depleted quickly in the gameplay, so play-
ers need to rely on their teammates to successfully win the game (see Fig. 11.1).

A playtest of the analog version of the game took place at a summer camp for 
indigenous Native Americans. The playtest explored students’ gameplay experi-
ence, their feedback on the gameplay, and the game’s impacts on students’ arithme-
tic performances. Thirty campers ranging from 9 to 12  years participated in the 
study. Video recording of the gameplay, focus group interview data, and pre- and 
post-tests on students’ arithmetic performances were collected in playtesting. A 
repeated measure t-test of the pre- and post-test scores showed significant learning 
improvements after students played the game (P < 0.001). The video analysis and 
focus group interview analysis showed that most of the students found it challeng-
ing to participate in the entire gameplay—the participants often forgot the tasks they 
needed to complete in the game and needed constant guidance from the facilitator. 
Also, most participants were not adept at conducting the mental arithmetic required 
in the gameplay and needed scratch paper to complete tasks. Some participants used 
their fingers to conduct basic multiplication and they would get frustrated when they 
could not keep up with the gameplay. It was also observed that some participants 
would lose interest in the gameplay while waiting for others to finish their turns. 
This would result in them losing track of their analog resource pieces and cards. The 
methods used in the playtest did not have any predefined methodological structure 
or guidelines, making it difficult to form generalizable claims. Also, there was not a 
control group to compare the test results.

The need to address the problems discovered in the pilot study led to the creation 
of an augmented reality version of The Nomads. AR provides a means of reducing 
external distractions by presenting information, such as the game rules, exchange 
rates, and player’s storage of resources onto the augmented reality interface. 
Additionally, an AR interface can provide just-in-time feedback on gameplay pro-
cedures and integrate learning scaffolds into the game mechanic to help students 
who are struggling with basic arithmetic facts. For example, those students who still 
need to count fingers to perform basic multiplication are provided with a digital 
drag and drop multiplication scaffold to reinforce their mastery of the multiplication 
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facts. Furthermore, the AR version of the game allows players to play simultane-
ously—an individual player doesn’t have to wait for the other players to finish 
before proceeding with the next round of the gameplay. Table 11.1 compares the 
different features between the analog version and the AR version.

11.2.2  Describing The Nomads

Development of the AR version of The Nomads took place within the Unity3D 
Game Engine using C# programming language. Implementation of the AR function 
takes place through the Vofuria development kit embedded in the Unity3D game 
engine and the Photon framework handles the multiplayer functionality. There are 
two main components in The Nomads—the analog and the digital interface. The 
analog portion of the game consists of a game board, 6 tokens (6 players can play 
together at one time), resource cards, and exchange cards. Players need an iOS or an 
Android device (iPad, iPhone, or Android phone) to access the AR game digital 
interface needed to generate virtual graphics, 3D models, and interactive interfaces 
upon the analog elements of the game.

The Nomads grounds itself in the cultural context of a nomadic Native American 
Plains Indian tribe—the Lakota. The Lakota are one of the three tribes that consti-
tute the Sioux Nation. Traditional Lakota lifestyle centers around buffalo hunting. 
The buffalo was important to the Lakota as buffalo meat was the main source of 
food, clothing, and tools. The tribe led a nomadic lifestyle in which they followed 
buffalo herds across the continent. The Nomads attempt to simulate this aspect of 
the traditional Lakota lifestyle, as players assume the roles of tribal leaders tasked 
with leading their tribes across three distinct geographical areas—the mountains, 
the plains, and the desserts. Each geographical area presents specific opportunities 
and challenges for the tribes.

There are two teams in the game—the Oglala band and the Brule band. Players 
of the same band need to work together to ensure each other’s survival and gain 
points for the team. The final points are determined by three parameters—health, 
morale, and wisdom. The target points will vary at each game depending on the 
number of players in each team. The team that first reaches the target total points 
will win the game. Oftentimes, the success of the gameplay depends on the collabo-
ration among team members.

Table 11.1 Comparing 
features between analog and 
AR versions

Augmented reality 
version Analog version

Simultaneous gameplay Turn-based
Digital Scaffolds and 
feedback

Mental math/scratch paper/
finger counting

Digital Resource 
Organizer

Analog pieces and cards
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At the beginning of the game, players have to select their own avatar/character. 
There are 12 characters in the game, six of them are girls and the other six are boys. 
Each character will start the game with different storages of raw resources (see 
Fig. 11.2). There are buttons on the main interface—throw dice, calculate energy, 
feed tribe, make things, resources, exchange, and exit game. To start the gameplay, 
players first need to roll their dice. The player then needs to move their token on the 
board forward according to the number on the dice (see Fig. 11.2).

After that, the player needs to calculate the amount of energy the tribe has spent 
walking the distance for the round. The AR game interface randomly generates the 
amount of energy the tribe has consumed for each step and the player needs to cal-
culate the total amount of energy the tribe has spent by multiplying the number with 
the steps taken (see Fig. 11.3).

The second step is to recuperate the tribe by providing tribal members with food, 
that is, buffalo meat and berries. Players must be precise in their use of resources as 
the journey forward is long and daunting. For example, each portion of meat and 
berries contain a set amount of energy. This requires that the total energy consumed 
should be equal to the amount of energy spent during this round of the game. If 
players overconsume food, they will lose wisdom points; if they don’t consume 
enough food, they will lose health points (see Fig. 11.4).

Also, the player needs to build tipis every 12 steps they take. When it is time to 
build the tipis, the computer will randomly generate the number of logs and buffalo 
skins needed to build a tipi and the tipis required for the night. If the players don’t 
build enough tipis, they will lose health points. If they build too many tipis, they will 
lose wisdom points (see Fig. 11.5).

On the main interface, the players can check the resources they have, exchange 
resources with the other players, and build weapons anytime during the gameplay 
(see Fig. 11.6).

Every square the player lands on the map contains a task they need to accom-
plish. The tasks include hunting buffalos, collecting berries, mining ore and stones, 
harvesting logs, and trading goods. To complete tasks, the player needs to hold their 
device over the pattern of the task on the square. A 3D model symbolizing the task 
and a game button will then show up on the AR interface. Students can start working 

Fig. 11.2 Select characters and main game interface
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on the task once they press the game button (see Fig. 11.7). After completing the 
tasks, the player can repeat the same cycle in another round. Unlike traditional 
board games, players can perform the tasks simultaneously, so they don’t have to 
wait for the others to finish before proceeding with their round of gameplay.

Fig. 11.3 Calculating energy and scaffolding

Fig. 11.4 Feed tribe
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11.2.3  Embedded Mini-games

11.2.3.1  Collecting Berries

To collect berries, students need to use the six numbers and four arithmetic symbols 
provided on the interface to produce arithmetic sentences. The final result of the 

Fig. 11.5 Building tipis

Fig. 11.6 Resource panel
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arithmetic sentence should amount to the number on the berry. Players can press the 
number and symbol buttons to produce the arithmetic sentences and press check to 
find out if they have successfully collected the berries (see Fig. 11.8).

11.2.3.2  Hunting Buffalos

In the buffalo hunting mode, players need to use arrows and spears to hunt the buf-
falos. Each spear and arrow have inherent attack points at each round, which require 
different amounts of attack points to hunt each buffalo. There are a limited number 
of weapon cards at each round, so players need to use the cards strategically. Ideally, 
the cumulating amount of attack points of the used weapon cards should be equal to 
the attack points needed to hunt the buffalo. To hunt the buffalo, players need to 
drag and drop the weapon cards on the attack area and press the attack button (see 
Fig. 11.9).

11.2.3.3  Collecting Logs

To collect logs, players first need to calculate the desired volume of the log pro-
duced by an arithmetic sentence and displayed at the bottom of the interface. The 
area of the log is automatically generated by the game and displayed at the top left 
corner of the interface. The player needs to adjust the length of the log by moving 
the saw on the interface so that the total volume of the log is approximately equal to 
the desired volume of the log. The game makes it so that the volume of the log can 

Fig. 11.7 AR registration
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Fig. 11.8 Collecting berries

Fig. 11.9 Hunt buffalos
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never be the same as the desired volume of the log. The game mechanic uses a dif-
ference ranging from 1 to 4 between the desired log volume and the correct log 
volume a player can produce (see Fig. 11.10).

11.2.3.4  Mining Ore and Gems

In mining the ore and gems mode, the player’s position and the position of the ore/
gems will be automatically generated. To mine the ore and gems, players need to 
produce an arithmetic sentence so that it can take them from where they are to the 
position of the ore/gems. The number on the player’s position should be the first 
number in the arithmetic sentence which should amount to the number on the ore/
gem’s position. To produce the arithmetic sentence, the players can use any of the 
six numbers and the four arithmetic symbols provided on the left column of the 
interface. For example, if you want to move from 1 to 55 as shown in Fig. 11.11, you 
can add 1 by 5 and 49 (1 + 5 + 49 = 55).

11.2.4  Building Adaptive Number Knowledge

All tasks in the game attempt to build students’ adaptive number knowledge. In the 
game, students have to apply multiple steps of arithmetic operations constantly in 
problem-solving which will facilitate their abilities to perform mental mathematics 
in the advanced mode of gameplay. Mathematics problem-solving is integrated into 

Fig. 11.10 Cutting logs
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the game tasks as players migrate from place to place to gather resources, sustain 
their journey with limited food and supplement, and barter and exchange goods 
with other players. As Denham (2013) emphasizes, the success of DGBL depends 
on the intrinsic integration of learning content into the gameplay. In The Nomads, 
mathematical problem-solving is integrated into the various modes of gameplay. 
For example, in feeding the tribe and hunting buffalos, students have to think proce-
durally to come up with the most appropriate answer, which can subsequently 
improve their procedural fluency in arithmetic problem-solving. Successful game-
play requires students to come up with multiples of the values attached to the repre-
sentatives, which will facilitate students’ mental math ability at calculating 
multiples. The two modes of gameplay can also develop students’ algebraic think-
ing skills as they need to associate numerical values such as energy amount and 
attack points with symbolic representations (buffalo meat, berries, arrows, and 
spears).

None of the tasks in the game demand one absolute solution. Students have to 
flexibly and adaptively use the resources they have to arrive at the best solution for 
a given scenario. For example, in two of the gameplay modes, collecting berries and 
mining ore and gems, students are to use any of the six numbers provided to produce 
arithmetic sentences that amount to the number of the target objects (berries, ore, or 
gems). In each scenario, there are several ways to acquire the target number. 
Students are to evaluate the characteristics and relations of all the numbers provided 
and find an optimal solution for themselves. In cutting the log mode, students are to 
adjust the log length so that the product of the log length and the log area (log 

Fig. 11.11 Mining ore and gems
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volume) is closest to the desired volume of the log. This task trains students’ ability 
to find the “nice number” (produce approximation based on the characteristics of 
the numbers). Below is a table demonstrating how different game tasks train play-
ers’ adaptive number knowledge (Table 11.2).

11.3  Augmented Reality Game Design and Learning 
Science Theories

This section will provide an in-depth analysis of how learning science theories, 
namely, cognitive load, multimedia, and sociocultural theory, informed the design 
of The Nomads. Cognitive load theory and multimedia learning theory are often 
correlated with each other in scholarly discussions (Mayer & Moreno, 2003), so 
discussion of these two theories will take place in the first part of the discussion. The 
second part of this section will focus on the role sociocultural theory played in the 
design of The Nomads, as it is the guiding principle in the incorporation of collab-
orative multiplayer features within the game.

11.3.1  Cognitive Load Theory and Multimedia Theory

Cognitive load theory grounds itself in Atkinson and Shiffrin’s (1968) information- 
processing model. The model categorizes the process of cognitive machinery into 
three processes—sensory memory, working memory, and long-term memory. 

Table 11.2 How the Nomads trains adaptive number knowledge

Game task Game mechanic Training adaptive number knowledge

Feeding the 
Tribe
Hunting 
Buffalos

Drag and drop two objects that 
carry two separate inherent 
numerical values so that they 
accumulate to a desired numerical 
value

There is no prescribed answer; students have 
to think in reverse procedurally to come up 
with the answer, it trains procedural 
flexibility; facilitates students’ mental math 
ability at calculating multiples; develops 
algebraic thinking skills (McMullen et al., 
2017)

Collecting 
the berries
Mining ore 
and gems

Use two to three numbers 
provided in the interface to 
produce an arithmetic sentence 
account for the desired value.

There is no absolute solution; students need 
to flexibly and adaptively use what they are 
given to come up with the best solutions; 
students need to evaluate the characteristics 
and relations of all the numbers given 
(McMullen et al., 2016)

Cutting logs Determine the length of the log 
given the area so that the volume 
is approximately equal to the 
desired volume on the interface

It trains students’ ability to find the “nice 
number” (produce approximation based on 
the characteristics of the numbers) 
(McMullen et al., 2016)
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Cognitive load theory focuses on the information processing capacity of working 
memory and recommends that instructional designers design learning environments 
that mediate the learner’s limited working memory to avoid causing cognitive over-
load (Sweller, 1988; Kirschner et al., 2018; Sweller et al., 2019; Van Merriënboer & 
Sweller, 2005).

There are three types of cognitive load: intrinsic, extraneous, and germane cogni-
tive load (Sweller, 2010). Intrinsic cognitive load (ICL) is the mental effort required 
to process the information inherent to the learning task. ICL depends on the nature 
of the learning assignment and learners’ capacity to process new information. A 
learner’s mastery of task-relevant prior knowledge and their ability at knowledge 
transfer can determine their ICL while acquiring new information. Extraneous cog-
nitive load (ECL) refers to the cognitive demands used to process instruction exter-
nal to the learning task and is not essential to the acquisition of new knowledge. 
Germane cognitive load (GCL) helps to construct knowledge schemas and to form 
long-term memory (Sweller et al., 2019). Cognitive load theory promotes the devel-
opment of quality instruction that minimizes extraneous cognitive load and facili-
tates the construction of schemas through germane cognitive load.

Similar to cognitive load theory, the cognitive theory of multimedia learning also 
seeks to address issues related to learners’ limited working memory. Multimedia 
learning theory proposes a learners’ information processing system consists of two 
channels—visual and auditory channels. The activation of both channels can 
“reduce extraneous processing, manage essential processing, and fostering genera-
tive processing” (Mayer, 2009, p. 57). Mediating learner’s limited cognitive pro-
cessing capacity has been one of the key challenges of multimedia learning research. 
Mayer (2005) posits that multimedia instructional designers should pay special 
attention to learners’ cognitive capacity to avoid causing cognitive overload. In his 
canonical work, “Multimedia Learning,” Mayer (2005) offered 12 principles of 
multimedia learning that can reduce extraneous processing and avoid cognitive 
overloads in instructional design. The Nomads incorporated 6 of the 12 principles 
within its design:

 1. The Coherence Principle: humans learn best when extraneous, distracting mate-
rial is not included.

 2. The Signaling Principle: humans learn best when they are shown exactly what to 
pay attention to on the screen.

 3. The Spatial Contiguity Principle: humans learn best when relevant text and visu-
als are physically close together.

 4. The Segmenting Principle: humans learn best when information is presented in 
segments, rather than one long continuous stream.

 5. The Pre-Training Principle: humans learn more efficiently if they already know 
some of the basics.

 6. The Split-attention Principles: when designing instruction, including multimedia 
instruction, it is important to avoid formats that require learners to split their 
attention between, and mentally integrate, multiple sources of information. 
(Ayres & Sweller, 2005).
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Through augmented reality, The Nomads seeks to offload the procedural knowl-
edge of the board game onto the digital interface in an attempt to reduce the extrane-
ous cognitive load associated with recalling rules and procedures. Doing so helps to 
implement the coherence principle (reducing extraneous and distracting informa-
tion). For example, instead of memorizing the tasks linked to each square on the 
map, players can use their device to scan the pattern associated with the square. This 
results in a 3D model representing the task and an interface inviting players to com-
plete the task appearing on the player’s device. After accepting the invitation, play-
ers will have access to the rules and the procedures of the task on the AR interface.

Moreover, players do not need to keep track of the tasks they need to complete to 
be successful in the game. For example, every time a player reaches a 12-step cycle 
in the gameplay, the AR interface displays a prompt that the tribe needs to build 
lodging. The AR interface also offers players a more organized viewport to monitor 
their resources so that they can make better strategic choices throughout the game-
play. By keeping the external cognitive load associated with the gameplay to the 
minimum, The Nomads allows players to spend the majority of their working mem-
ory on performing mathematics problem-solving.

The AR interface also provides a variety of instructional scaffolds to alleviate the 
cognitive load inherent to the mathematics tasks in the game. Element interactivity 
in the learning task is often considered a major contributor to learners’ intrinsic 
cognitive load (Sweller, 2010). Element interactivity depends on the complexity of 
the problem and the learners’ prior knowledge. High element interactivity occurs 
when learners have to process several new informational elements simultaneously 
in one’s working memory (Sweller, 2019). Prior knowledge of each element would 
alleviate the cognitive load required to process element interactions (Pollock et al., 
2002). By breaking down the conceptual segments in the learning task, one can 
reduce the intrinsic cognitive load associated with element interactivity (Sweller, 
2010). Mayer (2005) also promotes the importance of segmenting learning material 
as an efficient and effective way to present material to learners.

When performing problem-solving associated with adaptive number knowledge, 
learners need to flexibly and adaptively use a repertoire of conceptual and proce-
dural knowledge in arithmetic (McMullen et al., 2017) and carry out tasks that have 
a high degree of element interactivity. The Nomads seeks to train students’ adaptive 
number knowledge, so most of the tasks in the game demand a certain degree of 
element interactivity. Through the AR digital interface, players can use the hints and 
the support settings embedded in the gameplay to break down elements so that they 
efficiently complete tasks. For example, many participants in the pilot study had 
trouble recalling basic multiplication facts. In the AR version of The Nomads, play-
ers have the choice to use scaffolds to help them perform multiplication. For exam-
ple, players can drag and drop a symbolic representation of the value as many times 
as the multiplier to produce the product.

There are two contributors to intrinsic cognitive load: the complexity of the 
learning task and learners’ cognitive processing abilities. Also, a learner’s task- 
relevant prior knowledge can affect his or her cognitive processing abilities when 
performing a new task (Sweller, 2019). Similarly, Mayer’s (2005) pre-training 
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principle posits that learners’ mastery of the basics is important to the efficient 
acquisition of new knowledge. Based on this knowledge of cognitive load, the 
design of levels in two gameplay modes took place via collecting berries and mining 
of ore/gems. In these two game activities, players need to use the numbers provided 
to produce an arithmetic sentence that can amount to the number on the target 
objects. At the beginning of the gameplay, players can choose the complexity of the 
tasks by selecting a difficulty level. Higher levels allow students to collect more 
resources if they can provide a solution, but players also risk not gaining anything if 
they cannot successfully solve the problem. The numbers in the lower difficulty 
levels tend to have lower digits and simpler structures. This subsequently reduces 
the intrinsic cognitive load inherent to the mathematics tasks in the level and better 
accommodates students with lower cognitive processing capacity and less task- 
relevant prior knowledge.

Besides the coherence, segmenting, and pre-training principles, the design of the 
AR interface in The Nomads was also informed by Mayer’s (2005) split-attention, 
signaling, and spatial contiguity principles. To avoid dividing learners’ attention 
between the events happening on the physical board, and the game tasks they are to 
perform at each square, the task interface is opaque so that they can block the view-
port of the AR camera as the signaling principle posits we should make apparent to 
learners what information they need to attend to. Signaling the importance of infor-
mation within the game takes place by using different graphic design techniques 
such as changing the size and color of the fonts. For example, the game provides 
players with procedural hints until the player chooses not to have them (see 
Fig. 11.12).

Fig. 11.12 Procedural Hints
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Each time a player completes a task, a window will appear in the center of the 
screen informing players if they have got the answer correct. If the students did not 
get the correct answer, the feedback window will inform them of a possible solution 
to the problem. The spatial contiguity principle recommends placing relevant text 
and images close together in multimedia learning. With that in mind, the fonts in 
these windows will be relatively large and centered (see Fig. 11.13).

When applied to AR game design, this principle translates into the precise align-
ment of virtual content with the target image/object in the real-world setting. In The 
Nomads, digital content was seamlessly registered onto the analog game board, 
pieces, and cards (see Fig. 11.14). Also, in-game tasks require students’ recognition 
of the relationship between numerical values and their symbolic representatives 
(feeding the tribe, hunting buffalos). The numerical value (energy values of meat/
berries) the object represents is closely placed to the image of the object(meat/
berry) on the game interface.

Table 11.3 demonstrates multimedia learning principles and cognitive load the-
ory informs the game mechanics in The Nomads.

11.3.2  Collaborative Learning Theory 
and Sociocultural Theory

Collaborative learning is a pedagogical approach in which two or more people work 
together to achieve a learning goal. Individuals engaged in collaborative learning 

Fig. 11.13 Centered Caption
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Fig. 11.14 AR registration

Table 11.3 Game mechanics informed by multimedia learning theory and cognitive load theory

Multimedia 
learning 
principles Cognitive load Game mechanics

Coherent Reduce extrinsic 
cognitive load

The procedural knowledge and the rules of the board 
game are offloaded onto the AR game interface

Signaling Reduce extrinsic 
cognitive load

Important information is emphasized using different 
graphic design techniques such as changing the size 
and color of the fonts

Spatial 
Contiguity

Reduce extrinsic 
cognitive load

The digital content was seamlessly registered onto 
the target analog game board, pieces, and cards in 
the game
The numerical value (energy values of meat/berries) 
the object represents is closely placed to the image 
of the object (meat/berry) on the game interface

Segmenting Reduce element 
interactivity to 
minimize intrinsic 
cognitive load

Built-in scaffolds that allow students to tackle one 
problem/concept at a time

Pre-training Reduce intrinsic 
cognitive load

Players can choose the complexity of the gameplay, 
the easier levels provide them with the necessary 
prior knowledge and skills to succeed in the more 
advanced levels

Split-attention Reduce extrinsic 
cognitive load

The digital gameplay interfaces are designed to be 
opaque so that players are not distracted by the 
content in the AR camera
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are not only responsible for their learning but each other’s learning as well 
(Dillenbourg, 1999). Crook (2000) points out that humans have a natural tendency 
to experience mutual understanding and cognitive synchrony; thus, individuals are 
more likely to experience prolonged cognitive engagements and participate in aca-
demic exploration beyond what they can achieve individually in a collaborative 
learning setting.

Collaborative learning theory is often associated with sociocultural learning the-
ory. The theory considers human learning as an inherently social and cultural pro-
cess. The zone of proximal development, one of the fundamental concepts in 
sociocultural theory, refers to the difference between what individuals can learn by 
themselves and what they can learn with the assistance of experts or peers. An 
expert or a more experienced peer can provide learners with the necessary scaffold-
ing to advance their knowledge and skills in the target area (Vygotsky, 1978). 
Rogoff (1993) defines this process as guided participation in which new knowledge 
and the acquisition of skills take place in a meaningful and collaborative activity 
with a more skilled partner. Vygotsky (1978) posits that the zone of proximal devel-
opment is a more dynamic indicator of cognitive development since it evaluates the 
learner’s capacity in the process of learning. He also highlights the significance of 
collaborative learning in the process of peer learning. In a collaborative learning 
setting, students serve as the others’ learning sources, where the shifted responsibil-
ity allows them to gain more initiative, engagement, and responsibility in the learn-
ing process (Grabinger et al., 2007).

The affordances of collaborative learning have been widely explored. Research 
suggests collaborative learning can promote more active interaction among the stu-
dents and facilitate a deeper understanding of the learning content (Kuo et  al., 
2012a, b; Schellens & Valcke, 2005). Moreover, collaborative learning can promote 
students’ interests, engagements, and socioemotional performances. Furthermore, it 
can advance students’ critical thinking skills (Chen et al., 2017; Kuo et al., 2012a, 
b; Johnson & Johnson, 2009; Lipponen, 2002; Schellens & Valcke, 2005, Stahl 
et  al., 2006). Successful implementation of collaborative learning encourages 
knowledge co-construction and integration (Feltovich et al., 1996).

Developments in computing technology have made the practice of computer- 
supported collaborative learning (CSCL) more accessible and effective (Stahl et al., 
2006). Computer-supported collaborative learning refers to the practice of using 
information technology to support group learning (Cerratto & Belisle, 1995). CSCL 
is effective in supporting students’ communication with each other and helps them 
better manage and monitor collaborative learning. Also, CSCL offers efficient tools 
to share learning resources, engage in co-construction, build learning communities, 
etc. (Jeong & Hmelo-Silver, 2016).

It is important to point out that not all forms of collaborative learning are effec-
tive in facilitating learning gains. The successful implementation of collaborative 
learning requires several internal and external factors, such as the setting of the 
learning environment, the nature of the learning activity, the quality of the peer 
interaction, etc. (Crook, 2000). Dunbar (1997) argues that people’s shared prior 
knowledge is a significant contributor to the effective implementation of 
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collaborative learning, people are more likely to engage in successful collaboration 
if they share similar experiences, analogies, and frames of reference.

AR can be an effective tool to enhance the collaborative learning experience 
(Bujak et al., 2013). By blending reality and digital content, AR can combine the 
benefits of face-to-face collaboration and computer-supported collaborative learn-
ing. It can offer users a greater sense of agency and control over the learning content 
using a digital interface while maintaining in-person contact with the group mem-
bers (Bujak et al., 2013). In game-based learning, AR can provide an ideal platform 
for multiple players to participate in in situ face-to-face collaborative gameplay 
while benefiting from the affordances provided by digital games (Kotranza et al., 
2009; Squire & Jan, 2007).

Collaborative learning is an integral part of the game design in The Nomads. By 
classifying the tribes into two bands—the Oglala and the Brule—the game allows 
participants to form two teams at the beginning of the gameplay. Players on the 
same team are to work together to compete against the other team. AR allows stu-
dents to access digital content while playing in the same physical space around the 
same game board, which is important as proximity among the players can promote 
more efficient communication and encourage them to provide more quality learning 
support to each other.

Collaborative teamwork is the key to success within The Nomads, while compe-
tition between the two teams can motivate players to achieve greater success in the 
collaborative team play. Players on a team are not only responsible for the survival 
and success of their tribe but also the other tribes in their band. During gameplay 
within The Nomads, resources tend to get depleted at a rather fast pace, so players 
have to rely on the support of their teammates to ensure the survival of each tribe. 
Also, since the game will account for the cumulative performance of each member 
in the team instead of the individuals, players have to communicate with their team 
constantly to come up with the best strategic solution for the team as a whole. The 
Nomads game mechanic incentivizes players to help their teammates in mathemat-
ics problem-solving since each person’s performance can contribute to the success 
of the team. The performance of each team is dependent on the accumulation of 
three parameters—health, morale, and wisdom points. Although students can get 
access to instructional scaffolds within the game, they will have to sacrifice their 
wisdom points and morale points. This encourages players to assist their teammates 
in the process of problem-solving as the team will have a better overall performance 
if they do so. Table 11.4 describes how the different game features in The Nomads 
can facilitate collaborative learning.

11.4  Discussion

To further explore the combination of augmented reality and game-based learning, 
this chapter provides a thorough description of the design and development of an 
augmented reality math board game, The Nomads. A design-based iterative approach 
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was implemented in the development of the game. Students’ feedback in the explor-
ative study of the analog version of the game provides essential design guidelines 
for the AR version of the game. Learning science theories and principles were 
implemented in the design of the AR version of the game to address students’ cogni-
tive overload while playing the analog version of the game. The design of the AR 
game channels the gap between the theoretical and the practical as it consults the 
theoretical to find practical solutions.

The iterative design-based approach implemented in the development process of 
The Nomads can be replicated to design a more student-centered and context-based 
learning experience in mathematics education and many other subjects. Also, this 
article illustrates how the design and development of the game leverage learning 
science theories, which can help inform educators, instructional designers, and edu-
cational game developers to produce instructional designs that are centered on 
learning science theories.

Also, as a game that trains adaptive number knowledge, The Nomads can poten-
tially provide a sound solution for mathematics educators who lack the instructional 
resources to train students’ adaptive expertise in mathematics (Verschaffel et al., 
2009), which is essential to students’ development of higher order mathematics 
skills (Hatano & Oura, 2003).

11.5  Future Directions

Digital game-based learning has attracted considerable scholarly attention of late. 
Advancements in mobile technology have created new possibilities in the develop-
ment of educational games such as the integration of augmented reality. However, 
there is still a need to determine the specific learning benefits and challenges brought 
by the incorporation of augmented reality technology in DGBL. Furthermore, more 
research is needed to connect AR scholarship with learning science theories and 
sound pedagogical practices (Chen et al., 2017; Saltan & Arslan, 2017; Sommerauer 
& Müller, 2018).

While the design of The Nomads leverages three learning science theories within 
its design, it is important at this stage to begin evaluating the direct impact of this 

Table 11.4 Collaborative learning features

Game Feature Collaborative Learning

Players are separated into two teams—Oglala 
and Brule.

Players of the same team need to collaborate to 
earn points for their team.

The resources get depleted at a fast rate in the 
game

Players need to rely on team members to 
sustain the survival of their tribes.

The final scores are determined by the 
cumulative scores of the three parameters 
(Health, morale, and wisdom) of all team 
members.

Players are incentivized to communicate with 
their team constantly to come up with the best 
strategic solution for the team as a whole.
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approach. It remains an unanswered question as to whether or not the added AR 
design features will have the intended impact on arithmetic adaptive knowledge, 
cognitive load, and learning through collaboration. In the process, student partici-
pants will be given the opportunities to provide feedback and suggestions on the 
game design and game mechanics. Additionally, there is always a need to conduct 
multiple playtesting sessions of the game to determine if learners find the game 
enjoyable and engaging. Not only must educational games be good for learning they 
must be enjoyable to play to maximize their effectiveness.

For that reason, we intend to conduct a series of empirical investigations into the 
impact of the game on student learning outcomes, cognitive load, and learning moti-
vation. Doing so would provide much-needed insights into the use of AR in DGBL 
and inform the iterative redesign of game features and mechanics. More impor-
tantly, these investigations will provide the needed data to inform educators, learn-
ing experience designers, and instructional designers on the context, populations, 
instructional activities, knowledge domains, and subject areas that are best suited to 
leverage the majority of the augmented realities affordances. Furthermore, as a 
design-based research project, it is important to involve mathematics educators in 
the iterative research/design process (Wang & Hannafin, 2005). Middle school and 
upper elementary middle school mathematics teachers will be recruited to further 
evaluate the game and provide feedback on how to make the game more useful to 
them. Also, one or two knowledge experts will be recruited to contribute to the 
design of the game on the next stage. Since the game involves active mathematics 
problem-solving, there are possibilities of implementing a learning assessment sys-
tem into the game which will allow teachers to evaluate their students’ learning 
progress and students to assess their learning in the gameplay process.
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Chapter 12
The Iteration of Design and Assessment 
for a Digital Game to Support Reasoning 
in a College Algebra Course

Xun Ge, Scott N. Wilson, Jackie T. Mania Singer, William M. Thompson, 
Keri A. Kornelson, Jessica Lajos, Braden Roper, Javier Elizondo, 
Stacy L. Reeder, Leslie Williams, and Margaret L. Kleiser

12.1  Introduction

In higher education, particularly in the first two years of curriculum, many classes 
in Science, Technology, Engineering, and Mathematics (STEM) disciplines are 
dominated by large lecture-style classes due to financial considerations to save cost 
(Atkinson & Mayo, 2010). The STEM disciplines have also been known as 
challenging domains to many students. A learning environment that is dominated by 
lectures and note-taking and lack of opportunities for questions and answers during 
the class adds to learners’ difficulty in understanding and acquiring the domain 
knowledge, increases their anxiety and decreases their motivation and self-efficacy. 
A myriad of the literature shows that lectures do not really help students acquire 
knowledge but rather lead to rote memorization and declarative knowledge, whereas 
a high level of interactivity leads to student engagement and academic achievement 
(Hake, 1998 as cited in Atkinson & Mayo, 2010). Through instructor–student and 
peer-to-peer interactions, students are actively engaged in the learning activities of 
question asking, providing explanations, and giving and receiving feedback that 
facilitate information processing, reasoning, elaboration, inquiry, argumentation, 
problem-solving, and reflection. These learning activities are beneficial for students 
to develop a deep understanding and acquire knowledge (Asikainen & Gijbels, 
2017; Biggs, 1987; Ge & Land, 2003, 2004).

To address the issue of lack of interactivity typically found in lectures and help 
students overcome their learning challenges, educators and researchers have been 
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seeking alternative approaches and solutions to create learning environments to sup-
port student learning. Among a number of approaches (e.g., problem-based learn-
ing, inquiry-based learning), game-based learning (GBL) has been identified and 
recognized as a useful instructional approach that can be integrated into the existing 
curricula to create interactivities between students and content materials. According 
to Atkinson and Mayo’s (2010) critical analysis of literature, students who studied 
in the STEM video game environment achieved better learning outcomes than stu-
dents in the lecture environment because of the pedagogical features of games, such 
as adaptive learning pace, autonomy in choice, learning control, multiple represen-
tations, and just-in-time help or on-demand delivery. Specifically, at the higher edu-
cation level, GBL has been shown to increase student motivation toward learning 
and encourage deeper learning and higher order thinking (Crocco et  al., 2016; 
Nadolski et al., 2008).

12.2  Purpose of the Study

Despite the empirical evidence to support the benefits of digital games (including 
video and computer games) for learners in various aspects (e.g., cognitive, 
motivational, emotional, and social) across different disciplines, there are some 
confounding results about the effects of digital games and controversies about the 
impact of the games (Boot et al., 2011; Granic et al., 2014). Part of such controver-
sies could be attributed to inconsistent assessment results from empirical studies 
and challenges of developing valid and reliable assessment instruments and meth-
ods due to the complex nature and contexts of GBL. We encountered two challenges 
with the research project on the “Functions of the Machine” game presented in this 
chapter. The first challenge was to fulfill the pedagogical goals, that is, developing 
an interactive game with technological scaffolds that were effective and supportive 
in engaging students in the reasoning and problem-solving process, pinpointing 
their difficulties, and providing timely help with prompts and feedback with clear 
instructions and directions. The second challenge was how to conduct an effective 
assessment to investigate the impact of GBL on the desirable learning outcomes 
and  learners’ motivation and engagement. Due to some practical issues for 
conducting assessment in the authentic university context and a natural classroom 
setting, such as recruiting participants, attrition, time limitation, and timing of the 
semester, we were challenged to seek ways to conduct assessments that were both 
scientific and feasible, which in turn helped us to improve the design features, 
functionality, and quality of a digital educational game.

The purpose of this research was to investigate (1) if a digital game environment 
helped college students achieve better learning outcomes on proportional, graphical, 
and covariational reasoning compared to a non-digital game environment, and (2) if 
students who played a digital mathematics game were more motivated and engaged 
compared to those who did not play the game. Another purpose of this research was 
to investigate if a digital game for educational purposes had advantages over other 
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instructional methods in terms of mathematical understanding and student 
motivation. In addition, this study was also intended to examine the relationship 
between students’ learning outcomes in mathematics, particularly in their 
understanding of functions and their motivation and engagement. The following 
research questions guided the assessment of the effectiveness of the “Functions of 
the Machine” game:

Question 1: Will the students in the game group perform better than the students 
in the non-game groups (the paper group and the control group) in performing 
mathematical tasks that involve graphical reasoning, proportional reasoning, and 
covariation reasoning as they work with functions?

Question 2: Will the students in the game group have better motivation scores 
for mathematical learning than the students in the non-game groups (the paper 
group and the control group)?

Given that covariational reasoning requires dynamic internal cognitive move-
ment as indicated by Carlson’s mental action framework (Carlson et al., 2010), it is 
hypothesized that the visually dynamic GBL environment may be better equipped 
at helping students develop covariational reasoning compared to static textbook 
exercises.

This chapter reports two iterations of the game design and assessment in a 
design-based research. Through this chapter, we hope to share our design-based 
research experience in educational digital game design and development, validating 
game assessment through the iterative cycles of designing and testing, and 
formulating a design, development, and assessment model for GBL. 

12.3  Literature Review

Given the numerous advantages of GBL discussed earlier, we developed a serious 
game of mathematics named “Functions of the Machine” to support students in an 
undergraduate-level college algebra course and their transition to precalculus. The 
purpose was to motivate college students to learn mathematics through gameplay 
and scaffold their mathematics reasoning, critical thinking, and problem-solving in 
a way that is more visual, effective, and supportive. The college Algebra course 
includes the concepts of variable quantities and functions. Skills in this area can be 
built by gaining understanding in three important areas: graphical reasoning, 
proportional reasoning, and covariation reasoning. What motivated the development 
of this game was the prevailing learner difficulties in working with variables and 
their rudimentary understanding of mathematical functions, which prevent them 
from progressing to more complex mathematical concepts. Below we specifically 
explain learners’ challenges in understanding functions and how the game design 
can scaffold their mathematical reasoning more dynamically and towards a more 
nuanced understanding of functions.
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12.3.1  Student Difficulties in Algebra

It has been well established that college algebra level students’ reasoning in relation 
to function concepts are rigid, primarily procedural, and indicative of an action view 
(Dubinsky & Harel, 1992; Oehrtman et  al., 2008). Students with an action view 
have a limited interpretation of functions as a formula, symbols to manipulate, 
variables to replace with numbers, and something to perform arithmetic operations 
on. Moreover, students with an action view do not recognize symbolic manipulations 
of a function as a transformation, nor do they recognize one function as being a 
composition of other functions. They simply see a function as an object, that you 
plug in numbers for the variable letter, to get an answer. Students with an action 
view are ill-equipped to handle concepts like domain and range due to their visual 
nature. Even if precalculus students exhibit a process view of function, it is often a 
minimal interpretation of functions as a machine that processes input numbers one 
at time or as an algorithm that maps a discrete input to one output (Breidenbach 
et al., 1992, p. 258).

An action and minimal process view of functions is problematic and leads to a 
roadblock for calculus readiness for many students at the university level (Carlson 
et al., 2010). More specifically, these views block access to understanding concepts, 
such as average and instantaneous rate of change, concavity, limits, continuity, 
integration, and mastery of statistical concepts, such as correlation (Oehrtman et al., 
2008; Zieffler & Garfield, 2009). The covariational approach to teaching the 
function concept was developed to encourage students to interpret functions as 
patterns of change in a variety of contexts and promote a more complex view beyond 
the minimal process or action view. Carlson et  al. (2002) termed covariational 
reasoning as, “the cognitive activities involved in coordinating two varying 
quantities while attending to the ways in which they change in relation to each 
other” (p. 354). This type of reasoning has been documented to be difficult for even 
academically talented undergraduate students. Likewise, educators have found that 
this type of reasoning process is difficult to facilitate (Oehrtman et al., 2008). Some 
progress has been made to support students’ covariational reasoning through the 
design of covariation tasks that utilize augmented reality and dynamic computer 
environments (DCE), such as MiniTool’s software, which have shown to be useful 
(Cobb et al., 2003; Johnson, 2016; Swidan et al., 2019). However, more innovative 
approaches to covariation task design and evaluation are needed to better understand 
how different learning environments impact student’s process reasoning of 
functions.
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12.3.2  Game-based Learning Approach to Mathematics

Game-based learning (GBL) is a pedagogical approach to learning through games 
based on best practices in teaching and learning across educational settings (Amory, 
2007; Gee, 2003; Sun et  al., 2011). “Good” games (Gee, 2003) incorporate 
scaffolding, elements of constructivism, and acknowledge students’ developmental 
stages (Amory, 2007; Sun et al., 2011). In GBL, learning is facilitated through play. 
As learners play the game, they engage not only with the educational content of the 
game but also the process of the game, which has been shown to have positive 
effects on learning (Cheng et al., 2020). GBL encourages risk-taking, customizes 
challenges based on individual progress, promotes agency and autonomy for 
learning, and encourages learners to solve problems less linearly and more laterally 
by exploring options and changing courses for improved outcomes (Hamari et al., 
2016). Studies have also shown that GBL elicits not only cognitive involvement in 
learning but emotional involvement as well. Emotional involvement in the form of 
frustration and positive and negative emotions has been shown to have positive 
impacts on motivation, engagement, and learning retention (Cheng et  al., 2020; 
Sabourin & Lester, 2014). Additional benefits of GBL include improved attitudes 
toward learning (Garneli et  al., 2017; Ke, 2008), decreased test anxiety (Kiili & 
Ketamo, 2018), soft skills development, digital literacy, and improved collaboration 
(Anastasiadis et  al., 2018). Meta-analyses of GBL have also found evidence of 
higher learning gains (Wouters et al., 2013) and academic performance (Clark et al., 
2016) when compared to other test groups.

Some studies specifically investigated the effects of games in learning mathemat-
ics. For instance, Barros et al. (2020) developed a serious game Tempoly and exam-
ined how the game supported learners in the learning of the four arithmetic 
operations on polynomials among the eighth-grade middle school students. The 
results showed that the students who played the game significantly improved their 
test scores than those who did not play the game. In addition, the game also 
motivated the students to play more digital games and learn mathematics through 
gameplay. Similarly, the study conducted by Ku et  al. (2014) revealed positive 
effects of digital games not only in mathematical achievement but also in efficiency 
and speed of learning. Jon-Chao and Chan’s (2018) study confirmed that gameplay 
enhanced students’ self-efficacy, interest, and metacognition, which were some 
variables negatively correlated with learning anxiety as commonly found in various 
disciplines of STEM education. In sum, research demonstrates the overall advantages 
of serious digital games in supporting learners in various aspects: cognition, 
metacognition, motivation, and emotion. It is important to note that existing 
literature on GBL and mathematics is focused mainly at the K–12 level, with few 
mathematics-specific studies at the higher education level, with (Lee et al., 2016) 
one exception. There is a need to address this gap in the literature. Based on the 
evidence of the positive effects of GBL on learning and motivation (Cheng et al., 
2020; Hamari et al., 2016; Wouters et al., 2013) in higher education (Crocco et al., 
2016; Nadolski et al., 2008) and in mathematics (Barros et al., 2020; Jon-Chao & 
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Chan, 2018; Ku et al., 2014), as well as the work of Hong et al. (2019) who found 
that in a GBL environment, metacognition was positively correlated with hedonic 
and utilitarian values, which are positively associated with gains in covariation 
performance. GBL environments may provide an additional platform for training 
covariational processes through interactive visualizations, which offer additional 
benefits and insights into cognitive-affective interplay that non-game methods do 
not provide.

12.3.3  Assessment of Game-based Learning

One of many challenges in GBL is to seek effective strategies and approaches that 
will lead to valid and reliable assessments of learning outcomes and processes 
affected by gameplay. A typical traditional assessment approach has been using 
external measures to assess learning, such as comparing pretest and posttest to 
gauge learners’ progress and outcomes, which is referred to as the external 
assessment (Ifenthaler et al., 2012a, b). However, the external measures may not be 
effective to accurately assess what students have learned, where learners’ difficulties 
lie, or what features of the game work or do not work. What happens between 
before, during, and after is often unknown to researchers, like a black box (Loh, 
2012). The other type of assessment is the internal assessment, which is defined as 
assessment being part of the digital game environment and will not interrupt 
learners’ gameplay or disrupt their engagement (Ifenthaler et  al., 2012a, b). 
Examples of internal assessment include automatically tracking students’ activities 
or behaviors as they are playing the game, such as clickstreams and log files 
(Ifenthaler et al., 2012a, b). Shute et al. (2016) called such an internal assessment 
stealth assessment. The main purpose of stealth assessment is to collect information 
that will enable researchers to make valid inferences about what learners know, 
what they are able to do, and to what degree they know or are able to do things, 
which Shute et al. (2016) referred to as competencies based on Mislevy, Almond & 
Lukas’ (Mislevy et  al., 2003) evidence-centered design assessment framework. 
Shute et al.’s (2016) study indicated that the learning outcomes generalized by the 
gameplay behavior data correlated with the external measures and could serve as 
evidence of learners’ competence. This study (Shute et al., 2016) suggests that the 
stealth assessment is a valid assessment approach.

To sum up, stealth assessment can serve as an internal assessment that provides 
a wealth of data about players’ or students’ information through embedded gameplay 
behavior data (Ifenthaler et al., 2012a, b; Shute et al., 2016), which in turn provides 
insight into learners’ performance, progress, and outcomes. The embedded 
gameplay data can help us to interpret external assessment results, which further 
informs us in our effort to refine and improve our assessment instruments to be 
robust, effective, and practical instruments through triangulating various types of 
data from various sources. By examining embedded gameplay data, researchers can 
better understand learners’ behaviors, including the number of attempts and 
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mistakes learners make in each of the interactions for each of the tasks within the 
digital game environment. The information gained from valid assessments is 
essential for developing a robust, valid, and impactful educational game (Ge & 
Ifenthaler, 2017).

12.3.4  Design-based Research

Design-based research is an emerging paradigm for the study of learning in the real 
educational context through systematic design and study of instructional strategies 
and tools. It is an educational research approach intended to overcome the limitation 
of laboratory experimental research that has little transferability to the rich and 
complex classroom setting (Brown, 1992). While “design-based research methods 
focus on designing and exploring the whole range of designated innovations: 
artifacts as well as less concrete aspects, such as activity structures, institutions, 
scaffolds, and curricula” (p.  5), it also aims at developing and contributing to 
theories of learning and instruction through implementing specific interventions or 
innovative pedagogical approaches (McKenney & Reeves, 2019; The Design-Based 
Research Collective, 2003). The primary goal of design-based research is to address 
educational needs, bring solutions to instructional problems, improve educational 
practice, and enhance students’ learning experiences, which is different from 
traditional empirical research (McKenney & Reeves, 2019). An important value of 
design-based research is its attention to the sociocultural context and the complex 
system within the learning environments, which not only helps us gain a better 
understanding of the intervention but also leads to an improved theoretical account 
of learning and instruction.

In design-based research, intervention and context are intertwined. Because of 
the complex, flexible, and contextualized nature of everyday classroom settings, 
design-based research presents great challenges to researchers when carrying out 
research in situ, particularly in implementing and investigating the design of a 
technology-rich learning environment, in which technology is used both as a 
medium to support learning and a tool to collect data. Design-based educational 
researchers seek to conduct research in a complex sociocultural system of 
educational settings, where situations of learning are not fixed or immutable but 
rather open to redesign by the researchers. The researchers play the dual role of 
designer and researcher (Brown, 1992; Brown & Campione, 1996; Cobb, Confrey, 
et al., 2003).

In the design research, we report in this chapter, we started the digital game proj-
ect with the primary purpose of addressing students’ difficulties and challenges in 
learning algebra by providing scaffolds to students through the design of the math-
ematics educational game “Functions of the Machine.” In the process of designing 
and research, we had to collect information about learners’ characteristics, identify 
learning objectives and competences, and develop game features targeting students’ 
difficult areas in reasoning. We also had to consider a variety of factors, specific 
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contexts, and practicality issues as we implemented the game research among the 
students, such as when to implement the tests, what data to collect from students, 
length of time for implementation and assessment, and appropriate number test 
items. We worked as a research team that consisted of designers, game developers, 
educators, and researchers, although some of the team members played more than 
one role, such as educator and researcher or designer and researcher.

12.4  The Design of “Functions of the Machine” to Scaffold 
Student Reasoning in Algebra

To explore the efficacy of a GBL application to facilitate understanding of function 
concepts through covariational reasoning further, a university’s Virtual Learning 
Experience Team affiliated with an educational research center developed a digital 
game titled Functions of the Machine. The game consisted of a series of interactive 
puzzles involving proportional, graphical, and covariational reasoning. The 
“Functions of the Machine” was deployed on Chromebook computers 
through WebGL.

Players were given an unlimited number of attempts to solve each puzzle, with 
adaptive, just-in-time feedback applied between each attempt. In the game, the 
student was asked to play the role of a scientist tasked with making a complex 
machine run. The student explored, tested, and fixed the machine’s moving parts 
which consisted of gears, fluid tanks, and conveyor belt contraptions. Players were 
not allowed to move on to the next puzzle until completing the previous. One of the 
purposes of this game was to develop aspects that would give students a more 
dynamic experience to build their covariational reasoning. The goal was to use 
interactive scaffolded problems to build students’ understanding of proportional 
relationships and functions from a graphical, and later, the more complex 
covariational perspective.

Many proportional reasoning puzzles involved gears to develop reasoning around 
proportions. In one gear problem, as shown in Fig.  12.1, students used the gear 
controls to set the direction of rotation for the inner 10-teeth gear A and number of 
rotations so that the three 15-teeth gears would each rotate 8 times in the clockwise 
direction. The student needed to determine that rotation of inner gear A corresponded 
to the opposite direction of rotation in the B gears. In addition, the student needed 
to determine a correspondence between the amount of rotation in gear A and the 
amount of rotation in B gears, for example, three rotations of gear A resulted in two 
rotations of the B gears. After setting up the gear controls, the student tested their 
decision by hitting calibrate to move the gears.

A graphical reasoning simulation, in Fig. 12.2, shows the position of a wheel 
crank graphically. The height of this crank was modeled as a sinusoidal function of 
rotation amount. In this puzzle, the student selected the rotation amount with a 
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slider. The goal for the student was to rotate the wheel to a point where the height of 
the crank was decreasing.

The final levels of the game incorporated several covariational reasoning bottle 
problems. A bottle problem, shown in Fig 12.3, asked the student to use sliders to 
select graphs that represented the height of liquid in each cone as a function of time 
under the condition that the volume of liquid drained at a constant rate. To be 
successful in solving the bottle problem in Fig. 12.3, students had to move between 

Fig. 12.1 Proportional reasoning gear puzzle

Fig. 12.2 Graphical reasoning puzzle
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multiple types of representations for the same functions, draining cones and their 
graphs, and combine reasoning types. The algebraic representation of the functions 
as a symbolic equation was intentionally not provided. If the algebraic equation was 
in hand, the move from the dynamic bottle representation to the graphical 
representation became algorithmic and discrete, a mere plugging in inputs to an 
equation and getting output and graphing the pairs of points. While an algebraic 
mediator paved a cognitively less demanding route from the bottle to graphical 
representation, it might  disable the students’ need to engage in covariational 
reasoning.

Embedded data regarding students’ problem-solving in the game were collected 
using the Experience API (xAPI) framework. xAPI allows for secure, real-time 
collection of participants’ in-game behaviors, formatted in a way that makes the 
data easily accessible. After the experiment, xAPI data were exported from the 
game database in the form of a comma-separated variable (CSV) file and analyzed 
in Microsoft Excel. Through xAPI, nearly every interaction a player made within 
the game was recorded. Relevant to the current research we collected overall 
playtime, time between attempts (mistakes), and individual choices made on each 
puzzle within the game.

Fig. 12.3 Covariational reasoning bottle problem
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12.5  Design-Based Research: The Evaluation 
of the Digital Game

A design-based research study was conducted in a public university in the south-
west of the United States to investigate the effects of a digital game named 
“Functions of the Machine” in support of students’ mathematical reasoning as well 
as their motivation and engagement in learning mathematics. As mentioned in the 
“Purpose” section, we went through two iterations of design and evaluation to 
improve the quality (e.g., functionality, interactivity, and clarity) of the game, stu-
dents’ experience, assessment instruments, techniques, and methods. After the first 
version of the game was developed, we conducted an experimental study to com-
pare the game group with the nongame group and a control group, using the external 
assessment method to collect pretest and posttest data on mathematics reasoning 
and problem-solving as well as motivation and engagement. In addition, we also 
used the embedded assessment method and examined the log files (Ifenthaler et al., 
2012a, b), including the tasks correctly performed, mistakes made, time intervals 
between attempts, and time for completion. The results from the first experimental 
study indicated that the students in the game group had higher motivational scores 
in several constructs than the nongame group and the control group, but they did not 
show significant differences between the game group and the nongame groups (the 
paper group and the control group) in mathematical reasoning and problem-solving 
in algebra. Based on the first round of iteration, revisions were made to the game, 
such as improving the clarity of instructions and making feedback more robust. 
Furthermore, the embedded data also helped us to interpret the external test results, 
which prompted us to improve test items and develop robust, effective, and reliable 
assessment for the second round of iteration. In the second iteration, the experimental 
results showed that the students in the GBL environments significantly outperformed 
the students in the nongame learning environments in most of the skill areas in 
algebra.

The development team consisted of a producer, an instructional game designer, a 
technology lead, an art director, and several students aiding in programming and 
quality assurance. Their work consisted of identifying game mechanics that would 
enable instruction, scaffolding, and practice; developing a concept that would result 
in engaging game activities; and finally using the Unity game engine to code all the 
designs into the actual game. The team used an agile method of development that 
facilitated the iterative design and therefore a very responsive improvement cycle. 
The game prototype was equipped with an event tracking system that provided 
in-game data to the research team but also allowed for design improvements. The 
subject matter experts on the team consisted of a professor in mathematics education 
from the Department of Instructional Leadership and Academic Curriculum, a 
professor, and a graduate student in mathematics from the Department of 
Mathematics. They helped to design the game that would help college students 
develop a deep understanding of functions and lay a solid foundation in College 
Algebra. The research team for the study of the second iteration consisted of the 
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Director of Research and Evaluation, a graduate student in psychology from the 
Department of Psychology, and a computer programmer and instructional designer 
from the K20 Center. They helped to design the pre-assessment and the  post- 
assessment based on the items written by the SMEs and designed the research study. 
The research team also developed the facilitator guides for administering the pre- 
assessment and the post-assessment and conducted the statistical analysis.

12.5.1  The First Iteration Research

The first round of experimental study was conducted in Fall 2018 to (1) investigate 
the effects of the digital game on student learning of algebra, specifically in the skill 
areas of graphical reasoning, proportional reasoning, and covariation reasoning and 
(2) compare students’ motivation and engagement between the game group and the 
other non-game groups. A total of 473 students from multiple sections of a college 
mathematics class at a public university in the southwest of the United States 
participated in the study. The participants were randomly assigned to one of the fol-
lowing three conditions or groups: the mathematics game condition (159 partici-
pants), the paper condition (158 participants), and the control condition (156 
participants). The participants in the mathematics game group were asked to play a 
mathematics game, the participants in the alternative-approach condition (paper) 
had to complete a set of exercises integrated with scaffolding strategies, whereas the 
participants in the control group just read the texts. The participants completed a 
pretest and a posttest within a period of 2 h.

12.5.1.1  Instruments and Measures

The pretest consisted of demographic survey questions and a pretest of one mathe-
matics problem to assess students’ prior mathematics knowledge. The purpose of 
the mathematics pretest was to establish a baseline for comparison across the three 
conditions. The demographic data, such as the prerequisite courses they had taken 
and game playing experience, were collected to serve as a covariate with the math-
ematics test and engagement questionnaire. The posttest consisted of 25 items of 
motivation survey questions in eight subcategories (i.e., enjoyment, immersion, 
intrinsic motivation, pressure/tension, value, competence, behavioral engagement, 
and cognitive engagement) as well as 8 mathematics problems in three subcategories 
(i.e., graphical reasoning, propositional reasoning, and covariation reasoning). Two 
members of the research team, who were mathematics professors, developed and 
validated the problems for both pretest and posttest. The motivation and engagement 
questions were developed based on a variety of motivation instruments, including 
Intrinsic Motivation Inventory (IMI) (n.d.) (http://selfdeterminationtheory.org/
intrinsic- motivation- inventory/), the attitudes toward mathematics inventory devel-
oped by Lim and Chapman (2013), and the engagement and flow survey items 
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developed by Hamari et al. (2016), which all indicated good reliability with high 
Cronbach’s alpha. 

12.5.1.2  Data Analysis and Results from the First Iteration

Descriptive statistics were performed to examine the means and standard deviation 
of the posttest mathematics scores of the three groups. In the same way, descriptive 
statistics were performed to examine the means and standard deviation on the 
motivation measures among the three groups. In addition, one-way multivariate 
analysis of variables (MANOVA) was performed to determine if the mean 
differences of the three groups were significant. The MANOVA analysis was 
followed up by the one-way ANOVA in order to examine group differences on each 
dependent variable individually. The pretest mathematics score was used as a 
covariate for the analysis of the posttest mathematics scores. Further, the ANOVA 
results were followed up with Tukey’s post hoc tests to explore between-group 
differences on those dependent variables that were significantly related to the 
grouping variable in the ANOVAs.

12.5.1.2.1 Results of Algebra Reasoning

The statistical analysis showed a significant difference in the subcategory of graphi-
cal reasoning between the three groups, and the game group (M = 2.07, SD = 0.97) 
performed significantly poorer compared to the paper group (M = 2.37, SD = 0.93) 
and the control group (M = 2.43, SD = 1.03). There were no significant differences 
between the paper and the control group. However, no conclusions could be reached 
from these results due to the low reliability of the mathematical items (Cronbach’s 
α = 0.34), although the means showed that the game condition performed the worst 
of all the three groups. In other words, further research was needed to assess the 
impact of the digital game on students’ algebra reasoning.

12.5.1.2.2 Results of Motivation and Engagement

Statistically significant differences were found in the motivation and engagement 
between the three groups, Wilks’ lambda = 0.829, F(16,926) = 5.691, P < 0.001; 
η2  =  0.09 (medium effect). The one-way ANOVAs were performed in order to 
examine the group differences on each dependent variable individually. Significant 
group differences were observed on the following variables with size effect noted: 
Engagement and Interest, F(2,470)  =  10.242, P  <  0.001, η2  =  0.042; Pressure/
Tension, F (2,470) = 14.717, P < 0.001; η2 = 0.059 (medium effect), Competence, 
F(2,470)  =  17.056, P  <  0.001, η2  =  0.068 (medium effect), and Behavioral 
Engagement, F(2,470) = 6.515, P = 0.002, η2 = 0.027.
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The ANOVA results were followed up with Tukey’s post hoc tests to explore 
between-group differences on those dependent variables that were significantly 
related to the grouping variable in the ANOVAs. Significant pairwise differences 
were found in the following areas: Engagement and Interest, Pressure/Tension, 
Perceived Competence, and Behavioral Engagement.

In Engagement and Interest, there was a significant difference between the game 
condition (M = 3.56; SD = 1.23) and the paper condition (M = 3.24; SD = 1.21), and 
between the game condition and the control condition (M  =  2.95; SD  =  1.17). 
However, no significant difference was observed between the paper and the control 
groups. This result showed that the participants in the game group enjoyed the math 
problem-solving tasks more than the participants in the other two groups.

In Pressure/Tension results, all pairwise group differences were statistically sig-
nificant. Pairwise group differences were found between the game condition 
(M = 3.17; SD = 1.31) and the paper condition (M = 3.57; SD = 1.41), and between 
the game condition and the control condition (M = 3.99; SD = 1.34). However, no 
significant difference was found between the paper condition and the control 
condition. This result showed that the game group had the lowest pressure and 
tension, which was what was hypothesized.

With respect to Perceived Competence, significant differences were found 
between the game condition (M  =  3.88; SD  =  1.15) and the paper condition 
(M = 3.41; SD = 1.16), and between the game condition and the control condition 
(M = 3.13; SD = 1.16). However, there was no significant difference between the 
paper condition and the control condition. This result showed that the game group 
felt more competent than the paper group or the control group.

In Behavioral Engagement, we found a significant pairwise difference between 
the game condition (M = 4.37; SD = 1.14) and the control condition (M = 4.84; 
SD = 1.19). There were no other pairwise differences observed. This result showed 
that the control group exerted significantly more effort on math problems compared 
with the game group.

In summary, the analysis of motivation and engagement items showed that the 
participants in the game group (1) enjoyed the mathematics problem-solving tasks 
more than the participants in the other two groups; (2) had the lowest pressure or 
tension when  solving the  mathematics problems compared with the other two 
groups; (3) felt more competent than the other two groups; and (4) demonstrated 
significantly less effort on mathematics problems compared with the control group.

12.5.2  Analysis of Gameplay Behavior Data and Modification 
of Game Design

The results of the analysis of the first iteration led us to go back and revisit the 
design of game components (e.g., scaffolding, feedback, and clarity of instruction). 
We reexamined learner characteristics (e.g., prior knowledge, prior game 
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experience), alignment of objectives and test items, validity and reliability of test 
items, and reviewed the implementation and administration process. Moreover, we 
also examined the embedded data that provided us insight into students’ performance 
that was not captured by the external assessment data.

An item analysis was conducted. Each problem within the game was analyzed 
for level of difficulty, discrimination of items, and effectiveness of distractors. Game 
problems were flagged for adjustment or revision if they were identified as too easy 
(<70% of players answered correctly) or too difficult (>30% of players answered 
correctly, if a comparison of the top quartile of players and bottom quartile of 
players showed a disproportionate correct response rate (<25% discrimination 
index) or if negative discrimination was indicated. Multiple-choice responses for 
each problem were categorized as “retain,” “revise,” or “replace” based on the 
effectiveness of distractors. In cases where distractors functioned well, meaning 
distractors were chosen more by the bottom quartile of students than the top quartile 
of students, distractors were retained. Distractors that were not selected by any 
player or which were chosen more often by high-performing players were revised 
or replaced.

Based on the results of the item analysis, we modified the identified problems 
within the game to improve overall game quality. Specifically, the problem text was 
revised to clarify instructions, and the feedback display was edited to better inform 
players in their decision-making processes. Where necessary, explanatory text such 
as necessary mathematical formulas was added, and labels and game graphics were 
redesigned or repositioned. The revised version of the game was then used in the 
second iteration of the research that is described in the next section.

Furthermore, the embedded gameplay data from the first study helped us to inter-
pret the external assessment results, which informed us to improve test items and 
develop robust, effective, and reliable assessment for the second round of iteration. 
The review of the first round of assessment scores and study design revealed that 
items from the first assessment were written to measure student knowledge of mul-
tiple mathematical concepts and included answers that could be partially correct or 
incorrect. The complexity of this question formatting proved challenging in the 
interpretation of results as student knowledge gain on assessed concepts could not 
be easily isolated. Additionally, more in-depth analysis showed that post-assess-
ment items did not directly align with learning objectives of Functions, but rather, 
the more general concept of covariational reasoning, which is broad in scope. 
Therefore, students were being assessed on skills they did not encounter in the game 
or the alternative learning activities. Finally, it was found that the post-assessment 
was too lengthy, possibly leading to fatigue among students who both played the 
game and completed the post-assessment within the same time period. Students 
who participated in the two alternative learning activities finished much sooner than 
the game players.
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12.5.3  The Second Iteration Research

Based on the first round of iteration, we conducted the second round of quasi- 
experimental study. This time, we only assessed students’ performance in mathe-
matical reasoning, specifically graphical reasoning, proportional reasoning, and 
covariational reasoning. We did not assess students’ motivation and engagement 
since it was confirmed by the first study that students in the game group were 
significantly more motivated and engaged in several areas compared with the 
students in the other two non-game groups.

The participants were recruited from a university-level mathematics course and 
were randomized at the section level, with four sections (157 students) assigned to 
the control group and five sections (177 students) assigned to the game group. Each 
section was administered a preassessment at the beginning of Week 1 during 
regularly scheduled class meeting times. All sections received regular classroom 
instruction during Week 1. At the end of Week 1, the post-assessment was 
administered to the control group. In Week 2 of the study, both the control group and 
the experimental group were provided access to the game and instructed to play 
outside regular class time. In Week 3, the experimental group was administered the 
post-assessment as part of regularly scheduled class time. All  the pretest and 
the posttest were administered on paper by the course instructors. The instructors 
submitted completed pre-assessment and post-assessment to a member of the 
research team who graded the assessments and entered them into an excel 
spreadsheet using unique randomized identifiers to match the pre-assessment and 
the post-assessment. De-identified data were provided to another member of the 
research team for analysis.

12.5.3.1  Revised Instrument for Measuring Mathematics Reasoning

For the second study, we revised pretest and posttest assessment instruments that 
were more explicitly aligned with the learning objectives of the game and included 
items that measured isolated mathematical concepts with single short answers or 
multiple-choice responses. Two of the team members were professors in mathematics 
and mathematics education, and they first developed 12–20 questions for each 
objective: covariational reasoning, graphical reasoning, and proportional reasoning. 
The questions were then screened by mathematics education graduate students who 
coded them to our learning objectives for the study and evaluated them for relevance. 
After this round of expert review, we finalized the instruments to 50 questions, 
including 18 covariational reasoning, 20 graphical reasoning, and 12 proportional 
reasoning. We then conducted a pilot study of the proposed assessment using 
participating students in an undergraduate level trigonometry/precalculus course. 
Reliability analysis was conducted for each of the outcome scales. For the items 
measuring covariational reasoning, the reliability analysis indicated adequate 
internal consistency for a classroom examination (Cronbach’s α = 0.563), and it also 
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indicated that removal of Item 14 would result in increasing Cronbach’s α to 0.600. 
Therefore, Item 14 was deleted. The reliability analysis of graphical reasoning items 
indicated adequate internal consistency (Cronbach’s α = 0.691). We removed Item 
4 from the assessment and increased internal consistency to α  =  0.703. For 
proportional reasoning, the  initial reliability analysis showed poor internal 
consistency (Cronbach’s α = 0.442). Further inter-item analysis showed few items 
that correlated together at r = 0.30 or greater. Although removing Items 2, 3, and 8 
did improve α to 0.513, the reliability of the instrument could not be improved to an 
adequate level. Therefore, the results of the proportional reasoning scales were not 
included in the final analysis for the second study. The resulting pre-assessment and 
the post-assessments were used in the second iteration of the study.

12.5.3.2  Data Analysis and Results from the Second Iteration

The analysis for the second round of the study was conducted using SPSS version 
25. Participants were included in the analysis if they had both pretest and post-test 
scores. There were a total of 223 participants who met the criteria for inclusion: 94 
participants in the control group and 129 participants in the experimental group.

For the analysis of overall assessment scores, we conducted independent t-tests 
of the pretest and posttest scores for each group. Results showed there were no 
significant differences in pretest scores, which suggests the students in the 
experimental and control groups were at approximately the same performance level 
at the start of the intervention. Results for posttest scores showed that the students 
in the control group scored lower on the posttest than the pretest, and students in the 
experimental group showed an increase in overall score at a significant level. 
Table 12.1 displays the results of the t-tests.

The independent t-tests were followed by a one-way ANOVA to examine 
between-group differences on overall assessment score. When looking at the 
difference between pre- and posttests for both groups, the control group had a 
negative difference, −0.5000, between tests, and the test group had a positive 
difference, 0.2481. The analysis did show the difference between pre- and posttest 
scores between the experimental group and the control group was significant 
(F  =  6.444, P  =  0.012). This result showed that the game group performed 
significantly better than the control group in overall scores.

Table 12.1 Overall assessment between the game (experimental) group and the control group

Experimental M (SD) Control M (SD)

Pretest 7.60 (2.00) 8.06 (1.93)
Posttest 7.85 (2.14) 7.56 (2.29)
Within-group difference between pre 
and post

0.248 (t = −2.54, 
P < 0.012)

−0.500 (t = −0.940, 
P > 0.05)

Note: This table represents the overall scores of the pre- and post-tests from the control and 
experimental groups and the difference between the two test scores
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Of particular interest to the researchers was how students performed on the 
covariational reasoning section of the examination. Paired t-test results demonstrated 
that the experimental group had a significant difference between pre- and posttest 
scores. Results also show that the control group scored lower on the posttest than the 
pre-test at a significant level (See Table  12.2). Further, a one-way ANOVA was 
conducted to compare the performance of the two groups. For the covariational 
reasoning portion of the assessment, there was a significant difference in the test 
score between the experimental and control groups (F = 2.825, P = 0.038). The post 
hoc tests indicated that the game group performed significantly better than the 
control group.

In summary, in the second iteration of the research, the statistical results showed 
that the students in the GBL environment significantly outperformed the students in 
the non-game learning environments in the overall test scores (consisting of 
graphical reasoning, propositional reasoning, and covariation reasoning) and the 
skill area of covariation reasoning.

12.5.4  Analysis of Gameplay Behavior Data

Finally, we wanted to compare the gameplay data from the first round of assessment 
to the second round. Of interest in both rounds was the average amount of mistakes 
made per question. To conduct this analysis, participants in the top quartile (top 
23.3%, N = 82) were compared to students in the lower quartile (bottom 29.1%, 
N = 65). Quartiles were calculated by taking the frequencies of posttest scores, and 
then making cutoff points that were closest to the top 25% and the bottom 25%. 
When comparing the second assessment results to the first assessment results, we 
saw 5 questions go from negative differences in average mistakes to positive 
mistakes, meaning that the top quartile made fewer mistakes than the bottom quartile 
on average. Only one question went from positive in the first assessment to negative 
in the second assessment. The overall assessment of the gameplay behavior data 
suggested that the questions and adjustments made in the second assessment were 
positive changes, and the game was more reliable and valid in assessing student 
learning process and outcomes.

Table 12.2 Covariational Reasoning

Experimental M (SD) Control M (SD)

Pretest 2.98 (1.52) 3.21 (1.49)
Posttest 3.40 (1.55) 2.81 (1.61)
Within-group difference between pre and 
post

0.42) (t = −2.56, 
P < 0.012)

−0.4 (t = 2.42, 
P < 0.018)

Note: This table shows the scores of the covariational reasoning portion of the tests and the 
difference between the two test scores of the two groups
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12.6  Discussion

This study confirmed the positive effects of the digital game in supporting student 
mathematical reasoning in college mathematics courses. The students who played 
the game outperformed the control group on covariational reasoning. This may be a 
positive indicator that through engaging and interactive mathematics lessons and 
curriculum, students in college-level mathematics can improve reasoning skills. 
However, the data failed to show the positive impact of the digital game in the first 
iteration of this study, which compelled us to revisit the design of the game and the 
assessment measures in the second iteration.

The goal of design-based research is to generate models of successful innova-
tion, which we interpret as educational research models that can be adapted in vari-
ous educational contexts, rather than limiting to simply artifacts, programs, or 
interventions (Brown & Campione, 1996; Mckenney & Reeves, 2019; The Design- 
Based Research Collective, 2003). This research has provided us with valuable 
insights that have led to the construction of a design and research model for 
developing educational digital games and GBL environments. We have gained rich 
experience through this iterative design-based research process, and we would like 
to share some of our reflections.

While we were engaged in the design-based research process for the digital game 
development, we were also engaged in the design-based research process for 
assessment development, such as developing valid and reliable measures, 
instruments, and assessment methods. It has become clear to us that the design- 
based research for the educational game evaluation informs the game development, 
which in turn helps to improve the quality of the game and vice versa. We have also 
learned that conducting game-based assessment in a situated context and complex 
system is a messy and ill-defined process, and we need to contextualize our research 
in the real context of a learning environment and create a practical and effective 
assessment model that does not compromise the rigor of research.

This research reveals important contextual information about our students, which 
reflects the value of design-based research. For example, while students who played 
the game outperformed students who did not play the game, the overall scores on 
the pre-test and posttest were surprisingly low for college-level mathematics 
students. This might reflect a gap in reasoning skills being developed in the high 
school grades or that traditional mathematics courses at the college level may not 
adequately develop reasoning skills. Such contextual information leads us to wonder 
if developing student reasoning skills at an earlier age will promote success in 
college as they take mathematics courses. It further validates the viability of design- 
based research which will help us to explore issues beyond the design of the 
intervention (the digital game) itself but other important variables and factors that 
need to take into consideration when designing and developing an innovative 
learning environment.

“Functions of the Machine” is a game that leverages video capabilities to help 
the learner visualize how functions work. In particular, it allows a student to 
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encounter the idea of quantities that are related to each other and how a quantity 
changes in response to a change in the other. The target audience is students in 
secondary and post-secondary mathematics courses such as Algebra I, II, 
Precalculus, and Calculus. The facility with proportionality and the covariational 
viewpoint of a function has great impact in other disciplines and more advanced 
mathematics courses, so we see a potential for usage of “Functions of the Machine” 
in a broad range of math, science, social science, and business courses.

Beyond the domain of mathematical reasoning, the methods used in this study to 
evaluate and improve the game are highly adaptable to the design-based research of 
other serious games and interactive learning programs. By identifying in-game 
behavioral data that correlate with measures on the extremal assessment we were 
able to identify which areas of the game were most difficult or misleading for the 
players and thus needed revisions. This allowed us to target game development in 
areas that would be most crucial to players, which was a significant benefit since 
games tend to be expensive to produce. As is the nature of design-based research, 
every GBL program will have its own objective, game mechanics, and methods of 
evaluation. No single evaluation method will work for every game. However, the 
methods described here can serve as a framework or a starting point from which 
contextualized evaluation of other GBL programs can be adapted.

For future research, we need to investigate the questions on whether the effec-
tiveness of gameplay will be sustained over time, or if continued use of engaging 
tutorials embedded in the game will lead to more improvement in reasoning. Future 
research could also integrate scaffolds of some type to introduce the concepts of 
reasoning and prepare students prior to the game in order to assess the impact 
of digital games on mathematics reasoning more accurately and effectively. As the 
embedded data from the game proved beneficial in improving game items and stu-
dent performance on covariational reasoning in the second iteration, further explo-
ration of internal game data generated by student gameplay as evidence-centered 
design (Mislevy et  al., 2003) or its validity and reliability as stealth assessment 
(Shute et al., 2016) is warranted. Its viability as a stealth assessment could mitigate 
some of the challenges of pretest and posttest design identified in this study.

12.7  Conclusion

This chapter addresses the empirical issue of the design, development, and assess-
ment in GBL in the domain of mathematics in higher education. Game-based learn-
ing brings about a new perspective of learning and instruction. It enriches students’ 
experience through an alternative and innovative approach of learning. Therefore, it 
is important to design sound educational games and develop robust and reliable 
assessment over multiple iterations to demonstrate the effectiveness of GBL in vari-
ous disciplines. We used a design-based research approach to develop an effective 
mathematics game over time through two iterations to scaffold students’ reasoning 
in algebra learning. The stealth assessment used in the design-based research 
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informed us of the game design because the embedded gameplay behavior data was 
consistently logged and captured over time. If we only relied on the external assess-
ment instrument, we would not be able to gain a comprehensive and deeper under-
standing of students’ performance, which area they did well and which area they 
were weak at, and why they did not do well in some test items. This research has 
provided us with valuable insights into the construction of a design- based research 
model for developing GBL environments in both the game and the assessments.
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Chapter 13
Instructional Design for Digital Game- 
Based Learning

Jacqueline Schuldt and Helmut Niegemann

13.1  Introduction

Digital games for learning are expected to satisfy several demands. Concerning 
graphics, game mechanics, joy of use, and excitement, users hope for a level of 
quality they know from their computer games used for fun. Entertainment is surely 
a standard for all kinds of games. Those who are concerned with learning—teach-
ers, trainers, parents, or self-regulated learners—may expect an increase in motiva-
tion to learn the subject matter and give top priority to the efficiency of learning, i.e., 
sustainable success of learning (durable change of personality traits) in appropriate 
time. By a psychological point of view, playing games is similarly complex as is 
learning. Depending on the respective perspective, various categories of games can 
be differentiated and also can learning be analyzed in different ways.

Hence, a learning game should combine a certain level of entertainment with a 
certain amount of learning efficiency. Obviously, it is not sufficient to combine both 
aspects additively. Typical for an additive form of combination are games contain-
ing a developing interactive scenario or a sequence of them which is interrupted for 
a learning scenario, often without any consequences of the learning process for the 
game scenario and vice versa. On the contrary, there are games where learning pro-
cesses are intrinsically integrated into the game’s flow.

The critical point is whether the outcome of the learning process has an impact 
on the further game flow and provides some gain for the player/learner (joy of play 
and experience of success). This kind of combination requires the learning game 
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designers to analyze the domain-specific knowledge and task structures and their 
relationships inside the virtual world of the game as well as inside the real world. 
Well-designed and successful games for learning offer the chance to get alternative 
access to the subject matter, to approach a topic playfully, and to practice methods 
without the virtual world falling apart into the world of the game and the world of 
learning.

The focus of this contribution is on possibilities to intermesh domain-specific 
knowledge and task structures with suitable game scenarios and game mechanics 
using examples from different domains. Furthermore, we will discuss the respective 
design decisions based on the DO ID framework model (Decision Oriented 
Instructional Design Model).

13.2  Instructional Design (ID)

Learning by computer games is possible, and it may be more effective than learning 
by conventional instruction (Wouters et al., 2013). “Possible” and “maybe” refer to 
certain conditions: To be effective, a learning game must meet high demands result-
ing from our knowledge of cognitive and motivational processes. To make these 
demands available to teachers, trainers, and instructional (game) designers instruc-
tional design models have been developed delivering recommendations. The 
Decision Oriented Instructional Design (DO ID) model (Fig. 13.1) is a framework 
model developed over the last 12 years (Niegemann, 2020; Niegemann et al., 2008) 
to support instructional design by providing sound scientific information to make 
efficient ID decisions. As scientific research is always in progress, there are no eter-
nal rules but instructional design patterns that recommend what aspects should be 
considered referring to the current state of instructional psychology and technology 
research. The DO ID model represents three areas of instructional design: (1) A goal 
perspective and measures to ensure an appropriate standard of quality (external 
shell); (2) suitable procedures to analyze the needs, the relevant conditions, and the 
context of the planned instructional programs (second shell); and (3) the fields of 
concrete decisions to be made by instructional designers.

The general goal is not a specific learning objective but a strategic one: What is 
the prospect of the company or the organization initiating the education or training 
measure? This is especially important from the pedagogical point of view to decide 
on the selection of elements of the subject matter to be included or excluded from 
the learning program.

Also, at this time, the standards of quality should be made clear and the way to 
ensure the quality should be launched: establishing project management and start-
ing to develop evaluation tools and design an evaluation strategy including usability 
aspects.

The next level comprises the necessary analyses: Similar to a medical diagnosis 
and treatment is based on a detailed anamnesis, the design of education or training 
program must be based on information on the internal and external learning 
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conditions: relevant learner characteristics, attributes of the subject matter, the spe-
cific learning objectives or competencies, the available resources, and the context of 
the later use of the learning program. Questions to be answered are:

• What are the differences between the learners’ prior knowledge and competen-
cies and the desired competencies? Is there just a quantitative gap (missing 
knowledge or skills) or qualitative differences due to misconceptions (concep-
tual change)? To overcome misconceptions, it may be necessary to let the learn-
ers experience their original views are false. What about the presumable attitudes 
of the learners toward the subject matter? Are learners typically motivated to 
approach the subject matter? What emotions could be expected (boredom, inter-
est, indifference, dislike,…)?

• What are the kinds of knowledge or the competences planned to convey by pro-
viding a learning program in detail? Task competencies are rather specific while 

Fig. 13.1 Decision Oriented Instructional Design Model (Niegemann, 2020, p. 112)
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domain competences refer to a more holistic knowledge. Depending on the 
learner characteristics: what about the “depth” of the subject matter to be selected 
into a specific domain; e.g., due to the context of the later application: is it enough 
to convey physics knowledge on a Newton level or is a theoretically more “mod-
ern” level suitable? Games conveying task competencies will mostly include 
more exercise.

• Which elements of the subject matter (facts, concepts, relationships, principles, 
and theories) are relevant to be selected? Which are the criteria of relevance? 
Does the level of concept building refer to the context competencies should be 
applied in?

• What types of problems or tasks (from an instructional psychology point of view, 
e.g. Dörner, 1987; Jonassen, 2004) are typical in the relevant domain? Are there 
typical schemata of tasks (e.g., in math “amount-per-time,” “distance-rate-time”; 
Mayer, 2008, p. 164 ff.) in the domain?

All that information provides the groundwork for any further decision.
While design decisions, in general, are not made following a specific sequence, 

the decision for the format should be made at first. Digital Game-Based Learning is 
one format with several sub-formats. A very popular sub-format is “learning adven-
tures” (Egenfeldt-Nielsen, 2007, p. 70). A “learning adventure” game is based on an 
adventurous story, often with the main character (protagonist) who has to fulfill a 
task or to solve a problem in a more or less virtual world with sub-goals and virtu-
ally risky actions. Other subformats of game-based learning are jump-and-run 
games, memory games, shooter games (e.g., “Re-Mission 2”), strategy games (e.g., 
“Through the Darkest of Times”, “Civilization”), sensomotoric training games 
(e.g., “Kinect Adventures!”), sports-simulation games (e.g. “FIFA”, “AO Tennis 
2”), hunting games (e.g., “Pokemon Go”), role-playing games (e.g., “Minecraft: 
Education Edition”) social role-playing games (e.g., “The Sims”), and simulation 
games in a narrow sense (goal-based scenarios), etc.

Alexander Westphal (2009, p.  117) offers a classification of computer games 
from the point of view of interaction possibilities, whereby most games today, 
including educational games, have characteristics of several classes: skill games, 
adventure games, strategy games, simulations, and production games. Thus, the 
preferences of many players can be addressed.

Ratan and Ritterfeld (2009, p. 10) developed a classification system of serious 
games, which included four dimensions within which the games were categorized: 
primary educational content, primary learning principle, target age group, and 
platform.

In a wider sense, all games are in some way simulations (Tobias et al., 2011, 
pp. 129, 159), but not all simulations are games.

When the decision for a format and sub-format has been made, there are at least 
nine fields representing more or less evidence-based psychological principles to 
consider for further design decisions. These fields are not completely independent: 
Decisions made in one field may constraint or otherwise influence decisions con-
cerning another field.
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Content structuring demands decisions on the selection of elements or levels, the 
sequence, and the segmentation of the subject matter to be taught by the game. 
Based on the results of the analyses (learner characteristics, learning objectives, 
etc.) and external rules (e.g. school curriculum), design decisions concern the selec-
tion of knowledge pieces, the information density of the units, meaningful sequences 
of subject matter, etc.

The design of learning tasks is the main challenge of instructional design (van 
Merriënboer & Kirschner, 2018). A learning task should stimulate learners’ mental 
operations in a way a desired cognitive structure is built up or strengthened. Learning 
tasks as the core of any instructional design project are always domain-specific, and 
they have to match game-specific challenges into the context of the narration. 
Question to be answered are:

• What about the complexity of the problems or tasks appropriate for the learners’ 
abilities and the desired competencies?

• Does it make sense to differentiate hole tasks and part tasks (van Merriënboer & 
Kirschner, 2018) in more complex problems of the domain?

• Does the solution of problems or part tasks require specific knowledge the learn-
ers cannot be expected to have?

• How can transfer of learning be ensured from the world of the game to the world 
of work or everyday life or the world of a discipline in school or university? Is 
one complex problem with a series of part tasks sufficient or does transfer require 
a repetition (exercises) of tasks (e.g., different levels of a game)?

In practice, design decisions will not be processed in a clear sequence but more 
agile, so ideas concerning suitable plots will influence the decisions to select prob-
lem tasks.

In many sub-formats of games for learning the selection of learning, tasks are 
closely tied up with the story (narration) underlying the game. The tasks to be com-
pleted on the story level must match the structure of the learning tasks, which 
depends on the discipline.

• What types of cover stories are generally appropriate for the specific discipline 
or domain? Stories in general have typical deep structures depending on the cul-
ture in general and on the culture of a discipline (“story grammars”, Thorndyke, 
1977), and there are typical plot structures, which showed to be successful in the 
movie area (Tobias, 1993).

• Are there plots that can be modified to be used to integrate the sequence of 
domain-specific problems or tasks to a serious game?

• Are there any ethical aspects to be considered?

To be effective, the learning tasks have to be performed by the user (his/her char-
acter in the game), may be supported by other characters taking tutorial roles. To be 
effective for sustainable learning and transfer more than one task concerning, the 
same objective is necessary. Especially, in vocational education, the selection of the 
narration has to consider the context of utilization of the subject matter in real work-
ing life in the specific domain.
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The fact that many people could be motivated by playing games does not mean 
they get automatically motivated to learn when engaged in playing a learning game. 
Learning and especially the transfer of learning have to be fostered specifically. 
Dedicated instructional design models like Keller’s ARCS model could be applied 
fruitfully for learning games. But it should be clear that the motivation to play does 
not automatically transfer itself to a motivation to learn, especially stuff of a cer-
tain domain.

Design decisions on the technical conditions concern the devices used by learn-
ers. From an instructional design point of view, the different sizes of displays could 
be the main challenge for educational game design. While simple games for learn-
ing could be developed using e-learning authoring systems, more complex games 
are constructed using a dedicated engine. Decisions concerning the selection of the 
tools may constrain the use of the games on certain devices or display sizes.

As with the design of any instructional material containing more than one code 
(text, picture, and noise), the design of games for learning should consider the huge 
amount of experimental research on multimedia learning based on theories of cog-
nitive load (e.g. Mayer, 2014, 2020). Even if not all “principles” are valid, under any 
circumstances, it seems highly recommendable to check the compatibility of the 
game design with applicable effects of multimedia learning research.

To foster learning interactions in a game (as in any other e-learning format), the 
realization should meet at least one of the “teaching functions” (Klauer, 1985): fos-
ter the motivation, providing information, ensure understanding, support remem-
bering and recall, facilitate the transfer of knowledge, and/or organize or coordinate 
the instructional unit. Interactions, which do not fulfill a teaching task, could be 
superfluous or even hinder the learning process causing extraneous cognitive load. 
One of the most important categories of interactivity refers to feedback:

• What kind of feedback is possible and suitable after a learner tried a solution for 
a simple or a complex problem task? Immediate feedback to any part-task in 
order to enable a proper solution at the end of the learning unit or comprehensive 
feedback at the end of a complex problem to confront the learner with the “natu-
ral consequences” of his/her decisions?

• How much information (failure-related) should be provided as feedback 
(Narciss, 2008)?

Details of the graphic design decisions are mostly delegated to graphics design 
experts. From an instructional design perspective, aspects to be considered com-
prise: (a) the acceptance by the learners or other stakeholders (graphics style, 2D or 
3D) which are mostly linked to the budget, (b) the accordance with the results of 
multimedia learning research (e.g., split-attention effect); Split-attention occurs 
when learners are required to split their attention between two or more mutually 
dependent sources of information (e.g., text and diagram), which have been sepa-
rated either spatially or temporally. (Ayres & Cierniak, 2012).

Playing a learning game could take some time, and especially if the game should 
be used in the classroom, the designer has to consider typical time schedules in 
schools or other institutions. Also, the design of games to be used outside schools 
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should consider aspects of time: breaks (should learners be able to suspend playing 
any time?), the typical length of a session (to be communicated in the beginning), 
and possible effects of cognitive depletion (depending on learner characteristics). 
The length of playing a learning game may also be judged by stakeholders concern-
ing the opportunity cost of time: How much time does it take to successfully play a 
learning game and how much time is necessary to convey the same subject matter 
by another teaching method reaching the same results of learning?

Several ID experts see the implementation as an important part of the instruc-
tional design (Morrison et al., 2004). As with other formats of e-learning, the imple-
mentation of learning games in schools or organizations often needs an 
implementation strategy. The acceptance among stakeholders (in schools: princi-
pals, teachers, parents, students; in companies: chiefs, employee delegates, HR rep-
resentatives, addressees) should be convinced of the advantages of the use of games 
for learning. Also, the availability of the technical equipment and support should be 
made sure in advance as well as the preparation of the addressees concerning the 
handling of the game software.

A specific problem of learning games is the “amount of invested mental effort” 
that was studied intensively by Salomon (1983, 1984) in the context of videos for 
learning. Salomon could show that the attitude toward the medium (comparing 
video and print) made a difference rather than the medium itself. Learners assume 
learning from videos will be much easier than learning from printed material per-
formed worse under the video treatment due to investing less mental effort. Learning 
games could underlie the same effect, but Hawlitschek (2013) could not confirm 
this hypothesis for her game “1961” (history) comparing two versions.

We explain the game and domain-specific aspects of instructional design in three 
examples.

13.3  Examples for Domain-Specific Digital Games 
for Learning

In this section, we present examples of digital games for three different domains: 
History, STEM, and Ethics/Moral Development.

13.3.1  History: “1961” by A. Hawlitschek

The title “1961” of the game refers to the building of the Berlin Wall in 1961 by the 
East German Government (Fig. 13.2). The goal is initiating interest in the political 
events around the construction of the Berlin Wall and the consequences for the lives 
of people especially in East Berlin. Students should get a sense of the impact of the 
wall on everyday life. The prototype of the digital educational game “1961” was 
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developed as part of a doctoral thesis and was accompanied by a research project at 
the University of Erfurt.

Learning with this educational game works and was evaluated within an empiri-
cal study at the University of Erfurt with more than 140 students from four grammar 
schools (Hawlitschek, 2013). A knowledge increase could be determined by playing 
the prototype of “1961,” but what it couldn’t accomplish is no deepening and struc-
turing of the content, no answers to questions that arise for the students, and no 
questioning of the medium and the historical truthfulness of the game contents.

For this purpose, an e-learning application was developed to supplement the con-
tent and as a framework for integration in the classroom (www.1961.uni- halle.de/). 
“1961” consists of a digital learning game in the form of a point-and-click 

Fig. 13.2 Screenshot of “1961” (http://www.1961.uni- halle.de/)

Fig. 13.3 Screenshot of “Serena Supergreen” (https://serena.thegoodevil.com/play/)

J. Schuldt and H. Niegemann

http://www.1961.uni-halle.de/
http://www.1961.uni-halle.de/
https://serena.thegoodevil.com/play/


307

adventure and an associated e-learning application. Based on possible questions 
asked by the students, the e-learning application complements the learning game in 
terms of content and provides a framework for integration into the classroom. A 
variety of different materials are offered for this purpose. These are not only used to 
enrich the lessons but also to support the learning transfer of the students. Additional 
organizational and didactic hints are provided for the teachers.

The game is clearly not designed to substitute the teaching of the topic but to 
increase the learning motivation and to learn facts to ask questions.

This project was supported with funds from the “Bundesstiftung zur Aufarbeitung 
der SED-Diktatur,” a Federal Foundation for coming to terms with the SED 
dictatorship.

The design of the game was part of research on the question, whether game- 
based learning would underlie an effect described by Salomon (1983, 1984): 
Learning requires an investment of mental effort, and results of learning will be 
poor if learners are convinced that the learning process will be easy and not men-
tally demanding (as is often in case of video-based learning compared to learning 
by printed material). Therefore, Hawlitschek designed originally two versions of the 
game, one with the explicit instruction to concentrate on the learning aspect. 
Contrary to the hypothesis learning this version was not better (Table 13.1).

13.3.2  STEM: “Serena Supergreen” funded by the German 
Federal Ministry of Education and Research 
and “Experimento Game” by Siemens Stiftung

Science, technology, engineering, and mathematics (STEM) is a term used to group 
together these academic disciplines. For this special domain, we would like to pres-
ent two different digital games for learning.

The digital game “Serena Supergreen and the broken wing” was created as part 
of a research project “Serena” funded by the German Federal Ministry of Education 
and Research (2015–2019) and shows you jobs in renewable energies. The project 
Serena aimed at developing and evaluating a serious game providing individualized 
feedback to female adolescents (13–15 years) regarding their vocational competen-
cies in the innovative field of renewable energy technologies. The serious game uses 
a point and click adventure to provide the girls with opportunities to explore the 
exciting working areas of technological vocations, and in doing so, to master typical 
challenges technicians are faced with when working in the renewable energy sector. 
The serious game is expected to contribute to (a) the acquisition of knowledge and 
competencies regarding technological vocations, in particular their typical tasks and 
challenges, (b) the development of interest in this vocational field, and (c) the 
increase of confidence in their abilities. Serious games can be particularly helpful 
for career orientation in areas where girls are underrepresented, such as science and 
technology. Girls playfully test job-related technical tasks and can experience that 
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Table 13.1 Game-specific aspects of the instructional design of the educational game “1961” in 
the discipline of history

Game-specific 
aspects of 
instructional 
design “1961”

Knowledge-/
Task-Analyses

“1961” is not only a memorable year, it is also the title of a multimedia learning 
environment for history teaching. It consists of two components: the digital 
educational game “1961”, a Point and Click Adventure, and an e-learning 
application in which the game is embedded. The unit comprises two school 
hours including an introduction by a teacher and a discussion after the game is 
over. The game fits into the curriculum of eight to ten graders in Germany
Learning goals: The students will …
• know reasons for the construction of the Berlin Wall
• trace the concrete events of August 13, 1961
• understand consequences of the construction of the Wall for the everyday lives 
of the people affected
• experience a historical situation
• become curious and motivated to ask questions about history
An e-learning application complements and enriches the learning game “1961”
It offers the students:
• further information on various questions from the game
• work and exercises
• worksheets for dealing with the subject matter in the class

Narration/
Story

A young boy owning a time machine lands on August 13, 1961 in East Berlin. 
As the battery of the machine is down, to go back he needs to get a new one, 
which is only available in West Berlin. But it is just the day the Berlin wall is 
erected. So he has to try ways to reach West Berlin, learning why this is 
difficult, what happens and why the wall is under construction, etc.

Motivation The motivational design of “1961” is aimed at stimulating curiosity and 
exploratory behavior. After the start of the game, players go on a time travel into 
the past. The players are confronted with the problem, having to get batteries on 
the day the wall is built. This fatal situation of being caught in East Berlin and 
the seek for a possibility to overcome the just closing borders to get a battery, 
outlines a game situation that is not only novel and uncertain but is also 
characterized by the experience of incongruence
The evaluation of “1961” showed that the greater the intrinsic motivation of the 
players, the more points they score in the retention and comprehension tests. 
The postulated connection between motivation and attention can also be proven. 
The greater the intrinsic motivation of the students, the more attention they pay 
to the content of the game

Interactivity The game is a point-and-click adventure, where the player has to ask people or 
read documents to advance in the story and to experience different perspectives 
on the construction of the Berlin Wall. In each scene of the game, there are 
different objects with which the player can interact. Each object was assigned a 
specific function in the conception. In order to ensure the integration of game 
content and learning content, each learning-relevant object has both a function 
in the game or for the further course of the game and a didactic function. The 
didactic function of the objects is based on the learning objectives

Time Duration: approx. 60–70 min; The mean length of the game is adapted to the 45′ 
schema of German school lessons. It should be used during a double unit of 90′

Technical 
aspects

The game “1961” requires: one computer per student and Internet access
(operating system: Microsoft Windows, browser: Mozilla Firefox from version 
24.0; Internet Explorer from version 10)



309

they succeed in mastering these tasks. These master experiences as well as the feed-
back strategies integrated into the game help to strengthen their ability concept for 
technical tasks. The point-and-click adventure aims to promote girls’ self-concept 
and interest in technology-related tasks, focusing on entertainment and a strong 
connection between the player and game characters (models) that lead to an increase 
in learning (Spangenberger et al., 2019). The technical skills self-concept of girls is 
a factor that has a significant influence on whether girls even consider a technical 
profession.

The confrontation of the young people with the technical activities in the game 
and the successful completion of the tasks lead to the fact that the subject of technol-
ogy is positively occupied after the game experience. This first step in the career 
orientation process aims to achieve openness to technology and to oppose a funda-
mentally negative attitude. Building on this, a practical connection to the game con-
tent and experience is created through practical experimentation. The students put 
technical activities from the game into practice, for example by soldering solar cells 
together. In the next step, the technical activities are evaluated using an online tool 
and assigned to specific occupations from the renewable energies division. Finally, 
the pupils use a guided Internet search to find out about a training occupation in the 
field of renewable energies that correspond to their interests (Table 13.2).

Another example for the domain STEM is presented subsequently.
The “Experimento Game” was developed in 2018 for STEM teaching in subjects 

Biology, Chemistry, Physics, and Technology by the Siemens Stiftung in coopera-
tion with the Fraunhofer Institute for Digital Media Technology IDMT for the target 
group of students ages 11 to 13 in all types of schools. The game was developed for 
Experimento, an international education program that is directly related to the 
everyday lives of children and young people. The program focuses on independent 
experimentation, exploration, and comprehension of natural phenomena and tech-
nological developments that address the environment, energy, and health. 
Experimento emphasizes up-to-date materials pertaining to global challenges, such 
as the greenhouse effect, the use of renewable energy, or water filtration (https://
medienportal.siemens- stiftung.org/en/experimento- matrix).

The “Experimento Game” is a point-and-click adventure (Fig. 13.4). It unfolds 
as a linear plot made up of two successive stories and integrates puzzles, search 
tasks, and combinatorial tasks:

• Story 1: We produce drinking water—methods of purifying water;
• Story 2: Waste incineration/waste separation.

The game starts with a tutorial phase that illustrates the controls in the game in 
an entertaining way (making a fire, setting up a tent, collecting items in a backpack, 
etc.). The players don’t just watch how a figure experiences the story; they actively 
participate and control the figure. The story in the “Experimento Game” depends on 
the players’ decisions in short dilemma situations and their success in the puzzle 
and skills exercises (Schuldt et al., 2018). The players go through a defined story-
line, and they can choose one of three characters at the beginning of the game: 
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Table 13.2 Game-specific aspects of the instructional design of the educational game “Serena 
Supergreen” in the discipline of STEM

Game-specific 
aspects of 
instructional 
design “Serena Supergreen”

Knowledge-Task- 
analyses

The game comes with a teaching unit that can also be carried out in 
extracurricular education. The unit comprises four school hours and is 
aimed at the 9/10 grade. The curricular integration of the game ensures that 
results and experience gained in the game also flow into the students’ 
in-depth career choice
Learning goals: The students will …
• Analyze technical activities from the game, relate them to professional 
situations, and evaluate them in a way that is based on interests
• Recognize and discuss sustainability references in game actions
• Describe the qualification requirements of selected professions in the field 
of renewable energies and compare them with personal interests and skills
• Reflect and evaluate professional perspectives in the industry
• Develop professional goals, analyze personal motivational factors
• Independently access, summarize and present professional information on 
web portals and audio-visual media

Narration/Story In a fictional game world, players have to cope with technical tasks that are 
relevant in training professions in the fields of metal, electrical engineering, 
mechanical engineering, sanitary, heating and air conditioning technology, 
computer science, automotive technology, or chemical engineering. This is 
done without emphasizing the technical requirements

Motivation The social component of technology and the integration of technical 
requirements into a sustainability context are also important in the game. 
The game builds on the motivation of young people to get involved in 
climate and environmental protection

Interactivity By taking an active role in the game, which is a point-and-click adventure, 
the success of the action is attributed to your own abilities. Feedback 
strategies integrated in the story also helpless technically savvy young 
people to successfully complete the tasks. Such master experiences 
contribute to the strengthening of the own technical ability concept, an 
important step in the career orientation process

Time The students play the point and click adventure “Serena Supergreen” in 
3–5 h at school or home on their smartphone, tablet or PC. It is possible to 
save the game progress.

Technical aspects The game “Serena Supergreen and the broken wing” is provided as a 
program for computers with Windows and OSX operating systems and as 
apps for iOS and Android devices (smartphones and tablets)
There are three options to purchase the game:
a. Download the game
b. Mail delivery USB stick
c. Appstore and Google Playstore

J. Schuldt and H. Niegemann
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Sappho, Dante, or Mokobe. In addition, the players can select a language: German, 
English, or Spanish.

The goal of the “Experimento Game” together with the associated teaching 
methods is to increase the students’ awareness of the complexity of environment- 
related judgments, point out to them the necessary conditions for making a fair 
judgment, and create an understanding for others’ judgments. They should become 
aware of their own interests and be able to analyze them. The digital game opens up 
new possibilities because the players are put in a dual role: First, they enter into the 
game world and the events taking place within it; second, they actively intervene in 
the events, therefore embracing them as their own.

Playing involves forms of learning. It thus helps in the acquisition of compe-
tences, knowledge, and experiences and simultaneously in experimentation and dis-
covery. Learning occurs best when it describes an active process, when it is 
goal-oriented, contextualized, and interesting.

What value does game-based learning within “Experimento Game” add, com-
pared to a real learning situation, especially in STEM contexts?

• It spurs motivation through immediate feedback (points).
• It creates opportunities to talk and makes room for discussion and reflection.
• The game can be used in a wide range of applications. It can be used to prepare 

for new learning material, to reinforce existing knowledge during class, or to 
summarize and review as a follow-up to the lesson.

What is the “Experimento Game” designed to accomplish?

• Generate intrinsic motivation in students to examine the topic of waste and water 
contamination.

• Pique students’ interest in the topics of environmental awareness and sustain-
ability and sensitize them to environmental issues.

Fig. 13.4 Screenshot of “Experimento Game” (https://medienportal.siemens- stiftung.org/en/
experimento- game)
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• Create space and opportunities to speak for reflection: A reflection phase guided 
by the teacher following the serious game is crucial to value formation.

• Enable students to make decisions in a protected space without having to fear 
“real” consequences.

• Give students the opportunity to reflect on their behavior in the game and become 
aware of the reasons for their decisions (Table 13.3).

13.3.3  Ethics/Moral Development: “Catch 22” by J. Schuldt 
née Krebs

Digital games and their numerous decision-making situations can have an inesti-
mable educational value. By acting morally in games, the player receives practical 
experience with morally correct decisions or maybe acting on immoral decisions by 
the consequences experienced (Wimmer, 2014, p.  277). The gaming experience 
meets the intellectual and emotional attitudes of the players. The players are forced 
to interact with the game-specific rules and ethics (Pohl, 2009, p. 279).

A moral dilemma can be a powerful source of conflict within digital games. 
Moral dilemmas are situations where players must weigh the consequences of their 
choices carefully because there are at least two or more values battling for the “pole 
position,” and there is no ideal answer (Krebs, 2013, p.  233). Moral dilemmas, 
intentionally or not, provoke the violation of the learned value system or have no 
happy ending. For players, virtual worlds thus represent worlds for self- construction, 
identity testing, and community experience. They are to be understood as a kind of 
social laboratory beyond physical resistance and real-world obstacles. So the moral-
ity of digital games is not only in what they say but in how they say it (Wimmer, 
2014, p. 275). Moral dilemmas in digital games can thus make the player sensitize 
for real-world moral dilemmas and thus promote ethical reflection. An ideal sce-
nario for a moral dilemma is one with the potential for good and bad decisions, with 
significant consequences for the course of the game.

“Catch 22” is an example of a digital game that was developed in 2013, at the 
Fraunhofer IDMT in Erfurt, to promote critical thinking and to educate moral rea-
soning through moral dilemmas (Krebs, 2013). Therefore, Kohlberg’s dilemma- 
discussion approach (Kohlberg, 1995) and its further development through Georg 
Lind (Lind, 2009) was combined with Haidt’s Social Intuitionist Model (Haidt, 
2001) and implemented in a serious game called “Catch 22” (Krebs & Jantke, 
2014). For this purpose, six dilemma situations referencing to Haidt’s moral foun-
dations (Haidt, 2001) were designed:

• Harm/care
• Fairness/cheating (reciprocity)
• Loyalty/betrayal (ingroup)
• Authority/subversion (respect)
• Sanctity/degradation (purity)

J. Schuldt and H. Niegemann
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Table 13.3 Game-specific aspects of the instructional design of the educational game “Experiment 
Game” in the discipline of STEM

Game-specific 
aspects of 
instructional design “Experimento Game”

Knowledge Task 
Analyses

The game is closely related thematically to several experiments from 
Experimento|8+ and Experimento|10+ and can be used in the course of 
conducting these experiments.
Main issue: Environmental pollution and destruction
• Water contamination—water purification
• Environmental pollution due to waste—waste disposal and waste 
separation (recycling)
The students will…
● Understand the process of filtering water through a simple filter system
● Be able to reflect on the causes of water contamination
● Realize that not all pollutants and substances that are harmful to health 
can be identified with the naked eye
● Understand the filtering properties of the individual filter components
● Analyze their own practical experiences and opinions of waste 
separation
● Learn how to use resources responsibly

Narration/Story Each dilemma story also includes a mini-game that offers the player the 
opportunity to collect points
In a puzzle and skills exercise in connection with dilemma story 1, the 
player makes a water filter that is used in the course of the game to make 
the dirty stream water drinkable
In a skills exercise in connection with dilemma story 2, the player 
separates waste

Motivation During the “Experimento Game” the students collect points, which spurs 
motivation through immediate feedback. At the end of the game, the 
players receive a summary report on their decisions and the points they 
scored in the game

Interactivity In these mini-games, the students learn on the one hand how to build a 
water filter and to determine the sequence of the individual components, 
and on the other hand how to separate waste. The students learn 
furthermore, especially in connection with the additional hands-on 
experiments and worksheets …
● To process and generate information by playing the game
● To use a new digital medium (computer game) in a reflective manner
● To approach problem-solving
● To give feedback
● To discuss and reason

Time The game can be integrated into a regular lesson, playable in about 15 min
Technical aspects The game can be started online or downloaded as a ZIP file for playing it 

offline. The users only need an up-to-date desktop browser to run the 
game
Operating system: Windows, Mac, Linux
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• Liberty/oppression

The player wanders around in a 3D world, has to solve quests, and deals thereby 
with various virtual people who involve the player in moral dilemmas (Fig. 13.5). 
The decision-making process follows ad hoc to the exposition and experience of the 
dilemma. Target of the game is to enhance critical thinking skills and to raise aware-
ness of the complexity of moral reasoning. For this purpose, the reasons and objec-
tions, which count for the chosen position, are structured and arranged in argument 
maps (van Gelder, 2013, Figs. 13.6 and 13.7). As a design methodology storyboard-
ing was deployed (Jantke & Knauf, 2005; Krebs & Jantke, 2014).

13.4  Discussion: Domain-Specific Aspects of Game Design

We don’t know whether and how many learning games are designed systematically 
following an instructional design plan. So, we listed the above main questions to be 
answered from a joint instructional psychology, pedagogy (of the disciplines), and 
instructional design approach:

• In any case, a thorough analysis of the knowledge and task structure of the spe-
cific part of the subject matter as well as of the learner characteristics is 
 indispensable. These analyses provide the information necessary to make ratio-
nal design decisions. Games for learning science (e.g. “Experimento Game”) 
will typically focus on explanations of physical, chemical, or biological phe-
nomena, showing that specific observations could be explained by subsuming 
them under natural laws and their consequences. Activities will comprise thor-
ough experimentation, observation, analyses, and inferences based on clear con-

Fig. 13.5 Screenshot of the exposition, confrontation, and decision of moral dilemmas in “Catch 
22,” example of harm/care

J. Schuldt and H. Niegemann
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Fig. 13.6 Basic structure of an argument map (according to van Gelder, 2013)

Fig. 13.7 Visualization of an argument map in “Catch 22.” To create an argument map, the player 
chooses from different arguments (pros and cons) that speak for the decision made in the game 
(position). The player also has the possibility to write his own arguments. The resulting argument 
map can be printed out for further discussion in class (Table 13.4).

13 Instructional Design for Digital Game-Based Learning
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cepts and relationships. Games for history typically focus on the understanding 
of historical situations from a specific or from different perspectives (e.g. 
“1961”). Game activities will include conversations, asking questions, and mak-
ing experiences to better reflect and understand factors influencing historical 
changes. Games for learning philosophical matters like basics of ethical or moral 
discourses will focus on the structure of argumentations, possible practical out-
comes or consequences, always considering different values and value conflicts.

Table 13.4 Game-specific aspects of the instructional design of the educational game “Catch 22” 
in the discipline of Ethics/Moral

Game-specific 
aspects of 
instructional 
design “Catch 22″
Knowledge–task–
analyses

“Catch 22” intermeshes the altercation with dilemmas and gameplay, so 
players are involved in an adventure focusing on critical thinking, change of 
perspectives, and self-reflection. The game is using argument maps to 
illustrate the individual position and makes moral reasoning obvious. The 
game comes with a teaching unit and further dilemmas to discuss
Learning goals: The students will …
• evolve critical thinking
• enhance moral reasoning

Narration/story Within an adventurous story, six dilemma situations referencing to Haidt’s 
moral foundations were designed. Using argument mapping within the 
game, the first step is to identify the players’ main position in a dilemma 
situation. The game visualizes this, in a single, simple, and general sentence 
and pictures the available reasons and objections the player has gathered

Interactivity Not uncommon in everyday life, different values compete with each other. 
Moral reasoning is an important factor for the sustainability of teaching 
values. Players make decisions within “Catch 22” in dilemma situations 
(moral dilemmas/conflict of values) and back up these decisions with 
arguments. They should critically question their own position. The dilemma 
discussions in the game actively stimulate a change of perspective, role 
assumption, and reflection

Motivation Dealing with dilemma situations not only helps to learn which principles 
exist and which are most important for the respective individual, but rather 
values and norms are questioned and their consequences in everyday life are 
examined and reflected upon. A mystical story with 6 different moral 
dilemmas in 6 levels (following the MFT of Jonathan Haidt) can be played 
either with a male or female character, Andri or Elin
The construction of “Argumentation Maps” is an innovative gameplay 
element (see Fig. 13.7). This kind of visualization can help our minds cope 
with the complexity of dilemmas in everyday life

Time The students play the browser game “Catch 22” in 1–2 h at school or at 
home on PC

Technical aspects The game “Catch 22” is a single-player adventure. The Browser game was 
created with Unity 3D

J. Schuldt and H. Niegemann
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• Most games need a story. Subject matter should be integrated intrinsically (not 
additively) into the story which must fit the mentioned different objectives in 
different domains.

• Learners should have opportunities to make experiences and to observe the con-
sequences. The consequences of learners’ decisions and actions should be salient 
to provide sustainable feedback.

• Learning tasks should represent core elements of the domain-specific curricu-
lum: learning by games takes a lot of time compared to conventional instruction; 
therefore, topics to be conveyed via games should be selected thoroughly by 
game developers and teachers.

• Interactions should contribute to at least one of the “teaching functions” (Klauer, 
1985): motivate, provide information, ensure understanding, foster remembering 
and recall, foster transfer, or organize and coordinate the learning process. This 
includes considering the domain-specific prerequisites, contexts, and conse-
quences of the particular actions of the learners to be enabled by interac-
tion design.

• The level of graphics quality is less important than the structuring of the sub-
ject matter.

• Learning game design should consider aspects of time structuring (e.g., match-
ing school lesson schemata).

13.5  Conclusions and Open Research Questions

Digital games have been divided in the literature into a number of subsidiary cate-
gories, including computer games, learning games, serious games, and instructional 
games (Tobias et al., 2011, p. 128). Over the years, educators, trainers, and research-
ers have recognized that using digital games in general, and serious games in par-
ticular, entails a number of very elementary problems. Those typically mentioned 
first relate to the constraints within an educational setting, e.g., installation, costs, 
short lessons, teacher preparation time, physical space, playing and learning falls 
apart, and variations in game competence among students.

Tobias et al., 2011 presented a comprehensive review on computer games and 
state that it had become clear “from reading the game literature that there is consid-
erably more enthusiasm for describing the affordance of games and their motivating 
properties than for conducting research to demonstrate that these affordances are 
used to attain instructional aims, or to resolve problems found in prior research.” In 
recent years, more studies and evaluations of educational games have been carried 
out as the examples presented show.

The DO ID model shows the most important decisions in instructional design 
and provides hints and possible design patterns that instructional designers can use 
to intermesh domain-specific knowledge and task structures with suitable game sce-
narios and game mechanics.

13 Instructional Design for Digital Game-Based Learning
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If a digital game for learning becomes boring, even the most careful attention to 
content and content structuring can be nullified by player and learner indifference, 
thereby negating one of the major advantages of games for use in instruction. 
Instructional Design for digital games for learning must incorporate motivational 
considerations dealing with whatever is needed, including entertainment, to engage 
players and learners.

Managing the trade-off between entertainment and instruction is likely to remain 
more of an art than a science, but instructional design for game-based learning and 
evaluations on digital games for learning will help to understand and solve this 
problem. We propose a holistic approach within an iterative design process, whether 
it comes to the evaluation or optimization of a digital game or eventually the rede-
sign. Good usability and user experience are important for the acceptance of digital 
game-based learning approaches. Whereby good usability is usually not even 
noticed, in contrast to poor usability.

Regarding the conditions of efficient game-based learning in general, there are 
several open questions. Concerning the domain specificity, e.g.:

• Are there preferences of game genres to specific disciplines?
• Are there affinities of some categories of story schemas to domain-specific con-

tent structures?
• What are the conditions to avoid the effects Salomon (1984) found in learning 

with video compared to print learning material (reduced investment of mental 
effort) in the case of games?

• Does game-based learning—independent of the learning results in a special 
game—enhance the interest in a discipline? Under what conditions?
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Chapter 14
Play Attention: Thinking Like a Game 
Designer with Online Instructional Design

Christopher Lindberg and Meghan Naxer

14.1  Introduction

While much has been written about games and learning, a deeper understanding of 
what using games as learning tools can mean, as well as how games can look in 
learning environments, has historically been neglected by practitioners and instruc-
tional designers. Additionally, early research in gamification and Game-based 
learning (GBL) studies did not focus on motivational changes, such as extrinsic and 
intrinsic motivating factors, instead favoring student performance and time-based 
engagement as metrics (e.g., Landers & Landers, 2014). Often, game elements are 
simply pasted into learning modules as a fun, but optional, way to learn or practice 
some material. However, recent trends are showing an increased interest in measur-
ing the motivation of student learning (Antonaci et al., 2019).

While it is nice and can be helpful, for educators to include games “on the side” 
of course content, we argue that games and game mechanics can more effectively be 
used to enhance students’ motivation if they are incorporated into course design at 
inception, discussed as a systems-level approach. This approach is recommended 
because games have the potential to utilize elements of motivation in a way that is 
distinct from other instructional techniques (Fullerton, 2014; Juul, 2013; Rigby & 
Ryan, 2011).

In this chapter, we will provide a rationale for why game-based learning can be 
impactful and describe a strategy for thinking like a pedagogue and a game designer 
simultaneously. While these strategies have been effective in our work, based on 
student and instructor feedback, future research is needed to gather more definitive 
evidence. By building off of research from various fields, including game-based 
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learning, Self-Determination Theory, and game design research, this theoretical 
review provides practical applications in the form of examples from our own work 
that can start a conversation about combining game design and instructional design 
practices. We will describe how principles of game design can be incorporated into 
online educational contexts to transform students’ motivation by satisfying their 
psychological needs for autonomy, competence, and relatedness (Ryan & Deci, 
2017). The theoretical background of Self-Determination Theory (SDT) provides a 
foundation for the interrelationship between game design, instructional design, and 
motivation. Then, we will focus on the principles of game mechanics and gameplay 
as applied to online higher education, and review how these game elements are cur-
rently being implemented in educational contexts. Finally, we will propose a way 
for educators to use motivational and pedagogical theory, as well as the principles 
of game mechanics and gameplay, to enhance student motivation. We will discuss 
these two game elements, gameplay, and game mechanics, as the means to bring 
GBL into the design at a systems level, incorporating it into conventional instruc-
tional design processes. This chapter ends with how we have successfully imple-
mented these ideas into online courses across diverse disciplines and looking ahead 
to future possibilities.

14.2  Self-Determination Theory

Self-Determination Theory (SDT) has often been cited as a theoretical basis for 
gamification and GBL (e.g., Rigby & Ryan, 2011; Ryan & Rigby, 2019), and can be 
used to explain how and why GBL can be a compelling method for increasing stu-
dents’ motivation. In the “self-determination continuum,” Gagné and Deci (2005) 
posit that individuals can be motivated to complete a task due to either intrinsic or 
extrinsic origins. Extrinsic motivation describes behavior that is accomplished 
because the individual perceives some sort of reward separate from the task. 
Extrinsic “rewards” can be conceptualized on a continuum, with rewards and pun-
ishments for task completion or incompletion (“external regulation”) being the most 
“removed” from the individual. In an educational context, an example of external 
regulation could be a student learning material because they perceive that they need 
to pass the course to obtain employment after graduation. In this example, a diploma 
would be the perceived reward for learning. A slightly less “removed” form of moti-
vation includes ego-involvement and self-worth contingencies (“introjected regula-
tion”), such as a student studying so that they can feel “smart.” Other forms of 
extrinsic motivation that are less “removed” from the individual include “identified 
regulation” and “integrated regulation,” which describes task completion because 
the task fits in with the individual’s goals, values, and regulations. While these four 
forms of motivation may look, and be conceptualized, differently, they all fall under 
the broader category of “extrinsic motivation” because they describe motivation as 
derived from a source that is separate from the task itself. In contrast, intrinsic moti-
vation describes behavior that is accomplished because the individual enjoys, or 
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derives satisfaction, from the task itself (Gagné & Deci, 2005). Intrinsic motivation 
brings people closer to well-being through needs satisfaction. It puts them on that 
pathway to engaging experiences, improving “people’s motivation to persist” (Ryan 
& Rigby, 2019, p. 158), as already mentioned.

While instructors may hope that students are intrinsically motivated during their 
courses, there are numerous reasons why that may or may not be the case. However, 
by acknowledging a range of types of motivation, we can consider ways of design-
ing that will encourage and aid students in moving closer toward intrinsic motiva-
tion. When implementing GBL designs, our goal for this implementation is to shift 
motivation across the spectrum, from extrinsic to identified and integrated regula-
tion then, if possible, to intrinsic motivation.

When conceptualizing extrinsic and intrinsic motivation, work by Deci and Ryan 
(e.g., Deci & Ryan, 2000; Ryan & Deci, 2000; Ryan & Deci, 2017) suggests that 
humans need three psychological components to achieve well-being. The first need, 
autonomy, describes the need for individuals to consider their own values, and self- 
regulate their behaviors and experiences accordingly. The second need, compe-
tence, describes the need for individuals to feel effective at what they do. The third 
need, relatedness, describes the need for individuals to feel connected to and valued 
by other individuals, and to feel belongingness in their communities. If these three 
psychological needs are not met, individuals will have trouble achieving optimal 
motivation, in educational contexts, as well as in other areas.

Social environments can play a large role in whether the needs for autonomy, 
competence, and relatedness are met (e.g., Deci & Ryan, 2000; Ryan & Deci, 2000; 
Ryan & Deci, 2017). For example, demanding or controlling environments can 
threaten individuals’ need for autonomy. Discouraging environments, or environ-
ments devoid of positive feedback for quality work, can threaten individuals’ need 
for competence. Impersonal environments, or environments that reject certain 
groups of people, can threaten individuals’ need for relatedness. Therefore, when 
considering student motivation in educational contexts, it is important to consider 
what may or may not meet learners’ needs.

Several elements of design can promote optimal student motivation (Naxer, 
2019). For example, students’ need for autonomy can be enhanced if students are 
given enough resources to make course content personal to them. To accomplish 
this, some educators may provide additional reading material for students interested 
in certain content, allow students to come up with their own examples that illustrate 
concepts or allow students to make meaningful decisions about how they will go 
about completing course objectives. Students’ need for competence can be enhanced 
as educators set realistic expectations, provide clear objectives, scaffold course con-
tent, and provide positive feedback. Lastly, students’ need for relatedness can be 
enhanced as educators interact with their students, encourage students to interact 
and collaborate with each other, and implement inclusive practices in course design 
and teaching.

Not only does SDT outline the needs and supports of learners in an educational 
context, but it also outlines how these needs can be met in virtual worlds and video 
games. “Simply put, basic need satisfaction was found to be the pathway to both 
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enjoyable and engaging game experiences and to people’s motivation to persist in 
them” (Ryan & Rigby, 2019, p. 158). To go a step further, there is even more overlap 
between potential SDT applications in online education by considering that the 
online environment has the potential to be a “virtual world” that can provide or 
simulate experiences that may not be possible in face-to-face environments (Thomas 
et al., 2019). Therefore, effective techniques in other forms of virtual worlds, such 
as the worlds created in video games, can inform the usage of gaming in education.

14.2.1  Examples of Self-Determination Theory 
in Gaming Contexts

Salen and Zimmerman (2003) have identified four traits, or capacities, of digital 
games: immediate but narrow interactivity, information manipulation, automated 
complex systems, and networked communication. These four traits are defined and 
described below, followed by commentary about how each of these traits can sup-
port learners’ needs as identified by SDT. This information can be used to explore 
how autonomy, competence, and relatedness can be supported within online gaming 
environments (Tables 14.1, 14.2, 14.3, and 14.4).

Online course designs can often benefit from some of the same traits of digital 
games outlined earlier. Therefore, educators such as instructors, faculty, and instruc-
tional designers can implement competence-, autonomy-, and relatedness- supportive 
design structures into the GBL systems they create. While including any one of these 
supportive designs can impact motivation, implementing two or all three of these ele-
ments can strengthen the motivational pull for students by fulfilling more needs. In 
addition to understanding how SDT can be applied to enhance motivation, as well as 
understanding how games can provide psychological need fulfillment for autonomy, 
competence, and relatedness, it is important to understand two key game elements, 
game mechanics and gameplay, to successfully integrate game-based learning.

Table 14.1 Immediate but Narrow Interactivity (Salen & Zimmerman, 2003; p. 87)

Description of trait

How each trait supports 
autonomy, competence, 
and relatedness

Many digital games are able to offer immediate feedback to players. 
For example, the game can provide feedback to the player about their 
performance, letting the player know if they have succeeded or not 
succeeded in the task. While this feedback can be helpful, it is often 
limited, especially if the player has not yet “succeeded,” as the games 
often provide hints toward the correct answer, but not the correct 
answer. Although limited, much of this kind of feedback tends to be 
positive and varied in type. For example, different games can provide 
granular, sustained, and cumulative feedback at different times (Ryan 
& Deci, 2017, p. 514)

Competence: Behaviors 
such as positive 
feedback and 
scaffolding can fulfill 
individuals’ need for 
competence. Therefore, 
the interactivity and 
feedback within digital 
games have the potential 
to enhance players’ 
competence
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14.3  Game Mechanics and Gameplay

Some interesting schools of thought have emerged that begin to clarify how game 
elements can be used effectively in learning, particularly to improve the motivation 
of learners (e.g., Eseryel et al., 2014; Plass et al., 2020). Now that we have described 
SDT in the context of digital games, it is important to note here that the satisfaction 
of SDT’s psychological needs for autonomy, competence, and relatedness comes 
not from the superficial game content and thematic settings, but the mechanics 
under the hood—game systems and game design. To better discuss these game 

Table 14.2 Information Manipulation (Salen & Zimmerman, 2003 p. 88)

Description of trait How each trait supports autonomy, competence, and relatedness

Games can store vast amounts 
of data, including graphics, 
audio, and text. This digital 
data can be manipulated in 
numerous ways, from 
gradually introducing rules as 
the game is played, to 
withholding information from 
players when creating 
moments of uncertainty

Autonomy and Competence: Individuals’ need for competence 
can be satisfied if goals are clearly outlined, and their need for 
autonomy can be satisfied when given choices on how to 
proceed with their goals. The informational manipulation trait 
can satisfy both of these needs. Games can communicate goals 
in numerous ways, through both text and visual cues, and can 
even obscure goals through a lack of information to encourage 
free exploration, as well as adjust the game’s difficulty. Games 
that offer players choices over what to do and strategies to 
pursue are also autonomy-supportive, especially when players 
can control the amounts and types of information they receive 
and interact with
Competence: The information manipulation feature of digital 
games can also enhance the game’s interface in regards to 
smoothness, intuitiveness, and accessibility. This intuitiveness 
allows players to quickly grasp the interface of games, allowing 
them to focus more on the game’s goals. As confirmed by Ryan 
and Deci (2017), “The more intuitive the controls, the less the 
players are aware of them, and the more effectiveness and 
mastery they feel in their engagement” (p. 515)

Table 14.3 Automated Complex Systems (Salen & Zimmerman, 2003, p. 88)

Description of trait
How each trait supports autonomy, competence, and 
relatedness

Digital games can automate complex 
systems, or game procedures, within the 
game, such as the process of moving a 
player up or down a level. This feature 
can be used to make the game either 
easier or more difficult, depending on 
the player’s past and current 
performance. In other words, these 
complicated procedures can be 
automated to facilitate playability, but 
can also be used to obscure rules and 
mechanics

Competence: Leveling systems within games, or 
processes that determine whether a player progresses 
to more or less difficult versions of the game, are 
often automated based on players’ past performance 
(the player’s “stats”) and progression. If a player 
achieves a certain level of performance, as defined by 
the game designers, then the player is automatically 
moved to a higher level, or more difficult version, in 
the game. These leveling systems can also be a form 
of scaffolding, as the players are slowly introduced to 
new objectives, and more difficult versions, of the 
same kinds of tasks
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elements, we would like to take a moment to consider the smaller building blocks of 
games: gameplay and mechanics, which are important concepts to understand when 
considering game-based learning.

Gameplay includes the rules, world logic, objectives, and challenges set by a 
game for its players, but also the experience a player gains when interacting with 
these elements. Game Mechanics are the specific methods given to a player to inter-
act with these rules. They are the tools given to a player to interact with the logic of 
a game to meet the objectives and challenges. These same principles can easily fit 
into an instructional design setting, as courses and online environments also set up 
the rules, logic, objectives, and challenges for students. In turn, students are given 
avenues for interacting with those rules, systems, and content to meet objectives and 
challenges to gain a particular experience (Deterding et al., 2011; Sicart, 2008).

In chess, capturing the opponent’s king, or checkmate, is an element of the game-
play. The rules about how a Knight or the Queen move are also part of gameplay. 
These are the challenges and rules set by the game. A player’s strategy for achieving 
a checkmate is also part of the experience included in the gameplay. The chess 

Table 14.4 Networked Communication (Salen & Zimmerman, 2003, p. 89)

Description of trait
How each trait supports autonomy, 
competence, and relatedness

Digital games can facilitate communication 
between players in a way that is varied and 
integrated into the design. For example, games 
can provide text or audio messaging abilities so 
that players can communicate with other people 
who are also playing the game, allowing players 
to team up with, or compete with, each other. 
Games can also provide means of 
communication for players to communicate 
with non-playable characters (NPCs), or 
characters that exist within the game that are 
not controlled by other players. These forms of 
networked communication can turn games into 
their own form of social communication

Autonomy: Some games provide players with 
the option of choosing or creating a “within- 
game character” that represents the player. 
Players can use this character to interact with 
the game interface, NPCs, as well as other 
players within the game. When individuals are 
allowed to create their own character, that 
process can satisfy individuals’ need for 
autonomy because they are allowed to create a 
“virtual self” and make meaningful decisions 
about how they will exist within the game. In 
other words, these games allow players to 
make choices in how to represent themselves 
as they communicate with others within the 
game
Relatedness: Some games reward cooperative 
play and teamwork by designing tasks that are 
easier with cooperation between multiple 
players of the game. These games can further 
fulfill players’ need for relatedness, as they 
encourage players to collaborate with, as 
opposed to compete with each other
Relatedness: Non-playable characters (NPCs) 
within games can provide additional 
interaction possibilities for players within the 
game. Many games design NPCs that are 
interactive and reactive to the player. This 
feature can further simulate social 
environments within the game, which can 
further fulfill players’ need for relatedness
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pieces themselves, the checkered 8 × 8 chessboard, and turn-based moves are the 
mechanics. These are the tools by which each player interacts with the rules of 
the game.

It has been observed that “successful video games are highly motivating and can 
foster both deep and long-term engagement” (Ryan & Rigby, 2019, p.  158). 
Therefore, gameplay and game mechanics are of interest to educators because they 
are the basic tools used by game designers, and available to educational designers, 
in creating these motivating experiences. For example, many video games can be 
difficult and demanding; however, many people choose to play these games during 
their free time! In narrative-rich roleplaying games that are particularly autonomy- 
supportive, we have spent hundreds of hours exploring both our characters’ rela-
tionship with non-playable characters (NPCs) and the effect of our choices on the 
game world, sometimes resulting in playing the same game numerous times with 
different characters. We can also attest to spending hours wandering around a dan-
gerous dinosaur-laden world “grinding” through the collection of resources to put 
together a recipe for building a personal spyglass (so as to be able to examine dino-
saurs from a safe distance).

So, what are the game mechanics and gameplay found in digital games? The fol-
lowing is a list, adapted from Plass et  al. (2015), of some of the more common 
components, though not all games will incorporate all of these. This list is curated 
to include the gameplay and game mechanics that might be of greatest interest in 
designing learning activities (Table 14.5).

Game Mechanics
• Visual aesthetics
• Narrative
• Clear player interface
• Incentive structures built into games (leveling up, unlocking abilities)
• Feedback mechanisms (story changes, NPC dialogue interaction, unlock-

ing levels)
• Inventory systems for resource management

Other Elements Found in or connected to Modern Games
• Game Wikis, game communities, YouTube, live streams, and let’s plays (Twitch)

Educators can seek to leverage the intrinsic motivation observed in gameplay 
and game mechanics in their learning environments, as shown in this list of curated 
game elements. It is important to remember that “Mechanics alone are insufficient 
to turn a boring experience into a game-like engaging experience, but they are cru-
cial building blocks used during the gamification process” (Kapp, 2012, p. 11). To 
be successful, game mechanics and gameplay should be used with intent—used as 
tools to access inherent motivation and needs satisfaction through the lens of Self- 
Determination Theory. Therefore, educators who wish to optimally incorporate 
game elements into their coursework can use game mechanics and gameplay to 
intentionally satisfy learners’ needs for autonomy, competence, and relatedness, 
thereby providing an ideal environment for student motivation.

We have identified two strategies that educators are currently using to incorpo-
rate game elements into learning, namely, gamification and game-based learning. 
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Each of these strategies has strengths and weaknesses, as well as opportunities for 
improvement in their execution. We review and contrast these strategies below in 
terms of their implementation. Our emphasis is that while gamification is often 
implemented at a surface level, game-based learning is more effective because it is 
implemented at a systems level. After we review these strategies, we elaborate on 
how we have utilized gameplay and game mechanics, as well as SDT, to incorporate 
game elements at a systems level into learning modules.

14.3.1  Reviewing the Use of Gamification in Education

Gamification as a term has been in use since the early 2010s, with definitions and 
techniques focusing on the implementation of game elements for non-game con-
texts. Deterding et al. (2011) first defined gamification as “the use of game design 

Table 14.5 Gameplay

Gameplay element
Pedagogical 
examples SDT examples

There is logic or set of rules that are understood, or 
discoverable, by the player.

Rubrics
Activity instructions
Syllabus

Competence
Autonomy

The rules, logic, or goals of the game are challenging, 
but this does not necessarily mean conflict is involved.

Bloom’s Taxonomy 
(Anderson & 
Krathwohl, 2001)
Cognitive levels of 
analysis

Competence

The game logic builds a world, or community, in which 
the player participates; sometimes known as world 
building.

Experiential 
learning
Simulations

Relatedness

Flow Theory, which is balancing difficulty and player 
ability in an upward trajectory over time, 
(Csikszentmihalyi & Csikszentmihalyi, 1992) often 
plateaus at important moments in the narrative 
culminating in a climax or boss encounter.

Scaffolded activities
Learning objectives
Exams

Competence

Players can make choices in this world and interact with 
Non-Player Characters (NPCs). These choices have an 
effect. The world of the game is responsive to player 
actions; world building and world inhabiting.

Active learning Autonomy

Actions by the player have quantifiable outcomes. 
Success or failure is measurable and observable.

Course learning 
outcomes

Competence

Progress in the game world is cumulative in some way. 
Progress is made and observable.

Scaffolded activities
Cumulative 
assessments

Competence

Players are given autonomy support to interact with the 
world, thus motivating them to engage in that world.

Feedback
Peer reviews

Autonomy

Integration of social elements—NPCs or other players. Peer reviews
Discussions

Relatedness
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elements in non-game contexts” (p.  10). Specifically, in education, Kapp (2012) 
elaborated that gamification is “using game-based mechanics, aesthetics and game 
thinking to engage people, motivate action, promote learning, and solve problems” 
(p. 23). Plass et al. (2015) added further insight and clarity to these definitions by 
noting that these game elements are added to an existing nongame activity, rather 
than incorporated as part of the systems-level design. We agree with Seaborn and 
Fels (2015), who further explained that “the inconsistent use of the term ‘gamifica-
tion’ serves to impede attempts to define it but also exposes its multiplicity. This 
raises questions about the real differences between gamification and games and 
complicates how to draw the line between systems that incorporate some aspects of 
games and systems that are or use fully-fledged games” (p.  18). In short, while 
gamification has a broad definition, its common usage often equates to any element 
of gaming, games, or game design used for educational purposes, making it a catch- 
all term that has led to widespread misconceptions and misunderstandings from its 
initial definitions.

We argue that adding game elements to course design at a systems level, rather 
than on a surface level, can more effectively enhance students’ motivation to learn. 
Where outcomes and goals drive the design process, a systems-level approach is 
incorporating games and game design into the process at the outset, instead of on a 
surface level, which would only apply those elements near the conclusion of the 
design process. This strategy allows educational designers to think in a game con-
text and is the same process game designers use. Although the end product may not 
appear like a game, adding game mechanics at the systems level is essentially turn-
ing the learning activity into a game by using the online learning environment’s 
built-in tools (i.e., learning management systems). Ryan and Rigby (2019) further 
explain that “if learning material is not in that (SDT) satisfaction loop, it will not 
benefit from being loosely juxtaposed near game content. In this circumstance, 
game content becomes a competitor for attention and engagement rather than a 
conduit for deeper learning” (p. 159). In this context, the (SDT) satisfaction loop is 
parallel to positive reinforcement loops as described by behaviorism, but differs in 
that rewards are internal and associated with autonomy, competence, and related-
ness needs instead of external rewards.

Plass et al. (2019) have defined game-based learning (GBL) as educational learn-
ing activities that have been redesigned to include the full range of game mechanics 
and design in a gaming context. This results in a learning game or a game with 
specific learning objectives. Here, the idea emerges of the learning material being 
designed as a game at its roots. The game-based learning approach tries to balance 
learning outcomes with game mechanics, resulting in learning activities and materi-
als that are more relevant and interesting (Plass et al., 2019). In other words, game-
based learning does not add game elements on top of an existing learning component, 
the learning component is designed from the ground up, at a systems level, using 
game mechanics and game thinking in the pedagogical design. Using a systems-
level approach gives a designer an opportunity to set learning goals and outcomes, 
select appropriate gameplay and game mechanics, and also consider the psycho-
logical needs of SDT from the start of the process. An educational designer can 
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achieve an effective design with an understanding of pedagogies to reach the educa-
tional outcomes with an understanding of gameplay and game mechanics to achieve 
motivational goals.

The Systems-Level approach entails wearing two different hats: a game designer 
and an instructional designer. While the goals and intentionality of games and learn-
ing seem very different, there are many similarities. Both talk about creating inten-
tional environments. Both benefit from user motivation. Many aspects of designing 
a game and designing an educational experience are not that different. As Salen and 
Zimmerman (2003) define, “game design is the process by which a game designer 
creates a game, to be encountered by a player, from which meaningful play emerges” 
(p. 80). The “meaningful play” aspect can be summarized as the relationship that 
forms between the actions of the player and the outcomes in the game, which should 
be both observable and integrated into the context of the game. Likewise, designing 
a learning activity using GBL is the process by which an instructional designer cre-
ates an educational experience, to be encountered by a learner, from which “mean-
ingful play” emerges. Therefore, a learning component is designed using game 
mechanics and game thinking in the pedagogical design.

14.4  Thinking Like a Designer

As evidenced earlier, the application and act of design for games and GBL are not 
dissimilar. In fact, Hunicke et al. (2004) outline the MDA (Mechanics, Dynamics, 
Aesthetics) framework for game design that “formalizes the consumption of games 
by breaking them down into their distinct components and establishing their design 
counterparts” (p. 2). This framework also mirrors the work in education on back-
ward design (Wiggins & McTighe, 2005), which advocates designing courses and 
curriculums first by considering learning outcomes and cognitive level (rules/
mechanics), then activity and assessment alignment (system/dynamics), and finally 
to content (fun/aesthetics). This mapping between backward design and Hunicke 
et  al.’s (2004) MDA Framework is not exactly a 1:1 match, but the concept of 
designing an experience in reverse of the player/learner experience is the goal in 
juxtaposing these two frameworks, as seen in Fig. 14.1. One additional step during 
this phase would be to consider player/learner motivation and designing these three 
pillars with SDT in mind.

While taking all of these theories into practical application, it may seem like a 
daunting task. However, small changes can lead to big results. Even when making 
changes or additions at a systems level, those changes don’t need to be extensive or 
complicated.

 1. Think about outcomes. What is the goal of the activity? What do students gain 
and experience from this activity? What rules need to be established so those 
outcomes can be met by all students?
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 (a) What cognitive level is intended by these outcomes and rules? (e.g., critical 
analysis, peer teaching, active learning, etc.)

 (b) At this stage, try to think big enough to keep content-specific considerations 
for a later step. Outside of discipline-specific goals, what is the big picture?

 2. Consider the three components of SDT (competence, autonomy, and related-
ness). How will one or more of these needs be satisfied to attain the desired 
cognitive level? The desired motivation? What need might students be lacking 
most during the activity while attempting to reach the desired outcomes? 
Confidence in their own abilities? Their ability to make meaningful and voli-
tional choices? Connection to their peers?

 3. What mechanics, activity type, and assessment/feedback are needed to realize 
the first two steps? These might be more game-like in nature (e.g., world- 
building, character creation, role-playing, etc.) or more pedagogical in nature 
(e.g., discussions, peer reviews, online interactive, etc.).

 4. Finally, how is content woven into these mechanics? Is a psychological needs- 
satisfaction loop present after incorporating content?

Working through these steps may begin in an ordered and linear fashion, but as 
different elements change during the creative design process, it may be necessary to 
revisit earlier steps or consider later ones that are implicated in the change. If a 
mechanic changes, you might need to alter the SDT support, which might also 
necessitate revisiting outcomes. Like both backward design and the MDA 
Framework, these steps are more meant as a guide for creative design. Additionally, 
by placing content as the last step instead of a first step, this process is inherently 
valuable to multiple disciplines. Part of the systems-level approach and early steps 
require a designer to consider the task and design at a more abstract level before 
inserting discipline-specific content and idiosyncrasies.

Another distinction to consider during this design process is how the resulting 
design will look and feel. Landers (2019) explains that due “to construct confusion 
among both scholars and practitioners regarding the relationships between the term 

Fig. 14.1 Game components and MDA Framework as described by Hunicke et al. (2004) and 
Backwards Design (Wiggins & McTighe, 2005) shown in tandem
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“gamified” and other game-related terms … gamification may or may not result in 
the creation of a game” (p. 137). While it is generally understood that game-based 
learning techniques will result in the creation of a game (Plass et  al., 2019), we 
would like to argue that due to the close connection of design techniques in both 
pedagogy and games, the resulting design does not necessarily need to look and/or 
feel like a gaming experience to have an effect on student motivation. In fact, 
because some game mechanics and visual game cues might make students aware 
that they are in a “game-based” or “gamified” environment, especially when using 
points, badges, and leaderboards, students may respond apprehensively toward 
these applications (Hanus & Fox, 2015). In some situations, a more traditional game 
presence around an activity might not enhance the learning outcomes or motiva-
tional goals of SDT. In other words, ask yourself whether there is a pedagogical 
reason for adding additional game-like effects.

14.4.1  Examples from Online Higher Education

How do we apply thinking like a designer and systems-level design to existing 
learning content? The following examples will show how this approach has worked 
for us. Sometimes, only a few small changes are needed. Each example below will 
provide some context for the course, an outline of the design process, and the out-
come of the design’s implementation. All of the following examples come from 
fully online courses that were part of a 20-week development cycle at the Oregon 
State University Ecampus where a faculty course developer collaborates closely 
with an instructional designer.

14.4.1.1  Small-Scale Example: MRKT 396, Fundamentals of Marketing 
Research (by Meghan Naxer)

Fundamentals of Marketing Research is an undergraduate business course focused 
on understanding marketing research and relevant decisions in that process. When I 
began working on this course with the faculty developer, the course had already 
undergone an initial online development and was returning to Ecampus for redevel-
opment. As we assessed the strengths and weaknesses of the initial course design, 
we highlighted a quiz on US Census and American Community Survey (ACS) data 
that we wanted to be more motivating, engaging, and thought-provoking for 
students.

The original design included a quiz asking students to find specific data from the 
US Census and ACS, and enter that data into a quiz, thus assessing student compe-
tence in accessing and searching for that data. The initial inspiration for this activity 
was a scavenger hunt, so we sought a game-based redesign. The first step in the 
design process was to evaluate the learning outcomes—in this case, the outcomes 
for this specific week of the course that aligned with the activity, which included: 
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(1) compare the US Census to the ACS, and (2) use the US Census Bureau data to 
find answers about demographics in the US.

For this first step, a specific outcome was created for the new activity: “The goal 
of this assignment is to help you become familiar with and adept at using the 
U.S. Census and American Community Survey (ACS).”

The next two steps during the design included thinking about SDT and what 
needs we wanted to fulfill with this activity, as well as what actual mechanics and 
elements would be used. Since this was an individual activity, we focused on 
competence- supportive and autonomy-supportive designs. For competence support, 
we decided to give students multiple attempts at the activity (i.e., “You can submit 
this assignment up to three times in order to improve your score.”) with immediate 
feedback (correct/incorrect) and answers revealed only after their final attempt. For 
autonomy support, we wanted to create an environment for students where they 
would be able to identify and/or integrate the rationale for the activity. For this 
aspect, we turned to world-building and narrative approaches and created a scenario 
for students to imagine as they embarked upon the activity:

You work for a real estate developer from the East Coast who wants to build an apartment 
complex and is considering Oregon as a potential location. You have been asked to gather 
data about the population and demographics in Oregon that will be used to determine if 
Oregon would be a good location, but you have a tiny research budget. You remember from 
your marketing research class that the U.S. Census is a credible source of free information. 
Luckily, your firm has a template for this kind of research and the questions of interest have 
already been created. All you need to do is fill in the blanks. As you answer each question, 
think about how this information might be relevant to your firm.

By providing students a character role (working for a real estate developer), there 
was a clear personal rationale and context for their need to participate in the activity. 
There was also a clear goal, gathering data, which supported both autonomy and 
competence. As an added bonus, this also asked students to think critically about 
how the data they’re gathering could be useful in this scenario. This activity was 
designed and implemented in an online environment in OSU’s learning manage-
ment system (LMS) and formatted as a quiz to aid in delivering immediate feedback 
and mimicking a form a developer might use to fill out their firm’s template. As a 
final step, the instructor crafted relevant questions about various demographics and 
population information as it pertained to the scenario, based on fulfilling the learn-
ing outcome.

In sum, while this activity was redesigned with GBL in mind, much of the 
changes and implementation of the activity were dependent on the language and 
context provided by the scenario. This design necessitated returning to the drawing 
board to examine a small system for creating this game-based activity. While this 
design has not been formally reviewed empirically, it has been informally reviewed 
by the instructor. Overall, this activity was well received by students, with the 
instructor commenting that “students appreciated the … variety of assignments and 
application of the content to real world problems” (N. A. Brown, personal commu-
nication, December 19, 2019).
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14.4.1.2  Large-Scale Example: NMC 470, Media Law (by 
Christopher Lindberg)

The steps we’ve laid out under thinking like a designer can also be considered when 
building larger-scale learning content. This approach was used in designing the 
course Media Law, an upper division course for the New Media Communications 
department at OSU. This course was redesigned as part of the move from face-to- 
face instruction to a fully online environment, as the face-to-face course included 
activities that did not easily transfer to an online environment.

14.4.1.3  Background

When redesigning NMC 470, we identified two learning outcomes: (1) students 
would be able to assess justifications for the regulation of media, and (2) students 
would learn how the regulatory legal structure works around the media and learn 
strategies to operate within that system to initiate change. It was also important that 
students should be able to appraise the role of copyright, patents, and trademarks in 
the media culture as these topics were covered throughout the 10-week course.

The activities previously used in the face-to-face version of the course included 
a series of mock trials held in the classroom. The expectations for cognitive level 
with these activities were high. Students were expected to go beyond reading and 
understanding high-level court cases in the U.S. The hope was to engage students to 
apply U.S. court cases to theoretical legal situations, implement their knowledge of 
these cases within a simulation of the existing regulatory system, and create argu-
ments that would initiate change to that system.

The instructor found these mock trials to be engaging for students in the face-to- 
face courses and thought they met many of the cognitive criteria mentioned. But 
how would this translate to the online environment? As we discussed our options, 
we looked for advantages held in the online environment. Online learning is asyn-
chronous. There was an opportunity to give students more time to come up with 
thoughtful arguments and responses. Holding these trials online could alleviate the 
performance anxiety many students had during the live trials, and build a different 
kind of environment. With these outcomes and advantages of the online environ-
ment in mind, we talked about how we could motivate students to engage in 
these trials.

14.4.1.4  Structure of the Activities

While I am hoping to model the backward design aspect of course building in this 
section, I think it is important to take a moment to describe the structure of the 
debate activities we designed to emphasize the intention behind that structure.

Each debate was set to span a 2-week period, recurring four more times through 
the course. The debates were held in an online discussion format with three students 
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in each discussion playing the roles of the plaintiff, defendant, and judge. These 
roles would switch with each new debate. The instructor monitored each of these 
trials as ‘Chief Justice’ to make sure arguments stayed on task or to make recom-
mendations to the student judge in charge. Students were expected to post as per the 
following schedule (Table 14.6).

14.4.1.5  Motivation

These trials weren’t going to work if students did not engage with them, so the con-
cepts of motivation we’ve discussed in this chapter were essential to the design. 
Competence was supported by giving students search tools and supporting access to 
the entirety of the Supreme Court record regarding media cases. They were taught 
how to use these tools, then given low-stakes practice with them before each mock 
trial began. These “practice” searches included many of the court cases relevant to 
the mock trial for that 2-week block. To be successful in the mock trials, students 
would need to do their own research to support their cases, and be comfortable find-
ing resources through the tools provided. Instructor and peer feedback also contrib-
uted to competence. Other historical regulations and background history were 
covered as needed for each week.

While the basic arguments for each case were set for the plaintiffs and defense 
(e.g., “The State of Missouri is suing the FDA over ...”), students were given auton-
omy to find case precedents to support the argument for the side they were assigned 
to. The interpretation and strategy for winning or defeating the argument were up to 
each student. They were also free to interpret the meaning of the decisions they 
chose for their cases in any manner that might support their argument, and there 
were consequences for the choices made. A student could win or lose a case based 
on their preparedness and the interpretations they chose.

Another intent was to build relatedness with the larger regulatory legal system. 
Within each trial, a community would be created as each student played the role of 
judge, plaintiff, or defendant. These were small, focused communities that built 
further on relatedness as each student played their role, referring to each other as 
judge, or counselor.

There was also a psychological needs-satisfaction loop built-in. With each round 
of Judge questions and the instructor’s strategic recommendations, students received 
peer-reviewed feedback that built on both competence and relatedness.

Table 14.6 Debate Schedule

Monday Tuesday Wednesday Thursday Friday

Week 1 Plaintiff 
opening 
statements

Defense 
opening

Judge’s 
questions

Responses to 
Judge’s questions

Week 2 Plaintiff 
statement 2

Defense 
statement 2

Judge’s 
questions

Responses to 
Judge’s 
questions

Plaintiff and 
Defense-closing 
arguments

Week 3 Judge’s verdict
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14.4.1.6  Game Mechanics and Gameplay

As part of the instructions to students, the instructor included the following state-
ment, “... These assignments and turns are intended to induce a high level of meta- 
cognition. This course works because you are asked to think about how complex 
systems function, not to memorize details.” That also set the tone that the rules of 
this game were meant to mirror a real-world system and students were invited to 
participate. But it also emphasized that students would be engaging in world- 
building, building a world that is loosely based in reality, but something of their own 
creation too.

Obviously, role-playing was an important consideration in this world-building. 
But importantly, this world changes based on the choices a player makes, which is 
important for fulfilling autonomy needs-satisfaction. Also, in his role as Chief 
Justice, the instructor acted as a non-player character.

Another important consideration in this design was that this activity was turn- 
based. Unlike the face-to-face version (and reality) these court cases would not be 
live. Students were able to pause to come up with well-considered solutions to the 
problems they were given. This mechanic also allowed us to take advantage of the 
asynchronous nature of online learning.

A brief look at some of the instructors’ feedback on this project provides some 
insight into why this game-based activity was successful. “At the heart of debates 
and success are three factors: extensive external backgrounding (these are policy 
debates not spar or parliamentary debates which feature comedic improv), goal 
direction (the game has a clear win condition that maps a real activity), turn taking. 
When translated into hybrid and online spaces, the debates also map with the three 
kinds of interaction: Student-Content, Student-Instructor, and Student-Student.” 
This also maps with the SDT criteria of Autonomy, Competence, and Relatedness.

The instructor also sheds some insight into the instructor preparation process and 
consideration of cognitive level, “In 470 I have five activities total for the quarter. 
The most intense part, aside from subbing into Trials, is getting the mock-trial preps 
properly tuned. The proposed cases need to be difficult enough to require real back-
grounding, but not so difficult that students shut down.” (D. Faltesek, personal com-
munication, December 14, 2020).

14.5  Conclusion

We have highlighted the strengths of the systems-level approach to instructional 
design over a surface-level approach through implementing frameworks from both 
SDT and GBL. The systems-level approaches that we have examined and explored 
point to much more strategic ways to incorporate elements of GBL that fulfill stu-
dent needs, setting them up for more meaningful and effective learning experiences. 
As we have shown, game mechanics and gameplay concepts can be applied at a 
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systems-level by choosing specific game mechanics and gameplay that are appro-
priate for the learning outcomes and cognitive level sought.

Implications for this strategy are that designers can weave game elements into 
learning with pedagogical intent and to improve student motivation by using game 
elements that support psychological needs, no matter the course’s discipline. We 
believe that these design considerations are an essential part of creating effective 
learning. As an instructor or instructional designer, incorporating game design into 
the backward design process should be a natural step. Just as learning outcomes 
play a critical role in the development of activities, gameplay, and mechanics, if 
used at the systems level, can be used to enhance motivation while attaining these 
outcomes. While there may be an allure to adding game-based learning to improve 
the fun factor of a course or activity, we would caution against using fun as the 
motivating factor for inclusion in a course design. Instead, identifying the activities 
or aspects of a course design where improvement can be made to the learning envi-
ronment, to foster a change in student motivation, is the ideal goal for any endeavor 
in game-based learning design. We hope that this chapter has both highlighted the 
background research on Self-Determination Theory and game design practices for 
instructors and instructional designers, while also providing some strategies and 
examples for how to implement our systems-level approach to game-based learning.

In our current work, we primarily receive feedback on the effectiveness of 
designs from teaching faculty and instructors. Oftentimes that feedback includes an 
instructor’s own observations from teaching the course for the first time after a rede-
velopment period. Sometimes that feedback also incorporates student comments 
both solicited and unsolicited at various points of the term. Most commonly, this 
feedback speaks to increased student enthusiasm, but importantly, a broader under-
standing of the purpose of course content and how it affects students personally and 
professionally. While this feedback is invaluable to our work as instructional design-
ers, further research is needed to gather more formal evidence about the motiva-
tional impact and psychological need satisfaction of these designs. That research 
may involve a multistage redevelopment of an entire course or even an investigation 
of a single activity. Future research and design work should examine multiple disci-
plines, including STEM, liberal arts, and a variety of other professional courses in 
fields like business and public health. We hope to continue this research in the future 
and also look forward to the continued work of GBL, SDT, and instructional design 
colleagues and communities.
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Chapter 15
The Teacher-Centered Perspective 
on Digital Game-Based Learning

Quantitative and Qualitative Evaluation Methods 
from Diverse Disciplines

Thea Nieland, Anna Fehrenbach, Maximilian Marowsky, 
and Miriam Burfeind

15.1  Introduction

Games meet the fundamental needs of learning, as they are active, fun, social, expe-
riential, situated, problem based, and provide immediate feedback (Boyle et  al., 
2011; de Freitas, 2018; Prensky, 2001). Combining games with novel technologies 
and education has led to a promising learning method that balances subject content 
with gameplay and helps to apply the learned matter to the real world (Cojocariu & 
Boghian, 2014). Digital game-based learning (DGBL) brings together serious learn-
ing and interactive entertainment (Prensky, 2001) and has been shown to improve 
student motivation, stimulate creative thinking, and provide a challenging and 
meaningful context for learners (Egenfeldt-Nielsen, 2007; Gee, 2003; Shaffer, 
2007). Despite the positive effects on learning outcomes, it has been shown that 
teachers1—especially the less experienced ones—still hesitate to adopt DGBL 
applications (Razak & Connolly, 2013). Despite the increasing digitalization of the 
last few years, 61% of European students never or almost never use digital learning 

1 In the following, we will refer to teachers in general, i.e., teachers from primary, secondary, and 
higher education.
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games in the classroom, and only 9% of the students use DGBL on a regular basis 
(European Commission, 2019). The question of how to increase the teachers’ accep-
tance of DGBL is therefore a timely one.

To date, educational game designers and the DGBL literature have mainly 
focused on students as users (Hwang & Wu, 2012; Šumak et al., 2011), centering 
the motivational and learning outcomes of DGBL as their primary research interest 
(Connolly et al., 2012). Ultimately, however, teachers play the most crucial role in 
DGBL, as they decide for or against the use of DGBL in the classroom. In order to 
address teachers’ concerns, and hence increase the teacher’s acceptance of DGBL, 
a shift in focus is necessary. Teachers’ needs regarding DGBL must be identified 
and systematically evaluated before DGBL applications can be adapted accordingly 
to ensure high acceptance. Several studies investigated the factors that influence 
teachers’ attitudes toward DGBL and its actual integration in the classroom (e.g., 
Baek, 2008; De Grove et al., 2012; Hamari & Nousiainen, 2015). However, previ-
ous research has shown high variability in results, depending on the investigation 
approach and the context in which DGBL is used.

Thus, the question arises: how can DGBL applications be assessed from the per-
spective of teachers in different settings? This chapter aims to elaborate on this 
research question by first identifying what factors are important to teachers in regard 
to DGBL. We will briefly summarize research findings and propose key criteria that 
can be considered when developing DGBL applications. Second, we will provide an 
overview of quantitative and qualitative evaluation methods to illustrate how exactly 
the teachers’ perspectives can be captured and analyzed. Finally, we will map key 
criteria and exemplary studies to different development stages, in order to provide 
an evaluation framework that indicates when researchers can meaningfully assess 
the key criteria. In addition to the framework, we briefly introduce first-hand experi-
ences to illustrate how evaluation procedures can be practically integrated into dif-
ferent development phases.

Overall, this chapter brings together insights from various disciplines to advance 
the understanding of teachers’ needs and perspectives on DGBL in educational 
research. More specifically, psychological theories and empirical findings from the 
field of information systems (IS) and human–computer interaction (HCI) are inte-
grated with the results from educational research. By moving the focus onto the 
teacher and providing an evaluation guideline, this chapter aims to facilitate a sys-
tematic, teacher-centered development of DGBL applications that are more accepted 
and hence more often employed in the classroom.

15.2  Understanding Teachers’ Acceptance of DGBL

We will begin by integrating theories from IS and psychological research with 
empirical findings from educational research to understand the factors that drive 
teachers’ acceptance of DGBL. In IS research, many scholars have tried to explain 
which features and perceptions promote an individual’s intention to use 
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technology—as well as the resulting actual use—based on basic psychological the-
ories to predict behavior (e.g., Sharma & Mishra, 2014). Here, we apply these mod-
els to teachers, presenting DGBL applications as the technology in question. Next, 
we combine adoption factors from IS research with factors, identified in the field of 
educational research, which hinder teachers’ use of DGBL in practice. Then, to sum 
up the findings, we propose key criteria that reflect the relevant factors promoting 
teachers’ acceptance of DGBL. In the sense of an iterative development process, 
these criteria can help to evaluate DGBL applications from a teacher-centered 
perspective.

15.2.1  Models of Technology Acceptance

To explain teachers’ individual acceptance of DGBL, one can build on the extensive 
literature on general technology acceptance. The most prominent and widely used 
models are the Technology acceptance model (TAM, Davis, 1985) and the Unified 
theory of acceptance and use of technology (UTAUT, Venkatesh et al., 2003), which 
have been adapted to multiple contexts and extended in various studies (e.g., Tseng 
et al., 2019). Both models share the basic assumption that the intention to use a 
technology precedes its actual use. Briefly summarized, the intention to use technol-
ogy depends on the perception of the technology and resulting beliefs about its 
characteristics (e.g., how useful it is). Knowing which beliefs effectively predict the 
use of technology, and knowing how to promote them, may inform the design pro-
cess of technology. By considering influential factors throughout the design pro-
cess, a product can be created that is actually used by the users as intended. Thus, 
theoretical models of technology acceptance can guide the development and evalu-
ation of DGBL by providing a set of relevant beliefs and factors that influence the 
use of DGBL technology. Figure 15.1 illustrates beliefs included in the TAM and 
UTAUT(2).

The Technology acceptance model (TAM). Davis (1985) considered two main 
beliefs affecting the intention to use technology2: perceived usefulness and per-
ceived ease of use. Perceived usefulness refers to “the degree to which an individual 
believes that using a particular system would enhance his or her job performance” 
and perceived ease of use describes “the degree to which an individual believes that 
using a particular system would be free of physical and mental effort” (Davis, 1985, 
p. 26). In the context of DGBL, various external factors that shape teachers’ percep-
tions have been investigated (Blume, 2020; Bourgonjon et  al., 2013; De Grove 
et al., 2012; Dele-Ajayi et al., 2019). In each of these studies, the TAM overall has 
proven useful to explain instructors’ general acceptance of DGBL.

2 In fact, in between the two main beliefs and the intention to use a technology, Davis added an 
additional step in the model: an overall attitude that is based on the beliefs and preceding the inten-
tion (Davis, 1985). For the sake of brevity, this step is neither shown in Fig. 15.1 nor discussed in 
the text.
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The Unified theory of acceptance and use of technology (UTAUT). Building on 
the TAM and an extensive literature review of other approaches to explain technol-
ogy acceptance, the UTAUT was established as an attempt to integrate preexisting 
theories into one model (Venkatesh et al., 2003). In their synthesis, Venkatesh et al. 
(2003) identified four main factors preceding the intention to use technology. 
Analogous to perceived usefulness in the TAM, performance expectancy describes 
the extent to which the technology is expected to enhance one’s performance of the 
relevant task. In addition, effort expectancy reflects the perceived ease of using tech-
nology, comparable to perceived ease of use in the TAM. Beyond that, perceptions 
of the context of use are added to the model: social influence, as the extent to which 
one perceives that “important others believe he or she should use the system” 
(Venkatesh et al., 2003, p. 451) and facilitating conditions, describing the “degree 
to which an individual believes that an organizational and technical infrastructure 
exists to support use of the system” (p. 453). Moreover, it is assumed that these four 
factors do not universally predict the intention to use technology but that their rele-
vance depends on gender, age, previous experience, and the degree to which tech-
nology use is voluntary or mandatory. For instance, individuals with little previous 
experience might particularly value a technology that is easy to use. In the context 
of DGBL, the consideration of general conditions (facilitating conditions and vol-
untariness) and the social environment (social influence) seems particularly appro-
priate, as previous research highlighted the role of contextual factors for teachers’ 
acceptance of DGBL (e.g., Burfeind et al., 2020).

A recent extension of the UTAUT, the UTAUT2, further addresses the habit of 
using technology, its perceived price value, and hedonic motivation, which describes 
the perceived enjoyment when using a technology (Venkatesh et al., 2012). Since it 
includes derived fun and pleasure as an explanatory factor for technology use, 
UTAUT2 is often used for evaluation in the context of game-based applications 
(e.g., Tseng et al., 2019). However, hedonic motivation is mostly (but not exclu-
sively) relevant from the students’ perspective, as enjoyment is intended mainly for 
the students’ sake.

Fig. 15.1 Simplified illustration of beliefs represented in the TAM, UTAUT, and UTAUT2 to 
predict the intention to use a technology
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A recent overview of these theories concludes that the UTAUT and UTAUT2 
largely receive empirical support (Tseng et al., 2019) and thereby prove to be useful 
frameworks for predicting the use of technology. Across all included studies, perfor-
mance expectancy (or the belief that technology is useful) was identified as a key 
driver, while the relative importance of other factors varies depending on the spe-
cific context of the studies and technologies at hand (Tseng et al., 2019).

Taken together, models of general technology acceptance contain several impor-
tant elements that should be considered to successfully develop and implement 
DGBL. In practice, these models are mostly used to predict teachers’ overall accep-
tance of DGBL and do not focus on the evaluation of a specific DGBL application. 
Due to this broader approach, some factors included concern implementation issues 
rather than features of the DGBL itself (e.g., social influences). Findings regarding 
these context factors can guide implementation strategies (e.g., identifying driving 
teachers in an institution, building teams around them, and enabling networks) but 
are not in the scope of this chapter. Overall, however, the models provide a basic set 
of well-defined beliefs and skills that can be used to evaluate DGBL.

15.2.2  Determining Barriers for Teachers in DGBL

The models described above show that acceptance is strongly influenced by indi-
vidual beliefs and perceptions. Some studies investigated external factors that pro-
mote the perception of usefulness and ease of use or contribute to acceptance beyond 
the described models (e.g., Bourgonjon et al., 2013; Dele-Ajayi et al., 2019). In this 
section, we give a short overview of the literature, classify the determining factors, 
and combine the theoretical models with findings from educational practice. For 
this purpose, we focus on barriers that hinder teachers from using DGBL in order to 
identify what needs to be overcome for a high acceptance of DGBL applications.

Concerning the acceptance of e-learning in general, some scholars have already 
summarized common barriers for teachers. For instance, Ertmer (1999) was one of 
the first to distinguish first- and second-order barriers, a distinction still referred to 
today. First-order barriers include all external factors, such as limited resources or 
technical aspects. Second-order barriers, on the other hand, are internal and include 
self-perceived abilities or attitudes. A more recent approach further identifies per-
sonal and professional factors as internal barriers and institutional and contextual 
factors as external ones (Mercader & Gairín, 2020). This typology serves as a basis 
for this section and is partly adapted to the context of DGBL. The studies presented 
involve teachers from higher education (e.g., Hsu et al., 2014), primary education 
(e.g., Cojocariu & Boghian, 2014; Kamişli, 2019), and secondary education (e.g., 
Jong, 2016).

Internal barriers. A major barrier for teachers in the use of a DGBL application 
is their self-perceived professional skills. Only a few teachers already possess game-
specific skills; however, it is crucial that they have some general familiarity with 
such formats. Studies show that familiarity leads to less uncertainty (Cojocariu & 
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Boghian, 2014) and more acceptance and competence with DGBL formats (De 
Grove et al., 2012), no matter if teachers’ experiences are with specific game-based 
learning formats or with video games in general (Schrader et  al., 2006). Becker 
(2007) states that “expecting teachers to use games without having played games is 
similar to expecting teachers to use novels and other books without them ever hav-
ing read one” (p. 486). In the terms of acceptance models, this finding can be rein-
forced by the central role of experience as an important moderator variable 
(Venkatesh et al., 2003).

Furthermore, the technical skills of teachers are crucial to the use of DGBL 
(Cuhadar, 2018). Technical skills include basics such as installing, controlling, or 
storing the application, or even knowledge of copy protection functions (Sandford 
et al., 2006). Teachers must also be able to combine the technical aspect with didac-
tic strategies. They need pedagogical knowledge of games and must discern how 
best to use the game-based digital functions and features (Hsu et al., 2014; Loperfido 
et al., 2019). Thus, it is crucial to offer teachers technical training in these areas 
(Egenfeldt-Nielsen, 2004; Kamişli, 2019). In summary, it can be stated that “teach-
ers need to be confident in their ability to properly use technology before they will 
consider using digital games” (Dele-Ajayi et al., 2019, p. 5).

Other internal barriers for teachers are individual aspects that are not linked to 
their profession but instead to their individual values, beliefs, characteristics, or 
attitudes. The more teachers are interested in DGBL teaching approaches, the more 
they are willing to use them (Schrader et  al., 2006; Selwyn, 2007). Even more 
important is whether teachers consider DGBL to be pedagogically useful in offering 
learning opportunities to students (Dele-Ajayi et al., 2019; Loperfido et al., 2019). 
Teachers’ belief in the potential and positive learning outcomes of game-based 
applications can be categorized in the terms of technology acceptance models as a 
belief of perceived usefulness (Davis, 1985) and performance expectancy (Venkatesh 
et al., 2003).

Teachers tend to be skeptical of game-based learning (Gaudelli & Taylor, 2011; 
Gerber & Price, 2013) because they associate games with playfulness rather than 
with learning and education. Other doubts arise from natural anxiety and discomfort 
with new media in general (Rice, 2007) or specifically with DGBL (Chee et al., 
2015; Cojocariu & Boghian, 2014; Kamişli, 2019; Loperfido et al., 2019).

External barriers. The determining external factors include all organizational 
and technical challenges connected with the application but not with the skills of the 
teachers (Becker & Jacobsen, 2005). Technical accessibility is often determined by 
simplicity of use, comprehensible design, and supportive material within the appli-
cation (Urh et al., 2015). In the models of general technology acceptance, this is 
associated with the perceived ease of use or effort expectancy (Davis, 1985; 
Venkatesh et al., 2003).

Furthermore, general technical infrastructures such as the administration system 
or learning management system can be challenging to grasp or not visible and avail-
able to teachers (Gerber & Price, 2013; Urh et al., 2015). Teachers are often con-
cerned about the infrastructure and equipment of their educational institutions for 
providing DGB lessons (Jong, 2016; Sandford et al., 2006). How responsive and 
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efficient is the technical assistance with DGBL when problems occur? Well- 
functioning systems should provide the support that teachers perceive as important 
(Baek, 2008). Another major obstacle to the use of DGBL is teachers’ concern 
about limited resources (Iosup & Epema, 2014), such as time (Becker & Jacobsen, 
2005) and finances (Baek, 2008). In the UTAUT model, all these factors are identi-
fied as facilitating conditions (Venkatesh et al., 2003).

Context factors include aspects that do not relate to specific applications but 
rather to how the technology is embedded in existing teaching structures and educa-
tional institutions. Teachers often express concerns about the institutional fit and 
integration of DGBL (Chukwunonso & Oguike, 2013; Jong, 2016; Mercader, 2019). 
In particular, consistency and congruence with curricula and framework course pro-
grams are the most frequently mentioned concerns (Baek, 2008; De Grove et al., 
2012; Takeuchi & Vaala, 2014).

In sum, the aforementioned barriers regarding teachers’ usage of DGBL provide 
guidance as to which factors must be considered in the development and implemen-
tation of DGBL. It should, however, be noted that this approach of analyzing nega-
tive barriers can be enriched by identifying positive adoption factors that promote 
the integration of DGBL in the classroom (Kebritchi, 2010). Generally speaking, 
studies with this positive focus yield similar results but with some important addi-
tions. For example, Kebritchi (2010) emphasizes the relevance of access to a trial 
version of the DGBL application, as well as the option to adjust game difficulties, 
showing that teachers should be able to influence the content of DGBL applications 
for the best result.

15.2.3  Key Criteria for Teacher-Centered Evaluation

The presented models of general technology acceptance, as well as the research 
findings, highlight factors that must be taken into account when developing and 
implementing DGBL to promote its acceptance and usage. In an attempt to con-
dense the previously summarized factors, we selected those that relate to modifiable 
aspects of DGBL and its context of use. We set aside factors that cannot be influ-
enced by people in charge of the development (e.g., personal traits of users such as 
openness to new technology) in favor of factors that can be adjusted (e.g., the 
usability of the application or usefulness of the provided training). We then clus-
tered the factors derived from different theoretical models and researchers by simi-
larity, resulting in 13 key criteria divided into three clusters (see Fig. 15.2). The first 
cluster relates to the usefulness of a DGBL application and the extent to which it 
enables and facilitates teaching. The second cluster integrates aspects of the user 
experience and how teachers feel while navigating and using the application. The 
third cluster encompasses the context factors, which relate to teachers’ perceptions 
of whether they have all the necessary resources (time, support, material, etc.) avail-
able to employ DGBL in teaching.

15 The Teacher-Centered Perspective on Digital Game-Based Learning



348

The identified list of key criteria is intended to provide a rough framework for 
evaluation. It goes beyond existing reviews of evaluation criteria (e.g., Tahir & 
Wang, 2017), as it focuses explicitly on teachers as users of DGBL. This framework 
can be adapted depending on the specific context of use for which the DGBL is 
developed (see also Burfeind et al., 2020). For example, the teacher’s role within the 
DGBL environment may vary across diverse contexts (Hanghøj & Brund, 2010; 
Kangas et  al., 2016). Hanghøj and Brund (2010) distinguish four possible roles 
based on empirical studies of teachers’ game-based practices: instructor, game 
maker, guide, and explorer. According to the role and hence the actions that teachers 
usually take in the application of DGBL, certain key criteria acquire more or less 
importance (e.g., hedonic motivation is more important when teachers take part in 
the game as game makers or explorers themselves). Similarly, the relevance of cer-
tain key criteria may depend on teachers’ levels of education and previous experi-
ences with DGBL and educational technologies in general.

Fig. 15.2 Overview of the key criteria for teacher evaluation
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15.3  Teacher-Centered Evaluation

Having identified key criteria for DGBL evaluation from a teacher’s point of view, 
we now turn to the question of how to assess the respective criteria and conduct 
systematic evaluations. Various DGBL applications, each with individual metrics, 
have been developed in different domains (primary education, secondary education, 
and higher education) and subjects (natural sciences, social sciences, languages, 
etc.). The lack of uniformity makes a standardized evaluation procedure difficult. In 
response, we discuss different strategies to enable a more effective and teacher- 
centered evaluation. Using an overview of relevant studies related to teacher- 
centered evaluation of DGBL, we link the key criteria to relevant evaluation methods 
in order to help guide the selection of evaluation methods appropriate to individ-
ual cases.

15.3.1  Evaluation Methods and Strategies in DGBL

The overall purpose of an evaluation dictates whether a formative or a summative 
approach is chosen. In formative evaluation, applications are evaluated during their 
development to generate early insights and modify the application accordingly. 
Once the development is completed, summative evaluation takes place, providing a 
final assessment of the fully developed application. Formative evaluation is intended 
to influence the development process, while the summative evaluation identifies 
whether the application leads to the desired outcome (Bortz & Döring, 2006). The 
appropriate type of evaluation is therefore determined by the stage of development. 
This chapter aims to improve the development of DGBL applications in their early 
stages and therefore increase their acceptance by introducing a teacher-centered 
development and evaluation process. Thus, the following guidance focuses on for-
mative rather than summative evaluation.

First, a clear research objective is crucial for the evaluation of DGBL applica-
tions. Once researchers break down the objective into research questions, they need 
to choose the right research design to address these questions appropriately. 
Depending on variables such as resources, time, and sample size, the design and 
approach of the study could favor quantitative methods, qualitative methods, or a 
combination of the two. Quantitative research collects data in numerical form and 
uses statistics to confirm or reject a hypothesis (Bortz & Döring, 2006), while quali-
tative research takes a more interpretive approach by exploring the experiences of 
individuals and thus focusing on the qualities of data (Howitt & Cramer, 2007). 
Although quantitative designs seem to enjoy greater popularity in the evaluation of 
DGBL (Connolly et  al., 2012), the advantages of the qualitative approach for 
teacher-centered evaluations should not be overlooked, particularly in light of the 
practical limitations and subjective nature of small sample size data. In teacher- 
centered DGBL evaluations, research instruments range from quantitative methods 
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such as questionnaires and experiments to more qualitative methods like interviews 
and observations. The most frequently used instruments (Bortz & Döring, 2006) are 
presented below in Table 15.1 with an emphasis on their DGBL evaluation poten-
tials and possible research questions.

In the context of DGBL evaluation, questionnaires can be used at the beginning 
of a development process as a cost-effective method for collecting data from large 
samples of teachers and identifying key features of the technology that teachers 
believe are important. Questionnaires are also used to quantify target achievement 
during iterative development, e.g., if a second prototype is more user-friendly than 
the first prototype. Moreover, experimental tests or psychophysiological measures 
can deliver quantitative and generalizable findings by examining variables empiri-
cally. Particularly promising in this context might be eye-tracking (Mussgnug et al., 
2015), which has been used to investigate the effect of DGBL design features and 
monitor students’ attention (Rosengrant et  al., 2012). However, due to the high 
effort and expense involved, to our knowledge, eye-tracking has not yet been used 
in practice to evaluate DGBL from a teachers’ perspective. A less resource-intensive 

Table 15.1 Instruments for DGBL teacher evaluation

Instrument Advantages (+) and disadvantages (−) Illustrative research question

Questionnaire + Collection of objective and subjective 
data
+ High standardization and comparability
+ Anonymity
+ Resource-efficient, allows to efficiently 
collect data from large samples
− Uncontrollable collection of data
− Accessible to manipulation and bias 
effects

Did the user experience improve 
compared to the last prototype?

Experiments/
Testing

+ Comparison between design alternatives
− High effort and expenses (time 
resources of teachers are scarce, expensive 
equipment)

Based on the eye-tracking results 
which part of the application 
captures the teacher’s attention 
the most?

Observation + Allows a neutral, unobtrusive detection
+ Requires few resources from the teacher
− No coverage of opinions and attitudes
− Possible observer effect (behavior is 
influenced by the presence of the observer)
− Willingness to be observed might be 
low

How is the application used in 
the everyday routine of the 
teacher? Which features of the 
application are used most of all?

Interviews/
Focus groups

+ High flexibility
+ Possibility for more detailed inquiry
+ Clarification of misunderstandings
− High effort and expenses
− A certain amount of participants needed 
for comparability
− No anonymity
− Low comparability

Which features support 
successful/efficient/etc. teaching?

Note. Instruments and related (dis-)advantages adapted from Bortz and Döring (2006)
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method of data collection is systematic observation; in the DGBL evaluation con-
text, a researcher could observe how DGBL is integrated into teachers’ daily rou-
tines and assess the challenges that teachers face when using the application. 
Interviews and focus groups can also explore teachers’ individual needs in regard to 
DGBL and possibly identify missing features that they require, thereby uncovering 
the reasons behind perceptions of the DGBL, e.g., why an application is perceived 
as useful or not.

15.3.2  Combining Key Criteria and Methods 
for a Teacher-Centered Evaluation

In the following section, we provide an overview of specific methods that can be 
used to evaluate DGBL from a teacher’s perspective (see Table 15.2), combining the 
key criteria and methods described above. Additionally, we provide examples of 
different procedures for how to assess the key criteria (what). To facilitate orienta-
tion, the key criteria are sorted according to when they can be meaningfully assessed 
for the first time in the development process. We therefore distinguish four stages 
adapted from a framework for new product development (Sommer et al., 2015).

First, based on the needs of the target group (teachers), a rough concept is 
designed. A set of features and functions derives from the initial requirements. 
Furthermore, in this concept stage, it is important to analyze the need for and avail-
ability of resources. At the early development stage, the prototyping of the applica-
tion takes place to analyze whether the identified requirements and usability 
standards are met. At this stage, it makes sense to evaluate the application’s ease of 
use, usefulness, and the degree to which the teachers perceive the application as a 
helpful learning opportunity for their students. Identified problems lead to modifi-
cations of the application or even the concept. In contrast, at the late development 
stage, a functional version of the application is available, and the focus therefore lies 
on its user experience and design. For the first time, the whole software functional-
ity can be tested and its (price) value determined. At the implementation stage, the 
fully developed application is integrated into the educational setting. This stage is 
crucial for the success of the application. Therefore, criteria such as perceived sup-
port, training, and infrastructure should be met. Most importantly, the institutional 
integration must be guaranteed, as this is often teachers’ biggest concern (Baek, 
2008; De Grove et al., 2012; Takeuchi & Vaala, 2014).

When the product development process is completed, a summative evaluation 
usually takes place. The summative evaluation assesses whether the resulting DGBL 
application leads to the desired outcome.

Although the key criteria have been sorted by stages, they all should be kept in 
mind from the start even if they cannot yet be meaningfully evaluated at a certain 
stage. For example, the fit of the application into existing infrastructure should be 
targeted immediately but can only be tested once the application is finalized and 
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integrated into the infrastructure. Importantly, this overview (Table 15.2) is intended 
as a guideline—not a regulation—for planning and conducting DGBL evaluations 
from a teacher’s perspective. The indicated evaluation methods (questionnaire, 
interview, and observation) can be transformed into one another and are not meant 
to be strictly separated categories (e.g., Saleem et al., 2016).

Table 15.2 shows that some key criteria have been examined more often than 
others in teacher-centered DGBL evaluations. In particular, usefulness and per-
ceived learning opportunities offered by DGBL applications have been evaluated in 
various ways and several studies so far. This is in line with the finding that the use-
fulness of technology is a key driver of its acceptance (Tseng et al., 2019). In con-
trast, up to now hedonic motivation, price value, and quality and amount of DGBL 
training for teachers have not played a major role in teacher-centered evaluations of 
DGBL applications. To assess the first two criteria, questionnaires based on the 
UTAUT2 (Venkatesh et al., 2012) can be applied to the context of DGBL; the third 
criterion could be investigated by referring to basic literature on training evaluation 
(e.g., Kirkpatrick & Kirkpatrick, 2006).

Table 15.2 Overview of the formative teacher evaluation of a DGBL application development

Stage (When?) Criterion (What?) Evaluation method (How?)

Concept Required features and 
functions

Q: Bourgonjon et al. (2010), I: Alt et al. (2016)a, 
Burfeind et al. (2020)

Resources (time, costs, 
devices)

Q: Buchanan et al. (2013), Venkatesh et al. (2003),a 
Q/O: Jong (2016)

Early 
development

Usability Q: Liu (2015), I: Kebritchi (2010), O/I: Rubin and 
Chisnell (2008, Chap. 8)a

Perceived ease of use 
and effort expectancy

Q: De Grove et al. (2012), Venkatesh et al. (2003)a

Perceived usefulness 
and performance 
expectancy

Q: Buchanan et al., 2013, De Grove et al. (2012), 
Hamari and Nousiainen (2015), Hsu et al. (2013), 
Venkatesh et al. (2003)a, I: Seaborn et al. (2017)

Learning opportunities Q: De Grove et al. (2012), Hamari and Nousiainen 
(2015), Hsu et al. (2013), Schmitz et al. (2015), 
Q/O: Jong (2016)

Late 
development

Design Q: Laugwitz et al. (2008)a, I: Kebritchi (2010)
Hedonic motivation Q: Venkatesh et al. (2012)a

Price value Q: Venkatesh et al. (2012)a

Implementation Perceived support and 
material

Q: Buchanan et al. (2013), Hamari and Nousiainen 
(2015), Venkatesh et al. (2003)a

Infrastructure Q: Buchanan et al. (2013), Dele-Ajayi et al. (2017)
Institutional integration Q: De Grove et al. (2012), Takeuchi and Vaala 

(2014), Q/O: Jong (2016)
Training Q: Kamişli (2019)

Note. Q: questionnaire I: interview O: observation
aReferences related to descriptions of general methods to evaluate the criteria, not applications in 
the context of DGBL
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15.4  Experiences With Teacher-Centered Evaluation: 
Two Cases

In order to gain practical insights into DGBL evaluation, we present first-hand expe-
riences from two German projects, one in secondary education and one in higher 
education. The projects are at different stages of development, target different 
groups, and pursue different objectives. They also emerged from various disciplines, 
including neuroscience, computer science, education, and psychology. However, 
they share a common goal: to integrate game-based elements into teaching and 
learning, thus increasing the students’ commitment, retention, and motivation to 
learn. During the development of these two projects, the applications were itera-
tively evaluated. They are here presented as illustrations to the previously intro-
duced evaluation framework in order to provide insight into how evaluation practices 
can be integrated into development phases.

15.4.1  DGBL Evaluation in yUOShi and Pearprogramming

The yUOShi application. yUOShi3 is an e-learning application with gamification 
elements for first-year students in higher education in vocational training and edu-
cation study programs, specifically for use in didactic and educational psychology 
courses. The main idea of the application is that students play the role of a voca-
tional teacher in a virtual school and solve simulated situations by applying the 
basics of educational psychology. The yUOShi application is administered by the 
teachers of the course program, who therefore assume the role of an instructor 
(Hanghøj & Brund, 2010). Instructors can edit the application, add content, and 
view rankings, performance assessments, and the results of internal surveys in order 
to prepare for face-to-face meetings following a blended learning approach. The 
teachers will access the application via the university’s learning management sys-
tem, which provides them with supporting materials and a teacher’s guide.

Currently, a first functional prototype is available and has been tested in the field. 
As the teacher’s view is still in an early stage of development, so far qualitative and 
exploratory methods have mainly been used for evaluation. In the beginning of the 
development, an analysis of requirements was carried out to identify specific factors 
affecting teachers’ acceptance of DGBL in higher education (Burfeind et al., 2020). 
First, we identified their basic needs regarding DGBL with three semi-structured 
interviews. Next, to elaborate and specify requirements, a focus group with eight 
teachers was conducted. The results highlighted the importance of supporting con-
textual conditions, congruence with the curriculum, the ability to influence the 

3 Full project name: Digital didactic formats in teacher training in higher education—implementa-
tion of a gamification strategy in the teaching of vocational education (for further information, see 
www.yuoshi.uni-osnabrueck.de)
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content and design, a possibility to assess learning analytics, and high levels of 
usability.

In the first prototype of the teacher’s view of the application, attempts were made 
to meet these requirements. To ensure high usability, a cognitive walkthrough4 was 
initiated. Six so-called activity streams were tested, describing the actions teachers 
usually need to perform to effectively prepare their classes (e.g., adding a task, edit-
ing texts, tracking students’ learning progress, etc.). The identified usability prob-
lems were prioritized according to their severity. The results were used to improve 
the user experience and form the basis for further development of the application.

The PearUp application. Pearprogramming,5 an edtech-startup that aims to 
improve the teaching of computer science in secondary education, is currently 
developing PearUp, a DGBL application in open beta phase. PearUp is designed to 
teach students in secondary education the basics of computer science with a focus 
on programming through integrating learning material into a business game. The 
game’s premise is that a pair of students must found a virtual IT start-up, which they 
then must lead to success by solving computer-science-related tasks (Pasternak, 
2019, p. 382). The application has been specifically designed to address the lack of 
computer science teachers in Germany by providing pre-built content and enabling 
teachers to teach computer science without deeper knowledge of the subject itself. 
After logging in as a teacher, the application allows the user to keep track of all 
classes and their groups, select or create tasks, provide direct or indirect assistance, 
and monitor the performance and working style of each student. In PearUp, the 
teacher fulfills the role of a guide, supporting the students to reach their learning 
goals while simultaneously evaluating the students’ experience and progress 
(Hanghøj & Brund, 2010).

The development of PearUp’s concept was influenced by scientific findings from 
various disciplines. During the iterative development process, the team’s primary 
goal was to improve the perceived usefulness for teachers and the learning opportu-
nities for students. To ensure the desired user experience for teachers, the develop-
ment team pursued a quantitative approach to evaluation by conducting the User 
Experience Questionnaire (Laugwitz et al., 2008). Since the sample size was not 
satisfyingly high (N = 8), they complemented the quantitative approach with open 
questions, e.g., how they experienced the use of the application and what should be 
improved, what they liked, and what was left to be desired.

The evaluation revealed that it is crucial to properly address the teachers’ needs. 
Thus, the development team decided to explicitly structure their development cul-
ture in a teacher-centered way. To better understand the teachers’ needs, qualitative 
telephone interviews were conducted. During these semi-structured interviews 
(N = 4), the teachers were asked about positive and negative experiences with digital 
applications (DGBL or learning management systems), their needs for successful 

4 Cognitive walkthrough: a usability inspection method focusing on the cognitive user activities. 
“The evaluator uses the interface to perform tasks that a typical interface user will need to accom-
plish” (Mahatody et al. 2010, p. 742).
5 For further information, see www.pearprogramming.eu

T. Nieland et al.



355

teaching with and without DGBL, ideas for useful features of DGBL applications, 
and their thoughts on the future of DGBL. Based on these insights, a follow-up 
survey (N  =  54) was conducted. With this survey, the pearprogramming team 
intended to assess and quantify the opinions of the interviewed teachers. The survey 
results presented an overview of teachers’ use of digital media, as well as specific 
topics such as what resources teachers need in order to prepare and evaluate lessons, 
how much money they spend on teaching material, and how much they are willing 
to spend on a digital assistant. These evaluations henceforth form the basis of devel-
oping and implementing new features in PearUp.

15.4.2  Evaluation Experiences and Suggestions

Although yUOShi and PearUp come from different domains and address different 
target groups, certain similarities emerged while evaluating these DGBL applica-
tions from a teacher-centered perspective.

Experience 1: Unique ecosystems. Each school and university is a unique eco-
system with its own curricula, regulations, privacy policies, operating systems, 
computer programs, learning management systems, browser versions, and more. 
The various obstacles involved in evaluating DGBL applications in such ecosys-
tems can be roughly divided into two categories: administrative and technical. 
While evaluating PearUp, which is used in secondary schools, we have mainly 
encountered technical challenges such as non-functional or outdated computers, 
restricted installation rights, and almost always poor internet connection. In fact, 
poor internet connection made collecting reliable evaluation results difficult, as 
PearUp relies on internet connectivity in order to function.

In the university setting, we mainly faced administrative challenges. The yUOShi 
application needed to be integrated into the existing learning management system, 
which inevitably led to a dependency on that system. For instance, software updates 
of the overall learning management system occasionally caused unpredictable prob-
lems such as visual bugs or malfunction within the newly developed yUOShi 
application.

To overcome administrative or technical challenges within the educational envi-
ronment, we recommend that researchers first identify the unique characteristics of 
their ecosystem, then choose, and adapt their evaluation methods accordingly to 
ensure that they remain sensitive to changes in the ecosystem. In other words, 
researchers must be very flexible, adaptive, and evaluate iteratively.

Experience 2: The “no additional work” mentality. During the analysis of teach-
ers’ needs in the yUOShi project, the most frequently mentioned requirement was 
that the future DGBL application should lead to no additional work (Burfeind et al., 
2020). As we have already seen, concern for teachers’ resources is a frequent and 
enduring barrier in both evaluation and implementation of DGBL applications 
(Sect. 15.2.2). This is not surprising: due to their tight schedules and the different 
roles and demands placed on them, teachers often experience high levels of stress 
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(Kyriacou, 2010). Integrating and also evaluating DGBL applications is perceived 
as additional work and thus can lead to more stress. The “cost[s] of gamification” 
(Iosup & Epema, 2014, p. 31) are already demanding, and fear of a higher workload 
even causes preliminary evaluations to be viewed with suspicion. As a result, teach-
ers often avoid participating in evaluations, leading to small sample sizes within 
these evaluations.

As we cannot change the structures that lead to the workload, we must concen-
trate on motivating teachers. Based on the experiences in the case of yUOShi and 
PearUp, successful acquisition often requires personal contact with teachers through 
which personal appreciation is expressed. Furthermore, to motivate teachers to take 
part in an evaluation, it can be beneficial to explain the vision of the DGBL applica-
tion and its intention to reduce teachers’ workloads.

Experience 3: Pragmatism. The literature on user experience differentiates 
between hedonic and pragmatic qualities (Laugwitz et al., 2008). Students tend to 
be most aware of hedonic qualities; for example, students want the DGBL applica-
tion to be fun, entertaining, and nicely designed. However, we discovered that 
teachers are relatively undemanding in terms of hedonic qualities. Instead, they 
focus on pragmatic qualities such as ease of use and efficiency of applications. 
Before using a DGBL application in class, teachers tend to evaluate its pragmatic 
qualities to ensure a smooth implementation and beneficial learning outcome.

During the PearUp evaluation, we found that pragmatic qualities were particu-
larly important for teachers with backgrounds in subjects other than computer sci-
ence. We concluded that the teachers who were not familiar with the subject of 
computer science had fewer resources and thus needed more support from our 
application. We have therefore placed special emphasis on pragmatic qualities such 
as usability in the development process.

The silver lining. Evaluating DGBL from a teacher-centered perspective is a 
young research topic and still faces some challenges; however, the task is worth the 
effort. We have had many positive experiences with dedicated teachers who were 
highly motivated and pleased to support the development of our applications even 
in their free time. These teachers often reported that they want to teach actively, 
instead of being passive users, and appreciated being asked for their opinion and 
expertise. We therefore highly recommend collaboration with teachers before and 
during the development of a DGBL application.

15.5  Conclusion

In this chapter, we have identified and examined the principles of DGBL teacher- 
centered evaluation. We have highlighted the importance of focusing on the teach-
ers’ needs regarding DGBL, as considering and integrating their requirements in the 
development process can lead to a higher acceptance rate.

First, we identified what teachers consider as key factors in order to integrate a 
DGBL application in their lessons. Summarizing existing literature from the field of 
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IS, HCI, psychology, and educational research on general technology acceptance 
and the teachers’ view of DGBL, we clustered key criteria into the categories of 
usefulness, user experience, and context factors. This framework goes beyond exist-
ing reviews of evaluation criteria (e.g., Tahir & Wang, 2017), as it explicitly focuses 
on teachers as users. Next, we illustrated how exactly the teachers’ perspectives can 
be evaluated to optimize the development process of a DGBL application. To this 
end, we provided an overview of quantitative and qualitative evaluation methods 
with their advantages and disadvantages. Then, to facilitate future research and 
development, we sorted the previously identified key criteria into the four stages of 
product development (adapted from Sommer et al., 2015). Our overview proposes 
which key criteria might be meaningfully evaluated at each stage of development 
and refers to studies with appropriate evaluation examples. Finally, we reported 
first-hand experiences from two cases of DGBL projects to illustrate how they inte-
grated evaluation procedures in the development process. Based on these examples, 
we suggested that evaluation methods should be selected according to the character-
istics of the specific ecosystem for which the DGBL application is developed. 
Furthermore, to increase teachers’ acceptance, DGBL applications should be devel-
oped in a way that minimizes the additional workload for teachers, since they value 
pragmatism and high success in learning outcomes.

As in any other research work, there are some limitations to consider. First of all, 
we do not claim that our research is comprehensive. We did not find much DGBL 
literature focusing on teachers, as most research in the field investigates students as 
main users. Consequently, once more research is conducted, the key criteria and 
associated evaluation methods can benefit from extension, prioritization, and refine-
ment. For instance, future studies could work toward an evidence-based prioritiza-
tion of criteria by investigating whether certain key criteria are more effective than 
others in enabling teachers’ acceptance of DGBL applications. We have also pointed 
out that previous studies have addressed some of the key criteria more than others 
(see Sect. 15.3.2). Further research should make sure to include the somewhat 
neglected criteria of price value, hedonic motivation, and quality and amount of 
provided training. Although we found that most teachers especially value pragmatic 
aspects, the effect of perceived enjoyment in teaching via DGBL applications 
should not be underestimated, particularly when teachers take part in the game as 
game makers or explorers themselves.

Another limitation lies in our broad definition of “teacher,” which encompasses 
teachers in primary, secondary, and higher education. By doing so, we combine 
findings from different contexts to reduce complexity and give an overall picture of 
the state of the art in teacher-centered DGBL evaluations. Yet, as described above 
(see Sect. 15.2.3), it is likely that the relative importance of key criteria differs 
across contexts, depending on the role that teachers play in the DGBL application. 
Therefore, an interesting line of research could be to explicitly examine contextual 
effects on teachers’ acceptance of DGBL. The overview of key criteria and evalua-
tion methods provided in this chapter facilitates orientation and could serve as a 
basis for further research.
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Finally, it must be noted that the illustrative experiences we shared are obviously 
subjective in nature and stem from two specific contexts. However, they illustrate 
important aspects to consider when conducting teacher-centered evaluation of 
DGBL applications in line with previous relevant findings (see Sect. 15.2).

Overall, the approach of integrating theories from IS, HCI, and psychology 
research with empirical findings from educational research has proven helpful in 
systematically examining teachers’ perspectives on DGBL. Therefore, we highly 
encourage basing further DGBL research on the fundamental research literature of 
related disciplines (IS, psychology, education, etc.). Transferring the more technical 
perspective of IS development to education could be one way to overcome barriers 
to the use of DGBL. Likewise, a focus on technology acceptance can be valuable for 
the development of DGBL applications across disciplines.

Despite certain challenges, involving teachers in the development of DGBL 
applications by systematically evaluating and adapting them to teachers’ needs 
seems to be crucial for the diffusion of DGBL in the classroom setting. While previ-
ous research has focused on students and their experiences with DGBL, we propose 
to emphasize teachers’ perspectives in the development and implementation 
(Alexander et al., 2019). With this work, we hope to make a valuable contribution to 
advance research on innovative teaching approaches by summarizing evaluation cri-
teria and methods for digital game-based teaching and thereby promoting a more 
teacher-centered development of DGBL applications.
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Chapter 16
Narrative, Video Games, and Performance 
In Situ

Evaluating Learning Within Games and 
Implications for Research from a Literacy 
Perspective

P. G. Schrader, Kenneth J. Fasching-Varner, and Michael P. McCreery

16.1  Introduction

Literacy is a concept that involves a great deal more than meaning-making from 
discrete acts of reading texts and writing symbols (Keefe & Copeland, 2011; 
Lankshear & Knobel, 2000). Literacy is not one single theory or construct; literacy 
is an informal amalgamation of theories and perspectives that encapsulates discrete 
skills and events. At the same time, literacy events and skills are cued by social, 
cultural, and technological contexts (Heath, 1982; Leu et al., 2017; Fasching-Varner 
& Dodo-Seriki, 2012). With respect to video games, the literature is replete with 
theoretical perspectives and ontologies that frame video games in terms of literacy, 
and vice versa (Gee, 2003; O’Brien et al., 2010; Schrader et al., 2009; Squire, 2006; 
Steinkuehler, 2005, 2006).

Gee (2003) initially characterized games as spaces to naturally acquire and 
develop a sundry of literacy skills; he listed 36 principles that relate to learning in 
schools, communities, and workplaces. These principles highlighted the relation-
ships among theories of literacy and how players interact with games. Similarly, 
Squire (2006) characterized games as narrative experiences. In this sense, he 
described games as intentional systems that are designed to communicate the narra-
tive through players’ activity and interactions with and within the system. 
Additionally, Steinkuehler (2005, 2006) examined the cultural nestings of games 
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through a literacy lens. She argued that games are “third spaces,” and players’ socio-
linguistic experiences are mutually informed by local and encapsulating contexts.

Building on these and other ideas, this chapter examines video games from an 
ecologically centered literacy perspective and literacy from an ecologically centered 
gaming perspective. Several key topics are addressed, including video game struc-
tures as a form of narrative, individual, and social performance as well as the socio-
cultural influences that shape experience (Pitt et  al., 2019). Video games are 
isomorphic to literacy, particularly in terms of the topics noted and their sociocul-
tural intersectionality (Crenshaw, 1991; Carbado et al., 2013; Romero-Ivanova et 
al., 2019). It follows that there are extant methods in both fields that inform framing 
research, generating hypotheses, extracting data, and drawing inferences. 
Collectively, these approaches coalesce into a theoretical ontology (i.e., one that 
deconstructs interaction, literacy, and media sciences) that has great implications 
evaluating learning as situated within the context of games. This alignment is exem-
plified through careful examination of three games: Super Mario Bros., The Deed, 
and World of Warcraft.

16.2  Narrative and Video Games

16.2.1  Literacy

For many, the theoretical field of literacy may appear simplistic. The common expe-
rience is aligned with a developmental perspective. From this view, literacy begins 
with listening, which is typically considered the least complex skill. Although there 
is considerable overlap during students’ early years, individuals are believed to tran-
sition to speaking, reading, and then writing (Teale & Sulzby, 1986; Sulzby & Teale, 
1991). In terms of learning, students are typically taught each of these skills in 
sequence. Listening is often believed to be fundamental and the easiest to develop. 
By contrast, writing is believed to be the most complex, and it is taught last (Teale 
& Sulzby, 1986). All these modalities are applied within increasingly broad con-
texts (i.e., a word, a sentence, a page, a paragraph, a story, a classroom, a school, and 
the world in which the student lives).

As an overarching theory, literacy is considerably more broad, nuanced, and 
complex than common experience. Organizations dedicated to advancing our col-
lective understanding of literacy have been hesitant to define it in concrete, prag-
matic, and definite terms (Keefe & Copeland, 2011). As a result, a unified 
conceptualization of literacy has proven elusive. However, considerable time has 
been invested in terms of identifying, mapping, and researching literacy events, 
skills, and contexts (Lankshear & Knobel, 2000). For example, researchers have 
characterized postmodern literacy skills as New Literacies (Buckingham, 1993; 
Lankshear & Knobel, 2006; Lawless & Schrader, 2008; Street, 1998), Multiple 
Literacies (Bean et al., 1999; Brown, 1991; Cook-Gumperz & Keller-Cohen, 1993; 
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Kellner, 1998), or Digital Literacies (Gilster & Glister, 1997; Lankshear & Knobel, 
2008; Martin, 2008; Snyder, 1999). These views characterize literacy in terms of 
contemporary skills in a global context.

The field of literacy has developed a greater understanding of several constructs, 
including those associated with technology and video games (Schrader & Lawless, 
2010; Schrader et al., 2009). Rather than developing a formal and overarching struc-
ture to guide the field, there is general agreement that an understanding of literacy 
must “... embrace the multiple cultural, social, and technical contexts…” that drive 
meaning-making and literate engagement (Mirra & Garcia, 2020, p. 5). As such, 
literacy is more than simple acts of making meaning from reading or writing words 
(Heiten, 2016). Literacy is inherently contextualized cultural, social, and techno-
logical terms. Because contexts shift, literacy is continually evolving and changing. 
What we know as literacy is essentially influenced and “...determined by the con-
tinuously changing social forces at work” (Leu et al., 2017, p. 1). Literacy, as a theo-
retical site of engagement, is an overarching, dynamic amalgamation of principles 
that loosely frame and guide the examination of literacy events (see Heath, 1982). 
These events occur within and evolve because of, current technological, social, and 
cultural norms.

Based on this perspective, literacy events serve as a principal mechanism to 
expand our understanding of process-oriented, game-based learning. Literacy 
events can be understood as actions or situations that are concretely demonstrative 
of literacy practices (Heath, 1982). Based on this understanding, players’ situated 
activities, decisions, and engagements within games are literacy events. Further, 
video games are intentionally designed systems that afford opportunities for literacy 
events. These events and their constituent elements are paramount in understanding 
and evaluating the ways users interact within these systems. This collective view 
offers a powerful lens to examine performance in situ from a literacy perspective.

16.2.2  Elements of a Literacy Event

Literacy is the broad set of principles that loosely guide theory and research (Keefe 
& Copeland, 2011). More specifically, a literacy event is any situation in which 
someone’s actions and situations demonstrate literacy practices (Heath, 1982). With 
respect to a literacy event, there are four main elements to consider: text, context, 
skill, and application. The terms provided are neither exhaustive nor comprehen-
sive; the concepts associated with literacy and the affordances of games are too 
complex to be fully explained within a single chapter. Rather, text, context, skill, 
and application are key elements across various orientations associated with liter-
acy. More importantly, these elements are described as events for the specific reason 
that they represent a moment in which a literacy episode occurred. As such, the 
examples highlight a framework that demonstrates the alignment between these two 
domains as well as provides a list of observable phenomena for researchers who 
might adopt this framework.
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Text. Although the text is often understood as symbolic representations of ideas 
in written or printed form, there has been considerable work which has established 
that text means much more. For example, a multimodal view of texts expands the 
notion that written text is a physical or digital representation that symbolizes “the 
writer’s meanings according to the conventions of a linguistic code” (Wells, 1990, 
p. 371). Multimodality, then, includes elements of communication associated with 
graphics, text, arrangement, and overarching context to expand the notion of text 
beyond marks, icons, or symbols consistent with written systems, sounds, paralin-
guistics, and other elements of language constitute text (Kress, 2003, 2005, 2010; 
Kress & Van Leeuwen, 2001; Wells, 1990). As a result, the notion of “text” (i.e., a 
text event) includes words, ideas, or concepts that can be communicated by spoken, 
written, or consumed (aural or oral) language. Similarly, the text also includes the 
font choices, graphics, movements on screen, and other mechanisms for communi-
cation and meaning-making in a digital environment like games.

Context. A simple dissection of the word reveals that context means: with text. 
When leveraged in an intentional way, text-based symbols yield larger patterns and 
form ideas; readers make meaning from text within context and writers wield text 
within context to communicate ideas. Context, specifically, is the purposeful manip-
ulation of text elements in situative, descriptive, or linguistic ways to create or 
derive meaning from those arrangements (Henrici & Köster, 1987). While reading, 
individuals interpret static text and images as individual sources of information. 
However, those isolated elements are always nested within some encapsulating con-
text; readers also construct meaning from the relationships among these elements 
(i.e., local context) and the broader context in which the texts reside (i.e., encapsu-
lating and intersectional context).

According to Dey (2001), context, whether local or encapsulating, refers to “any 
information that can be used to characterize the situation of an entity” so that the 
entity can be more fully understood or assessed (p. 5). An entity here refers to any 
person, place, or object that provides meaning for any event, statement, or idea, 
including the interactions between players and systems like video games, where 
issues of narration, situation, description, and language are relevant (e.g., the texts, 
rules, graphics, symbols, and objects within the game). This conceptualization also 
includes interactions among players (e.g., in Massively Multiplayer Online Games, 
or MMOGs) and the interactions among players and the broader contexts in which 
games reside.

For a video game, one might interpret local context to include: the location of 
icons, the color of the text, the story or narrative, menu options, etc. The encapsulat-
ing and intersectional context, by extension, includes both the immediate and the 
broader context in which the games exist. For example, the zombie classic Resident 
Evil exists within the immediate context of zombie-themed games and a greater 
context of a national zombie craze in the United States. Resident Evil is a game that 
exists within a global pandemic; some have used the zombie apocalypse as a psy-
chological analogy for the precautions taken during the spread of COVID-19 
(Hirshbein, 2020). In terms of video games, context informs the meaning-making of 
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texts on screen, in relation to a genre, and within the infinitely nested, encapsulating 
contexts.

Skills. Skills include the capacity and agency that individuals need to work with 
text and its associated contexts. Given the abundance of unique texts and contexts, 
the literature is replete with lists and descriptions of skills. For example, the New 
Literacies perspective elucidates skills in the new and emerging technologies (e.g., 
consuming and creating text messages, videos, and content via social networks) 
(Coiro et al., 2008). These digital technologies change the way individuals consume 
and produce information, particularly as it involves communication via text, sound, 
and image.

It is not possible to address all skills that relate to literacy and games, although 
there are certain skills that are highly influential in terms of literacy and gaming. 
Specifically, these skills include decoding and comprehending reasoning (i.e., criti-
cal thinking/decision making), and navigation. In general, decoding and compre-
hending are interrelated skills of knowing how to identify and name symbols 
presented in a text or context with comprehension furthering that sense of identifica-
tion and naming to meaning-making (Gough & Tunmer, 1986). Reasoning involves 
critical thinking and decision-making and refers to the ability to understand assump-
tions, make claims that are supported by evidence, and make conclusions that are 
warranted by the evidence presented (El Soufi & See, 2019).

Although each skill is important for literacy in the context of games, navigation 
holds special meaning in virtual and immersive environments. Navigation refers to 
the cognitive wayfinding through and across texts using contextual cues to ascertain 
meaning and location (Alexander et al., 1994; Hill & Hannafin, 2001; Kozma, 1991; 
Lawless & Brown, 1997; Lawless & Schrader, 2008). According to Singer and 
Alexander (2017), navigation involves interpreting and utilizing patterns of text 
across time. In other words, how the text is accessed, and the time allocated to 
accessing, decoding, comprehending, and engaging in critical thinking/decision- 
making dictate the nature of the literacy event engagement. Because most games 
require some form of navigation (e.g., moving an avatar through the narrative 
space), navigation holds special meaning in these environments (McCreery 
et al., 2011).

Application. Literacy application refers to any implementation of literacy skills, 
including the related texts and contexts of the literacy event, in a collective or com-
prehensive enterprise. An event becomes a full literacy event if, and only if, the 
established literacy skills are applied to texts within relevant contexts. In this sense, 
video games become a site of application for literacy events. Application within 
literacy frames includes numerous different sets of guidelines and orientations (e.g., 
expository, descriptive, persuasive, and narrative applications). Narrative, for exam-
ple, expands the more general application of literacy (i.e., communication of words 
and ideas) by nesting skills and contexts within elements of storytelling, back-
ground, or orientation. By design, video games are well-suited to the application of 
narrative and, as such, games are vehicles that afford the application of liter-
acy events.
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16.2.3  Video Games, Literacy, and Narrative

Video games have been the subject of research for several decades. There are numer-
ous meta-analyses, reviews, articles, handbooks, symposia, and more that have 
sought to elucidate theoretical and educational aspects of games (Baptista & 
Oliveira, 2019; Bediou et al., 2018; Clark et al., 2016; Connolly et al., 2012; Girard 
et al., 2013; Ifenthaler & Kim, 2019; Ke, 2009; Kim & Ifenthaler, 2019; Mayer, 
2015; Wouters et al., 2013; Young et al., 2012; Zheng & Gardner, 2017). This theo-
retical discussion of games includes perspectives of video games as opportunities 
for situated performance and learning (Barab et al., 2010; Baek, 2017; Gee, 2008; 
Schrader & McCreery, 2012; Schrader et al., 2017; Schrader et al., 2019) and tools 
for delivering information (De Freitas, 2018; Moshirnia & Israel, 2010; Prensky, 
2001). The corpus of games-based learning literature reveals a field replete with 
articles centered on method designs, case studies, and conceptual undertakings that 
provide guidance for educators and researchers (Schrader et al., 2020).

The field of video games has matured in the last several years. Recent work has 
paved the way for frameworks and approaches to research with games, including 
deep analytic techniques, assessment practices, and perspectives involving user 
characteristics (e.g., attitude, enjoyment, and perceived usefulness) (Alonso- 
Fernández et al., 2019; Baptista & Oliveira, 2019; Baek, 2017; Ifenthaler & Kim, 
2019). Although several new approaches have been posited, there remains an ongo-
ing need for research findings and frameworks to interpret these results (Mayer, 
2015; Schrader et al., 2019, 2020; Young et al., 2012). Researchers argue that one 
reason for this involves the very nature of games. Specifically, games vary from one 
example to the next (Schrader & McCreery, 2012). Games are inherently interdisci-
plinary and cross-disciplinary in nature (De Freitas, 2018; Schrader et al., 2019). 
Each game exhibits distinct content and approaches to users’ experiences (Schrader 
et al., 2019). Similarly, encapsulating contexts, affordances, and designs of these 
games is unique to each example (Schrader & McCreery, 2012; Schrader et  al., 
2017, 2020; McCreery et al., 2015; McCreery et al., 2019).

In terms of research, the field typically adopts an implicit definition of games that 
characterizes them as interactive systems with specific ludic properties. There have 
been a few notable attempts to operationally define games in ways that enhance the 
field’s ability to conduct research and exchange findings. Some of these efforts 
involve the nature of their characteristics to classify examples of these systems. 
Mayer (2014), for example, provided a definition of games that relied on elements 
like the presence of rules, responsiveness, challenge, score or record keeping, and 
inviting or appealing elements. From a design perspective, this view characterized 
systems that qualify as games (or not) in a way that is independent of context and 
users’ experiences. Alternatively, McGonigal (2011) approached the definition of 
games in a similar manner and described a game as any system that exhibited four 
traits: a goal, rules, a feedback system, and voluntary participation. Although there 
are similarities, McGonigal’s characterization of games relied more on the actual-
ization of the system’s affordances in tandem with users’ experiences.
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Mayer and colleague’s (Mayer, 2014; Mayer & Johnson, 2010) views differ from 
McGonigal (2011) in terms of agency. Mayer and Johnson articulated games in 
concrete terms, characteristics, and as mechanisms that have an influence on learn-
ers and learning. McGonigal, by contrast, described games in a reciprocal relation-
ship with the players that interact with them, players have agency with these systems 
in a way that both are mutually interdependent. More importantly, McGonigal char-
acterized game context in local and global terms. The former view aligns with clas-
sical, decontextualized perspectives on learning while the latter is in step with 
contemporary views of learning as a contextualized process (Bransford et al., 2000; 
Jonassen et al., 1994; Salomon et al., 1991; Schrader, 2008).

Expanding the characteristics or traits approach, contemporary views of game- 
based learning tend to agree that video games are process-oriented and facilitate 
learning as a function of the interactions within as a result of their characteristics 
(Gee, 2008; Plass et  al., 2010; Schrader et  al., 2017, 2019; Squire, 2011). Most 
agree that players’ experiences occur within a broader context, in addition to all 
local influences (Barab et al., 2010; Steinkuehler, 2005, 2006; Squire, 2011). Kafai 
(1996), as an example, examined gender differences in girls’ preferences related to 
games. Work of this nature is ongoing, but some researchers have begun to examine 
the intersectional characteristics of video games, including race, gender, and sexual-
ity (Malkowski & Russworm, 2017).

Although a highly contextual and intersectional perspective of video games con-
tinues to evolve, the notion of intersectional contexts has been a long-standing focus 
within the field of literacy. The relationship between literacy and games has been 
explored on several occasions. For example, Steinkuehler (2005, 2006) examined 
the cultural exchanges in the MMOGs Lineage and Lineage II for 2 years. She char-
acterized the cultural exchanges and practices within MMOGs as literacy practices 
in which players read a wide variety of texts, including those in print and not in 
print. Schrader et  al. (2009) and Schrader and Lawless (2010) also posited that 
video games were intertextual in nature; players rely on their comprehension of 
multiple texts across a variety of external sources for their in-game success. Players 
employ skills like navigation and multiple source comprehension where they can 
“… interpret, evaluate, and appreciate texts” across multiple formats and sources 
(p.  315, Steinkuehler, 2007). For these reasons, video games provide a valuable 
mechanism for players to exhibit literacy skills within a specific gaming application.

16.2.4  Game-Based Learning, Text, Context, Skills, and Application

Game-based learning has typically been defined in terms of outcomes as a result or 
consequence of gameplay (Lamb et al., 2018; Plass et al., 2010). An outcome orien-
tation of game-based learning is common, but some have suggested an expanded 
view of this perspective (Schrader & McCreery, 2012; Schrader et al., 2019). Games 
exhibit a variety of design elements grounded in behaviorist, cognitivist, and con-
structivist structures that are implemented in order to support player skill levels 
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(Plass et al., 2015). Moreover, these design elements leverage music, narrative, aes-
thetics, game mechanics, and incentives through a challenge, response, feedback 
system (Plass et al., 2015). This complexity highlights the problematic nature of 
viewing learning as an outcome, as it strips away the nuance associated with learn-
ing in situ (Schrader & McCreery, 2012; Schrader et al., 2017). However, the exami-
nation of game-based learning as a literacy event distinctly aligns with the view that 
learning occurs within the multilayered challenge, response, and feedback systems.

At its core, game-based learning is grounded in the principles of semiotics (Gee, 
2003). Players must construct meaning during gameplay through the interpretation 
of narrative, signs, and symbols within an encapsulating context (Lasley, 2017). For 
example, the change in the cursor to an open hand reflecting interaction with an in- 
game object. From this perspective, learning is not an outcome but rather a process. 
It is the process of semiosis occurring across a stream of text events that are struc-
tured within systems that presents a challenge, response, and feedback. Similarly, 
because game-based learning is grounded in a semiotic experience, event-based, 
broader narrative-based, and encapsulating contexts become the catalyst for (empha-
sis added) literacy skill development and application. For example, a player comes 
to a door that is marked with runes (i.e., event context). The change in cursor reflects 
the player’s ability to interact with the runes (i.e., one of several text events that are 
occurring), and prior narrative experience (i.e., broader context) provides knowl-
edge on how to interpret the runes. The player is then required to engage in critical 
thinking, integrating prior knowledge with current experience (i.e., skills) in order 
to solve the runic puzzle on the door (i.e., application).

16.3  Examples

The connection between video games and literacy has been the subject of consid-
erable discussion, with both disciplines being performance-oriented and requiring 
grit, hardiness, and perseverance. An epistemological exploration of literacy and 
game-based learning demonstrates theoretical alignment throughout the literature 
(Gee, 2003, 2008; Schrader & Lawless, 2010; Schrader et al., 2009; Steinkuehler, 
2005, 2006, 2007). In terms of text, video games present information using aural 
and auditory conventions (e.g., words, ideas, or concepts). Video games use image, 
graphics, movement, and similar mechanisms to communicate meaning (e.g., chat 
windows, maps). In terms of context, video games rely heavily on contextual cues 
in a local sense. For example, in Tetris, players arrange blocks in direct relation to 
each other, attempting to avoid gaps in their stack. Tetris was also a game created 
by Russian software engineer Alexey Pajitnov in 1984. Tensions among the Soviet 
Union and many other countries at the time provided an interesting global context 
for the game. In terms of skills, most video games rely on some form of navigation 
within the system. Players often demonstrate literacy skills like multiple source 
comprehension and multimodal reasoning. Overall, these texts, context, and skills 
coalesce in games, which become sites of application for literacy 
(Steinkuehler, 2007).
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The premise that video games are isomorphic to literacy events is best dem-
onstrated through example. As a result, what follows is a careful examination 
of three games: Super Mario Bros., The Deed, and World of Warcraft (WoW). 
Super Mario Bros. reflects classic side-scrolling and platform jumping mechan-
ics. The story unfolds through each level, but the emphasis in Super Mario 
Bros. is the enjoyment of the game. By contrast, The Deed is more closely 
related to a “choose your own adventure” interactive, clickable narrative. The 
gameplay in The Deed serves the story and players’ experience as a character 
in the story. WoW is quite different from a game-play perspective; it is a highly 
interactive, 3D immersive world. In terms of story, narrative, and plot, WoW 
falls somewhere in between Super Mario Bros. and The Deed. In WoW, the 
story provides context for a wide variety of actions, events, and activities. 
These experiences are open-ended and predominantly nonlinear.

Although there are numerous examples that might suit this purpose, the games 
were selected because they vary in terms of user interactions, genre, graphics, play 
style, and are situated in different contexts and game-based cultures. These exam-
ples serve as a valuable demonstrative cross-section of the connections between 
literacy and video games. Each game is unpacked in terms of its text, context, skills, 
and application, as well as its overall relationship with a literacy event. The applica-
tion of literacy in three games is summarized in Table 16.1.

Table 16.1 The Application of Literacy in Three Games

Element Super Mario Bros. The deed World of Warcraft

Text •  Outlines 
progression

•  Differentiates with 
sound

•  Orients narrative 
basis

•  Progressive 
storytelling elements

•  User interacted 
(user-driven)

• Text-based chat and communication
• Sound provides feedback
•  Iconographic cues (e.g., map, avatar, 

character sheet)

Context •  Visio-spatial 
elements

• Layered
•  Replication 

through difference
•  Consistency 

through progression

•  Small map, room by 
room local cues

• Macabre game genre
•  Independent game 

developer

•  Visio-spatial orientation via 
landmarks

•  Encapsulating culture of machinima, 
informational sites, and strategy 
repositories

Skill •  Navigation 
(intra- interlevel)

•  Multisource 
narrative

•  Multisource 
navigation

•  Network of players 
to skill build

•  Progress, die, 
repeat.

•  Navigation among 
rooms

•  Comprehension of 
narrative/plot

•  Decision-making and 
strategy

•  Play and repeat 
choices

• Multiple source comprehension
• Social collaboration
• Decision making
• Critical thinking
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16.3.1  Super Mario Bros. (1985, 2020)

Description. The original Super Mario Bros. was released by Nintendo (1985) in 
Japan on September 13, 1985. Gaming hardware was in its infancy when the origi-
nal Nintendo was released, and the system was one of the first systems to penetrate 
the global market. Super Mario Bros. is referred to as a platform game, in which a 
player controls an avatar (i.e., Mario or Luigi). The player must move left or right 
and jump over obstacles, including enemies, between the eponymous platforms. 
The brothers in Super Mario Bros. are plumbers, and the entire game is themed 
using interconnected pipes and worlds matching context to metaphor.

Text. In Super Mario Bros., there are elements of text, graphics, and sound. Each 
gives some indication of both story and interactive elements within the system. On 
the most basic level, players select a one- or two-player game using the initial menu. 
Similarly, the text is an important mechanism to orient players within levels and 
worlds. There are key informational elements at the top of the screen, which provide 
cues about which player is active, the world and level number, the number of coins, 
and the number of lives remaining.

In addition to symbolic representations of text, sound also plays an instrumental 
role within Super Mario Bros. Designers incorporated subtle but important differ-
ences in sound, including different total qualities for different jumps (i.e., normal 
vs. high jumps), different sounds for landing on enemies, and a recurring soundtrack 
that provided information about the level. Sound provides important cues for play-
ers to inform their actions and shape their decisions within the game.

Context. Perhaps the best example of the context within Super Mario Bros. 
relates to the hidden elements and secret zones that were embedded within the game 
that players could discover. Hidden elements (e.g., level-ups, power-ups, or extra 
lives) were hidden among normal blocks. Secret zones were accessible by moving 
through false walls, ducking into special pipes, or jumping above the top of a level. 
In terms of local context, players would have to identify the relative position of 
these elements via static visual cues. Using these cues, players would hit the appro-
priate block or enter the secret zone. Once inside a secret zone, the notion of local 
context is underscored as background graphics, sounds, and elements within the 
zone would change to reflect the new environment.

In addition to these local and hidden elements, Super Mario Bros. existed within 
a wider context, one that was relatively new at the time. Within 2 years of its release, 
Nintendo had spawned a global fan club, the Nintendo Power magazine, and a bur-
geoning video game culture that included television shows, among other things. 
This was partly due to the widespread success of Super Mario Bros. and other 
Nintendo titles. Regardless, Super Mario Bros. players had access to tips, strategies, 
clues, and maps to promote their success within the game. Similarly, they experi-
enced the game within a growing context of peers who also enjoyed the games. 
Recursively, each of these elements informed players’ ability to interact with and 
within the game.
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Skills. There are a few key literacy skills that are evident within Super Mario 
Bros. These include navigation, decision-making, contextual decoding, assessment, 
and multiple source comprehension. In terms of navigation, there are numerous 
ways to overcome challenges while controlling Mario or Luigi. A player can run, 
jump, or attack opponents by landing on them. Alternatively, they could find hidden 
passageways through secret zones and bypass the challenges altogether. Players 
who have uncovered enough of these secrets may even be able to pick up on design- 
level cues (e.g., a pipe that may seem out of place) to find them. Otherwise, these 
options were located through a trial-and-error process, making intentional decisions 
to play the game for these treats. Alternatively, players also exchanged ideas and 
strategies via conversation or written form (e.g., Nintendo Power). They often con-
sumed considerable outside resources to promote better play and a more enjoyable 
experience. Lastly, players made specific decisions in terms of navigation and strat-
egy to accomplish these goals. Ultimately, the interaction with the game relied on 
an expansive set of literacy skills within and outside Super Mario Bros.

Application. These examples of text (e.g., symbolic and non-symbolic text), con-
text, and relevant literacy skills within the game coalesce within Super Mario Bros. 
and are demonstrated as a result of players engaging with the game. Playing Super 
Mario Bros. affords the application of text within a local and broader context and 
enables numerous literacy skills. Fundamentally, the act of playing Super Mario 
Bros. is isomorphic to the application of literacy. Similarly, the system itself (i.e., 
independent of the player) affords the application of literacy and is referred to as a 
site of application.

16.3.2  The Deed (2015)

Description. The Deed is a commercially available game developed by Pilgrim 
Adventures and GrabTheGames Studios (2015) that applies a novel twist to the 
murder-mystery genre. Created with RPGMaker, The Deed is an adventure/role- 
playing game that incorporates a choose-your-own adventure style of play that is 
focused on getting away with murder. The Deed is designed for a single player and 
uses stylized graphics reminiscent of mid to late 1980s adventure games (i.e., ¾ 
view of the rooms). Players make choices throughout the game and collect evidence 
that they “plant” later. Rather than solve a murder mystery, the principal goal is to 
commit murder and convince others you are innocent. This is accomplished by col-
lecting and planting evidence to frame another non-player character. The game is 
partitioned into four acts: (1) exploration of the house (prefaced by an introduction), 
(2) dinner, (3) a time to plant evidence and commit the murder, and (4) an interview 
with the Inspector who comes to investigate the murder. The game concludes with 
the inspector’s decision.

Text. From a literacy perspective, The Deed employs traditional narrative ele-
ments through a choose-your-own adventure mechanic. In terms of text, The Deed 
leverages abundant symbolic text (i.e., typical) to convey information. Players are 
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given options in text-based, multiple-choice format when interacting with elements. 
These notices are also tagged relative to items like weapons and evidence.

Context. Locally, the game adopts a monochromatic and dark color scheme. The 
map is small and is presented as a series of rooms/screens. Doors and hallways mark 
separation and provide some local context for players’ location and navigation. 
Beyond the local elements, The Deed is situated within several genres of games. The 
Deed was created using RPGMaker. This tool is popular among role-playing game 
(RPG) enthusiasts. This type of game fits with others like it, most of which are inex-
pensive and produced by smaller companies. In addition to the RPG genre, The 
Deed is also a macabre murder-mystery, thematically dark, and inverts the more 
common narrative. Players are challenged to engage in morally reprehensible deci-
sions if they intend to accomplish the main goal in a time when there is abundant 
violence in the news and reported via social media.

Skills. Like most games, The Deed relies on the navigation to help orient users 
within the game and story. Users control Arran Bruce (i.e., the main character) using 
a keyboard or mouse and navigate through Arran’s childhood home. Throughout 
these rooms, players can interact with several family members and staff, search 
through different rooms, and are given the choice of picking up objects. The Deed 
also relies on decoding, comprehension, and decision-making skills to execute the 
perfect murder. Players must first understand the written information, then they 
must make appropriate decisions about their actions. They aren’t able to accomplish 
the main goal if they are unable to read, understand, and act on the written informa-
tion that is presented on the screen.

Application. The Deed is a robust example of a literacy application in terms of 
symbolic text. Written text is pervasive throughout the game and necessary for play. 
The game is structured like a choose-your-own adventure narrative that is spatially 
cued in terms of item location and navigation. Literacy skills and local context play 
a crucial role in the application of literacy in The Deed.

16.3.3  World of Warcraft (2004)

Description. World of Warcraft (WOW) was created by Blizzard Entertainment 
(2004) and is an MMOG set in a medieval world of dragons, elves, dwarves, orcs, 
and magic. WOW is currently in its 16th year and has radically transformed the 
gaming market. Arguably the most influential MMOG, WOW has been lauded for 
its immersive worlds, dynamic gameplay, and vibrant multiplayer interactions. 
Players create a character, choosing from one of eight races and one of nine classes. 
After character creation, players secured experience points by exploring content and 
accomplishing challenges throughout the world.

Text. WOW was designed as a massively multiplayer game and included a robust 
and interconnected social chat system. This system allows players to communicate 
with others located near them as well as players in their guilds and friend’s group. 
The same window also provides feedback for combat, damage received and inflicted, 
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status updates, and more. The symbolic text is one of the principal mechanisms to 
provide information and make meaning within WOW.

WOW also contains numerous symbols involving sounds and other elements to 
convey meaning. Icons are used to provide information about enemies, resources, 
and objectives on a local and world map. Player’s health and resource amounts are 
visually represented on screen. A character sheet also provides important visual 
cues for players’ equipment, status, and other signs and signifiers. WOW numerous 
text elements that are based on written systems, sounds, and paralinguistics of 
language.

Context. WOW implemented a vast, immersive, 3D world through which players 
controlled an avatar and interacted with the environment, non-player characters, and 
other players. The original game consisted of two principal continents that were 
divided into multiple zones. Each zone was rendered to exhibit different character-
istics, climates/biomes, colors, and thematic elements. WOW included beach zones, 
swamps, tundra, deserts, jungles, forests, and many other regions. These regions 
also included appropriate animals, fauna, and geographic features. These contextual 
cues provided players with information about quests, items, reagents, resources, and 
many other game-related elements. On a local level, players navigated the environ-
ment using contextual cues like landmarks. They also used similar contextual infor-
mation to discern their local objectives.

Since its release in 2004, there have been seven expansions, and the company 
reports maintaining millions of subscribers (Clayton, 2018). The record for active 
subscribers was set in 2010 at 12 million subscribers. The widespread popularity of 
WOW also spawned numerous websites, information repositories, and resources for 
players. Player groups (i.e., guilds) developed pages specifically designed to track 
membership and accomplishments. There are numerous videos and guides that 
were created to help players develop strategies and group compositions for some of 
the game’s more difficult challenges. In addition to these purposeful sites, WOW 
was also a cultural phenomenon and subject matter for TV shows and entertain-
ment videos.

Skills. WOW is a highly intricate game and involves numerous skills to achieve 
game-related goals. Players control the complex actions of their avatars while they 
navigate an expansive, immersive environment. Players must consume and under-
stand vast amounts of information in text and alternative symbolic formats that are 
native to the game in relation to quests, feedback systems, and social systems. This 
content is also complemented by the information available across multiple external 
sources; players must be able to seek, identify, comprehend, and apply this informa-
tion. Players must also communicate with peers, friends, and other players; collabo-
ration is a principal mechanic of any MMOG.

Application. There are many ways that players experience the World of Warcraft, 
they adopt either a role that follows the alliance or horde. Players decide if they 
would like to provide support, become a leader, or a character that specializes in 
dealing damage to enemies. WOW also includes several trade skills and opportuni-
ties for players to increase their in-game wealth, chances to interact socially, explore 
the environment, accomplish complicated goals and activities, and develop a 

16 Narrative, Video Games, and Performance In Situ



376

powerful character that can overcome any challenge. These activities represent a 
few of the many ways players may interact with and within WOW. Similarly, each 
also represents an application of literacy.

16.4  Implications for Future Research

The field of game-based learning continues to develop in terms of accepted theory 
and research practices. The examples and perspective outlined here are intended to 
provide some additional tools and resources for researchers associated with opera-
tional definition of variables (i.e., literacy skills and events), data extraction (e.g., 
literacy research practices), interpretation of findings (i.e., intersectional contexts), 
and development of advanced theory. In terms of game-based learning, traditional 
and contemporary literacy researchers have described numerous literacy skills, 
activities, and events. These might cue games-based learning researchers in terms of 
which activities within games are useful for observation. Literacy researchers have 
also examined the exchange of information and ideas using various codes (e.g., 
formal codes like text and informal codes like gestures). This might be a useful 
perspective when considering the exchange or interchange of ideas within games. In 
WOW, for example, researchers could observe avatars’ gestures, movements, and 
players’ texts as indicators of the application of literacy.

Games-based learning researchers may also find some of the extant procedures 
for identifying, coding, and interpreting data beneficial. Similarly, traditional and 
contemporary literacy that literacy skills and events, which are analogous to gaming 
activities, are also highly contextual and interrelated. These strategies might inform 
the study of a game like Super Mario Bros. in terms of high-frequency inputs and 
outputs, player performance, and player understanding of hidden elements (i.e., 
local context). Overall, games-based learning researchers might examine learning 
as a process using the interactions among elements, literacy events, agents, and 
nested contexts. More importantly, the systems could be of benefit for researchers 
in terms of log files, video recordings, chat transcripts, and server data mining. 
Finally, literacy addresses intersectional concepts involving sociopolitical aspects 
of the contexts. As such, the future of both gaming and literacy is brighter, better, 
and bolder by being linked together through the frames presented here.

Collectively, a literacy-oriented games-based learning epistemology has implica-
tions for the ongoing development of theory and game-based learning research. This 
orientation also highlights additional potential across several disciplines. For exam-
ple, the fields of human–computer interactions and engineering might benefit from 
a perspective that the human agents within systems exist within numerous socio-
logical contexts and states involving intentions, experiences, acceptance, or skills 
might vary for reasons external to the user. Taking this possibility into account 
might further shape how systems are created and how they are introduced to users. 
Similarly, a literacy and gaming isomorphism has implications for the broader study 
of sociology in contemporary spaces, like games. In addition to defining 
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interactions in digital spaces, the literacy/gaming perspective adds context and skills 
that are informed by societal cues. The ideas presented here outline a theoretical 
perspective that characterizes the intersection of key components on multiple scales 
(e.g., local and global). Ultimately, human existence relies on the creation, exchange, 
and understanding of information. A literacy perspective empowers researchers 
across domains to examine phenomena in different ways, thus expanding our col-
lective understandings in those areas.

16.5  Discussion and Conclusion

To accomplish the linking of gaming as literacy events, the concepts of literacy that 
bind our focus must be outlined. This chapter has examined the characteristics and 
properties of three games to demonstrate transversal elements of literacy as literacy 
events described earlier. An isomorphic relationship between the field of video 
games generally to literacy events is exemplified through Super Mario Bros., The 
Deed, and World of Warcraft. One of the challenges in a variety of disciplines where 
literacy and gaming overlap is the reduction of key concepts to a particular theoreti-
cal or disciplinary home. By linking the two here, the reciprocal ways in which lit-
eracy supports and understanding of games, and games model, in the application, 
the elements of literacy events is demonstrated.

The implications of the linking done here are myriad. First, we acknowledge that 
while some work has been done to articulate connections between gaming and lit-
eracy writ large that work mostly falls short of providing specifics that could drive 
forward the conceptual understandings of literacy in meaningful and substantive 
ways. To that end, we have outlined specific qualities of literacy and showed how 
they can be applied and demonstrated in gaming generally and through the three 
games, we highlighted. Second, literacy has generally wanted to focus much of its 
attention and pedagogical thrust on print relationships between reading and writing. 
Our work here expands the implications of literacy by suggesting that reading and 
writing do not necessarily engage solely around print text; through an understand-
ing of context and the positionality of the players within these games we see reading 
and writing behaviors as well as listening and speaking modalities consistent with a 
broad-based conceptualization of literacy. Finally, we posit that the technological 
demands of the twenty-first century have created a hyper digitally engaged genera-
tion for whom traditional conceptualizations of literacy and their ensuing paper/
pencil-based assessments fall short of engaging the multimodal nature of children.

In conclusion and as a basis for further thinking, four key points are provided 
below. These provide ideas on framing the discussion for games researchers and 
literacy researchers alike:

 1. An orientation involving literacy and gaming functions better through a bi-focal 
pairing. While each field may be strong on their own, together they constitute a 
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more robust and thoughtful analytical enterprise relative to their scope and 
engagement.

 2. Literacy elements are not traditionally linked in practice outside of the print text, 
particularly in out-of-school contexts. The literacy elements we outlined in terms 
of text, context, skill, and application in general terms. They are analytically 
robust within the context of gaming and have an ability to responsively morph to 
ever-changing and digitally connected contexts.

 3. Independently, gaming and literacy have less depth than when considered in the 
context of each other; the collective sum is greater than either part alone. Literacy 
provides a new analytic language to expand how the gaming community can 
think through their work, whereas gaming gives literacy practitioners new, novel, 
and engaging contexts. Both disciplines benefit from an isomorphic connection.

 4. The structural elements of literacy that we have modeled through the game 
examples expand venerable perspectives involving literacy events. Heath’s 
(1982) originally conceptualization of literacy events dominated the discipline, 
and these events are often framed traditionally (e.g., print text, media, and writ-
ing). Gaming adds a new perspective and modern orientation into conceptual 
thinking in literacy that is now nearly 40 years old.

These four key ideas derive from the arguments substantiated in the chapter, but 
they are invitations open for input, expansion, and redefinition themselves. The area 
of literacy research is venerable and reflects an amalgamation of numerous research 
methods, methodologies, and ontologies within it. Although game-based learning 
research is more recent, it reflects a purposeful combination of novel applications 
and techniques that leverage the technologies and contexts as a means to gather and 
interpret findings. Collectively, the two areas exhibit opportunities for extracting 
data, interpreting findings, and adding to theory.
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Chapter 17
Could Minecraft Be a School?

What Are the Transdisciplinary Implications  
of This Game-based Learning Environment?

Bryan P. Sanders

17.1  Minecraft: A Learning Environment

School tends to repeat itself. Educators and administrators often choose projects 
and practices from prior years. Something that worked before likely will work 
again. This assumption dominates the thinking and proliferation of “download-
ables” readily available for free and for purchase on the Internet today. Computers 
in classrooms are often used to digitize and distribute worksheets and exercises that 
were once on paper. Computers are less used by students for computing or work that 
could only be done with a computer than they are for completing tasks within a 
generically designed content management system that favors administrator over-
sight, information dissemination, and information gathering.

Traditional school arrangement supports the generalized and simplistic use of 
computers as an electronic grade book or paper collection and dissemination tool. 
The traditional school model relies on predetermined student outcomes for the 
grade level and course completion. The prerequisites for gaining entrance into 
higher levels of a subject combined with established and planned curricula suggest 
narrow pathways to getting educated and earning degrees. However, one can simul-
taneously expect to hear discussion of teaching the whole child and read school 
mission statements about the importance of the individual student, holistic goals 
that become difficult to achieve in a lockstep environment. School as an institution 
seems to be of two minds about how to engage with the students’ interest and also 
maintain order and focus. Flexibility and responsiveness to students are often 
exchanged for standardization.

In the USA, the national criterion-referenced assessments show flat progress for 
many years. Any growth in test scores within any of the standard subjects at the 
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three benchmark grades, 4th, 8th, and 12th, is slight and not sustained in a steady 
manner over time since 1992 (NAEP, 2020). Standardized and predictable experi-
ences for students have yet to demonstrate an impact on how much content they can 
understand and retain for tests. And while there exist pilot programs and thought 
experiments in individual schools and classrooms that advocate for different 
approaches to learning environments, most students are guided along well-worn 
paths to graduation and matriculation.

Game-based learning environments present new ways for students to encounter, 
interact with, and create information. Minecraft is a block-building game environ-
ment where the player can theoretically create almost anything imaginable. It can be 
used in a sandbox style without health and score points, or it can be played in a 
manner aligned with game objectives and obstacles. Sandbox style is called “cre-
ative mode” and gives players unlimited access to all of the items in the game with-
out having to find or craft them. The objective style is called “survival mode” and it 
requires players to battle creatures as well as find all resources to craft more 
advanced items. In either case, though, the software architecture of Minecraft is 
open enough to allow both the sandbox and the objective approach to be modified, 
and this adds significant value to its reach, intrigue, and purpose. Custom compo-
nents can be created or imported to make the game environment match the intended 
look, feel, or purpose. As a computer game, it is the first of its kind to reach over the 
culture war lines to grab the attention of gamers and educators alike.

Furthermore, Minecraft grows in its potential as a virtual learning environment 
when collaboration occurs. It aligns with the constructivist philosophy and offers 
many entry points for students to engage. The current education version can allow 
thirty players at once in a shared world, and the original Java version of the game 
can allow thousands of players. Collaboration and sharing are further encouraged in 
Minecraft since there is no official instructional manual or official manner in which 
the game must be played. This openness aligns with constructivist principles due to 
the reliance on the players themselves to develop the materials. And in the 10 years 
since its inception, Minecraft has inspired people of all ages to create and share 
innumerable guides, articles, videos, and playable worlds. While this serves as a 
testament to the power and reach of Minecraft as a game-based learning environ-
ment, some criticism of Minecraft comes from the strong possibility that students’ 
skills and knowledge of the game far exceed their teachers’—this unusual power 
relationship may deter educators from engaging in a new approach.

Of late, there is a marked increase in interest and use of Minecraft: Education 
Edition in schools. Microsoft’s education department created an opt-in cohort of 
educators willing to volunteer to work on Minecraft: Education Edition lessons, 
activities, units, teacher training, and campus deployment at schools around the 
world. The game has significant interest and logged gameplay hours from both chil-
dren and adults in schools, but is it malleable and engaging enough to move away 
from mostly completing lessons, activities, and units? Could Minecraft be a school? 
What are the implications for teaching and learning if schools stopped requiring a 
planned curriculum and instead engaged in an immersive game-based learning 
environment?
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17.2  Current Research on Minecraft in Education

Many proponents of new pedagogical approaches still have concerns regarding stu-
dent performance on traditional criterion-referenced assessments. These concerns 
are not new and have been addressed with some studies over the decades, though 
their impact appears to be small when taking a longitudinal look at the dominant 
culture of traditional schooling. In an important case study conducted in 
1990, Dr. Seymour Papert led the way with Idit Harel to demonstrate and document 
how a constructionist approach using computers could help students acquire knowl-
edge and have memorable learning experiences. Indeed, the study showed the posi-
tive impact of their Logo mathematics experimental approach where students 
worked on computers in an interactive learning environment covering traditional 
material. The same material taught to a control group via traditional methods 
resulted in the students in the experimental group scoring higher on a classroom 
examination than the students learning via the traditional method (Harel & Papert, 
1990). Thirty years later, however, this remains an open question for some educators 
and policymakers.

A recent though small study of using gamification in Minecraft as an interven-
tion “to help respondents improve their understanding and skills in probability” 
indicated an increase in performance on a traditional paper-pencil test. This was 
measured by a pretest and posttest method with Minecraft used as an experiential 
approach in between (Ming, 2020). A qualitative method was also mixed into this 
study that offered students an opportunity to examine and reflect on the remedial 
efforts and their impact on helping them understand the material.

A study of this sort is still needed on a large scale across continents to test for 
impact in bigger sample sizes. If replicated, it will be useful to see if these conclu-
sions using Minecraft gameplay hold true. Ming argues that it can “positively impact 
students’ abilities to master mathematical concepts and skills. The use of these 
gamification elements can help students cope with the difficulties they face as well 
as facilitate and speed up their task of solving. Minecraft can enhance students’ 
confidence and curiosity as they work hard to complete the tasks provided in the 
Minecraft virtual world.” (Ming, 2020) These claims are tempered by the sample 
size but also reside in a thoughtful and powerful subsection of constructivist learn-
ing that focuses on student-centered experiences with games and projects. A grow-
ing number of educators have combined their traditional classroom approaches with 
computers, and while software companies dominate the public conversation, more 
researchers than ever before are studying Minecraft.

A recent literature review study of 28 articles published between 2012 and 2019 
found in the ProQuest database about Minecraft in educational settings demon-
strated some intriguing trends in student behavior and educator attitudes toward the 
use of the game. The review also raised some worthwhile provocations for further 
pursuit in research and action, such as highlighting the problem of time that classes 
face when they engage in a game-based learning experience. Furthermore, many 
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educators encounter  tensions from stakeholders as informal and formal learning 
coupled with pedagogy are blended together via games.

The study “examined Minecraft integration strategies in classrooms, as well as 
student benefits in terms of engagement, interest, academic achievement, and 
knowledge acquisition.” (Baek et al., 2020) A noteworthy limitation acknowledged 
in the study points to a need to continue looking for ways to quantify some of the 
observations and hunches that educators and researchers have about Minecraft: 
“The lack of related verified theory or frameworks only indicates the scarcity of 
experimental studies employing Minecraft; there are significantly more qualitative 
than quantitative studies of Minecraft in education.” (Baek et  al., 2020) Also of 
interest is that the 28 articles they studied had a majority focus on elementary 
school, language arts, and playing the game instead of engaging in other activities, 
such as building in Minecraft or modifying the game. This can serve as inspiration 
to continue studying the use of Minecraft as an educational environment and help 
determine where educators go next when considering creating immersive experi-
ences for students. Certainly, some of the articles in the review focused on other 
grade levels, subject matters, and activities in the game, but this weighted set of data 
suggests a trend of how Minecraft might so far be used and understood by teachers 
and researchers alike.

The table below organizes the data put forth by Baek et al. and will help anchor 
some thinking. The authors of the study highlighted specific educational benefits 
and educational experiences students can encounter in classroom Minecraft game-
play (Table 17.1).

While the majority of the work covered in the 28 articles from the literature 
review by Baek et al. emerged from Language Arts lessons, the table summary dem-
onstrates far more documented potential for using Minecraft in school. Not only a 
range of subjects was documented but also many mindsets and pedagogical stances. 
That said, the documented use in the articles studied by Baek et  al. tends to be 
supplementary lessons or companion experiences to immerse in content, while 
simultaneously the authors acknowledge that full immersion provides the greatest 
gameplay for students to discover and uncover new features and ways to collabo-
rate. Some educators were described as encountering issues of time management 
and task management, which is at odds with a fully immersive gameplay approach 
that might follow student inquiry and choice to co-create the curricula.

As the number of classrooms with Minecraft gameplay grows, and the research 
about them grows in kind, more opportunities to refute or confirm some of these 
findings will emerge. However, the suggestion is clear that if families and educators 
were willing to forego imposed restrictions from external sources then there would 
exist far different data for researchers to analyze, as “curriculum inflexibility also 
offers resistance to incorporating digital game play.” (Baek et al., 2020) This desire 
to decouple the classroom from the curriculum connects to the idea designed into 
the Harel & Papert (1990), which boldly abandoned the traditional method in its 
research design hypothesis.

Yet another recent review of 59 articles regarding digital game-based learning 
environments ventured into a similar territory but with a specific focus on studying 
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English language acquisition. Xu et al. (2019) studied articles published from 2000 
to 2018 with the intent of putting together a cohesive summary that would help 
propel further specific research diving deep into commercially made games as 
immersive environments to engage students in new ways of imagining the class-
room. Their findings indicate that nearly 80% of the 59 studies “reported a positive 
impact on English language acquisition” while also acknowledging that about 75% 
of the 59 studies contained a small sample size of under 100 human subjects.

The call for more large-scale, large sample size research on using Minecraft as 
an immersive gameplay educational environment is clearly needed and also sug-
gested in the review by Xu et al. (2019). A noteworthy additional aspect from their 
work asks for game designers to involve more educators and educational research-
ers in the development of their commercial game products. They also added a com-
plex suggestion that classrooms using game-based play approaches implement 
“more standardized tests that align with commercial games, because this may 
improve the reliability and validity of research results.” (Xu et al., 2019) While a 
sound suggestion to vertically align these inputs and outputs, it also demonstrates a 
philosophical underpinning in favor of traditional measurement. This could be 
interpreted as working against the aims of immersive constructivist and construc-
tionist gameplay; however, it could also be interpreted as an attempt to pull together 
disparate strands of education and gameplay to unify and advance a shared vision 
for enhancing student learning environments.

Similar to the discussion of incorporating makerspaces into schools as stand-
alone spaces with their own curriculum, the discussion of incorporating Minecraft 
receives a treatment that presents it more as a place to go instead of a way to think. 
This cognitive split in the research presents itself as the conflict worth addressing 
head-on and directly studying in both the classroom and research experiments that 
next emerge. A thorough exposition of how to play and what to do in Minecraft 
resides in a thoughtful chapter by H. Chad Lane and Sherry Yi (2017) which also 
makes clear the philosophical connection to Papert’s constructionism (Papert, 
1980). It is worth noting that this remains the most frequently discussed stance that 
educators raise in their anecdotes and articles: “Constructionism challenges the idea 
that ‘verbally expressed formal knowledge’ is a sufficient end point for education. 
It suggests that knowledge can be constructed by learners rather than simply being 
told, and that this learning should occur in the context of creation, invention, and 
exploration.” (Lane & Yi, 2017) This flies in the face of traditional schooling and 
assessments. It is where private schools may have an advantage due to their freedom 
to create learning sequences free of standardized tests and textbook guidance that 
are required in public schools. This is also an issue of equity, then, as public school 
students may lack experiences that are provided to families with means. In their 
book, Invent to Learn, about inventing and making with games, computers, robot-
ics, and crafts in the classroom, Dr. Gary Stager and Sylvia Martinez write that 
“quality work takes time, disobeys bell schedules, doesn’t result in neat projects that 
work with canned rubrics, and might not have any impact on test scores” (Stager & 
Martinez, 2019). Again, the knowledge created by students when they do things that 
are constructive toward their own interests and goals overshadows their coerced 
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focus on worksheets and examinations. There exists a large historical body of work 
supporting learning by doing, and while there are limitations and controversies 
within the more recent studies and musings in game-based learning, it still is early 
in its own timeline as an approach to school that merits attention. Alternatively, as 
short as 5 years ago, the current hardware and software capabilities combined with 
the current interest from adults shows us that something new is rapidly emerging 
and captivating both students and teachers alike.

17.3  Children, Computers, and Powerful Ideas

A tradition of working with computers in classrooms with students is highly reliant 
on the work of Dr. Seymour Papert and his contemporaries. It was true then as it is 
now that classroom work with computers requires time dedicated to exploration, 
and this sits at odds with many school dictums for graduation outcomes and require-
ments. Students are asked to make sense of the world by making things when they 
engage in games, projects, and inquiries with a computer. This is the opposite of a 
planned curriculum and a battery of examinations that have been written years prior.

Of further interest in the study of working with computers is that the work people 
do with computers creates microworlds of the world outside of the computer. This 
alone is an engaging enterprise for it pushes on both the logic and the creativity of 
the individual to enter into an almost allegorical relationship with reality. This then 
dovetails into the microworld joining back into the world outside when one shares 
the “thing” that was made. The microworld expands via commentary, critique, and 
user interaction and then returns to the laboratory table where the creator debugs, 
augments, and improves the project. This feedback cycle has a further impact on 
how students view both their work and the larger world.

This experience briefly described earlier resembles to most people as a hobby or 
a business but not necessarily a classroom activity, learning experience, or peda-
gogical approach, let alone a school philosophy. Far more common is to segment off 
the computer class time from the rest of the week of academic work or to make it an 
elective or afterschool club. Programming, robotics, and web design courses are the 
most frequently separated components of students’ experience in school, if 
there at all.

The sense that more could be done with the time spent in schools with students 
and computers is not one that is shared by all. In part, the dilemma stems from a 
history of the behaviorist method where computers were put to work as a delivery 
machine. The earliest teaching machines created by Dr. Sidney Pressey were rote 
learning devices designed for ensuring students had essentially memorized the con-
tent presented. A student would receive an initial output from the machine, and then 
the machine would receive input from the student in reply. Next, the machine would 
deliver a result indicating whether the student had the correct answer. From its 
inception, this worked well for technical knowledge such as operating heavy 
machinery or knowing the order of wires in a complicated electrical circuit. But 
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when applied to the classroom, there is far more to do than ask students to answer 
questions.

Applying a constructivist approach to using computers in schools would likely 
commit a significant amount of available classroom minutes so that students could 
freely explore the potential. It would no doubt take away from other things students 
are required to complete. This begs the question about the value of those subjects 
and tasks, as well as the value of computers, computing, and technology-based 
learning environments—or even using the computer as an object-to-think-with. The 
recent research cited above on using Minecraft as a game-based learning environ-
ment demonstrates some reluctance of schools to push past using it for much more 
than a substitution of previously planned lessons and activities. However, the long 
view of meaningful change in school recognizes the unique potential of each stu-
dent and strives to design a learning environment suited specifically for each of their 
powerful, creative, and inventive minds. Students need engagement in experiences 
that keep them curious. And for some, Minecraft could very well be where students 
reject the worksheet and instead take control of their own minds, thinking, and 
creations.

17.4  What Could We Do If Minecraft Were a School?

The limits don’t have to exist. Minecraft only has the limitations of one’s imagina-
tion and access to reliable equipment. If one were to situate a school inside of 
Minecraft, it would acknowledge that educators often hold hostage the most engag-
ing and transformative projects in their planned curricula. It would demonstrate that 
quarantining student-led work in specialty courses reserves the best practices for 
only a small percentage of students. It would perhaps prove that the com-
mon approach to experiential learning occurs when students behave in a manner 
consistent with the authority’s wishes.

If Minecraft were a school, many long-held assumptions about how schools are 
organized would crumble. Instead of competing goals, there would be more coop-
eration of goals. Many have already questioned the need and value of ranking and 
ordering students in school. The goal of constructivist education places an emphasis 
on students finding their voices and purpose through learn-by-doing experiences. 
Grades and scores are by-products of a system that enforces compliance. That com-
pliance is powerful and permeates so much of how a school asks students and teach-
ers alike to operate. The sheer volume of tasks that students and teachers complete 
out of compliance is astonishing. In this submissive process, they all slowly aban-
don some portion of their autonomy, creativity, and thought production.

But in Minecraft, all players are immersed in a newly imagined multiplayer pres-
ent that consumes their thinking and imagination in a longitudinal collaborative 
effort. With an infinite number of blocks with which to build, and the possibility to 
modify those blocks with infinite permutation, never before have students and 
teachers alike had the ability to move around and make things together inside of a 
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simulated environment. And as with any endeavor that has no specific goals prede-
termined by an outside agency, work and play in Minecraft can span over years and 
grow as its inhabitants bring to bear their inspiration, diligence, thinking, and 
creativity.

What will this experience of school in Minecraft look like? Done well, it ought 
to begin through exploratory play from the start. There is no better way to ruin a 
game or a project with students than to teach them every step or move or reaction of 
a newly encountered set of playthings. Let them find their way and mimic each 
other. No teacher would explain every rock, twig, or animal in the forest before 
going on a hike. Likewise, the act of discovery in Minecraft, and there is so much to 
discover and uncover, remains essential. Furthermore, it would behoove teachers to 
know how to play Minecraft, but they need not be experts.

As the work and play unfold, the dialogue and questions naturally occurring 
among students will create a curriculum of ideas to pursue. While some will cer-
tainly be about the mechanics of the game itself, many more will display the stu-
dents’ thinking processes and value systems. Most students enter a Minecraft world, 
see how big it is, and want to first work on creating a house to call their own. This 
instinct is one that might have in another lesson plan been a writing prompt about 
basic needs and the role of safety and comfort in creating a just society. Perhaps a 
debate or seminar would follow based on a text that discusses the balance of indi-
vidual freedom and coexisting within a civilization. Those texts and discussions can 
and should still happen, although they can be ordered differently now that educators 
are asking students to immerse themselves in a game as the classroom. The texts can 
be scattered throughout the game world. The conversations can happen as a natural 
consequence of the power struggles that will emerge from the mostly harmless deci-
sion to build a house a little too close for comfort near a classmate.

No collaborative effort ever happened without conflict. Gameplay actually 
thrives on that conflict, though, for it creates an interactive visual of the conflict and 
also allows for rapid rebuilding or expansion. With an analog experience of physical 
materials manipulated with hands, conflict over the design or purpose of a structure 
leads to just as much strife as with digital, but with little room for the rebuilding. 
This element of computer-based collaboration could actually provide a healthy 
environment to explore and reinforce social skills that oftentimes are questionably 
taught by punishment in school. Restorative practices in communication and com-
munity building might have more success, particularly in the younger ages, when 
working in a digital project or game-based environment.

Educators also have an opportunity to engage deeply with students over long 
periods inside of Minecraft. Furthermore, educators can meet each other in the 
game to develop ideas together and prepare challenges or curricular materials to 
bring to their students. Even further, students and teachers from different physical 
classrooms in different subject matters but meeting at the same clock hour can all 
gather in a Minecraft world to work, innovate, and explore together. This potential 
speaks to what some researchers are hoping happens in a school that allows them to 
study such a project, for it will push the boundaries and the goals of game-based 
learning. Interestingly, this concept feels right at home inside of a summer camp or 
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a pilot program, but when regular school is in session it is difficult to obtain 
consensus.

Confusion surrounds using computers and computing in the classroom. Books, 
paper, pencils, blocks, scissors, glue, rulers, markers, pipe cleaners? The storeroom 
is stocked. Tablet, laptop, software program, mouse, camera, robotics kit? The 
storeroom is not only locked, but it might also be empty. The child’s most powerful 
tool in school is either inaccessible or controlled by adults. There are no research 
journals putting out calls today for studies about the benefits of worksheets and 
predetermined outcomes. Nobody seems to be asking for educators and researchers 
to spend their time justifying why student voice and inquiry should be suppressed.

Minecraft is currently the most powerful learning environment available for cre-
ating and collaborating together both in synchronous and asynchronous time. 
Working in a Minecraft world, students can informally learn specific subject matter 
at rates that might not be possible to document. A worksheet or test might reinforce 
knowledge of a few mathematical concepts. What documented value can be placed 
on an immersive play experience where the student interacts with those very same 
mathematical concepts? It seems odd to compare a worksheet against standing 
inside of a virtual three-dimensional coordinate geometry system. The two are 
vastly different learning experiences.

Using Minecraft as the playground for these student thoughts to coexist and 
commingle will provide rich opportunities where innovations will undoubtedly 
emerge, and educators can both join and observe to provide useful guidance. Instead 
of the once-a-week “one and done” Minecraft computer class, we need to revise our 
expectations. One hour in Minecraft per week goes so quickly it will not be a terri-
bly productive or meaningful experience. But if classes played there on a daily basis 
and tracked their ideas and questions, they would find new focal points to explore 
outside of the game. And that work outside of the game would dovetail back into 
what happened when logged in again.

It would not fit the purpose or philosophy of computers in education to take the 
child’s most powerful tool, and have any educator or researcher dictate or predeter-
mine exactly what lessons or actions should happen when kids play in Minecraft 
together as part of the school. The same goes for anything that students might create 
with a computer. They will figure things out that teachers never thought of doing. 
Would any educator tell students to mimic their every move with cotton balls, glue, 
paper, and crayons?

It just so happens that Minecraft is the most powerful real-time collaborative 
virtual learning environment for making things. Maybe there will be something else 
better in the future, but we have not yet fully explored this one. Ask your principal 
if you can stop turning in lesson plans for approval and instead conduct a self-study 
of your students working together in a Minecraft world. Unleash the power of your 
students’ minds. They are interesting people and we should listen to them. They live 
in the world, too, and will naturally encounter and explore through game-based play 
all of the ideas we have for decades split up into artificially disparate classes and 
curricula. Let’s put it all back together.
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Chapter 18
Looking Back and Moving Forward 
with Game-Based Learning Across 
the Disciplines

Carmela Aprea and Dirk Ifenthaler

18.1  Introduction

Game-based learning is a dynamic field that has recently garnered much interest 
from different areas, including digital game design, human–computer interaction, 
and different branches of education and psychology, such as cognitive, motiva-
tional, and social psychology. As emphasized in this edited volume, the various 
subject domains (e.g., business and economics, social studies, STEM) are also piv-
otal. Although game-based learning is not limited to digital games, and has in fact a 
long-standing history in human learning and development far beyond the times of 
digitalization (Huizinga, 1971; Leontiev, 1978), the growing interest—not to say 
“game hype”—in educational settings can also be attributed to technological 
advances as well as to particular preferences in users’ digital media behavior. 
Nowadays, digital games are strongly anchored in the everyday life of especially 
(but not only) young people. According to a recent study (JIM, 2020), 68% of young 
people in Germany play on a regular basis, only 8% of the 12- to 19-year-olds do 
not play. Boys have a higher gaming affinity overall than girls. On average, young 
people of this age group of both genders played computer, console, tablet, and 
mobile games for around 121 min per day from Monday to Friday and 145 min at 
weekends. In comparison to 2019, this represents a plus of 40 min during the week 
and 28 min at weekends, respectively, a growth that is presumably related to the 
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current COVID-19 lockdown situation. These developments are not limited to 
Germany but are also to be found in a similar way in other (industrialized) countries.1

If games exert such a fascination, it is only natural to ask whether and how they 
can be used to successfully promote learning by merging game activities with learn-
ing activities. This purpose, however, is what differentiates games for learning from 
purely entertaining games, although there is significant overlapping, since motiva-
tion and fun are also crucial for game-based learning.

This edited volume presents a wide-ranging collection of work and findings on 
game-based learning inside and across various disciplines. Overall, it features chap-
ters that are routed in various disciplines, theoretical foundations, and research tra-
ditions. It also addresses different educational fields, including kindergarten, 
secondary, vocational, professional, and higher education and covers multiple game 
genres, such as board games, adventure games, or simulation games.

In this concluding chapter, we aim to situate the single contributions of the vol-
ume within more general reflections on the potential benefits of game-based learn-
ing (Sect. 18.2) as well as to provide an analysis and synthesis of major themes that 
have emerged in the previous chapters (Sect. 18.3). Finally, we intend to sketch 
ideas for future research on game-based learning from an inter- and transdisci-
plinary perspective (Sect. 18.4).

18.2  Potential Benefits of Game-Based Learning Across 
the Disciplines

As Whitton (2012) notes, there are many similarities between the characteristics of 
games and the characteristics of effective learning experiences in that they should 
be challenging but attainable, engaging, and interactive. It is no wonder, then, that 
the potential benefits of digital games become particularly evident from the perspec-
tive of contemporary learning theories, notably constructivist, situated, and experi-
ential approaches (e.g., Collins et al., 1989; Greeno, 1998; Lave & Wenger, 1991; 
Moon, 2004). These theories, in turn, are inspired by tenets from pragmatism (e.g., 
Dewey, 1963), sociocultural and cultural-historical psychology (e.g., Vygotsky, 
1978) as well as fundamental findings in cognitive and motivational psychology 
(e.g., Malone & Lepper, 1987; Suchman, 1987). In particular, they view learning as 
an active, contextually bounded, and socially mediated process of making meaning 
out of individual experiences. This process aims at the formation of a multidimen-
sional and, first and foremost, transferable set of competencies. Teaching, in turn, is 
conceived as the provision of adequate learning opportunities, i.e., the design of 
learning arrangements that stimulate students’ active participation and guide their 

1 For data on the situation in France, India, Italy, Japan, Singapore, South Korea, United States and 
United Kingdom as well as a global score see, for example, the latest “State of Online Gaming” 
research report issued by Limelight Networks https://www.limelight.com/resources/white-paper/
state-of-online-gaming-2020/
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experiences. Within the frame of contemporary approaches, the following (non- 
exhaustive) advantages of digital learning games can be emphasized:

• Digital games may support domain-related knowledge construction and higher 
order cognitive skills. In digital games, learning is at its essence a kind of perfor-
mance, as students learn by doing within the affordances and constraints of 
information- rich virtual worlds, instantiated through software and social sys-
tems. The primacy of game-based learning is on experience, constantly inviting 
the learner to understand and manipulate complex situations, learn through fail-
ure and related feedback, and develop identities as expert problem solvers 
(Squire, 2008). Thus, game-based learning provides what Barab et  al. (2010: 
525) call “consequential engagement” and is particularly expected to foster the 
acquisition of different forms of domain-related higher order knowledge and 
skills, such as conceptual understanding, strategic decision-making, and/or 
problem- solving (Eseryel et al., 2011).

• Digital games can promote enjoyment, intrinsic motivation, and positive atti-
tudes. Due to their entertaining qualities, digital games are believed to be fun and 
thus much more attractive for learners, especially the ones from the digital native 
generation. This may lead to more effective involvement as well as to sustained 
intrinsic motivation. As Malone (1981) proposed, the primary factors that make 
an activity intrinsically motivating are challenge, curiosity, control, and fantasy. 
Digital games incorporate these factors, for example, through the need to attain 
goals, through sensory and cognitive activation, or with the help of narratives. In 
addition, their immersive nature may also enable the experience of flow (e.g., 
Csíkszentmihályi, 2008). In sum, these characteristics may positively influence 
attitudes toward learning both in general and in specific domains (Eseryel 
et al., 2014).

• Digital games may foster generic abilities as well as psychomotoric and inter-
personal skills. As, for example, Granic et al. (2014) assume digital games may 
also foster more generic, often meta-cognitive abilities such as handling of com-
plexity or information processing under the condition of risk and uncertainty as 
well as persistence, ambiguity tolerance, and self-efficacy. Depending on the 
specific game condition, they are moreover expected to (1) support psychomo-
toric skills (e.g., speed of reaction, eye-hand-coordination) and (2) if addressing 
facets of role-playing, or if played in teams of learners, to promote social skills.

In addition to these theoretical considerations, there is an ever-growing number 
of individual research studies on the effectiveness of game-based learning. Moreover, 
there are a dozen or so literature reviews (e.g., Boyle et al., 2015; Connolly et al., 
2012; Donovan, 2012; Granic et  al., 2014), both narrative and systematic, and a 
handful of meta-analyses (e.g., Clark et  al., 2015; Sitzmann, 2011; Vogel et  al., 
2006; Wouters et al., 2013). The findings of this empirical research base show that 
games as a medium can, indeed, support productive learning under certain circum-
stances, but drawing general conclusions about their effectiveness is difficult 
because of the large range of areas and topics they cover, genres they represent, and 
age groups they target. However, what has become clear from the available 
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empirical investigations as well as from the contributions in this book is that we 
need to take an evidence-based approach for the study of learning with games. This 
includes evidence-based design principles for game-based learning as well as sub-
sequent research efforts to further our understanding of how and under which condi-
tions game-based learning works (Ge & Ifenthaler, 2017). Both of these issues will 
be addressed in the sections that follow.

18.3  Key Themes Emerging from Current Research

Several key themes on game-based learning inside and across the disciplines have 
emerged from the chapters in this book. From the perspective of designing effective 
learning arrangements, we have identified four main aspects that are important for 
harnessing the potentials of games in the different domains. These aspects will 
therefore be highlighted and analyzed further here, and include the following: (1) 
integrative design, (2) activity-oriented design, (3) context-sensitive design, and (4) 
participatory design.

18.3.1  Integrative Design: Taking Domain Knowledge into 
Account and Connecting it with Educational Theories

Since the 1980s, research has brought increasing attention to the importance of 
domain-related knowledge in human performance, learning, and development (e.g., 
Chi et al., 1988; Glaser, 1984; Glaser et al., 1987). As Patricia Alexander (1998) 
highlights, it is not a question of whether the “what” of learning (i.e., subject matter 
or domain knowledge) influences the “how” (i.e., the learning activities and pro-
cesses). Such an influence is assumed. It is rather the question of how domain 
knowledge could be effectively considered when designing learning arrangements. 
Thus, in the wake of this recognition of domain knowledge, numerous instructional 
design models have been developed that call for appropriate analysis and mapping 
of the domain as a starting point for the development of any type of learning arrange-
ment (e.g., Clark et  al., 2008; Jonassen et  al., 1999; Van Merriënboer & 
Kirschner, 2018).

These considerations have also made their way into game design. While some 
less elaborate, naive approaches simply add game elements as a “fun factor” to 
content learning, newer, more theory-driven, and empirically grounded models 
emphasize the need to purposefully integrate domain-specific learning contents into 
game design and to merge them with principles derived from educational theories, 
especially theories of learning, motivation, and engagement (Plass et  al., 2020). 
This concern is also evident in many chapters of this volume. Schultheis and Aprea 
(Chap. 1) explicitly use insights from behavioral finance, a state-of-the-art approach 
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to financial theory, to elaborate human heuristics, and biases in financial decision- 
making. They also demonstrate how these features of the domain could be merged 
with considerations from educational psychology and ultimately be incorporated 
into the design and development of a decision-oriented financial literacy serious 
game. A financial decision-oriented approach to financial literacy is also evident in 
Chap. 4 by Andrea Pfändler, who additionally applies findings from happiness 
research to map the domain and to develop a holistic financial literacy board game. 
Similarly, Weber and colleagues (Chap. 6) start their activities to create a game that 
intends to assess sustainability competence in retail by analyzing and modeling the 
domain, providing a detailed picture of situations related to sustainability and their 
specific requirements.

While the aforementioned authors model the domain in a decision- or situation- 
oriented manner, Warren, Roy, and Robinson (Chap. 5) choose an alternative mod-
eling approach by referring to key domain concepts. In their specific case, they 
identify “boundary of the firm,” “explore and exploit,” and “creative destruction” as 
core business concepts on which they base their subsequent business simulation 
game activities.

Ge and colleagues (Chap. 12) focus on another important yet often disregarded 
domain-related issue, which game designers and researchers should consider, 
namely, the difficulties that students experience with specific learning content, in 
this case, algebra. Finally, arguing from a design process perspective, Schuldt and 
Niegemann (Chap. 13) consider a proper analysis of the respective domain as the 
departure point of the decision-oriented instructional game design model they 
propose.

18.3.2  Activity-Oriented Design: Carefully Drafting Game 
Mechanics and Other Game Design Features

Along with the recognition of domain knowledge, recent learning theoretical 
accounts also emphasize the central role of learning activities as the primary means 
by which learners engage with the learning content (e.g. Chi, 2009; Honebein et al., 
1993). Learning activities have long been relegated to the role of a vehicle for prac-
ticing a skill or process. In contrast, modern approaches inspired by constructivist 
philosophy, such as problem- and case-based learning or cognitive apprenticeship, 
have placed the activity that students engage in during learning firmly at the heart of 
any curriculum (Reeves et al., 2002). Learning activities structure, direct, and con-
trol the learning processes. Therefore, learning activities fulfill important cognitive 
and metacognitive functions when they are carried out appropriately. Given that 
learning activities are the means to bridge the gulf between (learning) goals and 
(learning) results or outcomes, they also play an essential role from a motivational 
point of view.
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As pointed out in the introduction of this chapter, the distinctive feature of game- 
based learning is that it combines game activities with learning activities. This link-
age is therefore of utmost importance in any game design process and is addressed 
(implicitly or explicitly) in all the contributions of this volume. The main game 
design element through which this linkage could be realized is game mechanics 
(Plass et al., 2020). According to Salen and Zimmerman (2004) game mechanics 
can be considered as the experiential building blocks of player interactivity, repre-
senting the moment-to-moment activity of players, something that is repeated over 
and over throughout a game.

For example, Yu and Denham (Chap. 11) specifically describe how the game 
mechanics of their augmented reality mathematics board game are inspired by the 
principles from three prominent learning science theories, i.e., cognitive load the-
ory, multimedia theory, and collaborative learning theory. Paeßens and Winther 
(Chap. 3) also particularly feature the latter aspect, i.e., collaborative gameplay, in 
the context of basic financial education for adult learners. Similarly, Rosenblum and 
colleagues (Chap. 7) provide insights into the game mechanics of an experiential 
strategy designed to challenge college students to cooperatively tackle the complex 
problem of achieving peace in the Middle East. Moreover, these authors particularly 
stress the need for culturally sensible and responsive game design.

Lindberg and Naxer (Chap. 8) focus on motivational aspects of game mechanics 
by outlining how self-determination theory (Deci & Ryan, 2012) can be used to 
enhance the game design. They illustrate their considerations by providing exam-
ples from game-based learning in business and law online higher education at a 
small scale (i.e. within a learning activity) and a large scale (i.e. within a full course). 
A similar concern underlies the considerations of Platz, Jüttler, and Schumann 
(Chap. 2) who ask how an educational game could be used to promote learners’ 
interest in economics. And again, the importance of game mechanics is stressed in 
Schuldt and Niegemann’s decision-oriented instructional game design model men-
tioned earlier (Chap. 13).

Besides game mechanics, other game design elements shape the way in which 
learning activities can be performed during gameplay. An important element directly 
connected to the learning activities is how learning supports are designed and imple-
mented in a game. Kim et al. (Chap. 8) address this aspect. They argue that learning 
supports should not impair flow experience during gameplay and be specific in the 
sense that they cater to the cognitive and affective states of the learners. In their 
contribution, the authors provide examples for learning supports from two case 
studies on authentic and complex problem-solving in secondary school and special 
needs STEM education.

In addition, narratives are an essential game feature. As especially Schrader and 
colleagues (Chap. 16) underline, all video games are implicitly or explicitly ori-
ented in the narrative. Their contribution sheds light on this prominent design ele-
ment by focusing on the epistemological relationship between the field of literacy 
and game-based learning. Furthermore, they examine the characteristics and prop-
erties of three prominent video games to demonstrate transversal elements of 
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literacy and describe reciprocal ways in which literacy supports an understanding of 
games, and games model, in the application, the elements of literacy events.

18.3.3  Context-Sensitive Design: Bearing in Mind the Needs 
and Constraints of the Implementation Setting

Games for learning purposes do not only provide contexts through their narratives, 
but they also need to work in specific contexts, settings, or environments. As espe-
cially approaches close to ecological systems theory (Bronfenbrenner, 1989) as well 
as such from ecological psychology (Gibson, 1966; Noë, 2009) and activity theory 
(Leontiev, 1978; Vygotsky, 1978) highlight, these contexts shape the way in which 
human thought and performance are carried out through their respective affordances 
and constraints. This powerful impact of the context is particularly important when 
it comes to the implementation of innovations in social settings such as schools or 
companies, mainly because these innovations usually require multilevel change or 
transformation processes to be successful. This is no exception for social and/or 
technological innovations, such as those involved with the implementation of digital 
learning arrangements (Aprea & Cattaneo, 2019; Ifenthaler et al., 2021), including 
serious games and game-based learning.

Acceptance from key actors in the context in which the innovation is ought to 
function is crucial. This aspect is the focus of the contribution by Nieland et  al. 
(Chap. 15), who investigate teachers’ acceptance as a critical factor for the success-
ful implementation of game-based learning in vocational school settings. Similarly, 
Li and colleagues (Chap. 10) explore what STEM teachers consider important for 
successfully integrating digital games into classrooms. Both chapters confirm the 
critical role of teachers as “gatekeepers.” In addition, the alignment of game-based 
learning with educational goals and openness for new pedagogical approaches seem 
to be crucial for the effective use of game-based learning in applied settings. Both 
chapters also provide stimulations insights for teacher education and development.

However, the success of game-based learning is not only dependent on the set-
ting in which it should be implemented, but games may also change the respective 
contexts. Thus, the relationship needs to be conceived as reciprocal, as Bryan 
Sanders elaborates in Chap. 17. Based on the observation that traditional educa-
tional practices are very perseverant, this author uses a kind of thought experiment 
by asking “Could Minecraft be a school.” He also describes how the surge of inter-
est in complex game-based learning platforms could contribute to a disruption of 
many reliable but outdated fixtures in school settings, and eventually to a complete 
revision of educational efforts, also giving more space to true inter- and 
transdisciplinarity.
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18.3.4  Participatory Design: Incorporating the Expertise 
from Different Fields and Perspectives

The foregoing should have made clear that game-based learning is a complex design 
endeavor and, as such, typically requires cooperation. Cooperative—or synony-
mously also named participatory design—is a general approach to the design of all 
kinds of material or immaterial products (so-called design artifacts) attempting to 
actively incorporate expertise from different fields and to involve perspectives from 
various stakeholders into the design process. This should help to ensure that the 
results meet the intended needs and are usable. Participatory design is focused on 
processes and procedures of design, and is not a design style. The term is used in a 
variety of fields, such as software design, urban design, architecture, landscape 
architecture, product design, sustainability, graphic design, planning, and even med-
icine as a way of creating environments that are more responsive and appropriate to 
their inhabitants’ and users’ cultural, emotional, spiritual, and practical needs. 
Recent research suggests that designers create more innovative concepts and ideas 
when working within a co-design environment with others than they do when creat-
ing ideas on their own (e.g., Mitchell et al., 2015; Trischler et al., 2018).

Participatory design is also eminent in recent studies of game-based learning 
(e.g., Pereira et al., 2019) as well as in many chapters of this volume. For example, 
Schultheis and Aprea (Chap. 1), Paeßens and Winther (Chap. 3), and Lindberg and 
Naxer (Chap. 14) all describe game-based learning design projects that involve 
many parties, such as game and media designers, content experts from diverse 
fields, parents, teachers, and learners. Moreover, participatory design is at the cen-
ter of the contribution by Heinz and Born-Rauchenecker (Chap. 9), who report the 
cooperative development of a game-based learning app intended to raise prospec-
tive kindergarten educators’ awareness of STEM learning opportunities. To iden-
tify their expectations about the app, these researchers conducted workshops and 
developed questionnaires aimed at users of the app, teachers employing the app in 
their lessons, experts in early STEM education, and experts in the area of digi-
tal media.

18.4  Future Directions of Research on Game-Based 
Learning Across the Disciplines

The contributions in this edited volume provide rich and valuable insights into the 
fascinating and growing field of game-based learning. In particular, they have dem-
onstrated how games could be productively used to support learning in a wide range 
of domains, including business studies, economics, and finance as well as science, 
technology, engineering, and mathematics at different levels of the educational sys-
tem in several countries. As specifically highlighted in the previous section of this 
concluding chapter, the contributions also shed light on the question of how 
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game-based learning should be designed to promote intended learning purposes in 
different fields. In this way, they contribute to a still-pending but practically and 
scientifically highly relevant question in this field of research. For example, Young 
et al. (2012) reviewed trends in serious gaming for education and stated a lack of 
studies that explore the complex interplay of purposefully designed games with dif-
ferent kinds of learners, learning contexts, contents, and outcomes. Similarly, Clark 
et  al. (Clark et  al., 2015: 116) conclude in their meta-analysis that “games as a 
medium provide new and powerful affordances, but it is the design within the 
medium to leverage those affordances that will determine the efficacy of a learning 
environment.” They further recommend that we should “shift our attention to stud-
ies exploring how theoretically driven design decisions influence situated learning 
outcomes for the broad diversity of learners within and beyond our classrooms.” 
The contributions of this volume demonstrate how this gap could be filled by draw-
ing on the body of knowledge from the learning sciences and expanding it with 
theoretical and empirical research from other domains to inform the design of effec-
tive game-based learning environments across the disciplines. In addition, the con-
tributions pinpoint several ideas and requirements for future research studies, 
including the following:

• Most of the research included in this edited volume are case studies. A few are 
usability studies or design-based research studies. According to Plass et  al. 
(2020), there are various other types of studies, including: (1) value-added stud-
ies that focus on the effectiveness of specific design features; (2) impact studies 
that focus on the cognitive, motivational, affective, and sociocultural conse-
quences of game-based learning on learning processes and outcomes; and (3) 
relational effectiveness studies that compare game-based learning with other 
media. As the authors further explain, these types of studies can be seen as a 
progression in the sense that they recommend first conduct user and design- 
based research before conducting value-added studies or studies on impact and 
relative effectiveness. Altogether, these considerations could point to an interest-
ing pathway for continuing the research efforts presented in this book.

• An issue that deserves further attention, and is closely related to what has been 
said previously, concerns the lack of a common or standard framework for evalu-
ating game-based learning. As All et al. (2014) point out, this lack of an over-
arching methodology has led to the use of different outcome measures for 
assessing effectiveness, varying methods of data collection, and inconclusive or 
difficult to interpret results. Given the complexity of game-based learning, Tobias 
et al. (2014) claim that an evaluation framework necessarily needs to be multidi-
mensional to make it possible to understand the various relationships between 
games, contents, contexts, players, their social interactions with one another, 
their game-play, their cognitive, meta-cognitive, affective and motivational reac-
tions as well as their learning processes and outcomes. Despite some promising 
advances, the current methodological and empirical research regarding this 
aspect is not yet consolidated. However, a shared evaluation methodology is an 
important prerequisite for coming to valid conclusions with regard to the 
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 effectiveness of game-based learning. These include the possibilities (1) to repli-
cate studies, (2) to conclusively compare results across studies, (3) to make 
claims regarding the effectiveness of game-based learning on a more general 
level, and (4) to set a baseline for quality, which could serve as an evaluation tool 
for published studies. The development of such a framework should thus be 
brought forward with high priority.

• Also closely connected to what has been mentioned above are questions regard-
ing assessment in game-based learning (Ifenthaler et al., 2012; Ifenthaler & Kim, 
2019) and related analytics functions (Alonso-Fernández et  al., 2019). The 
implementation of assessment features into game-based learning environments 
is still emerging. While assessment after learning in a game-based environment 
often focuses on the outcome, it may neglect important changes during the learn-
ing process. In contrast, assessment while learning in a game-based environment 
mostly focuses on the process. The benefits of this assessment method are mani-
fold. First, assessing learners while playing a game will provide detailed insights 
into underlying learning processes. Second, tracking motivational, emotional, 
and metacognitive characteristics while playing a game will help us to better 
understand specific behavior and the final outcomes. Third, immediate feedback 
based on the embedded or stealth assessment can point to specific areas of diffi-
culties learners are having while playing the game. Further research is required 
to identify assessment features, which support the game flow and game mechan-
ics and also inform about changes in learning processes and how to support pos-
sible barriers in the learning process (Kim & Ifenthaler, 2019). Closely related to 
issues of assessment in the game are games analytics which focuses on (a) 
improving gameplay and make the games more enjoyable to the players, and (b) 
improve game design and create content that players like in order to increase 
post-sale revenues (Loh et al., 2015). In contrast, serious games analytics focuses 
on actionable metrics developed through problem definition in learning scenar-
ios and the application of statistical models, metrics, and analysis for skills and 
human performance improvement and assessment, using game-based learning as 
the primary tools for learning (Loh et al., 2015). Clearly, research focusing on 
learning analytics in game-based learning is scarce and requires frameworks, 
methodologies, and experimental studies to shed light into the opportunities of 
analytics for game-based learning (Ifenthaler & Gibson, 2019).

• A final issue for future research concerns the design and development of game- 
based learning environments. As already mentioned in Sect. 18.3 of this chapter, 
this is a complex process that often demands distributed expertise. A profound 
understanding of this process is pivotal for assuring the quality of the emerging 
product and ultimately the learning effects of game-based learning environ-
ments. To garner such an understanding, the field of research on game-based 
learning across the disciplines could profit from incorporating insights from the 
so-called design science, a discipline concerned with the exploration of design 
processes in different fields of application. Design science, which has been heav-
ily influenced by the groundbreaking workings of Simon (1996) and successfully 
implemented in other areas of technology-based learning environment design 

C. Aprea and D. Ifenthaler



405

(e.g., Aprea & Cattaneo, 2019), could provide an inter- and transdisciplinary lens 
to further investigate design processes in game-based learning. Besides the orga-
nization of design processes, this investigation should consider epistemological 
issues, and promote respective design recommendations and tools for designers 
and researchers.

We hope that our volume is helpful for all those interested in exploiting the ben-
efits of game-based learning and understanding its effects on learning and perfor-
mance in different domains. We also hope that it will serve as a stimulus for the 
above and other future research efforts.
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