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Preface

In 2012, Ifenthaler, Eseryel, and Ge published a first edited volume focusing on
game-based assessment (GBA), covering the current state of research, methodol-
ogy, assessment, and technology of game-based learning from international con-
tributors. The 2012 volume remained the only collection in the field of assessment
and game-based learning. After more than 5 years, advances in assessment, espe-
cially in the area of analytics, have been made. These advances shall be collected
and critically reflected in this edited volume titled “Game-Based Assessment
Revisited.”

We organized the chapters included in this edited volume into three major parts:
(I) Foundations of Game-Based Assessment, (1) Emerging Methods and Practices,
and (III) Best Practice Implementations.

In Part I, the first chapter, titled “Game-Based Assessment: The Past Ten Years
and Moving Forward,” reports on previous research findings and current develop-
ments in game design, assessment practices, and analytics capabilities (Yoon Jeon
Kim, Dirk Ifenthaler, Chap. 1). The next chapter, “Assessing Learning from, with,
and in Games Revisited,” presents six principles that may help researchers to engage
in studies that involve the process of learning (P.G. Schrader, Michael P. McCreery,
Mark C. Carroll, Danielle L. Head, Jeffrey R. Laferriere, Chap. 2). The following
chapter, “Summative Game-Based Assessment,” extends what has been developed
and learned about formative game-based assessments into summative assessment
practices (Andreas Oranje, Bob Mislevy, Malcolm 1. Bauer, G. Tanner Jackson,
Chap. 3). Next, “Stealth Assessment Embedded in Game-Based Learning to
Measure Soft Skills: A Critical Review” discusses how to embed stealth assessment
in game-based learning to empower learners from theoretical and practical perspec-
tives (Xinyue Ren, Chap. 4). The final chapter of the first part, “Intrinsic Motivation
in Game-Based Learning Environments,” examines how researchers have imple-
mented and assessed intrinsic motivation in game-based learning environments
(T. Fulya Eyupoglu, John L. Nietfeld, Chap. 5).

InPartII, the opening chapter, “Examining Designed Experiences: A Walkthrough
for Understanding Video Games as Performance Assessments,” offers guidance for
researchers to extract dynamic, emergent, and complex data from video game
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contexts and thus unlock the potential for games to function as performance assess-
ments (Michael P. McCreery, P. G. Schrader, S. Kathleen Krach, Jeffrey R. Laferriere,
Catherine A. Bacos, Joseph P. Fiorentini, Chap. 6). The next chapter, “Press Play!
How Immersive Environments Support Problem-Solving Skills and Productive
Failure,” examines how student interactions during gameplay can be assessed in
immersive environments without disrupting the flow of gameplay (Benjamin
Emihovich, Logan Arrington, Xinhao Xu, Chap. 7). The following chapter, “New
Perspectives on Game-Based Assessment with Process Data and Physiological
Signals,” highlights not only the potentials of process and physiological data but
also the problems that can arise in this context (Steve Nebel, Manuel Ninaus,
Chap. 8). Next, “A Provisional Framework for Multimodal Evaluation—Establishing
Serious Games Quality Label for Use in Training and Talent Development” depicts
an attempt in establishing a provisional framework of multimodal evaluation that
can be used to generate quality labels for serious games, particularly in the training
and talent development sector (Wee Hoe Tan, Ivan Boo, Chap. 9). The final chapter
of the second part, “Scaffolding and Assessing Teachers’ Examination of Games for
Teaching and Learning,” illustrates how formative and summative assessments were
created using the GaNA framework to support participating preservice teachers in
examining games as a form of curriculum and to allow the researcher to qualita-
tively and quantitatively capture the change in teachers’ game literacy and the extent
to which it was integrated with the teachers’ design of game-based lesson plans
(Mamta Shah, Chap. 10).

In Part III, the first chapter, “Assessing Game-Based Mathematics Learning in
Action,” focuses on extracting design and implementation heuristics related to
game-based, learning-in-action assessment (Fengfeng Ke, Biswas Parajuli, Danial
Smith, Chap. 11). The next chapter, “Bridging Two Worlds: Principled Game-Based
Assessment in Industry for Playful Learning at Scale,” offers an example of a work-
ing GBA practice in an industry context that implements evidence-centered learning
design—integrated with the principles of Educational Data Mining to inform cor-
responding event-stream data design—for the production of data-driven educational
games to support learning for students at scale (V. Elizabeth Owen, Diana Hughes,
Chap. 12). The following chapter, “Effectiveness of Supply Chain Games in
Problem-Based Learning Environment,” aims to evaluate the game’s effectiveness
as a formative assessment tool in problem-based learning environment based on two
main criteria: learning objective and game experience (Linda William, Za’Aba Bin
Abdul Rahim, Liping Wu, Robert de Souza, Chap. 13). In another chapter in this
part, “What Does Exploration Look Like? Painting a Picture of Learning Pathways
Using Learning Analytics,” three novel metrics that focus more on the learning pro-
cess of students than on the outcomes are proposed (José A. Ruipérez-Valiente,
Louisa Rosenheck, Yoon Jeon Kim, Chap. 14). Next, “Making a Game of Troublesome
Threshold Concepts” shows the use of a gamified learning experience at the begin-
ning of the learners’ higher education journey to embed and assess technical thresh-
old concepts (Kayleen Wood, Chap. 15). The concluding chapter, “Emerging
Practices in Game-Based Assessment,” argues for content-agnostic game engineer-
ing as a framework that helps provide multiple learning contents within a single
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game to achieve content-agnostic assessment (Vipin Verma, Tyler Baron, Ajay
Bansal, Ashish Amresh, Chap. 16).

Without the assistance of experts in the field of game-based learning and assess-
ment, 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, Germany/Perth, WA, Australia Dirk Ifenthaler
Cambridge, MA, USA Yoon Jeon Kim
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Chapter 1
Game-Based Assessment: The Past Ten
Years and Moving Forward

Yoon Jeon Kim and Dirk Ifenthaler

1.1 Introduction

Educational assessment practice is challenging as there are a number of diverse
concepts referring to the idea of assessment. Newton (2007) laments that the dis-
tinction between formative and summative assessment hindered the development of
sound assessment practices on a broader level. Black (1998) defines three main
types of assessment: (a) formative assessment to aid learning; (b) summative assess-
ment for review, for transfer, and for certification; and (c) summative assessment for
accountability to the public. Pellegrino, Chudowsky, and Glaser (2001) extend these
definitions with three main purposes of assessment: (a) assessment to assist learning
(formative assessment), (b) assessment of individual student achievement (summa-
tive assessment), and (c) assessment to evaluate programs (evaluative assessment).
A common thread among the many definitions points to the concept of feedback for
a variety of purposes, audiences, and methods of assessment (Ifenthaler, Greiff, &
Gibson, 2018).

Digital game-based technologies are nudging the field of education to redefine
what is meant by learning, instruction, and assessment. Proponents of game-based
learning argue that students should be prepared to meet the demands of the twenty-
first century by teaching them to be innovative, creative, and adaptable so that they
can deal with the demands of learning in domains that are complex and ill-structured
(Federation of American Scientists, 2005; Gee, 2003; Ifenthaler, Eseryel, & Ge,
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2012; Prensky, 2001; Shaffer, 2006). On the other hand, opponents of games argue
that games are just another technological fad, which emphasize superficial learning.
In addition, opponents argue that games cause increased violence, aggression, inac-
tivity, and obesity while decreasing prosocial behaviors (Walsh, 2002).

However, Ifenthaler et al. (2012) argue that the implementation of assessment
features into game-based learning environments is only in its early stages because it
adds a very time-consuming step to the design process. Also, the impact on learning
and questions toward reliability and validity of technology-based assessment sys-
tems are still being questioned. Three distinguishing features of game-based assess-
ment have been proposed and are widely accepted: (1) game scoring, (2) external,
and (3) embedded assessment of game-based learning (Ifenthaler et al., 2012). Only
recently, an additional feature has been introduced which enables adaptive game-
play and game environments, broadly defined as learning analytics (Ifenthaler,
2015) and specifically denoted as serious games analytics (Loh, Sheng, & Ifenthaler,
2015). Serious games analytics converts learner-generated information into action-
able insights for real-time processing. Metrics for serious games analytics are simi-
lar to those of learning analytics including the learners’ individual characteristics
(e.g., socio-demographic information, interests, prior knowledge, skills, and com-
petencies) and learner-generated game data (e.g., time spent, obstacles managed,
goals or tasks completed, navigation patterns, social interaction, etc.) (Ge &
Ifenthaler, 2017; Ifenthaler, 2015; Loh, Sheng, & Ifenthaler, 2015).

This chapter seeks to identify why research on game-based assessment is still in
its infancy, what advances have been achieved over the past 10 years, and which
challenges lie ahead for advancing assessment in game-based learning.

1.2 Game-Based Assessment and Assessment of Learning
in Games: Why?

Games—both digital and nondigital—have become an important aspect of young
people’s life. According to a recent survey conducted in the United States, 72% of
youth ages 13-17 play games daily or weekly (Lenhart, 2015). Gaming is also one
of the most popular social activities, especially for boys, where 55% of them play
games in-person or online with friends daily or weekly. While gaming gained more
popularity in people’s daily life, starting in early 2000, educational researchers
began to investigate potential educational benefits of games for learning and what
we can learn from well-designed games about learning and assessment (Gee, 2003).

So what are affordances of games for learning? First, people learn in action in
games (Gee, 2008). That is, people interact with all aspects of the game and take
intentional actions within the game. For its part, the game continuously responds to
each action, and through this process, the player gradually creates meaning. Clearly,
how people are believed to learn within video games contrasts to how people typi-
cally learn at school, which often entails memorization of decontextualized and



1 Game-Based Assessment: The Past Ten Years and Moving Forward 5

abstract concepts and procedures (Shute, Ventura, Bauer, & Zapata-Rivera, 2009).
Second, due to its interactive nature, learning by playing games can lead to concep-
tual understanding and problem-solving (Eseryel, Ge, Ifenthaler, & Law, 2011) in
addition to domain-specific skills and practices (Bressler & Bodzin, 2016) that go
beyond the basic content knowledge more commonly taught in the classroom.
Steinkuehler and Duncan (2008) have found players in virtual worlds frequently
engaging in social knowledge construction, systems-based reasoning, and other sci-
entific habits of mind. This body of work shows that games in general have a lot of
potential for contributing to a deep learning environment. In video games, players
engage in active and critical thinking, they take on different identities, and they have
opportunities to practice skills and find intrinsic rewards as they work on increas-
ingly difficult challenges on their path to mastery (Eseryel, Law, Ifenthaler, Ge, &
Miller, 2014; Gee, 2003).

Numerous studies have reported the benefits of games for learning as a vehicle to
support student learning. In a meta-analysis study, Clark, Tanner-Smith, and
Killingsworth (2016) reported that compared to nongame conditions, digital games
had a moderate to strong effect in terms of overall learning outcomes including
cognitive and interpersonal skills. Similarly, a literature review by Boyle et al.
(2016) reports that games are beneficial for learning of various outcomes such as
knowledge acquisition, affect, behavior change, perception, and cognition.
Numerous studies also reported academic domain-specific benefits of games for
learning including science and mathematics (Divjak & Tomi¢, 2011). To answer the
question of what people are learning from playing games, researchers have been
using a variety of methods including external measures, log data capturing in-game
actions, and game-related actions beyond the game context (Ifenthaler et al., 2012;
Loh et al., 2015).

1.3 Game-Based Assessment: Past 10 Years

Several meta-analyses have been published focusing on game-based learning. For
example, Baptista and Oliveira (2019) highlight important variables in their litera-
ture search of more than 50 studies focusing on serious games including intention,
attitude, enjoyment, and usefulness. A systematic review by Alonso-Fernandez,
Calvo-Morata, Freire, Martinez-Ortiz, and Ferndndez-Manjén (2019) focuses on
the application of data science techniques on game learning data and suggests spe-
cific game learning analytics. Ke (2016) presents a systematic review on the integra-
tion of domain-specific learning in game mechanics and game world design. Another
systematic review by Ravyse, Seugnet Blignaut, Leendertz, and Woolner (2017)
identifies five central themes of serious games: backstory and production, realism,
artificial intelligence and adaptivity, interaction, and feedback and debriefing.
Accordingly, none of the abovementioned meta-analyses and systematic reviews
have a clear focus on assessment of game-based learning.
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Still, a line of research that emerged over the past 10 years was in relation to the
question of how we can use games as an interactive and rich technology-enhanced
environment to advance assessment technologies. That is, the primary goal of this
line is to advance assessment using games (Ifenthaler et al., 2012). Earlier game-
based assessment work has primarily focused on applying the evidence-centered
design framework to develop assessment models with specific learning outcomes
and skills in mind (Behrens, Mislevy, Dicerbo, & Levy, 2012). For example, Shute
etal. (2009) describe an approach called stealth assessment—where in-game behav-
ioral indicators (e.g., specific actions taken within a quest in Oblivion) are identified
and make inferences about the player’s underlying skills (e.g., creative problem-
solving) without the flow of gameplay using logged data. Using this approach, one
can use existing games to measure latent constructs, even if the game was not
explicitly developed for the purpose of learning or assessment, as long as the game
provides ample contexts (or situations) that elicit evidence for underlying skills and
constructs (Loh et al., 2015). Similarly, using a popular game SimCity, GlassLab
developed SimCityEDU to assess students’ systems thinking (Dicerbo et al., 2015).
These approaches have primarily used the evidence-centered design framework
(Almond, Steinberg, & Mislevy, 2002) to align what people might learn from the
game with what they do in games.

Eseryel, Ifenthaler, and Ge (2011) provide an integrated framework for assessing
complex problem-solving in digital game-based learning in the context of a longitu-
dinal design-based research study. In a longitudinal field study, they examined the
impact of the massively multiplayer online game (MMOG) Surviving in Space on
students’ complex problem-solving skill acquisition, mathematics achievement,
and students’ motivation. Two different methodologies to assess student’s progress
of learning in complex problem-solving were applied. The first methodology uti-
lized adapted protocol analysis (Ericsson & Simon, 1980, 1993) to analyze stu-
dents’ responses to the given problem scenario within the framework of the
think-aloud methodology. The second methodology utilized HIMATT methodology
(Eseryel, Ifenthaler, & Ge, 2013; Pirnay-Dummer, Ifenthaler, & Spector, 2010) to
analyze students’ annotated causal representations of the phenomena in question.
The automated text-based analysis function of HIMATT enables the tracking of the
association of concepts from text which contain 350 or more words directly, hence
producing an adaptive assessment and feedback environment for game-based learn-
ing. For future game design, the algorithms produce quantitative measures and
graphical representations which could be used for instant feedback within the game
or for further analysis (Ifenthaler, 2014).

More recently, researchers have introduced learning analytics and data mining
techniques to broaden what game-based assessment means (Loh et al., 2015). For
example, Rowe et al. (2017) built “detectors” machine-learned algorithm using log
data in the game to measure implicit understanding of physics, different strategies
associated with productivity in the game, and computational thinking. While they
did not use formal measure models (e.g., IRT or Bayes net), these detectors are
implemented in the game engine to make real-time inferences of players. Similarly,
Shadowspect developed at MIT Playful Journey Lab (Kim & Rosenheck, 2018) is
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another example of GBA that utilizes new advancements in learning analytics and
educational data mining techniques in the process of game design and development
for the purpose of assessment.

Hence, the application of serious games analytics opens up opportunities for the
assessment of engagement within game-based learning environments (Eseryel
et al., 2014). The availability of real-time information about the learners’ actions
and behaviors stemming from key decision points or game-specific events provides
insights into the extent of the learners’ engagement during gameplay. The analysis
of single action or behavior and the investigation of more complex series of actions
and behaviors can elicit patterns of engagement and therefore provide key insights
into learning processes (Ge & Ifenthaler, 2017).

Ifenthaler and Gibson (2019) report how highly detailed data traces, captured by
the Challenge platform, with many events per learning activity and when combined
with new input devices and approaches bring the potential for measuring indicators
of physical, emotional, and cognitive states of the learner. The data innovation of the
platform is the ability to capture event-based records of the higher-frequency and
higher-dimensional aspects of learning engagement, which is in turn useful for anal-
ysis of the effectiveness and impact on the physical, emotional, and cognitive layers
of learning caused or influenced by the engagements. This forms a high-resolution
analytics base on which research into digital learning and teaching as well as into
how to achieve better outcomes in scalable digital learning experiences can be con-
ducted (Gibson & Jackl, 2015).

1.4 Challenges and Future Work

While interests for game-based assessment peaked in 2009 when the GlassLab was
launched to scale up this approach in the broad education system, many promises of
game-based learning and assessment have not fully accomplished in the actual edu-
cation system. Based on the reflection of the fields’ achievements in the past 10 years
and contributions to the current volume, challenges remain that the field of game-
based assessment still faces as well as future work that researchers, game designers,
and educators should address to transform how games are used in the educa-
tion system.

While ECD has been the most predominant framework to design assessment in
games, it is often unclear how different development processes leverage ECD to
conceptualize game design around the competency of interest (Ke, Shute, Clark, &
Erlebacher, 2019). For example, how can assessment models be formalized? How
can formalized assessment models be translated to game design elements? When in
the game design process, does this translation occur most effectively? How can
competency models be transformed into interesting, engaging game mechanics?
How can psychometric qualities be ensured without being too prescriptive?

Many established game-based assessment approaches focus on understanding
the continuous progression of learning, thinking, reasoning, argumentation, and
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complex problem-solving during digital game-based learning. From a design per-
spective, it seems important that the game mechanisms address the underlying
affective, behavioral, and cognitive dispositions which must be assessed carefully at
various stages of the learning process, hence, while conceptualizing and designing
games for learning (Bertling, Jackson, Oranje, & Owen, 2015; Eseryel et al., 2014;
Ge & Ifenthaler, 2017).

Advanced data analytics methodologies and technological developments enable
researchers, game designers, and educators to easily embed assessment and analysis
techniques into game-based learning environments (Loh et al., 2015). Internal
assessment and instant analysis including personalized feedback can be imple-
mented in a new generation of educational games. However, it is up to educational
research to provide theoretical foundations and empirical evidence on how these
methodologies should be designed and implemented. We have just arrived in the age
of educational data analytics. Hence, it is up to researchers, technologists, educa-
tors, and philosophers to make sense of these powerful technologies, thus better
help learners to learn.

With the challenges brought on by game-based assessments including data ana-
lytics, the large amount of data now available for teachers is far too complex for
conventional database software to store, manage, and process. Accordingly,
analytics-driven game-based assessments underscore the need to develop assess-
ment literacy in stakeholders of assessment (Ifenthaler et al., 2018; Stiggins, 1995).
Game designers and educators applying data-driven game-based assessments
require practical hands-on experience on the fundamental platforms and analysis
tools for linked big game-based assessment data. Stakeholders need to be intro-
duced to several data storage methods and how to distribute and process them, intro-
duce possible ways of handling analytics algorithms on different platforms, and
highlight visualization techniques for game-based assessment analytics (Gibson &
Ifenthaler, 2017). Well-prepared stakeholders may demonstrate additional compe-
tencies such as understanding large-scale machine learning methods as foundations
for human-computer interaction, artificial intelligence, and advanced network anal-
ysis (Ifenthaler et al., 2018).

The current research findings also indicate that design research and development
are needed in automation and semi-automation (e.g., humans and machines work-
ing together) in assessment systems. Automation and semi-automation of assess-
ments to provide feedback, observations, classifications, and scoring are increasingly
being used to serve both formative and summative purposes in game-based learning.

Gibson, Ifenthaler, and Orlic (2016) proposed an open assessment resources
approach that has the potential to increase trust in and use of open education
resources (OER) in game-based learning and assessment by adding clarity about
assessment purposes and targets in the open resources world. Open assessment
resources (OAR) with generalized formative feedback are aligned with a specific
educative purpose expressed by some user of a specific OER toward the utility and
expectations for using that OER to achieve an educational outcome. Hence, OAR
may be utilized by game designers to include valuable and competence-based
assessments in game-based learning.
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The application of analytics-driven game-based assessments opens up opportu-
nities for the assessment of engagement and other motivational (or even broader:
non-cognitive) constructs within game-based learning environments (Eseryel et al.,
2014). The availability of real-time information about the learners’ actions and
behaviors stemming from key decision points or game-specific events provides
insights into the extent of the learners’ engagement during gameplay. The analysis
of single action or behavior and the investigation of more complex series of actions
and behaviors can elicit patterns of engagement and therefore provide key insights
into ongoing learning processes within game-based learning environments.

To sum up, the complexity of designing adaptive assessment and feedback sys-
tems has been discussed widely over the past few years (e.g., Sadler, 2010; Shute,
2008). The current challenge is to make use of data—from learners, teachers, and
game learning environments—for assessments. Hence, more research is needed to
unveil diverse methods and processes related to how design teams, often including
learning scientists, subject-matter experts, and game designers, can seamlessly inte-
grate design thinking and the formalization of assessment models into meaningful
assessment for game-based learning environments.
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Chapter 2

Assessing Learning from, with, and in
Games Revisited: A Heuristic for Emerging
Methods and Commercial Off-the-Shelf
Games

P. G. Schrader, Michael P. McCreery, Mark C. Carroll, Danielle L. Head,
and Jeffrey R. Laferriere

2.1 Introduction

Since the early and formal study of humans’ interactions with media and technol-
ogy (Reiser, 2001), tools and systems have evolved and are becoming more dynamic,
emergent, and complex (Carroll & Campbell, 1999; Hilpert & Marchand, 2018;
Schrader, 2008). Likewise, the field has expanded its views on humans and their
interactions with technological systems like video games (Krach & McCreery,
2015; Schrader, McCreery, & Vallett, 2017). Considerable effort has been exerted
into understanding how people learn from, with, and within game-based environ-
ments (Jonassen, Campbell, & Davidson, 1994; Salomon, Perkins, & Globerson,
1991; Schrader, 2008). Although there are numerous instances of arguments that
extoll games’ potential, examples of innovation, and quasi-studies, researchers have
noted broad issues of quality, rigor, and generalizability when it comes to game
studies (Clark, Tanner-Smith, & Killingsworth, 2014; Ke, 2009; Vogel, Vogel,
Cannon-Bowers, Muse, & Wright, 2006; Wouters, Van Nimwegen, Van Oostendorp,
& Van der Spek, 2013; Young et al., 2012).

There are numerous studies, reviews, and discussions involving video games in
relation to their educative merits (Bediou et al., 2018; Clark et al., 2014; Connolly,
Boyle, MacArthur, Hainey, & Boyle, 2012; Girard, Ecalle, & Magnan, 2013; Ke,
2009; Mayer, 2015; Wouters et al., 2013; Young et al., 2012). Typically, games are
viewed as a vehicle for authentic activity, learning, and performance (Barab,
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Gresalfi, & Ingram-Goble, 2010; Shaffer, Squire, Halverson, & Gee, 2005; Squire,
2006). There are far fewer definitions, or succinct descriptions, of video games and
their characteristics (McGonigal, 2011; O’Brien, Lawless, & Schrader, 2010;
Schrader & McCreery, 2012). On the one hand, this invites researchers to carefully
and operationally describe the contexts they examine. On the other, some have
argued that imprecise or vague operational definitions invite miscommunication and
a general inability to broaden understanding of any scientific discipline (King,
Young, Drivere-Richmond, & Schrader, 2001).

By most accepted perspectives, video games are complex systems. According to
Hilpert and Marchand (2018), a complex system is one that is comprised of interac-
tive elements, entities, processes, or agents. Further, complex systems are dynamic,
and each of the elements, entities, processes, or agents interacts with each other in
meaningful and potentially sophisticated ways. Finally, a complex system is one
that emerges and evolves over time due to its many intricacies and dynamism. It is
hard to envision a video game that fulfills the four essential traits (i.e., a goal, rules,
a feedback system, and voluntary participation; McGonigal, 2011) but fails to
exhibit complexity, dynamism, and emergence.

Efforts to improve methods within the field of video game research occur with
some regularity (e.g., Baek, 2017; Ferdig, 2008; Ge & Ifenthaler, 2017; Ifenthaler,
Eseryel, & Ge, 2012; Loh, Sheng, & Ifenthaler, 2015). These advances have served
to improve the science, as well as expand opportunities for research into games as
designed experiences and as assessments (DiCerbo & Behrens, 2012; Schrader,
Deniz, & Keilty, 2016; Shute, Ke, & Wang, 2017; Ventura & Shute, 2013). Although
it is vital to continue to examine and expand methods, some researchers concomi-
tantly advocate for more intentional and meaningful operational definitions of
games (O’Brien et al., 2010; Schrader & McCreery, 2012; Young et al., 2012).
Specifically, this entails a careful account of the characteristics of the system from
multiple perspectives (i.e., the human agents’ and the designers’ perspectives). In
simple terms, the affordances that are available to the human agent (e.g., mouse-
based movement or social emotes) and those that are designed into the system (e.g.,
video recording or XML interface design) have a direct influence on the approach
to research. In the strictest sense, each affordance may translate into a variable for
study (e.g., navigation or social interaction) or a means to extract data from the
system (e.g., video logs or XML data dumps).

As aresult, a complex system view of video games pushes researchers to account
for process and emergent trends within video game systems. More traditional meth-
ods excel at comparisons and descriptions, but do not account for these elements.
More importantly, research into games when viewed as a complex system invites
new questions that are otherwise obvious to researchers. Given the continued evolu-
tion of games and the lingering need to reprise methods for these systems, this
chapter is focused on describing a heuristic for classification and research informed
by three key perspectives: (1) games are complex systems (Hipert & Marchand,
2018; Shalizi, 2006); (2) human-computer interaction is a viable framework to
describe learning with and in these systems (Carroll & Campbell, 1999; Schrader
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et al., 2017); and (3) process-oriented data extracted from games can be informed
from an analytics perspective (Bernacki & Walkington, 2018; Schrader et al., 2017).

This chapter is organized with an overall, conceptual review of the relevant lit-
erature. Next, six principles are presented that may help researchers engage in stud-
ies that involve the process of learning (see Table 2.1 for a brief overview of these
principles). For each principle, questions to consider have been provided. These
emerged from several years of research in the area and are intended to highlight
some of the key elements, challenges, or pitfalls of each principle to think about
when deciding on a system, research questions, framework, etc. The next few sec-
tions are intended to highlight the overall process through existing and ongoing
work in three different game contexts (i.e., Bully, The Deed, and League of Legends).
Each section includes (a) detailed descriptions of the games, (b) discussions of each
relevant class of affordances (i.e., player, researcher, and developer), and (c) practi-
cal research examples, including the purpose, method, and strategies to analyze
data. The chapter concludes with a discussion of how the heuristic and its principles
guided each of the research examples to contextualize broader implications for
learning, assessment, research, and design.

Table 2.1 Guiding principles for game-based research as contexts for process-oriented learning

Principles Strategies Considerations
Principle 1: | Identify the relevant research lens | For this discussion, the purpose of a
framework | or framework, including theoretical framework includes a perspective
appropriate variables, data that empowers researchers to examine
extraction techniques, and learning as a process
questions
Principle 2: | Examine the system for its Consider affordances in at least classes, the
system characteristics and affordances, | human agent or user and the developer/
attending to the potential for designer. Each has special significance and
interaction and data collection importance for the researcher
opportunities
Principle 3: | Decode the theoretical framework | Consider the states and traits and ways both
agency as it pertains to variables may have an influence interaction within the
associated with the human agent | system
Principle 4: | Aligned with the framework, Consider the potential for the system to
methods develop a method, or methods, to | deliver data that address questions associated
extract data from the system with process and interactions, including
qualitative, quantitative, and mixed
approaches
Principle 5: | Examine data for patterns Consider the advantage of analytic techniques
analyses that evaluate patterns over time, particularly
associated with data that are dynamic and
emergent
Principle 6: | Draw inferences, establish For this discussion, the heuristic is focused on
inferences | models, and interpret findings describing ongoing processes and
interactions, considering the human agency
and the complexities of a system. Inferences
should align with this perspective
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2.2 Principle 1: Establish the Frame

Most researchers are trained to build programs of study and systems of understand-
ing using internally consistent assumptions, theories, and findings. However, there
is an ongoing need to examine the epistemological and ontological underpinnings
of research. At a minimum, a clear and cogent theoretical lens provides the greatest
opportunity for scientific communication, particularly for the purpose of exchang-
ing those inferences as findings are interpreted for relevance by other scientists.
More broadly, the theoretical framework serves every aspect of research, including
developing and refining the question, identifying variables, deciding the methods
appropriate for measuring the variables or extracting data from the environment, the
ways in which patterns are detected, and the inferences drawn through the observa-
tion of those patterns. As such, a clear and cogent lens undergirds everything about
a study, from its boundary conditions to the potential for integrating new findings
into extant lines of work.

With respect to video games, there are ample perspectives, ideologies, and para-
digms to theoretically and pragmatically frame research investigations. Some
approaches typify these systems as interventions and tend to emphasize classical
pre-post designs, variables linked to change or growth, and outcome-oriented analy-
ses (Schrader et al., 2017). For example, Schenk, Lech, and Suchan (2017) exam-
ined the outcomes of video gameplay on probabilistic learning, a frame that
leveraged a video game as an experience and context for an intervention-oriented
study. This pre-post study gathered magnetic resonance imaging data, as well as
post-experimental questionnaire data. Data analyses involved comparison
approaches (i.e., ANCOVA) and suggested an important role of declarative knowl-
edge and hippocampus involvement related to probabilistic learning. Alternatively,
other approaches trend toward exploration, development, or optimization format
that relies on some observable change, whether that is measured objectively through
the observation of variables or some other means (e.g., design-based research or
design-based learning; Design Based Research Collective, 2003; Qian & Clark,
2016). In these cases, the focus of the research is to establish a set of best practices
or optimized set of tools that are informed by learning goals and objectives (i.e., an
improved game). For example, Ke (2009) used the process of video game authoring
to enhance mathematical thinking in a design-based learning approach. Compared
to the frame of using a game as an intervention, Ke employed a game-design experi-
ence to contextualize computer coding and mathematics content in an engaging
activity.

The wide range and applicability of designs, methods, and theoretical frame-
works serves to strengthen research associated with games. There are boundless
questions and orientations and a commensurate array of approaches to address
questions from those perspectives. However, it has already been noted that most
approaches focus on outcomes or characteristics. Few approaches are equipped to
delve deeply into the process of learning from, with, or within these interactive and
complex systems (Jonassen et al., 1994; Salomon et al., 1991; Schrader, 2008;
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Schrader et al., 2017). Games provide numerous opportunities to assess perfor-
mance and study learning as a process (McCreery, Krach, Schrader, & Boone, 2012;
McCreery, Schrader, Krach, & Boone, 2013; McCreery, Vallett, & Clark, 2015;
Tettegah, McCreery, & Blumberg, 2015). Because this perspective contrasts sharply
when compared to other, more typical, approaches, the importance of establishing a
theoretical frame, particularly one that aligns with a notion that games are emergent,
dynamic, and complex systems, cannot be overstated. It is assumed that the
researcher has a few specific questions or hypotheses in mind, but there are a few
additional questions to consider when establishing the framework.

* Given the theoretical lens or framework, what implications are there for the types
of questions that this perspective is equipped to explain (e.g., change and statisti-
cal null-hypotheses)? Consider time-intensive questions, rather than change
dependent questions.

* What are the appropriate and/or unique implications for the variables in the
study? How does the framework influence the definition and operationalization
of the pertinent variables?

e Are there inconsistent or incompatible perspectives, epistemologies, or ontolo-
gies relative to the theoretical framework that contextualizes the research?

2.3 Principle 2: Identify Attributes of System

In traditional research, it is necessary to identify the methods for inquiry and the
variables under investigation. With respect to evolving research with games, it is
similarly crucial to identify the characteristics of the system involved in a study.
Further, researchers should examine agency from three unique perspectives: the
players, the developers, and the researchers. It is useful to remember that the affor-
dances experienced by a player and the affordances designed into a system by a
developer do not necessarily overlap. Collectively, these two sets of affordances
also influence the capability for research. Said another way, what is relevant and
important from a player perspective may not be what was intentionally designed in
a system and neither set of affordances may be all that relevant to a researcher.

By the mid-twentieth century, psychologists expanded the notion of perception,
action, and the importance of acknowledging the mutuality in the seemingly dispa-
rate roles of agent and environment in perceptually rich systems (Gibson, 1977,
1986; Greeno, 1994; Mace, 1977). Throughout this work, Gibson (1977, 1986)
established a notion of affordance, which pertains to characteristics of an environ-
ment to provide opportunities for action. Although Gibson described natural envi-
ronments, the concept of affordance has been applied to various constructed and
designed environments (Gaver, 1991). When applied to technological contexts, an
affordance holds meaning from at least two perspectives: (a) the human agent
involved in acting and perceiving within the system and (b) the developers and
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designers who created the system. These two classes of affordances combine in
unique ways that have special relevance for researchers.

At a minimum, understanding these two types of affordances provides cues
about which types of variables are measurable. For example, 3D massively multi-
player games involve interactions among human agents. This implies a variety of
interpersonal interactions, as well as spatial relationships. As a result, researchers
might capture chat data, spatial navigation data, or some record of in-game behav-
iors (McCreery et al., 2012, 2015). More broadly, this understanding hints at strate-
gies to exploit the technology for data capture. This could include system logs,
video recording, or some form of biometric data capture (McCreery et al., 2013:
Schrader & Lawless, 2007; Schrader et al., 2017). In either case, a crucial to inves-
tigating and assessing learning within games is to deeply and meaningfully under-
stand these affordances so the implications for research are apparent. Some useful
questions are outlined below:

e After carefully examining the game, which affordances are important to the
research?

*  Which affordances, if any, can be leveraged in ways that facilitate defining vari-
ables or extracting data relative to those variables?

* How can the design characteristics facilitate data collection and the methods to
examine the question?

* In what ways does the system exhibit emergence and dynamism?

2.4 Principle 3: Consider the Human Agents

The potential for environments to afford action is one of the core assumptions of
most branches of psychology. In the literature, there are numerous and well-
established constructs that have been linked to learning; variables associated with
human performance are many and varied (e.g., self-efficacy, situated interest, cogni-
tive load, affect, prior knowledge and experience, presence). As a result, it is judi-
cious to incorporate pertinent constructs when studying learning within systems like
games. However, some theories may not be equipped to reconcile the influence of
user variables when compared to variables inherent to the context. Alternatively, the
field of human-computer interaction (HCI) involves the study of human motivation,
action, and experience as it pertains to the agents’ interactions with technology
(Carroll & Campbell, 1999). From this perspective, learning and behavior are stud-
ied in direct relation to the capabilities of users in conjunction with the elements of
design (i.e., hardware, software, content, and context).

One of the primary foci of HCI research is to generate evidence that informs
design, particularly of the hardware and software involved in these environments.
This includes the designed, digital elements that users experience, as well as the
physical interfaces and controls players use to express their intent. Like most
research, HCI is performed through rigorous examination of outcomes and
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performance. Unlike most research, HCI adopts a perspective that users’ experi-
ences are those that are informed by the mutuality between individual characteris-
tics (i.e., states and traits) and the relevant attributes of the context (i.e., user
affordances and designed affordances).

From this point of view, constructs that account for the human agent’s perfor-
mance should be part of the overall research design. The literature has examined
numerous variables in relation to human performance, including prior knowledge,
self-efficacy, expertise, cognitive load, affect, personality, and situational interest
(Alexander, 1992, 2003; Alexander & Dochy, 1995; Bandura, 1997; McCreery,
Krach, & Nolen, 2014; Sweller, 1988). Additionally, successful gameplay also
relates to numerous physical components (e.g., sequential and repetitive key presses
and controller movements). As a result, there are numerous biomedical characteris-
tics to consider, including stress, galvanic skin response, heart rate, and reaction
time (Mirza-Babaei, Long, Foley, & McAllister, 2011; Mirza-Babaei, Nacke,
Gregory, Collins, & Fitzpatrick, 2013).

Collectively, these variables contribute to the successes and failures to execute
users’ intentions within a game system. Although some systems may not be opti-
mized for maximum player performance (i.e., the affordances are limited, difficult
to detect, or not aligned with players’ goals), users’ characteristics also have a direct
influence on performance. Ultimately, researchers are advised to consider the fol-
lowing questions when examining the users’ characteristics as they pertain to the
questions under investigation and the context being studied:

*  Which, if any, individual differences have a higher than average likelihood to
influence the process and outcomes?

e Which factors associated with the individuals (i.e., states and/or traits) are perti-
nent to the question and the model under investigation?

* In what ways do the user’s characteristics and experiences interact with the sys-
tem’s affordances?

* How do these interactions relate to, and have implications for, the questions,
hypotheses, etc.?

2.5 Principle 4: Identify Methods to Capture Data

Collectively, the attributes of the system and user (i.e., their states and traits) com-
bine into a research context that is complex. Although a few theories directly address
complexity associated with learning and training in technological contexts (e.g., van
Merrienboer & Kirschner, 2018; van Merrienboer & Sluijsmans, 2009), a complex
systems view of learning and technology expands these perspectives considerably
(Hilpert & Marchand, 2018; Marchand & Hilpert, 2017, 2018). This is particularly
true in terms of the implications associated with methods to capture data and address
questions associated with a complex systems approach to games and assessment.
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Complex systems are collections of elements, characteristics, and components
that interact in ways that generate intricate and interrelated behavioral patterns
(Hilpert & Marchand, 2018). Fundamentally, these behavioral patterns exhibit three
key attributes: complexity, dynamism, and emergence. Essentially, interactions in
complex systems are influenced by multiple integrating components (complexity),
are continually shaped by those interactions (dynamism), and evolve over the dura-
tion of the experience (emergence).

When a complex systems approach is applied to digital games research and
assessment, the implications for characterizing the environment become straight-
forward. Players interact with highly sophisticated systems, in which the users’
states and traits in conjunction with the affordances of the system all have an impact
on behavior (complexity). More importantly, that play is tuned by soft-failure, trial
and error, feedback systems, rules, and sometimes other players (dynamism)
(Laughlin & Marchuk, 2005; McGonigal, 2011; Squire, 2006; Vallett, 2016). Lastly,
the dynamics of players’ behavior occurs throughout the gameplay experience
(emergence).

Although the complex systems perspective has clear implications for defining
and characterizing video games, the implications for methods to extract data from
these environments are less obvious. Video game research is often difficult due to
the tremendous breath of available games, each type of which is identified by differ-
ent mechanics, interfaces, formats, etc. and a lack of empirical research (Young
et al., 2012). As such, identifying variables and best research practices is a serious
challenge. Alternatively, a complex systems approach from the lens of human-
computer interaction shapes methods in two specific ways: (1) data must address
complexity, dynamism, and emergence, and (2) research designs must account for
the attributes of the system (i.e., its affordances) and the user (i.e., states and traits).

Considering this, there are a few questions to consider as designs are
constructed.

e Is the system capable of directly generating objective data (e.g., log data, data-
base extraction)?

* Does gameplay have a clear set of initial conditions (e.g., equivalent maps, start-
ing positions, levels), or does gameplay exist in a more fluid state (e.g., persistent
worlds like World of Warcraft)?

* Based on the understanding of the system, what opportunities to constrain expe-
riences or manipulate variables exist?

*  What existing technological tools are available to facilitate data extraction from
the system? Does data extraction and/or coding rely more heavily on research
labor?

» Is it possible to sequence data collection strategies (e.g., time series) to account
for emergence and process-oriented perspectives?
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2.6 Principle S: Identify Patterns Among the Data

The fundamental purpose of any analysis is to elucidate patterns among the data,
regardless of the type or nature of the data being examined. Based on a frame that
espouses learning as a process, pattern detection techniques must have some capac-
ity to account for the dynamic and complex nature of the data as they occur over
periods of time. For many methods, this type of change is difficult to identify and
characterize. When applied to emergent data, most analytic techniques, particularly
quantitative techniques, rely heavily on comparisons between two points in time
(e.g., t-test, ANOVA, MANCOVA). For complex systems, this low-dimensional,
data-independent approach is not enough to measure or explain patterns in a context
that contains many parts, whose behaviors vary significantly and are dependent on
the other elements in that system (Shalizi, 2006). Even repeated measures tech-
niques, which incorporate various algebraic trends across multiple points in time
(e.g., linear, loglinear, parabolic), do so in ways that examine differences rather than
emergent trends. Qualitative analyses are somewhat more adept at deconstructing
changes over time, but they may not necessarily align with the nature of data that are
extracted from complex systems.

Fortunately, there are a few data analytics approaches that researchers have
developed for data from complex systems (Shalizi, 2006). These techniques range
from qualitative comparisons using heat maps to machine-learning/artificial
intelligence-oriented logistic regression analyses. Each approach has a distinct ben-
efit and entails different methods and criteria.

Although this chapter is not intended to provide a primer on the techniques that
are useful in process-oriented data analysis, some approaches that are relevant for
video games research are listed in Table 2.2. Regardless of the technique selected,
researchers are encouraged to consider the potential output of these techniques and
how the findings address the original question within the context of pragmatism.

2.7 Principle 6: Draw Inferences, Establish Models,
and Interpret Findings

Generally, inferences associated with low-dimensional, independent data systems
(e.g., t-test, ANOVA, MANOVA) are straightforward; significance testing indicates
whether or not one should reject a null hypothesis. Alternative approaches have
similar, well-established inferential potential. With respect to qualitative methods,
inductive techniques are codified to yield findings that address pertinent questions.
Generally, researchers seek data and patterns that provide some evidence of a mag-
nitude or quality of change. This is very different for data that involve even minimal
degrees of emergence. Rather than show change between two points, these methods
evaluate inversion points, points of change, or opportunities to describe shifts in
patterns.
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Table 2.2 Analytic techniques for pattern detection in game-based research

Technique | Description Research application Challenges
Think Verbal reporting of Expose and externalize Unprompted and potentially
aloud experiences during the | decision-making and unnatural. May have
process of play thinking processes as the negative impact on
experience unfolds gameplay
Heat map | Concatenate Provide some indication of | Subjective inference.
emergence into a behavior over time, Limited to pre-defined
single, visual represented as a visual map. | variables
representation Qualitative contrasts of
maps by type, group, etc.
(e.g., experts vs. novices)
are possible
Path Seeking latent Delineating events in games | Paths are decoupled from
analysis structure over time, as nodes and contrasting time, limiting inferences
path analysis provides | classes of paths (e.g., associated with emergence
a model of magnitude | successful outcomes vs.
and significance for unsuccessful ones) may
the hypothesized yield insight into
causal connections
among nodes
Neural Data analytics method | Neural networks can be Cumbersome in terms of
network that captures input/ used to detect patterns and | variable and algorithm
output relationships to | make outcome predictions | definition. Best with
estimate future values | using time series data, like | original, source data, which
of those inputs and those available in games are not typically available in
outputs proprietary games
Bayesian/ | Methods to detect A network generated by an | Reliant on prior data to
Markov probabilistic expert can be used as build initial probability
network relationships and another form of models, which have
statistical performance inference. questionable quality or
dependencies among | Bayesian networks can be | value. Can become
“events” used to detect latent unwieldy with systems that
variables and structure. include large numbers of
Markov networks can be variables
used to detect cyclic
dependencies
Logistic Minimally, logistic Automated methods of Applied in this way, logistic
regression | regression is a logistic regression can regression is laborious or

technique to explain
the relationship
between one
dependent binary
variable and one or
more independent
variables

iterate the process and
incorporate massive fields of
data to build detailed

models of time-based
performance. Those
regression models can then
be applied to real-time
behavior to predict
performance

heavily dependent on a
learning Al The just-in-
time overcorrection
analyses are useful to
determine likelihood of
outcomes, but less adept at
addressing research
questions
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Some techniques that have been applied to complex systems research involve the
process of decoding a central measure of information within that system (Hilpert &
Marchand, 2018; Marchand & Hilpert, 2017, 2018; Shalizi, 2006). For example, a
classroom exhibits the characteristics of a complex, dynamic system. Because com-
plexity is characterized by multiple, interacting parts, each of which has its own
history and sub-set of influences, it would be difficult to ascertain the beginning
point in time that a classroom began, particularly as a research context (Marchand
& Hilpert, 2017). Alternatively, it may be possible to discern a trend function or
general model of behaviors at the time. This measure, albeit incredibly dense in
terms of information, provides a point in time from when patterns emerge. In this
way, this initial measure serves as a microgenetic function that highlights how the
system unfolds and provides extensible model of patterns and trends.

Hilpert and Marchand (2018) described complex systems as self-organizing sys-
tems. As such, systems like these tend to progress toward and exhibit stability over
time. As a result, identifying a trend function is useful in terms of giving a broad
characteristic associated with the system, hence the term microgenetic function. The
trend function also serves to shape many inferences about complex systems.
Specifically, researchers endeavor to identify points of inversion, phase shift, or
instability relative to the trend function. Evidence of instability suggests something
noteworthy occurred. Accordingly, the practice of seeking points where the system
is unstable provides researchers with opportunities to document crucial events (e.g.,
learning, new approaches to behavior, coachable moments). Those events provide
the specific opportunities for inference.

In some games, a centralized measure or trend function may not be necessary.
Many games provide an opportunity to establish a limited set of initial conditions
(e.g., starting level, initial resources, map selection) and impose researchable con-
straints on the investigations (e.g., time limit, avatar selection, role, class selection).
This simplifies the development of a model but the approach to inference building
is still relevant. Specifically, game researchers who are interested in process-oriented
data and time-intensive questions should also seek phase inversions and shifts. In
games, a change of phase could be due to the introduction of error, exploitation of
an opponent’s mistake, or the user becoming more attuned to the system. This might
be a point where a victorious strategy was employed or when one player exploited
the mistake of another.

Whatever the case and whichever analytic technique is employed, inferences and
models in games research in which learning is process-oriented are approached
somewhat differently than traditional methods. Fortunately, there are a few general
ways of thinking that can be employed to facilitate inference generation, model
building, and interpretation of findings. Some examples are:

*  What do the patterns or trends over time indicate, imply, or suggest?
e Are there expert or formative trends against which the observed trends may be
compared?
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* Are there instances when the observed behavior departs from the anticipated
trend? What are the circumstances of those departures and what do they
indicate?

e Are there differences in the system or human agent that might account for
changes to the models?

2.8 Heuristic Applied

One way to appreciate these principles is to consider their application to different
research questions, variables, and contexts. As a result, we examine three different
contexts and provide an overview of three ongoing research projects to exemplify a
games-based assessment heuristic. The games include Bully, The Deed, and League
of Legends. In each case, the framework has been established as one that involves
learning as a process (i.e., Principle 1), and the hypotheses were generated prior to
selecting a system for research. In most cases, selecting the system involves a cycle
of experience with the game system to ascertain fit and alignment with the research
questions. The following sections are organized in a way that highlights character-
istics of the systems as examples of the six principles noted above.

2.8.1 Bully (2006)
2.8.1.1 Principle 2: Bully as a System for Research

Upon initial screening, Bully was identified as a game that involved sensitive topics
about bullying. Specifically, Bully is a commercially available game, developed by
Rockstar Games (2006). The players are expected to go to class, to participate in
recreation, and to fight. Bully contains themes of social exclusion, body shaming,
gendered stereotypes, economic divisions, and discrimination and power dynamics
among children, which makes it an ideal candidate for students who are learning
about bullying or school aggression.

The setting of the game Bully takes place in a fictional rural New England town
and at Bullworth Academy. The story follows the main character Jimmy (the single
player-controlled protagonist) who quickly discovers that Bullworth Academy is
full of bullies and sets out to bring peace to the school. The game allows players to
explore the school and the surrounding town as they work through story missions in
a somewhat linear way. These experiences are designed and intended to help vic-
tims of bullying.

The story is divided into six chapters. Each chapter has a new set of bullies that
the main character must overcome while helping a fellow student who is the victim
of bullying. Within each chapter, there are a handful of missions that progress the
story (e.g., gathering objects, helping other students/teachers) and to ultimately
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overcome the antagonists in that chapter (e.g., jock, greasers, etc.). Ultimately, Bully
demonstrated an appropriate plot and role-taking/perspective-taking design that
aligned with promoting social awareness and pre-service teacher training associated
with bullying.

2.8.1.2 Principle 3: Agency of Bully

A deeper examination of Bully revealed that the affordances highlighted in Principle
3 allowed valuable experiences for the purpose of an intervention, as well as appro-
priate, though not ideal, methods to capture data.

Player Affordances The game contains numerous visual affordances that allow
players to seek information, including an on-screen mini-map with way-point indi-
cators, a task (mission) list to remind them what they are working on/toward, and
prompts to select specific controls to interact with objects (e.g., trash can, locker,
soda machine, or people). The game includes other visual prompts (e.g., visual cues
yellow floor marking, or text reminders) for missions and attending class (i.e., clock
warning). The game also includes a typical set of player inputs and controls, includ-
ing pause and save functions.

Developer Affordances In addition to the functions that are available to the player,
the developers have included numerous functions that are not strictly necessary for
gameplay. Specifically, developers included early game walkthroughs of controls,
fights, breaking in lockers, buying soda “health,” building weapon inventory (cherry
bomb), and gaining charisma effected by attending classes. Collectively, the devel-
opers collected plot elements to create “realistic” situations that could and often do
happen. The graphics are sufficiently detailed to allow for identification of various,
although sometimes exaggerated, stereotyped bullies and victims.

Researcher Affordances Collectively, the player and developer affordances allow
researchers to observe the consequences decision-making through gameplay cap-
ture. For example, a cursory analysis would indicate whether or not the player
exhibits reactive or proactive aggressive to other students (i.e., response to acts of
aggression or humiliates students to solve some missions). Because the game
actions are recordable, researchers can tally interactions with various NPCs, while
the player explores the world, interacts with objects, and selects weapons.
Researchers can also examine trait differences among players (e.g., gender, race).

2.8.1.3 Principles 4, 5, and 6: Practical Research Example
Purpose In an ongoing study involving pre-service teachers, Bully was examined

in relation to promoting social awareness and interpersonal understanding, par-
ticularly those that result from unbalanced power dynamics in schools. This



26 P. G. Schrader et al.

example followed a typical intervention design and participants engaged with
Bully in two sessions, with opportunities to reflect on their experiences after each
session. One notable addition to conventional intervention research is that pro-
cess-oriented data were also collected for the purpose of indicating which events,
actions, and interactions among user states and traits were a meaningful compo-
nent of the experiences.

Method To evaluate the value of the intervention holistically, pre-service teachers
(PSTs) were randomly assigned to one of two groups (treatment and control).
Typical demographic variables, self-efficacy associated with detecting bullying in
school settings, and an aggression inventory were collected at this time. All partici-
pants received pre-existing professional development with bullying and activities to
train PSTs to detect bullying in schools. In addition, participants in the treatment
group were directed to play the game during two different sessions. PSTs assigned
to the control group did not engage in gameplay but received comparable training.
All gameplay for the treatment group was recorded.

To evaluate process-oriented questions, there was a reflection component after
each of the two sessions. Participants were shown portions of their gameplay and
asked to respond to specific prompts about bullying and the events that they wit-
nessed and to reflect about the authenticity of the events that transpired during the
game. They were also asked to deconstruct their thinking during those instances.
These responses were incorporated into a codebook that included researcher obser-
vations of gameplay-associated observable behaviors categorized as reactive or pro-
active aggression.

At the end of the second play-through, PSTs were also given analogous transfer
task, in which PSTs completed a bullying observation/intervention sheet that docu-
ments what teachers should be doing in the situation that took place during
the game.

Analysis Comparative analyses focused on the potential for Bully to provide
authentic, supplemental experiences for training PSTs in detecting bullying in
school settings. Specifically, self-efficacy measures were contrasted between treat-
ment and control. Process-oriented analyses were intended to identify moments of
value, events that provided teachable moments, and provide some indication of
aggressive tendencies associated with in-game behavior. Specifically, planned anal-
yses include a path analysis to highlight the relationship among aggressive tenden-
cies in the game (i.e., proactive and reactive aggression behaviors), the aggression
inventory, and performance on the analogous task. PST responses are intended to
provide additional insight into decisions and relative importance of gameplay
events.
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2.8.2 The Deed (2015)
2.8.2.1 Principle 2: The Deed as a System for Research

The Deed is a commercially available game developed by Pilgrim Adventures and
GrabtheGames Studios (2015). The Deed incorporates a choose-your-own adven-
ture style of play with a macabre narrative-driven murder mystery game. A single
player game, The Deed challenges the player to make a series of choices through
non-player character interactions and collects and plants evidence in a way that sup-
ports the main character’s (i.e., player’s) innocence and frames a non-player charac-
ter as guilty.

Using a keyboard or mouse, the player navigates through their avatar’s childhood
home, can speak to several family members and staff, search through different
rooms, and is given the choice of picking up objects to aid them in committing the
perfect murder. 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 titular deed, and (4) an interview with the Inspector who comes to investigate
the murder.

2.8.2.2 Principle 3: Agency of The Deed

Player Affordances By comparison to other systems, The Deed is somewhat sim-
plistic in its design. Players use a keyboard and mouse to interact with the game.
Specifically, players move and navigate the game, inspect and obtain objects
throughout the house (e.g., weapons/evidence), and place them in their inventory.
Similarly, players can use the mouse and keyboard to plant evidence if they choose
to do so. Most importantly, player interactions with narrative elements greatly influ-
ence the final success or failure in the game.

Developer Affordances The Deed involves a robust collection of affordances that
enhance the opportunities for action but are not necessarily required for gameplay.
For example, developers added an option to watch or skip the introduction, to cus-
tomize settings, and to save/reset/exit the game. Additionally, the nature of NPC
interactions is constrained by the developers in a way that shapes the game but do
not always meaningfully change the player’s ability solve the game. For example, a
player can only speak to each NPC once; their dialogue choices affect the charac-
ter’s reaction to the player and events later in the game. Developers also added dis-
tractors to the environment; objects generally contain irrelevant information.
However, in some instances, objects reveal historical plot elements and some con-
tain concealed evidence or weapons. Developers also shaped play by limiting the
number of weapons and pieces of evidence; only two items can be picked up and
they cannot be exchanged (note: a warning message is displayed before the action
is completed).



28 P. G. Schrader et al.

Each act progresses in a pre-specified way, with key instances and moments
determining the progress in the game and advancement to subsequent acts.
Depending on the amount of suspicion the player has successfully diverted, one of
three endings will occur: a prison sentence for murder, getting away with the mur-
der but not receiving the family inheritance, or getting away with murder and receiv-
ing the family inheritance. Because there are many possible paths that lead to these
outcomes, The Deed is a game that affords replayability and multiple endings.

Researcher Affordances Both the player and developer affordances combine in
ways that benefit research. For example, The Deed is a controlled environment with
a finite number of choices and actions to take. As a result, the number of possible
confounds is greatly reduced. More importantly, it is possible for researchers to
fully map and catalog all the possible behaviors in the game. Data could be extracted
from back end sources or direct observation (i.e., video recording). Many of the
behaviors are binary in nature (i.e., they either did or did not happen), allowing cod-
ing techniques and intercoder agreement to be extremely accurate. In addition to a
finite set of actions, The Deed also offers the same experience for all subjects. This
has the advantage of allowing researchers the choice to study multiple instances of
play while studying or varying other aspects of the experience.

2.8.2.3 Principles 4, 5, and 6: Practical Research Example

Purpose Like Bully, The Deed offers users the opportunity to behave in ways that
exhibit proactive and reactive aggression. Unlike the expansive storyline of Bully,
The Deed is programmed to include a finite number of actions. Researchers can
catalogue the entire play-space of The Deed and code every single player decision
in an objective manner. Because it is self-contained and affords aggressive actions,
The Deed is currently being examined as a performance assessment of aggression.

Method Following a traditional single-group design, participants are asked to com-
plete a battery of assessments and correlates of aggression prior to engaging with
the game. Players are then given a brief tutorial on playing the game and asked to
play to conclusion two times. All gameplay is recorded using screen-capture
software.

Analysis Analysis begins with the development of a coding catalogue, which
includes all possible behaviors and choices in the game. This catalogue is used to
code player’s decisions and actions. In this case, response choices during dialogue
interactions are assigned a variety of markers associated with aggression. These
markers are observed over time and theorized to function as indicators of the partici-
pant’s aggressive tendencies.
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2.8.3 League of Legends (2009)
2.8.3.1 Principle 2: LOL as a System for Research

League of Legends (LOL; Riot Games, 2009) is a commercially available competi-
tive online game. Its most common mode involves two teams of five players attempt-
ing to control a small map and defeat the other team’s defensive structures and
central base. In LOL, players control an avatar, known in the game as a champion.
At the time of this writing, there are more than 140 unique champions from which
players are free to choose. Each champion is defined by unique set of abilities that
interact with other players, elements of the game environment, and NPCs in distinct
ways. Champions’ abilities are designed to fit within at least one roles: ranged dam-
age dealing champions, support champions (e.g., healing or damage mitigation),
champions that can function independently, and champions that are mobile and can
create opportunities for advantage. Most game modes prohibit the same champion
from being selected by more than one player.

Although each game evolves differently, each game is a predictable experience.
Players are free to choose roles, but typically do so in somewhat predictable ways
(e.g., support or offense). There are three primary routes (i.e., lanes) to the enemy
base, a top lane, middle lane, and bottom lane. Additionally, there are other areas of
the map that are patrolled by champions in a jungle area. The map remains the same
and all players start with the same resources, champion experience, and defensive
structures.

In many ways, LOL is analogous to chess in the sense that each team shares the
exact opportunities for success and that stages of play (i.e., early game, mid game,
end game) emerge over time. Further, success is largely determined by players’
skill, knowledge of the game, and ability to exploit opponent’s errors. LOL also
exists within a constrained space, defined by limited paths of movement, number of
players, and champion abilities. Unlike chess, success in LOL is also reliant on
dynamic and complex elements, like the actions of teammates and interactions
among champion abilities. The fundamental mechanics of the game are relatively
simple, but the interactions among parts are challenging for developers to balance
and for players to master.

2.8.3.2 Principle 3: Agency of LOL

Player Affordances In LOL, players select from more than 140 unique champions
and adopt 1 of 5 distinct positions based on zones of the map (i.e., top, middle,
bottom attack, bottom support, or jungle). Actions within the game are heavily
dependent upon repetitive clicks, keystrokes, and mouse movement. The game sys-
tem provides users with access to a minimal, up-to-minute performance of every-
one in the match and instantaneous feedback relative to actions. LOL is characterized
by a constant march of weak NPCs (i.e., minions). When a player’s champion
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executes the final strike on a minion, the champion receives a currency that is used
to upgrade items and increase the champion’s power. Champions also acquire
experience and levels in the game, gaining power in more predictable ways.
Another significant element in the game is the ability for players to discern other
players action using invisible wards. Wards are a vital aspect of the game and pro-
vide visual information about the enemy’s location, capabilities, strategies, etc.
This information is otherwise unavailable due to a “fog of war” (i.e., intentionally
obscured map information).

Developer Affordances 1.OL developers have incorporated numerous additional
affordances into the game that are not strictly relevant for play. For example, the
business model of LOL involves microtransactions. Players may pay to change the
cosmetic elements of their champions or to gain access to additional champions.
Additionally, developers included mechanisms to record gameplay, review games,
and receive information about matches (online). In some types of play, developers
included options to compete and keep a ranking of success. This system is highly
detailed and serves to match players with opponents of comparable ability.

Researcher Affordances Collectively, player and developer affordances in LOL
combine to provide some notable options for researchers. The ranking system is a
verified and validated method to differentiate players based on skill and perfor-
mance. As such, it is a viable means to infer expertise for purposes of comparisons,
model building, and problem-solving. Specifically, experts’ games are recorded and
publicly available. It is feasible to review these matches and develop expert models
and heuristics of play. Additionally, the system involves tremendous physical inter-
action at a rapid pace; most professional players can execute as many as 10 actions
(Lejacq, 2013). As a result, researchers could examine several variables to under-
stand human-computer interaction (e.g., user activity, visual spatial acclimation,
design usability, input and output systems, feedback, information systems).

2.8.3.3 Principles 4, 5, and 6: Practical Research Example

Purpose LOL is distinct from the other contexts described above in terms of its
level of complexity. In LOL, there are ten different players that control unique
champions, each of which exhibits a different configuration of abilities. Each player
also has unique skills, knowledge, states, and traits. Although the game space is
predictable, the interactions of these constituent parts exceeds the level of complex-
ity seen in Bully or The Deed by a wide margin. As a result, a multi-phase study is
being conducted to (1) examine the play space from the perspective of experts, (2)
determine the behaviors that are most closely aligned with success (i.e., winning
matches) and develop an instrument to evaluate those behaviors in game, and (3)
leverage prediction techniques to examine phase changes within the LOL competi-
tive and amateur play.
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Method For the first two phases, a mixed-method approach was implemented to
extract data from experts via an online forum system (i.e., Reddit). Players were
asked multiple rounds of questions that pertained to events, actions, and behaviors
in game that result in winning. These responses were qualitatively analyzed for
themes. Those themes served as the stems in a survey instrument (phase 2). This
survey was distributed widely, validated, and psychometrically evaluated. More
importantly, the items correspond to behaviors that are observable in game. In phase
3, research plans involve using the survey instrument to develop a behavioral assess-
ment matrix. That matrix will be used to examine players’ activities in game.
Following a single-group comparison, expert and novice players will be asked to
complete several games.

Analysis Analysis of phases 1 and 2 included qualitative content analysis and psy-
chometric item validation techniques (i.e., exploratory and confirmatory factor
analysis, reliability analysis, expert panels via distance). Planned analysis of phase
3 includes path analytic techniques to contrast group trends. Additionally, the data
will be examined for their suitability and viability in terms of Bayesian/Markov
techniques to examine phase shifts and inversions.

2.9 Conclusion

The studies discussed here vary in the degree to which each emphasized process-
oriented data and their value when expanding researchers’ ability to examine ques-
tions in context. Further, this work is intended to exemplify the potential benefits of
an HCI and complex systems perspective for all studies, including those that imple-
ment traditional pre-post designs. Initially, the approach described by Schrader and
McCreery (2012) (i.e., looking at learning from, with, and in games) was an attempt
to consider interactions within systems and the potential to examine the nuances of
learning as a function of those dynamics (Schrader, 2008; Schrader & McCreery,
2012). More recently, there has been increased interest in learning as a process, one
that is mutually influenced by the nature of the system and the characteristics of the
user (i.e., from an HCI perspective; Schrader et al., 2017). An HCI approach is focused
more intently when games are viewed as complex systems. Additionally, this perspec-
tive expands the relevance of agency in terms of data collection and user experience.

Overall, the heuristic described here is applicable to examine a variety of ques-
tions that examine learning from, with, and in games. Specifically, the ability to
determine the influence of games on learning (e.g., as with an intervention involv-
ing Bully) is greatly improved when accounting for process-oriented data. In this
example, knowing which elements from the experience generate the most salient
emotional connection and response is a crucial part of understanding the game’s
impact. Alternatively, learning with a system is slightly different. Still, it is possible
to leverage the process-oriented data to expound on the experiences. In The Deed,
process data revealed a variety of interactive elements, particularly those related to
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aggression. In this case, users’ interaction with the system has been shown to serve
as an analog to standard paper and pencil assessments. Lastly, research associated
with learning in a system is the clearest example of the heuristic in practice. Games
like LOL are highly complex and dynamic; their conditions constantly update as a
result of countless actions and interactions within the game. In this example,
process-oriented data are the only way to observe the transition or inflection points
that relate to performance. Collectively, the opportunities for research and the vari-
ety of classes of research questions are vast.

Although there are important and valuable benefits to this approach, there are
also some limitations to and situations into which the process does not translate
well. For example, this approach assumes that researchers have accepted a view that
learning is a process. This approach is not ideally suited for studies that seek differ-
ences among limited points in time. Further, the research questions in these exam-
ples had been defined prior to the selection of the system. This allowed for a very
intentional screening process that limits the potential for questions to be invited by
emerging tools. Sometimes, researchers experience a new design and are inspired to
ask different and original questions. Because this process is intentional and begins
with a research question and framework, this emergent inquiry is somewhat miti-
gated. Further, systems are not equally suited for data collection. Although there are
a variety of strategies that exist to extract process-oriented data from users’ experi-
ences with games, some of these approaches may be incredibly laborious. The eco-
nomics of research in terms of effort to impact should certainly be considered.

Ultimately, games are emergent systems. Data from game experiences is poised to
address more nuanced questions that relate to growth, change, and maturation. Games
exhibit a very different set of characteristics and implications for research questions,
variables, and methods. A complex systems approach from an HCI lens contrasts
sharply from research involving games as interventions. The examples described
here highlight the value of examining the system throughout the experience of play.
Specifically, data are linked to time-intensive variables and questions, agents in the
system are accepted as multifaceted and interactive, and learning is process-oriented.
On their own, traditional approaches may not be suitable or robust enough to address
complexity, emergence, and dynamism as they pertain to data collection, analyses,
and inference generation. Fortunately, expanding the methods of assessing learning
from, with, and in games provides at least a few additional opportunities to expand
the nature of questions, data collection strategies, and types of inferences available to
researchers. Ultimately, improving methods as a field will enhance the collective
ability to understand games-based assessment from all perspectives.
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Chapter 3
Summative Game-Based Assessment

Andreas Oranje, Bob Mislevy, Malcolm I. Bauer, and G. Tanner Jackson

3.1 Introduction

The interplay between games, assessment, and learning has so far been considered
primarily within a formative assessment setting, exploring how design frameworks
from these fields are connected and disconnected (e.g., Mislevy et al., 2016). The
focus on formative applications is natural because of the close connection between
the learning that happens in games when trying to master a new set of challenges
that the game designer has put in front of the player and the learning that happens in
education when trying to master a new subject, problem, or topic. However, there
are other motivations to connect games, learning, and assessment that span beyond
formative assessment. These include the notion of situating assessments in highly
complex and interactive environments that may elicit the recruitment of skills and
knowledge that cannot be gauged with the same level of fidelity achievable in tradi-
tional assessments. This is often referred to as “hard-to-measure” skills (Stecher &
Hamilton, 2014). A second motivation is the notion that these interactive environ-
ments are inherently motivating due to the application of sophisticated game
mechanics and, therefore, bring out the best performance. We will expand on this
later on extensively. Regardless, there is ample reason to consider game-based
assessments (GBAs) for assessment purposes that are summative in nature (e.g.,
interim, benchmark, end of course, accountability).

The purpose of this chapter is to extend what has been developed and learned
about formative game-based assessments (GBAs) into summative assessment prac-
tices. We are trying to further understand a joint design space for games and assess-
ments, develop a common design framework, and relate that to specific use cases,
by attempting to address the following key questions:
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1. What are core game design principles, why are they important, and in what way
do they align with the goals and principles of summative assessments, particu-
larly those that use simulation- and scenario-based tasks? Are there goals and
principles that should be adopted? Particularly, how would that alter the types of
claims we make and the psychometric and statistical models we would develop
and apply? In other words, what are the intersections and compatible constraints
among the learning, game, and assessment design spaces?

2. Which, if any, game design principles are less compatible with different types of
summative assessments and why? From an engineering optimization perspec-
tive, what are the key trade-offs? How can we develop a common framework
within this joint space?

3. What practices should summative assessments borrow from game development
environments and how would we modify them? This question centers primarily
on development processes (from ideation, to release, to data monitoring, and to
product updating). How would these borrowed practices alter assessment pro-
cesses and practices? Can we borrow machinery across the fields to address the
trade-offs and build effective GBAs?

These questions are relatively broad and cannot be fully answered based on what
we know so far. However, we can make substantial progress toward providing a
compelling, alternative frame for current and future assessments. We do so in this
chapter by first discussing some use cases of summative GBAS to put considerations
and discussions in a practical context. Next, we provide foundations, perspectives,
and motivations in an attempt to share our underlying value and belief system.
Subsequently, we develop links and design trade-offs between games, GBAs, and
summative assessments. The final part presents design considerations for summa-
tive GBAs. We intend that this chapter provides a basis for further exploration and
use of design processes to support the development of game-based summative
assessments.

3.2 Use Cases

Summative assessments denote a class that contains a wide range of assessment
types. Answers to the key questions above will be very different for different types,
and therefore, we need to be more specific about what kinds of use cases we antici-
pate. We describe three particular cases that we believe span the majority of summa-
tive assessments currently in existence or under development: drop-from-the-sky,
accreditation, and individual. Following descriptions, we provide in Table 3.1 some
key characteristics that are relevant in the discussion about GBA.
Drop-from-the-sky assessments, or more formally called “group-score assess-
ments” such as the National Assessment of Educational Progress (NAEP), the
Trends in International Mathematics and Science Studies (TIMSS), and the Program
for International Student Assessment (PISA), are comparative assessments of
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Table 3.1 Overview of most common summative assessment use cases
Individual Individual
Drop-from-the-sky | Accreditation achievement | certification
Stakes for Low Low High High
participants
Stakes for other | Medium High Medium High
stakeholders
Administration | Short to medium Medium to long | Long Long
time®
Opportunities Increase Increase Increase Lower cost and
for GBA engagement, assess | engagement, predictive higher
hard-to-measure assess hard-to- validity, standardization on
constructs measure fairness practical
constructs components
Context High Low to medium | Low Mostly highly
generalizability, context contextualized
low context

2Given the range of assessment designs, administration times were categorized as “short” for
60 min or less, “long” for 3 h or more, and “medium” for everything in between

educational outcomes across educational systems. They are not tied to a particular
curriculum, hence the term drop-from-the-sky, and are low stakes for both partici-
pants and most potential stakeholders up to a certain level (e.g., teachers, principals,
school districts, but not states or countries). In fact, no results are divulged at indi-
vidual levels (e.g., participant, school). The assessments are generally short in terms
of test administration time, which can be a challenge for GBAs that might require
some time to set a necessary context for a particular activity (see last row in
Table 3.1) or to learn control mechanics. On the other hand, these assessments tend
to support active research agendas and study and implement innovations in assess-
ment frequently. Engagement can be a factor in these assessments, given their low-
stakes nature for test takers, particularly at higher grades, and therefore, GBAs may
be able to increase engagement. Whereas most of these assessments target relatively
traditional academic subjects, there have been some ventures into different types of
skills (e.g., collaborative and adaptive problem-solving in PISA).

Closely related to drop-from-the-sky assessments are exams used in the accredi-
tation of institutions, such as the Major Field Test (MFT). These exams are some-
what more targeted to a specific performance range (e.g., undergraduate seniors) but
are largely low stakes for participants. However, they are high stakes for education
systems (e.g., universities) in order to obtain accreditation and, commensurately, be
eligible for funding, including their students being able to obtain federal student
loans. Some systems use these assessments also for program improvement. The
low-stakes nature of this type of assessment for participants in combination with the
demographics may translate to lack of motivation to participate. For these assess-
ments, focusing on twenty-first century skills (e.g., design thinking, collaboration)
might be attractive as a way to gauge student learning effectiveness across majors in
order to assess institutional effectiveness in addition to departmental effectiveness.
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In addition, the typical unconstrained environments of GBAs could lend themselves
well to demonstrating and measuring these more complex types of skills.

The majority of summative assessments are high-stakes individual-level assess-
ments used to gain entrance and admission, qualify for certain jobs or benefits (e.g.,
advanced college placement), obtain certification, and so on. Examples are TOEFL,
bar and medical certification exams, computer and network certification exams, and
the SAT and ACT. They are predictive in nature, meaning that these assessments not
only make claims about what a test taker currently knows but also serve as an indi-
cator of future performance (e.g., will likely succeed in college or graduate school,
can perform certain tasks such as residential plumbing/HVAC). Motivation is hardly
an issue in these assessments given that they are usually governed by a warrant (e.g.,
obtaining a license, entering a selective university). They might benefit from more
interactive, authentic, but virtual assessment components, for example, to predict
whether someone can indeed do a particular operation instead of relying on expen-
sive and time-consuming practical exams. In such cases, the contextualized environ-
ments that GBAs provide could be an advantage, rather than an impediment to
generalizability. We distinguish between individual achievement assessments and
certification assessments in Table 3.1 and subsequent discussions.

3.3 Foundations

The foundations for summative game-based assessment contain psychometric con-
siderations as well as theoretical and practical considerations for game design.
Mislevy et al. (2014) provide psychometric considerations for GBAs and estab-
lish three psychometric paradigms while discussing the various challenges and
opportunities that arise for assessment design, psychometric modeling, and data
analysis. These paradigms can be summarized as follows: (1) assessment entirely
outside the game environment; (2) assessment within the game environment, based
on a priori designed work products that are explicitly expected in the game; and (3)
game play as assessment based on a priori defined (classes of) actions. This pro-
vides an assessment dimension to the distinction of “small g” and “big G placing
video games (small g) in a larger ecosystem of learning (big G) (Gee, 2007).
Subsequently, Mislevy et al. explore how and where the Game Design Framework
(GDF) developed at Electronic Arts Entertainment is compatible with the evidence-
centered design (ECD, Mislevy, Steinberg, & Almond, 2003) framework and devel-
ops a merger of the two, coined evidence-centered game design (ECgD). The key
idea is to use agile-based development cycles common in (entertainment) software
development, including green/yellow light pitches as go/no-go decision points, con-
cept, preproduction, production, postproduction (all macro), and sprints (micro), to
cycle through the various ECD layers concurrently but with different intensities
devoted to each of the layers across subsequent cycles. Finally, analysis approaches
as well as psychometric opportunities are discussed. Paradoxically, through log
files, at the same time very sparse (e.g., diffuse, ambiguous, undefined data points,
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partial depending on what the test taker did) and very rich information (e.g., trace
data, click streams, continuous tracking) is harvested. Opportunities present them-
selves in how such data can be used to develop different types of adaptation and
responsiveness, improve engagement, and present meaningful and actionable
reports. Those opportunities are different for different use cases of assessments, and
an inventory of applications is provided in the paper.

A widely cited scientific study of game design is Rules of Play (Salen &
Zimmerman, 2003), which takes an observational approach defining and describing
elements of games (digital and analog) as schemata and perspectives. Salen et al.’s
foundation is to describe games through rules, play, and culture, each providing dif-
ferent ways to uncover the many complex layers of games. Under rules, schemata
focus on the definition of games, meaning, how rules shape games, and how formal
and informal rules play different roles at different times. Play focuses on the experi-
ence of players, player types, how games emerge as experiences, and concepts such
as engagement and flow. Culture, finally, focuses on the idea of games being situ-
ated in society, and many links can be drawn with the socio-cognitive perspective
for assessment, for example, in how meaning is established and value is assigned.
Possibly, one of the most important contributions is the search for a definition of
play. Whereas this search is not resolved nor is it clear how it could be resolved, a
broad yet useful approximation that we adopt here is that play is the freedom to
move in a constrained space. This definition goes well beyond our focus on elec-
tronic games with some video component but is useful in that it directly makes clear
the inherent tension between control by a game player and control by a game
designer. What constraints does a game designer place in a space to create a space
players want to interact with and how much control does the player get to manipu-
late and move about that space? This is somewhat parallel to the tension between a
student’s freedom to approach, answer, and solve problems in unique and creative
ways and an assessment designer’s desire to verify with confidence the presence or
absence of a particular skill or element of knowledge. We revisit this tension later on.

In contrast, a highly practical perspective is provided in The Art of Game Design
(Schell, 2008), using 100 lenses through which to view games by providing ques-
tions a game designer can ask to improve the odds of creating a successful game.
The foundations of game design consist of the elemental tetrad: mechanics, story,
aesthetics, and technology. These four components have to work together in unison
to create compelling, engaging games. Yet, the experience is in the player’s mind,
and games at best can only provide the conditions for an optimal experience. It is
therefore not surprising that the core mechanics include one skill that resides inside
the player. According to Schell, the core mechanics are space, objects (with attri-
butes and states), actions, rules, skill, and chance. Space defines the “magic circle”
of play, not surprisingly also being a key component in Salen and Zimmerman
(2003). As a mechanic, it is an entirely abstract, mathematical construct of what
places exist within a game and how those places are defined, including whether they
are continuous or not, how many dimensions they have, and whether the bounds of
the spaces are connected or not. Objects are placed inside the space and can be
manipulated. They can range from characters to tokens, and each has a particular
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state (e.g., a token can have various values, assume a particular color, and be either
located behind a rock waiting to be found or in a character’s inventory) and attri-
butes (e.g., can be picked up, can be moved, can be given to someone, can be used
to buy something). Schell considers anything that can be seen an object. We would
argue that much of what can be seen is part of the aesthetics and might not provide
directly for interaction, a key attribute of objects, even though they influence the
tone and emotional environment, likely conditioning the meaning (and evidentiary
value) of interactions. Actions are the things a player can do with objects (e.g., move
forward, jump, grab, start a dialogue with a character). They are the verbs associated
with the game play. Rules are probably the most fundamental component in that all
the other mechanics, with the exception possibly of “skill,” being a player mechanic,
can also be defined in terms of rules. Most importantly, rules attribute most if not all
meaning to the game situated within the space, objects, and actions provided and
define the goals of the game. Skill defines the abilities a player is expected to bring
to the game and, likely (and increasingly), hone by playing the game. These can be
physical, mental, or social in nature. Finally, chance is considered a separate game
mechanic as a lot of play in many games emerges from the notion that there is not a
certain outcome to every action. For example, it can drive suspense, surprise, chal-
lenge, and overcoming adversity, which in turn can improve engagement and con-
tribute to the creation of compelling experiences.

Across these game design theories, the following ideas are particularly important
when considering applications of these features to summative assessment:

e Games are emergent systems, in which compelling and engaging experiences
emerge from a number of factors, one of them being the game itself.

* Games require meaningful interaction, in which meaning is provided through
several powerful layers: the mechanics of the game itself, the psychology of the
player, the immediate social environment of the player(s), and the cultural setting
of the game and the player.

* Games are governed by rules, and seemingly minor changes in rules can have
tremendous impact on the game experience. Successful games tend to maximize
player impact with minimal input while ensuring meaningful interaction.

3.4 Perspectives

There are several perspectives associated with GBA that provide context to some of
the arguments made in favor and against GBA. It is critical to realize that these argu-
ments apply differentially to the various use cases and that the same design space
opportunity can be highly desirable in one use case but an anathema in another use
case. Indeed, occupying an undifferentiated position for or against GBA does little
justice to the complexities of and opportunities in the design space. Successful GBA
development is premised on a far more discriminating view.
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Mislevy, Behrens, DiCerbo, and Levy (2012) state that games and assessment
principles are compatible because they both build on the same principles of learn-
ing. We would like to be more concrete and argue that games and assessment are
both grounded in psychology and that there are several direct links. Games and
assessment both serve for players/test takers to show skill, knowledge, and abilities,
show this relative to others, reach clearly stated goals, and receive rewards for good
performance. Where they differ is that games focus on learning in the service of
engagement and enjoyment (Koster, 2014), whereas assessments focus on cognition
and learning itself (Bennett, 2010). Following Deci and Ryan’s (2000) Theory of
Self-Determination, the three pillars of motivation they identify are achievement,
control, and relatedness. Games and assessments fulfill all three of these, albeit at
times in different ways. Achievement seems ubiquitous across games and assess-
ment through leveling up, the enjoyment of figuring something out, and obtaining
satisfactory scores. A player’s need for control is fulfilled in games in the sense that
a lot of fulfillment might stem from gaining control over (seemingly) chance ele-
ments or hidden logic in the game, so that a virtual enemy can be defeated or a
puzzle solved. A test taker’s need for control is fulfilled in assessment in the sense
that there is an intended direct relationship between achievement and the outcome
of the assessment and that achievement can be controlled to a large extent through
training. Finally, whereas the social aspects of games are well known and create
relatedness in many ways, assessments provide relatedness in at least two possible
ways: the shared experience of taking the assessment itself and, depending on the
outcome, belonging to a particular class of achievers.

A related perspective that is often mentioned in game design theory, game-based
learning, or game-based assessment is the idea of flow (Csikszentmihdlyi, 1975,
1990), a state of heightened engagement and concentration during which learning
productivity and assessment validity increase (Schmit & Ryan, 1992). Flow is a
central concept in game design (Salen & Zimmerman, 2003; Schell, 2008), and
creating experiences that induce it is probably the most critical pursuit for game
designers. It could, however, be equally important for assessment, assuming that the
goal is to obtain a read on the highest ability of a test taker. A core mechanic for
inducing flow is to ensure that the level of challenge and the skill of the player are
in balance. If the challenge is too great, anxiety or frustration is likely induced. If
the skill of the player is too great, boredom may follow. Therefore, as a player
becomes more able through playing a game, games make players “level up” in order
to maintain this critical balance. Summative assessments have similar mechanics in
computerized adaptive testing (CAT; Weiss & Kingsbury, 1984). Whereas the skill
of the test takers in CAT is generally considered static at a particular time and the
motivation for adaptation is usually related to measurement precision, a better expe-
rience is arguably created for the test taker by adapting the test difficulty to the test
takers’ ability.

A complementary perspective, related to the notion of games being emergent
systems, is the adoption of a socio-cognitive or situative perspective (Greeno, 1998)
centering on the (environmental) experience of the test taker (or learner) in combi-
nation with the mental frame within which those experiences are placed. This is a
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departure from more traditional construct-centered approaches to test development,
in which constructs for the most part are considered as knowledge and skill repre-
sentations. This is not to say that reliability, validity, and fairness are not fundamen-
tal virtues. The key is that we need to think differently about how we characterize
and evaluate those virtues and how we establish evidence. Foremost, it means that
there can be a considerable inferential distance between the presented assessment
materials and what the test taker makes of that. In some cases, the final product has
specific features that would unlikely be obtained without carrying out a specific
process. However, in many other cases, we have the opportunity to strengthen our
inferential argument by looking at both process (Kerr & Chung, 2012) and product.
Most importantly, we need to be precise about the relationship of the claims that we
make and the content coverage and generalizability (Dunbar, Koretz, & Hoover,
1991) on which we base those claims (Frederiksen & Collins, 1989; Messick, 1994).
It is for that exact reason that game-based assessments so far have focused on for-
mative applications that attempt to offer learning and inform learning in low-stakes
environments that tolerate a greater deal of uncertainty.

A final, sociological perspective or notion is about generational shifts over time.
For example, while TV is still a major source of screen-based consumption for
young children (Rideout, 2014), game consumption is catching up quickly at the
cost of nondigital activities (The Entertainment Software Association, 2013). This
means that the value that society places on game experiences is different than it was
mere decades ago. As a result, an evaluation of the merits (and demerits) of summa-
tive GBAs is likely cast within a specific generational context. Similarly, summative
assessments for college admission were a particularly important part of promoting
an equitable, merit-based system for access to higher education. Currently, it seems,
society and employers are more concerned about a lack of twenty-first century skills
such as global awareness, creativity and innovation, information literacy, and cross-
cultural competence (e.g., Scott, 2017). These skills are not typically associated
with admission testing and seem to require a more complex assessment environ-
ment to assess appropriately. We return to this later on.

3.5 Motivation for Game-Based Assessment

So far, we have discussed how games and assessment may correspond, provided an
exceptionally brief introduction to game design theory, and offered some perspec-
tives about GBA more generally. What we have not made clear is what game-based
assessments add over existing assessment paradigms. There are certain claims about
the virtues of more naturalistic or authentic assessments, but there have been far
fewer attempts to substantiate such claims empirically (e.g., Ercikan & Pellegrino,
2017). For example, there are no studies that show that such assessments predict
student learning outcomes. Yet, we have several reasoned motivations that are worth
describing, with the understanding that there is an unfulfilled gap to provide empiri-
cal evidence about implied efficacy.
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There are abundant indicators that there is a rapidly increasing interest in and
adoption of cognitively based assessments by national and multistate assessment
systems (e.g., PARCC, Smarter Balanced, NAEP). By interest in cognitively based
assessments, we mean an interest in assessing and reporting on the cognitive pro-
cesses involved in solving and reasoning about a problem (Leighton & Gierl, 2007).
For example, what specific cognitive strategies did the test taker use and what cog-
nitive errors were made as that test taker developed an answer to a question? How
can that inform subsequent learning goals? Collecting this type of evidence is not a
new interest or desire: there has always been interest in diagnostic, even formative,
assessments that would be able to specifically pinpoint gaps in performance and
preferably reveal how those gaps could be closed. Summative, high-stakes assess-
ments are generally not very well set up to garner such information because their
goal is to obtain highly reliable information about many things, and in fact, rela-
tively little testing time is available given the level and breadth of information that
is expected. Yet, significant investment in the development and validation of cogni-
tive theory provides a basis for making more detailed claims about student perfor-
mance and in particular about intermediate reasoning as evidenced by steps taken
within a problem-solving process as indicators of partial understanding. Add to that
advances in technology, it is possible to view games as a way to create safe, adap-
tive, and engaging (because of learning, achievement) learning and assessment
environments to manipulate otherwise time-, space-, or cost-prohibitive objects
(e.g., Shaffer, 2006; U.S. Army, 2012). In the following, we focus on specific game-
based characteristics that could be particularly advantageous to apply to specific
summative assessments.

3.5.1 Interaction

Alongside the development of cognitive and learning theory, substantial develop-
ment of technology-based assessments has occurred that provides the opportunity to
have interactive conversations with many test takers and collect data reflective of
that interaction (e.g., Ramanarayanan, Evanini, & Tsuprun, 2019). The notion is
that those interactive conversations provide a space to obtain more detailed, reliable
information in relatively little time. Adaptive tests are an example of such interac-
tions that operate at scale, tend to focus on reliability with respect to one or a few
dimensions, and usually entail relatively discrete evidence components (i.e., items
or tasks). Games have a long and successful history of developing, understanding,
and capitalizing on meaningful interactions. Take for example a game such as The
Sims (Electronic Arts, 2018), which provides the user with an extensive environ-
ment to build complex characters, maintain social relationships, and pursue life
goals, all of which interact with each other in intricate ways. As such GBA is emerg-
ing not just as a promise (Gee, 2007; Klopfer, Osterweil, & Salen, 2009) but as a
reasoned approach to learning and assessment (Mislevy et al., 2013). The argument
presented here is that the extraordinary level of interaction typical in game
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environments can be leveraged for assessment to make inferences at a wider range
of grain sizes than current assessments and also to reduce the time required to obtain
reliable information about a wide range of knowledge, skills, and achieve-
ments (KSAs).

3.5.2 Hard-to-Measure Skills

Another area in which games tend to excel is in creating immersive environments
and modeling commensurate complex relationships between game objects, spaces,
and actions, represented in higher order rules. From the hyper-realistic war simula-
tor Battlefield (Electronic Arts) to the addicting fantasy immersion in World of
Warcraft (Blizzard Entertainment), such games present complex environments in
which players need to choose from a wide range of possible actions, need to per-
form many actions simultaneously, and need to respond to highly dynamic circum-
stances and settings. Translating this to assessments, these environments and
associated interactivity present the opportunity to measure skills that are highly
complex. The notion is that those skills are typically difficult to measure effectively
with shorter, discrete items, particularly when there are space, time, or cost con-
straints (e.g., atomic reactions, evolution, solar systems) in place, or, at least, would
require a sizable number of items to collect evidence about all the nuances. Naturally,
these environments are highly contextualized, which presents a potential barrier for
generalizability. On the other hand, one could argue that these skills are only mean-
ingful in particular contexts and not as generalizable as more basic or founda-
tional skills.

Another class of hard-to-measure skills is what are commonly referred to as
twenty-first century skills or soft skills such as creativity, collaboration, critical
thinking, communication, information technology literacy, flexibility, adaptability,
cross-cultural competence, initiative, leadership, and productivity (e.g., Partnership
for 21st Century Skills, 2011; Stecher & Hamilton, 2014). All these skills are com-
plex in nature, could be perceived to manifest as either skills or traits, and can be
faked in basic self-report-based measures. GBAs could provide environments in
which test takers can show these skills rather than report on them. Two obvious
game genres in this context are role-playing and multiplayer games.

In sum, well-designed GBAs can provide rich contexts in which the use of com-
plex skills is required to successfully navigate and solve problems. In addition, the
level of telemetry that can be harnessed from the interactions that take place in said
contexts can provide rich evidence to make inferences about these complex skills. It
is important to note that when we argue that there is a particular fit of the assessment
of more complex skills to GBAs, this does not imply anything about the length of
such GBAs. That is to say, more targeted micro-games that focus on a particular set
of interactions (e.g., social mechanics) can still be highly immersive and complex in
the nature of those particular interactions.
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3.5.3 Engagement

As an entertainment industry, honing maximum engagement is the most critical
component of a commercially successful video game. Due to the emergent nature of
games and the complex interaction between players and game rules, there are no
fixed formulae. However, there are themes (e.g., battling an adversary, getting an
early yet temporary view and experience of success, pursuing a larger-than-life
quest) and mechanics (e.g., compelling environments, goals with levels, interaction
with rewards) that are known to engage players (Koster, 2014) for a sustained
amount of time and place players ideally between boredom (low challenge, high
skill) and anxiety (high challenge, low skill). Each of these pursues basic motivators
of meaningful achievement, control, and relatedness/belonging as described earlier.
Relating this back to the assessment context, there are two important considerations:
learning and student experience. As noted above, one of the primary motivators is
achievement, which is obtained by learning new knowledge, skills, or abilities. As
it turns out, the learning that is so integral to assessment (Bennett, 2010) is also
fundamental to gainful game play (Mislevy, Behrens, DiCerbo, & Levy, 2012). In
other words, games are especially well set up as environments in which KSAs are
learned and tested, including when the learning itself (e.g., speed of learning) is the
object of interest. In terms of student experience, most assessments, particularly
summative, are not known for their engaging nature. After all, ensuring standard-
ized testing conditions to yield reliable, fair, and valid results is paramount above all
else. The argument we make here is that engagement is centrally important to valid-
ity and fairness. Different test formats resonate more or less with different test tak-
ers, and a particular mode induces maximum performance in only some students.
The modes that currently dominate assessment practices (e.g., multiple choice,
short essays) have, to a large extent, been based on logistical considerations (e.g.,
printing, physical shipping, machine scanning, human scoring) that no longer apply.
We would go as far as believing that engagement is an obligation for assessments
(although it might take a while before people pay with a currency other than their
data and privacy to take assessments for their enjoyment). Yet, it is important to note
that the type of engagement in assessment might not be the same engagement in
commercial games and might not be very sensible to compare the two. Most impor-
tantly, assessments purport a larger goal beyond the assessment itself, to obtain
some type of information and make some type of decision based on that, which
transcends beyond the assessment itself. Commercial games generally do not. This
larger goal at the very least means that there is some extrinsic motivation for partici-
pating in the assessment. Discussing intrinsic and extrinsic motivation and the trans-
fer between the two is beyond the scope of this chapter, but the basic notion holds
that the type of engagement of a GBA or a commercial game is likely not comparable.

Many GBAs have been developed in the past decade (e.g., Barab, Gresalfi, &
Ingram-Goble, 2010; Metcalf, Kamarainen, Tutwiler, Grotzer, & Dede, 2011;
Shute, Ventura, & Kim, 2013) across a wide array of academic topics and more
general skills such as social and emotional learning and inquiry. Significant
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empirical data have been collected for many of these, and deeper understanding
about the virtues and challenges is surfacing. For example, organizing and carefully
designing telemetry up front is critical. That being said, a lot is still to be learned
about context, transfer and generalizability, assessment reliability, and validity. In
fact, it is important to note that not everything is better off in a GBA environment.
For example, it is challenging to argue that basic skills’ assessments are best con-
ducted in a game environment in which reliability and generalizability have to be
negotiated. Yet, assessment as we know it currently is, itself, a proxy in many ways,
which we have come to accept as evidence. In the following, we discuss ways that
the goals and methods of games and summative assessments can be at odds and
what that implies for summative GBA.

3.6 Design Trade-Offs

As noted so far, there is substantial overlap across the activities developed, princi-
ples followed, and approaches taken in the design of games, learning, and (educa-
tional) assessments. This is particularly true for formative assessments (Bauer et al.,
2017). There are also trade-offs that need to be dealt with up front when considering
GBAs, particularly for summative assessments. We are highlighting the following
design choices or trade-offs as we see them as particularly fundamental: competing
goals, audiences served, and development practices. As will soon become clear,
some of the trade-offs between games and summative assessments are parallel to
those between formative and summative assessment. Note also that the design
trade-offs differ vastly across use cases.

For many games, an important goal is to provide meaningful, engaging experi-
ences. There are many ways to create such experiences and many more to disrupt
and eliminate those. Possible ingredients for meaningful, engaging experiences are
to provide freedom to explore, freedom to fail without serious consequence, choice,
surprise, success, rich interaction, compelling narratives and themes, and variabil-
ity, to name just a few. For assessments, an important goal is to establish, with rea-
sonable certainty, that a player can (or cannot) do something or knows something,
where that something is often generalized to a higher level of abstraction (e.g.,
grade-level mathematics ability rather than mastery of single-digit additions) and
intended to be predictive. The most effective and scalable way to increase certainty
is to ask the player to show the skill or knowledge of interest multiple times in a
standardized fashion (i.e., replicability) and across various contexts. In other words,
the focus on parallelism and repeated measures of a priori determined generalized
constructs in assessment entails mechanics that, currently, do not work as well with
the need for free discovery, choice, and surprise within meaningful contexts that is
often central to enjoyable games. The notion of “currently” is to emphasize that this
is likely a temporary state in the sense that there is interest in assessing (complex)
constructs in environments that are more similar to the noisy environments for
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which performance is predicted. Some games quite skillfully build those environ-
ments and, therefore, could play a role in developing assessment.

Games provide immediate feedback related to directly observable goals because
there is no desire to make claims beyond the boundaries of the game. Summative
assessments pursue quite the opposite, making no or few claims about what the test
taker just did in the test but instead making claims about what the test taker is able
to do or will be able to do more broadly. In fact, the notions of reliability and com-
parability suggest that we would like to be able to make comparable claims even
when different test takers encounter completely different sets of tasks. Usually
fairly opaque reporting scales are employed to convey those claims at a higher level
of abstraction. Subsequently, the two fields tend to have very different notions of
immediacy. With notable exceptions, games primarily focus on goals that are short
term (a couple of seconds to a couple of hours) and tend to fulfill instant gratifica-
tion needs related to the activity. Summative assessments fulfill a variety of gratifi-
cation terms, from the middle long term (e.g., college entrance examination) to long
term (e.g., certification for a particular profession, job application). That being said,
game studios are actively maintaining user relationships beyond a single purchase
(e.g., platforms such as Steam and various console-based virtual stores), and it is
quite likely that prediction will become an important part of game producers’ reper-
toires in order to develop even more customized, engaging experiences and, as such,
sell more games.

Another related area in which games and summative assessments show some
tension around goals is the notion that successful games provide a way for all play-
ers to be successful in some form. Without a sense of accomplishment, games may
quickly end up on the shelf. Games use a variety of techniques to accomplish this,
including allowing players to select different levels of difficulty, replay the game as
often as they want, save the game at various points, be introduced to new challenges
slowly and with ample opportunity to practice and acquire the required skills first
through inconsequential failure, level up many times or redo previous levels, use
cheat codes in order to bypass particular challenging sections of the game, and play
the game in ways the designers had not even imagined. In high-stakes summative
assessments that are used for selection (e.g., admission, hiring) where there are
more people interested than there are spaces available, a contest occurs (e.g.,
Holland, 1994, cited in Dorans, 2012). Unless in the service of a more accurate
measurement of a skill or ability (Attali & Powers, 2008), there is no intention to
provide all test takers with a way to be successful in some form. In particular, the
assessment has no need to maximize the amount of time test takers engage with the
test once minimum reliability and validity criteria have been met. While there is a
thriving market around test preparation, the assessments themselves do not offer
practice during the testing, and cheating (i.e., playing the assessment in ways that
were not intended by the designers) is one of the most important threats to the cred-
ibility, fairness, and validity of individual assessments. One could argue that adap-
tive testing provides some type of leveling, but the test taker does not have much
choice. Obviously, the goals of drop-from-the-sky or formative assessments are
much better aligned with games in the sense that the intention of those assessments
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is that every learner must be successful by driving education improvement policies
or by providing learning opportunities themselves, as well as indications of how the
learner can improve and master all required KSAs. The growth that particularly
formative assessments aspire to becomes a confounding factor for summative
assessments that aim to provide a singular comparison of what students know
and can do.

Related to the idea of competing goals is the notion that games can be deemed
successful when the engagement and entertainment value of the game can be vali-
dated, pending many other factors such as cost, availability, platform, and so on. For
(summative) assessments, the validation of the assessment claims is what consti-
tutes value and success, pending many other factors such as costs, availability, score
reporting quality and timeliness, and so on. In other words, the validation needs are
distinct because the goals are.

In summarizing the goals, opportunities, and challenges that the game, learning,
and assessment fields hold, several design trade-offs in the design of GBAs surface.
Some of the most salient are the following:

e The surprise and variability important for games versus the need for repetition
and standardization in assessments.

* The need to obtain specific, controlled evidence about a person’s knowledge or
skill in assessments versus the desire to explore freely and provide choice (to
follow a particular path) in games, thereby possibly never providing evidence
about some of the skills.

— Note that there are many games that have the opposite problem. Games such
as Tetris or Pong are very narrow and do provide very reliable evidence about
a particular skill, albeit a skill that is narrow and not very applicable outside
of those games.

* The attraction of a compelling narrative for a targeted segment of the population
in games versus the goal of cross-contextual understanding and the desire to
make fair, generalizable predictions for a very large segment (e.g., all public
K-12 students in a state) in assessment.

e The focus on immediate rewards and gratification in games versus the longer-
term goals associated with assessment.

* The goal to select, classify, and rank in assessments versus the opportunity to try
(and fail) until the player succeeds in a game.

The key challenge is to find instances of games and assessment in which the
goals of the two fields can be met simultaneously and up to some acceptable level.
While none of the goals may be met maximally at the same time, we are looking to
(1) reach levels for each one of multiple criteria that are good enough for our needs
and (2) end up with a joint solution that is optimal across those criteria. For exam-
ple, in GlassLab’s SimCityEDU: Pollution Challenge!, the ability to explore was
preserved, though in a somewhat restricted sense by removing a number of the
capabilities (e.g., no civic buildings were activated), and the assessment goals were
met by developing multiple related challenges and requiring specific actions to be
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applied multiple times in order to be successful in the game (e.g., replacing coal
power plants with cleaner alternatives).

The audiences that are served in a game or an assessment are quite different.
Typically, games serve the player(s) and, possibly, parents of the player who want
their offspring to be entertained in a safe and age-appropriate fashion. Playing the
game is not a requirement imposed by anyone (except the player) in order to obtain
something else. For all practical purposes, the stakes are low to nonexistent, and
failure has little consequence. In fact, failure is an important part of improving the
skills necessary to play the game and, ultimately, succeed. The main barriers to
playing a game are not having access to the necessary equipment, lack of time, and
the possible presence of physical or cognitive barriers in using the equipment (e.g.,
disabilities).

Summative individual assessments ultimately serve the test takers to reach some
goal and remove a barrier placed by someone else (e.g., admission, certification).
However, unlike in games, there is a host of other audiences involved besides the
test taker. Examples are an institution that needs to make good admission and schol-
arship decisions, an institution up for accreditation, a principal evaluating teachers,
a teacher looking to tailor instruction, researchers and policy makers evaluating the
effectiveness of educational policies, policy makers making funding decisions, and
so on. By listing out these audiences, it becomes immediately clear that assessments
are used for decisions about people (and the institutions they belong to), which
demands a high degree of fairness.

A possible tension arises between games and assessments around fairness.
Assessments gain acceptance when they provide a fair opportunity to everyone to
show proficiency. Therefore, assessment designers go through a thorough process to
make sure that the outcomes of a test are identical for those with the same profi-
ciency, regardless of anything else (e.g., gender, age, race/ethnicity, student disabil-
ity). In contrast, most games are built for specific groups of players (i.e., markets)
that are known to buy and play games. For example, action games such as Battlefield
4 are primarily male-oriented (adolescent and up), and games such as Disney
Princess Royal Ball are primarily geared toward preteen girls. In other words, the
techniques that help games be very targeted to a specific audience and bring com-
mercial success would, at the same time, disqualify an assessment. Furthermore,
even within game genres that are nonlinear in terms of the sequence of activities
(e.g., an open area to build on or search in), some students may not receive the same
opportunity to show their skills as others because they may not have encountered
similar problems to solve. The implication is that game genres and mechanics have
to be chosen carefully and scrutinized against a lens of fairness.

By the same token, game-based assessments could provide alternative modes of
assessments for students who may not do as well in more standardized testing envi-
ronments. In that sense, these assessments could actually increase fairness. This is
likely highly dependent on the type of assessment, the construct of interest, and the
context of the assessment and needs to be studied experimentally to substantiate a
claim of fairness. In particular, it would be critical to ensure that the key features of
the targeted skills be challenged in comparable ways even though other aspects of
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the assessment would differ for different test takers based on their background
knowledge and interests—a “‘conditional” sense of fairness (Mislevy et al., 2013).
To do so requires some kind of cognitive model of the targeted skills, such as a
learning progression or theory of domain performance. This idea arises in connec-
tion with the following considerations as well.

With several touch points in the humanities, the design of games and assessments
otherwise primarily draws upon psychology (cognition, learning, motivation) and
logic (computer sciences, reasoning). They also share a grounding in empiricism.
That is to say, what is known, familiar, or held true in both fields, at least until
proven otherwise, is based on empirical research that has tested competing hypoth-
eses in (samples of) populations. For the discussion here, we consider as a hypoth-
esis any idea or practice about what works or does not work for assessments or
games. For example, an assessment or learning hypothesis could be a learning pro-
gression, stating that there are some number (e.g., five) of levels associated with a
construct (e.g., systems thinking, argumentation, proportional reasoning) and that
those levels are progressively more complex. (Ideally the progression would specify
features of situations students encounter and the kinds of things they can do at each
level well enough to guide game/task developers but with enough generality that
different narratives, goals, or mechanics could be employed.) The top level describes
the most sophisticated facility with the construct at hand. A game hypothesis could
be a game mechanic (e.g., the way a character is controlled, how probability is
assigned to an outcome, how many points are earned at a particular junction), stat-
ing that the way the mechanic is defined and executed creates effective and engag-
ing game play. The tuning of the mechanic represents a perfect or near-perfect
interaction with all the other mechanics to yield optimal play. Note that neither of
these hypotheses may in fact hold, but they are defined in a way that they can
be tested.

The approach that the two fields take, however, is vastly different in terms of how
well hypotheses are developed before they are tested, how often hypotheses are
tested, and how quickly alternative hypotheses are developed. This taken together
results in decidedly different development speeds. For assessments, the tendency
and, certainly, the tradition have been to develop hypotheses relatively fully before
any empirical testing occurs. This is in part due to some maturity of the field includ-
ing a rich literature that can be drawn upon to build hypotheses. The empirical test-
ing itself generally takes the form of relatively large samples (e.g., several hundred
up to many thousands) to support statistical modeling of the resultant data. The data
collection at those levels is quite expensive, and therefore, each major study may
only entail a single data collection based on carefully constructed instrumentation
(e.g., a test, an interview protocol). In contrast, the field of game design relies far
more on tacit knowledge from past experiences, and many hypotheses are quickly
developed, tested in small samples (e.g., one or two subjects in a play-testing ses-
sion), and based on relatively low-grade instrumentation (e.g., wireframes, proto-
types, single-slice minimally functional prototype) before the investment is made to
create production-grade materials (e.g., art, coding). Once the end-production pro-
cess has started, the core mechanics are for all practical purposes in lockdown mode.
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A possible tension between assessment and game design might arise around the
different development speeds. Generally, game design will move much faster early
on while assessment design is still developing hypotheses and instrumentation.
Without careful coordination, the assessment designers might bring critical require-
ments to the table when the game designers have already placed the mechanics
in lockdown, at which point the assessment goals of the GBA can no longer be fully
realized (e.g., Klopfer et al., 2009, p. 19 and 31). Alternatively, at a fairly late state
in the development of the GBA, critical requirements surface that result in expen-
sive game redesign work and significant delivery delays. While we presented this as
a possible tension, it is really a design trade-off in the sense that the game design
approach allows for a lot of early, empirically tested, development iterations, which
could be very effective in a field of assessment that is relatively underdeveloped.
Regardless, and on a much more practical level, it is important to start the assess-
ment design very early on, in a highly iterative fashion between game and assess-
ment designers, and to build in significant time during which the game is in the
concept and preproduction stages. This will be much longer than what is considered
normal in game development for those stages and possibly shorter than what is the
norm in assessment development. Even more important is to develop reusable con-
cepts, methods, elements, mechanics, and processes jointly that can be used to
develop future GBAs. In other words, the methods that both fields currently rely on,
such as design patterns or automated scoring engines in assessment and engagement
or feedback mechanics in games, have been established over many iterations. For
GBA, this would not be any different, including carrying out many data-driven feed-
back loops to sharpen evidence elicitation and developing classes of mechanics that
can respond to modifying situations, affordances, and work products.

3.7 Designing Summative Game-Based Assessments

Now that we have discussed in what ways games and summative assessments would
or could fit together and indicated design trade-offs, we lay out considerations for
designing and analyzing summative GBAs. This section builds on the ideas that
summative GBAs are used for traditionally hard-to-measure constructs that require
a considerable amount of interaction and that more basic skills are better assessed
in more traditional formats. This section also relies on the notion that there are many
types of summative assessment and that each use case has different implications for
GBA design.

3.7.1 Gamification, Edification, and Serious Games

Gamification, or the application of game principles to a nongame context including
educational assessments, continues to be the object of substantial controversy (e.g.,
John, 2014). Arguably, a lot of that controversy might be definitional, but the main
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tension that often surfaces is when an existing learning or assessment activity is
enhanced by applying some game mechanics. In the most basic and problematic
form, a game is offered as an extrinsic reward for successfully completing a non-
game activity (e.g., some rote learning work) and is not much different from a par-
ent making game console time contingent on completing homework assignments or
achieving particular grade levels. To state the obvious, we do not consider this
game-based assessment, and the balance is entirely tipped in favor of assessment
(and possibly learning). The opposite would be edufication, in which you try to
(retro) fit learning and assessment experiences into a game in a way that is not cen-
tral to the game. More subtle applications use reward systems (e.g., points, stars,
tokens) that are more directly connected to the activity itself, provide immediate
feedback on success and failure, and set clear intermediate and general goals.
However, it is not clear why this would be considered gamification rather than
aspects of good learning or assessment design. Nothing about those enhancements
creates emergent, highly responsive, or complex rule-based interactions. There is a
newer breed of summative assessments adopting scenarios and, within those, simu-
lations to tap into more complex practices and skills-based (rather than knowledge)
constructs (e.g., NAGB, 2014). These environments do adopt a number of core
game mechanics in a meaningful way and are emergent in the sense that the test
taker can be (temporarily and mentally) transported into an interesting space where
achievements are to be accomplished. We consider scenario-based assessments,
sometimes also referred to as serious games, as a reasonable approach for develop-
ment and research toward summative game-based assessments. When assessing
generalizable skills, such an approach to GBA makes most sense in lower-stakes
contexts such as drop-from-the-sky- and accreditation-type assessments where reli-
ability at the individual level is traded for construct validity of more complex con-
structs. This approach would also make sense in certification-type individual
assessments where demonstrating mastery of a particular practice is critical from a
safety perspective (e.g., electrician, heart surgeon) while a standardized and cost-
effective examination is desired. That being said, the development of such scenario-
based tasks is still in its infancy, and the following design considerations are
pertinent in the pursuit of more engaging, meaningful, and effective interactions to
measure complex constructs:

e Current instantiations are highly constrained and linear in order to achieve rela-
tively certain measurement of relatively narrow concepts. Expanding the (com-
plexity, richness of the) space test takers are able to explore will be critical in
order to better achieve emergence through choice and compelling representation.
This will, in turn, require more detailed competency models to support that level
of complexity, without losing measurement control, likely supported by various
loops that bring the player back or forward to yet untested competencies. As
noted before, this does not necessarily need to imply longer interactions. A Cisco
Networking Academy (CNA) simulation-based game or troubleshooting prob-
lem might take a half hour or more in a learning context, but summative tests and
certification exams obtain more reliable evidence with several shorter simulation
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tasks of only several minutes each to address the low generalizability phenome-
non common to performance assessments (Dunbar et al., 1991). For broader use
in individual achievement tests, developing very short interactions will be
critical.

e Current instantiations are relatively limited in their responsiveness to test takers’
actions, other than recording those actions. There are three considerations for
responsiveness worth pursuing:

— Increase responsiveness to create a more realistic and richer environment that
can more effectively scaffold and provide a level of feedback that invites fur-
ther exploration and discovery.

— Increase responsiveness to create a more realistic environment that can better
represent real-world stressors in a practical component.

— Increase adaptability to optimally balance between boredom and anxiety
given a student’s abilities represented as a complex constellation of
constructs.

All of these would, to a large extent, rely on more detailed competency models
similar to the first set of considerations, in addition to fairly sophisticated psy-
chometric models.

e Current instantiations develop narratives and characters that are relatively shal-
low in order to minimize the time required to introduce the scenario and to limit
potential construct-irrelevant factors. The downside is that such scenarios remain
at a level of abstraction that does not necessarily serve all aspects of construct
validity. A key consideration would be to develop richer narratives through sym-
bolism, graphical representations, and possibly development of environments
that can serve as a space for multiple assessments, similar to how expansion
packs and sequels operate. As mentioned earlier, context dependence relative to
the need to make generalized claims may or may not be a significant issue as the
context might be foundational to those generalizations. (For example, a detailed
inquiry game in the context of volcanoes can provide strong evidence about a
student’s ability to carry out inquiry with volcanoes but necessarily less about
inquiry skills more generally construed.)

3.7.2  Principled Design

As we argued throughout and signified by introducing ECgD early on, principled
design is a critical component for effective GBA development. Without a principled
design process, one is likely to end up with a great game that has poor assessment
properties or vice versa. The implications are that trying to retrofit an assessment in
an existing game or game elements in an existing assessment is not only difficult but
is likely to fail because neither was designed or optimized for this purpose. Besides
the general recommendation to work within ECgD, the following considerations are
important to highlight:
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e Perhaps the most critical aspect is to make sure the assessment goals and con-
structs are represented meaningfully in game objects, rules, and spaces and vice
versa. This requires a balanced design approach that considers both fields simul-
taneously. In a summative context, those objects, rules, and spaces need to be
amenable to shorter interactions in order to be able to present a wider range of
contexts and improve generalizability.

* As a derivative, any design changes have to be considered and negotiated with
consideration for the entire system, which can be challenging when vastly differ-
ent sets of expertise, and therefore resources, are required. On the other hand, if
done well, the measurement and game qualities coincide fully. A unified design
framework that includes design objects such as macro- and micro-designs,
described earlier, that bring together game and assessment design elements that
show the degree to which they satisfy game and assessment design criteria
needed for the solution helps this happen. This is true for any GBA, summative
or formative.

 Finally, it appears that an effective approach for marrying game and assessment
design is to develop four guiding documents (or otherwise information reposito-
ries), in addition to possibly more technical specifications that are specific to the
technology being used (e.g., Unity3D, HTMLY).

— Macro-design—what are the game themes, objects, and narratives and what is
the student model? This document is the basis for pitching the GBA and
working out a high-level concept. For summative GBAs, the themes, objects,
and narratives have to be relatively short, be highly recognizable, and use eas-
ily understood mechanics detailed in the following document.

— Micro-design—what are the specific mechanics, game flow, story line, levels,
evidence model(s), and task models? This document is the basis for develop-
ing the GBA.

— Telemetry—what elements are captured from the activity and what does each
element mean? How does each element contribute to a generalizable assess-
ment argument and what elements can help identify and account for context
effects? This document is the basis for building an evidence collection engine
including the database and data flows into and out of the system.

— Evidence identification and accumulation—how are each of the elements
scored and what does the inferential (statistical) model look like? Does the
model account appropriately for context and generalizability relative to the
purpose of the type of summative assessment, where certification assessments
might require more context and achievement assessments relatively little?
This document is the basis for building the assessment engine including scor-
ing (taking elements from the telemetry document), adaptability (directly
related to elements from the micro-design document), and reporting. This
document is also called the “four-process document” referring to the process
architecture (Almond, Steinberg, & Mislevy, 2002) covering task selection,
evidence identification, evidence accumulation, and reporting.
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3.7.3 Reusability

We discussed previously the notion that reusability of processes, mechanics, meth-
ods, and concepts is critical toward developing an integrated, jointly designed field
that is effective across the goals it set out to achieve. The more designers can reuse,
the less time spent on reinventing, the more time spent on improvement, and the
quicker capabilities accumulate and mature in terms of quality, versatility, and
validity. An important dimension of reusability is the level at which this is pursued.
For example, reusability can be pursued at a very high level by reusing learning
progressions or reusing general analysis tools. As a result, for every reuse, a lot of
specifications have to be established. On the other hand, very specific interactions
can be reused, such as particular character movements, functioning of interactive
features such as levers and buttons, or specific scoring mechanics. As a result, many
separate reused components have to be assembled and tested for interaction for
every reuse.

The aforementioned four-process architecture for assessment systems (Almond
et al., 2002) is one way to efficiently organize reusability. This architecture specifies
the four main processes involved in implementing assessment as well as the various
components, actors, and directions of interaction that are associated with it.
Together, we call that the assessment engine. The basic idea is that each of these
processes and components is reusable as well as replaceable but that their scope is
sufficiently defined that this can be done relatively independently. That is, the aim
of the architecture is to find an appropriate middle ground between fine-grained and
general reusability. At some point, type of technology (soft- and hardware) as well
as basic structure rules (e.g., data formats, how components communicate) need to
be decided on as well, and while this might affect reusability at some level, the point
of the architecture is to specify the messages that need to occur between processes,
rather than a specific technology.

In practice, underlying reusable configurations of the work product, the approach
to evidence identification, and psychometric model fragments can connect game
design and psychometric modeling at the level of an “evidentiary skeleton” that
game designers can clothe with various surface features. At the same time, they can
be assured that to a first approximation, usable and pertinent evidence will be
obtained (Mislevy, Steinberg, Breyer, Johnson, & Almond, 2002) and that assess-
ment goals can be met. As noted before, in individual assessments, security is a
prime concern. In GBAs, this concern is increased because memorable and identifi-
able narratives, characters, and mechanics make it easier to transfer details of the
assessment to future test takers, the fear being that the assessment becomes a
memory test. Reusability of underlying mechanics is critical in order to manage
larger pools of assessment assets that can be strategically deployed to manage
exposure.
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3.7.4 Analysis

A desire of principled design is the notion that opportunities to collect specific evi-
dence are designed into the activity up front and that an analysis model can be
established up front. This is certainly the expectation and practice for established
assessments. It is also practical and efficient when the constructs of interest are rela-
tively well understood, their measurement is well understood, and a well-controlled
measurement that only yields modest amounts of highly targeted evidence can be
organized. Naturally, when an assessment attempts to measure constructs that are
less removed from the complexities of real worlds, achieving a similar level of
understanding and control takes a lot more effort. Subsequently, an iterative process
is established between learning the intricacies of the student model and applying the
student model in a confirmatory fashion. In addition, the vast freedom of movement
that is provided in resultant relatively non-restricted spaces allows for the recording
of many actions. Yet, whether all those actions are pertinent evidence is not neces-
sarily clear, and valuation of that evidence becomes a primary challenge—a chal-
lenge that was self-inflicted in an attempt to better understand the world around us.
Because the action space is less constrained and what players will do cannot be fully
predicted, game designers play-test prototypes and “game slices” early and often
and feed what they learn back into the design.

Returning to principled design, a summative assessment does still require a rela-
tively high level of confidence in evidence, and therefore, a primary consideration
for the development of summative game-based assessments has to be a bootstrap
strategy, in which better controlled measurements are used to triangulate into less
controlled environments. Mislevy et al.’s (2014) first two paradigms for assessment
would describe a starting point as evidence characterized by the third paradigm
developed, eventually letting go of any external evidence sources. Following an
earlier argument made about game-based assessments being particularly apt to mea-
sure more complex skills and practices, at some point, there would logically not be
any triangulating evidence from more traditional assessments, although there could
still be some coalescence around foundational skills. At that point, validity evidence
could be gleaned from parallel and/or multiple measurements in which the question
of context dependence becomes really interesting. More specifically, to what extent
the context is a unique component of the construct rather than one of many possible
contexts is an important consideration in terms of the ability of the assessment
developer to create parallel measurements.

Some tension might arise between principled design and approaches that are
sometimes employed in analyzing the seemingly troves of data representing many
test taker behaviors or actions under the umbrella term educational data mining
(Baker, 2010). In particular, fishing expeditions in this digital ocean (DiCerbo &
Behrens, 2012) are prone to capitalization on chance and not able to withstand
cross-validation. On the other end of the spectrum, statistically powerful models
exist that are highly restrictive in terms of the expected characteristics of the data in
terms of distributional requirements and the relationships among different variables.



3 Summative Game-Based Assessment 59

The understanding of summative GBAs or even just scenario-based assessments is
not at a level that such models are useful, and it is well possible that an altogether
different paradigm is required. The ideal is an interplay between design and discov-
ery, toward the end of a rich but comprehensible performance space that produces
construct-relevant evidence (Mislevy, Behrens, DiCerbo, & Levy, 2012). Although
there is much we have yet to learn about GBA, one clear lesson is that creating a rich
environment, collecting massive data from whatever actions are produced, and hop-
ing that psychometricians will somehow be able to score it is not an effective way
to develop them.

We would argue that in the end, it is all about the level of claims that is desired.
In a summative GBA environment, there are likely some claims that are close to
observed behaviors (e.g., the number of times a quest was completed) and some that
are at higher inferential levels (e.g., the level of functioning of the test taker on a
proportional reasoning learning progression) supported by multiple layers of evi-
dence. As such, the statistical framework should be able to address multiple levels
of inference either in a single comprehensive model or in multiple parallel models.
Naturally, a single model is preferable in order to make consistent connections
between the various inferences. Whatever statistical models are used at a lower level
of inference (e.g., dendrograms and cluster models, classification and regression
trees, Markov decision process modeling) or a high level of inference (e.g., item
response theory models, generalized diagnostic models, structural equation mod-
els), an overarching probabilistic framework should be employed that connects the
various (latent) constructs of interest. Fairly direct approaches that provide a natural
language to both describe and statistically model evidence models are Bayes’ Nets
or directed acyclic graphs (Pearl, 2000). More sophisticated models, such as gener-
alized mixed models (Moustaki & Knott, 2000), make use of one or more link func-
tions to link observable variables to latent variables. Under both these types of
overarching framework models, a wide range of specific inferential models can be
employed. Note that this is also consistent with the idea of reusability and the four-
process architecture introducing and replacing modules relatively independently but
with adequate understanding of the full assessment system.

One component that we have only briefly discussed above under the four-process
architecture for assessment systems is scoring. The trade-off that surfaces is about
what type of inferences is made and under what process (e.g., evidence identifica-
tion, evidence accumulation). In scoring, some form of raw telemetry is converted
to a variable that represents some meaning about correctness, incorrectness, and
sometimes partial correctness. This is accomplished through logical rules that are
being applied (e.g., completing all three missions and taking less than 15 turns is
“correct,” completing only one mission or taking more than 30 turns is “incorrect,”
everything else is “partially correct”) or through some inference that is either
executed by human raters based on some rubric or left to an automated scoring
engine that is trained and, in some cases, based on machine learning techniques.
However, even if those inferences are not explicitly and/or statistically modeled
(such as might be the case with human raters), there are still inferential models
underlying these variables, and the term “observable variable” should not be used
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lightly if some interpretation or scoring has already been applied. More scoring up
front puts more burden on the interpretation of the raw data, while less scoring
places that burden on the sophistication of the statistical modeling. Access to the
lower-level data is critical to bootstrap our way to improvements in assessment
development and scoring.

3.7.5 Empirical Approach

Finally, the confluence of traditionally separate types of expertise and the relatively
primal development level of this field means that each development attempt will
require significant research alongside it, even if reusability is employed to the fullest
extent. This, in turn, will require that much data be collected. The fields of assess-
ment and game design are quite complementary in that sense, and combining the
two should provide a reasonable basis for learning. In assessment, empirical research
is highly methodical and controlled, focusing on field tests with large samples in
precisely targeted populations commensurate the claims that are intended to be
made and before the assessment is used operationally. Given the stakes, an opera-
tional assessment is not something to tinker with, but the investment in any single
item could be relatively small. Therefore, development is to some extent a matter of
the creation of many candidate items, several iterations of expert review, the selec-
tion of items based on a relatively large data collection from a pilot study or field
test, and assembly of those items into operational test forms. In game design, early
on a lot of continuous testing with small samples is conducted (i.e., “play-testing”),
testing out many design choices and working with dozens of versions of very early
vertical slices (i.e., a playable version that addresses most or all core mechanics
once) of the game-to-be (i.e., “preproduction”). The investment in the final game
mechanics, including art and coding all the interactions (i.e., “production”), is rela-
tively large and costly to reverse. Large-scale testing does happen in a beta phase,
when the game is largely out and distributed to relatively large groups. It is perfectly
acceptable in software development to still make a substantial number of tuning
changes to a beta version before general access/release, although the core narrative
and mechanics are cast at that point.

Given that the investment in a scenario-based assessment is more akin to a game
than one or several assessment items in terms of investment and given that much has
to be learned during development, employing extensive play-testing and small-scale
qualitative data collections (e.g., cognitive labs, think aloud protocols, eye tracking)
is critical. Subsequently, given the summative nature of the claims that are intended
to be made (including scores that have to hold for some period of time), a significant
field test or pilot assessment before operational use in the appropriate target popula-
tion will also be required. While such data collections are difficult and expensive,
getting the GBA wrong is likely more expensive than in the game situation. Beta
testing is a very convenient way of large-scale testing: you test the game automati-
cally in your target audience, and you receive feedback directly from your future
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customers, while you can market the game itself. Unfortunately, this kind of testing
will not work in cases in which security is at stake or, as mentioned above, compa-
rable scores have to hold for some period of time and, therefore, is not appropriate
for summative GBAs. As a result, high-stakes summative GBAs will likely be more
focused on relatively well understood, often simpler, mechanics, while formative
and learning applications can be in a far more developmental mode.

3.8 Summary

Trailing game-based learning, game-based assessment (GBA) has quickly grown
from a grant-supported research niche for formative assessment to a venture-backed
start-up industry, initially taking hold in the personnel selection markets. While
there are still many challenges to overcome in terms of generalizability, fairness,
and scalability, for those use cases where an outsize interest is afforded to engage-
ment (e.g., low-stakes drop-from-the-sky assessments) and context (e.g., individual
licensing or certification exams), GBAs provide a compelling paradigm for fulfill-
ing those interests. In addition, for use cases where the construct of interest is inher-
ently complex and situated, digital environments with higher degrees of interactivity
may prove to be the most fair, valid, and scalable way to assessment. This includes
constructs often associated with a new economy, such as collaborative problem-
solving, cross-cultural competence, and global citizenship. In contrast, the case for
GBAs in an individual achievement assessment (e.g., admissions) is rather poor due
to the critical levels of security, generalizability based on an abstract level of infer-
ence, and repeatability placed upon those assessments. Finding a balance for when
GBAs make sense is challenging as society’s desire for different types of informa-
tion about human knowledge, skills, and abilities shifts constantly.

In this chapter, we have discussed a number of perspectives, motivations, ten-
sions, and design considerations for summative GBAs and attempted to answer
questions related to what the core mechanics of games are and how they could relate
to summative assessments. We discussed how games are emergent systems that
require meaningful interaction and are governed by rules. We showed how games
are built for interaction and engagement and provide complex, contextualized envi-
ronments. Therefore, games may be particularly compatible with assessment when
motivation is at stake or more complex skills and cognitive processes are of interest.
Subsequently, we discussed how design trade-offs are at play when developing
GBAs. Foremost, competing goals exist in terms of the need for standardization,
generalizability, and fairness in assessment versus the need for context, compelling
narratives, and freedom to explore in games. In addition, assessments typically
serve broad audiences, whereas games focus on specific market segments, and
lastly, the development speeds in both fields are typically very different. There are,
however, many commonalities and respective strengths across the assessment and
game fields that are important to draw from when designing GBAs. Foremost, it is
important to use a principled design framework to appropriately develop a GBA
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based on strong connections between game mechanics and assessment goals.
Principles of good analysis consistent with the design, the reuse of system compo-
nents, and strong reliance on frequent, iterative empiricism are also important to
build robust GBAs.

Whether the case for summative GBAs is compelling enough is in large part a
question of whether the required investment, which tends to be sizable, is worth it.
Are the types of claims that can be made based on GBAs but not in other ways valu-
able enough (i.e., in terms of warrants or certifications that institutions or employers
are willing to associate with this) that test takers are willing or compelled to pay for
it? For those situations in which GBAs do not necessarily provide unique measure-
ment claims, could they still provide acceptable and fair alternative assessment
modes that institutions and employers are willing to put warrants against and indi-
vidual test takers are willing to pay a premium for because they provide a better or
fairer opportunity to show proficiency for that test taker? It appears that there is
already some empirical evidence that employers see GBA as a worthwhile tool to
aid in their recruitment efforts (e.g., Tsang, 2017). At the same time, efficacy
research and evidence for GBAs is still exceedingly sparse. It appears that, first,
psychometric and cognitive research is needed to better define and validate the
mechanics (i.e., design), evidence, and claims that are intended to be brought
together. Second, this appears to be a particularly appropriate area for partnerships
as well-developed traditionally disjointed fields are brought together, and therefore,
developing and cultivating those partnerships is equally important.

Despite attempts to provide a comprehensive perspective on summative GBAs,
there are several topics that we have not attended to satisfactory and that deserve
more detailed consideration. First, the topic of engagement and motivation in GBAs
is unchartered and untamed territory. We know that there are mechanics that increase
engagement and motivation for specific learners, and we usually strive to improve
intrinsic motivation for learning. However, relatively little is known about the trans-
fer between extrinsic and intrinsic motivators, how engagement mechanics in typi-
cal commercial games transfer to learning or assessment environments, and how
different levels of engagement relate to learning and assessment outcomes. Second,
studying and showing validity and efficacy evidence remains a relatively weak area
in GBA, which is in part due to the level of maturity of the applications and compa-
nies involved (Carolan & Zielezinski, 2019). Third, following the notion that assess-
ment and game mechanics need to be aligned, there is a lot to be explored about
different game types and genres and how they relate to different assessment goals.
Fourth, we have been relatively mute about adaptive and personalized assessment
(and learning). In many ways, games are the ultimate personalized environment at
scale, using levels, power-ups, and unlocking of features and areas to confront play-
ers with increasingly complex and challenging tasks while also ensuring success for
beginners. The goals for summative adaptive assessment are quite different and
mostly related to efficiency. However, it would be important to better understand
where the two are compatible. Finally, we touched on accessibility briefly, doing
this critical topic grave injustice. The rich, visually stunning, and highly interactive
and responsive environments that are typically associated with games are difficult to
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reconcile with the goal of equitable assessments, including for people who are blind
or have low vision. That is not to say that GBAs should be nonvisual only, but we
should strive to develop alternative modes and assistive technologies that can meet
similar goals of engagement and measurement.
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Chapter 4

Stealth Assessment Embedded in Game-
Based Learning to Measure Soft Skills:
A Critical Review

Xinyue Ren

4.1 Introduction

With the development of technologies and popularization of digital devices, learn-
ing styles and delivery models have changed accordingly. The ideas of multimedia
learning, computer-assisted learning, and technology-based learning have been
increasingly adopted by instructors to enhance their students’ learning attitudes,
experiences, and outcomes (Hwa, 2018; Lock, Kim, Koh, & Wilcox, 2018). Among
a variety of e-learning products, digital/video games are regarded as one effective
digital tool to enhance active and engaging learning experience.

The idea of edutainment also incorporates the dual aspects of video games in
performing both educational and entertainment purposes, such as serious games
(All, Patricia Nunez Castellar, & Van Looy, 2016; Caballero-Hernandez, Palomo-
Duarte, & Dodero, 2017; Hwa, 2018). Under appropriate instructional design, these
games can be viewed as an assistive learning tool to complement the weaknesses of
the formal schooling system (Borji & Khaldi, 2014). According to previous research,
digital games have been widely applied in various teaching contexts to successfully
increase students’ learning motivations and promote their academic achievements
(All, Patricia Nunez Castellar, & Van Looy, 2015; Hwa, 2018).

Accordingly, game-based assessments (GBA) can be embedded in digital games
to evaluate learners’ learning outcomes, such as soft skills. However, limited
research has focused on how to effectively design and implement game-based
assessments in virtual learning environments, such as stealth assessment, and few
studies have addressed how to interpret the data collected from stealth assessment
to support student learning (Ke & Shute, 2015). Therefore, the chapter aims to con-
tribute to the knowledge in the field of GBA and lay a foundation for the future
research. The author will first review how stealth assessment has been used to
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measure soft skills in previous studies and then discuss and analyze effective prac-
tices or procedures of stealth assessment embedment for future reference. The chap-
ter will be divided into five parts: (1) the affordances of games on learning
experiences and outcomes, (2) what is learning assessment and what is GBA, (3)
how stealth assessment was designed and implemented to measure soft skills, (4)
critical analysis of effective strategies and procedures, and (5) recommendations for
the future GBA practices.

4.2 The Affordances of GBL

Various features of digital games allow learners to develop active and engaging
learning experiences. First, GBL can potentially promote active participation among
learners (Hwa, 2018). Many studies showed that the degree of control in learning
may influence students’ perceptions, motivations, and learning outcomes (Snow,
Allen, Jacovina, & McNamara, 2014). In GBL environments, learners can enjoy
more autonomy and freedom than in a conventional classroom. This means that
games become an agency in which students can self-regulate their learning plans,
make learning decisions, and actively engage in various learning activities (All
etal., 2015; Snow et al., 2014). As a result, when learners can enjoy more autonomy
to control their learning process, they are more likely to feel motivated and produce
positive attitudes.

Second, a game-based environment can produce an engaging learning experi-
ence for learners (All et al., 2015; Petrovica & Anohina-Naumeca, 2017; Shute &
Ventura, 2013). Emotions and attitudes often influence how learners perceive and
behave (Zull, 2002). Positive attitudes can potentially increase students’ motivation
to learn new information. While playing video games, learners are more likely to
immerse themselves in gaming environments to produce a flow state (Kiili, 2005).
The flow state refers to a period of time in which learners completely engage in the
GBL activities (Kiili, 2005). Other game features, such as simulation and role-
playing, in digital games can also promote engaging and authentic learning
experiences.

GBL can also produce customized learning experiences for learners. Many fea-
tures and elements in digital games include characters/avatars, narratives, lan-
guages, images, and sounds. Usually, users are allowed to make their own choices
in playing the games. In GBL environments, learners can make decisions about
whether to engage in a learning activity or replay a game (Snow et al., 2014).
However, many studies also showed the limitations of user control in producing
positive learning outcomes. For instance, because of different capabilities and pref-
erences among users, many learners may not be comfortable with making their own
learning decisions while learning in GBL environments (Snow et al., 2014). Learners
may lose their motivation or lack appropriate guidance in personalized learning
experiences (Tsai, Tsai, & Lin, 2015).
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Well-designed digital games can provide students opportunities to learn by doing
(Hwa, 2018; Lock et al., 2018). Zull (2002) believed that the learning cycle includes
abstract hypothesis, active testing, concrete experience, and reflective observation.
Similarly, Dewey (1910) also proposed five steps to complete a thinking process:
containing problem discovering, observing the problem, coming up with solutions,
identifying the reasoning behind the solutions, and testing and verifying the solu-
tions. For instance, in order to develop critical thinking skills, experiments are
needed to provide learners opportunities to become knowledge producers. In terms
of the safe environment provided in digital games, students can freely conduct
experiments and test their ideas (Perini, Luglietti, Margoudi, Oliveira, & Taisch,
2018). Dewey stated that experiencing is prior to knowing (Hickman, 1990).
Therefore, various hands-on activities can produce experiential learning experi-
ences, which can effectively support students’ learning outcomes (Brown & Green,
2016; Lock et al., 2018).

Well-designed digital games may also promote the constructivist learning expe-
rience (Flynn, Bacon, & Dastbaz, 2010). Gaming environments are often viewed as
comfortable and welcome places in which learners can interact with others. They
are welcomed to express themselves and contribute their experiences to the gaming
community. For example, learners may produce knowledge according to their indi-
vidual cultural backgrounds and life experiences. Learners are able to control and
create their own stories in the virtual environment. Therefore, in digital games,
especially multiplayer games, rather than emphasizing producing the standardized
learning outcomes, learners are able to create diverse learning environments and
experience social and peer learning (Snead, 2014).

In conclusion, various benefits of digital games give learners opportunities to
experience active and engaging learning experiences. However, it is important to
realize the limitations of digital games in enhancing students’ learning experiences.
Many elements may have an impact on students’ GBL experience, such as their
gameplaying experience, perceptions, learning styles, motivations, and quality of
digital games. Hence, learning experiences may vary according to learners’ charac-
teristics and experiences (Mayer, Warmelink, & Bekebrede, 2013).

4.3 What Is GBA?

In formal educational institutions, evaluation methods, such as standardized or
high-stake tests, are often used to measure students’ learning progress and out-
comes. However, these measurements are problematic in their indication of learn-
ers’ authentic academic achievements. They are usually used to provide final
judgments, rather than to support students during their learning (Shute & Ventura,
2013). These evaluation approaches are limited in assessing a higher level of think-
ing skills and complex competencies. As a result, these traditional evaluations often
fail to provide effective feedback during the learning and producing of valid and
reliable findings in order to inform instructors of how to enhance students’ learning
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experiences and outcomes (De Klerk & Kato, 2017). Therefore, in order to engage
and empower learners, there is a need to consider designing and developing other
alternative assessments.

4.3.1 Assessment

Assessment plays an important role in supporting student learning in formal educa-
tion (Lock et al., 2018). Assessment often involves data collection, analysis, and
interpretation (Shute & Ventura, 2013). Usually, for pedagogical purposes, assess-
ments include formative, summative, and confirmative evaluations, and each is used
at different stages for various purposes (Caballero-Hernandez et al., 2017; Morrison,
Ross, Kemp, & Kalman, 2010). For instance, formative assessment refers to “the
quality control of the development process” (Morrison et al., 2010, p. 254). This
type of evaluation is often used during the curriculum development, with aims of
identifying the effectiveness of learning materials and learners’ capabilities and pro-
viding timely feedback to support student learning. Feedback from formative evalu-
ation can be used as evidence to revise the learning materials or objectives (Faizan,
Loffler, Heininger, Utesch, & Krcmar, 2019). Formative assessment also indicates
the benefits to better accommodate the needs of learners to enhance their learning
outcomes (Morrison et al., 2010; Shute & Ventura, 2013).

Summative assessment refers to the method used to measure the final learning
outcomes of a module or a course. It aims to measure several aspects, including the
efficiency of learning materials, the cost of course development, and the learners’
perceptions (Morrison et al., 2010). Results from summative assessment can indi-
cate whether the expected learning objectives are achieved.

Confirmative assessment is also known as a follow-up or future-oriented evalua-
tion with an aim to measure the effectiveness of a course over time or the continuity
of learners’ performance (Dessinger & Moseley, 2003; Morrison et al., 2010). It can
be divided into two types: learner and context oriented. Because of the changes in
learners’ characteristics and learning contexts over time, the success of courses may
not remain the same in a long run. In this case, a confirmative evaluation is neces-
sary to obtain follow-up data to help instructors further understand the quality of
their curriculum design. They may perform continuous revisions accordingly to sus-
tain the effectiveness of their courses.

In conclusion, different types of assessment methods address various features
and purposes. Instructors may choose the assessment methods according to their
specific contexts and objectives. Most importantly, when designing and develop-
ing assessments, instructors should ensure the alignment between predefined
learning objectives and tasks (De Klerk & Kato, 2017; Lock et al., 2018; Morrison
et al., 2010).
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4.3.2 Various Categories of GBA

When appropriately integrated and guided, well-designed games may serve as a
pedagogical platform to motivate learners in various learning settings. Evaluation
approaches, mainly external evaluation instruments, can be applied to assess the
learned knowledge before, during, or after playing the games (Caballero-
Hernandez et al., 2017; Petrovica & Anohina-Naumeca, 2017; Shute & Ventura,
2013). However, many researchers realized the limitations of relying on these
approaches to produce authentic knowledge assessment results. They believed that
the potentials of games make them become suitable tools to perform educational
and assessment purposes simultaneously (Kim & Shute, 2015; Petrovica &
Anohina-Naumeca, 2017).

According to various evaluation purposes, assessments in gameplaying environ-
ments can be categorized into several types (Caballero-Hernandez et al., 2017). For
example, some assessment methods can be used to identify learners’ prior knowl-
edge, such as diagnostic tasks, or to provide feedback on learners’ self-paced learn-
ing skills, such as integrative tasks. According to different implementation strategies,
assessments can rely on game scoring and in-game or out-game instruments. For
assessment integration, methods may include monitoring accomplished levels, add-
ing missions and quests, and comparing learners’ game performance with assess-
ment models, quizzes, and peer evaluation. Other types of assessments are developed
based on different stages. For instance, assessments can be used to analyze learners’
performance in process or when they reach the game goals. Teachers may observe
learners in gameplaying conditions to produce evaluation results. Therefore, instruc-
tors may consider their specific teaching contexts and learners’ experiences while
making decisions on assessment methods and integration strategies in a GBL
environment.

4.3.3 Stealth Assessment

In order to validly measure soft skills, it is important to rely on performance-based
data (Shute & Ventura, 2013). Authentic performance can indicate the transferabil-
ity of these competencies in a real-world situation, which can produce reliable
feedback and findings (All et al., 2015). However, it is often challenging to mea-
sure competencies, especially soft skills, in a realistic situation, or accurately inter-
pret the data. In formal learning settings, instructors may face difficulties creating
situated scenarios to measure learners’ performances. Owing to the elements of
digital games, such as simulation and role-playing, instructors may rely on GBA to
better evaluate and infer learners’ performances in virtual environments (Faizan
etal., 2019).

Generally speaking, GBA includes internal and external assessments (Caballero-
Hernandez et al., 2017; Petrovica & Anohina-Naumeca, 2017). Internal assessment,
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also known as stealth assessment, refers to an embedded assessment method to
measure students’ performances in gameplaying environments. Stealth assessment
is an invisible and ubiquitous evaluation method, aiming to support student learn-
ing. Without disruption, learners can maintain their flow state (De Klerk & Kato,
2017; Petrovica & Anohina-Naumeca, 2017; Shute & Ventura, 2013).

Gameplaying can potentially indicate users’ actual behaviors, skills, and compe-
tencies when facing problems (Shute, Wang, Greiff, Zhao, & Moore, 2016). While
being evaluated by stealth assessment, learners can reduce their test anxiety and
perform in an authentic manner (de-Juan-Ripoll et al., 2018; DeRosier & Thomas,
2018). Their performances, interactions, and solutions will become data and evi-
dence to indicate their authentic competencies when completing various tasks to
reach the final goals in games (De Klerk & Kato, 2017; Shute et al., 2016; Shute &
Ventura, 2013; Snow et al., 2014).

Hence, this kind of assessment can be embedded in GBL environments to validly
and reliably monitor learners’ behaviors, capabilities, and outcomes (Shute et al.,
2016; Shute & Ventura, 2013). The assessment findings can potentially inform
instructors to make decisions concerning the improvement of learning materials or
the revision of learning objectives to enhance student learning.

4.3.4 Benefits of GBA

In terms of the benefits of GBL in promoting active and engaging learning experi-
ences, it is reasonable to discuss the use of GBL environments to complement the
restrictions of traditional formal learning settings. Similarly, GBA demonstrates the
possibility of evaluating skills in a realistic situation to produce valid and reliable
results, which is often impractical through conventional assessment methods (De
Klerk & Kato, 2017). Therefore, GBA presents the possibility of supplementing the
weaknesses of standardized and high-stake tests.

GBA is increasingly viewed as a beneficial tool, which can bring many advan-
tages. First, GBA can be used to evaluate many competencies which cannot be
appropriately tested in paper-based assessment methods (DiCerbo, 2017). In digital
games, learners are required to complete a series of tasks to achieve the goals. With
the development of technologies, well-designed digital games can provide learners
with interactive and simulation-based learning experiences (Perini et al., 2018). In
this way, learners are able to react, make decisions, or take actions according to the
realistic settings they are facing (De Klerk & Kato, 2017; DiCerbo, 2017). Their
reactions and actions will be recorded and assessed to indicate their capabilities and
valued competencies.

Second, GBA can provide positive testing experiences for learners (DiCerbo,
2017). Many conventional assessment methods negatively influence students’ learn-
ing experiences, such as test anxiety (De Klerk & Kato, 2017; Petrovica & Anohina-
Naumeca, 2017). The unpleased experiences may have a negative impact on their
test performance; as a result, these traditional tests cannot be used to indicate
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reliable and valid outcomes. Alternatively, while playing games, GBA can poten-
tially maintain learners’ flow state to reduce their test anxiety. Moreover, without
external interruption, learners are able to perform in an authentic manner, and
assessments may produce accurate and valid results (Kim, Almond, & Shute, 2016).

Moreover, GBA embedded in the game-based environment may record and col-
lect small and big data to increase the validity of measurement results. GBL envi-
ronment can be used to track and capture learners’ actions and decisions (Alcafiiz,
Parra, & Giglioli, 2018; DeRosier & Thomas, 2018). In GBL environments, learn-
ers are able to perform the larger number of tasks than that in traditional learning
settings (De Klerk & Kato, 2017). Various performances can produce large numbers
of data to increase the trustworthiness of assessments. For instance, while playing
games, learners can produce large quantities of process data, such as their log data,
clicks, moves, and other behaviors that are unobservable through conventional
methods (DeRosier & Thomas, 2018; Faizan et al., 2019; Ke & Shute, 2015; Snow,
Likens, Allen, & McNamara, 2016). This information can be recorded stealthily and
constantly to provide small or big data, and they can be further analyzed to produce
numerous interesting outcomes. Meanwhile, the results may help instructors better
understand how students perceive the information, how they behave to reach the
learning objectives, and their personal improvements.

In conclusion, in GBL environments, GBA indicates many benefits. For instance,
GBA can be embedded to evaluate many competencies which cannot be appropri-
ately tested by conventional assessment methods. GBA can potentially increase the
validity of results through analyzing authentic performances and data. However,
people often face the challenges of accurately interpreting the data collected from
implementing GBA and building relationships among the data. For example, the
researchers need to first identify which variables are useful to indicate different
capabilities (De Klerk & Kato, 2017; DiCerbo, 2017). However, multiple variables
may also complicate the data analysis and interpretation. Therefore, De Klerk and
Kato (2017) believe that it is often challenging for instructors and researchers to
conclude the results by relying on GBA.

4.4 Stealth Assessment and Soft Skills

Many researchers believe the necessity of developing twenty-first-century compe-
tencies (Shute & Ventura, 2013). However, soft skills are often ignored in curricu-
lum development and assessment in formal educational institutions (Lock et al.,
2018). Soft skills are competencies that are valued to be successful in the twenty-
first century, including critical thinking, creativity, problem-solving, time manage-
ment, information literacy, team work, and others (De Klerk & Kato, 2017; Faizan
et al., 2019; Lock et al., 2018; Shute et al., 2016; Shute & Ventura, 2013). Because
of the limitations of curriculum and assessment in formal education, many compe-
tencies, such as problem-solving skills and creativity, cannot be appropriately and
accurately measured by traditional evaluation approaches (Kim et al., 2016).
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For instance, problem-solving skills cannot be effectively assessed to reflect on a
real-world situation through predefined conventional assessment methods (Shute &
Ventura, 2013). Creativity cannot be directly tested in paper-based assessments.
Instead, these competencies should be divided into small skillsets or psychometric
components. Researchers may analyze these variables to produce valid inferences
about students’ knowledge and competencies. Under various circumstances, digital
games can be viewed as an alternative platform to provide simulated environments
to develop and evaluate these soft skills in real time (Faizan et al., 2019).

In order to tell whether learners are able to successfully gain these competencies
through various learning activities online, there is a need to develop appropriate
assessment methods to support their learning. In terms of the benefits of formative
assessment in providing feedback during the learning process to enhance learning
outcomes, the author will mainly focus on stealth assessment, one type of formative
assessment in GBL environments, in the following section. Through investigating
previous studies, the author will further discuss GBA design and implementation
strategies, the advantages of stealth assessment in measuring soft skills, stealth
assessment implementation, and analysis.

4.4.1 GBA Design Strategies

The evidence-centered design (ECD) is a framework that can be applied to produce
valid and evidentiary arguments in GBA (De Klerk & Kato, 2017; DiCerbo, 2017,
Kim et al., 2016; Shute & Ventura, 2013). The framework contains several models,
including student/competency model, task model, evidence model (demonstrated
by scoring model and measurement model), and assembly model (De Klerk & Kato,
2017; DiCerbo, 2017; Kim et al., 2016; Shute & Ventura, 2013). Each model deals
with a specific purpose. For instance, the competency model focuses on the vari-
ables that the researchers aim to measure, and the task model may be used to design
in-game tasks to measure the defined variables (DeRosier & Thomas, 2018; Kim
et al., 2016). Usually, the design process involves several iterative cycles, which
include hypothesis, prototype, test, and revise (DiCerbo, 2017). Different models
interrelate with each other to build solid assessment arguments.

For example, DiCerbo (2017) introduced a GBA approach to enhance third grade
students’ understanding of geometric measurement. First, the researchers investi-
gated relative research and standards to define what knowledge should be contained
to meet the reasonable learning objectives. Next, they understood learners’ prior
knowledge in the field of geometric measurement. According to the learning objec-
tives and learners’ knowledge, they designed four aligned tasks at different levels
and asked the participants to test these tasks. After each iteration, the evidence
model was used to indicate participants’ performances and the effectiveness of pro-
totypes. As a result, assessment developers can redesign the tasks after several itera-
tive tests and analyses, and the redesigned tasks may better align assessment goals
(focal competencies) and learners’ performances (Shute & Ventura, 2013).
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Kim et al. (2016) further described the procedures they used to develop GBA
based on Bayes nets. The procedures can be meaningful for future reference, which
include (1) identifying variables and their relationships to align with the assessment
purposes, (2) building the structure of network containing variables and observ-
ables, (3) distinguishing the level of each indicator from others, (4) deciding appro-
priate values or levels for each parameter, (5) taking the difficulty levels of games
into consideration when assigning values to variables, (6) calculating and scoring
variables, (7) calibrating the conditional probability tables (CPTs) and improving
the Bayes network based on the pilot study, and (8) reviewing and solving unex-
pected problems based on collected evidence to increase the validity of assessment.

Moreover, DiCerbo (2017) states that choice is an important component in digi-
tal GBA, which can be used to distinguish games from other multimedia learning
resources, such as tutorials. On the one hand, assessment developers should assume
that learners may fail when performing GBA. On the other hand, they need to inte-
grate easier options to maintain their engaging experiences. Therefore, designers
should develop and balance different levels of choice to accommodate various capa-
bilities of learners.

All in all, the design of GBA is a complicated and time-consuming process.
Instructors should know about how challenging it is to convert games into GBA or
to embed assessments to existing games before taking GBA into consideration in
their courses. Although ECD and Bayes network are not the only design strategies,
they may be helpful to promote the GBA design process.

4.4.2 GBA Practices

After understanding the benefits of stealth assessment, the following section will
discuss effective practices of implementing and interpreting stealth assessment.
After researching more than 400 papers, Caballero-Hernandez et al. (2017) deter-
mined the most popular methods among a variety of assessment types in GBL envi-
ronments. For example, according to various aims of the assessment, a majority of
researchers integrated formative assessments to produce feedback to support the
learning process. In terms of the assessment implementation, Caballero-Hernandez
et al. (2017) found three frequently used methods, including game scoring, in-game
assessment, and game scoring with external assessment. For assessment integration,
monitoring of accomplished states and levels was frequently used to identify play-
ers’ performances and skills (Ke & Shute, 2015). Moreover, in-process assessment
was used as the main method with which to indicate players’ performance during
the gameplay.

Therefore, the effective practices of stealth assessment often rely on the combi-
nation of various types of assessment instruments, including formative, embedded,
and in-process assessments, as well as assessment methods, including collecting
data from game scoring and monitoring. Their combination may increase the valid-
ity of GBA to better measure players’ competencies and identify learners’
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performance during the gameplay. Moreover, when implementing GBA instru-
ments, instructors should consider students as an important part in GBL environ-
ments (Lock et al., 2018). In order to increase the effectiveness of GBA, instructors
need to help students understand the affordances of digital games and the benefits
of GBA. Instructors may also regularly check to ensure the alignment between
assessments and learning objectives (Lock et al., 2018).

4.4.3 Stealth Assessment on Soft Skills

As mentioned before, GBA is increasingly popular in the field of education. Stealth
assessment indicates its advantages in reducing the interruption of test anxiety to
maintain learners’ flow state. In this way, when facing problems in GBL environ-
ments, learners are more likely to conduct their performances and make their deci-
sions in authentic manners. According to previous studies, stealth assessment was
commonly applied in different subject areas to produce more reliable and valid
results compared to other traditional assessment methods. In terms of the impor-
tance of soft skills in the twenty-first century, there is a need to discuss how to
effectively integrate stealth assessment to measure these valued competencies.
Thus, in the following section, three studies will be analyzed to address the integra-
tion of stealth assessment to measure soft skills.

First, Mayer (2018) introduced the use of a serious game to train and assess
teamwork. Team performance and quality are often too complicated to be measured
in a real-world scenario. In order to rely on serious games to increase the efficacy of
training and assessment, Mayer (2018) believed that determining learning objec-
tives and the validity of the serious game were necessary. Traditionally, researchers
had to collect data through observation and analyze the data thorough structured
psychometric approaches. Due to the advantages of digital games, stealth assess-
ment can be used to collect and analyze data invisibly while playing the game. As a
result, the data can be valid enough to serve as an indication of team performance
and quality.

A multiplayer digital game, TEAMUP, was used for teamwork training and assess-
ment purposes. Participants (n = 424) were asked to complete pre- and post-game
surveys to establish the relationship between in-game assessments and teamwork
measurements. After completing the game, game scores and in-game performances
were analyzed to indicate their teamwork. Mayer (2018) conducted a regression anal-
ysis to conclude that in-game performance indicators, such as error, were signifi-
cantly correlated to team performance. However, other performances, such as time
and distance, were influenced by participants’ age and gaming experience.

Shute et al. (2016) introduced the use of stealth assessment to measure problem-
solving skills in a GBL environment. Problem-solving skills play a functional role
in people’s life, work, and study. However, because of the limitations in school
contexts, structured curriculum and evaluation methods cannot be flexibly converted
to develop and assess problem-solving skills. Therefore, researchers investigated
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the embedment of a digital game, Use Your Brainz, to measure middle school stu-
dents’ problem-solving skills. At first, all participants (n = 47) were required to play
the game 3 days. After completing the game, the participants were asked to com-
plete two problem-solving skill tests, Raven’s Progressive Matrices and MicroDYN,
and a demographic survey. The researchers further developed a competency model
and determined in-game performance indicators and model variables to measure
problem-solving skills by investigating previous literatures.

The results of a multiple regression showed that in-game performance indicators
were significantly correlated with two external tests, which indicates the validity of
the assessment of problem-solving skills. As a result, the researchers believed that
stealth assessment is useful to indicate not only students’ problem-solving skills but
also different levels of each indicator. Accordingly, instructors may provide suitable
remediations to support and improve their students’ problem-solving skills. The
researchers further mentioned that it is crucial to select appropriate external mea-
sures to align with problem-solving skills and stealth assessment.

Shute and Ventura (2013) developed a simulation-based game, called Newton’s
Playground, and embedded stealth assessment to evaluate three competencies,
including creativity, conscientiousness, and physics understanding. Creativity refers
to the ability to create novel, quality, and appropriate approaches to solve a task. At
first, the researchers created different levels of the problems. In order to increase the
validity of creativity measure, the researchers developed a competency model of
creativity based on reliable creativity tests. Indicators include cognitive skills, such
as fluency, flexibility, and originality, and dispositions, such as openness and risk
taking. The participants (n = 150) were required to complete a pretest and posttest.
Tutorials were provided to help students be familiar with the game. As a result, the
competency estimates were correlated with the results of external measures.

Thus, stealth assessment can be effectively used to measure soft skills, such as
teamwork, problem-solving skills, and creativity. However, GBA indicates its limi-
tations in accurately measuring individual competencies. Learners’ backgrounds,
such as their age and gaming experiences, may influence their in-game perfor-
mances, and random errors may affect the accuracy of their performance data and
outcomes in gaming environments (DeRosier & Thomas, 2018). For example, expe-
rienced gameplayers may perform tasks better than those without much gaming
experience. In order to produce reliable results, researchers may consider control-
ling these confounding variables when integrating GBA to analyze players’ skills
and competencies.

4.5 Critical Analysis

GBL is beneficial in providing learners with active and engaging learning experi-
ences. The idea of assessment embedment in GBL environments is increasingly
developing in the field of education. Many soft skills are highly valued in the
twenty-first century; however, limited instruments can be used to measure learners’
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performances. Among various types of GBA, stealth assessment is viewed as an
effective method to unobtrusively measure learners’ behaviors, with an aim of sup-
porting student learning. Thus, stealth assessment is suitable to measure some soft
skills which are often too complicated to be accurately measured by conventional
evaluation methods. Due to limited research focusing on the use of stealth assess-
ment as well as the design and implementation strategies to measure soft skills,
there is a need to review and analyze previous studies for the future reference.

Many competencies and soft skills are multidimensional concepts. It is often dif-
ficult to measure them in a traditional single-dimensional manner (Kim et al., 2016).
According to previous studies, ECD and Bayes network are two important frame-
works to produce valid assessment instruments in complex learning settings, such
as GBL environments. Many researchers highlighted the necessity of iterative
designs while developing GBA. An initial product may not be the perfect one.
Continuous improvement and adjustment may better accommodate various learning
types and contexts, which can be used to increase the validity of GBA.

Previous studies also indicated some strategies when developing GBA. For
example, researchers may develop reliable competency models to indicate various
in-game performances. Indicators and variables of the competency model can be
effectively used to analyze the multifaceted construct of each competency. While
embedding in-game assessment, external measures, such as surveys or tests, are
needed to validate stealth assessment. Moreover, it is necessary to align reliable
standards, assessment, and measurable learning objectives when developing
GBA. However, some external variables may influence learners’ gameplaying expe-
riences and performances, such as gaming experiences or performance errors.
Therefore, it is important for researchers to carefully control the influence of these
variables and reduce their impact on the accuracy of the results.

All in all, not every game is suitable to serve as a pedagogical tool, and not every
game can be converted into a GBA instrument. It is often time-consuming to develop
valid in-game assessment methods. Hence, the practitioners should take some fac-
tors into consideration before implementing strategies to embed assessments in
GBL environments. For example, they may consider the purpose of assessment and
identify the competencies which need to be measured before deciding whether it is
reasonable to embed GBA as an instrument to measure students’ in-game perfor-
mances or learning outcomes. Although ECD and Bayes network can be helpful to
develop in-game assessment tools, they are not the only options. Instructors may
design GBA based on their specific situations, such as learners’ experiences and
learning contexts.

4.6 Recommendations for Future GBA Practices

After understanding how to design and implement GBA, several recommendations
for the future practices will be discussed. First, it is important to notice that the
development of GBA is grueling and time-consuming. In order to produce valid and
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reliable assessment prototypes, researchers often need to continually design, test,
andrevise, indicating aniterative cycle of designing and developing GBA. Sometimes,
players may face the problems which the designers did not expect. Under this cir-
cumstance, teamwork, collaborations among professionals in different areas, is nec-
essary. The design team may include subject matter experts (SMEs) or content
experts, game developers, technologists, and assessment designers (DiCerbo, 2017).

In addition, assessment developers may take learners’ differences into consider-
ation when developing GBA (All et al., 2016). Learners are different from each
other and from various backgrounds, which may lead to different levels of skills and
prior knowledge. These differences will affect their emotions, perceptions, and
learning experiences in game-based environments. Therefore, in order to ensure the
accuracy of in-game performance data, team members may consider how to main-
tain fairness among learners from diverse backgrounds and reduce the impact of
these differences on their outcomes (Kim & Shute, 2015).

Instructors may also consider adopting additional components to enhance GBL
outcomes and assessment. Gameplaying can motivate students to produce active
and engaging learning experiences. However, gameplaying alone is not enough to
effectively let learners obtain knowledge and to assess their capabilities. Therefore,
instructors should rethink about the role of digital games and in-game assessment in
their specific contexts. For example, digital games may play a complementary role
to traditional teaching methods. Instructors may consider integrating other strate-
gies to enhance students’ learning outcomes and the effectiveness of measurements,
such as group discussions or debriefing sessions.

Institutions should provide support services to promote the development of
GBA. For example, technical support should be available to promote learners’ GBL
experiences. Institutions may also provide benign environments where instructors
can take risks to develop innovative assessment strategies (Lock et al., 2018).
Moreover, administrators may adjust institutional policies to encourage collabora-
tions among various parties to promote curriculum development and GBA design.

4.7 Limitations and Recommendations

The chapter aims to lay the foundations for the future practices and research and
mainly discusses the use of stealth assessment from a theoretical angle. Researchers
may consider building on the theoretical base to conduct studies to investigate the
effectiveness of stealth assessment to measure soft skills in various contexts. The
author only discusses how to embed stealth assessment as a formative assessment
method to provide learners with feedback during their learning process. Future
research may investigate how to embed summative or confirmative assessments in
GBL environments. Other researchers may discuss how to balance game design and
the effectiveness of GBA, such as how to maintain game design considerations
while improving the validity and reliability of assessments.
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The chapter exclusively focuses on how stealth assessment was used to measure
soft skills, including teamwork, problem-solving, and creativity. Future research
may investigate the integration of stealth assessment to measure other types of soft
skills, such as leadership, time management, and critical thinking. Other researchers
may also focus on the effectiveness of other types of GBA, such as external assess-
ments and game scoring, to measure soft skills or the limitations of GBA on soft
skills measurement. Moreover, with the development of technologies, researchers
may study the effectiveness of stealth assessment in virtually situated environments,
such as virtual reality (VR). Due to different genres of digital games, future research
may compare and contrast design and implementation strategies between serious
games and commercial games. Learners’ characteristics may influence the effec-
tiveness of GBL and GBA; further research may investigate the correlations between
in-game performances and different variables, such as learners’ readiness, comfort
level, and motivation.

4.8 Conclusion

With the development of technology, digital games have been widely applied in
learning settings to enhance students’ learning outcomes. However, GBA is still
underdeveloped in the field of education. In many formal educational institutions,
instructors often rely on traditional summative assessment methods to evaluate stu-
dents’ academic performance and the effectiveness of learning materials. In GBL
environments, many instructors may choose external assessment tools to measure
students’ learning outcomes. However, these types of assessment indicate some
limitations in producing accurate and reliable results, especially when real-time
performance-based data is necessary to interpret students’ competencies (Alcaiiiz
et al., 2018). Therefore, to address the weaknesses, there is a need to develop alter-
native assessment tools to increase the validity of measurement. One example of
GBA is called stealth assessment, which is beneficial in collecting students’ perfor-
mance data invisibly and providing reliable feedback to enhance their learning
outcomes.

In the twenty-first century, some competencies, such as problem-solving, critical
thinking, and teamwork, are highly valued. Stealth assessment is useful to evaluate
learners’ in-game performances, but limited research has focused on the integration
of stealth assessment to measure soft skills. Therefore, in the chapter, the author
reviewed previous studies and further discussed effective practices and procedures
of implementing stealth assessment to measure soft skills. Eventually, the author
concludes several strategies to design and implement GBA in the future practices.
For instance, instructors should know about the purpose of assessment or what is
the competency to be measured. ECD and Bayes network may be appropriately
used to develop GBA, but instructors should take their specific contexts into consid-
eration. Assessment needs to align with measurable variables and learning objec-
tives, so it is important to rely on external measures to increase the validity of
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stealth assessment. In this case, the indicators and variables of the reliable compe-
tency models can be used to effectively measure learners’ in-game performances.
Moreover, instructors should understand how challenging and time-consuming the
process is. ECD and Bayes network include testing and revision components; thus,
it is necessary for instructors to work with other experts, such as SMEs in assess-
ment and game developers, to constantly make reasonable adjustments to ensure the
reliability of GBA instruments.

Through invisibly collecting students’ authentic performance-based data, stealth
assessment indicates its benefits to reduce their test anxiety and increase the accu-
racy of evaluation results. In this way, the results may inform instructors of provid-
ing reasonable remediations to support student leaning. However, there is no perfect
model of embedding stealth assessment to measure soft skills in GBL environments.
Instructors may develop or refer to appropriate GBA development frameworks
according to their students’ needs and learning contexts. With the development of
technologies, high-quality digital games may support interactive and immersive
learning environments in which instructors can better conduct training and assess-
ment. Virtual reality and simulation technologies can also be applied to train and
measure complex competencies (Alcaiiiz et al., 2018; de-Juan-Ripoll et al., 2018).
Moreover, due to the implicit nature of stealth assessment, instructors should realize
the ethical issues involved in the measurement and handle personal data in a respon-
sible way.

In conclusion, the chapter aims to review previous GBA design practices and
analyze strategies and procedures of embedding stealth assessment to measure soft
skills. The findings from this chapter will contribute to the body of knowledge in the
field of GBA and lay a solid foundation for the future research and design practices.
Due to the complicated process of designing GBA, it remains underdeveloped in the
field of education and educational evaluation. However, because of the promising
future of GBA to engage and empower students, there is a need to encourage the
adoption of GBA to classrooms. The chapter intends to provide meaningful infor-
mation to advocate GBA design and implementation in the future teaching and
assessment activities. However, instructors should always keep in mind that digital
games or in-game assessment are one example of many tools to facilitate students
to achieve learning objectives. They should select the technology for the sake of the
learning benefits rather than technology itself.
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Chapter 5
Intrinsic Motivation in Game-Based
Learning Environments

T. Fulya Eyupoglu and John L. Nietfeld

5.1 Introduction

With the increased use of game-based learning environments (GBLEs) in educa-
tional settings, more attention has been directed toward understanding the motiva-
tional benefits and challenges presented in those environments. In educational
research, the study of motivation has a rich literature in traditional learning environ-
ments and a growing presence in digital learning environments. Motivation has been
defined as physiological processes involved in the direction, vigor, and persistence
of behavior (Moos & Marroquin, 2010). The end state that educators desire to
achieve is a motivated learner who is self-determined and driven by his or her own
desire (Garris, Ahlers, & Driskell, 2002).

GBLEs are appealing because of their potential as motivational learning tools
(Ke, 2009), and to date, many different motivational constructs (i.e., goal orienta-
tions, self-efficacy, interest) have been investigated. Yet, findings related to the
impact of motivation on learning in GBLEs have been mixed (Clark, Tanner-Smith,
& Killingsworth, 2016; Wouters, van Nimwegen, Oostendorp, & van der Spek,
2013). Within this literature, there has been particular emphasis paid to the construct
of intrinsic motivation (Garris et al., 2002). Intrinsic motivation has been character-
ized as performing an activity for the inherent satisfaction of the activity itself (Ryan
& Deci, 2000), as opposed to extrinsic motivation that represents a desire to engage
in behavior due to external incentives, such as money, grades, and praise (Moos &
Marroquin, 2010).

The work of Malone and Lepper (1987), which proposed a link between motiva-
tion and intrinsic learning, has been adopted by many studies of GBLESs primarily
focusing on four factors: challenge, curiosity, control, and fantasy (Huang, Huang,
& Tschopp, 2010). However, studies also focus on other intrinsic motivation factors
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such as interest (Admiraal, Huizenga, Akkerman, & Ten Dam, 2011; Hamari et al.,
2016) and concentration (Ronimus, Kujala, Tolvanen, & Lyytinen, 2014). Moreover,
studies in GBLESs tend to use engagement and intrinsic motivation as interchange-
able constructs. For example, Ronimus et al. (2014) used the rating of enjoyment as
a predictor of student’s engagement as well as a measure of intrinsic motivation in
the game GraphoGame.

This wide variation in the operationalization of intrinsic motivation as well as the
employment of numerous brief and unstandardized questionnaires in the assess-
ment of intrinsic motivation has led to a lack of clarity across studies (Brockmyer
et al., 2009). Understanding the composition of intrinsically motivated user experi-
ences and how to evaluate these experiences is necessary in the design of interactive
systems (O’Brien & Toms, 2010). Thus, agreeing upon definitional and measure-
ment approaches for intrinsic motivation in GBLEs may be a crucial step in under-
standing the attraction of games and the effectiveness of instruction (Garris
et al., 2002).

The purpose of this chapter is to examine how researchers have implemented and
assessed intrinsic motivation in GBLEs and to draw some conclusions and recom-
mendations for future research. The following sections will provide a review and
analysis of the following issues related to intrinsic motivation in GBLEs: (1) theo-
retical frameworks and definitions used to examine intrinsic motivation in GBLEs,
(2) measurement issues in assessing intrinsic motivation, (3) the relationship
between intrinsic motivation and learning and performance outcomes in GBLEs,
and (4) the impact of GBLE components on intrinsic motivation. The review will
close with conclusions and future directions for the field.

5.2 Theoretical Frameworks and Definitions for Intrinsic
Motivation in GBLEs

Malone’s (1981) work attempting to determine the elements of intrinsic motivation
relevant to games set the stage for the study of intrinsic motivation in digital gaming
environments. From a theoretical perspective, this work contributed to prevalent
motivational theories that now inform serious-game development. Current studies
that measure some form of intrinsic motivation as a primary dependent variable
predominately situate themselves within either Self-Determination Theory (SDT)
(Ryan & Deci, 2000) or the theory of flow (Csikszentmihalyi, 1975), a related con-
struct that contains a significant degree of overlap with the elements of intrinsic
motivation described above. Below is a more detailed description of these theories.

Malone (1981) proposed a theory of intrinsic motivation suggesting that games
are rewarding due to a combination of challenge, fantasy, and curiosity, in which
challenge is dependent on the degree of difficulty and level of uncertainty to drive
players (Iacovides, Aczel, Scanlon, Taylor, & Woods, 2011). According to Malone
and Lepper (1987), there is an optimal level of challenge desired by players that is
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neither too difficult nor too easy (Garris et al., 2002). Fantasy is defined as the way
players imagine themselves in the game by using intense, realistic images (Iacovides
et al., 2011) that allow users to experience real-world processes from different per-
spectives (Garris et al., 2002). The third aspect, curiosity, stimulates players to learn
more through their senses (e.g., using light or sound) or cognition and involves
mystery or puzzlement (Whitton, 2011). Curiosity increases players’ desire to keep
playing the game and to learn more about upcoming actions. As there are social fac-
tors impacting motivation, Malone and Lepper (1987) later added the elements of
control, recognition, competition, and cooperation (Iacovides et al., 2011). Thus,
researchers have theorized seven individual elements: challenge, fantasy, curiosity,
control, competition, cooperation, and recognition that promote intrinsic motivation
(Admiraal et al., 2011).

5.2.1 Studies Based on Self-Determination Theory

SDT is a comprehensive theoretical framework that has the potential for clarifying
definitional ambiguities and related measurement issues within studies of intrinsic
motivation in GBLEs (Ryan & Deci, 2000). SDT addresses factors that either pro-
mote or threaten intrinsic motivation (Ryan, Rigby, & Przybylski, 2006). The theory
is focused on the satisfaction of three innate psychological needs: autonomy, com-
petence, and relatedness, that lead to enhanced self-motivation accompanied by
commitment, effort, and high-quality performance (Ryan & Deci, 2000). A sub-
theory of SDT, cognitive evaluation theory (CET), suggests that events and condi-
tions that enhance a person’s sense of autonomy and competence support intrinsic
motivation (Ryan et al., 2006). While autonomy provides players the freedom to
make in-game choices, competence is the ability to effectively perform the behavior
(Peng, Lin, Pfeiffer, & Winn, 2012). The third psychological need within SDT is
relatedness, which refers to a player’s feeling of belonging in the learning environ-
ment (Eseryel, Law, Ifenthaler, Ge, & Miller, 2014).

A significant amount of work has examined intrinsic motivation using SDT as a
theoretical framework with commercial games as opposed to GBLEs (Przybylski,
Rigby, & Ryan, 2010; Sheldon & Filak, 2008; Tamborini, Bowman, Eden, Grizzard,
& Organ, 2010). A full review of motivation in commercial games is beyond the
focus of this chapter; however, we highlight the Ryan et al. (2006) study that used
SDT to examine motivation across different gaming contexts for illustrative pur-
poses. In that study, intrinsic motivation was described as the core element of moti-
vation relevant to computer games and defined as “inherent satisfactions derived
from action” (Ryan & Deci, 2000). Intrinsic motivation was operationalized as
autonomy, competence, presence, and relatedness in the game environment. Results
indicated that perceived in-game autonomy and competence were associated with
game enjoyment, preferences, and changes in well-being before and after gameplay.
Competence and autonomy perceptions were also related to the intuitive nature of
game controls, and the sense of presence or immersion in participants’ gameplay



88 T. Fulya Eyupoglu and J. L. Nietfeld

experiences. Moreover, autonomy, competence, and relatedness independently pre-
dicted enjoyment and future gameplay.

Eseryel et al. (2014) and Chen and Law (2016) employed SDT within studies of
GBLEs; however, both utilized interest as a reflection of intrinsic motivation and
suggested that competence and autonomy are needed to maintain intrinsic motiva-
tion. In addition, Eseryel et al. (2014) discussed the importance of relatedness to
foster intrinsic motivation. However, neither study provided an explicit definition of
intrinsic motivation. Moreover, Hawlitschek and Joeckel (2017) utilized SDT to
discuss the effects of extrinsic incentives on intrinsic motivation but included a defi-
nition of intrinsic motivation referring to flow experience. The authors discussed
self-efficacy, autonomy, and social environment as important factors for intrinsic
motivation. Finally, Burgers, Eden, van Engelenburg, and Buningh (2015) defined
intrinsic motivation as the motivation to pursue an activity for its own sake and
framed the study within the CET framework.

5.2.2 Studies Based on Flow Theory

The Csikszentmihalyi (1975) flow theory is a prevalent theory of motivation that has
been integrated within GBLEs. Flow theory is dependent on the balanced relation-
ship of skills of the user and the challenges in an activity, where one’s skills are
neither overmatched nor underutilized to meet a given challenge (Shernoff,
Csikszentmihalyi, Shneider, & Shernoff, 2003). The achievement of balance leads
to feelings of pleasure and time distortion occurring simultaneously (Bouvier,
Lavou, & Sehaba, 2014). The flow state of users is distinguished by a high level of
enjoyment and fulfillment (Bellotti, Kapralos, Lee, Moreno-Ger, & Berta, 2013). In
addition, the person in the state of flow has an intrinsically rewarding experience
with clear goals and is involved in a high degree of concentration and a sense of
personal control (Boyle, Connolly, Hainey, & Boyle, 2012). Csikszentmihalyi and
Csikszentmihalyi (1992) described flow as a technical term in the field of intrinsic
motivation; thus, numerous studies have adopted the term flow as a synonym with
intrinsic motivation.

The bulk of the studies examining intrinsic motivation in GBLEs have used the
theory of flow as a theoretical framework. However, even within these studies the
definitions and individual factors used to investigate intrinsic motivation have dif-
fered widely. For instance, Admiraal et al. (2011) and Huizenga, Admiraal,
Akkerman, and Dam (2009) discussed the work of Malone and Lepper (1987) and
the factors contributing to intrinsic motivation as challenge, curiosity, control, fan-
tasy, competition, cooperation, and recognition in the game Frequency 1550.
However, while the study of Admiraal et al. (2011) investigated only the coopera-
tion and competition factors of intrinsic motivation, Huizenga et al. (2009) did not
refer to any individual elements of intrinsic motivation. Hamari et al. (2016) also
investigated the impact of flow, operationalized as heightened challenge and skills,
on engagement in the physics-based games, Quantum Spectre and Spumone. The
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authors described intrinsic motivation as a reflection of interest but did not discuss
any other indicators of intrinsic motivation in their study. Although all three studies
related flow theory to intrinsic motivation, no clear definition of intrinsic motivation
was provided. Similarly, Sung, Hwang, and Yen (2015) discussed the theory of flow
and measured intrinsic motivation, yet no definition of intrinsic motivation was
mentioned in the study.

Erhel and Jamet (2013) investigated the impact of instructions and feedback on
multiple components of motivation (goal orientations and intrinsic motivation)
using flow theory in a simulation game, ASTRA. The authors adopted Deci and
Ryan’s (2000) definition of intrinsic motivation as “inner desire to engage in a task
out of interest or amusement or because of the challenge it poses” (p. 157). However,
no specific intrinsic motivation construct related to flow theory was investigated in
the study. Likewise, Ronimus et al. (2014) adopted Deci and Ryan’s (2000) defini-
tion of intrinsic motivation as “a situation where actions are performed in the
absence of any apparent external contingency, that is, an intrinsically motivated
person finds the activity rewarding in itself and does not expect to gain anything
particular, such as extrinsic rewards, from it” using the web-based game,
GraphoGame (p. 238). While the authors discussed intrinsic motivation factors by
Malone (1980) and Sweetser and Wyeth (2005) that included concentration, chal-
lenge, control, clear goals, feedback, immersion, and social interaction, their mea-
sures were limited to the impact of the level of challenge and reward upon on
students’ motivation. Moreover, the terms engagement and motivation were used
interchangeably throughout the study to describe links between flow theory and
intrinsic motivation.

More recently, Sweetser and Wyeth (2005) have developed a model, GameFlow,
which consists of eight core elements overlapped with the elements of flow: concen-
tration, challenge, skills, control, clear goals, feedback, immersion, and social inter-
action. Several researchers (e.g., Chen, 2007; Fu, Su, & Yu, 2009) have utilized the
model to explain how to facilitate flow experiences in computer games (Fang,
Zhang, & Chan, 2013). However, despite being used to evaluate a variety of games
and applications, including educational games, the model has not been validated
and, no operationalization is proposed for converting the model into a measure
(Sweetser et al., 2017).

It should also be noted that, while numerous studies emphasizing intrinsic moti-
vation have been contextualized in the predominant theories described above, a sig-
nificant number have lacked theoretical frameworks (e.g., Vos, van der Meijden, &
Denessen, 2011; Chen, Wang, & Lin, 2015; Sung, Hwang, Lin, & Hong, 2017,
Liao, Chen, and Shih (2019). For example, Tuzun, Yilmaz-Soylu, Karakus, Inal,
and Kizilkaya (2009) examined the effects of games on primary school students’
achievement and intrinsic motivation in geography learning with the game Quest
Atlantis. Chen (2018) explored how different contexts of gameplay (individual, col-
laboration, and competition) affected learning outcomes and intrinsic motivation of
middle-school students in a science game, SumMagic. Although intrinsic motiva-
tion was specifically investigated in both studies, no theoretical background was
presented. Also, the authors did not conceptualize intrinsic motivation.
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5.3 The Measurement of Intrinsic Motivation
in Game-Based Learning

Given the interest in measuring intrinsic motivation in GBLEs and the accompany-
ing assumption that intrinsic motivation will be heightened in such environments,
the lack of attention dedicated to measuring intrinsic motivation in the literature is
surprising. The field is currently saturated with self-report measures, mostly func-
tioning as the sole measure of intrinsic motivation, with scant evidence for validity.

Deci and Ryan’s (2000) Intrinsic Motivation Inventory (IMI) is one of the few
instruments that have emerged from the hodgepodge of self-report measures
employed by the field. Although a number of researchers have aimed for consis-
tency across studies by using the IMI, there has been considerable variance in its
application. For example, out of 45 items, Eseryel et al. (2014) administered 25
adapted items, across four subscales (interest, perceived competence, perceived
autonomy, and perceived relatedness). The reliability for all subscales according to
Cronbach’s alpha was 0.92, 0.77, 0.72, and 0.77, respectively. On the other hand,
Chen (2018) and Vos et al. (2011) administered 14 adapted items across four sub-
scales (interest, perceived competence, tension, and perceived value) and three sub-
scales (interest, perceived competence, and effort), respectively. Chen (2018)
reported the Cronbach’s alpha value of the subscales as 0.86, 0.81, 0.77, 0.83,
respectively. Furthermore, Liao et al. (2019) reported using 14 items from the IMI;
however, the specific subscales were not identified. Reliability of the intrinsic moti-
vation scale was indicated by its Cronbach’s alpha of 0.82.

The Motivated Strategies for Learning Questionnaire (MSLQ) has also been
used to measure intrinsic motivation in GBLE studies. As with the IMI, studies
employing the MSLQ have varied significantly in the administration of the inven-
tory. For instance, Chen et al. (2015) included four items from the MSLQ by
Pintrich, Smith, Garcia, and McKeachie. The reliability for intrinsic motivation
according to Cronbach’s a was 0.86. Despite indicating that the survey had suffi-
cient validity, the authors have not described how they ensured the validity of the
survey. Sung et al. (2015) and Sung et al. (2017) also included seven items from the
MSLQ by Pintrich and DeGroot. The authors did not discuss how and why they
adapted those items from the MSLQ. Sung et al. (2015) reported the Cronbach’s
alpha value of the questionnaire as 0.88. The authors had each item reviewed by a
researcher with more than 10 years’ experience of studying learning and motivation
as a check for validity.

The reliability of the questionnaires was provided in the above-mentioned stud-
ies, yet other studies (e.g., Chen & Law, 2016; Hamari et al., 2016; Sung et al.,
2017; Vos et al., 2011) did not report reliability. Moreover, evidence for validity has
rarely been reported. Despite adapting the same inventory, the researchers also used
different scales in their surveys, a 5-point Likert versus a 7-point Likert scale.

Even greater variation in measurement approaches is evident in other studies of
intrinsic motivation. Admiraal et al. (2011) and Huizenga et al. (2009) measured
intrinsic motivation with a 6-item, 5-point Likert scale questionnaire adopted by
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Cito for use with the Frequency 1550 game. The individual intrinsic motivation ele-
ments investigated were challenge, curiosity, control, fantasy, competition, coopera-
tion, and recognition. Chen and Law (2016) included an intrinsic motivation survey
developed by Lin, Atkinson, Christopherson, Joseph, and Harrison in the science
game Carrot Land. The survey was composed of seven questions with three sub-
scales—interest, competence, and autonomy. Moreover, studies failed to measure
variables of interest despite emphasizing the importance of those variables for
intrinsic motivation. Hawlitschek and Joeckel (2017) used a modified question-
naire, adapted from Isen and Reeve (2005), to measure intrinsic motivation in the
game, /961. Six items measured situational interest, curiosity, and fun as individual
factors of intrinsic motivation. Although the authors discussed the importance of
self-efficacy and autonomy for the intrinsic motivation, they did not measure these
variables in the study.

Significant variation in the administration of surveys is also common across
studies. Some studies have administered intrinsic motivation surveys before and
after gameplay, while some have administered the surveys only after the gameplay.
For instance, Ronimus et al. (2014) used self-report surveys to measure ratings of
enjoyment and interest at the end of each gameplay session in the GraphoGame. A
single interest question asked students how much the player liked school tasks that
involved reading at the beginning and end of the gameplay. In addition, a single-
item enjoyment question asked the students to rate how they had enjoyed playing
the game, only at the end of each play session. The students answered these two
questions by clicking one of the five faces on the screen, ranging from having a big
smile to a big frown. Neither reliability nor validity was reported. Two items were
also sent to the parents at the end of the study to evaluate children’s motivation and
concentration that asked, “How eagerly did the child play GraphoGame during the
study?” and “How well did the child concentrate while playing GraphoGame?”

The study by Tuzun et al. (2009) was unique in that they employed both quantita-
tive and qualitative measures of intrinsic motivation in their study. The authors
developed a motivation scale based on the work of Lepper, Corpus, and Iyengar
(2005) to study the effects of games on primary school students’ intrinsic motiva-
tion in the game Quest Atlantis. Nine items were included in a 5-point Likert scale
type questionnaire. The subscales of the questionnaire included: the desire for chal-
lenging tasks, doing tasks for personal curiosity, and desire for independent mas-
tery. In addition, the authors also asked students four open-ended questions at the
end of the gameplay to evaluate learning and motivation. Sample questions were:
“How and where may you use the information you obtained?” “How did you feel
while collecting information in the Global Village; was it fun or boring?”
Unfortunately, triangulation of the data from the open-ended items and the ques-
tionnaires was not provided.

Hou (2015) and Tsai, Huang, Hou, Hsu, and Chiou (2016) adapted a question-
naire by Kiili (2006) to measure flow state that consisted of the sub-dimensions
challenge—skill balance, clear goals, unambiguous feedback, control, action-
awareness merging, concentration on the event at hand, transformation of time,
autotelic experience, and loss of self-consciousness. Hou (2015) and Tsai et al.
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(2016) reported the Cronbach’s alpha value of the questionnaire as 0.94 and 0.84,
respectively. In addition to self-report measures, Hou (2015) used multi-approach
analysis, by integrating cluster analysis with sequential behavioral pattern analysis,
to explore college students’ flow experiences and learning behaviors in the simula-
tion game with situated-learning context Perfect PAPA II. After students’ gaming
process were all recorded, their learning behaviors were analyzed with cluster and
sequential analysis. This approach is unique in providing in-depth analysis of learn-
ers’ behavioral patterns during gameplay. Correspondingly, Tsai et al. (2016) used
eye-tracking technology to measure the participants’ flow experience in Escape the
Lab. University students’ visual behaviors and computer screens were tracked and
recorded by the eye-tracking system and the patterns of the visual attention distribu-
tions illustrated by heat maps analyses during gameplay.

In summary, it is evident from the review above that self-reports dominate mea-
surement approaches for intrinsic motivation in GBLEs. Other emergent potential
sources of measurement include trace data and psychophysiological measures.
However, Kivikangas et al. (2011) reviewed psychophysiological measures (e.g.,
heart rate measured with electrocardiograph, ECG) in digital game research and
concluded that these measures do not yet form a common collective field due to
significant variation in scientific backgrounds and research purposes. The authors
suggested using psychophysiological methods combined with other methods (e.g.,
self-report and observational data) to add significant precision to studying the gam-
ing experience. Thus, the conformity of the current literature in emphasizing self-
reports is one measurement issue for the field to focus on while another is the lack
of a corpus of validity evidence for such measures.

5.4 Intrinsic Motivation and Learning and Performance

The majority of previous research on intrinsic motivation in GBLEs has revealed
positive effects between measures of intrinsic motivation and learning and perfor-
mance, with a few findings to the contrary. For example, Vos et al. (2011) found
advantages for intrinsic motivation as measured by perceived competence, effort,
and interest items. They had fifth and sixth graders either play a simple drag-and-
drop game related to understanding Dutch proverbs or create and play their own
version of the game. Results showed advantages for the construction group for all
three facets of intrinsic motivation and also for self-report deep learning strategies.
However, the game environment was limited in its complexity and re-playability
thus limiting generalizations. Papastergiou (2009) found that students (16—17 years
old) who played a GBLE to teach basic computer memory concepts performed bet-
ter on a knowledge posttest but also showed greater motivation as measured single-
item measures of interest, enjoyment, and engagement summed to represent “overall
appeal.”

Similarly, Eseryel et al. (2014) demonstrated that learners’ motivation deter-
mined ninth-grade students’ development of complex problem-solving competencies
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via their engagement during the game McLarin’s Adventure. The authors found that
the challenges associated with complex problem-solving led to an increase in stu-
dent motivation and engagement. Sung et al. (2015) evaluated the effects of a con-
textual health educational digital game on fourth-grade students’ intrinsic
motivation, flow experience, and learning achievement. The authors compared the
effects of a contextual digital game versus conventional technology-enhanced learn-
ing approach, that is, e-books. Results showed that the contextual game-based
learning approach improved the students’ intrinsic motivation, achievement, and
problem-solving competencies more than those who learned with the conventional
e-learning approach.

Likewise, Hamari et al. (2016) showed the impact of flow (operationalized as
heightened challenge and skill) on learning in the physics-based games, Quantum
Spectre and Spumone for high school students. The authors used a psychometric
survey to measure the participants’ concentration, enjoyment, interest, challenge,
skills, and immersion. The results indicated that challenge had a positive effect on
learning both directly and via increased engagement. However, being skilled in the
game did not affect learning directly but rather as a mediation effect through engage-
ment. Tuzun et al. (2009) showed that students (7—14 years old) made significant
learning gains by participating in the Quest Atlantis and showed statistically signifi-
cant higher intrinsic motivation (desire for challenging tasks, doing tasks for per-
sonal curiosity, and desire for independent mastery) as compared to students in a
traditional school environment.

Contrary to the above findings, Admiraal et al. (2011) found that intrinsic moti-
vation, described as flow, was not related to students’ (12—16 years old) learning
outcomes after taking educational level into consideration in the game Frequency
1550. The higher the educational level of students, the more flow their teams
showed, and the more students learned about history content in the game. Team flow
was related to group performance in the game, but not related to student learning
outcomes. Correspondingly, Huizenga et al. (2009) found no significant differences
between students (12—16 years old) playing the game Frequency 1550 versus attend-
ing regular lessons with respect to motivation. The authors attributed these findings
to a lack of motivation with one-day gameplay and technical problems during the
gameplay. However, the results showed students who played the game gained sig-
nificantly more knowledge than those students who received regular project-based
instruction. Sung et al. (2017) examined the effectiveness of an experiential game-
based learning approach to promote fifth-grade students’ learning outcomes and
motivation. They found that the students who learned with the experiential gaming
mode showed higher intrinsic motivation, better conceptions of deep learning strate-
gies, and higher acceptance of the learning technology than those learning with the
conventional technology-enhanced learning approach. However, no significant dif-
ference was found between the learning achievements of the two groups.

Finally, Barzilai and Blau (2014) analyzed data of 6—14 year olds from a larger
data collection to examine the impact of pre or post scaffolds using a business simu-
lation game called Shakshouka Restaurant. Flow and perceived enjoyment were
largely unrelated to achievement in the study, with only flow showing a direct
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relationship with problem-solving in the “play and study” condition where the study
scaffold followed gameplay. Interestingly, the study and play condition, where the
scaffold was presented before gameplay, did not negatively impact flow or enjoy-
ment. The authors attributed this finding to the fact that the scaffold was directly
connected to the game narrative.

5.5 Intrinsic Motivation and GBLE Components

GBLEs provide a myriad of components ranging from instructions, scaffolds, fea-
tures that impose cognitive load, game narratives, academic content to game
mechanics, and variations in the user interface that have the potential to impact
intrinsic motivation. Yet, there is a paucity of studies making direct comparisons
between such components and intrinsic motivation, particularly within experimen-
tal designs allowing for causal conclusions. However, some early insights have been
gained and it is expected that momentum will rapidly increase understanding in this
area. Chen and Law (2016) found a negative relationship between hard scaffolds
(writing prompts) and intrinsic motivation as measured by competence, autonomy,
and interest items. The study examined seventh graders playing a game called
Carrot Land that focused on force and motion curriculum. Soft scaffolds (collabora-
tion) had a negative effect for competence but no relationship with autonomy or
interest. However, when both types of scaffolds were included together rather than
separately there was a positive effect over the two isolated scaffold conditions. Chen
(2018) also examined whether the presence or absence of collaboration and compe-
tition affects learning outcomes and intrinsic motivation of middle school students
in a science game, SumMagic. The results revealed that students who played the
game collaboratively with intergroup competition showed a significantly higher
interest in learning, a higher value of the learning, and lower tension during the
learning process than those who played individually. Similarly, Liao et al. (2019)
explored the effects of using an instructional video and collaboration on achieve-
ment, intrinsic motivation, cognitive load, and science learning behaviors of
seventh-grade students within the game SumMagic. They also found that collabora-
tive learning increased students’ intrinsic motivation. Also, integrating instructional
video use had an increase on students’ achievement in gameplay. Although integrat-
ing instructional video use had no effects on intrinsic motivation, integrating instruc-
tional video in combination with collaborative gameplay improved intrinsic
motivation and achievement.

Erhel and Jamet (2013) explored the effects of learning instruction versus enter-
tainment instruction on the intrinsic motivation of college students (18-26 years
old) in a simulation game, ASTRA. Results indicated that the learning instruction
condition (instructions stressed ASTRA’s educational dimension, presenting it as a
learning module) elicited deeper learning than the entertainment condition (instruc-
tions stressed ASTRA’s playful dimension, presenting it as a game). Choice of an
entertainment instruction appeared to hinder learning; however, this effect was
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nullified by the addition of feedback that supplied the correct answers. On the other
hand, no effect of instruction on the other learning goals or intrinsic motivation
was shown.

Hawlitschek and Joeckel (2017) examined the effects of integrating instructional
support on students’ (13—17 years old) intrinsic motivation, cognitive load, and
learning with a digital educational game, /96/. The authors applied an explicit
instruction learning prompt before gameplay: “Your task is to play an educational
game. Afterwards, you will be asked some questions about the learning content! Try
to learn as much as possible!” Students in the group with learning instruction
achieved lower scores in the transfer knowledge test with the results attributed to an
increase in extraneous cognitive load. However, the authors did not find an effect of
the learning instruction on intrinsic motivation. Burgers et al. (2015) explored the
role of feedback on intrinsic motivation and future play in an educational brain-
training game, Concentration. Results demonstrated that evaluative feedback
increased, but comparative feedback decreased future gameplay. Moreover, positive
feedback increased intrinsic motivation by satisfying competence and autonomy
needs leading to long-term motivation and play whereas negative feedback only
motivated players to repair poor short-term performances.

5.6 Discussion and Conclusion

This chapter has reviewed studies that have implemented and assessed intrinsic
motivation in GBLEs. Given the lack of other existing reviews related to this topic
in the literature, we provide some overall conclusions synthesizing our findings fol-
lowed by future research recommendations (see below) to guide studies that explore
intrinsic motivation in GBLEs. The following conclusions relate to issues of defini-
tional clarity, approaches to measurement, and directionality of causal relations.
The studies reviewed above have revealed little consensus in the conception of
intrinsic motivation in GBLESs even among investigations using the same theoretical
framework. In order to create more effective GBLEs that increase or facilitate
intrinsic motivation, researchers would likely benefit from developing a consensus
on the definition of intrinsic motivation and to then subsequently consider more
sophisticated measurement approaches. Reviews in this chapter revealed common
flaws seen in studies of GBLEs including the insufficient conceptualization of
intrinsic motivation and the lack of comparability across studies due to inconsistent
use of measures. Currently, definitions, when provided, are partially overlapping but
with enough variation to lead to important differences in findings across studies.
Many studies noted the individual elements (i.e., challenge, curiosity, control, fan-
tasy, competition, cooperation, and recognition) contributing to intrinsic motivation
in GBLEs but neglected to investigate these factors. The lack of consistency in
defining intrinsic motivation, even when referencing other publications in terms of
how intrinsic motivation is contributing to learning in GBLEs, made it unclear as to
whether authors were referring to the same construct across studies. Moreover,
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terminology related to engagement, enjoyment, immersion, presence, and motiva-
tion have been associated with the flow and frequently used interchangeably, creat-
ing more confusion in the literature (Hamari et al., 2016).

Self-report questionnaires are the dominant indicators of intrinsic motivation and
the variation across studies in questionnaires and items is great. This may be due to
the fact that it is not easy to integrate standard questionnaires across very different
GBLEs (Hsieh, Lin, & Hou, 2015). Variation in questionnaires notwithstanding,
there was also significant variance in the timing of these questionnaires with some
only applied post play and some applied pre and post play.

The general pattern of results thus far in the literature suggests positive findings
between intrinsic motivation and learning and performance outcomes. However,
little is still known about the mechanisms of the GBLEs that promote or hinder
intrinsic motivation. There is not enough empirical evidence to state that it is the
type of motivation that drives achievement because the level of achievement might
drive the type of motivation as well (Lepper et al., 2005). For example, Tsai et al.
(2016) indicated that players with different conceptual learning outcomes in GBLEs
had significantly different flow experience while playing the game. Students with
higher comprehension expressed higher levels of control and concentration than
those with lower comprehension achievements. Individuals with higher abilities
have higher flow experiences, but it is not known if the correlation between flow and
performance arises simply because expertise leads to more flow, instead of flow
fostering performance (Engeser & Rheinberg, 2008).

Also, research in traditional learning environments has revealed lower levels of
intrinsic motivation for older students (Lepper et al., 2005). Yet, the results of the
studies reviewed here have varied with regard to intrinsic motivation and develop-
mental level. Thus, there is a need to examine how intrinsic motivation changes with
age in GBLE:s across various genres and domains using psychometrically sound and
consistent measurement tools across studies.

There appears to be an emerging positive effect of competition between coopera-
tive groups in GBLEs on intrinsic motivation. However, variation in the effects of
other manipulated components within GBLEs on intrinsic motivation and learning
appears to be less clear. This lack of clarity can be attributed, to some extent, to the
variation in measurement and lack of definitional consistency across studies. Yet, a
review of the literature indicates a significant need for more investigations examin-
ing the impact of specific GBLE components on intrinsic motivation.

5.7 Suggestions for Future Research

Understanding and assessing intrinsic motivation in GBLEs is at an early stage of
development. Although studies presented herein have presented unique contribu-
tions to the field, there are common challenges observed in these studies in the way
researchers have defined and measured intrinsic motivation. Recognizing this, we
present a number of suggestions for researchers as they consider designs that will
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add to the existing literature. First, it is clear from the review above that definitional
clarity is needed with regard to intrinsic motivation. Drawing from numerous defini-
tions, many of which coming from SDT, we suggest that intrinsic motivation should
be considered a higher-order construct within the context of GBLEs that is evi-
denced by players willfully participating in and enjoying a GBLE without extrinsic
influences while being engaged in challenging learning activities. In GBLEs that
emphasize or require coordination by multiple players’ intrinsic motivation would
also reflect relatedness on the part of the player.

Second, Habgood and Ainsworth (2011) argued that it is critical to consider the
effect of adding learning content to an intrinsically motivating game rather than
creating extrinsic games that provide gameplay as a reward for learning content.
They assessed the intrinsic integration approach that depends on the ability of edu-
cational games to effectively harness the intrinsic motivation. The authors examined
the learning gains of students (7—11 years old) who played either the intrinsic,
extrinsic, or control variants of an educational math game called Zombie Division.
They also compared time on task for the intrinsic and extrinsic variants of the game
when students had free choice of which game to play. The results indicated that
students learned more from the intrinsic version of the game under fixed time limits
and spent seven times longer playing it in free-time situations. Such studies offer
evidence for the value of an intrinsic approach but there is not enough evidence
about the positive effects of this approach on learning. Therefore, similar studies
should be conducted and replicated in various contexts for creating effective educa-
tional games that foster intrinsic motivation.

Third, given that measures of interest and engagement are often used as proxies
for intrinsic motivation we would suggest studies to explicitly examine overlap and
distinctions between such constructs. Similarly, constructs in GBLEs such as
immersion appear to be used interchangeably with the term flow. This suggests that
future research should investigate the definition and measurement of immersion due
to such potential overlap with the construct of flow (Sweetser et al., 2017).

Fourth, a number of different approaches were found in the measurement of
intrinsic motivation in the current studies. Researchers tend to adapt measures of
previous research without questioning the assumptions of the theoretical frame-
work, construct definition, and grain size of measurement that can range from a
micro level (i.e., individual in the moment, task, and learning activity) to a macro
level (e.g., group of learners in a class, course, school, or community) (see Sinatra,
Heddy, & Lombardi, 2015). Therefore, researchers should consider designs that
clearly define, measure, and analyze intrinsic motivation and use multiple measure-
ments during gameplay such as think alouds, eye-tracking, or physiological data in
addition to self-reports (Azevedo, 2015). To the best of our knowledge, previous
studies have not tracked real-time changes in intrinsic motivation during gameplay,
and how other constructs such as competence, autonomy, and relatedness are related
to any changes in intrinsic motivation in GBLEs. Our recommendation would be to
consider trace data approaches where assumptions can be drawn regarding intrinsic
motivation during gameplay and be recorded in a stealth assessment approach
(Shute, 2011; Ventura, Shute, & Zhao, 2013) that maintains the flow of gameplay.
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Multidimensional triangulation methods (e.g., interviews, observations, and trace
data) should be developed to enhance the overall validity of the research in the field
of GBLEs (Hou, 2015). For example, further investigation of possible relationships
between all aspects of flow measures and eye-tracking measures in various GBLE
contexts could be beneficial as these measures could be essential indicators for the
flow experience (Tsai et al., 2016). Given the complexity of intrinsic motivation as
a construct, using a variety of methodologies for a deeper understanding of this
construct will assist researchers in maximizing the ability to provide learning oppor-
tunities for all students (Phillips, Horstman, Vye, & Bransford, 2014). This includes
researchers providing techniques and methodologies that capture the changes in
cognitive, metacognitive, motivational, and emotional processes (Azevedo, 2014).
We also suggest researchers use longer gameplay time with larger sample sizes
when possible. Despite using multi-approach analysis, studies appeared to have
very short gameplay with small sample sizes (e.g., Hou, 2015; Tsai et al., 2016). We
believe that this is a common challenge due to time constraints with new developing
technologies.

Five, studies in GBLEs have reported on the potential of games to increase
intrinsic motivation and learning of challenging academic content but concrete
empirical data to support or refute these theoretical claims is still missing (Annetta,
Minogue, Holmes, & Cheng, 2009). Research that isolates the impact of compo-
nents of GBLEs on intrinsic motivation is sorely needed. In order to move the field
beyond the general understanding that intrinsic motivation is a positive construct to
promote learning and performance, specific recommendations are needed for the
construction of GBLEs. There is little information regarding the relationship
between intrinsic and extrinsic motivation in GBLESs that has implications regarding
the way we should assess intrinsic motivation (Guay, Vallerand, & Blanchard,
2000). Thus, future research should continue to examine extrinsic motivation in
combination with intrinsic motivation (Guay et al., 2000) as well as the effects of
extrinsic motivation on intrinsic motivation in gameplay.

Sixth, as a broader goal related to the facilitation of intrinsic motivation, game
developers should attempt to create environments that facilitate self-regulated learn-
ing more broadly. This would include an emphasis on learners creating and tracking
personal goals and learning to manage their strategy use, time, and reflect on their
learning. Providing students with autonomy in the game to manage such goals pro-
motes an environment to simultaneously encourage both self-regulation and intrin-
sic motivation. Within this context, another important contribution to the literature
would be recommendations for game design from a developmental standpoint using
cross-sectional and longitudinal designs. Existing literature in educational and
developmental psychology might inform developmentally appropriate learning
scaffolds and environmental designs.
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Chapter 6

Examining Designed Experiences:
A Walkthrough for Understanding Video
Games as Performance Assessments

Michael P. McCreery, P. G. Schrader, S. Kathleen Krach,
Jeffrey R. Laferriere, Catherine A. Bacos, and Joseph P. Fiorentini

6.1 Introduction

Empirical investigations of video games follow a few primary approaches. Typically,
they examine: (1) consequences of gaming (e.g., learning from games; De Freitas,
2018), (2) interactions with games (e.g., from a human—computer interaction per-
spective; Fortes Tondello et al., 2018), or (3) learning within games as a situated
context (Jabbari & Eslami, 2019). Broadly, the majority of learning-related video
game literature tends to fall into one of four general categories: intervention studies
(Stefanidis, Psaltis, Apostolakis, Dimitropoulos, & Daras, 2019), addiction studies
(Mancini, Imperato, & Sibilla, 2019), learning studies (Wouters, Van Nimwegen,
Van Oostendorp, & Van der Spek, 2013), or social interaction research (McCreery,
Vallett, & Clark, 2015).

Although the breadth of work associated with learning and video games contin-
ues to develop, there is a dearth of examples on how to extract complex, dynamic,
and emergent data using video game contexts. Similarly, there are limited examples
that outline strategies and tools for interpreting game-based data. As such, the main
purpose of this paper is to outline one possible process to use the complex environ-
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ment of a video game as a data collection tool. Readers should expect to exact a
greater understanding of how data captured from observing video gameplay can be
used in conjunction with path analytic techniques to elucidate the process of learn-
ing. Fundamentally, this work exposes strategies to leverage existing off-the-shelf
video games as contexts for performance assessment.

6.2 Performance Assessments

There has been substantive effort to evaluate performance in video games as spaces
for experiential learning (i.e., how game experiences impact learning; Anetta,
Minogue, Holmes, & Cheng, 2009; Harvianinen, Lainema, & Saarinen, 2014;
Shaffer, Squire, Halverson, & Gee, 2005; Squire, 2011). However, less research has
been conducted on leveraging video games as encapsulated, performance assess-
ments (i.e., how interconnected gameplay experiences influence outcomes). At
their core, performance assessments are grounded in the principle that learning
occurs within a situated or sociocultural context (Wang, Shute, & Moore, 2015).
From this perspective, learners develop mental representations (i.e., schemata,
scripts) as they interact with the world. Subsequently, those representations are
called upon as heuristics to aid in decision-making processes (Govaerts, Van Der
Vleuten, Schuwirth, & Muijtjens, 2007). Accordingly, the best way to assess per-
formance learning is to ask the learner to demonstrate higher-order thinking and
apply their conceptual understanding of the world in novel situations (Shavelson,
Baxter, & Gao, 1993).

Typically, performance assessments are designed in ways that position the
learner to: (a) perform a goal-oriented exercise that demonstrates success on a sum-
mative task, and (b) demonstrate understanding of the process or steps associated
with its successful completion (Shavelson et al., 1993). This dual-oriented emphasis
(i.e., goal-oriented performance from a process-oriented lens) serves to reveal the
connection between higher-order thinking and conceptual understanding in novel
situations. Consequently, performance assessments differ substantially from most
traditional assessments, particularly multiple-choice tests. For example, items on
multiple choice tests are generally designed to be independent of one another; items
can be arranged in any order, and success on one item does not influence the success
on subsequent items (Yen, 1993).

In contrast, performance assessments are defined in terms of item interdepen-
dence. In most cases, a setting (e.g., narrative) is first established and learners must
make decisions within that narrative (Yen, 1993). Each decision has predefined and
intentional dependencies that are linked to previous choices and early choices have
implications for subsequent decisions. For example, some decisions may expose
new options or limit choices. As such, specific decisions may be examined forma-
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tively; while collectively, the sum of those activities can be examined in the context
of summative outcomes to provide meaningful insight into the overall process,
degree, and nature of learning (Shute, Leighton, Jang, & Chu, 2016).

6.3 Video Games and Assessment

For decades, researchers have asserted that video games are rich tools and environ-
ments for the study of learning and related mechanisms (de Freitas, 2018). However,
in recent years this work has expanded its focus to include the examination of
process-oriented data (Schrader, McCreery, & Vallett, 2017). From this perspective,
games provide access to behavioral and learning data that are dynamic, emergent,
and complex. Researchers have argued that these process-oriented data have great
potential to yield insight into learning as it evolves through gameplay. For example,
Vallett (2016) described the dynamic process of acting and adjusting behavior to the
environment as situated learning via “soft failure” (e.g., dying and restarting a
level). Here, gameplay experiences act as a performance tuning mechanism
(Schrader et al., 2017; Vallett, 2016). Each interaction within the system provides
information and a potential source of data. Players must discern what information is
useful and adjust their behavior accordingly. Failure is inevitable and when it occurs,
the situation provides the player an opportunity to reevaluate the usefulness of the
information, problem solve, and reattempt the action (Schrader et al., 2017; Vallett,
2016). Collectively, these data provide evidence of patterns of behavior during the
learning process. As assessments, games offer more than a mechanism to examine
performance through outcomes. Games provide new opportunities for researchers
to collect, analyze, and interpret data during these experiences (Schrader etal., 2017).
Although it is often difficult to capture process-oriented data, games regularly
monitor interactions within the environments and commonly collect data on player
performance (Shute, Ke, & Wang, 2017). While these data are typically used to
provide feedback and cues for players, the same data may be captured and used by
researchers to provide unique and additional insights into variables associated with
processes (Schrader et al., 2017). It follows from this perspective that although sum-
mative evaluation of performance is useful for many questions, the development of
a meaningful formative understanding of learning through systematic observation
and analysis of behaviors within a video game (e.g., game’s cues and player’s
actions) adds numerous options to researchers’ repertoire (Schrader et al., 2017).
By leveraging games as performance assessments that capture process data (i.e.,
data that are complex, dynamic, and emerge over time), researchers can look beyond
the gameplay as a singular or aggregated experience to be observed. This subtle, yet
important, shift augments the research perspective in a fundamental way by moving
the focus from assessments characterized by success or failure, to understanding
how higher-order thinking and the learner’s conceptual understanding of the world
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informs connected outcomes (Schrader et al., 2017; Shute et al., 2017). With respect
to games that provide a finite number of choices, the game structure is similar to a
nested multiple-choice decision tree or flowchart. In this example, each decision
relies on the previous one, and taken as a whole, performance can be characterized
by the path that player takes coupled with the outcome (e.g., Tic Tac Toe, Othello,
or a Moral Choice game). As noted earlier, each gameplay decision is interdepen-
dent with other decisions. By extension, play serves as an opportunity to document
and capture dynamic, in-game interactions, link those interactions to formative
activities, and then examine the ways in which those activities influence the over-
all goal.

With these ideas in mind, and because games differ significantly in their struc-
ture, affordances, and capabilities, we first outline the factors involved with evaluat-
ing a game’s suitability (Schrader & McCreery, 2012). In particular, we focus on
games that function as complex systems and produce data that are aligned to a
process-oriented perspective (Schrader & McCreery, 2012). Second, we establish a
heuristic for identifying data and their coding. Third, we explore analytic techniques
that are appropriate to process-oriented data. In this case, we describe path analysis
and its potential to elucidate how player interactions are tied to learning as an emer-
gent, dynamic process. Throughout, methods for capturing, coding, and analyzing
within-game data are described pursuant to this goal.

6.4 Game Selection

Researchers have described various reasons for selecting the specific video game
contexts they study. In some cases, the environments are constructed as part of
broader work (e.g., Quest Atlantis, River City, or Whyville). In others, selection
criteria and rationale focus on game popularity or interesting interactions within the
system (see Schrader & McCreery, 2008). Whatever the reason, game selection is a
vital component of the research process. The game governs the types of affordances
that are available to players, shapes the research questions, informs the types of data
that can be collected, and impacts researchers’ choice of designs and methods.
When a dual-oriented emphasis (i.e., goal-oriented performance from a process-
oriented lens) is adopted, game selection is even more important.

In general, all players’ choices within games can be represented or mapped
in some manner. For example, actions within open-world games, although vast
and overwhelming, can be observed as classes, categories, or groups of actions
that are based on the constraints and affordances of the game being investigated.
By contrast, player decisions within moral-choice games (i.e., The Deed) are
finite and can be mapped more easily. When represented visually, the decision
structure is similar to a flowchart, in which each fork represents a choice or
interaction within the game. Similar to a performance assessment, each fork
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provides the player with an opportunity to select an optimal or a suboptimal
solution (i.e., correct or incorrect choice). As a result, these actions serve as
isolated error checks, as well as a more holistic performance assessment that is
readily quantified and analyzed. In this way, the format of the game provides an
ideal platform to evaluate gameplay performance methodology; specifically,
concrete data that are specific to the player’s decision-making processes at every
stage of gameplay.

In most games, the structures, models, algorithms, and rules within these sys-
tems are implicit. As a result, the deconstruction of the game model begins with an
inductive process associated with extensive play or game experience (Schrader,
Deniz, & Keilty, 2016). Essentially, researchers are encouraged to observe the vari-
ous options for action and the constraints on action, particularly as they relate to the
agency of: (a) players, (b) developers, and (c) researchers. Although there may be
some overlap, the agency for players is often different than the agency for develop-
ers or researchers. For example, the ability to access command line input may be
available to developers, but unavailable to players because they are intended to rely
more heavily on visual stimuli. Collectively, player and developer affordances
inform everything from the type of questions that are appropriate to opportunities
for data collection. It should be noted that this process is focused on the potential for
action and the constraints imposed on the system rather than the intentions behind
either. For these reasons, the deconstruction of the game model is both reasonable
and necessary; it provides a means to evaluate key design characteristics and affor-
dances (e.g., narrative and gameplay mechanics) in relation to research suitability.
This typically happens prior to game selection, but certainly before any empirical
study commences.

Often, environments are selected because they are popular and/or have a set of
features that give rise to interesting studies or player interactions. This means that
research frequently involves commercial and publicly available software.
Unfortunately, researchers do not usually have access to the design principles,
guidelines, or gameplay diagrams. Similarly, it is very difficult to capture click-
stream data, process data, or the “under-the-hood” mechanics due to the proprietary
nature of commercial games. For researchers, this is a common scenario and often
requires a labor-intensive scheme to extract and code data from the system. In this
case, researchers identified, catalogued, and mapped all available actions within the
game. This is a necessary step in quantifying key data for analysis.

6.5 Selecting the Deed

In the current example, The Deed (Grab the Games, 2015) was selected because of
its structure, compelling story and plot, and alignment with guidelines for perfor-
mance assessments (see Shute et al., 2017). The process of selecting The Deed fol-
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lowed the same approach identified above. Members of the research team identified
the game as a potential candidate for research based on reviews and game descrip-
tions. Subsequently, they played the game multiple times with an intent to identify
the key elements of agency in the game based on what players might be able to
accomplish through their experience, what developers intended, and how those two
perspectives might inform research. Briefly, The Deed is a moral-choice role-
playing murder mystery video game in which players’ in-game decisions are lim-
ited in ways that are like a choose-your-own-adventure novel. There is a compelling
social narrative that contextualizes a complex, puzzle-oriented game that focuses on
the players’ ability to reverse traditional moral roles. Unlike many other murder-
mystery games, the objective of The Deed is to commit the act of murder (i.e., “the
deed”) and secure the family inheritance, rather than solve a crime that has been
committed. The plot involves murdering the main character’s own sister, framing
another character for the murder, and ensuring that the main character avoids con-
viction for the crime. The plot helps shape players’ decisions and social interac-
tions, all of which result in a finite number of outcomes. More importantly, the
social interactions with characters in the game allow players to unravel the clues to
the social puzzle they are attempting to solve (e.g., interacting with characters, and
the various weapon and evidence choices).

Similar to a play, the narrative of The Deed can be divided into five experi-
ences: The Introduction and Four Acts. These acts include: (1) the homecoming
(2) the dinner (3) the deed, and (4) the murder investigation and verdict. At the
start of the game, the player has an opportunity to read the Introduction. This is the
first learning opportunity for the player. If the player chooses to read the
Introduction, they receive critical information that includes how to experience the
game narrative, the importance of weapon and evidence selection (i.e., formative
activities), and how planting evidence will impact the outcome (i.e., the summa-
tive outcome). Act One immediately follows the Introduction. Throughout this act,
the player is given numerous learning opportunities to interact with characters
(i.e., maid, butler, mother, father, and sister) and objects (i.e., weapons, evidence
items, and story flashbacks). These interactions are intended to help players gain
critical information to better develop problem-solving strategies. Moreover, they
inform a set of formative tasks, including the successful (or not) selection of a
weapon and an item of evidence that will be used to commit the deed and scape-
goat another character for the murder. The player is given the choice to engage in
these learning opportunities or to pass on them. However, in order for the player
to move on to the second act, two items must be selected (i.e., a weapon and piece
of evidence [correct response], two weapons, or two pieces of evidence [incorrect
response]).

Act Two consists of a dinner celebrating the father’s birthday. The player is
seated at a table while interacting with other characters through a series of response
options to statements made during the dinner conversation. Act Three is when the
deed is committed; during this act, gameplay includes the formative tasks of suc-
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cessfully planting the evidence selected and using the weapon selected in Act One.
The player has the option to forgo planting evidence and advance to committing
the deed. However, not planting evidence is the only option if the player decided
not to select an item of evidence during Act One (i.e., selected two weapons).
Conversely, if the player decided not to select a weapon in Act One (i.e., selected
two items of evidence), the only option is to commit the deed using the character’s
bare hands. Finally, in Act Four the murder investigation takes place. The player
faces an investigator who has been called to the house. During the interview with
the investigator, the player is questioned in relation to their prior decisions. In
order to achieve a successful summative outcome (i.e., not going to prison), the
player must succeed at each of the formative tasks presented throughout the
narrative.

Ultimately, The Deed was determined to: (1) be a contextualized experience
(i.e., social narrative); (2) provide clear linkages between choices (i.e., formative
activities); and (3) be a goal-oriented exercise (i.e., summative outcome). In total,
this game can take up to an hour to complete. For the purpose of research and
assessment, this short time period is crucial (see Schrader et al., 2017). It may be
unreasonable to use a game where players have different levels of expertise
(McCreery, Schrader, & Krach, 2011), or that are overly time consuming given the
purpose of the assessment (Kline, 2005). Collectively, these characteristics, evident
in The Deed, provided researchers with access to, and the ability to assess, transac-
tional learning experiences during gameplay in a situation that meets the added
constraints (e.g., time, setting, replicability) that researchers often impose on
design. In other words, learning experiences within The Deed are grounded in the
interplay among the learner (i.e., player), context (i.e., narrative), and content (i.e.,
plot) (Moore, 1993).

Essentially, the game selected for this study was reverse engineered to under-
stand the behind-the-scenes game mechanics that afford the range of player actions
and outcomes in the game. Because The Deed involved a finite number of choices,
the act of defining game elements and choices was somewhat straightforward. The
selection and deconstruction process resulted in a data dictionary and behavioral
observation protocol through which all gameplay data could be collected and
analyzed.

6.6 Creating a Data Dictionary

Once the researcher has played the game, consumed other details and media, and
deconstructed its mechanics, the next step is to define pertinent game elements. In
some cases, this means observing general trends of players’ interactions. For exam-
ple, McCreery et al. (2015) created a matrix of observable behaviors that was based
on Whiteside’s model of social presence (Whiteside & Garrett Dikkers, 2012). The
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researchers then addressed questions related to players’ interactions within a com-
plex, dynamic, and emergent game (i.e., World of Warcraft) through cataloging
observed behaviors in the game. By contrast to the open-endedness of the World of
Warcraft, as well as many other games, The Deed includes a finite number of
choices. Although there is no set pattern or pre-scripted path through the game,
researchers were able to identify and define all game content. As a result, each
opportunity for action and all player interactions were able to be tracked and ana-
lyzed. In this case, a detailed inventory of actions and interactions was appropriate
because of the specific type of game originally selected. Below are the suggested
steps of a game deconstruction process:

1. Identify all potential outcomes: go to prison (failure); get away with murder but
no inheritance (partial success); get away with murder and gain inheritance (full
success).

2. Identify the formative activities that must be accomplished in order to achieve
a successful outcome: weapon selection, evidence selection, evidence
planting.

3. Identify broad categories of in-game affordances that players can interact with in
order to gain information necessary for problem-solving: non-player characters
(i.e., computer controlled), weapons, evidence, flashback objects (e.g., painting
on a wall that when interacted with provides narrative clues).

4. Identify all individual in-game affordances within each broad category (i.e., each
character; weapon; piece of evidence; and flashback object).

The sum of all this information resulted in a data dictionary. In this example, a
data dictionary outlined and defined key concepts, terms, ideas, and behaviors that
were known to exist in the game. The data dictionary was created to provide the
entire research team with consistent and shared understanding of game elements,
features, mechanics, and play. Further, the data dictionary allowed the team to orga-
nize and categorize each of the game elements based on the constructs being ana-
lyzed and the variables being measured.

6.7 The Behavioral Observation Protocol and Coding Data

Once the essential elements of a game are defined and, in this case, categorized in a
dictionary, the next step involves creating a resource for coding. For this example, a
behavioral observation protocol was developed that included an array of important,
observable player exhibited behaviors (i.e., it happened or it didn’t) in order to limit
qualitative inference. These behaviors were organized in ways that address the
research question and its underlying theoretical framework. Moreover, whether
researchers are mapping the game space in its entirety or a targeted set of behaviors
(see McCreery, Krach, Schrader, & Boone, 2012 for an example), a behavioral
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Evidence Interations
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Fig. 6.1 Behavioral observation protocol example

observation protocol provides boundary conditions on the behavior that must be
recorded and those that are not pertinent to the questions being answered (Alevizos,
DeRisi, Liberman, Eckman, & Callahan, 1978; Milne, 2015).

The development of a behavioral observation protocol is an applied psychologi-
cal approach to data collection that in the context of a video game entails two major
steps. First, researchers begin by translating the elements of the data dictionary into
a spreadsheet(s) that will become a comprehensive record of relevant player behav-
iors. This spreadsheet becomes a scorecard on which to record (i.e., tally) all of the
observable behaviors, formative activities, and summative outcomes for each player.
Behaviors must be operationally defined (e.g., specific, quantifiable, observable,
concrete action) in order to ensure content validity and interrater reliability (Tapp,
Wehby, & Ellis, 1995). Second, the protocol template is then generated for each
player and distributed to the coders. The template then serves as a checklist for each
coder to observe and record player behavior. For example, in Fig. 6.1, four types of
interactions (i.e., evidence, character, weapon, and flashback) as defined during the
creation of the data dictionary were translated into the behavioral observation pro-
tocol. Additionally, more specific interactions associated with interaction type (e.g.,
E-LP = evidence, love poem) are also defined. The coder can then record every time
a player (represented by UID or user identification in the example) interacts with
that specific element of the game.

The behavioral observation protocol was created to account for each of the pos-
sible interactions in The Deed. In Act One, the following player behaviors were
recorded based on elements defined in the data dictionary: watching the introduc-
tion, dialogue with characters, story flashbacks viewed (i.e., objects in the story
setting that when selected trigger a story flashback revealing more information
about the other characters), weapons viewed and selected, and items of evidence
viewed and selected. In Act Two, the dialogue with characters during dinner is
coded in the same format as conversations in Act One. The dialogue checklist for
the coder provides a listing of all the character statements and response choices to
those statements. While viewing the video recording of the player’s gameplay, the
coder checks a box indicating the character interaction (e.g., spoke with the mother)
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and the response selected among the possible options listed for that character inter-
action (e.g., response choice 1, 2, or 3).

In Act Three, coders used a checklist to mark whether the player planted evi-
dence selected in Act One, where the evidence was planted, and finally, what
weapon was used to commit the murder. In Act Four, coders used a checklist to
indicate responses to the crime investigator’s interview questions. A checklist was
also provided to coders to indicate one of the following outcomes: (1) the player
was convicted of murder and sent to prison, (2) the player was not convicted of
murder, or (3) another character was convicted of the murder because of the evi-
dence planted against them, and the player received the inheritance.

6.8 Analytics of Gameplay

Once all the data from the player’s gameplay is recorded, additional spreadsheets
can be created for each of the constructs and related variables being measured as
defined in the data dictionary. Further, because the nature of the data is a count (i.e.,
it happened or it didn’t) interrater agreement in its true form, consistency of subject
ratings is not needed (McHugh, 2012). However, for the sake of accuracy interrater
data should be collected. In the present example, the coded spreadsheets for The
Deed noted each interaction (exogenous variables) with weapons, story flashbacks,
characters, and evidence items. The coded spreadsheet also noted the successful
completion of each linked outcome (endogenous variables) across the game.
Specifically, the variables coded as formative outcomes included: successful selec-
tion of a weapon and evidence item (Item Selection); successful planting of the
evidence (Evidence Planted); and finally, the summative outcome, successfully get
away with murder (Successful Outcome).

6.9 Analytic Techniques to Understand Player Experience

Using this process, data that are extracted from observations of players’ behavior
within The Deed are dynamic, emergent, and complex. It is common practice in
low-dimensional, independent systems to test for significance using techniques
like, t-test, ANOVA, MANOVA, etc. By contrast, complex systems involve increas-
ing degrees of emergence and higher levels of dimensionality; this ilk of analyses
is not very informative or useful. Fortunately, there exists a variety of analytic
techniques that have the potential to expose patterns in data extracted from video
games. For example, time series techniques, analysis of spline equations, structural
equation modeling, and path analysis have been used with this class of data. It
should be noted that each approach has distinct assumptions and each address dif-
ferent types of questions. For more details, please refer to Little, Bovaird, and
Slegers (2006).
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Fig. 6.2 Example path model

In this example, data were coded based on an event-dependent sample (as
opposed to a time-dependent sample). Researchers employed path analysis to dem-
onstrate causal effects among constructs in the game model: knowledge interac-
tion, formative activities, and the summative outcomes. This form of analysis
allows the researchers to link in-game observable information activities (emphasis
added) directly with both formative and summative outcomes to better understand
the process of learning. This process yielded a viable model (see Fig. 6.2) based on
the relationships between the game constructs. While the details for this study are
presented elsewhere (see McCreery, Laferriere, Bacos, & Krach, 2018), what
should be noted is that the model illustrates that player outcomes are specifically
related to the information acquired through interaction in the game space. For
example, the more a player interacts with the available evidence (i.e., Total
Evidence Interaction), the better is the understanding they appear to have in terms
of the required Evidence Selection necessary to win the game. Alternatively, as a
player increases their interaction with weapons (i.e., Total Weapon Interaction), the
more likely those interactions become a distractor in terms of Evidence Selection
necessary to win the game.
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6.10 Discussion and Implications

The current work demonstrates the potential for video games to serve as unique and
useful data-collection methods. By following the steps outlined in this chapter,
researchers can extract data from complex contexts, in which players’ choices can
be represented or mapped. In the most general terms, researchers should plan care-
fully when deciding on the appropriate game to choose, how the game context
allows for data collection of constructs of interest, and how the data can be collected
in a psychometrically sound manner. Researchers are encouraged to plan for data
collection in games from multiple lenses, perspectives, and levels. This includes
whether it is appropriate to capture behavioral data. Moreover, if behavioral data are
deemed appropriate, examine whether it is feasible to map the game space (e.g., The
Deed) or does emergent gameplay (e.g., World of Warcraft) require a more targeted
approach. Answers to these questions are critical as they will provide insight into
the underlying mechanics and encapsulating contexts of games, and promote an
increased understanding for the purpose of hypothesis generation, study design,
data collection, data coding, and analytic approaches.

The example employed in this chapter (i.e., The Deed) is best characterized as a
moral-choice game. By design, players are forced to make decisions in an attempt
to achieve the game’s main objective. From a limited point of view, the game is a
finite collection of mappable choices that are either beneficial (right) or not (wrong).
From this perspective, The Deed is structured in the same way as any performance
assessment including: a contextualized narrative, goal-oriented summative out-
come, and clearly linked formative activities. Moreover, unlike traditional multiple-
choice tests, where each item is independent of one another and evaluated
individually, in choice-based games, each decision is necessarily dependent upon
the previous response. This suggests that there is an opportunity to examine choices
at a discreet, individual level and also collectively as a whole. As a result, path
analysis is the logical procedure to examine performance in these systems when
overall performance, defined here to be the sum of all items is dependent upon one
another.

Using this logic, information can be presented as a hint to aid the player or as
distractor to lead them astray. Further, some choices could be considered correct
answers (e.g., Evidence Selection), which are conducive to increased success. By
contrast, distractor or error choices correspond with diminished success (e.g., the
longer you examine your weapons choices, or Total Weapon Interactions, the less
likely you are to experience success at the game). Ultimately, designers of The Deed
presented information in three key ways: (a) there is information that is critical to
success (e.g., information gained from interacting with pieces of evidence predicts
the selection of evidence); (b) there is information that contributes to the atmo-
sphere or narrative, but is not germane to the solution (e.g., interactions with flash-
back objects do not influence the selection of evidence); (c), there is information
that is intended to distract and test your problem-solving ability.
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Collectively, the manner in which the information is presented to the player and
the heuristics that must be employed shift the focus of the experience away from a
recall task to a situated performance assessment. Moreover, the fundamental struc-
ture of choice-based games and this process approach to capturing data, raise excit-
ing possibilities for new forms of assessment. Future assessments could be designed
to capture process data, rather than after the fact as presented here. There are several
significant benefits to such a design: (a) it would provide researchers with a clearer
understanding of how design elements impact the assessment (e.g., usability and
psychometrics); (b) integrated data capture tools would limit resource expenditures
(e.g., time coding data); and (c) provide a clearer manner in which to evaluate learn-
ing process discrepancies between actual and target learning.

Although the first two points are obviously important, the last one warrants addi-
tional discussion. Since the days of Dewey (1899), researchers and theorist alike
have argued the importance of understanding learning as a process rather than solely
an outcome. It is within the process that one can tease out misunderstanding, inef-
fectual problem-solving strategies, and misplaced heuristics. Game-based perfor-
mance assessments may provide new opportunities to better understand how these
issues arise. Specifically, a players’ individual process model can be evaluated
against the successful solution(s) in order to better understand where additional help
should be given. This not only provides both teacher and learner with a more
detailed understanding of where a problem(s) has emerged, but also discussion
points to better understand both the how and why (emphasis added) choices
were made.
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Chapter 7

Press Play! How Immersive Environments
Support Problem-Solving Skills

and Productive Failure

Benjamin Emihovich, Logan Arrington, and Xinhao Xu

7.1 Introduction

Over the past decade, education researchers have explored how video games and
immersive environments can support learning and assessment known as game-
based learning (GBL). While well-designed video games are engaging and fun,
there are challenges in producing valid and reliable assessment measures in games
without disrupting the flow of the gameplay experience (Van Eck, Shute, & Rieber,
2017). In addition, there are also challenges in being able to produce valid and reli-
able assessments that ensure accuracy between what is being measured, and what is
intended to be measured in a study. However, the challenge of addressing confound-
ing constructs and ensuring construct validity can be alleviated by using an existing
assessment framework in this field of research.

One possibility is using an evidence-centered design (ECD) framework that
allows researchers to make valid inferences about the types of competencies
(problem-solving processes) learners acquire during gameplay and the behaviors
that provide evidence to validate claims made about the competencies (Mislevy,
Steinberg, & Almond, 2003; Shute, Hansen, & Almond, 2008). ECD-based assess-
ments are valid for gaming research since players are active learners and learning
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through gameplay is situated in an authentic context (Shute & Emihovich, 2018).
Video gameplay can produce rich data on how learners demonstrate motivation,
persistence, and spatial ability, which are important skills that are not suitable for
traditional assessment measures. One example of a game-based assessment (GBA)
is stealth assessment, where assessments are embedded directly into the game envi-
ronment without disrupting gameplay for the learner (Shute, 2011). This type of
assessment can also be adapted to address assessment of failure to learn during
gameplay.

The idea of productive failure stems from the thought that there are four out-
comes associated with any learning and performance activity (Kapur, 2016; Kapur
& Rummel, 2012). These outcomes are productive failure, productive success,
unproductive failure, and unproductive success. Failure or success refers to short-
term outcomes by the learner, usually through initial performance. Whether an
item is productive or unproductive is based upon whether meaningful long-term
learning takes place. Some researchers have indicated that failure in an initial
activity leads to better learning in the long term, if learners have an opportunity to
receive guidance or feedback afterward (Kapur, 2016). There are various methods
to trigger a productive failure outcome; however, the most traditional is to provide
students with a complex ill-structured problem prior to instruction on a topic. They
then consolidate their knowledge through some form of feedback or instruction. If
productive failure outcomes are considered superior to productive success out-
comes, as argued by Kapur (2016), then there is great import for verifying these
outcomes in games. Games naturally lend themselves to productive failure
outcomes.

In addition to producing valid and reliable assessments in GBL, GBAs need to
address challenges in immersive virtual reality (VR) environments. VR technolo-
gies elevated the nature and possibilities of GBL, bringing unique research oppor-
tunities in instruction, training, and assessment. Pivotal components in a VR
environment include a shared space, inhabitants/avatars, interactions with peers and
the environment, and perceptions, experiences, and interpretations of the users/
players. In VR environments, educators and trainers can design gamified scenarios
for their teaching and training purposes in settings that are either impossible to rep-
licate or too costly in the natural world.

In this chapter, we review the relevant literature on immersive environments and
authentic learning that takes place during gameplay and can support the develop-
ment of problem-solving skills. We also address how ECD can be adapted to fit
emerging methods and practices in GBA, such as stealth assessment of problem-
solving skills and challenges with measuring productive failure in GBL. The chap-
ter will conclude with a discussion on how to address challenges of producing valid
and reliable assessments in immersive environments for learning, with implications
for future research.
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7.1.1 Authentic Learning and Immersive Gameplay

Immersive environments can provide interactive learning experiences that are
grounded in sound learning principles such as feedback, rewards, and authentic
problem-solving scenarios to foster longer-term learning (Shute, Rahimi, &
Emihovich, 2018). Gee (2005) argues that well-designed video games provide play-
ers with meaningful interactions in immersive environments where they can explore
issues of identity, culture, politics, and values, which are not usually experienced by
players outside of the game environment. Immersion enhances learning in the fol-
lowing ways: allowing multiple perspectives for players to interact with content,
providing situated learning experiences, and engendering transfer (Dede, 2009).
Dede (2005) suggests that immersive environments (IEs) support situated learning
with knowledge distributed across a community among novices and experts, fluency
in multiple media, and authentic problem-solving scenarios that engage multiplayer
interactions among players and artificial characters that differ in knowledge, skills,
and abilities. Multiple perspectives in immersive learning allow for egocentric and
exocentric frames of reference meant to support motivation and promote abstract
insights from a distance (Dede, 2009). The immersive gameplay associated with
well-designed video games to promote cognitive competencies like problem-solving
skills is grounded in situated learning (Van Eck et al., 2017). Situated learning takes
place in the same context in which it is applied, and learning is a social process
whereby knowledge is co-constructed among members in a community (Kirk &
MacPhail, 2002; Lave & Wenger, 1991).

The immersive environments discussed in this chapter emphasize learning as an
active social process where knowledge is co-constructed and distributed.
Constructivism states that effective learning occurs when learners explore, collabo-
rate, and interact with tools, resources, the environment, and people (Vygotsky,
1978). Situated learning views cognition as a process that occurs within each activ-
ity, context, and culture in situ. During gameplay in IEs, the learner dictates the
pace, and personalizes the learning process by actively participating in an authentic
environment. As players progress through a game, they assimilate and accommo-
date new knowledge structures by encountering and defeating progressively more
difficult problem-solving scenarios. These gameplay scenarios often require players
to use tools and resources efficiently and effectively: a facet of problem-solving
skill (Shute, Ke, & Wang, 2017).

7.1.2 Problem-Solving Skills and Stealth Assessment

Problem solving is a cognitive process that requires planning, lateral thinking, and
reflection to find a solution that is not known to the problem solver (Mayer &
Wittrock, 2006). Problem-solving skills are important for lifelong development, but
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there is a gap in problem-solving skills acquired through formal learning settings
and recent college graduates’ preparedness when solving problems. Employers in
the public and private sectors report that only 38% of recent college graduates that
are hired can analyze and solve complex problems in the workplace environment
(Hart Associates, 2018). Schools tend to focus on instruction that features well-
designed problem-solving scenarios, whereby there is a knowable solution and
solution pathway to solve the problem (Jonassen, 1997). More meaningful types of
problem-solving scenarios engender critical thinking and promote transfer by
requiring students to address ill-defined or ill-structured problems that often have
no clear or knowable solution (Jonassen, 2000). Unlike the well-structured prob-
lems that students face in formal learning settings, well-designed games provide
students with challenging scenarios in immersive gameplay that includes ongoing
feedback for the players to hone their problem-solving skills over time (Van Eck
etal., 2017).

Scholars who support GBL argue that problem-solving skills are a benefit of
video gameplay through situated learning (Eseryel, Law, Ifenthaler, Ge, & Miller,
2014; Gee, 2008). While some researchers have attempted to design specific games
to promote problem-solving skills (Van Eck, Hung, Bowman, & Love, 2009), there
are various commercial video games on the market, Portal 2 and Plants vs. Zombies
2, which can support the development of problem-solving skills (Shute, Ventura, &
Ke, 2015; Shute, Wang, Greiff, Zhao, & Moore, 2016). These immersive environ-
ments can offer valuable assessment by providing students with repeated practice of
problem-solving scenarios during gameplay. This requires players to analyze givens
and constraints, which are facets of problem-solving skill (Shute & Emihovich,
2018). The challenge is being able to assess learners’ problem-solving skills with-
out interrupting the gameplay experience.

Recent studies in GBL have indicated learning gains in engagement, gameplay,
and enjoyment of gameplay in addition to self-regulated learning and problem solv-
ing (Fong, Jenson, & Hebert, 2018; Taub, Azevedo, Bradbury, Millar, & Lester,
2018). Yet, the aforementioned researchers in each study acknowledge difficulty in
assessing student learning from gameplay as a study limitation. Scholars agree there
are challenges associated with assessing confounding constructs of gameplay and
problem-solving skills in game-based research (DiCerbo, Shute, & Kim, 2017;
Shute & Emihovich, 2018).

One way this problem can be alleviated is by using a GBA framework that is
grounded in ECD. Stealth assessment is a framework that embeds assessments
directly within immersive environments by: (1) defining claims made about tar-
geted competencies; (2) linking evidence to problem solving during gameplay to
validate claims; and (3) defining the tasks that generate data to elicit performance
(Shute, 2011). This framework allows researchers to make valid inferences about
student performance during gameplay without causing a disruption of the gameplay
experience that can hinder the benefits of immersion. As an example, Shute et al.
(2017) implemented stealth assessments in Use Your Brainz (a modified version of
the original game Plants vs. Zombies 2). In this game, stealth assessments were
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woven directly into gameplay to assess middle-school students’ problem-solving
skills. During gameplay, players were tasked with defending their gardens against
zombies by planting flowers that repel the zombie onslaught. Each player generated
resources by planting sunflowers on the map and this in turn produced sun power,
allowing players to summon plants that can defend the garden. Some of the plants
that could defend against zombies included the pea shooter, which fires rapidly at
zombies; the snow pea, which slows zombies from advancing toward the garden;
and the walnut, which acts as a barrier that zombies must eat before reaching
the player.

As research participants play video games, their performance is captured in data
logs where behavioral indicators that elicit application of targeted competencies
update assumptions made about the competency model. The researchers developed
a competency model that defines problem-solving-skills during gameplay and
behavioral indicators that provide evidence for each facet of problem-solving skill.
The model included four facets of problem-solving skill, based on extensive review
of the literature, hours of their own gameplay, and viewing expert solutions on vari-
ous social media platforms. The four problem-solving facets in the model included:
(1) analyzing givens and constraints; (2) planning a solution pathway; (3) using
tools effectively and efficiently when implementing solutions; and (4) monitoring
and reflecting progress (Shute et al., 2017). In addition to the competency model,
the researchers also established criterion of behavioral indicators through gameplay
that provided evidence for each facet of problem-solving skill. The behavioral indi-
cators included, for example, planting snow peas behind walnuts, and planting sun-
flowers in the back of the map.

The problem-solving model was implemented in the game using Bayesian net-
works. The results of this analysis from the experiment generated data from the
competency model, which reflects changes in what students know and can achieve
in immersive environments. The ECD framework approach of stealth assessment
connects assessment tasks during gameplay with claims made about student com-
petencies to validate arguments made about student performance on targeted
competencies during gameplay (DiCerbo et al., 2017). Shute et al. (2017) were
able to validate stealth assessment by collecting data from students after 3 h of
gameplay including two external problem-solving measures (MicroDYN and
Raven’s Progressive Matrices). Results demonstrated that stealth assessment esti-
mates of problem-solving skills were significantly correlated with both problem-
solving measures, helping establish construct validity of the assessment. For
further examples and descriptions of scoring and Bayes Nets (BNs) in stealth
assessment, see Shute et al. (2015, 2016, 2017). In the next section, we discuss
some of the challenges with assessing productive failure in GBL. Under certain
conditions, productive failure allows learners to struggle, persist, and even fail at
problems that are ill-structured, but with the long-term goal of helping learners
developing lateral thinking to solve authentic problems (Abrahamson &
Kapur, 2018).
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7.2 Productive Failure

Well-designed games can provide scenarios where students can fail. Additionally,
data on their failures (i.e., their solutions to the problems faced) can be instantly
collected by the game, whereas an application of strategies to produce this outcome
in other learning environments results in data that cannot be collected as quickly.
Thus, it is important for game-based environments to assess learners’ initial efforts
and help identify prominent methods of consolidation through this assessment.
Embedded within well-designed games are authentic learning activities based on
real-world contexts when designers, instructors, and/or learners are restricted by
logistical limitations. Additionally, well-designed games in virtual immersive envi-
ronments can act as a sandbox for learners to explore and encounter initial short-
comings in performance in order to grow over time. However, through feedback
provided in the game’s internal mechanisms or other types of methods (e.g., trial
and error, help seeking) learners can enhance their long-term learning. This out-
come is known as productive failure.

As mentioned above, productive failure stems from the four potential outcomes
at the intersection of short-term performance and long-term learning (i.e., produc-
tive failure, productive success, unproductive failure, and unproductive success).
Productive failure refers to an instance where learners encounter a failure in short-
term performance, which leads to a more meaningful long-term learning experi-
ence. As an instructional strategy, productive failure is broken down into two phases,
exploration and consolidation (Kapur & Bielaczyc, 2012). In exploration, learners
face a challenging problem that elicits various opportunities for deep exploration of
the problem and offers the opportunity for learners to create multiple solutions. The
problem that is used in this phase should be within the learners’ grasp (i.e., not frus-
tratingly difficult) but still complex. Within most studies on this topic, ill-structured
problems are used (Kapur, 2008). Ill-structured problems lack clear solutions, pres-
ent excess or insufficient information for developing a solution, or have multiple
processes for developing a solution (Jonassen, 1997). The most important compo-
nent for productive failure is that the problem must allow learners to generate mul-
tiple solutions to the problem (Kapur, 2016; Kapur & Bielaczyc, 2012).

The content of the problem does not have to be overly complicated, but the
problem needs to be ill-structured. For example, several the studies have investi-
gated math concepts, specifically variance (e.g., Kapur, 2012; Loibl & Rummel,
2014b). In addition to the design of the problem being ill-structured, the problem
should build upon learners’ prior knowledge (Kapur & Bielaczyc, 2012). However,
researchers debate the specifics of the needed prior knowledge. Originally, Kapur
and Bielaczyc (2012) argued that the required prior knowledge was twofold,
including content knowledge and knowledge of solving similar problems.
However, in a later study, Toh and Kapur (2017) found that providing learners with
specific micro-level instruction related to the content of the problem did not
improve student learning. They did find that these students were capable of gener-
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ating more solution attempts to the problem than their counterparts who did not
receive the instruction. In addition to the design of the problem, many researchers
have traditionally considered the exploration phase of productive failure as a col-
laborative problem-solving opportunity (Kapur, 2008; Kapur & Bielaczyc, 2012).
The majority of productive failure research has examined the exploration phase as
a collaborative effort (e.g., Kapur, 2008, 2009; Kapur & Kinzer, 2009; Loibl &
Rummel, 2014a, 2014b; Westermann & Rummel, 2012). A number of the studies
have investigated the exploration phase as an individualized problem-solving
effort (e.g., Kapur, 2014, 2015; Mazziotti, Loibl, & Rummel, 2015). Mazziotti
et al. (2015) aimed to determine if collaboration affected learning by comparing
students solving problems in groups and individually. They found no significant
difference between students collaboratively or individually solving problems.

A final consideration in the design of the exploration phase is the learning envi-
ronment. Kapur and Bielaczyc (2012) identified the need for an environment that
not only welcomes failure but also encourages it. While there is not one clear effec-
tive design prescription for creating the exploration phase, the intent of all
approaches remains the same. The exploration phase should prime the learners to
receive instruction in the subsequent phase, consolidation.

At the conclusion of the learners’ problem-solving attempts (i.e., exploration),
they must consolidate the knowledge they generated throughout this phase. This
consolidation experience can come in many forms, but it should directly address
elements of the overarching problem that the learners attempted to solve during the
previous phase (Kapur & Bielaczyc, 2012). In most cases, teacher-led instruction in
some form is used to help the learners refine their knowledge generated solving
problems. Some researchers have investigated the focus and content of the instruc-
tion. Loibl and Rummel (2014b) explored whether instruction focusing on contrast-
ing solutions (i.e., typically generated and the canonical solutions) to the problem
used in the exploration phase would be a more effective consolidation experience
than general instruction on the topic. They found that the former led to a much
higher conceptual understanding on the topic than the latter approach. Another
component that must be included in this phase is the opportunity for the learners to
engage with the material (Kapur & Bielaczyc, 2012).

Lastly, the consolidation phase should continue the similar atmosphere intro-
duced in the exploration phase (i.e., a safe place to fail). The emphasis during this
phase is on how the solutions generated in the previous phase relate to the overall
concept or solution to the problem and not that the learners made errors (Kapur
& Bielaczyc, 2012). These two phases combine to create productive failure learn-
ing experiences. The design of each of these phases must complement the other
as each has meaning in productive failure. Thus, in games, certain aspects should
be assessed during each of these phases. Below, we briefly highlight some impor-
tant characteristics that fit within game design and assessment for each of
these phases.
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7.2.1 What Do We Want to Assess During the Exploration
Phase?

The exploration phase of productive failure is present in most game design.
Players are presented with a problem that they must solve. Depending on the com-
plexity of the problem and the available manipulatives within the game, the play-
ers are allowed to approach a problem from multiple avenues. In these multiple
avenues, the players are allowed to generate multiple solutions to the problem. In
addition, learners can attempt to solve the problem in a safe, low-consequence
environment.

Typically, in productive failure studies there are a number of aspects assessed
during the exploration phase. The most common is the number of solutions gener-
ated (also referred to as representations and solution methods). Various studies on
productive failure have examined the impact of the quantity (Kapur, 2010, 2012,
2014, 2015; Kapur & Bielaczyc, 2012) and quality (Loibl & Rummel, 2014a). In
most studies, there was a positive relationship between the number of solutions
generated and learners’ knowledge gains (Kapur, 2012, 2014, 2015; Kapur &
Bielaczyc, 2012). This component is easily measured in game-based approaches
as the tool itself can log these solutions. Additionally, researchers have investi-
gated the impact of the problem-solving process on learner’s cognitive load.
Unsurprisingly, when learners are generating multiple solutions to a problem, they
report higher cognitive load (Glogger-Frey, Fleischer, Griiny, Kappich, & Renkl,
2015; Kapur, 2013, 2014) during the exploration phase. However, the research is
inconclusive as the higher cognitive load did not influence the learning gains in
some research (e.g., Kapur, 2013, 2014), while in others there was a negative
effect with higher cognitive load (Glogger-Frey et al., 2015). Additionally, affec-
tive variables are measured in the exploration phase. These variables include
engagement and confidence. Typically, levels of engagement remain similar across
groups during exploration (Glogger-Frey et al., 2015; Kapur, 2012, 2013, 2014).
Learner’s confidence can be low during the initial problem-solving attempts; how-
ever, the results on whether or not this impacts learning is inconclusive. The cog-
nitive load imposed by the task and these affective aspects taken together are
valuable variables to consider as learners solve problems in game-based
environments.

7.2.2 What Do We Want to Assess During the Consolidation
Phase?

In many game-based environments, as players make multiple attempts to solve the
problem, some version of feedback is presented or offered to the learners. This
feedback can come in various formats. In productive failure, the most common
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method of consolidation is delivered via teacher-led instruction. The content of the
instruction may be generic or focused specifically on the most correct solution to
the problem presented during exploration (Loibl & Rummel, 2014b). An important
distinction should be made here in that in many games, feedback can occur too
soon based on the design before learners have enough of an opportunity to explore
other solutions. The success of a productive failure approach is another indicator
that feedback could be delayed or based on the number of attempts in these
environments.

Typically, affective variables are measured during, or in response to, the consoli-
dation phase. The learners’ engagement during consolidation, or their satisfaction
with the consolidating experience, is measured. From a GBA perspective, the learn-
ers’ incorporation of feedback can be easily measured as due to the instantaneous
nature of assessment. The assessment of learning traditionally takes place during or
after this phase. In most productive failure literature, assessment has included com-
prehension questions and solving of more structured problems. However, GBA
methods allow for a more instant assessment of learning.

7.2.3 Productive Failure in GBL

While most of the literature in productive failure has focused on traditional educa-
tional contexts (i.e., online learning or face-to-face learning in a structured environ-
ment), some recent literature has incorporated the idea of productive failure within
explaining the outcomes of their research. Anderson, Dalsen, Kumar, Berland, and
Steinkuehler (2018) found that middle-school students who encountered more fail-
ures before succeeding were likely to learn more on the topic of virology.
Additionally, these failures prompted discourse among students. While the research-
ers did not intend to design a productive failure experience within the game, their
study is an indicator of how a game can capture generated solutions during the
exploration phase. While the authors did not identify a consolidation phase within
the game, the learners’ discourse generated by their failed attempts fulfilled this
role. In a similar investigation, Jagust, Boticki, and So (2018) found that more
incorrect attempts by students within the game led to better learning outcomes in
arithmetic. However, in this case the learners had received instruction prior to their
explorations in the game.

Whereas the previous researchers (i.e., Anderson et al., 2018; Jagust et al., 2018)
were identifying post hoc occurrences of productive failure, Gauthier and Jenkinson
(2018) differentiated their approach by using productive failure as a desirable design
element. They used the term productive negativity to represent a gameplay loop
(i.e., a re-exploration within a certain parameter of the game, or a productive failure
experience). Their qualitative analysis of a game versus simulated environment
identified three design components that could affect game design and assessment of
productive failure experiences. First, the authors found that restricting components
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of the game before introducing others limits their future explorations. However, the
explorations can still be productive. Second, the authors found that incorporating
more mechanics in one iteration led to more exploration within that loop. Lastly,
they found that the key to integrating productively negative experiences was to
integrate more mandatory variables/elements into the game than unnecessary ones.
Overall, these design components explain how games can be designed to elicit pro-
ductive failure experiences, thus allowing for the assessment of the productively
negative (i.e., problem-solving iterations) experiences.

Scholars are beginning to notice the applications of productive failure for game-
based learning. Due to the authentic challenging experiences games can provide, the
opportunity to fail in a safe environment, the immediacy of data collection, and the
control of feedback, there is a clear benefit to considering these types of outcomes
within assessment. Additionally, there is an added benefit of assessing productive
failure as it presents authentic problems in authentic environments, such as virtual
reality enabled environments. Advancements in recent funding of VR technology
has led to exciting developments in the field of training, research, and instruction
(Shute et al., 2018).

7.3 Virtual Reality and Assessment

Computer games may take place in an immersive VR environment. VR technologies
have elevated the nature and possibilities of learning games to another level, bring-
ing unique research opportunities in instruction, training, and assessment. Major
components in VR environments for education (VRE?) include a shared space,
inhabitants/avatars, interactions with peers and the environment, and perceptions,
experiences, and interpretations of the users/players. In VR environments, educators
and trainers can design gamified scenarios for their teaching and training purposes
in settings that are either impossible to replicate or too costly in the natural world.
With the fast advancement of VR technologies in recent decades, researchers and
practitioners have been applying VR in various instructional and training settings,
such as medical training, professional simulations, and school education (e.g.,
Andersen, Konge, & Sgrensen, 2018; Chang & Weiner, 2016; Cho et al., 2013; Ke,
Lee, & Xu, 2016; Leder, Horlitz, Puschmann, Wittstock, & Schiitz, 2019; Nagendran,
Gurusamy, Aggarwal, Loizidou, & Davidson, 2013; Smith & Hamilton, 2015;
Sugden et al., 2012; Tiffany & Hoglund, 2016). The infinite research possibilities
that serious games in VR can provide also invite challenges in the areas of assess-
ment and evaluation being studied.
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7.3.1 Challenges with Assessment in VRE?

In the context of this chapter, we argue that assessment in VRE? consists of two
aspects: (1) to assess affective and learning outcomes of VRE? to exam benefits or
drawbacks that it brings to participants; and (2) to assess VRE? itself to evaluate the
gaming/playing elements and how the VRE? designs fit educational goals. Most
existing studies in VRE? concentrate on the actual outcome of the affective domain
and learning effects of the participants. While acknowledging the promising educa-
tional benefits that VR can bring, some researchers also placed doubts on whether
VRE? could actually deliver learning effects in favor of content knowledge acquisi-
tion and application (Hew & Cheung, 2010). Recent VRE? brings onboard the head-
mounted displays (HMD), for example, Oculus Rift and HTC Vive, to offer
participants more immersive in-world experience. However, recently some research-
ers have found that other than psychomotor, visual, and special skills acquisition,
such HMD-enabled VRE? do not necessarily lead to advantages over traditional
instructional methods, and in some situations, might bring obstacles to learning task
accomplishment (Jensen & Konradsen, 2018; Leder et al., 2019; Richards & Taylor,
2015). Possible reasons are technical challenges in such VRE?, added cognitive
load, distractions of fancy gaming experience, and even cybersickness. To mini-
mize, if not resolve, the influence of such obstacles, it is not enough to apply only
post hoc assessment to the VREZ. It will be crucial to implement assessment while
designing and playing/operating the VRE?. We advocate the following directions
and challenges for VRE? assessment.

VRE? features a dynamic system with numbers of elements related to usability,
playability, and learning integration. Generally, usability concerns the interface,
control mechanism, and technology used. Playability often relates to game chal-
lenge, task, enjoyment, and rewards. Learning could be integrated to any elements
of usability, playability, and certainly the VR gameplay scenarios. Modern VRE?
features multi-thread design and offers dynamic scenarios. Participants do not nor-
mally follow a linear approach in the gameplay but will interact with the system
dynamically. Their learning processes, emotions, gameplay time, and accomplish-
ments are echoed in their in situ behaviors while interacting with the usability and
playability elements.

VRE? can be a sound platform for assessment itself. Clarke-Midura and Dede
(2010) pointed out that conventional means of assessment, like multiple choice
tests, could not fully reveal the learning of inquiry skills for students. The research-
ers further argued that a virtual environment can evaluate scientific inquiry skills of
students through gamified and simulated activities in the virtual world. Compared
with conventional tests, such carefully designed activities were more controllable
and achievable in a virtual environment, and the actions and movements of a student
were easily captured with the help of computer systems for further analysis (Clarke-
Midura & Dede, 2010). Given the recent development of consumer-level VR devices
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that may bring more immersive experience to users, researchers have been studying
and applying VRE?-enabled technologies for assessment across disciplines
(McGrath et al., 2018; Passig, Tzuriel, & Eshel-Kedmi, 2016).

7.3.2 Analysis and Measurement in VRE?

Not every element can be measured directly. Such elements without direct mea-
surement are reflected and externalized by game designs, technology affordances,
and user performances. There may also be objective measures and subjective
judgment for each element. For example, for game usability, once a VRE? is
designed, the layouts and control features are normally fixed. However, different
users may have their own experience interacting with the features. How to assess
the game usability may vary depending on what we are interested to know. If we
want to assess the human—computer interaction characteristics, objective mea-
sures like the game logs faithfully reflect game controls, time stamps, routes of
exploring, or even participants’ physiological information. In VRE? training, sci-
ence lab and military combat for example, physiological information of electroen-
cephalogram, haptic feedback, heart rate, blood oxygen saturation, blood pressure,
and breathing behaviors is collected through wearable devices (e.g., Makransky,
Terkildsen, & Mayer, 2019; McGregor, Bonnis, Stanfield, & Stanfield, 2017). On
the other hand, if we are interested in user experience regarding usability, the
assessment instruments of surveys, interviews, and focus groups are sound
choices. Researchers apply both qualitative and quantitative analysis methods to
data collected.

The latest trend is to analyze the data in an ad hoc and real-time manner, espe-
cially for the quantitative data collected instantly while the VR environment is
running. This can be seen with the ECD approach of stealth assessment (Shute
et al., 2016, 2017). With the advancement of big data and the increases in comput-
ing power, some educational researchers and scholars utilize approaches in artifi-
cial intelligence, pattern recognition, and machine learning to analyze the data
collected (e.g., McGregor et al., 2017; Stanica, Dascalu, Bodea, & Moldoveanu,
2018). Creating a VRE? for job interview practice, Stanica et al. (2018) imple-
mented chatbots with artificial intelligence, facial detection techniques, and seman-
tic analysis while the mock-interview was running. Such real-time assessment may
help the VRE? system to accommodate each individual participant with a personal-
ized training road map and to detect their instant emotions to some extent. It may
not only elevate individual learning experience, but also maximize the learning
outcomes because each participant’s VRE? experience is uniquely tailored to
its best.
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For learning outcomes like knowledge acquisition from VRE?, most researchers
apply the same assessment as that of the traditional instructional methods (nor-
mally as control groups), for example, paper-pencil tests, or online questionnaires.
While acknowledging the effectiveness of such assessment, we also call for cre-
ative assessment that fits the intervention. For example, in some VRE? in which
embodied features are implemented, participants can use body movements or ges-
tures to interact with the VR learning scenarios. Since such body movements are
part of the learning modality (Macedonia & von Kriegstein, 2012; Xu & Ke,
2014), it may be “unfair” to exclude the embodied part in the learning acquisition
assessment. Assessment more closely aligned with the approach to acquiring con-
tent knowledge may reveal different learning outcome (Johnson-Glenberg &
Megowan-Romanowicz, 2017; Nathan & Walkington, 2017). In a recent study in
which some participants utilized embodied interactions as their major modality to
learn in a VRE?, a gesture-based test signaled results that were in favor of those
participants who mainly used gestures in the virtual game compared with those
who utilized fewer gestures when learning (Johnson-Glenberg & Megowan-
Romanowicz, 2017). The study results imply that the format of assessment may
play an important role in measurement within the context of VRE?, and researchers
and practitioners are encouraged to design assessments that will accommodate the
actual learning experience of the users.

7.4 Future Implications for Game-Based Assessment

In this chapter, we have discussed how immersive environments for learning sup-
port the development of cognitive competencies such as problem-solving skills and
promote the generation and exploration of representations and solutions methods
for solving novel problems through productive failure. We also presented a frame-
work adapted from the work of Shute (2011) on stealth assessment for assessing
cognitive competencies that are grounded in ECD, as shown in Fig. 7.1. Stealth
assessment addresses challenges of confounding constructs in game-based research
and provides continuous streams of data to assess player performance without
impeding the gameplay experience. In addition, the challenge of developing a com-
petency model is vital to the validity of any GBA, including mapping behavioral
indicators during gameplay to target competencies. ECD combined with stealth
assessment can be a GBA framework that may guide future research in virtual and
game-based immersive environments for assessing cognitive and noncognitive
competencies.

Immersive technologies can now be used as an economical resource in formal
educational settings. Scholars can explore the effects of immersive technologies on
learning and cognition as well as address issues on equity and access to immersive
technologies in underrepresented groups and communities. One example may be
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Fig. 7.1 Stealth assessment in immersive environments

using VRE? to help students with disabilities learn life transition skills. While VR
technologies have existed in various sectors and domains including media, cinema,
art, and the military, the application of VR in educational settings has been challeng-
ing given the cost and limited accessibility. However, mainstream and educational
VR experiences are now possible with products such as the Oculus Go and Oculus
Quest, which are self-contained VR systems that can be used without any additional
computer hardware. In addition, a recent report (Adams Becker, Freeman, Giesinger
Hall, Cummins, & Yuhnke, 2016) indicates substantial investments in immersive
VR experiences can be expected to benefit the education sector in the near future. A
similar report by Goldman Sachs predicted that immersive technologies as an indus-
try can project to an $80 bn market by 2025 (Bellini et al., 2016). Given these trends,
several technology-driven companies (e.g., Facebook, Google, and Samsung) have
competed for investing, designing, and developing immersive technologies to
provide mainstream VR immersive experiences (Brown & Green, 2016). Moreover,
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these companies realize the potential benefits of immersive environments for learn-
ing just as game-based scholars have demonstrated that video gameplay can improve
learners’ problem-solving skills by interacting with novel problem-solving scenar-
ios (e.g., Shute et al., 2015).

Problem solving is an integral part of game design. Through design, games
also serve as an excellent tool to assess learners’ problem-solving skills. In addi-
tion to these problem-solving skills, designers can easily build-in components that
borrow from the instructional approach of productive failure to elicit productive
failure outcomes (i.e., shortcomings in their initial attempts at solving problems,
which lead to successful long-term learning). By utilizing game design elements
that elicit these outcomes and by measuring the aspects within each phase (e.g.,
within exploration measuring the learners’ problem-solving attempts and within
consolidation measuring the learners’ ability to consolidate based on the feedback
type), game designers can hopefully provide more meaningful long-term learning
experiences for their learners. During each of these phases, games can measure
explicitly and implicitly certain variables that could moderate learners overarch-
ing success for achieving these types of outcomes. Additionally, researchers can
use games as an environment to test the efficacy of this approach. The aforemen-
tioned GBAs also apply to VR environments for education. The unique features of
varied forms of VRs, researchers and practitioners are encouraged to tailor types
of assessment to accommodate learners’ learning process in the virtual world. It
will be more equitable to assess the learners in the ways they apply content
knowledge.
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