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ABSTRACT

Digital game-based learning is increasingly used in educational contexts, yet evidence
regarding its effects remains difficult to evaluate. A central challenge lies in recurring
methodological limitations in the field, including weak comparison logic between game and
non-game conditions, limited isolation of specific design features, and fragmentation in
outcome constructs and research agendas. These issues complicate the interpretation and
interpretability of findings and hinder the development of cumulative knowledge on the

functioning of digital games.

To address these challenges, this dissertation developed two purposefully designed and
structurally aligned learning environments, described in two design papers: Limes, an
educational video game on Roman history, and a corresponding interactive text-based
application containing identical narrative content, tasks, and informational resources. These
systems enable controlled comparisons between instructional formats while holding key

elements constant and allow for the systematic manipulation of specific design features.

Building on this foundation, two pre-registered experimental studies examined how
format and design features influence cognitive, motivational, emotional, and behavioural
engagement outcomes in digital history learning. The first study compared game-based and
text-based learning under different instructional framings (learning vs. fun). The second
experiment isolated a specific design feature by manipulating the presence of background audio
within the game. Across both studies, behavioural log data were used to capture learners’

interaction with optional informational resources.

Results showed that the game condition elicited higher levels of triggered situational
interest and enjoyment than the text condition (small effects). There were no significant effects
on maintained interest and boredom. In addition, playing the game did not lead to higher
knowledge scores, as compared to the text condition. Instructional framing did not affect the
investigated outcomes, and did not interact with format. With respect to the second experiment,
it was shown that the manipulation of background audio did not have significant effects on the
investigated cognitive, motivation, emotional and behavioural engagement outcomes. Across
both studies, however, behavioural engagement with content-rich informational resources
(Codex entries), as assessed using log data, was consistently associated with higher knowledge

performance.



VI ABSTRACT

Complementing the design and experimental work and extending beyond the domain of
history learning, a systematic review on video game effects on intercultural outcomes (prejudice
and intercultural competence) was conducted. The review synthesized a heterogeneous body of
research across different lines of inquiry to address fragmentation in outcome constructs and

research agendas.

The review highlighted fragmentation in outcome constructs, particularly for
intercultural competence, with limited conceptual clarity and a narrow focus on selected
components such as empathy and perspective-taking, while knowledge and behavioural aspects
of intercultural competence were rarely assessed. At the same time, it identified distinct
research strands focusing on different mechanisms and game features (e.g., collaboration,
embodiment, format comparisons), thereby providing a structured perspective that organizes

existing studies by their research foci and the mechanisms they examine.

Overall, this dissertation’s findings indicated that outcomes in digital game-based
learning are often not determined by format categories or design features alone but seem to be
closely related to how learning-relevant content is structured and how learners engage with that
content. Methodologically, the dissertation demonstrated the value of structurally aligned
comparison designs, feature-level experimental manipulation, and in-game behavioural
measurement. By integrating system development, experimental investigation, and systematic
synthesis, the dissertation contributed to a more precise understanding of how digital game-

based learning environments can be designed and tested in educational research.
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ZUSAMMENFASSUNG

Digitales spielbasiertes Lernen (im Englischen: Digital Game-Based Learning) wird
zunehmend in Bildungskontexten eingesetzt, dennoch bleibt die Evidenz zu seinen Effekten
oftmals schwer zu bewerten. Eine zentrale Herausforderung besteht in wiederkehrenden
methodischen Einschrankungen des Forschungsfeldes, darunter eine schwache Vergleichslogik
zwischen spielbasierten und nicht-spielbasierten Bedingungen, eine unzureichende Isolation
spezifischer Designmerkmale sowie eine Fragmentierung von Outcome-Konstrukten und
Forschungsansitzen. Diese Probleme erschweren die Interpretation von Befunden und die
Entwicklung einer kumulativen Evidenzbasis zur Funktionsweise von Videospielen als

Lernumgebungen.

Um diesen Herausforderungen zu begegnen, entwickelte die vorliegende Dissertation
zwei gezielt konzipierte und strukturell aufeinander abgestimmte Lernumgebungen, die in
jeweils einem Artikel beschrieben werden: Limes, ein edukatives Videospiel zur romischen
Geschichte, sowie eine dazugehdrige interaktive textbasierte App mit identischen narrativen
Inhalten, Aufgaben und Informationsressourcen. Diese Systeme ermoglichen kontrollierte
Vergleiche zwischen Instruktionsformaten bei gleichzeitiger Konstanthaltung zentraler
Elemente und eroffnen die Moglichkeit, spezifische Designmerkmale systematisch zu

manipulieren.

Auf dieser Grundlage untersuchen zwei priregistrierte experimentelle Studien, wie
Format und Designmerkmale kognitive, motivationale, emotionale sowie verhaltensbezogene
Engagement-Outcomes im digitalen Geschichtslernen beeinflussen. Die erste Studie verglich
spielbasiertes und textbasiertes Lernen unter unterschiedlichen instruktionalen Rahmungen
(Instruktion mit dem Fokus auf Lernen vs. Spal}). Die zweite Studie isolierte ein spezifisches
Designmerkmal durch die Manipulation von Hintergrundaudio im Spiel. In beiden Studien
werden Logdaten zum Verhalten der Lernenden genutzt, um ihre Interaktion mit optionalen

Informationsressourcen zu erfassen.

Die Ergebnisse des ersten Experiments zeigen, dass die Spielbedingung im Vergleich
zur Textbedingung hohere Werte fiir ausgeldstes (,.triggered) situationales Interesse und
Freude hervorrief (Effekte mit kleiner Effektstirke). Fiir aufrechterhaltenes (,,maintained*)
situationales Interesse und Langeweile zeigten sich keine signifikanten Unterschiede. Zudem
fiihrte die Spielbedingung nicht zu hdoheren Wissensleistungen im Vergleich zur

Textbedingung.



X ZUSAMMENFASSUNG

Die instruktionale Rahmung wies weder Effekte auf die untersuchten Outcomes noch
eine Interaktion mit dem Format auf. Im zweiten Experiment zeigte sich, dass die Manipulation
von Hintergrundaudio keine signifikanten Effekte auf kognitive, motivationale, emotionale
oder verhaltensbezogene Engagement-Outcomes hatte. Uber beide Studien hinweg war jedoch
das verhaltensbezogene Engagement mit inhaltsreichen Informationsressourcen (Codex-

Eintrdgen), erfasst iiber Logdaten, konsistent mit hoheren Wissensleistungen verbunden.

Erginzend zu den Design- und Experimentalstudien und iiber den Bereich des
Geschichtslernens hinaus wurde ein systematisches Review zu den Effekten von Videospielen
auf interkulturelle Outcomes (Vorurteile und interkulturelle Kompetenz) durchgefiihrt. Das
Review synthetisierte ein heterogenes Forschungsfeld und arbeitete die Fragmentierung von

Outcome-Konstrukten und Forschungsagenden heraus.

Die Ergebnisse des Reviews zeigten eine Fragmentierung der Outcome-Konstrukte,
insbesondere im Bereich der interkulturellen Kompetenz. Diese Fragmentierung dulerte sich
in geringer konzeptueller Klarheit sowie in einer Fokussierung auf einzelne Komponenten wie
Empathie und Perspektiviibernahme, wihrend Wissens- und Verhaltensaspekte interkultureller
Kompetenz selten erfasst werden. Gleichzeitig identifizierte das Review unterschiedliche
Forschungsstringe, die sich auf verschiedene Mechanismen und Spielmerkmale konzentrieren
(z. B. Kooperation, Embodiment, Formatvergleiche). Es liefert damit einen strukturierenden
Rahmen, um bestehende Studien nach ihren Forschungsschwerpunkten und untersuchten

Mechanismen systematisch einzuordnen.

Insgesamt zeigen die Befunde dieser Dissertation, dass Outcomes im digitalen
spielbasierten Lernen hdufig nicht allein durch Formatkategorien oder einzelne
Designmerkmale bestimmt werden, sondern eng damit zusammenhédngen, wie lernrelevante
Inhalte strukturiert sind und wie Lernende mit ihnen interagieren. Methodisch verdeutlicht die
Arbeit den Erkenntnisgewinn durch strukturell vergleichbare Designs, die experimentelle
Isolation einzelner Designmerkmale sowie der Erhebung von Verhaltensdaten innerhalb
digitaler Lernumgebungen. Durch die Integration von Systementwicklung, experimenteller
Untersuchung und systematischer Synthese leistet die Dissertation einen Beitrag zu einem
préziseren Verstdndnis der Gestaltung und empirischen Untersuchung digitaler spielbasierter

Lernumgebungen.
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INTRODUCTION AND
THEORETICAL FRAMEWORK






1 Introduction and Theoretical Framework

Digital technologies have become a fundamental part of contemporary educational
contexts, shaping how learners access information and engage with instructional content (e.g.,
OECD, 2015, 2021). Across formal and informal settings, digital environments increasingly
influence the conditions under which learning takes place, offering new possibilities for
interaction and engagement. Within this broader development, digital games have received
increasing attention as learning environments in educational research (e.g., Clark et al., 2016;

Ninaus et al., 2019; Plass et al., 2015; Siuko et al., 2025).

A central reason for this interest lies in the distinct characteristics of digital games
compared to more traditional instructional formats. Digital games are characterized by
interactive environments that involve goal-directed activity, feedback systems, and structured
challenges, requiring learners to actively engage with the system. Many games also incorporate
features such as narrative framing and progression structures (e.g., levels, quests) (e.g., Gee,
2007; Plass et al., 2015). Accordingly, they can be conceptualized as learning environments in
which learners are not only exposed to information but also interact with structured systems
that respond to their actions. These characteristics suggest that that digital games may influence
how learners engage with instructional content and how learning processes unfold (E. A. Boyle

et al., 2016; Clark et al., 2016; Plass et al., 2015; Wouters et al., 2013).

Research on digital game-based learning has therefore examined a broad range of
academic outcomes (e.g., Plass et al., 2015). In addition to cognitive outcomes such as
knowledge acquisition, studies have also examined how video games influence learners’
emotional experiences, motivation, and engagement (e.g., Clark et al., 2016; Ninaus et al., 2019;
Wouters et al., 2013). Together, these findings show that effects of digital games extend beyond

knowledge acquisition to include multiple other dimensions of academic outcomes.

Moreover, while less commonly considered in educational research, digital games also
hold potential to influence intercultural outcomes (e.g., Adachi et al., 2015; Bachen et al., 2012;
Behm-Morawitz, Hoffswell, et al., 2016; Breves, 2020; Pefia et al., 2018). In particular, it has
been discussed to what extent the use of digital games and specific features implemented within
these games can help to reduce prejudice and influence intercultural competences (e.g., Costa
et al., 2024; Peng et al., 2010). For example, digital games may expose learners to diverse
perspectives, narratives, and social situations, allowing them to engage with viewpoints that

differ from their own experiences (e.g., Gutierrez et al., 2014).
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Still, despite a growing body of research, the empirical evidence on the effects of digital
games remains mixed, and some areas are still insufficiently understood (e.g., Clark et al., 2016;
Lee & Chen, 2023; Wouters et al., 2013). One source of this variability lies in the design and
comparison logic of existing studies. Comparisons between game-based and non-game formats
often differ in multiple dimensions, such as interactivity, feedback, and pacing, making it
difficult to attribute observed effects to the game format itself. In addition, digital games
typically combine multiple design features, which are rarely isolated experimentally, making it
difficult to determine which specific features contribute to observed effects. Finally,
particularly in the context of intercultural outcomes, research is characterized by heterogeneous
constructs and divergent research foci, limiting the accumulation of consistent evidence.
Together, these factors complicate the interpretation and comparability of findings and impede
a more coherent understanding of how digital games function both as learning environments

for academic outcomes and as contexts for the development of intercultural outcomes.

The present dissertation aimed to address these limitations. Two purposefully designed
learning environments—a digital game and a structurally aligned interactive text application
for history learning—were developed, enabling controlled comparisons between formats and
the systematic manipulation of design features. Building on this foundation, two experimental
studies examined how format (game versus text) and design features (audio versus no audio
within the game) influence cognitive, motivational, emotional, and behavioural engagement
outcomes in digital history learning. This work is complemented by a systematic review on
digital game effects on prejudice and intercultural competence, extending the scope beyond
history learning. The review addresses fragmentation in outcome constructs and research
agendas and identifies cross-domain conceptual and methodological challenges related to

intercultural outcomes.

The dissertation is structured as follows. First, Chapter 1 establishes the theoretical and
conceptual foundations of digital game-based learning. It introduces key definitions and
distinctions (Chapter 1.1), reviews the role of digital games as learning environments and their
effects on academic outcomes, with a particular focus on history learning (Chapter 1.2), and
examines research on prejudice and intercultural competence (Chapter 1.3). It then outlines
central methodological and conceptual challenges in DGBL research, including weak
comparison logic, confounded design features, and fragmented outcome constructs and research
agendas (Chapter 1.4), before positioning the scope and contribution of the present dissertation

(Chapter 1.5). Building on this foundation, Chapter 2 presents the aims and research questions
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of the dissertation. These are organized around three core objectives: strengthening comparison
logic through structurally aligned formats and instructional framing, isolating specific design
features within digital games, and clarifying outcome constructs and research agendas in the
field. Chapter 3 provides the methodological foundation through the two design papers, which
document the development of the educational video game Limes and the corresponding
interactive text-based application. These systems form the basis for the empirical studies
described next. Chapters 4 and 5 present the empirical studies. Chapter 4 examines the effects
of instructional format (game vs. text) and instructional framing (learning vs. fun) on
knowledge acquisition, situational interest, and academic emotions. Chapter 5 builds on this
design by isolating a specific game feature—sound—and investigates its effects on the same
outcome variables, while also incorporating behavioural engagement measures as outcomes.
Chapter 6 presents the systematic review, which synthesizes research on digital games and
intercultural outcomes. Finally, Chapter 7 integrates the findings across studies. It discusses
insights from the development of the Limes learning environments, synthesizes the
experimental results, relates them to findings from the systematic review, and outlines
theoretical implications, methodological contributions, limitations and directions for future

research.
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1.1 Digital Games: Definitions and Conceptual Distinctions

Digital games (also referred to as video games; e.g., Mayrd, 2008) are a widespread
form of digital media, with an estimated number of 3.6 billion players worldwide (e.g., Newzoo,
2025). Digital games are interactive computer-based systems in which players engage with rule-
based environments, pursue goals, and receive feedback on their actions. These systems
typically involve structured challenges, player decision-making, and dynamic responses from
the game environment that shape the progression of play. Within research on digital media and
learning, digital games can be described as interactive systems in which players pursue goals
under rules and receive feedback on their progress (Clark et al., 2016), often structured through

cycles of challenge, response, and feedback (Plass et al., 2015).

Within this broad category, most digital games are developed primarily for
entertainment purposes, that is, for player enjoyment, engagement, and leisure rather than
explicitly defined instructional outcomes (E. A. Boyle et al., 2012). In contrast, serious games
are games designed for purposes beyond entertainment (Deterding et al., 2011). Serious games
aim to achieve specific outcomes such as education, training, or social awareness while
maintaining core game characteristics such as goals, rules, and player interaction. Deterding et
al. (2011) describe serious games as games that retain the structural properties of entertainment
games but are developed with explicit functional purposes, including instructional or
educational objectives. In educational contexts, these applications are often referred to as
educational video games (Michael & Chen, 2006), emphasizing their use as instructional tools
designed to support learning processes. Moreover, the term digital game-based learning
(DGBL) (Prensky, 2001) is commonly used to describe the use of video games for educational
purposes, encompassing a broad range of game types and learning applications (Carenys &

Moya, 2016).

Building on these concepts, game-based learning refers to the pedagogical use of fully
developed games within instructional settings. In game-based learning, digital games are
integrated into learning environments in order to facilitate engagement with academic content
through interactive challenges, feedback systems, and goal-directed tasks (Plass et al., 2015).
In contrast, gamification involves integrating specific game design elements—such as points,
badges, or leaderboards—into non-game learning environments to increase engagement and

motivation (Deterding et al., 2011; Sailer & Homner, 2020).

In summary, digital games (or video games) constitute a broad technological medium
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that is predominantly developed for entertainment, while serious games represent a subset
designed for purposes beyond entertainment, including education, and are often referred to as
educational video games in educational contexts. DGBL denotes the use of digital games for
educational purposes regardless of their original design intent, whereas game-based learning
refers to their instructional integration, and gamification involves the use of individual game
design elements in non-game contexts. In this dissertation, the term DGBL is used as the
primary umbrella term, while other terms are employed where they are conceptually more

precise. The terms digital games and video games are used interchangeably throughout.
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1.2 Digital Games as Learning Environments: Implications for
Academic Outcomes

As digital technologies have become increasingly embedded in everyday life, they have
also been increasingly adopted in educational contexts (e.g., OECD, 2015, 2021). In this
context, digital games have been considered new forms of learning environment that can
support educational processes in ways that differ from more traditional instructional formats.
To understand the educational potential of DGBL, it is essential to examine how it influences
different domains of academic outcomes. Research on DGBL commonly distinguishes between
several interrelated domains, including cognitive outcomes, motivation, emotions, and
behavioural engagement, which together capture important aspects of the complex ways in
which learners respond to and potentially benefit from game-based environments (E. Boyle et
al., 2019; Clark et al., 2016; Wouters et al., 2013). The remainder of this section discusses how
digital games may influence these outcome domains, drawing on theory and reviewing

empirical evidence.

Cognitive outcomes in DGBL research commonly refer to changes in learners’
knowledge and cognitive skills that result from engagement with instructional materials (e.g.,
Wouters et al., 2013). In DGBL environments, cognitive processing is influenced by how
information is presented and how learners interact with the system. Digital games can support
cognitive outcomes by combining narrative structures, visual representations, interactive tasks,
and feedback systems that actively engage learners with instructional content. This assumption
is consistent with the ICAP (Interactive—Constructive—Active—Passive) framework (Chi &
Wylie, 2014), which proposes that deeper forms of cognitive engagement, particularly
constructive and interactive activities, lead to improved learning outcomes. Such interactive
environments may facilitate deeper processing of information by encouraging exploration,
problem-solving, and repeated engagement with learning materials (e.g., Chi & Wylie, 2014;
Plass et al., 2015; Wouters et al., 2013).

Another relevant theory to explain the effect of DGBL on cognitive outcomes is the
Cognitive Theory of Multimedia Learning (R. E. Mayer, 2014). According to the Cognitive
Theory of Multimedia Learning (CTML), meaningful learning occurs when learners actively
process information by selecting relevant verbal and pictorial information, organizing it into
coherent verbal and pictorial representations, and integrating these with prior knowledge. These

processes do not follow a fixed order but need to be coordinated for successful learning (R. E.
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Mayer, 2014). Video games can support these processes by presenting information through
complementary verbal and pictorial channels and by enabling interactive engagement with
learning materials. At the same time, it has been cautioned that the presence of multiple
simultaneous stimuli in digital environments can increase extraneous cognitive load if
instructional design does not adequately guide attention. Instructional design principles such as
signalling, structured progression, and scaffolding can therefore support learning by directing
learners’ attention toward relevant information and facilitating the integration of new

knowledge into coherent mental models (Eitel et al., 2025; R. E. Mayer, 2014).

A meta-analysis by Clark et al. (2016), synthesizing results from 69 study samples and
over 200 effect sizes, found that students in digital game conditions demonstrated significantly
higher cognitive outcomes than those in non-game instructional conditions. However, the
included studies were primarily conducted in domains such as mathematics, literacy, science,
and psychology, while other areas, such as history, were largely underrepresented. Across
studies measuring cognitive outcomes, the mean effect size was g = 0.35, indicating a small-to-
moderate positive effect of video games on knowledge acquisition and related cognitive
outcomes. These findings suggest that digital games can support learning when compared to
more traditional instructional approaches such as lectures, reading tasks, or drill-and-practice
activities. In another meta-analysis on simulation-based training studies, Sitzmann (2011)
found that game-based approaches improved declarative and procedural knowledge compared
to conventional instructional methods such as lectures, text-based materials, and computer-
based instruction. Consistent with these meta-analytic findings, individual experimental studies
have reported positive effects of digital games on cognitive outcomes. For example, Boeker et
al. (2013) showed in a randomized controlled trial that game-based e-learning using the
educational adventure game Uro-Island led to higher knowledge gains compared to

conventional instructional approaches.

However, it has also been emphasized that cognitive benefits are not determined by the
medium alone but depend strongly on the instructional design of the game, including features
such as scaffolding, feedback, and structured learning tasks (e.g., Clark et al., 2016). An
important strand of research in DGBL therefore examines such specific design elements rather
than treating games as a uniform category. Here, particular attention has been given to features
like feedback and instructional support that guides how learners engage with content and
navigate the learning environment. For example, Mao et al. (2024), manipulated feedback type

(dynamic vs. static) and task difficulty within a DGBL environment, showing that learning
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outcomes varied depending on how feedback was structured and how it interacted with task
conditions. By contrast, other design features remain comparatively underexplored (e.g., Plass

et al., 2015; Wouters et al., 2013).

Overall, theory and research suggest that video games can support cognitive outcomes
by promoting active, constructive, and interactive engagement with learning materials (e.g., Chi
& Wylie, 2014; Plass et al., 2015; Wouters et al., 2013), while facilitating the selection,
organization, and integration of information across multiple representations (R. E. Mayer,
2014). Building on this, two overarching complementary questions emerge: whether cognitive
outcomes differ between game-based and non-game instructional formats, and how specific

game design features influence cognitive outcomes within game-based environments.

Motivation represents a second important outcome domain in research on DGBL
because it influences whether and how learners engage with instructional materials and sustain
effort during learning activities (e.g., Eccles & Wigfield, 2002; Ryan & Deci, 2000). A widely
used definition describes motivation as the process through which goal-directed activities are
initiated and maintained (Schunk et al., 2014). In educational contexts, motivation therefore
affects learners’ willingness to engage with instructional tasks, persist when encountering
difficulties, and invest cognitive effort in understanding new material (e.g., Linnenbrink-Garcia
et al., 2016). Several theories have been developed to explain motivation in learning contexts.
For example, Self-Determination Theory emphasizes basic psychological needs such as
autonomy, competence, and relatedness as drivers of intrinsic motivation (Deci & Ryan, 2012).
Other approaches focus on learners’ value beliefs and success expectations, such as the situated
expectancy-value theory (Eccles & Wigfield, 2020). Additional frameworks emphasize
learners’ interests (Hidi & Renninger, 2006), achievement goal orientations (Elliot, 1999), or
self-concept and ability beliefs (Marsh & Craven, 2006). Although these theories differ in their
specific foci, they converge in suggesting that motivation plays a central role in shaping

learners’ engagement with educational activities.

In the context of DGBL, motivation has received particular attention because video
games often incorporate design elements—such as challenge, interactivity, feedback, and
narrative structures—that are believed to support students’ motivation (e.g., Plass et al., 2015;
Wouters et al., 2013). Nonetheless, a meta-analysis by Wouters et al. (2013), synthesizing
results from 39 studies on serious games, reported that game-based learning environments did
not consistently produce higher motivation than conventional instructional conditions. Yet,

several individual experimental studies have found positive effects of DGBL on learners’



INTRODUCTION AND THEORETICAL FRAMEWORK 11

motivation. For example, Hung et al. (2014) found that students who learned with a self-
developed digital game-based instructional system reported higher levels of learning motivation
than those receiving traditional instruction. Similarly, Papastergiou (2009) showed that students
in a game-based learning condition reported higher motivation than those in a conventional
computer-based instructional condition. These findings suggest that DGBL environments can
stimulate motivational outcomes, but that further research is needed to identify the conditions
and design features under which such effects emerge. Moreover, another potential explanation
for the inconsistent findings on motivation reported by Wouters et al. (2013) is that different
motivational constructs were combined. A more fine-grained approach that distinguishes
between specific constructs, or between components within a construct, may therefore be more

informative.

One construct that illustrates the importance of such distinctions is situational
interest, which refers to a temporary state of attention and engagement triggered by features of
the learning environment (Hidi & Renninger, 2006). According to the Four-Phase Model of
Interest Development, situational interest may initially emerge as triggered situational interest,
which is elicited by environmental features such as novelty, challenge, or interactivity. For
learning to be sustained, however, this initial attraction must develop into maintained situational
interest, where learners continue to engage with the content because they perceive it as
meaningful or valuable (Hidi & Renninger, 2006; Linnenbrink-Garcia et al., 2010). This
distinction is particularly relevant for DGBL, where engaging design elements may attract
learners’ initial attention but do not necessarily guarantee sustained motivation to engage with
the learning content. While the distinction between triggered and maintained situational interest
is theoretically well established (Hidi & Renninger, 2006; Renninger et al., 2019), research on

DGBL usually does not seem to differentiate between these two types of interest.

In addition to cognitive and motivational outcomes, learning experiences are shaped by
learners’ emotional responses to instructional activities and learning tasks. The Control-Value
Theory of Achievement Emotions proposes that emotions such as enjoyment and boredom arise
from learners’ perceptions of control over a task and the value they assign to it (Pekrun, 2006).
According to the theory, these emotions influence learners’ motivation, cognitive engagement,
and the strategies they use during learning activities, thereby affecting learning outcomes

(Pekrun, 2006; Pekrun & Linnenbrink-Garcia, 2014).

Video games frequently incorporate design elements that may influence these

appraisals. Features such as autonomy in decision-making, interactivity, immersive narratives,
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immediate feedback, and optimally challenging tasks may increase perceived control and task
value, thereby fostering positive emotions such as enjoyment (Plass et al., 2015; Ryan et al.,
2006). Conversely, when these features are absent or poorly implemented, control or value
appraisals may be reduced, contributing to negative emotions such as boredom (Pekrun, 2006).
Loderer et al. (2020; see also Plass et al., 2015) furthermore specifically discussed different
“emotional design features” that may support enjoyment and counteract boredom, such as

visual aesthetic design, musical scores, narratives, and incentive systems.

Empirical research on DGBL has increasingly begun to examine learners’ emotional
experiences. For example, Jackson and McNamara (2013) found that students learning with a
game-based intelligent tutoring system reported higher levels of enjoyment as compared to
students learning with a traditional tutoring system. Another study focused on emotional
expressive behaviour as assessed using facial expressions and subjective feelings. The findings
revealed increased positive as well as negative emotions in the game-based condition as
compared to a non-game-based equivalent, which the authors attributed to the narrative
elements, appealing visual aesthetics, and virtual incentives in the game-based version of the
task (Ninaus et al., 2019). However, Wu et al. (2020) compared a DGBL condition with a static
e-learning condition, using the latter as a non-game control group in which participants engaged
with the same instructional content in a non-interactive format. They found that the DGBL
condition did not have better affective experiences, measured as percentage of positive emotion,

than the control condition.

Finally, learners actual engagement with learning tasks represents another key
dimension for understanding learning in digital learning environments as it has been linked to
performance (Fredricks et al., 2004; Lei et al., 2018; Martin & Borup, 2022), and constitutes an
important outcome in its own right. Contemporary models of student engagement distinguish
between behavioural, cognitive, and emotional dimensions of engagement, which together
describe how learners participate in and experience instructional activities (Fredricks et al.,
2004). Behavioural engagement refers to learners’ (observable) participation in learning
activities, including effort, persistence, time on task, and active involvement with instructional
materials (Fredricks et al., 2004). Digital learning environments, including DGBL, provide
particularly valuable opportunities to examine behavioural engagement because learners’
interactions with instructional systems can be recorded automatically through system logs and
behavioural trace data. Such data allow researchers to analyse how learners navigate

instructional content, how much time they spend on specific tasks, and which learning materials
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they access during learning activities (Winne, 2022; Wouters et al., 2013)!. Consequently,
objective behavioural data can overcome problems commonly associated with self-report
measures, such as social desirability, incomplete memories (e.g., Halem et al., 2020; Parry et
al., 2021), by offering a more direct view of learners’ interactions with digital learning

environments.

Beyond self-reported behavioural engagement, research in DGBL has examined
respective behavioural indicators and their relation to learning outcomes. From an engagement
perspective, observable participation in learning activities such as effort, persistence, and active
involvement with task elements are theoretically relevant because they reflect the extent to
which learners engage with learning opportunities, which in turn can facilitate cognitive
processing and learning (Fredricks et al., 2004; Von Keyserlingk et al., 2025). V. Shute and
Ventura (2013) discussed that behavioural data collected during gameplay, such as how players
solve problems and make decisions, can be used to assess their knowledge and skills without
interrupting the learning process with separate tests. Empirical studies have shown that learners’
in-game actions can provide meaningful information about their performance. For example,
Serrano-Laguna et al. (2014) analysed in-game interaction data and player progression patterns
to demonstrate how learning analytics can be used to monitor learners’ activity and support
assessment in digital games. More generally, research on digital learning environments shows
that system-generated indicators of engagement (e.g., time spent studying relevant materials
online) are associated with higher achievement (e.g., Louw et al., 2008; Schumacher et al.,

2026; Spitzer, 2022).

At the same time, behavioural engagement can also be conceptualized as an outcome in
research on DGBL where behavioural engagement indicators such as time-on-task, interaction
frequency, or persistence are used to capture learners’ involvement. In this perspective,
behavioural engagement represents a meaningful educational outcome in its own right,
reflecting learners’ willingness to participate in and sustain interaction with the system. This is
particularly relevant in digital and game-based environments, where continued participation is
not guaranteed and must be actively supported by design (e.g., Deterding, 2012). From a game
design perspective, tracking behavioural engagement and examining which elements (e.g.,
specific design features) influence it is important for evaluating whether the game and its

features function as intended by supporting sustained player participation (i.e., encouraging

! Although this thesis adopts the term “behavioural engagement,” some indicators may also be
interpreted as self-regulated learning behaviours (Pintrich, 2004; Zimmerman, 2000).
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players to keep playing). However, despite this interest in behavioural measures, relatively few
experimental studies on DGBL have systematically examined effects on behavioural

engagement.
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1.1.1 Video Games for History Learning

History shapes how individuals and societies make sense of the present and can inform
expectations about the future. Interpretations of the past provide frameworks through which
contemporary social, political, and cultural issues are understood and evaluated, making
historical knowledge a resource for public discourse (Riisen, 2004). For individuals to engage
with such interpretations, however, they must be able to understand past events within their
historical contexts rather than interpreting them through contemporary assumptions. A central
challenge in history education is enabling students to understand past events within the
constraints of their historical contexts rather than interpreting them through contemporary
assumptions. This problem is often described as presentism, the tendency to evaluate historical
actions according to modern norms and values (Wineburg, 2001). Developing historical
reasoning therefore requires learning environments that help students situate events within their
social, political, and cultural contexts rather than merely memorizing isolated facts (van Drie
& van Boxtel, 2008). Because historical reasoning depends on understanding the constraints
and possibilities of a particular historical moment, instructional environments that simulate such

contexts may offer advantages over purely descriptive formats (McCall, 2023).

DGBL has been proposed as one way to support this type of contextualized historical
reasoning, as well as related and more readily measurable academic outcomes, such as
knowledge about specific historical periods and learners’ interest in history. By embedding
information within rule-based systems and consequence-driven tasks, games allow learners to
act within structured environments where decisions produce visible outcomes (Chapman, 2016;
MccCall, 2016). In this sense, historical games can create what McCall (2023) describes as
“historical problem spaces”, in which players act within rule-based environments representing
past contexts. Through interaction with these systems, players may explore historical
constraints and experiment with alternative actions and outcomes within the boundaries defined

by the game’s underlying historical models (Chapman, 2016; McCall, 2023).

However, these affordances do not guarantee educational effectiveness. Research on
intrinsic integration shows that learning content must be embedded within core game mechanics
to avoid superficial engagement (Habgood & Ainsworth, 2011). Many commercial titles
prioritize entertainment mechanics that are only loosely connected to history-related learning
objectives (Chapman, 2016; McCall, 2016). This tension highlights the need for purpose-built

digital games that align historical content with core interactive systems under conditions that
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permit empirical examination. If narrative or action elements are disconnected from historical
content, learners may focus on surface features rather than developing contextual

understanding.

Empirical research examining the effects of digital games on academic outcomes in the
context of history learning remains relatively limited compared with other domains of DGBL
(Clark et al., 2016). One frequently cited example is a mobile location-based history game
investigated by Huizenga et al. (2009) in which secondary school students participated in a city-
wide historical game set in Amsterdam. Students in the game condition navigated historical
locations and completed tasks related to historical events. The results showed that students in
the game condition achieved higher knowledge scores than those receiving traditional project-
based instruction, while no significant differences were found with respect to motivation for the
subject of history. These findings indicate that game-based historical environments can support
knowledge acquisition, although the study does not isolate which specific elements of the game
contributed to these effects. Other classroom-based studies have explored the integration of
digital games into history instruction. For example, Yu et al. (2014) compared game-based
instruction using the strategy game Age of Empires with traditional teacher-led instruction in a
secondary school world history course. Students in the game-based condition engaged with
historical content through gameplay, while the control group received conventional classroom
instruction using lectures and standard teaching materials. The results indicated that students in
the game-based condition reported higher learning outcomes than those receiving traditional
instruction and also reported higher overall motivation toward the learning activity. Beyond
such comparative studies, design-based research has also investigated how digital history games
can be developed and implemented in classroom contexts. For instance, Celik (2023) analysed
the development and classroom use of a digital history game and highlighted the potential of

interactive gameplay to support engagement with historical content.

Commercial historical games have also been examined in educational contexts. For
example, Karsenti and Parent (2020) investigated the educational use of three titles from the
Assassin’s Creed series (Assassin’s Creed II, Assassin’s Creed: Brotherhood, and Assassin’s
Creed: Revelations) in secondary school history classes in Québec (Canada). The exploratory
study combined classroom observations, teacher interviews, and student questionnaires to
examine how the games were incorporated into teaching practices. Students reported high levels
of interest and engagement, and teachers used game scenarios and historical representations to

stimulate discussion and historical reflection. However, because the study focused primarily on



INTRODUCTION AND THEORETICAL FRAMEWORK 17

classroom use and reported experiences rather than controlled comparisons, it was not designed

to and does not provide causal evidence regarding academic outcomes.

In addition, as compared to the studies providing experimental evidence in school
contexts, research in higher education is even more limited. Some work has integrated
commercial historical strategy games such as Crusader Kings Il and Europa Universalis IV into
university history courses, reporting that gameplay can support engagement with historical
systems and contexts (e.g., Kuran et al., 2018). However, controlled experimental evidence on

digital history games with university students seems widely lacking.

Overall, the empirical evidence base for digital history games remains fragmented.
Many studies rely on exploratory classroom implementations, design-based research, or
qualitative analyses rather than controlled experimental designs that allow causal conclusions
about effects on academic outcomes. As a result, it remains difficult to determine the extent to
which digital games systematically affect academic outcomes such as history knowledge,
motivation, emotions, or behavioural engagement. This limitation highlights the need for
carefully designed experimental studies on DGBL in the context of history learning that

examine effects on academic outcomes.
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1.1.2 The Case of Roman History

As the majority of work in this dissertation focuses on the development and
experimental testing of a self-developed digital game on Roman history (Limes), the choice of
historical context requires justification. The selection of Roman history, and in particular the
Roman frontier (limes)? in the region of present-day Baden-Wiirttemberg, was guided by both

contextual and theoretical considerations.

From a contextual perspective, the initial target population of this dissertation project
consisted of school students from Baden-Wiirttemberg, a region historically shaped by the limes
and its interactions with local populations. The use of a historically relevant period and location
increases the meaningfulness of the learning material and helps learners connect new
information to their prior knowledge (e.g., van Drie & van Boxtel, 2008; Wineburg, 2001). In
addition, connecting historical content to learners’ local and contemporary context has been
argued to enhance the perceived relevance of history learning (Stefaniak et al., 2017). Roman
history represents a central component of history education in many European curricula
(Crivellari, 2010). In Germany, the limes is broadly covered in school curricula across federal
states, reflecting its historical significance, for example, in curricula from Baden-Wiirttemberg,
Hessen, and Bavaria (Bayerisches Staatsministerium fiir Unterricht und Kultus, 2026;
Hessisches Kultusministerium, 2002; Ministerium fiir Kultus, Jugend und Sport Baden-

Wiirttemberg, 2016).

From a theoretical and design perspective, the limes in this region is well documented
through archaeological and historical research (Graafstal et al., 2021), providing a robust
empirical basis for historically grounded representations of the past. This is particularly
important for the design of video games, where accurate and meaningful integration of

historical content are presumed to support effective learning (Lai & Hu, 2025).

Instead of testing Limes with school-aged students from Baden-Wiirttemberg, however,
it was later decided to carry out the experimental work with university students from Hessen,
due to feasibility considerations and, given the scarcity of research on history video games in
this target population (see Section 1.1.2), to examine the suitability of the game for this target
group. While the specific historical setting of the game is located in present-day Baden-

Wiirttemberg, the limes extended across large parts of what is now southern and central

2 The Roman limes refer to the frontier system of the Roman Empire, consisting of fortifications, watchtowers,
and settlements; in present-day Germany, it formed part of the Empire’s northern boundary.
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Germany, including regions such as present-day Hessen and other areas along the Rhine River.
This broader geographical scope reflects the historical significance of the limes as a frontier
system that shaped multiple regions of the Roman provinces in Germania. As such, the broader
historical context of the Roman Empire and its interactions with local populations remains

regionally relevant, even if the direct local connection is less pronounced.
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1.3 Beyond Academic Outcomes: Digital Games, Prejudice,
and Intercultural Competence

While digital games are often examined in relation to academic learning outcomes, they
have also been discussed as environments that can shape intercultural outcomes, such the
development of intercultural competence and reductions in prejudice. This broader perspective
aligns with global societal goals, as for example articulated in the United Nations Sustainable
Development Goals (SDGs), including fostering global citizenship and intercultural
understanding (SDG 4.7), reducing inequalities and discrimination (SDG 10), and promoting
inclusive and peaceful societies (SDG 16) (United Nations, 2015).

Prejudice is commonly defined as a negative attitude or evaluation toward individuals
based on their membership in a social group (e.g., ethnicity, cultural background) (Allport,
1954; Myers & Twenge, 2022; VandenBos & American Psychological Association, 2015),
often involving affective, cognitive, and behavioural components such as negative feelings,
stereotypes, and discriminatory tendencies. While prejudice captures evaluative responses
toward members of other social groups, it does not account for individuals’ ability to interact
effectively in intercultural contexts. Accordingly, research has also examined intercultural
competence as a distinct outcome domain. Intercultural competence is commonly defined as
the ability to interact effectively and appropriately with individuals from different cultural
backgrounds (Deardorff, 2006). Scholars often conceptualize this competence as
multidimensional (e.g., Matsumoto & Hwang, 2013). For example, according to Byram (2020),
the “intercultural speaker” is characterized by curiosity and openness toward other cultures,
knowledge of social groups and cultural practices, the ability to interpret and relate cultural
perspectives, skills for discovery and interaction, and critical cultural awareness. Deardorff
(2006) further distinguishes between internal outcomes (e.g., empathy, flexibility) and external

outcomes (e.g., appropriate and effective behaviour in intercultural interactions).

Several theoretical perspectives provide explanations for how prejudice and
intercultural competence may change through mediated experiences. One prominent
framework 1is intergroup contact theory, which proposes that positive interactions between
members of different social groups can reduce prejudice and improve intergroup attitudes
(Allport, 1954; Paolini et al., 2024; Pettigrew & Tropp, 2006). When contact occurs under
favourable conditions—such as cooperation toward shared goals, equal status between

participants, and institutional support—it can foster empathy, reduce prejudice and promote
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more positive evaluations of outgroup members (Allport, 1954; Pettigrew & Tropp, 2006).
Importantly, research suggests that similar processes may also occur in digitally mediated
environments. A recent meta-analysis on digital intergroup contact indicates that interactions
occurring through online communication, virtual environments, or digital media can reduce
prejudice (Costa et al., 2024). Overall, these findings suggest that digital environments—
including interactive media such as digital games—may provide opportunities for contact-like
experiences with outgroup members or perspectives, thereby potentially reducing prejudices

and fostering intercultural competence.

A second perspective stems from research on multiculturalism and diversity learning,
which emphasizes the value of learning about different cultural perspectives and experiences
(e.g., Rosenthal & Levy, 2010; Schwarzenthal et al., 2020). Although this line of research
primarily examines regular educational contexts involving face-to-face interactions between
students and teachers (e.g., Bardach et al., 2024) as well as work contexts (e.g., Holmes IV et
al., 2021), similar principles may also apply to digital learning environments that expose
learners to diverse cultural perspectives and narratives. The concept of a cultural diversity
climate refers to the approaches through which schools and other social settings address cultural
diversity, which are reflected in institutional practices, norms, and the interactions taking place
in these settings (Bardach et al., 2024; Schachner et al., 2021). One important form of such a
climate is a multiculturalism climate, which explicitly values cultural diversity and encourages
students to learn about the experiences, practices, and perspectives of different cultural groups.
Through such practices, educational environments may foster understanding and appreciation
of cultural variation, and support the development of intercultural competencies and the
reduction of prejudice (Bardach et al., 2024; Schwarzenthal et al., 2020). Digital games provide
a potentially powerful context for engaging with these processes. For example, because games
often involve role-taking, narrative interaction, and simulated social environments, they allow
players to adopt and act within different roles and identities and engage in role-taking processes
that foster perspective-taking (e.g., Bachen et al., 2012; Gee, 2007; Peng et al., 2010). These
features may create conditions that resemble a multiculturalism climate, thereby providing a
theoretical basis for why video games with such features may improve intercultural competence
and reduce prejudice (see e.g., Schwarzenthal et al., 2020; for links between multiculturalism

climate and intercultural competence).

At the same time, empirical research on the effects of digital games on intercultural

outcomes remains limited and heterogeneous: Existing studies have investigated a range of
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outcomes, including prejudice and components of intercultural competence, often without
explicitly conceptualizing them as such. As a result, findings are mixed and may reflect
variation in designs of the games and the context in which they are played as well as
inconsistencies in how outcomes are conceptualized and operationalized (e.g., Bachen et al.,
2012; Peng et al., 2010). This variability highlights the importance of examining both the design
and implementation of games used and the specific mechanisms through which gameplay may
influence intercultural competences and prejudices, as well as the need for greater conceptual

clarity in how outcomes are defined and measured.
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1.4 Substantive and Methodological Challenges in DGBL
Research

Despite growing interest in DGBL, the field faces several substantive and
methodological challenges. The following section outlines three key challenges that limit the

interpretability of individual studies and the comparability of findings across studies.

1.4.1 Weak Comparison Logic in Game—Non-Game Studies

A recurring limitation in DGBL research concerns weak comparison logic between
game-based and non-game instructional formats. Many studies compare digital games with
non-game instructional conditions (e.g., lectures, reading materials, drill-and-practice, or
hypertext environments), which often differ substantially in instructional design, level of
interactivity, , pacing, feedback, and opportunities for engagement, complicating direct
comparisons (e.g., All et al., 2014; Clark et al., 2016; Wouters et al., 2013). As a result,
observed effects may reflect differences in structural affordances rather than properties inherent
to the game format itself. Without alignment in learning opportunities and user interaction, it
becomes difficult to determine whether performance differences and other academic outcomes
are attributable to the medium, to variations in instructional design, or to differences in
engagement intensity. This limits internal validity and complicates claims regarding the relative

effectiveness of game-based formats.

1.4.2 Confounded Design Features in DGBL Research

A second challenge concerns the confounding of multiple design features within digital
games. Digital games typically integrate narrative structure, audiovisual elements, interactivity,
feedback systems, reward mechanics, and pacing within a single environment. In many
experimental studies, several of these elements vary simultaneously across conditions, making
it difficult to determine which specific feature is responsible for observed effects (e.g., R. E.
Mayer & Moreno, 2003; Plass et al., 2015). Thus, when effects on academic outcomes are
observed, it often remains unclear whether they stem from narrative design, audiovisual
elements, feedback systems, or other design features. This complicates theory development, as
conclusions about general “game effects” may conceal the impact of specific design elements,
such as visual, auditory, or interactive supports. The lack of feature-level isolation has been
repeatedly identified as an obstacle to cumulative research and to the identification of

underlying learning mechanisms in DGBL (e.g., Plass et al., 2015).
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143 Fragmentation of Outcome Constructs and Research Agendas

Beyond these general design and comparison issues additional challenges arise in
specific application domains. Specifically, research on digital games and intercultural outcomes
is characterized by fragmentation in both outcome constructs and research agendas. In
particular, key constructs—such as intercultural competence—are defined and operationalized
inconsistently across studies. This conceptual heterogeneity limits the interpretability of

individual findings and reduces the comparability of results across studies.

Furthermore, research agendas in this area are fragmented, as existing studies adopt
heterogeneous approaches, focusing on different aspects of digital games. For example, some
investigate comparisons between instructional formats (e.g., video game versus text; H.-P. Chen
et al.,, 2010), others analyse particular gameplay features such as avatar embodiment or
character interaction (e.g., Behm-Morawitz, Hoffswell, et al., 2016), while additional work
focuses on differences between various types of video games (e.g., Saleem & Anderson, 2013).
Because these lines of research target different mechanisms and are rarely systematically
integrated, they provide limited cumulative insight and hinder the development of a coherent

understanding of which aspects of video games influence intercultural outcomes.
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1.5 Positioning and Scope of the Present Dissertation

The preceding sections identified three central challenges in research on DGBL: weak
comparison logic between game and non-game formats, insufficient isolation of specific design
features, and fragmentation in research agendas and outcome constructs. To address these
challenges, the present dissertation combines design development, experimental investigation,
and systematic synthesis within a coherent research program. Central to this approach are two
purposefully designed learning environments: the educational video game Limes and a
structurally aligned interactive text application. These environments enable controlled
comparisons between formats while holding key elements constant, providing the basis for an
experimental study on format effects. In addition, the use of a self-developed game allows for
the systematic manipulation of specific design features; this is employed in a second
experimental study to examine the effects of audio elements as a selected design feature. Both
experimental studies focus on cognitive, motivational, emotional, and behavioural engagement
outcomes in the context of digital history learning. Complementing these studies, the
dissertation includes a systematic review on digital game effects on intercultural outcomes
(prejudice and intercultural competences), which deliberately extends beyond the domain of
history learning to address fragmentation in outcome constructs and research agendas at the
level of the broader DGBL literature by synthesizing a heterogeneous body of work across

different research lines.

The present dissertation draws on diverse perspectives, including education science,
history learning, and social and cultural psychology and proceeds from the premise that
progress in DGBL research requires methodological precision and clear alignment between
theoretical assumptions and empirical design. Also, rather than treating games as a single
format, the dissertation conceptualizes them as structured learning environments composed of
specific design features whose effects must be examined under controlled conditions. Overall,
this integrated approach allows for (a) more interpretable comparisons between learning
formats, (b) feature-level analysis of game design elements, and (c) a systematic synthesis of
heterogeneous findings on intercultural outcomes, thereby reducing fragmentation in outcome
constructs and research agendas. The following chapter specifies the overarching aims and

research questions guiding this program.
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2 Aims and Research Questions

Having established the theoretical foundations and methodological and substantive
limitations of existing DGBL research, the present chapter specifies the aims and research
questions guiding the dissertation. This dissertation is guided by the following overarching

research questions (RQ):

RQI1: How can digital games for history learning and their corresponding control
conditions be designed to enable interpretable comparisons between instructional formats and

isolate specific design features?

RQ2: What roles do digital games and their selected design features play for cognitive,

motivational, emotional, and behavioural engagement outcomes in history learning?

RQ3: How is research on digital games and intercultural outcomes structured in terms
of outcome constructs and research agendas, and what patterns can be identified across this

heterogeneous body of work?
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2.1 Strengthening Comparison Logic: Format and Framing

The first component of the research program addresses weak comparison logic in game—
non-game research (All et al., 2014; Clark et al., 2016; Wouters et al., 2013). Many previous
studies contrasted interactive games with structurally impoverished control conditions, thereby
limiting internal validity. To overcome this limitation, a structurally aligned interactive text-
based application was developed alongside the educational history game Limes, documented in
two design papers: Paper 1 (Limes video game): Viccari et al., 2024; Paper 2 (Limes text
application): Viccari & Bardach, 2025). Both formats share narrative structure, informational
content, and progression systems, enabling a controlled comparison of delivery format while

holding learning opportunities constant.

Building on these developments, Paper 3 presents an experimental investigation of
format effects by comparing the educational video game Limes with the parallel text
application. In addition, this study experimentally manipulates the instructional framing (e.g.,
whether the goal is to learn or have fun, Erhel & Jamet, 2013). Instructional framing may
represent an additional source of variation in game—non-game comparisons and may interact
with instructional format. Paper 3 thus implements a 2 x 2 experimental design (Game vs. Text
x Learning vs. Fun instructional framing). Within this design, the study examines whether
format, framing, and their interaction affect knowledge acquisition, situational interest
(triggered and maintained), and academic emotions (enjoyment, boredom) in digital history

learning.

2.2 Isolating Design Features: Sound as a Targeted
Manipulation

A second line of inquiry responds to the confounding of multiple design features in
digital games (e.g., R. E. Mayer & Moreno, 2003; Plass et al., 2015). Because digital games
typically integrate narrative, interactivity, feedback, and audiovisual elements simultaneously,
many experimental studies cannot determine which specific affordances drive observed effects.
Paper 4 builds directly on the same game environment (Limes video game) and outcome
measures as Paper 3 but isolates a single design feature: sound. Specifically, the audio condition
includes narration (character voices and voice-over explanations of additional historical
content) and ambient background sound. Two versions of Limes are compared that differ only
in auditory presentation. Grounded in principles of multimedia learning and game design (R.

E. Mayer & Moreno, 2003; Plass et al., 2015), this manipulation enables a focused examination
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of how auditory elements affect knowledge test performance, situational interest, and academic
emotions under controlled conditions. Moreover, Paper 4 includes behavioural engagement (in-

game behaviours) as an additional outcome.

2.3 Clarifying Outcome Constructs and Organizing Research
Agendas

The third component of the dissertation addresses fragmentation at the level of outcome

constructs and research agendas. Paper 5 (systematic literature review) synthesizes research on

digital game effects on intercultural outcomes, where constructs, particularly intercultural

competence, have often been inconsistently conceptualized. In addition, Paper 5 addresses

fragmentation in research agendas by organizing heterogeneous lines of work according to

differences in game design, usage context, and underlying mechanisms.

2.4 Integrative Contribution

Taken together, by (a) strengthening comparison logic, (b) isolating individual design
mechanisms, and (c) clarifying construct and research agenda fragmentation, the dissertation
refines the evidential basis of DGBL research, with a particular focus on history learning.
Rather than advancing undifferentiated claims about “game effects,” the work specifies the
conditions under which particular formats and design features influence critical outcome
variables. In doing so, it contributes to greater methodological precision and conceptual clarity

in DGBL research.
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3

METHODOLOGICAL FOUNDATION:
DESIGN PAPERS
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3.1

Paper 1

Viccari, A., Gollner, R., Hahn, J.-U., & Bardach, L. (2024). Limes (the roman frontier):
Developing a video game for history learning. Proceedings of the European Conference on

Games Based Learning, 18(1), 839-847. https://doi.org/10.34190/ecgbl.18.1.2833.

The version of the article displayed here is not the copy of record and may not exactly replicate

the final, authoritative version of the article.
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Abstract
The use of gaming technologies in education holds great promise to provide engaging learning
experiences. Whereas video games have been successfully used to foster learning in several
school subjects, the current understanding of the potential of video games for history learning
is still limited. This paper details the development of Limes, a 2D top-down educational game
created in Unity and rendered in pixel art. The game targets 5th/6th grade secondary school
students and is set in the third century AD in southern Germany, a period characterized by
political and social instabilities. Limes digs into the complex relations between the Roman
Empire and the Alemanni tribe, one of the most powerful Germanic tribes of this period. The
player can experience this pixelated world through the eyes of an Alemanni child, who forms a
friendship with a Roman centurion. The unfolding narrative places the young protagonist in the
precarious balance of peace and conflict, and the player needs to navigate the diplomatic
tensions of the era. The gameplay consists of five levels, including primary missions and
optional secondary missions which unlock special features (e.g., puzzles, quizzes). Limes
incorporates a variety of game mechanics, ranging from running and interacting with characters
to stealth missions, throwing rocks, and horse racing. These dynamics are integrated into the
historical narrative of the game, enriching the player's experience. The game development
process combined insights and methods from multiple disciplines, including game-based
learning, educational, social, and cultural psychology, education sciences and pedagogy, and
history education. Moreover, the game capitalizes on Unity’s wide array of development tools,
which provide extensive customization possibilities, and employs pixel art, facilitating an
engaging environment while maintaining a cost-conscious development process. Initial tests
and expert feedback highlight the promise of Limes as a game that leverages historical accuracy
and innovative educational tools to foster a deeper understanding of Roman history. Next steps
include empirical studies with students to test the game's effectiveness (e.g., in improving

interest in and knowledge of Roman history).

Keywords: Educational gaming, history education, game-based learning, intercultural

understanding, Unity development
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1. Background

The application of digital technologies in education and cultural heritage has proven to
be a promising avenue for engaging diverse audiences through immersive, dynamic, and
personalized experiences (Arrigoni & Galani, 2019; Kelpsiené et al., 2023). In particular, video
games have emerged as innovative tools in these fields, as pilot projects within museum
contexts have shown their potential to create novel engagement pathways and make historical
knowledge accessible to broader audiences, including those without prior background
knowledge (e.g., Ropeik, 2014; Johnson et al., 2015; Viccari, 2016; Hiriart, 2019; Harrington,
2023). History education is an auspicious context for video game interventions, engaging
learners in reflecting on the significance of the past and its impact on the present. For a long
time, history has been regarded as a subject that only required memorizing facts and data from
the past (Nachtigall et al., 2022; Van Drie & Van Boxtel, 2008). However, in the last decades,
it has been argued that history is not about accepting or rejecting facts uncritically but is viewed
as an essential aspect of participation in a democratic society (Nachtigall et al., 2022; Van Drie
& Van Boxtel, 2008). For instance, Barton and Levstik (2004) argue that history should
promote reasoned judgment about important human matters. The importance of history goes
beyond the learning of historical facts and encompasses several processes that imply reflecting,
judging and deliberating over a historical event (Nachtigall et al., 2022; Van Drie & Van Boxtel,
2008). A number of terms have been adopted for describing these ideas, such as historical
literacy (e.g., Lee, 2005, 2007; Perfetti et al., 1995), historical thinking (e.g., (Schreiber et al.,
2006; VanSledright & Frankes, 2000; Wineburg, 2001) historical consciousness (Van Drie &
Van Boxtel, 2008) and historical reasoning (e.g., Kuhn et al., 1994; Leinhardt et al., 1994).
Video games, with their capacity to create narrative learning environments, are particularly
well-suited to enhancing history education (Akkerman et al., 2009). People tend to interpret
historical events in different ways, based on social-economic or personal ideas (Carretero et al.,
1997). Especially students often use modern contexts and view the past through the lens of the
present, which is an important source of misunderstandings of history (Akkerman et al., 2009).
Situating a historical phenomenon in a historical context, which can be achieved by narratives,
is a key activity in history education and can help overcome such misunderstanding. Narratives
organize historical information in a coherent and contextualized way (Akkerman et al., 2009;
Falk & Dierking, 2000; Liu, 2022; Sugiyama, 2001), and narratives can easily be integrated
into video games (Akkerman et al., 2009). . The use of history as a main theme for educational
video games has been described as particularly promising by McCall (2016), who provided a

guide for new and experienced educators who want to engage their students towards history by
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using existing historical commercial video games, such as Assassin Creed, Civilization and
Total War. Nonetheless, the current understanding of the potential of video games for school
students’ history learning is still limited. Moreover, history video games that are designed to
closely align with specific learning objectives outlined in the curriculum and that could thus

easily be integrated into regular classroom teaching by history teachers are scarce.

In response to this gap, the present paper details the development of Limes, a 2D top-
down history game created in Unity and rendered in pixel art, specifically designed for use in
5th/6th grade history classes. The following sections illustrate the steps taken to bring Limes to
life and how the game integrates educational theories to foster a deeper understanding of Roman

history among young learners.

2. Outline of the Project: How Limes has Come to Life

2.1 Concept

The incorporation of historical themes in educational video games has been identified
as highly beneficial (e.g., McCall, 2016). Importantly, a balanced integration of narrative and
gameplay is particularly crucial in educational video games where engagement and learning
must coincide (Booker, 2006; Schell, 2014). In addition to consulting key video game design
literature (e.g., Booker, 2006; Schell, 2014) an important first step of the development of Limes
involved understanding what the main target group (German school students) needed to learn
about Roman history. As the Roman Empire is an integral part of the 5th/6th grade curriculum
in German secondary schools, it was decided to focus on these age groups and grade levels. By
understanding the main topics covered in the curriculum, it was possible to pick a historical
period that was well-suited for a video game. As the name suggests, one of the main topics in
Limes is the limes itself, referring to the functions of the ancient Roman border in Germany and
across the empire. Other important themes were the relationships between the Roman Empire
and the Germanic folks and a focus on Germanic tribes' history, with particular attention to the
Alemanni. The educational objectives of Limes are to foster students’ motivation (e.g., interest
in history), understanding of Roman-Germanic relations and knowledge about Roman history,
historical empathy, critical thinking, and intercultural outcomes. These objectives guided the
development of the narrative and gameplay, ensuring that each element contributes to
meaningful learning outcomes. The narrative of Limes is set in third-century AD southwestern
Germany and follows an Alemanni child, caught in a plot that could ignite a war. This storyline
provides a lens for exploring historical themes, through the child's journey and interactions with

a Roman centurion named Ariovist. This storyline is the result of balancing the aspects of game
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design, narrative and history education.

The next step was to figure out the best and most effective way to bring this historical
period and its characters to life. The initial idea was to develop a 3D video game with a cartoony
style; this choice was connected to two main reasons. Firstly, it is easier and less time-
consuming to develop cartoon-like characters than real-person characters and 3D animations
have been found to engage a wide audience (Bedrina, 2018; Matsangou, 2018). However, after
developing a 3D character (see Figure 1), it was noticed that 3D development was not the right
choice for the development of Limes, which is developed as part of the PhD project of the first
author. Given the limited time frame of a PhD, the game was moved to 2D, allowing the creation
of faster assets, such as building and natural features and game characters. The decision to
switch to 2D was also corroborated by pretests conducted at the Technical University in
Stuttgart (Hochschule der Medien); these tests were conducted with game design students and
professors to obtain feedback about the game's story. To allow them to play something, the first
author developed a very simple 2D video game using a software called RPG-Maker (see Figure
2). Some feedback suggested that a 3D historical video game may raise unrealistic expectations
due to comparisons made with some of the current commercial historical video games, such as
the well-known Assassin’s Creed series. In conclusion, the decision to make a 2D video game
was influenced by project resources and timeframe, and also aimed to avoid creating a product
that raises too high expectations from the outset. In the next sections, the game development

and its features will be explained in more detail.
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Figure 1

3D model representing a Roman Centurion developed in ZBrush.

Figure 2

Screenshot of the software used to make a pretest of the video game (left side) and gameplay
screenshot from RPG-Maker (vight side).

2.2 Levels and Codex System

Limes consists of five levels that guide players through the narrative journey of the
Alemanni child protagonist during Roman times. Each level—The Village, The Fort, The
Limes, The Unknown, and The Return (see Figure 3)—incorporates distinct historical themes
that provide insights into the Roman and Alemanni history (Fuchs, 1998; Garnsey & Saller,
2014). After completing each level, players receive a performance-based score ranging from 1
to 5 stars. This rating reflects how many additional tasks the player has completed within the

level.
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Figure 3

The five game levels of Limes, from left to right: Level I (The Village), Level 2 (The Fort), Level
3: The Limes, Level 4 (The Unknown), Level 5 (The Return).

Level 1: The Village introduces players to the story's protagonist, giving some initial

insights about the Alemanni people and a brief introduction to the Roman Empire as a political
entity. This sets the stage for the cultural contrasts that follow in the next levels. This level
introduces other important characters, such as the child's father, a powerful and wise Alemanni
chef, and his advisor, Liiger, who will play a more important role towards the end of the story.
The real adventure starts at the end of the level when the child gets kidnapped by Roman

soldiers.

Level 2: The Fort details the architectural and organizational structure of a Roman
military outpost, highlighting the strategic importance of such locations, especially close to the
empire's borders. This level introduces one of the most important characters in the video game,
Ariovist. He is a stoic and proud Roman centurion tasked with bringing the child back to his
village. Although this task may seem like an act of kindness, it is initially merely done to avoid
an open conflict with the powerful Germanic tribe. His sentiments will be clear from the
beginning, creating a confrontational relationship with the child and highlighting how much
Romans and Germans despise each other. This relationship will become clearer as the game

progresses, giving important insights into cultural differences and their complexities.

Level 3: The Limes explores the Roman Empire's border defences, giving players
insights into its expansion and interaction with neighbouring tribes. During their journey, the
duo unexpectedly falls into two traps set by adversaries seeking to capture the child for a ransom
of gold and silver. In a turn of events, the child bravely rescues Ariovist from a dangerous
situation. Similarly, Ariovist demonstrates his loyalty by risking his life to protect the child.
These acts of courage and sacrifice significantly deepen their relationship, highlighting themes

of friendship and trust despite their cultural differences and memberships to different groups.

Level 4: The Unknown takes place in a remote Germanic village, reached after the
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protagonist and Ariovist unintentionally stray from the limes into a dense forest. Lost and
isolated, they stumble upon this village, a setting that challenges Ariovist’s preconceived
notions and exposes him to the culture of the Germans. This level serves not only as a
geographical detour but as an important point for character development and narrative depth.
During their time in the village, they encounter Liiger, who happens to be the architect behind
the earlier kidnapping attempts of the child. After capturing the child and the centurion, Liiger
reveals that his deepest ambition is to ignite a war against the Romans, driven by his belief that
such a conflict would elevate the glory of the Alemanni and cement his legacy as a formidable
leader. These revelations will bring the child and Ariovist even closer, laying a solid foundation
for a friendship that transcends their initial differences. At the end of the level, the duo manages
to escape from Liiger’s control and sets off to warn the child’s father about his treacherous

advisor.

Level 5: The Return marks the dramatic conclusion of the story. Ariovist makes a noble
sacrifice to protect the child from capture, and the child is reunited with the father. Despite
Ariovist's selfless gesture, the father remains unwilling to reciprocate by intervening to rescue
Ariovist. However, the child decides to confront the danger alone, risking everything to rescue
his Roman friend. In a climactic showdown, the child confronts and ultimately overcomes
Liiger, putting an end to his malevolent plans. This courageous act not only saves Ariovist but
also cements their friendship, which has been forged and strengthened through challenges and
mutual sacrifice. The level concludes with a reflection on how the protagonist and Ariovist have
grown and how their perspectives on each other and the Roman and Germanic cultures,

respectively, have evolved, shaped by the experiences they have shared during their journey.

Each level has a mandatory main mission and a non-mandatory secondary mission. The
secondary missions are meant to give players a chance to experience extra missions with
different game dynamics and gather more historical information. Secondary missions provide
players with opportunities to explore diverse game dynamics, such as stealth operations,
battling enemies and solving puzzles. Additionally, players can experience unique activities not
available in primary missions, such as participating in horse races. As the player's performance
is assessed based on the number of extra tasks completed during a level, completing secondary

missions rewards players with higher scores at the end of each level.

A central feature of Limes educational architecture is the codex system, an innovative
feature that allows players to unlock historical information through interactions with game

characters. This system enriches the narrative and serves as a dynamic educational tool,
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enabling players to access detailed explanations of historical figures and events at any point in
the game. This information is accompanied by images and customized historical maps designed
specifically for this game (see Figure 4). The engagement with the codex can be tracked to
analyse its impact on learning outcomes (e.g., testing whether players who spend more time

reading codex entries learn more).

Figure 4

Gameplay screenshot of the codex system of Limes (left side) and historical map developed for
the Limes codex system using a software called QGIS (right side).

2.2 Game Development in Unity

The development of Limes was facilitated primarily through Unity, a powerful cross-
platform game engine renowned for its flexibility and wide usage in indie and professional
game development. Although RPG Maker might seem like a simpler option Unity was chosen
for its versatility and the greater control it offers over the game's development. In addition,
Unity possesses a huge asset store, which can facilitate the use of numerous types of assets,
accelerating the creation of low-budget video games, such as Limes. The work in Unity can be
divided into three sections: asset creation, coding in C#, in-build Unity development and voice

integration with ElevenLab.

1. Asset creation employed pixel art graphics, which was achieved by using a software called
Aseprite. This pixel art tool is specifically designed to create animations and sprites, allowing
for the portrayal of historical themes with artistic clarity (see Figure 5). Pixel art not only
invokes the nostalgia of classic games but also serves as a visually simplistic yet effective
medium to convey complex historical narratives, ensuring that the educational content is
accessible and engaging to learners (Egenfeldt-Nielsen et al., 2016; Messaris & Humphreys,
2007; Squire et al., 2011).
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Figure 5

Examples of characters used in Limes.

2. Central to the development of the video game was the use of C#, Unity's primary
programming language. The flexibility and object-oriented capabilities of C# enabled the
creation of complex gameplay mechanics and interactive learning modules tailored to the
historical content. Scripts written in C# facilitated the integration of a complex dialogue system
with decision-making scenarios, which are vital for engaging students in active learning and
critical thinking about historical events (Lin et al., 2023). Scripting was essential in developing
the different game dynamics included in the video game. The game dynamics of Limes are
moving in the environment and interacting with game characters through dialogues. During a
mission, the player will be allowed to throw rocks at targets, engage in horse races and be
involved in stealth missions, where it will be important not to be seen by the enemy (see Figure
6). Moreover, C# was vital in creating essential game features such as the codex system and the

game database.
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Figure 6

Gameplay screenshot during a horserace mission (middle), gameplay screenshot during a
throwing rock mission (right side), and gameplay screenshot during a stealth mission (left side).

3. The build process within Unity involved layering the pixel art assets with the coded
functionalities to assemble the game's levels and interfaces. This phase optimised the interaction
between graphical elements and script-driven behaviours, ensuring seamless gameplay and
educational delivery. Unity's Scene Management and Prefab systems were extensively utilized
to manage and reuse game objects across different levels efficiently, enhancing development
time and runtime performance. Another important feature used during this phase was the Unity
asset store, which contains many free and paid assets. The asset store provided important
features used within the game, such as terrain tiles, dialogue system, environment noises and

music. This helped create the five levels of Limes effectively, saving development time.

4. Integrating voice narration in Limes involved employing ElevenLabs, an advanced Al tool
that converts text to audio. Incorporating voice acting was not merely an aesthetic choice but a
strategic enhancement to the game's immersive quality. By giving the characters distinct voices,
the game becomes more engaging and accessible, helping to bring the historical narratives and
personalities to life. This auditory dimension significantly enriches the player's experience,

making the educational content more enjoyable and memorable (Dewatri et al., 2023).

Limes uses MongoDB, a flexible and scalable NoSQL database, to manage and store
gameplay data effectively. This integration with Unity allows for seamless real-time data
capture, which is crucial for the dynamic environment of the game. The database records a
variety of metrics, such as levels completed, individual-level performance, total playtime, and
specific interactions with hidden game features like quizzes and puzzles that are only accessible

to players who perform very well in the game (a feature often used in commercial video games).
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Furthermore, it tracks interactions with the codex, including how many times and how long

codex entries are accessed, providing insights into the educational engagement of players.

2.3 A Multi-disciplinary Approach to Game Development

The game development process combined insights and methods from multiple
disciplines, including game-based learning, psychology, history education, and education
sciences and pedagogy. The educational objectives of Limes—fostering students’ motivation
(e.g., interest in history and the Roman Empire), knowledge about Roman history, historical
empathy, critical thinking, and intercultural outcomes (e.g., positive diversity beliefs)—guided
the integration of these disciplines into the game’s design. A strong adherence to game-based
learning principles ensured a balance between the need to cover subject matter and engaging
gameplay (Plass et al., 2015). In addition, insights from educational psychology, for example,
on how to trigger and maintain students’ situational interest as precursors of developing an
enduring personal interest in history and the Roman Empire (Hidi & Renninger, 2006),
influenced the design of tasks in the game. Also, based on cultural and social psychology
research, the game emphasizes the value of cultural diversity and learning about different
cultures (here: Romans and Alemanni) (Bardach et al., 2024). Furthermore, principles of the
well-established social psychological intergroup contact theory (Pettigrew & Tropp, 2006) were
integrated. Specifically, intergroup contact theory states that positive contact between members
from different groups can reduce prejudice and foster tolerance (Pettigrew & Tropp, 2006). The
friendship between the child protagonist and Ariovist is an excellent example of the potential
for positive intergroup contact. From education science, generic principles of instructional
quality (e.g., the importance of cognitively stimulating learning content) were adopted. Based
on insights from history education and didactics, the narrative emphasizes historical empathy
and perspective-taking, and helps players understand complex historical events. It combines
engaging storytelling with careful history examination, improving player’s history knowledge

and critical-thinking skills (Wessell, 2017).

2.4 Initial Tests and Expert Feedback

Following the development of the initial version of Limes, the game was tested by a
diverse group of participants, including academics with backgrounds in education, psychology,
and history, as well as avid video gamers. This broad spectrum of testers was chosen to gather
insights and ensure the game's educational and entertainment values were optimized across
different user groups. Overall, players showed great interest in the game and evaluated it very

positively. The feedback received was instrumental in refining the game's design and
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functionality. For example, participants highlighted the need for clearer instructions regarding
the use of the codex system. In response, the game was updated to include more intuitive
guidance on how to access the codex, accompanied by a notification system (see Figure 7) that
alerts players when new information is available. This adjustment aimed to enhance the
educational experience by ensuring players are fully aware of the learning resources at their

disposal.

Another significant area of enhancement was the gameplay mechanics and dialogue
accuracy. Testers identified several glitches that affected the game's flow and immersion. These
issues were addressed, improving the overall smoothness and playability. Additionally,
considering the game's bilingual nature—available in both English and German—special
attention was given to the large volume of dialogues and their corresponding audio recordings.
Translation and audio sync errors were corrected to ensure consistency, giving all players the
same quality of content and storytelling. Overall, the insights gained from this phase have not
only improved the game's educational efficacy but have also enhanced its engagement and

usability, making it a more powerful tool for learning and enjoyment.

An important next step will involve in-depth pilot tests with secondary school students
as the target group of Limes. After that, experiments in the lab will be conducted to test the
usability of the game and effects of specific game elements. Then, it is planned to conduct a
large-scale evaluation study in history school classes to gain insights into the effectiveness of
the game in improving central outcomes (e.g., interest in history and the Roman empire,

knowledge on the Roman Empire and history understanding, positive diversity beliefs).
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Figure 7

Gameplay screenshot showing the implementation of a notification system to unlock codex
entries.

Codex Entry Unlocked!

Alemanni

4. Conclusions
To conclude, Limes leverages historical accuracy and innovative educational tools.
Limes provides an engaging gameplay experience and a rich, interactive learning environment,
effectively combining insights from multiple disciplines to achieve its educational objectives.
Initial tests and expert feedback highlight the game’s potential as a valuable resource in history
education. Empirical studies with school students are now crucial to evaluate the game’s

educational effectiveness and inform scaling strategies for its broader use in (German)

secondary school history classes.
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Abstract
Comparing educational video games and text-based learning presents a significant challenge
when trying to ensure a fair comparison between the two formats. Their distinct natures,
particularly in terms of engagement and interactivity, introduce uncontrolled variables that are
often not directly comparable between a video game and a text. Many prior studies rely on static
text conditions that do not account for reader engagement, decision-making, or interaction
patterns. This paper therefore proposes a structured game design approach to developing a text-
based application that enables a more precise and controlled comparison with video game-based
learning. Limes is a 2D educational video game set in Roman frontier Germany, designed to
teach historical knowledge through exploration and interactive learning elements. The game
features a structured narrative, Codex entries with historical information, and secondary
missions, all contributing to the player's engagement and learning experience. The text version
of Limes is not a game but replicates key gameplay characteristics in a structured text-based
format, providing an alternative to traditional text conditions in experimental research. Unlike
passive reading conditions, this Text-app is designed to be interactive and engaging in the same
ways as its video game counterpart. Moreover, like the video game, the Text-app tracks player
behaviour, such as time spent reading, engagement with Codex entries, and whether secondary
mission texts have been read, using a five-star rating system mirroring the game’s assessment
mechanics. The present paper discusses the development of the Limes Text-app and presents a
game design framework for adapting educational games into experimentally viable text-based
counterparts. The contribution is particularly relevant to research on video game effects in
education adopting experimental designs. However, beyond its experimental utility, the newly
developed text-app offers promising opportunities for other research areas, and we discuss how
it can, for example, be used to assess and explore digital traces of learner characteristics and
behaviours. To conclude, by ensuring structural comparability and capturing interaction data
across formats, the Limes Text-app addresses a key methodological challenge in video game-
based learning research: the difficulty of creating valid text-based control conditions that enable
meaningful comparisons. While Limes has been developed in the context of history education,
the impact is much broader as our design framework is adaptable and could be extended to other

domains and narrative-based games.

Keywords: Game design, text-based learning, educational gaming, history education,

experimental methodology
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1. Introduction
The application of digital technologies in education and cultural heritage has proven to
be a promising avenue for engaging diverse audiences through immersive, dynamic, and

personalized 1. Introduction

Over the past two decades, educational video games have gained increasing recognition
for their potential to enhance learning outcomes, particularly by fostering engagement,
motivation, and deep cognitive processing (Clark et al., 2016; Ren et al., 2024; Wouters et al.,
2013). This growing body of research has resulted in numerous experimental comparisons of
video game-based learning with more traditional learning methods, most commonly text-based
formats. However, these comparisons often suffer of methodological limitations related to
structural differences between formats, particularly the use of passive text conditions (e.g.,
slideshows or static PDFs) that lack interactivity, decision-making, or behavioural tracking—
an issue repeatedly flagged in systematic reviews (Gui et al., 2023; Riopel et al., 2019; Wouters
et al., 2013). These limitations can undermine experimental validity, as they make it difficult to
determine whether observed effects and differences between formats are due to the format itself

or to differences in interactivity and design features (All et al., 2014).

For example, Gutierrez et al. (2014) compared a video game aiming to promote
perspective-taking with a text version of the same story. Even though the content was identical,
the two conditions differed fundamentally in structure, and only the game offered interactivity
and decision-making. The findings of the study revealed that the game condition led to
reductions in implicit bias; nonetheless, given the differences between the conditions, it was
impossible to disentangle whether the format (game versus text) or other features (interactivity
and decision-making, which was only possible in the game condition) drove the effects. This
also highlights how even content-equivalent text formats can fail to replicate the mechanisms
through which games operate. More recently, Lee and Chen (2023) found that while both game
and text interventions had a positive effect on intergroup attitudes, only the game condition
allowed for tracking of user behaviour—a key limitation in the passive text condition, which

offered no insight into decision-making, time-on-task, or interaction patterns.

Gui et al. (2023), drawing on Mayer’s (2015) framework, classify most digital game-
based learning (DGBL) studies into two main types: media comparison studies—which contrast
games with traditional formats such as text or lectures—and value-added studies—which
compare different versions of a game to isolate the effects of specific design elements (e.g.,

feedback, adaptation). While Gui et al. (2021) do not focus directly on control group design,
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they emphasise that meaningful comparisons require attention to how learners interact with
design elements rather than focusing solely on the delivery format. This perspective reinforces
the need for structurally comparable experimental conditions that can capture user behaviour

and engagement, even in non-game formats.

The methodological issue of comparing game versus text became evident during the
design of our experimental studies, which involved Limes, a 2D educational adventure game
set in ancient Roman times in Germany (see Viccari et al., 2024, for a description of the game
development). The initial idea for the control group was to read a simple PDF version of the
game’s story. However, it quickly became apparent that the limitations of this format did not
allow a valid comparison with the video game. Also, key behavioural measurements that can
be accessed during the gameplay of Limes cannot be equally measured with a standard PDF
file. For example, crucial points for our research include tracking and measuring the selection
of optional Codex entries, exploratory decisions—specifically, the accomplishment of the
secondary missions—and a five-star rating system for level accomplishment, which are central

to the Limes gameplay experience.

In response to these issues, we developed a structured, interactive text-based application
built in Unity that replicates the game’s narrative structure, meant to track and measure the key
game mechanics mentioned above. This Text-app represents a novel approach to control group
design in video game-based learning research, one that ensures a functional comparison
between a text and a video game, allowing researchers to hold specific key mechanisms constant

across the two formats.

This design paper presents the process and the decision-making behind the development
of the Limes Text-app and proposes a framework for converting educational video games into
interactive text-based counterparts. By addressing the limitations of passive text control
conditions, this paper offers a methodological contribution to the field of experimental
educational research. Through this framework, we aim to provide a foundation for more valid
and controlled comparisons between video games and text-based learning formats, ensuring

that differences in outcomes can be more confidently attributed to format effects.
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2. How to Convert a Video Game into Text
2.1 The Game

Limes®

is a 2D educational video game developed in Unity and designed for 5th and
6th-grade students in Germany, focusing on Roman history. The video game story is set in
third-century southern Germany; the game follows the journey of an Alemanni child and a
Roman centurion named Ariovist in a period where the tensions between the Roman Empire
and the Alemanni, a prominent Germanic tribe, are rising. The narrative is structured across
five levels; each level contains a main and a secondary mission that rewards players through a

five-star rating system. Players can engage in varied game mechanics, including stealth,

exploration, dialogue choices, horse racing, puzzle-solving, and rock-throwing.

Players can obtain a considerable amount of historical information from the dialogues
presented during the main and secondary missions. However, an essential pedagogical feature
is the Codex system, which allows players to access historical content embedded in the game
world (Figure 1). These entries are unlocked through interaction with the Non-Playable-
Characters (NPCs) (Figure 1), providing deeper context and more historical information about
the Roman period. These behaviours are also trackable, providing researchers with crucial
behavioural information, such as interactions with the codex entries, the accomplishment of
secondary missions, and time-on-task tracking. The video game has been designed with input
from history education, psychology, and game-based learning principles; Limes aims to foster
historical knowledge, positive diversity beliefs, and motivation through a narrative-driven,

interactive experience (Viccari et al., 2024).

3 The Limes video game can be accessed at: https://ancient-verse-research.itch.io/limes (Windows and Mac
versions available).
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Figure 1

(Top-left) Gameplay screenshot in Limes video game. (Top-right) Login screen of the Limes
video game. (Bottom-left) An example of a Codex entry being unlocked during gameplay.
(Bottom-right) The Codex menu shows unlocked entries during gameplay.

Ariovist

Th

2.2 Identifying Core Game Features for Adaptation

While educational video games may include various immersive and interactive
elements, not all are essential—or feasible—for replication in a text-based format. Identifying
the suitable mechanics in the Limes video game was a crucial stage in creating a comparable
text-based control condition. It was decided to select features that support the intended learning
outcomes and represent behavioural data relevant to the experimental study. The following

elements were selected as core to the adaptation process.

Codex entries are a central mechanic in Limes (Figure 2), allowing players to read or
hear historical information connected to in-game dialogues and explore Roman history in
greater depth. The content was adapted for Sth and 6th-grade students, covering key topics from
the school curriculum. These entries are optional and are unlocked through exploration or

dialogue. Their inclusion is pedagogically significant, as they support factual knowledge



62 PAPER 2

acquisition and allow learners to engage with supplementary material at their own pace. As
Mayer (2015) notes, narrative context and thematic relevance can enhance learner motivation
and engagement. According to relevance-based reading models, learners are more inclined to
engage with optional content if they find it meaningful (McCrudden et al., 2010; McCrudden
& Schraw, 2007). For this reason, the text version needed to replicate both the availability of
these entries and the ability to track interactions, specifically, how often they were accessed and

how much time was spent on them.

Figure 2

Codex entry example during a gameplay in Limes video game.

Secondary missions function as exploratory and additional side quests, allowing
players to interact with additional narrative material, deepen their understanding of the game
world, and access extra game mechanics, such as horse racing. These missions are optional,
reflecting the player’s autonomy in engaging with extended content. From a design perspective,
they represent an opportunity to allow for learner agency, autonomy, and interest-driven
behaviour, thus contributing to their self-determined motivation (Dennie, 2012; Proulx et al.,
2017; Ryan & Deci, 2000). In adapting the game into a text format, it was important to preserve
this element of choice, allowing readers to decide whether to access the additional material

while also enabling that choice to be tracked.

Time-on-task tracking was another essential feature that needed to be included in the
text adaptation of Limes. In the original game, the Unity code records the amount of time spent
on several sections and transfers that information to the Mongo Database —such sections are
the main storyline, secondary missions, and Codex entries. Tracking time spent on different
sections provides insight into learners’ attention, engagement, and navigation behaviour within
the Limes environment. Therefore, incorporating equivalent tracking in the text version was

necessary to allow for behavioural comparison across conditions. This approach aligns with
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recent research advocating for objective behavioural tracking in digital environments, as it
provides more accurate insights into user engagement than self-reported measures (Johannes et

al., 2021).

The game’s five-star rating system is an integrated assessment mechanism that
evaluates performance based on exploration, completion of secondary missions, and Codex
usage. This system is pedagogically relevant because it provides immediate, performance-based
feedback, which has been shown to foster learners’ satisfaction of their need for competence,
and their motivation (Bardach & Murayama, 2025; Sailer et al., 2017). Recreating this rating
system in the Text-app was important to allow participants in both conditions to receive similar

performance feedback and to maintain motivational comparability across formats.

Together, these four features—Codex interaction, secondary mission engagement, time-
on-task in the different sections of the game, and the five-star feedback system—were identified
as central to the pedagogical structure of Limes and critical for experimental comparability.
Their inclusion in the text version was not an attempt to gamify the reading experience but
rather to create a structurally aligned learning environment that would allow for meaningful

behavioural tracking and outcome comparison in a controlled study.

2.3 Framework for Game-to-Text Adaptation

Challenges discussed earlier in the introduction highlighted the need for a control
condition that goes beyond a static PDF or linear text, offering greater interactivity and
measurability. Considering the experience gained while developing the Limes video game, we
opted for a structured text application* using Unity. This allowed for precise segmentation of
content and the implementation of custom tracking systems mirroring the logic of the game

(Figure 3). The text was divided into three main types of content:

1. Main storyline,
2. Secondary missions
3. Codex entries

4 Limes Text-app can be accessed at: https://ancient-verse-research.itch.io/limes-version-2 (Windows and
Mac versions available).
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Figure 3
The diagram provides a simplified illustration of the Unity-based structure, showing how the
main storyline connects to optional Codex entries and secondary missions, each displayed in

separate text panels.

( CodexEntryPage
Main Storyline Page

Marcus Aurelius Severus

Anna: Good morning to you. Not very well, | am a bit Alexander (208-235 AD) was a
worried. Roman emperor who reigned
from 222 until 235 AD.

r Why?

Anna: | heard that the Roman emperor A | s—
Severus (CE 1.1) has been assassinated and everyone
here is excited. Apparently, it 's a sign that the Romans
are weak.

'z Butthe Romans are evil, right? If they are weaker,
itis good for us.

Anna: Maybe, but | am afraid that our people want to go
to war, and | don "t want my children to die.

21 see now. | understand, Anna. Secondary Mission

Anna: Hopefully | am wrong; however, | must go now, Page
take care.

> Hi guys, can | join
you?

Warrior: You are still too
young, kid.

: Bye, Anna.

Each section was implemented as an interactive module with automated time tracking

and click logging.

The main storyline served as the structural backbone of the app and was set as the
default view that loaded when the user launched the application. It was implemented as a
scrollable text panel within Unity’s system, very similar to a regular PDF document, with time
tracking initiated automatically upon scene load. Since all study participants are required to
read the main story, this section provided the baseline to which optional interactions, like

secondary missions and Codex entries, could be added.

Secondary missions, which were optional side quests in the game, were similarly
adapted as clickable links embedded in the main narrative (Figure 4). These links appeared as
light blue text at relevant decision points of the story, such as “Click here to read the additional

text.”
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Figure 4
(Left) additional text link in the Text-app, (right) secondary mission choices during the

gameplay of Limes video game.

Child: Why?

Maybe, but | am afraid that aur people want 1o go to war, and | don't want my shildren t
die.

Child: | see now. | understand, Anna.
Hopefully | am wrang; howauer, | must g0 now, take care.

child: Bye, Anna,

When the link is clicked, the app records the interaction and the time spent on the
additional text page(s). This enables precise measurement of engagement with optional

content—an essential feature to support autonomy and potential indicator of learners’ interest.

Codex entries, another optional learning mechanic in the game, were embedded directly
into the main narrative using the same green-highlighted format as in the original game (Figure
1). When clicked, each Codex entry opened in a dedicated window (Figure 5). As with the game
counterpart, the system logged the time spent reading each entry and whether it had been
accessed. All interaction data was stored in a Mongo Database, identical to the architecture used

for logging gameplay behavioural data in Limes.

Figure 5
(Left) Codex entry example in the Text-app. (Right) Codex entry example in Limes video game.

The five-star rating system was also implemented in the text version. This allows users

to see their performance for each section of the text, equivalent to the levels in the game version.
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The performance is based on these actions:
e Clicking all Codex entries available in a text section.
e Access the additional text link corresponding to the secondary mission in the gameplay.

As in the game version, the Text-app requires users to complete the main storyline
before receiving their star rating, which is displayed in a similar format to maintain consistency

across the two media (Figure 6).

Figure 6
(Left) Five stars awarding system in the Text-app. (Right) Five stars awarding system in Limes

video game.

Another important aspect replicated in the Text-app is full access to the Codex entries
once the main text has been completed. As in the game, all Codex entries become accessible at
this point; however, accessing them after completing the main content does not affect the five-
star rating—unless the reader revisits the corresponding text sections, just as players would

need to replay levels in the game.

The Text-app preserves the same narrative and allows users to make similar decision
options by clicking on additional text or the codex entries, while also enabling precise tracking
of these behaviours. This approach is meant to establish a structurally aligned control condition,
ensuring that any differences in learning outcomes are more likely connected to the format itself
(game vs. text), rather than to variations in content structure, engagement features, or users’

behaviours.

2.4 Early Testing and Feedback
As with the original Limes video game, the text-based application was tested with

experts during development to gather formative feedback on content clarity and possible
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technical problems. These reviewers included educational researchers and historians familiar

with the project’s goals, as well as individuals experienced with digital learning tools.

Since the app was developed in both German and English, preliminary testing was
conducted in both languages. However, special attention was given to the German version, as
it was the version intended for use our first experiments. This included reviewing the linguistic
accuracy of the texts and checking for fluency and user comfort when navigating the app's

interface.

Feedback led to two main refinements. First, some dialogue passages and transitions
were restructured slightly to better fit a linear reading experience, particularly in the German
version. Second, the initial scroll system was unintuitive and slow, presenting several issues
when combined with the navigation arrows. This resulted in delays and imprecise navigation
through the text. To address this, the underlying code was adjusted to ensure smoother scrolling
and to make the app interface more user-friendly. These changes significantly improved
navigation fluidity across the main story, Codex entries, and secondary missions while

preserving the behaviour-tracking structure required for the experiment.

A crucial aspect of the testing phase was verifying the interaction between the Text-app
and the Mongo Database, where behavioural data, such as Codex clicks and time-on-section, is
stored. The tests confirmed that the data was recorded accurately and reliably. While the video
game and Text-app use separate MongoDB databases with different field names and structures,
the underlying logic and data types are aligned. These differences are the results of the
independent Unity development of the two applications. Both systems record the same core
variables: time spent (in seconds), Codex interactions (number of clicks), star achievements per

level, and secondary mission completion, see below:

Mongo Database — Video game Mongo Database — Text-app

totalTimeLevell: seconds timeSpentMainText: seconds

. timeSpentCodex: seconds
totalTimeLevel2: seconds ) L
timeSpentSecondaryMission: seconds

totalTimeLevel3: seconds codexEntryClicks: number of clicks

totalTimeLevel4: seconds total ActiveTimeMainTextSecondaryMission:

d
totalTimeLevel5: seconds seconds

level 1 stars: number of stars

total TimeMainSec: seconds level 2 stars: number of stars

totalTimeCodexMenuOpen: seconds level 3 stars: number of stars
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codexButtonClicked: number of clicks level_4_stars: number of stars

level 5 stars: number of stars

starsLevell: number of stars level [level number]| secondary star awarded:

starsLevel2: number of stars Mission Achieved — true or false

starsLevel3: number of stars
starsLevel4: number of stars

starsLevelS: number of stars

CompletedSecondaryMissions: Object 1
(Mission Achieved)

In the game, mission completion is logged as an object per level; in the Text-app, the
same is recorded as Boolean values (true of false). Time tracking of the secondary missions is
split in the Text-app for structural reasons but later merged—mirroring the unified level time

in the game.

2.5 Limitations and Future Directions

While this paper does not report empirical results from experiments, its contribution lies
in presenting a structured and trackable text-based format that enables more valid comparisons
between video games and texts in experimental research. This constitutes, to the best of our
understanding, the first attempt of its kind. Our paper provides a practical framework that other
researchers can adapt or build upon when designing their own structurally aligned control
conditions. While tailored to a narrative-driven history game, the framework may be
transferable to other domains that rely on exploratory learning or decision-making, such as
science simulations or cultural education. Its modular structure and tracking logic are adaptable
to any learning context involving optional content, time-on-task, and user-driven exploration.
Future work could explore how this framework performs when adapted to other domains (e.g.,
environmental science, language learning, or civic education), where narrative and autonomy
also play key roles. Overall, our approach has the potential to inspire similar projects in other
domains by showing how behavioural tracking and narrative structure can be replicated in non-
game formats. Future work will evaluate the empirical utility of this framework and examine
how structural alignment, and behavioural tracking can support robust comparisons across
different educational formats. In our own upcoming experimental studies comparing the Limes
video game and the Limes Text-app, we aim to gain insights into the pedagogical effectiveness
of such a Text-app compared to its game counterpart, particularly in terms of learning outcomes

(e.g., knowledge on the Roman Empire), motivation, engagement patterns, and intercultural
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attitudes.

Beyond its applicability in experimental contexts, the newly developed Text-app opens
up additional opportunities for future research. There is growing interest in educational and
psychological research in modelling and assessing digital traces of learner characteristics and
behaviours to test theories in action and inform practice. For example, researchers are exploring
digital traces of educationally relevant personality traits and motivations, and use digital traces
to predict outcome variables, such as test performance and knowledge attainment (e.g., Tlili et
al., 2019; Matcha et al., 2020; Schumacher et al., 2025). Exploring whether different learner
characteristics are reflected in behavioural patterns captured by the Limes Text-app and the
video game could yield valuable insights for research and offer practical implications for
adaptive educational technologies. In addition to using the behavioural indicators described in
the present design paper, researchers could also create new indicators to more comprehensively
test their theoretical assumptions in future research with Limes. For instance, a recent study
found some indications that intellectual curiosity (as a personality trait) and domain-specific
interest (as a motivational construct) manifested in different information-seeking behaviours:
interested learners employed a more widespread search for information, whereas curious
individuals engaged more deeply with the learning content by revisiting information more
frequently (Schumacher et al., 2025). This distinction could be further investigated using Limes,

for example, by analysing the revisiting of codex entries as a behavioural indicator.

3. Conclusion

This design paper introduced the development of a structured, interactive Text-app built
as a control condition for experimental research comparing video game- and text-based learning
formats in history education. The text application replicates the key pedagogical mechanics of
the educational video game Limes—including time-on-task tracking, engagement with optional
content, and a five-star feedback system—within a Unity-based environment that enables
precise behavioural monitoring. By ensuring structural comparability and capturing interaction
data across formats, the Text-app addresses a significant methodological challenge in video
game-based learning research: the difficulty of creating valid text-based control conditions that
allow meaningful comparisons. Even though the current project is tailored to Roman history
and the Limes project, the framework is adaptable and could be extended to other domains and

narrative-based games.
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Abstract

This study investigated effects of content format and instructional framing on
knowledge attainment, situational interest, and academic emotions in digital history learning.
In a 2 (format: game versus text) x 2 (instruction: learning versus fun) between-subjects design,
143 university students engaged with either a historically accurate video game on the Roman
Empire or a structurally aligned interactive text application, each paired with instructions to
focus on learning or fun. Both formats presented the same historical content through main
narratives, optional missions, and supplemental historical information in the form of codex
entries. The findings revealed that participants in the game condition reported higher enjoyment
and greater triggered situational interest, indicating that the game enhances the positive
affective experience of engaging with historical content and sparks learners’ interest. However,
our hypothesis that knowledge test performance would be higher in the game condition was not
supported. Instead, knowledge test scores were higher in the text condition. No statistically
significant effects emerged for instructional framing or for the interaction between format and
framing on the outcomes. Additional analyses of behavioural data showed that text participants
engaged more extensively with codex entries, and that codex engagement strongly predicted
knowledge outcomes across both formats. This suggests that knowledge outcomes depend on
the visibility and integration of supplemental materials, and learners’ engagement with them.
Overall, this study contributes to research on digital history learning by offering a controlled
comparison of identical content delivered through game and text and shedding light on the role

of instructional framing.

Keywords: Video game, History learning, Roman history, Academic outcomes,

Motivation, Academic emotions, Format comparison
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Introduction

Over the past decades, digital games have gained increasing recognition as meaningful
tools in education (Clark et al., 2016). Their value lies not only in their motivational appeal, but
also in their capacity to engage learners with complex subjects, such as history, through
interactive, narrative-driven, and exploration-based environments (Gee, 2003; McCall, 2016).
While traditional media such as textbooks and documentaries also aim to present the past, they
typically lack the interactivity and decision-making opportunities that allow learners to actively
engage with historical complexity. In the context of history learning, these qualities of digital
games offer new ways to embed knowledge into immersive narratives, allowing learners to
navigate historical environments, confront dilemmas, and explore different perspectives

(Chapman, 2016; Gee, 2003; McCall, 2016).

Such game-based engagement offers an alternative to traditional textbooks by making
historical content more tangible and experiential, aligned with contemporary pedagogical goals.
Rather than focusing solely on the memorization of facts and dates, current models of history
education emphasize historical reasoning, critical reflection, and the development of historical
consciousness as key competencies (van Boxtel & van Drie, 2018; Wineburg, 2001). Well-
designed video games can support these aims by immersing learners in dynamic historical
settings that demand interpretation, decision-making, and reflection—skills central to historical
reasoning. This can foster both knowledge acquisition and reflective engagement with the past

(McCall, 2016, 2023; Spring, 2015).

Additionally, digital games may help address a common challenge in history learning:
learners often interpret historical content through presentist lenses, which can lead to
oversimplified or anachronistic conclusions (Akkerman et al., 2009). Interactive, decision-
driven narratives can help mitigate these issues by immersing learners in historically based-
scenarios that encourage temporally contextualized thinking (Chapman, 2016). Recent
scholarship highlights the potential of educational technologies—including games, virtual
environments, and mobile platforms—to enrich history learning through multi-sensory and
inquiry-based experiences (Clyde et al., 2012; Crymble, 2021; Kusuma et al., 2021). This is
further evidenced in museum contexts, where digital storytelling has been employed to create

immersive and educational experiences for visitors (e.g., Rosli et al., 2022).

Yet, despite this growing interest, empirical research on the use of history-themed games
remains limited. Some purpose-built games have demonstrated promising outcomes, showing

that historically grounded digital environments may foster empathy, contextual reasoning, and
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conceptual understanding (Schaper et al., 2018; Spring, 2015). At the same time, widely used
commercial titles such as the Civilization series (Firaxis Games, 1991—present) or the
Assassin’s Creed series (Ubisoft, 2007—present) have been praised for sparking interest in
historical topics. Because such games often prioritize entertainment and gameplay over
educational depth (McCall, 2016), however, they frequently present simplified or distorted
narratives. Consequently, they risk undermining meaningful historical understanding when
used uncritically in learning contexts (Robison, 2013). These pedagogical challenges highlight
the need for historically accurate, empirically validated educational games that not only engage
learners but also support cognitive outcomes. Achieving this requires systematic research that
integrates game-based experiences with history learning, and compares the effect of games to

other widely used formats (e.g., text-based history learning).

It is also essential to consider how instructional framing shapes engagement and learning
in digital history learning environments. Games can motivate through interactivity and
immersion: however, how instructional goals are presented may influence knowledge
attainment, especially in adventure-style formats where strong narrative and entertainment
features may risk overshadowing pedagogical aims. The present study therefore aimed to
investigate the effects of content format and instructional framing on academic outcomes
(knowledge test performance, situational interest, and academic emotions) in the context of
digital history learning. Participants were randomly assigned to one of four conditions in a 2
(format: video game vs. text) x 2 (instruction: learning vs. fun) between-subjects design and
engaged with Limes, a video game and its structurally aligned text version that focus on Roman
history. Overall, this study contributes to the growing body of experimental research on digital
learning games and digital history learning by offering a controlled comparison of identical
content delivered through game and text formats, while also shedding light on the role of

instructional framing.
Effects of video games on academic outcomes

A primary goal of educational games is to foster knowledge acquisition (Gee, 2003;
McCall, 2023). Several meta-analyses have shown that digital games can enhance learning
outcomes across different domains (e.g., Clark et al., 2016). In the context of history education,
well-designed games may support learners in navigating historical narratives, interpreting
causality, and evaluating multiple perspectives. McCall (2023) highlights how simulation-
based historical games can promote historical thinking by immersing students in active

exploration, decision-making, and temporally contextualized reasoning. Similarly, Wainwright
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(2014) discusses that complex game environments can make abstract historical theories, such
as debates around structure and agency, more accessible by enabling learners to engage with
them through gameplay. A recent example is The Darkest Files (Paintbucket Games, 2025), a
German historical adventure game that invites players to investigate real war crimes, thereby
foregrounding tensions between individual agency and systemic structures through interactive

storytelling.

In addition to supporting knowledge acquisition, educational games are assumed to
enhance motivational factors such as interest (e.g., Bardach & Murayama, 2025). This may be
particularly relevant in history, where learners often find it difficult to connect the content to
their own lives (Barton & Levstik, 2004). The subject is often perceived as abstract, temporally
distant, or disconnected from students’ everyday experiences. These perceptions can hinder
learners' motivation and engagement, making it more difficult to achieve deep understanding
(Barton & Levstik, 2004; Stoel et al., 2015). Educational games embed historical content in
interactive narratives and decision-driven gameplay. These features may cause situational
interest for the learning content, an affective-cognitive state triggered by features of the learning
environment such as novelty, personal relevance, and interactivity (Hidi & Renninger, 2006;
Linnenbrink-Garcia et al., 2010). Drawing on the framework of Hidi and Renninger (2006),
such immersive environments may trigger situational interest through emotional and role-based
engagement, and maintain situational interest over time (Linnenbrink-Garcia et al., 2010). For
example, Rotgans and Schmidt (2017) argued that instructional strategies, such as problem-
based learning and relevance-focused framing, can successfully trigger situational interest and
potentially help maintain it. Similarly, empirical work has demonstrated that tasks designed to
promote causal reasoning, narrative construction, and epistemological reflection can support
deeper engagement with historical material (Stoel et al.,, 2015). According to Hidi and
Renninger (2006), these task features play a key role in both triggering and sustaining
situational interest, thereby enhancing learners’ attention, effort, and depth of understanding.
Given that novelty, decision-making, and agency are known to spark situational interest (Hidi
& Renninger, 2006; Murayama et al., 2019), game-based formats may provide a particularly
motivationally supportive context for learning historical content. However, while some
commercial games—such as Assassin’s Creed—offer highly immersive historical
environments that may trigger situational interest through visual realism and action-based
storytelling, they are typically not designed with educational objectives in mind (Chapman,

2016).
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Furthermore, an important aspect of engagement in learning involves students’
academic emotion, such as enjoyment, boredom, frustration, and pride, that are directly tied to
academic tasks (Pekrun, 2006). Among these, enjoyment and boredom are particularly
important because they sit at opposite ends of the emotional spectrum, frequently occur in
digital learning environments and are relevant to important student outcomes (Sakaki et al.,
2024; Tze et al., 2016). While boredom is associated with inattention and disengagement,

enjoyment supports persistence, curiosity, and deep learning strategies (Pekrun et al., 2002).

According to Control-Value Theory (Pekrun, 2006) academic emotions stem from
learners’ perceived control and value. In game-based learning, features such as autonomy-
supportive mechanics, narrative immersion, and historical authenticity can enhance perceived
control and reinforce value. When both control and value are appraised positively, enjoyment
arises as a central activity-related emotion, fostering deeper engagement with complex
historical narratives. By contrast, boredom typically emerges when value is low or control is
undermined (e.g., Pekrun et al., 2002; Tze et al., 2016). El-shara (2015) emphasizes that
adaptive emotions—especially when guided by thoughtful pedagogy—open space for deeper
reflection and meaning-making in history education. This supports the broader view that
emotions are central—not supplementary—to how students make sense of the past.
Accordingly, academic emotions become important outcomes to explore in the context of

digital game-based history learning.
Comparing video games and text-based formats

To investigate the effectiveness of video game-based learning, video games are
commonly compared to text formats. From a theoretical standpoint, one might expect video
game-based formats to outperform text in promoting academic outcomes due to their inherent
characteristics, as outlined in the previous section (“Effects of video games on educational
outcomes”). Also, games integrate multiple forms of representation for learning content (e.g.,
visual, textual, spatial), and cognitive theories such as the cognitive theory of multimedia
learning suggest that dual-channel processing enhances memory and understanding (R. E.
Mayer, 2014). Thus, it seems reasonable to assume that, as compared to a text-based format,
video game-based history learning may enhance knowledge attainment, interest, and positive
academic emotions (enjoyment), while reducing negative academic emotions (boredom) (de

Ribaupierre et al., 2014; Ortiz, 2014; Ricci et al., 1996; Stiller & Schworm, 2019).

Nevertheless, with respect to effects on knowledge attainment, it has been proposed that
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text-based formats may also hold unique benefits. From the perspective of the Focus-Support-
Reward-Squares model (Eitel et al., 2025), text-based formats may better support students focus
attention on essential content (i.e., active goal-directed processing) by providing a more
streamlined presentation that limits non-essential interactions (for studies that find better
learning outcomes for non-video game-based formats, see (Adams et al., 2012; Pilegard &
Mayer, 2016), for studies finding non-significant differences, see Adams et al., 2012; Brom et
al., 2019; Kienitz et al., 2025).

Importantly, scholars have increasingly emphasized that meaningful format
comparisons require structural equivalence—not just content parity, but alignment in terms of
interactivity, pacing, and feedback mechanisms (All et al., 2014; Gui et al., 2023). Without such
alignment, claims about media-specific effects remain inconclusive. Despite these concerns,
few studies have implemented tightly controlled comparisons where games and text formats
offer comparable opportunities for engagement and learning. This methodological gap,
particularly the challenges in ensuring comparable measures and designs between game-based
and non-game learning conditions, has been identified as a persistent issue in the literature
(Riopel et al., 2019). More rigorous experimental designs that control for key structural features
are needed to clarify how medium-specific factors influence outcomes such as situational
interest, knowledge acquisition, and academic emotions. The present study addresses this need
by systematically aligning the structural features of a game and its text-based counterpart to

enable a more valid comparison of their educational impact.

Different instructions in digital learning games

Instructional framing plays a role in shaping how learners engage with educational
content. The goal-focusing model by McCrudden and Schraw (2007) suggests that emphasizing
the relevance of specific goals helps learners direct attention to task-relevant information and
improve recall, comprehension, and learning efficiency. While this effect has been confirmed
across various domains (e.g., McCrudden et al., 2010), it may be especially important in digital
game-based learning, where learners face the dual demands of playing and learning. While
features of video games can enhance motivation, they may also lead learners to focus on
entertainment rather than educational goals—especially when guidance is minimal. Simple but
targeted instructional frames—such as telling learners to ‘play’ or ‘learn’—may significantly
influence how they interpret the task, prioritize engagement, and allocate cognitive resources.
Even minimal instructions can shape students’ metacognitive strategies and depth of

processing, particularly in exploratory environments like digital games. In games, such framing
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may play a more decisive role than in traditional text formats, where fewer distractions and
clearer reading conventions guide attention (i.e., interaction between format and instruction).
For instance, Erhel and Jamet (2013) found that framing a digital game as a learning activity
improved knowledge acquisition. To conclude, learners do not necessarily know how to use
games productively, and instructional framing focused on learning can help scaffold attention
and behaviour toward achieving learning goals (R. E. Mayer, 2014; McCall, 2023). This issue
may be especially relevant for history games, where students often engage passively with

historical narratives unless explicitly guided to think critically (McCall, 2023; Wineburg, 2001).

The present study

The present study aimed to investigate the effects of content format and instructional
framing on cognitive (knowledge test performance), motivational (situational interest), and
affective (academic emotions) outcomes in the context of digital history learning. Participants
were randomly assigned to one of four conditions in a 2 (Format: video game vs. text) x 2
(Instruction: learning vs. fun) between-subjects design. Limes, a video game on the Roman
Empire, and its structurally aligned text-version were developed to guarantee consistency in
content and engagement mechanisms across conditions (Viccari et al., 2024; Viccari &
Bardach, 2025). Based on the literature reviewed above, we formulated a set of hypotheses and
more exploratory research questions. All hypotheses and research questions, as well as the
methods, were preregistered on aspedicted.org prior to data collection (blinded link for peer-

review: https://aspredicted.org/r9f8-1366.pdf).

First, with respect to format effects, we specified the following primary hypotheses:
Participants in the more immersive video game condition are expected to report higher
situational interest than those in the text condition (Hypothesis I, HI). In addition, participants
in the game condition are expected to score higher on the knowledge test compared to those in
the text condition (Hypothesis 2, H2). Participants in the game condition are expected to show
more adaptive academic emotions (i.e., higher enjoyment, lower boredom) than those in the

text condition (Hypothesis 3, H3).

Second, we examined effects of the instruction. We hypothesized that participants in the
learning instruction condition score higher on the knowledge test than those in the fun

instruction condition (Hypothesis 4, H4).

Third, we investigated the interaction between format and instruction. We expected a

significant interaction effect between format (video game vs. text) and instruction (having fun
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vs. learning) on knowledge test performance (Hypothesis 5, H5). Participants playing the game
may require additional instructional support to learn effectively due to its increased complexity
and the presence of game elements unrelated to learning (e.g., minigames). Providing explicit
instructions to view the game as a learning opportunity could serve as such support by directing
their attention to relevant content. In contrast, similar support may be less necessary for learners
using the text version, as it contains fewer distractions. Consequently, the effects of a learning

instruction are expected to be more pronounced for participants engaging with the game.

In addition, we addressed several (pre-registered) more exploratory research questions
without outlining specific hypotheses a priori due to the lack of research on these issues.
Specifically, we asked whether there is an effect of the instruction (having fun versus learning)
on situational interest (exploratory research question 1), and on academic emotions in terms of
engagement and boredom (exploratory research question 2). We also examined whether there
is a significant interaction effect between format (game vs text) and instruction (having fun vs
learning) on situational interest and on academic emotions (exploratory research questions 3

and 4, respectively).

Methods

Participants and design

A total of 143 university students from psychology, teacher education, and sport science
programmes took part in the study (107 women, 34 men, 1 non-binary, 1 no response; Mage=
23.19, SD = 3.95). The study was conducted in a controlled laboratory setting at a German
university. Based on an a priori power analysis using G*Power 3.1 (Faul et al., 2009) for an
analysis of covariance (fixed effects, main effects, and interactions) in a 2x2 between-subjects
design, assuming a medium effect size (= 0.25), an alpha level of .05, and a power of .80, we
aimed to recruit at least N = 128 participants. We collected data from 143 individuals to ensure

a sufficiently large sample size and to account for potential exclusions.

Participants were recruited through multiple channels, including flyers posted at the
university, email announcements, and the university’s platform for study participation, where
the study was listed as a standard in-lab study offering course credit for participation as
compensation. For a limited period, participants also had the option to receive €20 instead of
course credit. To be eligible, participants had to be at least 18 years old, fluent in German, and
not enrolled in a history degree program. Individuals with uncorrected severe visual

impairments were also excluded.
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Participants were randomly assigned to one of four experimental conditions in a 2
(Format: Game vs. text) x 2 (Instruction: Fun vs. learning) between-subjects design. In the
Game—Fun condition, 37 participants were assigned (27 women, 10 men). The Game—Learning
condition included 36 participants (29 women, 7 men). The Text—Fun condition comprised 35
participants (23 women, 11 men, 1 no response), and the Text—Learning condition included 35

participants (28 women, 6 men, 1 non-binary).

Experimental manipulation and materials

Participants received condition-specific instructions, depending on their randomly
assigned condition (fun vs. learning) prior to engaging with the assigned game or text
application (Table 1). The fun- and learning-instruction were matched in content and structure
across both formats to ensure comparability. Following the instruction, the assigned
application—either the game or the text app—was manually launched by the experiment
leader.
Table 1

Overview of the Experimental Instructions by Condition

Condition Instruction

Game-Learning Use the video game Limes to learn as much as possible about the
content. Explore the game world attentively and focus on the provided
information and tasks that can help you learn.

Game-Fun Enjoy the video game Limes and have fun! Explore the content and
interact with the elements in the way that brings you the most joy.

Text-Learning Use the Limes text app to learn as much as possible about the content.
Focus on the provided information and tasks that can help you learn.

Text-Fun Enjoy the Limes text app and have fun! Explore the content and
interact with the elements in the way that brings you the most joy

Participants engaged with either the educational video game Limes, an adventure-style
game with strong narrative and entertainment features, or an aligned interactive text-based
application. Both formats conveyed identical historical content related to life along the Roman
frontier, also known as Limes, including themes such as military structures, local settlements,
and historical events. The material was divided into five levels, each featuring a main storyline,
an optional secondary mission, and supplemental codex entries for historical context (see Figure

1 and Figure 1 for illustrations of the structural alignment across formats).

The Limes video game (Viccari et al., 2024), developed in Unity (version 2021.3.7f1)

as a 2D top-down adventure for Windows and macOS, allowed players to freely navigate virtual
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environments, engage in branching dialogues, and interact with optional content. The narrative
follows a Germanic child who, after being kidnapped by Roman soldiers, embarks on a complex
journey across Roman and Germanic territories. Along the way, the child forges a reluctant
alliance—and eventually a friendship—with a Roman centurion named Ariovist. The story
unfolds across five levels, covering themes such as Roman military infrastructure, the cultural
dynamics between Romans and Germanic tribes, and broader political developments of the

third century CE.

Secondary missions offer gameplay elements such as horse racing, stealth sequences,
and puzzle-solving, while reinforcing the historical themes presented in the main storyline.
Codex entries represent optional historical background information embedded within the game
world. These entries—36 in total—were unlocked by interacting with non-playable characters
or specific objects and were distributed across the five levels (8 each in Levels 1, 2, and 4; and
6 each in Levels 3 and 5). Each codex entry combined a short, illustrated article and a relevant
image (Figure 2), such as a period map or thematic visual. On average, the entries in the German
version contained 148 words (range: 59-265), offering concise yet informative insights into
topics like Roman emperors, provinces, and historical events. This structure allowed players to

explore historically accurate content at their own pace and in alignment with the unfolding

story.
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Figure 1
Comparison of the interactive text-based application (left) and the video game (right) showing

structural alignment across both experimental condition

) ) Codex Entry Page
Main Storyline Page .
Marcus Aurlius Severus

Anna: Good morming to you. Notvery well, | am a bit Alexander (208-235 AD) was &
worried. Roman emperor who reigned
e from 222 until 235 AD.
Child: Why?
Anna: | heard that the Reman emperor Alexander Em
Severus (CE 1.1) has been assassinated and sveryone
here is excited. Apparently, it ‘s a sign that the Romans
are weak.
Child: But the Romans are evil, right? If they are weaker,
itis good for us.
Anna: Maybe, but | am afraid that our people want t go
o war, and | don “t want my children to die.
Child: 1see now. | understand, Anna. Secondary Mission
Anna: Hopefully | am wrong: however, | must g0 now, Page
take care.
Child: Bye, Anna. Rudolf: Really? Will you

K help me?

Note. The left panel illustrates the general structure of the text application, which presents the
Main Storyline Page with clickable links leading to Codex Entry Pages (top) and Secondary
Mission Pages (bottom). The right panel shows the same elements of the video game
application.

The text-based application (Viccari & Bardach, 2025) was developed in Unity using the
same game engine as the video game to ensure structural equivalence. All narrative events, and
content locations from the game were preserved within a fixed-sequence interactive format.
Secondary missions and Codex entries were integrated as clickable elements embedded within
the text, allowing participants to voluntarily explore additional historical information. The text
contained 18,061 words, divided into 9,139 words for the main storyline, 2,594 words for

secondary missions, and 6,328 words for Codex entries.
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Figure 2
Comparison of the same codex entry as shown in the text-based version (left) and in the video

game (right)
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In both formats, participants’ behaviours were automatically recorded. This included
engagement with codex entries, measured by the number of codex clicks and the total time
spent viewing codex content; completion of secondary missions; and time-on-task across
content sections. Time-on-task was recorded separately for Codex entries and for the main
content, which included time spent on the main storyline and secondary missions. On average,
participants spent approximately 72.3 minutes interacting with the video game and 63.7 minutes
with the text application. In addition, they spent on average 1.51 minutes on the instruction
screen before starting the task (see Table 2 for detailed engagement times). Both formats
covered identical information about Roman history. Following development, both materials
were reviewed by experts in Roman history, educational design, and digital learning to ensure
content accuracy, instructional clarity, and usability. We also conducted pilot experiments with

university students to ensure that the content was appropriate for the target population.
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Table 2

Time spent in Limes (in minutes) by condition

Text Learning  Text Fun (n= Game Learning Game Fun (n

(n=133) 35) (n=36) = 36)

M SD M SD M SD M SD
Instruction 191 057 221 068 1.65 0.50 1.64 0.3
Time

Codex Entries ¢ /s 953 1826 1002 998  9.04 1153 9.72
Time

Main - Content 53¢ 930 4532 920 62.84 1256 6030 10.80
Time

Total Time
Codex + Main 63.83 1624 63.59 1457 72.82 1357 71.83 13.72
Content

Measures
Knowledge test

We assessed factual knowledge about Roman history using a self-developed 25-item
single-choice test. Each item (e.g., “In which Punic War was Hannibal famously involved?”)
presented five response options: four content alternatives (only one correct) and an additional
‘I don’t know’ option. Correct responses contributed one point to the overall sum score (range:
0-25). Because the questions covered separate, factual topics and were coded dichotomously
as correct or incorrect, internal consistency was not applicable. In addition, a 5-items subset of
the knowledge test were also administered at pretest to assess participants’ prior knowledge

(score range: 0-5) to be used as control variable.

Situational interest

Situational interest was measured using eleven items adapted from Linnenbrink-Garcia
et al. (2010), capturing three components: triggered interest (4 items; e.g., “Playing Limes is
exciting”), maintained interest — feeling (4 items; e.g., “I am enthusiastic about what I learn in
Limes”), and maintained interest — value (3 items; e.g., “What I learn in Limes is valuable to
me”). All items were rated on a 7-point Likert scale (1 = does not apply at all, 7 = fully applies).
Following Krebs et al. (2024), the two maintained interest components were combined into a
single maintained interest scale for analyses. Subscale means were computed for both triggered

and maintained interest. Internal consistency was high for triggered interest (o = .86—.92) and
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maintained interest (o« = .86—.92) across conditions.

Academic emotions

Academic emotions were assessed using the short version of the Achievement Emotions
Questionnaire (AEQ-S; Bieleke et al., 2021), which includes four items each for enjoyment
(e.g., “Engaging with the content of Limes brings me joy”) and boredom (e.g., “The content of
Limes is so boring that I catch myself daydreaming”). Participants rated their agreement on a
5-point Likert scale (1 = do not agree at all, 5 = fully agree). Internal consistency was acceptable

for enjoyment (a = .67—.86) and boredom (o = .68-.85).

Pretest background variables and covariates

In the pretest, we assessed several background variables to be used as potential
covariates in the analyses. Prior interest in history was measured using three items (e.g., “How
interested are you in Roman history?”, adapted from Schumacher et al. 2025) rated on a 7-point
Likert scale (a = .66—.79). Prior self-reported historical knowledge (“How much knowledge do
you have about the following topics?”’), was measured with three items, each rated on a 7-point
Likert scale (1 = no knowledge at all, 7 = a great deal of knowledge). The items assessed
knowledge of Roman history, ancient history, and history in general (adapted from Schumacher
et al., 2025). Responses were averaged to form a composite scale score (a = .68-.85).

Participants also reported their average weekly gaming hours.

Procedure

The experiment was conducted in a laboratory setting at a German university. Upon
arrival, participants were welcomed by the experiment leader, informed about the study’s
procedures and data protection, and provided informed consent. Assignment to the format
condition (game vs. text) was randomized prior to participation using a custom Excel macro.
Participants then completed the pretest assessments on Unipark, a platform for web-based
survey research, via Firefox on university-provided computers. The pretest included
demographic and background information, self-reported history knowledge, self-reported
interest in history, epistemic curiosity, and a short knowledge test on Roman history. After
completing the pretest, participants received the condition-specific instructional framing (fun
vs. learning), which was randomized via Unipark’s trigger system. After participants read the
instructions, the experiment leader manually launched the assigned learning material—either
the video game or the text-based application—which were both standalone desktop apps.

Participants were instructed to spend a maximum of 90 minutes engaging with the material.
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Following the learning phase (or once time had run out), participants returned to the
browser to complete the posttest on Unipark, which included measures of situational interest,
academic emotions (enjoyment and boredom), and a 25-item factual knowledge test on Roman
history. The maximum total duration for each laboratory session was 120 minutes. The study
was approved by the University of [blinded for peer-review] ethics board (approval code:

[blinded for review]). Figure 3 displays a visualization of the study procedure.

Figure 3

Overview for the studies’ experimental procedure

Pretest Experimental Condition: [ J——
* Demographics data Game Condition
* Interestin history
* Self-reported knowledge in history
* Gaming experience
* Short knowledge test on Roman history Experimental Condition:

Text Condition
Participants played the Limes text app
Max time: 90 minutes

+ Situational interest
Participants played the Limes game + Academic emotions — enjoyment and

Max time: 90 minutes boredom
* Knowledge test on Roman history

Informed Consent
Participants read and signed the
consent form

Note. Maximum completion time maximum was 120 min.
Analyses

We conducted 2 x 2 analyses of covariance (ANCOVAs) to test the main effects of
format and instruction, as well as their interaction, on all outcome variables. Correlations
between pretest variables and the dependent variables were inspected to determine their
inclusion as covariates. All tests of significance were evaluated at the .05 level, and directional
hypotheses were assessed using one-tailed tests. We relied on two-tailed tests for all exploratory

research questions and exploratory analyses, and for the effects of covariates.

Results
Preliminary analyses

As preregistered, participants were to be excluded if their total time spent engaging with
the game or text app was below 20 minutes. No participant met this exclusion threshold.
However, three participants were excluded due to procedural violations related to the
instructional manipulation. Specifically, they failed to stop at the mandatory “stop screen”
presented at the end of the pretest. This screen was critical for ensuring that participants read
the correct goal-framing instructions (either fun or learning), as it also informed them to notify
the experiment leader before proceeding. Without this step, we could not guarantee that the

manipulation was delivered and understood as intended. These exclusions (N = 3) led to a final
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sample of N = 140 used for all analyses.

Kruskal-Wallis tests revealed no significant differences in age, y%3) = 0.51, p = .916;
pretest interest in history, y%3) = 1.13, p =.770; self-reported prior knowledge, y(3) =2.42, p
= .490; factual historical knowledge, y%(3) = 1.46, p = .691; or weekly gaming hours, y%(3) =
2.58, p=.462, across experimental conditions. Chi? tests likewise showed no group differences
in gender, ¥%(9) =9.22, p=.417., or gaming experience, y%(3) =2.33, p =.507. Table 3 presents
descriptive statistics (means, standard deviations) for all outcome variables by condition.
Table 3

Means and standard deviations for outcome variables

Text Learning (n Text Fun (n = Game Learning (n Game Fun (n =
=33) 35) =36) 36)
M SD M SD M SD M SD
Knowledge (Score 1536 390 1614 390 1353 5.6 1433 4.74
range: 0-25)
Triggered  Situational
Interest (Scale: 1-7) 4.48 1.38 4.38 1.43 4.42 1.22 4.89 1.12
Maintained Situational
Interest (Scale: 1-7) 4.39 1.11 4.38 1.05 4.17 1.29 4.52 1.04
Enjoyment (Scale: 1-5)  3.20 0.75 3.10 0.87 3.36 0.87 3.47 0.65
Boredom (Scale: 1-5) 1.82 0.80 1.75 0.89 1.79 0.79 1.48 0.56

Codex Clicks (Count)? 36.21 8.92 3483  9.81 15.44 12.95 19.08 12.95

Codex Time (Minutes)®  18.45 9.53 18.26  10.02 9.98 9.04 11.53  9.72

Note. *Codex clicks and time were used in exploratory analyses.

Following our preregistration, we examined the correlations between pretest variables
and the dependent variables to determine whether to include them as covariates. Based on these
analyses, we included the following pretest measures as covariates in all ANCOVA models:
interest in history, self-reported knowledge, and knowledge test scores (see Appendix A for the

full correlation matrix).

Effects on situational interest

We conducted two separate 2x2 ANCOVAs on triggered and maintained situational
interest with format and instruction as between-subjects factors. Pretest interest in history,
pretest knowledge test score, and self-reported prior knowledge were included as covariates.
The ANCOVA for triggered situational interest revealed a statistically significant main effect
of format, F(1,133)=2.93, p=.045, n3,=.009, with participants in the game condition reporting
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higher levels of triggered interest (M = 4.66, SD = 1.19) than participants in the text condition
(M =4.43, SD = 1.39). There was no significant main effect of instruction (learning: M = 4.45,
SD = 1.29; fun: M = 4.64, SD = 1.30), F(1,133) = 1.47, p = .227, 5%, = .006. The format x
instruction interaction was also not significant, F(1,133) = 1.24, p = .267, 2, = .009. Among
the covariates, pretest interest in history significantly predicted triggered interest, F(1,133) =

7.39, p=.007, 5%, = .07.

For maintained situational interest, there were no significant main effects of format
(game: M =4.35,SD = 1.18; text: M =4.39, SD=1.07), F(1,133) =0.33, p = .284, %, < .01, or
instruction (learning M = 4.28, SD = 1.21; fun: M =4.45, SD =1.04), F(1,133)=0.73, p = .395,
n?, = .008. The format x instruction interaction was also not significant, ' 1,133) = 0.50, p =
480, n?,=.004. Again, pretest interest in history was a significant covariate, F(1,133) = 22.26,
p <.001, % =.19.

Figure 4

Situational interest (means) by format (game vs. text) and instruction (fun vs. learning)
5.1

5
4,9
4,8
4,7
4,6
4,5
4,4

4,3

4,2

Mean Triggered Stuational Interest
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0 T™—

Fun Learning

Instruction

@ Game == O== Text

Note. Situational interest was measured with 11 items adapted from Linnenbrink-Garcia et al.
(2010). Triggered interest (4 items) and maintained interest (7 items) were rated on a 7-point
Likert scale (1 = does not apply at all, 7 = fully applies). Error bars represent standard errors of
the mean.
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Effects on knowledge test performance

We conducted a 2x2 ANCOVA on knowledge test performance with format (game vs.
text) and instruction (fun vs. learning) as between-subjects factors. Pretest interest in history,
the pretest knowledge test score and self-reported prior knowledge were included as covariates.
Although the main effect of format (game: M = 13.9, SD = 4.99; text: M = 15.8, SD = 3.89)
reached significance in a two-tailed test, F(1, 133) =4.64, p =.033, 2, =.041, and would have
reached significance in a one-tailed test had it been in the predicted direction, it was not
significant under the preregistered one-tailed test, which assumed higher knowledge test scores
in the game condition than in the text condition. For interested readers and to inform future
research, the means are reported in Figure 5 for completeness.

There was no statistically significant main effect of instruction (learning: M = 14.4, SD
=4.72; fun: M =15.2, SD =4.41), F(1,133) = 0.13, p = .722, %, = .01 (H4), nor a significant
format x instruction interaction, (1,133)=0.07, p =.799, 2, < .01 (H5). Among the covariates,
only pretest interest in history statistically significantly predicted knowledge test performance,

F(1,133)=6.25, p = .014, 52, = .073.

Figure 5

Knowledge test performance (means) by format (game vs. text) and instruction (fun vs.
learning)
17
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Note. Posttest scores are based on the factual knowledge test (25 items). Full range of the test

score was 0 (no correct answers) to 25 (all answers correct). Error bars represent standard errors
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of the mean.

Effects on academic emotions
We conducted two 2x2 ANCOVAs on enjoyment and boredom with format and
instruction as between-subjects factors. Covariates included were pretest interest in history, the

pretest knowledge test score, self-reported prior knowledge, and weekly gaming hours.

For enjoyment, the ANCOVA revealed a statistically significant main effect of format,
F(1,133) = 4.23, p = .021, 53 = .029, with participants in the game condition reporting more
enjoyment (M = 3.42, SD = 0.76) than those in the text condition (M = 3.15, SD = 0.81), in line
with H3 (see Figure 6). There was no main effect of instruction (learning: M = 3.28, SD = 0.81;
fun: M =3.29, SD = 0.78), F(1,133) = 0.03, p = .870, %, < .001, and no format % instruction
interaction, F(1,133) = 0.32, p = .572, %, = .002. The covariate pretest interest in history
significantly predicted enjoyment, F(1,133) =9.95, p =.002, 2, = .058.

For boredom, the ANCOVA revealed no statistically significant main effects of format
(game: M = 1.64, SD = 0.70; text: M =1.78, SD = 0.84), F(1,133) =2.18, p = .071, 3%, = .009,
or instruction (learning: M = 1.80, SD = 0.79; fun: M = 1.61, SD = 0.75), F(1,133) =2.22, p =
139, %, = .016. The format x instruction interaction was also not significant, F(1,133) = 0.64,

p =425, % =.005. None of the covariates were significant predictors of boredom.
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Figure 6

Enjoyment ratings (means) by format (game vs. text) and instruction (fun vs. learning)
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Note. Enjoyment scores are based on the AEQ-S Enjoyment subscale (4 items). Full scale range
was 1 (do not agree at all) to 5 (fully agree). Error bars represent standard errors of the mean.

Exploratory analyses

We conducted exploratory analyses using behavioural data (interactions with the codex
entries) to explore participants’ interactions with the codex and their relation to posttest
knowledge performance, and, potentially, to shed light on reasons behind the higher knowledge
test scores in the text condition. We conducted ANCOV As, correlation analyses, and multiple
regression analyses while controlling for prior knowledge and relevant background variables.
Codex clicks refer to the number of times participants opened individual entries within the
codex interface during the task, while codex time reflects the total time (in seconds) spent
interacting with codex content. Although these analyses were not preregistered, we included
them to investigate how engagement with supplemental in-game information (i.e., the codex)
might contribute to learning outcomes, as the codex was designed to provide historically

accurate content in both formats.

Codex usage by format. We conducted two separate 2x2 ANCOV As with codex clicks
and codex time as dependent variables. The between-subjects factors were format (game vs.
text) and instruction (fun vs. learning). Based on prior correlation analyses, we included self-

reported prior knowledge as a covariate, given its significant association with posttest
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knowledge scores (see Appendix A for full correlation matrix). This approach allowed us to
control for individual differences in knowledge when analysing codex engagement across

experimental conditions.

For codex clicks, the ANCOVA revealed a significant main effect of format, F(1,135)
= 34.12, p < .001, % = .395, indicating that participants in the text condition opened
significantly more codex entries (M = 35.5, SD = 9.34) than those in the game condition (M =
17.3, SD = 13.0). Similarly, for codex time, the ANCOVA revealed a significant main effect of
format, F(1,135) =8.68, p =.004, %, = .139. Participants in the text condition spent more time
engaging with the codex (M = 18.36 minutes, SD = 9.81) than those in the game condition (M
=10.25 minutes, SD = 9.01). Again, there were no statistically significant effects of instruction
on codex clicks (learning: M = 25.4, SD = 15.3; fun: M = 26.8, SD = 13.9), F(1,135)=1.67,p
=.198, %, = .003, or on codex time (learning: M = 14.0 min, SD = 10.2; fun: M = 14.8 min, SD
=10.4), F(1,135) = 0.49, p = .484, %, = .001.

Relation to posttest knowledge. Correlation analyses revealed significant positive
associations between posttest knowledge test scores and both codex clicks (r =.554, p <.001)
and codex time (» = .580, p <.001). To examine these relationships while controlling for self-
reported prior knowledge, we conducted two multiple regression analyses. In the first model,
codex clicks significantly predicted posttest knowledge scores (b = 0.18, p < .001). In the
second model, codex time also significantly predicted posttest knowledge scores (b = 0.26, p <
.001). These results indicate that participants who interacted more frequently and for longer
durations with the Codex achieved higher posttest knowledge scores, above and beyond the

effects of their self-reported prior knowledge.



Post Knowledge Test Score

100 PAPER 3

Figure 7

Associations between codex interaction and posttest knowledge performance

Codex Time vs. Knowledge Test Score Codex Click vs. Knowledge Test Score
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Note. The left panel shows the relationship between total codex time (in minutes) and posttest
knowledge test scores; the right panel shows the relationship between the number of codex
clicks and posttest knowledge test scores. Posttest knowledge was assessed with a factual
knowledge test (25 items; range: 0 = no correct answers to 25 = all correct answers). Shaded
areas represent 95% confidence intervals.

Discussion

The goal of this study was to explore whether differences in the format and instructional
framing of history learning materials affect academic outcomes. Specifically, we examined how
instructional framing (learning vs. fun) and format (video game vs. text) influence knowledge
acquisition, situational interest, and academic emotions in the context of digital history learning.
Using a 2x2 between-subjects design, we compared a historically accurate video game on the
Roman Empire with a structurally aligned interactive text application, both presenting identical

historical content.

® Game
O Text
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Format effects

Situational interest plays a central role in motivating learners to engage with educational
content, especially in game-based learning environments. In line with this, prior studies have
shown that games can elicit higher situational interest than text formats (e.g., Wouters et al.,
2013). Our results revealed a significant difference between the two conditions regarding
triggered interest, but not with regard to maintained interest, thus partially confirming
Hypothesis 1. This finding indicates that game-based formats may be effective in capturing
learners’ initial attention and curiosity (triggered interest), albeit it is important to note that the
observed effect on triggered interest was small and only just reached statistical significance. A
possible reason for the lack of significant differences with respect to maintained interest may
be the structural alignment between the two formats: the interactive text application offered
similar features—such as clickable content, codex entries, and optional exploration paths—
which may have effectively preserved learners’ sense of autonomy and engagement, thereby
sustaining learners’ interest similarly to the game format. This finding aligns with Gui et al.
(2023), who demonstrated that structural equivalence, especially in terms of interactivity and

navigation, can reduce differences between media types.

Contrary to our expectations (Hypothesis 2), participants in the video game condition
did not perform significantly better than those in the text condition. Instead, the knowledge test
scores of the text condition were higher than those of the video game condition. This challenges
the belief that digital games inherently enhance factual learning, and aligns with previous
findings showing that games do not consistently outperform traditional formats on knowledge
retention tasks (Adams et al., 2012; Brom et al., 2019). One potential explanation lies in too
little active goal-directed processing in the game condition (Eitel et al., 2025): the immersive
and exploratory nature of the game did not particularly support or reward students to pursue the
goal of being best prepared for the knowledge test. Navigating the in-game environment was
rewarding in itself (also shown by higher triggered situational interest in game condition), but
it did not specifically reward for processing historical content in the codex entries that was
required for the knowledge test. Active goal-directed processing, for the goal of being best
prepared for the knowledge test, was thus lower in the game than in the text condition.
Behavioural tracking supports this interpretation. Although game participants spent more time
on the task overall (=72 min) compared to text participants (=64 min), they devoted
substantially less time to codex entries (=10-11 min vs. =18 min) (see Table 2). As our

exploratory analyses revealed that codex engagement was strongly associated with knowledge
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performance, this suggests that additional time in the game was likely devoted to navigation
and interactive mechanics rather than to processing historical information. The text condition’s
linearity and interface design seems to have cognitively foregrounded codex content, making it
more visible and accessible during the learning process. In theoretical terms, the linearity
increased focus support for students to increase active goal-directed processing, in turn leading
to stronger learning gains (Eitel et al., 2025). In contrast, the game condition—despite offering
identical codex material—saw lower engagement with codex entries, possibly because its visual
and interactive richness drew attention toward gameplay tasks and away from optional text-
based resources (lower focus support; Eitel et al., 2025). These differences suggest that in
content-rich environments, ease of access and integration of supplemental materials are critical
for learning outcomes (see also Habgood & Ainsworth, 2011). Moreover, the game’s non-linear
structure may have led some learners to skip or overlook key information that was more directly

presented in the linear text format.

The findings revealed statistically significant format effects on enjoyment, with
participants in the game condition reporting higher enjoyment than those in the text condition,
thus supporting our hypothesis on effects on enjoyment (see Hypothesis 3). This is consistent
with previous findings that associate game-based environments with greater emotional
engagement and immersion (Sabourin & Lester, 2014; Taub et al., 2020). In addition, given
that the text condition was structurally aligned with the game and therefore likely more
engaging than the static text formats typically employed in format-comparison studies, the
higher enjoyment ratings observed in the game condition are of particular note. However,
boredom levels did not significantly differ between the game and text conditions, which
contradicts our respective assumptions on boredom as outlined in Hypothesis 3 (i.e.,
significantly lower levels of boredom in the game condition). This pattern for boredom may
reflect the overall quality and coherence of both interventions, which offered interactive
elements and rich historical content. While the game format seemed to increase enjoyment,
boredom levels were low across both groups. This may suggest that well-designed and engaging

content can counteract boredom, no matter the format.

Effects of instructional framing

Contrary to our Hypothesis 4 and prior findings (e.g., Erhel & Jamet, 2019; Hu et al.,
2025), we did not obtain any statistically significant effects of instructional framing (learning
vs. fun) on knowledge test performance. Also, no significant effects for interest or academic

emotions emerged (exploratory research questions 1 and 2, respectively).
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One possible explanation is that the instructional framing, although implemented in line
with prior studies on its effects (Erhel & Jamet, 2013, 2019), may have been too subtle or not
sufficiently reinforced during the task. Although participants received instructions tailored to
their condition, the lack of in-task reminders or goal-specific scaffolds may have made the
instructional guidance less impactful (Pilegard & Mayer, 2016). Given that participants spent
on average more than a minute on the instruction screen (with longer times in the text than in
the game condition, see Table 2), it seems unlikely that null effect was attributable to

insufficient reading time.

It is also possible that learners in our university sample approached both frames with a
similar learning goal orientation. Although we did not directly assess learning goals (e.g., (Elliot
& McGregor, 2001; Senko, 2016) pretest interest in history was moderate to high across
conditions, suggesting that participants were already inclined to engage with the material.
Moreover, the relationship between motivationally supportive environments and students’
adoption of learning goals is well established (for a meta-analysis, see Bardach et al., 2020).
Hence, engaging with Roman history in the motivationally supportive digital environment of
our study content may have further supported participants’ learning goals, irrespective of the
instructional framing. Overall, these findings highlight the challenge of implementing brief,
one-time instructional manipulations in controlled lab settings—particularly with content-rich
and exploratory materials—pointing to the need for more sustained or embedded framing

strategies in future research.

Interaction effects between format and instruction

No significant interaction between content format and instructional framing was found
for knowledge test performance. This result contradicts our Hypothesis 5, which assumed that
the game format—because of its higher cognitive demands and potential for distraction—was
expected to benefit more from an explicit learning instruction that could help focus attention
and reduce extraneous processing. Similar hypotheses have been proposed in the literature,
where it is often suggested that open-ended or game-like environments may require stronger
instructional scaffolding to guide attention and processing (e.g., Clark et al., 2016; Erhel &
Jamet, 2013). Furthermore, we did not find significant interaction effects for any of the other
outcomes (see exploratory research questions 2 and 3, concerning interest and emotions,
respectively). With respect to triggered situational interest and enjoyment, this indicates that

the significant effects of format are consistent across the different types of instruction.
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One possible explanation is that the high structural alignment between the two
formats—each offering similar access to features such as optional missions and embedded
learning cues—reduced the likelihood of diverging outcomes, as participants may have engaged
with the material in similarly self-directed ways, irrespective of the instructional framing.
Additionally, it is possible that the 90-minute task duration allowed participants enough time to
develop their own learning strategies, which may have reduced the impact of the initial
instructional framing and its interaction with format (McCrudden et al., 2010). As discussed in
the section above, the subtlety of the framing manipulation may also help explain the absence
of interaction effects. Taken together, the absence of interaction effects supports the idea that
format and instruction may operate independently—or that their interplay may depend on more
nuanced design features. For instance, embedding goal-relevant actions directly into gameplay
could enhance the effects of instructional framing and lead to different instructional effects

depending on the format.

The role of engaging with codex entries

Finally, the results from our exploratory analyses focusing on codex entries showed that
game participants engaged less with codex entries than text participants. Importantly, greater
codex use was strongly linked to higher knowledge scores. This suggests that codex
engagement, when it occurs, meaningfully relates to learning outcomes. In the text condition,
where codex entries were accessed more frequently (=35 clicks; =18 minutes), the visibility and
accessibility of supplementary content appeared to sustain such engagement with the codex.
From a theoretical standpoint, these findings seem aligned with the Focus-Support-Reward-
Squares model (Eitel et al., 2025), postulating that instruction needs to provide at least a
medium degree of focus support to stimulate effective learning. Historically rich, exploratory
environments, are challenging in this regard, because their interactive mechanics may divert
attention from core content unless supportive resources are tightly integrated into the task flow.
In the best case, interactive mechanics feel rewarding for students, are useful to proceed in the
game and to internalize core learning contents. This resonates with the concept of intrinsic
integration (Habgood & Ainsworth, 2011), highlighting that learning elements are most
effective when they are functionally necessary for success within the game environment. This
makes active goal-directed processing, and thus good learning outcomes, most likely (Eitel et
al., 2025). The lower codex engagement in the game condition—despite identical accessibility
across formats—suggests that optional resources can be overlooked when not structurally

embedded in progression. This finding is also in accordance with the goal-focusing model
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(McCrudden & Schraw, 2007), which posits that sustained, context-embedded cues are critical.

Furthermore, the results resonate with

In practical terms, these insights suggest that designers of educational games and
interactive texts should integrate learning resources into the core task flow rather than
positioning them as optional add-ons. Embedding knowledge elements into central mechanics,
coupling them with in-task prompts, and making them consequential for progress can ensure
that learning goals remain salient without disrupting immersion. Similarly, text-based formats
can benefit from maintaining high visibility and accessibility of supplementary materials, for
example, through persistent side panels or embedded pop-ups that keep resources cognitively
foregrounded. In Limes specifically, future versions could integrate codex content more directly
into the gameplay loop—for example, by requiring players to consult codex entries to solve
puzzles, decode clues, or unlock gates during missions. Such integration could also take the
form of challenges where survival or progression depends on historical knowledge, such as
escaping danger or defeating an opponent by applying information from the codex. However,
careful planning is essential to prioritise the historical information most critical to the
educational goals. Overloading players with too many codex-dependent tasks risks diluting the

game’s purpose and reducing enjoyment and motivation.

Limitations and directions for future research

While this study offers valuable insights into digital history learning, several limitations
and, related to that, future research directions, should be acknowledged. First, the instructional
framing was likely not persistent enough throughout the intervention to influence academic
outcomes. Prior studies suggest that goal instructions are more effective when repeated or
embedded within the task environment (McCrudden et al., 2010; Pilegard & Mayer, 2016).
Future designs should consider integrating adaptive scaffolding, in-task prompts, or ongoing
goal cues to increase the impact of instructional framing. Second, the study assessed all
outcomes at the end of the session in the lab. While this approach captures immediate effects,
it precludes gaining insights into longer-term retention or motivational impact. Follow-up
assessments in future studies could determine whether observed effects persist, or, in the case
of non-significant post-test effects, whether effects may instead become detectable at the
follow-up assessment. It would also be important to assess whether learners transfer historical
knowledge to new contexts—an important benchmark in history education (Gestsdottir et al.,
2018; van Boxtel & van Drie, 2018). Third, although our findings are promising, replications

of our study are needed to draw more confident conclusions, particularly given that some of the
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observed effects were relatively small. Fourth, the sample consisted exclusively of university
students. While appropriate for the context of our study, these participants likely possess more
advanced self-regulation skills and may approach learning tasks with greater autonomy, factors
that could affect how they engaged with the task. Thus, we envision future research to test Limes
with learners from different age groups (e.g., older adults, school-aged learners, Benavides-
Varela et al.,, 2020; Yilmaz et al., 2022) whose cognitive, motivational, and attentional
characteristics may differ markedly from university students. Finally, while log data revealed a
strong association between codex engagement and knowledge test performance, these
behavioural traces alone cannot fully explain why some participants engaged more than others.
To complement logfile analysis, future work should incorporate qualitative feedback (e.g.,
interviews or short surveys) to capture learners’ perceptions of optional tools. This would
provide a richer understanding of how design features shape codex use, particularly among

younger users who may interpret relevance and usability differently.

Conclusions

The present study examined differences between format and instructional framing using
a historically accurate video game (Limes) on the Roman Empire and a structurally aligned
interactive text application. The findings highlight the potential of video games to foster
positive academic emotions and spark learners’ interest, while also pointing to potential
cognitive limitations of video games. At the same time, our results underscore the importance
of meaningfully integrating pedagogical content into the task environment. This may be
particularly critical for history education, where balancing narrative immersion with content
learning presents unique pedagogical challenges (Pilegard & Mayer, 2016). For games, this
may involve embedding knowledge resources (such as codex entries) into core mechanics; for
texts, it requires maintaining high visibility and accessibility of such resources. Overall, this
study contributes to the growing body of experimental research on digital learning games and
digital history learning by offering a controlled comparison of identical content delivered

through game and text formats, while also shedding light on the role of instructional framing.
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Abstract
Background: Sound is a core component of digital games, and its integration is assumed
to support learning, motivation, and positive emotions. However, empirical evidence on the role
of sound in educational video games remains limited, particularly in narrative-driven

educational adventure games such as digital history games.

Methods: In a laboratory experiment, university students (N = 111) either played an
educational history video game with sound (ambient audio, character voices, and narrated codex
entries providing additional historical information) or without sound. Post-test measures
assessed factual knowledge, triggered and maintained situational interest, and academic
emotions (enjoyment and boredom). Engagement with optional supplemental historical
information provided through in-game codex entries was measured using behavioural log data.
Group differences were analysed using one-way analyses of covariance, controlling for relevant

pre-test variables.

Results: Participants in the sound condition did not score significantly higher on the
knowledge test than those in the no-sound condition. Likewise, no statistically significant
differences emerged in situational interest, enjoyment, boredom, or codex engagement between
conditions. Additional analyses indicated that participants’ interactions with codex entries
positively predicted knowledge test performance, indicating that voluntary engagement with

supplemental content contributed to learning.

Conclusion: Our findings suggest that the presence of sound alone may not enhance
academic outcomes in a narrative-driven educational video game. Additionally, our findings
indicate that learning outcomes depended strongly on learners’ engagement with in-game codex
entries. Overall, our results on the inclusion of sound highlight the importance of examining

specific design features within educational history videogames.

Keywords: Game-Based Learning, History Learning, Academic Outcomes, Motivation,

Academic Emotions, Video Games
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The Sound of the Roman Empire: Effects of Playing a History Video Game With and
Without Sound

Sound is a central component of digital environments and has been assumed to play an
important role in shaping learning experiences and outcomes. In multimedia learning research,
the inclusion of audio elements is grounded in the Cognitive Theory of Multimedia Learning
(CTML; Mayer, 2002), which proposes that people process information through two limited-
capacity channels, one visual-pictorial and one auditory-verbal. When instructional materials
distribute information across these channels, learning can be supported by reducing overload
on any single channel and facilitating more efficient working-memory use. Interactive
computer-based learning environments, including video games, are well-suited to leverage
multimedia learning principles, as they often combine visual and auditory information within
interactive tasks (Plass et al., 2015; Sella et al., 2016; Wouters & van Oostendorp, 2017). In
line with this, a key principle derived from CTML is the modality principle, which shows that
narration can enhance understanding and retention compared to on-screen text, particularly
when visual information is complex (Mayer & Moreno, 2003; Moreno & Mayer, 1999).
According to Mayer’s multimedia learning framework, coordinated narration and visual
information should improve retention and transfer, highlighting how audio can support coherent
mental model formation (Mayer, 2002), which may, in turn, facilitate knowledge acquisition in

digital game-based learning (Wouters et al., 2013).

In addition to cognitive processing, sound has been proposed to influence affective and
motivational aspects of learning. The present study focuses on academic emotions (i.e.,
enjoyment, boredom (Pekrun, 2006; Pekrun & Perry, 2014)) and situational interest (Hidi &
Renninger, 2006). However, since these outcomes have rarely been examined in research on
video games and sound effects, we next review the broader literature on affective and
motivational outcomes. Audio elements—such as background music, environmental sound, and
character voices—are integral design features that can affect emotional responses, sense of
immersion, and engagement. For instance, musical scores can intensify emotional involvement
(Lipscomb & Zehnder, 2004), while the presence of game sound has been shown to enhance
experiential states such as immersion, flow, positive affect, and perceived competence in
interactive environments (Nacke et al., 2010). In game-based learning environments, the
presence of audio narration or voiceovers can enhance behavioural engagement, as
demonstrated by findings that learners exhibited higher involvement when game sound was
present (Byun & Loh, 2015). It has also been suggested that music may influence immersion

and perceived time flow (Sanders & Cairns, 2010). At the same time, research incorporating
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music as a design element in educational games indicates that its effects are not uniformly
positive across contexts. For example, studies that embed background music within broader
instructional or design frameworks—such as those focusing on learner characteristics or
system-level customization—report heterogeneous motivational and performance-related
outcomes (Ku et al., 2016; Yang et al., 2019). These findings suggest that the impact of game
audio may depend on how it is implemented and integrated, rather than on its mere presence.
Furthermore, it has been shown that adding a self-similar avatar voice enhanced learners’
enjoyment and perceived competence and influenced their in-game performance (Kao et al.,
2021). Although this manipulation involved personalized voice output rather than ambient
sound design, it demonstrates that audio features embedded in educational games may

meaningfully alter emotional and motivational outcomes.

Sound also plays a role in directing attention, focus, and information selection, and
shapes actual behaviours in interactive environments (Byun & Loh, 2015; Moreno & Mayer,
1999). Specifically, the signalling principle as deduced from CTML proposes that audio cues
can help learners direct their attention to important information (Mayer & Moreno, 2003).
Conceptual work on audio game design likewise emphasizes that sound can structure players’
spatial orientation, guide navigation, and support attentional focus within interactive
environments (Rovithis et al., 2014). From this perspective, audio does not merely accompany
visual information but functions as an informational layer that scaffolds perception, facilitates
navigation, and shapes how players interact with the game world. Thus, the inclusion of sound
may also influence learners’ in-game behaviours, such as engagement with optional or

supplemental content, by enhancing immersion and supporting focused engagement.

Despite strong theoretical arguments and some promising empirical insights, research
on the role of sound in educational video games remains limited. Whereas many studies focus
on visual design, narrative structure, or gameplay mechanics, comparatively few have examined
whether audio elements affect knowledge outcomes, motivation, emotional experiences, or in-
game behaviours. This gap may be particularly relevant for subjects such as history: For history
learning, immersion, emotional engagement, and the construction of coherent mental models
are central to how learners make sense of historical narratives and environments (McCall,
2023). Narrative-oriented analyses further suggest that sound is a key factor in establishing
coherent fictional story worlds and fostering immersion in narrative game environments
(Domsch, 2016). Such immersive narrative experiences are often considered relevant to learner

engagement in educational history games (McCall, 2016). Accordingly, empirical research
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systematically investigating the role of sound in educational history games is needed to gain
deeper insights into audio design elements that may facilitate learners’ knowledge acquisition,

interest, emotional responses, and engagement with historical content.
The Present Study

The present study examined the effects of sound on knowledge test performance,
motivational outcomes (triggered and maintained situational interest), academic emotions
(enjoyment and boredom), and in-game behaviour (engagement with codex entries providing
historical information) in Limes (Viccari et al., 2024), an educational video game on the Roman
Empire. In a between-subjects design, participants were randomly assigned to one of two
conditions: a version of the game with sound or a version without sound. All learners engaged
with the game for up to 90 minutes and subsequently completed the post-test measures. All
hypotheses, measures, covariates, exclusion rules, and statistical analyses were preregistered
prior to conducting the analyses (blinded link for peer-review:

https://aspredicted.org/xa6gt7.pdf).

Based on the theoretical frameworks and empirical findings reviewed above, we
specified four main hypotheses. First, we hypothesized that participants in the sound condition
would achieve higher scores on the post-test knowledge measure than those in the no-sound
condition, as the inclusion of audio narration and ambient sound may support cognitive
processing and the formation of coherent mental models (R. E. Mayer, 2002) (Hypothesis 1,
HI).

Second, we expected participants exposed to sound to report higher levels of situational
interest (Hypothesis 2, H2). Although prior research on sound effects in educational video
games that directly measures situational interest is, to the best of our knowledge, lacking, there
1s some evidence on effects of background music and narrative elements on learners’ motivation
(Kao et al., 2021; Lipscomb & Zehnder, 2004). Drawing on the interest development
framework proposed by Hidi and Renninger (2006), sound effects are expected
to trigger situational interest by increasing the perceptual salience and experiential vividness of
the learning environment. Insofar as sound effects help sustain engagement with task-relevant

information across the learning episode, they may also support maintained situational interest.

Third, building on prior research showing positive effects on learners’ emotional
experiences (Lipscomb & Zehnder, 2004; Nacke et al., 2010), we hypothesized that learners in

the sound condition would report more adaptive academic emotions—specifically, higher
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enjoyment and lower boredom—compared with those in the no-sound condition (Hypothesis 3,

H3).

Finally, we expected that participants in the sound condition would more often explore
additional historical information (referred to in the game as codex entries) and for a longer
duration (Hypothesis 4, H4), reflecting the role of sound in guiding attention and information
selection within interactive learning environments (Byun & Loh, 2015; Moreno & Mayer,
1999).

Methods

Participants and Design

A total of 112 university students enrolled in psychology, teacher education, and sport
science programmes participated in the study (84 women, 28 men; Mage= 23.19, SD = 3.95).
Data collection was carried out in a controlled laboratory setting at a German university. Based
on an a priori power analysis using G*Power 3.1 (Faul et al., 2009) for an analysis of covariance
comparing two independent groups, we aimed to recruit at least N = 102 participants, assuming
amedium effect size (f=0.25), an alpha level of .05, and a power of .80. To account for potential
exclusions, we collected data from 112 individuals. The study received ethics approval from
the University of [blinded for peer-review] ethics board (approval code: [blinded]). Figure 3

presents an overview of the study procedure.

Participants were recruited through multiple channels, including campus flyers,
university mailing lists, and the university’s participation platform, where the study was listed
as a standard in-lab study offering course credit as compensation. To be eligible, participants
had to be at least 18 years old, fluent in German, not enrolled in a history degree programme,

and not have uncorrected severe visual impairments.

Participants were randomly assigned to play the video game either with or without
sound. We collected data from 76 participants and included 36 participants from a previous
study for the no-sound condition. The previous study also employed random assignment to
different conditions and focused on a different research question (a comparison of the Limes
game and a parallel text format, and of two instructions: having fun versus learning), but did
not involve sound (Viccari et al., 2025). We included only participants from the game condition
of the previous study who had received the learning instruction to align with the participant
instruction in the current study. Overall, 56 participants (40 women, 16 men) were in the sound

condition, and 56 participants (44 women, 12 men) were in the no-sound condition.
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Experimental Manipulation and Materials

In our between-subjects design (sound versus no sound), participants engaged with
Limes, an educational 2D top-down adventure game developed in Unity (version 2021.3.7f1)

(Viccari et al., 2024).

In the sound condition, ambient sounds, character voices, and codex entries audios were
all enabled. In the no-sound condition, these audio elements were disabled, while all other game
features remained identical. This manipulation allowed us to isolate the role of audio cues on
engagement and learning. Prior to engaging with Limes, all participants received the instruction

that they should use the video game to learn as much as possible about the history content.

Limes presents a historically grounded narrative set along the Roman frontier during the
third century CE. Players follow the journey of a Germanic child who is taken by Roman
soldiers and gradually forms an unexpected friendship with a Roman centurion, Ariovist. The
story unfolds across five levels, each containing a main storyline, optional secondary missions,
and supplementary codex entries that provide additional historical context (see Figure 1). Codex
entries (see Figure 2 for an example) are short and contain texts covering topics such as Roman

emperors, military structures, and everyday life along the limes (the Roman Empire’s border).
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Figure 1
Hllustration of codex entry access (top) and secondary mission activation (bottom) in the Limes

video game

Ariovist

This is the where the administration of the legion
takes place and religious ceremonies are observed.

Ariovist

Do you want to do the secondary mission?

Note. The top panel shows how players open a codex entry after interacting with a character.
The bottom panel shows the transition from dialogue into a secondary mission, where the player
enters an interactive gameplay sequence.

The game includes 36 codex entries distributed across the five levels. Players can
voluntarily open these entries by interacting with characters or objects in the game world. Each
entry consists of a short text; in the German version used in this study, entries averaged 148
words (range 59-265), totalling 6,328 words of codex material, and were unlocked through
interactions with in-game characters or objects. Across all participants, behaviours were
automatically recorded, including time spent reading codex entries, exploration of secondary

missions, and overall time-on-task (see Table 1 for descriptive engagement measures).
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Figure 2

Codex entry as shown in the video game

Before beginning the task, participants viewed a short instruction screen that explained
the study procedure and encouraged them to engage thoroughly with the available content. This
screen remained visible until the experiment leader manually launched the game, and the time

spent on the instruction screen was recorded.

All content was designed and reviewed with the aim of providing accurate historical
material in an interactive format appropriate for university students. A detailed description of
the narrative design, structural elements, and development process of Limes can be found in

Viccari et al. (2024).
Measures

Pre-Test Background Variables and Covariates. In the pre-test, we assessed several
background variables as potential covariates for the analyses. Prior knowledge of the learning
content was assessed using a short 5-item version of the knowledge test administered at pre-test
(possible range: 0-5). This score was included as a covariate in subsequent analyses. Prior
interest in history was measured using three items adapted from Schumacher et al. (2025) (e.g.,
“How interested are you in Roman history?”, rated on a 7-point Likert scale (o = .73). Prior
self-reported historical knowledge (“How much knowledge do you have about the following
topics?”’), was measured with three items, each rated on a 7-point Likert scale (1 = no
knowledge at all, 7 = a great deal of knowledge). The items assessed self-reported knowledge
of Roman, ancient, and general history (adapted from Schumacher et al. (2025)). Responses
were averaged to form a composite scale score (a =.78). Participants also reported their average

weekly gaming hours.
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Knowledge Test. The knowledge test assessed factual knowledge of Roman history,
including topics such as Roman society, military structures, frontier life along the Roman
border (limes), and key historical events and figures covered in the learning materials. It
consisted of 25 single-choice questions (with 4 answer options, plus an “I do not know” option)
that were coded as correct or incorrect. A total sum score was calculated based on the number
of correctly answered items (possible range: 0-25). Internal consistency was high (csound = .79,

Ono-sound= .81 )

Situational Interest. Situational interest was measured using eleven items adapted from
Linnenbrink-Garcia et al. (2010). The scale included three components: triggered situational
interest (4 items; e.g., “Playing Limes is exciting”), maintained interest feeling (4 items; e.g., I
am enthusiastic about what I learn in Limes”), and maintained interest value (3 items; e.g.,
“What I learn in Limes is valuable to me”). All items were rated on a 7-point scale (1 = does
not apply at all, 7 = fully applies). Following Krebs et al. (2024), the two maintained interest
components were combined into a single maintained-interest scale for further analysis. Internal
consistency was high for both triggered interest (a = .86 overall; dsound = 85; Gno-sound= .88) and

maintained interest (o = .89 across all participants; tsound = 87; Ono-sound= .91).

Academic Emotions. Academic emotions were assessed using the short version of the
Achievement Emotions Questionnaire (AEQ-S; Bieleke et al., 2021). The measure consists of
four items assessing enjoyment (e.g., “Engaging with the content of Limes brings me joy’’) and
four items assessing boredom (e.g., “The content of Limes is so boring that I catch myself
daydreaming”). Participants responded on a 5-point Likert scale (1 = do not agree at all, 5 =
fully agree). Internal consistency was acceptable to high for enjoyment (a = .80 overall, osound
= 73; Ono-sound = .86), and boredom (a = .82 overall, asouna = 73; Gno-souna = .87). All measures

used in our study are reported in the Online Supplement.
Procedure

The experiment took place in a laboratory setting at a German university. Upon arrival,
participants were welcomed by the experiment leader, informed about the study procedures and
data protection, and they provided informed consent. Participants then completed the pre-test
on Unipark via Firefox on university-provided computers. The pre-test included demographic
information, self-reported history knowledge, self-reported interest in history, and a short
knowledge test on Roman history. After the pre-test, participants received a short instruction

screen explaining the task and encouraging them to engage thoroughly with the game content.
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Assignment to the audio condition (sound vs. no-sound) was determined by randomization
embedded in the desktop applications: in the sound condition, ambient audio, character voices,
and voiceover of the codex entry were enabled; in the no-sound condition, these audio elements
were disabled while all other features remained identical. Once participants had read the
instruction screen, the experiment leader manually launched the game application for them.
Participants were instructed to spend a maximum of 90 minutes engaging with the game and
wore headphones during the session. Time spent on the instruction screen and all in-game
behaviours (e.g., codex engagement, secondary missions, total playtime) were automatically
recorded. After the learning phase—or once the allocated time had expired—participants
returned to the browser to complete the post-test on Unipark, which included measures of
situational interest, academic emotions (enjoyment and boredom), and the 25-item factual

knowledge test on Roman history. Each laboratory session lasted up to 120 minutes in total.
Figure 3

Overview of the Experimental Procedure

history

+ Gaming experience
* Short knowledge test on
Roman history

Pretest Experimental Condition: Posttest
¢ ||+ Demographics data Sound VS No-Sound = Situational interest
] + Interestin history Participants played the Limes * Academic emotions —
'g + Self-reported knowledge in game enjoyment and boredom
g history Max time: 90 minutes * Knowledge test on Roman
o
Q
=

Informed Consent
Participants read and signed

120 min >

Note. Maximum completion time maximum was 120 min. In-game behavioural data (time in

the codex, codex clicks) was collected while participants played Limes.

Analyses

We conducted one-way analyses of covariance (ANCOVAs) to examine the effect of
the audio condition (sound vs. no-sound) on all outcome variables. Correlations between pre-
test variables and dependent variables were inspected to determine their inclusion as covariates.
All significance tests were evaluated at the .05 level, and all directional hypotheses were

assessed using one-tailed tests.
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Results
Preliminary Analyses

As preregistered, participants were to be excluded if their total time spent engaging with
Limes fell below 20 minutes. No participant met this exclusion criterion. One participant was
excluded due to a procedural deviation that prevented correct data recording, resulting in a final
sample of N = 111 for all analyses. On average, participants spent 1.63 minutes on the
instruction screen, followed by approximately 75 minutes interacting with the game material,

and an additional 9.3 minutes completing the post-test (see Table 1).

To examine whether the two sound conditions differed on pre-test variables, we
conducted t-tests, which showed no significant differences between the sound and no-sound
groups in age #(108.10) = —0.78, p = .44, weekly gaming hours, #69.18) = 0.22, p = .83, prior
historical knowledge, #(108.41) = —0.14, p = .89, interest in history, #(107.21) = -0.41, p = .68,
or pretest factual knowledge, #108.95) = —0.08, p = .93. Chi? tests likewise indicated no
difference in gender distribution across conditions (¥*(1) = 0.51, p = .477) or gaming
experience, (yX(1) = 0.54, p = .463). These results suggest that the two experimental groups

were comparable on the pre-test variables assessed.
Table 1

Time spent in Limes Game (in Minutes) by Condition

No-Sound (n = 56) Sound (n = 55)

M SD M SD
Instruction Screen Time (Before Game) 1.62 0.46 1.64 0.29
Codex Entry Time in Game 9.82 9.54 10.15 8.16
Game Play Time 64.03 12.96 65.85 11.66
Total Time Spent in Game 73.85 13.73 76.00 11.56

Post-Test Total Time 9.35 2.29 9.32 1.62
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Table 2

Means and Standard Deviations for Outcome Variables

No-Sound (n = 56) Sound (n = 55)

Outcomes Variables M SD M SD

Post-Test Knowledge (Score Range: 0-25) 13.95 4.89 13.80 4.59
Triggered Situational Interest (Scale: 1-7) 4.56 1.26 4.69 1.25
Maintained Situational Interest (Scale: 1-7) 4.28 1.19 4.49 1.04
Enjoyment (Scale: 1-5) 3.39 0.86 3.47 0.69
Boredom (Scale: 1-5) 1.73 0.78 1.63 0.59
Codex Clicks (Count) 15.79 13.34 18.53 11.86
Time in Codex (Minutes) 9.82 9.54 10.15 8.16

To determine whether pre-test characteristics should be controlled for in the main
analyses, we inspected the correlations between all pre-test measures and the dependent
variables (see Table 3). In this screening, several pre-test variables showed meaningful
associations with the outcomes. Accordingly, interest in history, self-reported prior knowledge,
and pre-test factual knowledge were included as covariates only in those ANCOVA models in

which they showed a significant association with the respective dependent variable.
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Table 3

Overview of Correlations Between Study Variables

1 2 3 4 5 6 7 8 9 10 11

1. Interest in History (Pre-test) 1.00

2. Self-Reported Knowledge (Pre-test) ~ .65**  1.00

3. Pre-Test Knowledge (5 Items) AlEeEsge 1,00

4. Weekly Gaming Hours (Pre-test) 13 14 03 1.00

5. Post-Test Knowledge Test (25 Items) .33**  31%*  35% 09 1.00

6. Triggered Situational Interest 27* 14 -02 08 28% 1.00

7. Maintained Situational Interest S2%EE - 36% 22 04 SPReR 73w 100

8. Enjoyment A2wEx 31wk 13 04 367 84wk gIwRE ] 00

9. Boredom -20 -15 -009 .03 S30%K L G8REE _44qwak _5ERkk ] 00

10. Codex Clicks 08 07 .06 -.09 G4xEE g 39wEE 33k -25% 1.00

11. Time in Codex (Seconds) .06 .02 .04 -14 OLHEE 33k A2ERx 35wk D5k 85FE% 1,00

Note. *Correlation is significant at the .05 level (two-tailed); **Correlation is significant at the

.01 level (two-tailed); ***Correlation is significant at the .001 level (two-tailed).
Hypothesis Testing

Effects on Situational Interest (Hypothesis 1). The ANCOVA for triggered
situational interest yielded no significant effect of sound, F(1,108) = 0.22, p = .639, 53, < .01.
Participants in the sound condition reported triggered interest similar to those in the no-sound
condition (Sound: M = 4.69, SD = 1.25; No-Sound: M = 4.56, SD = 1.26). Pre-test interest in
history was a significant covariate, F(1,108) = 6.42, p = .013, 53, = .06. For maintained
situational interest, the ANCOVA again revealed no significant effect of sound, F(1,107) =
0.85, p = .360, 2%, = .01. Means were similar between the sound condition (M = 4.49, SD =
1.04) and the no-sound condition (M =4.28, SD = 1.19). Pre-test interest in history significantly
predicted maintained interest, £(1,107) = 20.65, p <.001, 3, = .26.

Effects on Knowledge Acquisition (Hypothesis 2). The ANCOVA on the 25-item
knowledge post-test revealed no significant effect of sound on students’ knowledge acquisition
during the game, F(1,106) = 0.10, p =.752, %, < .01. Participants in the sound condition (M =
13.78, SD = 4.59) and the no-sound condition (M = 13.86, SD = 4.89) achieved comparable
scores. Pre-test knowledge, F(1,106) =8.78, p =.004, 2, = .16, and pre-test interest in history,
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F(1,106) =4.72, p = .032, %, = .06, significantly predicted post-test knowledge scores.

Effects on Academic Emotions (Hypothesis 3). The ANCOVA on enjoyment showed
no significant effect of sound, F(1,107) = 0.15, p = .698, #?, < .01. Enjoyment ratings were
comparable across conditions (Sound: M = 3.47, SD = 0.69; No-Sound: M = 3.39, SD = 0.86).
Pretest interest in history emerged once again as a significant covariate, F(1,107) = 7.52, p =
.007, 3%, = .11. Finally, the ANCOVA for boredom indicated no significant effect of sound,
F(1,108) = 043, p = .513, 52, < .01. Participants in the sound condition reported similar
boredom levels (M =1.63, SD =0.59) as those in the no-sound condition (M = 1.73, SD = 0.78).

Effects on Codex Engagement (Hypothesis 4). The ANCOVA on the number of codex
clicks revealed no significant effect of sound, F(1,108) = 1.28, p = .260, n?, = .01. Participants
in the sound condition opened codex entries at similar rates (M = 18.51, SD = 11.91) as those
in the no-sound condition (M = 15.77, SD = 13.26). Self-reported prior historical knowledge
did not significantly predict codex access, F(1,108) = 0.25, p = .616. A second ANCOVA
examined codex engagement time. Again, there was no significant effect of sound, F(1,108) =
0.04, p = .844, n?, < .01. Learners in the sound condition spent comparable time in the codex
(M =10.24 min, SD = 8.16) as those in the no-sound condition (M = 9.82 min, SD = 9.54). Self-
reported prior historical knowledge did not significantly predict codex engagement time,

F(1,108) =0.01, p = .927.
Additional analyses (not preregistered)

Bayesian follow-up analyses. To further evaluate the strength of evidence for the null
versus the alternative hypothesis (see Hypotheses 1-4), we conducted Bayesian independent-
samples t-tests for all main outcome variables. The analyses provided moderate evidence in
favour of the null hypothesis for time in the codex (BFo: = 3.63), triggered situational interest
(BFor = 3.25), enjoyment (BFo: = 3.32), and boredom (BFo: = 2.97). Evidence for maintained
situational interest (BFo: = 2.43) and codex clicks (BFo: = 2.15) was weak and favoured the
null hypothesis. For post-test knowledge scores, the Bayes factor was inconclusive (BFo: =
0.79), meaning the evidence was insufficient to support either the null or the alternative
hypothesis. Accordingly, conclusions about the effect of sound on knowledge test performance
remain tentative. Overall, the Bayesian results converge with the null effects observed in the
primary analyses, suggesting that the presence of sound did not have a meaningful impact on

learners’ interest, emotions, and knowledge test scores.

Effects of Codex Engagement. Following the observation of strong correlations
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between codex engagement measures and post-test knowledge scores (see Table 3), we
conducted two separate multiple regression analyses predicting knowledge test performance
from codex clicks and codex viewing time, respectively, while controlling for relevant
covariates. In the first model, codex clicks significantly predicted knowledge scores (b = 0.21,
p <.001), and in the second model, time in the codex significantly predicted knowledge scores

(b=0.30, p<.001). Prior knowledge was also a significant predictor in both models (ps <.001).
Discussion

The present study examined how sound in an educational history video game affects
knowledge test performance, motivation, academic emotions, and beneficial in-game
behaviours (engagement with the codex entries). We compared two versions of the same history
video game that differed only in the sound condition, including ambient audio, character voices,
and codex narration. Below, we discuss the main findings for each hypothesis, as well as the

exploratory findings.

Sound was expected to support learning by distributing processing across auditory and
visual channels, thereby reducing visual overload (Mayer, 2002). Contrary to our preregistered
hypothesis, however, the inclusion of sound did not lead to higher factual knowledge as
assessed by the post-test. Replications of our work are needed before definite conclusions can
be drawn; however, we propose that one potential explanation is that Limes presents a largely
static, text-based informational structure, in which the cognitive load imposed by visual
materials may not have been sufficiently high for audio narration to offer an advantage. Prior
CTML research shows that modality benefits are most pronounced when learners process fast-
paced animations or visually dense demonstrations (Mayer & Moreno, 2003; Moreno & Mayer,
1999), whereas narration offers limited benefits when learners have ample time to process
written information. The structure of Limes, particularly its self-paced reading segments and
extensive textual codex entries, may therefore not have placed learners in conditions where

audio would meaningfully lighten cognitive demands.

In our study, sound did not significantly affect situational interest or academic emotions.
This stands in contrast to findings indicating that music and sound effects can enhance
immersion, affect, and behavioural engagement (Byun & Loh, 2015; Lipscomb & Zehnder,
2004; Nacke et al., 2010). As a first potential explanation, the overall very low levels of
boredom observed in our study suggest that the game was already perceived as sufficiently

engaging, even without audio. The reward of engaging with the game may therefore not have
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been low in the no-sound condition, leaving limited scope for additional increases in positive
activation through sound (Bardach & Murayama, 2025; Eitel et al., 2025). Another potential
explanation is that the audio elements in Limes—ambient sounds and sparse voiceovers—may
have been relatively subtle compared to continuous, event-linked audio designs often used in
studies that reported motivational benefits (Nacke et al., 2010; Sanders & Cairns, 2010). A
further explanation comes from research showing that not all types of audio exert the same
motivational influence in educational games (Erhel & Jamet, 2013; Kao et al., 2021). For
example, Kao et al. (2021) found that audio can have meaningful motivational effects when it
enhances self-relevance and identification with the avatar rather than merely providing
background stimulation. Thus, the audio used in future experiments on the effects of voice in

history video games may benefit from personalised, identity-linked implementations.

Exploration of codex entries did not differ between the sound and no-sound conditions.
This may indicate that codex use in Limes is not driven by peripheral sensory features such as
ambient audio, but could instead reflect learners’ intrinsic motivation and perceived relevance
of the task in the game. Research on curiosity and interest supports this pattern: exploratory
behaviours are typically initiated when learners perceive informational value or anticipate
epistemic rewards, rather than through sensory features alone (Murayama et al., 2019).
Similarly, models of situational interest suggest that whereas environmental features may
trigger initial interest, sustained engagement depends primarily on learners’ enjoyment of and
perceived value in the content (Linnenbrink-Garcia et al., 2010). In this context, codex entries
provide substantive historical information, and learners may engage with them when they
perceive this information as useful for understanding the game world or succeeding in tasks.
Interestingly, although we did not assess learners’ motivation during gameplay, the bivariate
correlations between codex measures and our motivational and emotional outcomes are all

positive and moderate in size (see Table 3).

Moreover, additional analyses indicated that codex engagement positively predicted
knowledge test performance, even after controlling for prior knowledge. These findings
reinforce the instructional value of the codex system and highlight that voluntary engagement
with supplemental content appears to be a central mechanism driving learning in Limes,

regardless of whether sound is present.
Limitations and Directions for Future Research

Several limitations should be acknowledged. First, the sound manipulation may have
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been too subtle to produce measurable differences. Ambient audio and character voices offer a
different experiential profile than continuous narration or directive audio cues, which may be
more likely to influence cognitive outcomes or motivational states. Second, the study
manipulated the presence versus absence of sound but did not vary the type, intensity, or
instructional function of audio. Future research could compare ambient sound, music, fully
narrated content, and signalling cues to determine which audio forms offer the strongest
learning benefits. Third, the laboratory setting and the use of a single instructional approach
may have limited learners' natural engagement with audio. Research on instructional goals
suggests that the framing of educational games can influence learners’ processing of game
content and learning outcomes (Erhel & Jamet, 2019). Studies using different task instructions
may therefore reveal effects that were not observable under the single instructional framing

used in the present study.

Additionally, while codex engagement predicted knowledge test performance, the
codex entries consisted primarily of written text. Although audio playback was available for
every entry, the current study did not track whether participants used this feature. As a result,
we cannot determine whether codex audio contributed to learning or whether it was simply
underutilized. Future work could develop narrated or partially narrated codex entries with a
clearer instructional purpose and examine how different audio formats influence learners who
struggle with dense textual material. Adaptive audio support, guided by principles of
multimedia learning, may also offer opportunities to enhance comprehension and engagement

(Moreno & Mayer, 1999).
Conclusions

The present study provides a systematic examination of the role of sound in Limes, an
educational history video game. Across knowledge, situational interest, and academic
emotions, sound did not yield measurable benefits, nor did it alter learners’ use of supplemental
content, as measured by codex engagement. These findings contribute to our understanding of

when and whether sound matters in game-based learning.
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Abstract
Background: Digital games are promising tools to support intercultural learning and
prejudice reduction. Yet insights into their effects remain fragmented due to variations in

theoretical frameworks, outcome measures, and game designs.

Objectives: This systematic review synthesizes experimental and intervention studies
examining the effects of video games on prejudice and intercultural competence, aiming to

identify patterns across game types and outcomes.

Methods: Studies were identified through database searches using predefined inclusion
criteria. Eligible studies employed an experimental design with a control group and outcome
measures targeting prejudice (e.g., attitudes, stereotypes, intergroup bias) or intercultural
competence (e.g., empathy, knowledge, culturally appropriate behaviour). Twenty-four studies
met these criteria and were organized into four analytical groups: (1) collaborative gameplay,
(2) player—character interaction and embodiment, (3) comparisons of different games with bias-

related content, and (4) comparisons of game- versus text-based formats.

Results and Conclusions: Across studies, video games showed potential to improve
intercultural competence and prejudice-related outcomes. Effects were most consistent for
collaborative and player—character interaction and embodiment game designs; by contrast, the
impact of games with bias-related content depended on their moral framing, and comparisons
of games with text suggested that interactive formats can have positive effects but demand
careful experimental control. We identify strengths and limitations of the current body of

research and discuss future research directions and practical implications.

Keywords: Video game, Prejudice reduction; Intercultural competence; Systematic

review; Digital game-based learning
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Video Games, Prejudice, and Intercultural Competence: A Systematic Review

Many societies around the world are diversifying. For example, by 2044, it is projected
that over half of the U.S. population will identify as part of a minority group—that is, any group
other than non-Hispanic White (US Census Bureau, 2019). Additionally, migration to Europe
has risen in recent years, driven by social and military crises in regions such as the Middle East,
Africa and Ukraine (e.g., (OECD, 2019, 2025b). As members from ethnic, racial and cultural
minority groups often face oppression and marginalization and are at a higher risk of
experiencing discrimination (OECD, 2025a; Sue et al., 2007), there is a need to develop
methods and frameworks that can support their positive development and address systemic
inequities (e.g., Hewstone, 2015; Leslie & Flynn, 2024; Salter et al., 2018). At the same time,
tools are needed to help reduce prejudices, particularly among ethnic, racial, and cultural
majority group members (e.g., Tropp et al., 2022), and foster intercultural competence (e.g.,
Deardorff, 2006; Schwarzenthal et al., 2020). Prejudice is understood as a negative attitude
toward individuals based solely on their membership in a particular social group. It typically
involves emotional responses, such as dislike or fear, cognitive components like stereotypes,
and behavioural tendencies that can lead to discrimination (Allport, 1954; APA Dictionary of
Psychology, 2023; Myers & Twenge, 2022). Intercultural competence has often been described
a person’s ability to interact effectively and appropriately with people from different cultural
backgrounds (e.g., Chiu et al., 2013; Deardorff, 2004; Deardorff, 2006; Leung et al., 2014).
Intercultural competence has been characterized by a multitude of attributes across the literature
(Deardorff, 2004), including cognitive components (e.g., knowledge about norms and
behaviours in different cultures), motivational components (e.g., enjoying interacting with
people from diverse backgrounds), behavioural components (e.g., using appropriate behaviour
in culturally diverse settings), and metacognitive components (e.g., recognizing that culture can
influence one’s own and others’ behaviour and ways of thinking) (Ang et al., 2007; Van Dyne
et al., 2012; see also (Matsumoto & Hwang, 2013). Across frameworks, additional commonly

referenced aspects include empathy, respect, openness, and adaptability (see Deardorff, 2004).

Digital technologies, particularly video games, have been highlighted as effective means
of engaging individuals from diverse backgrounds, offering immersive, interactive, and
personalized settings (Arrigoni & Galani, 2019). If carefully designed and implemented, video
games hold promises for reducing prejudice and fostering intercultural competences. There are
several well-established theories that support this notion. First, the social-psychological

intergroup contact theory suggests that positive interactions between members of different
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ethnic, racial, and cultural groups can reduce prejudice, foster mutual understanding, and
improve perceptions of outgroup members (e.g., Allport, 1954; Paolini et al., 2024; Tropp et
al., 2022). While traditional contact occurs face-to-face, research has demonstrated that virtual
interactions can also produce such positive effects (e.g., Amichai-Hamburger & McKenna,
2006; Costa et al., 2024; Dovidio et al., 2017). Also, video games can create shared digital
spaces where players engage in cooperative gameplay, encouraging collaboration and mutual
goal achievement, two key conditions for fostering positive intergroup relations (Allport, 1954;
Paolini et al., 2024). Additionally, by removing social barriers, virtual contact in games may
reduce intergroup anxiety, making cross-cultural interactions smoother and more comfortable
(Tropp et al., 2022). This is particularly valuable in contexts where real-world contact is limited
or marked by tension. For example, Benatov et al. (2021) demonstrated that an intervention
using cooperative Minecraft gameplay significantly reduced intergroup bias and increased

willingness for intergroup contact among Jewish-Israeli and Palestinian-Israeli children.

Beyond intergroup contact and prejudice reduction, video games may also enhance
intercultural competence. For example, theory and research on multiculturalism (e.g., Bardach
et al., 2024; Rosenthal & Levy, 2010; Schwarzenthal et al., 2020) propose that environments
with a focus on learning about different cultures and perspectives promote positive intercultural
outcomes, including intercultural competence. In this context, video games provide a unique
platform for the seamless integration of multiculturalism elements. In video games, players
often assume the roles of characters from diverse backgrounds, allowing them to experience
different cultural narratives in an interactive and immersive way (Benatov et al., 2021). For
instance, avatar embodiment, where players control or identify with an outgroup character, been
discussed as a promising way to foster empathy and perspective-taking (Behm-Morawitz,
Pennell, et al., 2016). Video games may also provide a safe environment for experimenting with
identity and cultural norms by allowing players to interact, cooperate, or take on roles associated
with outgroup members without real-world social consequences (Gjicali et al., 2020). Video
games make intercultural learning more engaging by allowing players to experience different
cultures through gameplay and storytelling. By interacting with diverse social environments
and values, players gain firsthand experience that is often difficult to achieve in a formal
educational setting. In this way, video games hold the potential to create learning opportunities
that mirror real-world cross-cultural interactions, helping players navigate intercultural
situations more effectively (Johnson, 2009). As players engage in problem-solving, dialogue,

and narrative choices, they may develop practical intercultural skills that potentially extend
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beyond the game world into real-life interactions.

However, despite the promise of video games, several challenges complicate a clear
understanding of their impact. Specifically, the field is highly heterogeneous; for example,
some studies on video games and prejudice reduction focus on format comparisons (e.g., video
game versus text, H.-P. Chen et al., 2010), others examine the effects of avatar embodiment
and character interaction (Behm-Morawitz, Pennell, et al., 2016), while still others compare
different types of video games (Saleem & Anderson, 2013). This diversity highlights the need
for a systematic review that synthesizes these lines of experimental research and provides in-
depth insights into their effects on prejudice reduction and on intercultural competence
outcomes. Relatedly, the specific games employed in these studies may play a central role in
shaping outcomes. Thus, a detailed account of their design features—and discussion of how
these features may be linked to observed effects—is essential for advancing the field. Also, to
inform future research and practice, a critical reflection on the strengths and limitations of the
current body of research seems warranted. Yet, to the best of our knowledge, such an overview
has not been undertaken, perhaps due to the scattered nature of video game research in this area.

The present systematic review sets out to address this gap.

The work most closely related to our systematic review is the meta-analysis by Costa et
al. (2024), which synthesized research on diverse forms of digital intergroup contact (e.g.,
computer-mediated communication, non-playable character [NPC]' exposure, avatar
embodiment). While Costa and colleagues demonstrated that digital contact can reduce
prejudice, their synthesis was broad in scope and focused primarily on prejudice outcomes,
combining experimental and correlational designs. In contrast, the present review narrows the
lens to experimental and intervention studies using video games. Moreover, we do not only
consider prejudice reduction but also the promotion of intercultural competences, and pay close

attention to the design features of the games themselves and their role in shaping outcomes.

The present systematic review addressed the following preregistered research questions
(RQs): What are the characteristics of video games used in experimental and intervention
research on prejudice reduction and intercultural competence (RQ1)? We distinguish between
the broader categories of self-developed versus commercial games, and assign games to

different genres such as simulation and narrative games, first-person shooters, third-person

! Non-playable characters (NPCs) are characters in a video game that are not controlled by the player but instead
operate based on the game’s programming, often serving as opponents, allies, or background figures within the
game world.
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action-adventure, sandbox, sports, strategy, and arcade-style games.

What are the effects of playing video games on prejudice and intercultural competence
outcomes ((RQ2)? Here, we synthesize and discuss the effects reported in the studies included
in our review. Given the highly heterogenous body of research, we group studies with similar
features together which facilitates integration and the interpretation of results. Specifically, we
distinguish between the following categories of studies: studies focusing on (a) collaborative
gameplay, (b) avatar and character interaction, (c) different games with bias-related content,

and (d) comparisons of video games versus text-based formats.

Lastly, we ask: What are the strengths and limitations of the current body of research
(RQ3)? What are the most pressing and promising directions for future research? What potential
practical implications can be derived from the current state of experimental and intervention
research on video games, prejudice, and intercultural competences for different stakeholders

(e.g., video game designers, educational practitioners) (RQ4)?

Methods
Literature Search
A systematic literature search in Web of Science (titles, abstracts, keywords) and
PsycINFO (abstracts) was performed on 07/10/2024 using search terms related to video games,

and intercultural competence and prejudice (see Table 1).

Table 1
Search Strings and Data Base Search Results

Category Search String (keywords) Hits (before Hits
duplicates) (after
dupli-
cates)
Video Games (videogam OR video-gam* OR "video - -

(first search string) gam*" OR “gaming” OR “serious gam*”’
OR “digital gaming app*”)

Intercultural (“intercultural competenc” OR - -
Competence & “intercultural skill*”” OR “intercultural

Prejudice learn*” OR “intercultural awareness* OR

(second search “intercultural sensitivity” OR “intercultural

string) intelligence™ OR “intercultural knowledge*

OR “multicultural competenc*” OR
“multicultural skill*”” OR “multicultural
learn*” OR “multicultural awareness* OR
“multicultural sensitivity” OR
“multicultural intelligence* OR
“multicultural knowledge* OR “cross-
cultural competenc*” OR “cross-cultural
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Category Search String (keywords) Hits (before Hits
duplicates) (after
dupli-
cates)

skill*” OR “cross-cultural learn*”” OR
“cross-cultural awareness* OR ““cross-
cultural sensitivity” OR “cross-cultural
intelligence® OR “cross-cultural
knowledge” OR “cultural competenc*” OR
“cultural skill*” OR “cultural learn*” OR
“cultural awareness” OR “cultural
sensitivity” OR “cultural intelligence” OR
“cultural knowledge” OR “sociocultural
empathy” OR “ethnocultural empathy” OR
“global competenc*” OR “intercultural
communication skill*” OR “intercultural
communication competenc*” OR
“multicultural communication skill*” OR
“multicultural communication competenc*”
OR “cross-cultural communication skill*”
OR “cross-cultural communication
competenc®*” OR “cultural communication
skill*” OR “cultural communication
competenc®*” OR prejudice* OR stereotyp*
OR “outgroup evaluation*” OR “outgroup
attitude®” OR “intergroup attitude*” OR
“intergroup bias*”")

Combined (AND) Both strings together 934 (661 Web 716
of Science;
273
PsycINFO)

The two search strings were combined using the Boolean operator AND (Table 1). The
first string covered video games, the second focused on intercultural competence and prejudice.
The combined search yielded 934 records (see Table 1). After removing duplicates, 716 unique

records remained.

Study Inclusion and Expanded Search

The titles and abstracts of all articles were independently screened by the first author
and a trained research assistant, applying a set of inclusion and exclusion criteria. We included
studies that fulfilled the following criteria: (a) The study reported an experiment or intervention
(with an intervention and control group); (b) The study focused on effects of video games on
prejudice (with respect to ethnicity, race, cultural group memberships) and/or intercultural
competences. We excluded studies if they fulfilled one or more of the following criteria: (a)

The abstract, full text, or secondary sources reporting the results of the study were not available;
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(b)The study was not published in a peer-reviewed journal or book. Thus, for example, we
excluded preprints, dissertations, and conference proceedings. The two independent screeners
showed a good inter-rater agreement (98.39%), and all discrepancies regarding decisions to
include versus exclude a specific article were discussed until consensus was reached. A total of
24 articles from the databases were included. The database search was then expanded by
screening the references of previously published reviews and meta-analyses on related topics
and expert recommendations. This expanded search did not yield any additional articles. The
first author, the second author, and the fourth author extracted data from the full texts and coded
information on the sample, the video game, the study design, the outcome variables, and the
analytical approach and main findings. Any discrepancies in their codings were discussed until
consensus was reached. In a final step, the fifth author checked all codings.

A total of 24 studies were included in the review. These studies were published between
2002 and 2025, and comprised between 65 and 433 participants, with a total of 4,392
participants. Most studies were conducted in the United States (16 studies), followed by Canada
(2 studies). The remaining studies were carried out in Israel-Palestine, Germany, Taiwan,
Singapore, Belgium, and Spain (one study each). Across all 24 studies, 69.6% of participants
were university students (n = 3,058), 5.0% were sixth-grade students (n =219), and 25.4% were
members of the general population (n=1,115). Females represented 57.74% of the total sample,
males accounted for 41.09%, and 0.57% did not identify with either category. Across the 4,392
participants, reporting practices varied substantially across studies and included a mix of racial,
ethnic, national, and religious identity categories. With respect to race and ethnicity, 46.76%
identified as White, 4.15% as African American/Black, 3.65% as Asian, 2.34% as
Hispanic/Latino, and 3.04% as another race/ethnicity. In addition, some studies reported
religious or national identity, including Jewish (1.01%), Palestinian (1.01%), Taiwanese
(2.96%), and Singaporean (6.83%). For 28.54% of participants, no information on race,

ethnicity, nationality, or religion was reported.

Transparency and Openness

Our systematic review, including all research questions, literature search strategy, and
inclusion and exclusion criteria, was preregistered on the Open Science Framework (OSF;
anonymized link for peer review:
https://osf.io/ebujw/overview?view only=a48d45al3cl74c4aad4f6acc8a8c3fedf). There was
one deviation from the preregistered inclusion criteria. We had originally specified that eligible

studies must include both intervention and control groups with pre- and post-test measures.
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During the review process, however, we decided to also include studies with intervention and
control groups that assessed outcomes only at post-test. This decision was motivated by the
observation that a substantial number of experimental studies employed very brief gameplay
exposures and therefore did not include pre-test assessments, despite meeting all other core
methodological standards. Excluding these studies would have resulted in the systematic

omission of a sizeable and theoretically relevant segment of the literature.

Results and Discussion
In the following, we present the results for each research question, alongside their

interpretation within an integrated discussion.

Characteristics of the Included Video Games (RQ1)

The studies included in this systematic review employed a diverse range of video games,
which can be broadly divided into two categories: self-developed (n = 7) and commercial (n =
21). While self-developed games allow researchers precise control over content and variables,
commercial games span a wide range of genres and spare researchers from time-intensive

development of custom games.

Self-developed games are tailored to support experimental designs that examine specific
research goals. These games often simulate real-life scenarios or fictional conflicts designed to
evoke emotional and cognitive responses. For instance, FairPlay (Gutierrez et al., 2014) is a
point-and-click narrative that places players in the role of a Black student navigating subtle
racial bias in a university setting, while Vox Populi (Gjicali et al., 2020) creates a fictional
political world with interactive cultural systems. Other examples include Hire Up (V. Chen et
al., 2025), a management game featuring moral decision-making around NPCs of varied ethnic
and national backgrounds, and FORmosaHope (H.-P. Chen et al., 2010), which uses exploration
to foster awareness of Taiwanese culture and identity. Other games that were purpose-built for
specific research projects included a fast-paced video game focusing on “shoot/don’t shoot”
decisions developed by Correll et al. (2002, 2007), or a self-developed 2D puzzle game by Jarrell

et al. (2021) designed to manipulate avatar features like race or gender.

Overall, even though self-developed video games offer adaptability to specific research
questions, their development demands substantial time and resources for researchers. It is thus
not surprising that the majority of studies included in this systematic review relied on
commercially available titles, which are accessible, fully developed, and ready-to-use products.

We next provide an overview of the main categories of commercial video games and the
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specific video games examined in the studies included in this review.

Commercial games showed a wide variety of genres ranging from simulation and
narrative games to first-person shooters, third-person action-adventure, sandbox, sports,
strategy, and arcade-style games. Simulation and narrative games immerse players in
bureaucratic, social, or ethical roles, encouraging moral reflection or identity-based decisions.
For example, PeaceMaker (ImpactGames, 2007), a diplomacy simulation, has been used in
research where participants take the role of either the Israeli Prime Minister or the Palestinian
President (Alhabash & Wise, 2012, 2014). Similarly, Papers, Please (3909 LLC, 2013), a
border control simulator, and The Westport Independent (Coffee Stain Studios, 2016), a
censorship simulation about managing news reporting under government pressure, have been
used to investigate how morally complex bureaucratic tasks influence empathy and policy
attitudes (Pena et al., 2018; Pefia & Hernandez Pérez, 2020). Other studies examined
commercial social simulation environments, such as The Sims Social (Playfish, 2011) which
allowed researchers to explore how avatar race and social interactions shaped intergroup
attitudes (Behm-Morawitz, Pennell, et al., 2016). Second Life (Linden Lab, 2003), a large-scale
virtual environment where players design and embody avatars in flexible interactions without
fixed scripts, was used to study how avatar identity and social context influence intergroup
perceptions (Vang & Fox, 2014). Other narrative-driven titles include Bury Me, My Love (The
Pixel Hunt, 2019), a smartphone-based interactive story where players guide a Syrian refugee
through text messages and branching choices. This game has been used to examine empathy,

intergroup attitudes, and willingness to help refugees (Lee & Chen, 2023).

First-person shooters (FPS) are typically fast-paced, combat-oriented games that
immerse players in violent or high-stakes scenarios (Despain, 2017; Qaffas, 2020). Commonly
used titles in this research include Call of Duty: Black Ops (Treyarch, 2010), a military shooter
with team-based and competitive gameplay modes. Call of Duty has, for example, been used to
study the effects of cooperative versus competitive play on intergroup attitudes (Adachi et al.,
2015, 2016). Counter-Strike (Valve, 2000), a tactical FPS where players take on the roles of
terrorists or counter-terrorists, was examined here for its potential to reinforce stereotypes of
Arab outgroups (Saleem & Anderson, 2013). Unreal Tournament 2004 (Epic Games, 1999), an
arena-style shooter with customizable avatars and high-speed gameplay was employed to
investigate how avatar race and embodiment influence aggression and social evaluation (Eastin

et al., 2009).

Third-person action-adventure games allow players to see and control their avatar in the
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game world, which can enhance embodiment and character-based decision-making. Examples
include Saints Row 2 (Volition, 2008), an open-world crime action game with customizable
protagonists, that has been used by several studies included in our review to investigate how
avatar race and violent gameplay influence intergroup attitudes (Behm-Morawitz, Hoffswell, et
al., 2016; Yang et al., 2014). The Elder Scrolls V: Skyrim (Bethesda Game Studios, 2011), a
fantasy role-playing game with extensive character customization that, in the case of research
included in our review (Breves, 2020) was examined in a virtual reality (VR) setting to study

the role of NPC interactions in shaping prejudice.

Sandbox games provide flexible environments without fixed goals for exploration and
collaborative creation (Despain, 2017; Qaffas, 2020). A popular example is Minecraft (Mojang
Studios, 2009), a block-based building and survival game that supports creative, co-operative
problem-solving; it has been used to study intergroup collaboration between Jewish-Israeli and

Palestinian-Israeli children (Benatov et al., 2021)

Sports games simulate real-world sports and team dynamics. For instance, NBA 2K 14
(Visual Concepts, 2013), a basketball simulator with both team-based and competitive modes,
was applied to test cooperative versus solo play on intergroup attitudes (Adachi et al., 2016).
Fight Night Round 4 (EA Sports, 2009), a boxing game allowing avatar race customisation and
one-on-one competition, was used to explore effects of avatar race on bias (Ash, 2016).
Similarly, WWE Smackdown vs. Raw 2010 (Yuke’s Tose, 2009), a professional wrestling
simulation featuring customizable characters and competitive matches, was used to examine
how avatar ethnicity and violent play influence implicit and explicit racial attitudes (Yang et

al., 2014).

Strategy games engage players in planning, decision-making, and managing complex
systems (Despain, 2017; Qaffas, 2020). An example is Arabian Lords (BreakAway Games,
2007), a resource-management game set in Middle Eastern cities between the 7th and 13th
centuries, with a strong focus on Islamic history. This game has been employed to examine bias
when Arab characters are included (Saleem & Anderson, 2013). Another example is the pair of
unnamed commercial Massive Online Battle Arena games used in Pech and Caspar’s (2024)
study. The test game included bias-relevant narrative and gameplay structures intended to target
prejudice, while the control game provided the same competitive framework but without any
intergroup or bias-related elements. Massive Online Battle Arena games are generally

considered a subgenre of strategy games (Mora-Cantallops & Sicilia, 2018).
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Arcade-style games are typically quick to learn and play, emphasizing immediate
feedback over complex narrative or systems (Despain, 2017; Qaffas, 2020). For example, 3D
Ultra Mini Golf Adventures (Wanako Games, 2006) is a casual mini-golf title built around short
sessions and simple mechanics and has been used to study bias-related outcomes (Saleem &

Anderson, 2013).

A complete overview of all games, their categories, and their research applications is
provided in Appendices A-D and further elaborated in the discussion of RQ2. Figure 1 (Panel
A) provides a descriptive overview of the video games included in our review across publication
years. Commercial games predominate, while self-developed games appear consistently across
years. We further note that in the studies included in our review, first-person shooter and sports
games were used up to 2016, whereas simulation and social games as well as third-person action
and adventure games were most often used between 2014 and 2020. Figure 1 (Panel B)
illustrates the overall distribution of game genres, with simulation and narrative games being
most common. At a descriptive level, genres also align with typical research applications:
simulation/narrative titles are most often used for role-taking and intercultural scenarios;
first-person shooters are typically chosen for high-time-pressure, stereotype-relevant decision
contexts; sandbox and sports titles are used to study cooperation and team dynamics; and virtual

or VR environments for manipulating avatar identity and player embodiment.
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Figure 1
Video games used in prejudice reduction and intercultural competence studies: Publications

by year and genre (Panel A) and overall distribution of game genres (Panel B)
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Effects of Video Games on Prejudice and Intercultural Competence Outcomes (RQ?2)
We summarize the effects of video games on prejudice and selected components of
intercultural competence, across four groups of studies: collaborative gameplay (n = 3), avatar
and character interaction (n = 15), different games with bias-related content (n = 3), and
comparisons of video games versus text-based formats (n = 3). Across this literature, prejudice-
related outcomes were frequently studied, whereas intercultural competence outcomes were
rarely investigated, with some notable exceptions, especially in studies focusing on format
comparisons. In our discussion below, we focus on the main effects of interest but report details

on the samples, measures (including additional measures), and analyses in the Appendix.

Collaborative gameplay. First, three studies focused on collaborative gameplay,
examining how cooperation with outgroup members shapes prejudice and intergroup dynamics.
Appendix A reports a detailed overview of these studies’ samples, video games used, design,
outcomes, and findings. In two studies, Adachi et al. (2015, 2016) relied on samples of
Canadian university students and investigated the effects of cooperative versus competitive
gameplay on prejudice (attitudes towards different outgroups, including national outgroups
[Americans] and university outgroups [other university]). The participants played Call of Duty:
Black Ops (Adachi et al., 2015; Adachi et al., 2016, Study 1) and NBA 2K14 (Adachi et al.,
2016, Study 2). Adachi et al. (2015) showed that Canadian students’ attitudes toward both
Americans and towards students of the other university became more favourable after
cooperating with an outgroup member, with large effect sizes. Adachi et al. (2016) replicated
this pattern: in Study 1 (Call of Duty: Black Ops), intergroup cooperation (vs. solo or ingroup
cooperation) led to reduced prejudice, measured as more favourable outgroup attitudes. In
Study 2 (Call of Duty: Black Ops vs. NBA 2K14), cooperation again reduced prejudice, with
additional analyses indicating that this effect was mediated by recategorization (but not
empathy towards an outgroup member). Results did not differ between violent and non-violent
games. Benatov et al. (2021) tested cooperative Minecraft play among Jewish-Israeli and
Palestinian-Israeli 6th graders. Compared to control groups, intergroup teams showed reduced
prejudice (e.g., lower negative stereotyping, less emotional prejudice) and greater willingness

for contact, with effects remaining stable at six-month follow-up.

Avatar and character interaction. Second, 15 studies focused on avatar and character
interaction as shown in Appendix B, exploring how avatar customisation, racial representation,
and morally significant choices shape players’ attitudes toward other social groups. Several

studies used commercially available games with built-in options for avatar identity
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manipulation. Alhabash and Wise (2012, 2014) examined the impact of playing PeaceMaker,
where participants acted as either the Israeli Prime Minister or the Palestinian President. In both
studies, explicit national attitudes (i.e., favourability and stereotypes toward Israelis and
Palestinians) shifted depending on role assignment. In Alhabash and Wise (2012), playing the
Palestinian President increased favourability toward Palestinians and decreased favourability
toward Israelis, while playing the Israeli Prime Minister showed no significant change in
favourability. In Alhabash and Wise (2014), playing the Palestinian President only led to more
explicit stereotypes against Israelis, but not fewer stereotypes against Palestinians, and vice

versa. Implicit attitudes and stereotype did not significantly change in either study.

Other research examined fighting and action titles such as Fight Night Round 4 (Ash,
2016; Yang et al., 2014), Saints Row 2 (Behm-Morawitz, Hoffswell, et al., 2016; Yang et al.,
2014), and WWE Smackdown vs. RAW 2010 (Yang et al., 2014), which were used to investigate
how avatar race, embodiment, and violent gameplay influence intergroup attitudes. Ash (2016)
tested Fight Night Round 4 with a predominantly White student sample and found mostly null
results, with avatar race not predicting stereotypes. Yang et al. (2014), however, reported that
White students playing violently as a Black avatar in Saints Row 2, WWE Smackdown vs. RAW,
and Fight Night Round 4 expressed more negative explicit attitudes toward Black people and
showed stronger implicit associations of Black people with weapons. Aggression also increased
in these conditions, an effect that was partly explained by heightened implicit bias. Behm-
Morawitz, Hoffswell, et al. (2016) found that White students assigned a Black avatar in Saints
Row 2 expressed fewer positive beliefs about African Americans than students in the control
group, suggesting reinforced negative stereotyping. In contrast, Behm-Morawitz, Pennell, et al.
(2016) used The Sims Social and showed that White students playing as a Black avatar reported
more favourable beliefs about Black men and stronger support for pro-minority policies,
especially when they liked their avatar. Taken together, these studies suggest that, among White
participants, embodying Black avatars in violent contexts can reinforce negative stereotypes
and prejudice, whereas embodying such avatars in social or everyday contexts may foster more
positive intergroup beliefs and policy support. At the same time, some work (e.g., Ash, 2016)

found largely null effects, underlining that outcomes are not uniform across studies.

Other studies used immersive or virtual environments to examine prejudice reduction.
Breves (2020) tested The Elder Scrolls V: Skyrim in VR versus 2D and a non-game control with
German students. They found that receiving a quest from a Black NPC in VR lowered explicit

prejudice relative to control, with no effect on implicit prejudice. Vang and Fox (2014) used
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Second Life with White U.S. undergraduates and found that partners represented by Black
avatars were evaluated more positively than partners represented by White avatars; cooperation
versus competition did not change this pattern. Jarrell et al. (2021) employed a self-developed
2D puzzle game with White male participants and assessed bias in a hiring task. Overall, female
and Black applicants were rated as less competent than male and White applicants, and avatar
race did not reduce this bias. However, higher embodied presence when playing a Black avatar
was associated with more favourable evaluations of a Black female applicant. Taken together,
immersive and virtual settings show selective benefits for prejudice-related outcomes—VR
contact with a Black NPC improved explicit attitudes in one study, while effects in other

contexts were modest or contingent on factors such as embodied presence.

Other studies examined self-developed or commercial games with different forms of
outgroup representation. V. Chen et al. (2025) used Hire Up, a management game where players
made moral or non-moral decisions about hiring “citizens” and “foreigners”. While moral
framing increased feelings of guilt, the presence of moral decisions did not influence post-game
attitudes toward immigrants; in the condition in which participants interacted with both citizens
and foreigners, they even reported less favourable attitudes toward immigrants. Correll et al.
(2002, 2007) employed a self-developed “shoot/don’t shoot” game and relatively consistently
found a shooter bias across experiments. For example, white participants were quicker to shoot
armed black targets than white targets and more likely to mistakenly shoot unarmed black
targets than white targets. Eastin et al. (2009) used Unreal Tournament 2004 with mirrored
avatars to highlight race and found that identification was stronger when participants played as
an avatar of their own race, with White participants identifying more with White avatars and
Black participants more with Black avatars. Finally, Saleem and Anderson (2013) used a set of
five games—namely, Counter-Strike with Arab terrorists, Counter-Strike with Russian
terrorists, Unreal Tournament 2004, Arabian Lords, and 3D Ultra Mini Golf Adventures—to
manipulate the presence of Arab characters and terrorist themes. Their findings demonstrated
that violent gameplay with Arab characters reinforced implicit and explicit anti-Arab attitudes,
while non-violent or neutral games mitigated such effects. Overall, these findings suggest that
in-game identity and interaction may influence how players perceive social groups, with violent
outgroup portrayals potentially reinforcing prejudice, while non-violent or neutral contexts

show more mixed or mitigating effects.

One notable exception within this group is the game-based social simulation Vox Populi

(Gjicali et al., 2020). Unlike most studies focusing on prejudice, this study directly examined
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components of intercultural competence. All participants played the same game about a
fictional culture (Ustrad) and completed three quests to learn local customs, with interactions
with NPCs recorded. They were randomly assigned to one of three conditions: Beliefs All,
Beliefs at End, or No Beliefs. In the Beliefs All condition, participants rated their beliefs about
Ustradian culture after each quest using a dropdown menu of statements; in the Beliefs at End
condition, the same ratings were provided only after the final quest; and in the No Beliefs
condition, no belief-rating prompts were given. The Beliefs All condition showed significantly
more conversations with NPCs and received more correct feedback (indicating culturally
appropriate actions) than the other two groups, and also achieved significantly higher cross-
cultural concept knowledge than the No Beliefs condition. Overall, the results document that
prompting players to reflect on their beliefs about the simulated culture increased social
exploration, led to more culturally appropriate in-game actions, and improved players’
conceptual understanding of key cross-cultural values (specifically norms related to social

hierarchy and collectivism).

Comparing games with bias-related content. Third, three studies focused on different
games with bias-related content (see Appendix C), investigating how varying gameplay
contexts affect prejudice and related outcomes. Pech and Caspar (2024) employed a custom-
developed Massive Online Battle Arena featuring two fictional factions to test whether long-
duration gameplay influenced prosocial behaviour toward outgroup members and bias-related
neural responses. They found that players of the test game showed more prosocial behaviour
toward outgroup individuals and reduced bias-related neural responses compared to players of
a commercial Massive Online Battle Arena without prejudice-related content (the control
condition). Similarly, Pefia et al. (2018) and Pefia and Hernandez Pérez (2020) contrasted
Papers, Please—a morally complex immigration simulation—with The Westport Independent,
a censorship-focused narrative game. Pena et al. (2018) tested U.S. undergraduates and found
that intentions and self-efficacy to help immigrants decreased across gameplay sessions in both
conditions, but remained higher among those who played Papers, Please, compared to those
who played The Westport Independent. No reliable differences emerged for attitudes or
subjective norms. Pefla and Hernandez Pérez (2020) replicated the study with Spanish
undergraduates. Here, intentions to help immigrants and attitudes toward immigrants decreased
over repeated sessions of Papers, Please; yet these outcomes remained more favourable than
in the control group playing The Westport Independent. Measures of self-efficacy and

subjective norms were excluded due to low reliability. Importantly, neither study included
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empathy as an outcome, a noteworthy omission given that Papers, Please is often characterised
as an “empathy simulator” (Isbister, 2016). Instead, Pefia et al. (2018) assessed intentions,
attitudes, subjective norms, and self-efficacy, while Pefia and Hernandez Pérez (2020) focused
on intentions and attitudes. Taken together, these studies suggest that moral framing in
immigration-focused gameplay may influence outcomes such as attitudes toward immigrants

and intentions to help immigrants.

Format comparisons. Fourth, three studies compared video games with text-based
formats (see Appendix D), isolating the impact of video game-based interactivity and
immersion on empathy, bias awareness, and cultural understanding. Gutierrez et al. (2014)
compared the FairPlay game, which places players in the shoes of a Black university student
facing subtle racism, to a textual version of the same narrative. As hypothesized by the authors,
they found that gameplayers with high empathy scores showed significantly lower implicit bias
than gameplayers with lower empathy scores. However, it is also worth noting that, overall, the
text condition had higher empathy scores than the game condition. Lee and Chen (2023)
contrasted playing the mobile game Bury Me, My Love (either in the lab or at home) with
reading news articles about Syrian refugees. Participants in both game conditions reported
greater perceived closeness to refugees than those in the text condition. However, empathy and
willingness to help refugees varied depending on context: participants playing at home reported
lower empathy and willingness to help than those reading the news, while in-lab players did not
differ significantly from the text condition. H.-P. Chen et al. (2010) tested FORmosaHope an
educational game about Taiwanese culture, against a control group that received regular
curriculum instruction. Students in the game condition reported significantly higher levels of
cultural identity than the control group. These three studies show that interactive games may
lead to stronger cultural identity, and, depending on the context and further variables, prejudice-

related outcomes than non-interactive formats.

Taken together, the studies summarized in the four groups reveal that the effects of
video games on prejudice and intercultural competences are varied and context-dependent.
First, collaborative gameplay (Appendix A) reduced prejudice and improved intergroup
attitudes when players cooperated with outgroup members. Second, studies focusing on avatar
and character interaction (Appendix B) revealed that embodying avatars can either reinforce
negative stereotypes and prejudice or foster more positive beliefs and policy support, depending
on the gameplay context. Notably, outcomes varied according to whether the avatar experience

reinforced or challenged prejudice, shaping perceptions of outgroups in negative or positive
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ways. Third, research on bias-related games (Appendix C) suggests that moral framing and the
presence of bias-related content can affect players’ attitudes toward outgroups. Cooperative or
reflective contexts tend to support attitudinal change and, in some cases, prosocial behaviour
toward outgroup members, whereas violent contexts seem more likely to reinforce prejudice.
Finally, in comparison to text-based formats, interactive games (Appendix D) may, under
certain conditions, show an advantage in promoting emotional involvement and bias awareness.
These patterns suggest that game mechanics, role structures, and interactivity may play a central

role, themes that are further explored in the following sections.

Strengths and Limitations of the Current Body of Research (RQ3)
Over the past two decades, researchers have explored the potential of video games as
tools for reducing prejudice and improving intercultural competence, though the number of

studies, especially for intercultural competence outcomes, remains limited.

A key strength lies in the diversity of game types examined. Studies of collaborative
gameplay (Appendix A) and investigations of avatar embodiment and perspective-taking
(Appendix B) span both self-developed games tailored to specific research aims and
commercially available titles across multiple genres. Further subsets of studies expand this
diversity by examining games that vary in the extent and explicitness of bias-related content
(Appendix C) and by contrasting interactive game formats with text-based versions of the same
materials to isolate the unique contribution of interactivity and immersion (Appendix D). This
diversity also highlights that different game designs may contribute to outcomes through
distinct mechanisms: cooperative play often fosters prosocial behaviour, while role-taking and
embodiment experiences can influence empathy and identity-related attitudes. Together, these
approaches enable researchers to examine a wide range of processes relevant to prejudice
reduction and changes in intercultural competence outcomes. The field also benefits from
drawing on multiple theoretical perspectives, including intergroup contact theory (Benatov et
al., 2021 in Appendix A) empathy development (Gutierrez et al., 2014; Lee & Chen, 2023 in
Appendix D), and embodiment theory (Behm-Morawitz, Hoffswell, et al., 2016 in Appendix

B), which provide useful frameworks for interpreting results.

However, the evidence base also shows notable limitations, many of which are visible
across the four analytical groups. Numerous studies, especially those on avatar embodiment
and perspective-taking (Appendix B) and studies on bias-related content (Appendix C), rely on
small, convenient samples, often from university populations (e.g., Alhabash & Wise, 2012;

Breves, 2020; Correll et al., 2007). Combined with the predominance of so-called minority
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world contexts (i.e., world regions in which only the minority of the world’s population resides,
such as US and Europe, Alam, 2008; Khan et al., 2022; also referred to as WEIRD countries,
Henrich et al., 2010), this restricts generalizability across age groups, socio-economic contexts,
and cultural settings. Replication is also rare, with notable exceptions (e.g., Pefia & Hernandez

Pérez, 2020), leaving many findings untested for robustness across samples and contexts.

Moreover, outcome measures focused primarily on prejudice and related attitudinal,
affective, or implicit intergroup outcomes, rather than on intercultural competence (see e.g.,
Deardorff, 2004; Matsumoto & Hwang, 2013), which seems like a missed opportunity and an
important area for intensified research efforts. Furthermore, we observed that several studies
employed implicit measures such as Implicit Association Tests particularly in avatar and
character interaction studies (e.g., Yang et al., 2014; Saleem & Anderson, 2013; Breves, 2020;
Behm-Morawitz, Pennell, et al., 2016) and in one case in game—text comparison studies
(Gutierrez et al., 2014). These tests are widely used to capture automatic associations
underlying prejudice (even though they have also been criticized for issues of reliability and
predictive validity; Oswald et al., 2013). Other studies relied on study-specific or custom-
developed questionnaires that were not consistently validated across samples or studies. This
inconsistency not only hinders cumulative evidence building but also makes it harder to identify
systematic patterns. Establishing greater consistency in outcome measures will be essential for
building a cumulative evidence base. In addition, the description of the games used was often
limited, leaving unclear which specific elements (narrative, mechanics, or social interaction)
drive the observed effects. Without clearer documentation, it remains difficult to disentangle
which game features may be primarily responsible for changes in prejudice or in intercultural

competence.

Another limitation concerns the range of age groups and study contexts. The vast
majority of studies recruited university students or young adults, while only very few examined
younger participants (e.g., Benatov et al., 2021 with sixth graders; H.-P. Chen et al., 2010 with
elementary school students). This underrepresentation of children and adolescents limits
insights into how video games may shape prejudice and intercultural competences at earlier
developmental stages. Similarly, most studies were conducted in laboratory settings, with only
a small number testing gameplay in more naturalistic, real-life contexts (e.g., Lee & Chen, 2023
with a take-home condition; Pech & Caspar, 2024 with at-home sessions). Moreover, with some
exceptions (e.g., Benatov et al.,, 2021), longer-term intervention studies, especially those

including follow-up assessments remain scarce, leaving the long-term effects of gameplay
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largely unexamined. In addition, most experiments relied on brief, single play sessions (often
~12-30 minutes), whereas only a few studies implemented substantially longer or repeated
exposure (e.g., 2.5—4 hours in Pech & Caspar, 2024). These differences raise questions about
how long-term or more real-world exposure might affect outcomes, pointing to the need for
systematic research on dosage effects and real-world play conditions. Addressing these
limitations is critical for advancing the field, enabling more rigorous, generalizable, and
actionable insights into how video games can reduce prejudice and influence intercultural

competence outcomes, and how specific game mechanics may contribute to these effects.

Future Research Directions and Practical Implications (RQ4)

Findings across the four groups highlight specific priorities. Collaborative gameplay
(Appendix A) consistently fostered the investigated outcomes, but only three studies were
included into this category. Thus, intensified research efforts are needed, and we consider a
stronger focus on interventions in real-life contexts outside of the lab (e.g., school classes)
essential for advancing research in this area. Avatar and character interaction (Appendix B)
showed promising but context-dependent effects, which reinforces the need for sound
replications to help building a robust evidence base. Comparisons of games with bias-related
content (Appendix C) demonstrated that narrative framing shapes attitudes, underscoring the
need to isolate moral and contextual factors. Comparisons of video games with text-based
formats (Appendix D) showed that outcomes often depend on study design. To attribute effects
to the format itself, we propose that game and text conditions may need to be carefully matched
on content, duration, and context (e.g., Viccari & Bardach, 2025). This ensures that differences
between video game and text formats reflect interactivity rather than differences in content.
Insights from such research could then be used to guide the intentional design of future games,

ensuring that the most effective mechanics are embedded from the beginning.

In general, future research on video game effects should broaden participant diversity
by actively recruiting from different cultural, socio-economic, and age groups (e.g., Lui et al.,
2021; Priego-Ojeda et al., 2025) to ensure that findings on prejudice and intercultural
competence outcomes are globally relevant. Replicating studies across diverse cultural contexts
will be essential to determine whether the findings we observed here are applicable to other

groups ad contexts.

From a methodological perspective, priorities include conducting more extensive
intervention studies and investigate long-term effects of such interventions. Future studies

should adopt standardized and validated outcome measures for prejudice and other intergroup
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or intercultural outcomes, facilitating comparability across projects and enabling robust meta-
analyses. Another key priority is to examine which game mechanics drive the observed effects.
We envision studies that systematically vary and isolate elements such as the level of
interactivity, the narrative framing, or whether play is cooperative or competitive, to identify
which aspects have the strongest impact on reducing prejudice and shaping intercultural

competence outcomes.

The findings of our review and the outlined research directions carry implications for
practice. For game designers, evidence from studies focusing on avatar and character interaction
and perspective-taking suggests that building games that encourage players to take the
perspective of others, work together to solve problems, and explore diverse cultural settings can
increase the likelihood of positive attitudinal change. Cultural representation should be handled
with care, ensuring it is authentic and nuanced through consultation with relevant communities
to avoid reinforcing stereotypes. Designers can also strengthen the impact of their games by
including prompts or discussion elements that encourage players to reflect on both the benefits
and limitations of their in-game experiences (Ke, 2016). These could take the form of short
debrief panels, in-game rating systems, or brief questions with no predefined answers, allowing
participants to express key words and impressions. Such features not only support players’
understanding and critical engagement but also provide valuable feedback to inform future

design.

For educational practitioners, the choice or adaptation of games should be closely
aligned with clearly defined learning objectives related to prejudice reduction and intercultural
understanding. Guided reflection, whether during or after gameplay, can facilitate deeper
processing and encourage the application of in-game experiences to real-world contexts. This
can be operationalized through classroom discussions, structured debrief sessions, or short
reflective writing tasks. Attention should also be paid to the cultural relevance of game
narratives, ensuring that they resonate with the specific learner groups and contexts in which
they are used. When developing games specifically for educational purposes, designers should
aim to balance pedagogical goals with the usability, engagement, and production standards
common in commercial titles, learning from industry practices and systematically integrating
user feedback. Commercial games, by contrast, can be easier to implement but often have fixed
elements that cannot be altered. Despite these constraints, their wide reach makes them valuable
tools for scalable interventions, especially if they are embedded within carefully structured

educational programs.
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For policymakers and funders, promoting sustained collaboration between researchers,
educators, and developers is essential for producing high-quality games and related research
(Bucchiarone et al., 2025). To reach this goal, it would be desirable to prioritize enabling
conditions such as infrastructure for cross-sector partnerships, stable funding streams, and
incentives for replication studies. Ideally, continuity should be encouraged, with funding
focused on the refinement, expansion, and replication of existing projects rather than defaulting
to entirely new initiatives. Investment should also emphasize long-term evaluation rather than
one-off projects, which could help identifying sustainable and scalable ways to use video games
for prejudice reduction and the promotion of intercultural competence outcomes. Pursuing these
directions may offer clearer guidance to those seeking to apply video games for social and

educational applications.

Conclusions

This review examined whether and how video games can reduce prejudice and influence
intercultural competences. Overall, the evidence indicates that games and specific features (e.g.,
cooperative play) can counteract prejudice and promote intercultural competence outcomes, but
these effects are not universal. Outcomes depend strongly on design choices, the social and
narrative context of play, and the way games are embedded within research or educational
settings.

Across the body of work, two consistent mechanisms stand out: collaboration with
outgroup members and perspective-taking through avatars or characters tend to foster more
positive intergroup attitudes. By contrast, the impact of games with bias-related content depends
heavily on their moral framing, and comparisons of games with text highlight that interactive
formats can have benefits. These patterns underscore that the medium itself is not inherently
beneficial or harmful; rather, it is the specific mechanics and contexts that determine whether
games reduce or reinforce prejudice and provide or hamper meaningful intercultural learning

experiences.
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6 General Discussion and Conclusion

Digital games are increasingly shaping how learning environments are designed and
how learners engage with both academic content and broader societal issues (e.g., Clark et al.,
2016; Costa et al., 2024; Ravyse et al., 2017). While research on DGBL has expanded rapidly,
the field continues to face fundamental challenges in establishing clear and interpretable
evidence regarding how and why games influence academic outcomes. In addition, evidence
on their effects on non-academic outcomes relevant for navigating diverse societies, such as

intercultural competence and prejudice, remains even more limited.

This dissertation set out to strengthen the design, interpretability and comparability of
evidence in DGBL research by addressing three recurring limitations in the field: weak
comparison logic between game and non-game conditions, limited isolation of specific design
mechanisms, and fragmentation in outcome constructs and research agendas. To address these
challenges, two purposefully designed learning environments (an educational video game and
a structurally aligned interactive text application for history learning) were developed and
described in two design papers included in this dissertation. These systems enabled controlled

comparisons between formats and the systematic manipulation of selected design features.

Building on this foundation, two experimental studies examined how format and design
features shape cognitive, motivational, emotional, and behavioural engagement outcomes in the
context of digital history learning, with each study targeting specific limitations in prior DGBL
research. Given the relative scarcity of research on DGBL in history education (e.g., Clark et
al., 2016), the first four papers of this dissertation represent an important step toward a more
comprehensive and methodologically rigorous understanding of the potential of digital games

in this domain.

This work is complemented by a systematic review examining digital game effects on
prejudice and intercultural competence. By extending beyond the domain of history learning,
the review addresses fragmentation in outcome constructs and research agendas at the level of
the broader DGBL literature. In doing so, it provides insights into the potential of digital games
to foster adaptive intercultural outcomes and identifies conceptual and methodological
challenges that cut across domains. As will be discussed below, these insights also inform future

developments of DGBL in the context of history learning.

Against this background, the aim of the present chapter is to integrate the dissertation’s
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findings and to derive conclusions that extend beyond the scope of the individual papers.
Section 7.1 synthesizes insights from the development of the Limes learning environments.
Section 7.2 examines what the experimental studies demonstrate. Section 7.3 systematizes
findings on intercultural outcomes. Section 7.4 links the findings from the systematic review to
the experimental studies and design work. Section 7.5 discusses next steps for digital history
games and intercultural outcomes. Section 7.6 outlines limitations and directions for future

research, followed by a final conclusion in Section 7.7.
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6.1 Insights from the Development of the Limes Learning
Environments

The development of the educational video game Limes and its structurally aligned text-
based counterpart provides insights not only into methodological issues in DGBL research but
also into the design of digital learning environments for experimental purposes. While these
systems served as intervention materials for the empirical studies reported in this dissertation,
their development required translating theoretical assumptions about learning processes into
concrete design decisions, thereby highlighting key challenges in aligning pedagogical,

interactive, and narrative eclements across formats.

In particular, the project addressed a recurring methodological challenge in DGBL
research: the difficulty of creating experimental conditions that allow meaningful comparisons
between game-based and non-game learning formats. Many studies comparing digital games
with text-based materials rely on static or passive text conditions that differ substantially from
games in terms of interactivity, navigation, and opportunities for behavioural engagement,
thereby introducing additional factors that complicate the interpretation of format effects (e.g.,

Clark et al., 2016; Riopel et al., 2019; Wouters et al., 2013).

In response to this limitation, the present project developed two parallel learning
environments: the Limes video game and a Unity-based interactive text-app. The text-app
replicates key structural features of the game while presenting the same narrative content in text
form (see Papers 1 and 2). This required careful design trade-offs to ensure comparability while
preserving the integrity of each format, thereby illustrating the complexity of isolating format

effects in DGBL research.

Equivalence in instructional content alone is not sufficient when comparing learning
formats (e.g., Clark et al., 2016; R. E. Mayer, 2014). Differences in task structure can influence
how learners engage with the material and affect learning outcomes, for example through
exploration, optional content, or feedback. During the development of the text-app, several
gameplay elements from the video game were identified as central for both pedagogical
purposes and experimental comparability. These included the optional Codex entries containing
additional historical explanations, secondary missions providing optional narrative extensions,
time-on-task tracking within different sections of the environment, and a five-star feedback
system indicating level completion. Rather than presenting the narrative as a static text, the text-

app was designed to reproduce these structures in a non-game format. This design decision
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aimed to reduce structural discrepancies between the two learning environments and thereby

enable a more valid comparison between game-based and text-based learning conditions.

A second methodological insight relates to the role of behavioural tracking in digital
learning environments. Both the video game and the text-app were developed with integrated
behavioural logging systems that record learners’ interactions with key features of the
environment, including time spent on different sections, access to Codex entries, and
engagement with optional content. Such behavioural data provide indicators of learners’
interaction patterns in digital learning environments, although such measures require careful
interpretation and do not directly reflect the quality of learning (e.g., GaSevi¢ et al., 2015;
Siemens, 2013). The development process therefore illustrates how video games can function
not only as instructional tools but also as research instruments capable of generating detailed
data on learner behaviour. Integrating behavioural logging during the development stage, as it
was done in the present dissertation project, ensures that learning environments can support
both pedagogical objectives and empirical investigation of learning processes. Beyond serving
as outcome measures that complement test scores and self-reports, behavioural data (e.g., time
spent, interaction patterns) provide indicators that help interpret experimental findings, for
example by clarifying whether observed differences reflect variation in engagement rather than

instructional format alone.

The work on the Limes learning environments also highlighted the importance of
anticipating the isolation of individual design elements in digital games already in the
development process. Digital games typically combine several components at the same time,
such as narrative, audiovisual presentation, gameplay mechanics, and interactive choices.
Because these elements operate together, it is often unclear which parts of a game influence
different types of learning outcomes, including cognitive, motivational, and affective
dimensions. This complexity illustrates why carefully designed learning environments are
necessary when researchers aim to investigate how specific elements of digital games affect

learning outcomes.

A further design-related insight concerns the challenge of balancing player engagement
and learning-oriented design during the development of digital learning environments. In the
development of Limes, this required designing an experience that was both instructive and
intrinsically engaging, rather than prioritizing one at the expense of the other. This balance
influenced key design decisions. Game elements such as exploration, narrative progression, and

interactive choices were incorporated, while the underlying content and task structure were
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designed to support learning objectives. Rather than treating “fun” and “learning” as competing
goals, the development process aimed to integrate both by embedding learning-relevant content
within engaging gameplay activities. This highlights a broader challenge in DGBL: effective
learning environments must not only convey instructional content but should also be fun to
engage with. Designing for both playful engagement and learning therefore requires careful
consideration of how game mechanics, narrative elements, and task structures can

simultaneously support enjoyable experiences and meaningful learning processes.

In addition, narrative design (e.g., Naul & Liu, 2020) played an important role in
structuring the learning experience. The storyline and characters were developed not only to
enhance immersion but also to organize historical information within a coherent context. For
example, the player takes on the role of the child of an Alemanni chief, navigating between
Germanic and Roman cultural contexts. A central element of the game is the interaction with a
Roman centurion, Ariovist, through which learners are exposed to perspectives from both sides.
This narrative setup allows historical information to be presented in a balanced way,
highlighting differences, commonalities, exchange, and conflict along the frontier. Interactions
with characters and story-driven progression provided a framework through which learners
could encounter and interpret historical content, thereby supporting engagement with the

material without introducing additional instructional differences between conditions.

From a game design perspective, these considerations required translating pedagogical
goals into concrete interaction structures. For example, the Codex system was implemented as
an optional resource rather than a mandatory component, allowing learners to regulate their
engagement with additional information without interrupting the narrative flow. Similarly,
historical content was embedded within dialogues and interactions with characters instead of
being presented as isolated expository text, ensuring that learning-relevant information
remained integrated within the unfolding story. These decisions were not only intended to
support engagement but also to avoid introducing additional instructional elements that would
differ across experimental conditions. As a result, the design of Limes reflects a continuous
negotiation between creating an engaging interactive experience, supporting academic
outcomes relevant to history learning, and maintaining the level of control required for
experimental investigation. While the development of the Limes learning environments, from
the initial storyline to the final implementation, was time-intensive (approximately two years),
it resulted in a self-developed game that provided the necessary flexibility and control to address

key research questions at the core of this dissertation.
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6.2 What Do the Experiments (Jointly) Demonstrate?

Building on the learning environments developed for this project (see Section 7.1), the
two experiments examined how different components of the Limes system influence learners’
motivation, emotions, knowledge acquisition, and behavioural engagement. The first
experiment (see Paper 3) compared the educational video game version with a structurally
aligned interactive text version presenting the same narrative content. The second experiment
(see Paper 4) examined the role of the game’s audio layer, including background music,

character voices, and narration.

One finding was consistent across experiments: engagement with Codex entries was
strongly associated with knowledge acquisition (see also e.g., Schumacher et al., 2025). The
Codex system provides optional historical explanations that expand upon the information
presented during the main storyline. Analyses using behavioural data showed that participants
who accessed these entries more frequently and spent more time reading them achieved higher
knowledge scores, even when differences in prior knowledge were controlled for. The
consistent association between Codex engagement and knowledge test scores across studies
underscores the importance of structural visibility and functional embedding. The principle of
intrinsic integration (Habgood & Ainsworth, 2011) argues that learning content is most
effective when it is inseparable from core gameplay mechanics. In the present studies, Codex
entries were available in all conditions. While they were not mandatory for progression, they
were directly embedded in the storyline and game mechanics (or, in the case of the text app,

text app mechanics).

On a broader theoretical level, we conceptualized more frequent clicks on codex entries
and greater time spent reading as indicators of behavioural engagement, reflecting learners’
active interaction with relevant instructional content (e.g., Fredricks et al., 2004; Kiili et al.,
2018; von Keyserlingk et al., 2025). Consistent with this perspective, our findings suggest that
learners who engaged more intensively with these in-game resources tended to achieve higher
knowledge scores, thereby providing support for the role of behavioural engagement in relation
to learning processes (Fredricks et al., 2004). However, it is also possible to interpret the
findings considering other theoretical frameworks. In the game condition, Codex entries were
linked to highlighted green terms in character dialogues that referred to historically relevant
concepts, persons, or events. After the dialogue ended, players received an on-screen
notification that a new entry had been unlocked, and the Codex menu button displayed a

numerical marker until the entry was opened. In the text condition, Codex entries were
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implemented as similarly highlighted green clickable links embedded in the written text and
corresponded to the same historical content. Research and theory on curiosity (e.g., Murayama
et al., 2019) suggest that curiosity arise when individuals become aware of gaps in their
knowledge. In the present context, the codex entry links may have made such knowledge gaps
salient, thereby prompting information-seeking behaviour. By accessing these links and reading
the corresponding entries, participants had the opportunity to reduce these gaps, which likely

contributed to subsequent knowledge acquisition.

In the first experiment (Paper 3), a differentiated pattern emerged for motivational and
emotional outcomes, underscoring the importance of distinguishing between specific
components within outcome domains in DGBL research: Composite measures may obscure
meaningful differences between constructs. While participants in the game condition reported
higher levels of triggered situational interest and enjoyment, no corresponding differences were

observed for maintained interest, and boredom remained low across both conditions.

From the perspective of interest development (Hidi & Renninger, 2006), the pattern
found for interest suggests that the game format was effective in capturing learners’ initial
attention and eliciting immediate interest, probably due to its more dynamic and embodied
interaction, such as controlling a character and navigating the environment. However, the
absence of effects on maintained interest indicates that these initial motivational responses may
not translate into more sustained forms of interest that would support continued engagement
with the content over time. This distinction is theoretically important, as triggered and
maintained interest are associated with different underlying processes. While triggered interest
reflects short-term attentional and affective responses to salient features of the learning
environment, maintained interest involves deeper cognitive involvement and a more enduring
focus on the content (Hidi & Renninger, 2006; Linnenbrink-Garcia et al., 2010; Renninger et
al., 2019). The present findings therefore suggest that game-based features may be particularly
effective in initiating interest but may be less effective in supporting its stabilization without

additional design elements that promote sustained processing.

Moreover, while it has previously been shown that different types of achievement
emotions (e.g., enjoyment, boredom, anxiety) have distinct effects on learning and
performances (Pekrun, 2024), the experiment revealed that format effects also differ depending
on the academic emotion under investigation. Specifically, higher levels of enjoyment in the
game condition indicated that the format was successful in creating a more positively

experienced learning situation (Pekrun, 2006; Pekrun & Linnenbrink-Garcia, 2014; Plass et al.,
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2015). At the same time, the absence of differences in boredom (combined with generally low
levels across conditions) indicates that the comparison condition was not experienced as more
disengaging or aversive than the game. Together, these findings show that positive emotional
activation and low negative effect may coexist, and that differences between formats may
primarily operate through the enhancement of positive experiences rather than the reduction of
negative ones. However, it is important to note that the observed effects for both triggered
interest and enjoyment were small. One possible explanation is the high quality and structural
alignment of the control condition, which included interactive features and opportunities for
active engagement, and thus likely provided a more engaging comparison than the static text

formats (e.g., PDF-based materials) commonly used in format comparison studies.

In contrast to the motivational and emotional outcomes, the results for knowledge
acquisition showed a different pattern in the experiment on format effects (Paper 3). The
hypothesis that the game condition would lead to higher knowledge scores had to be rejected,
with the text condition instead showing higher performance. This pattern can be interpreted in
light of theoretical perspectives emphasizing the role of attentional focus in learning. The FoRe-
Squares model (Eitel et al., 2025) proposes that learning outcomes depend, among other factors,
on how instructional features guide learners’ attention toward task-relevant information and
support the processing of that information. In the present study, the interactive and exploratory
nature of the game environment may have distributed learners’ attention across multiple
elements that were not all directly relevant for learning, whereas the text-based format provided
a more constrained structure that supported sustained focus on relevant content. This suggests

that differences in focus support may explain the observed differences in knowledge outcomes.

Behavioural data provide further insight into these knowledge differences. Participants
in the text condition accessed Codex entries more frequently and spent more time engaging
with them than participants in the game condition, despite identical availability across formats.
As previously discussed, interaction with Codex entries was positively associated with
knowledge test performance. This pattern suggests that learners’ use of optional, learning-
relevant content is linked to differences in knowledge acquisition and may help explain the
observed differences between conditions. In addition, these findings illustrate the value of
behavioural tracking for refining interpretations of experimental results. By capturing how
learners interact with specific content elements, such data provide insights into underlying
learning processes that are not accessible through outcome measures alone, thereby enabling a

more fine-grained understanding of how different instructional formats shape learning.
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In addition to format effects, the first experiment (Paper 3) explored another feature:
instructional framing. Instructional framing represents an approach to guiding learners’
information processing by directing their attention toward specific goals or aspects of the
learning material. In digital learning environments, such framing is often implemented through
brief goal instructions prior to task engagement, with the aim of influencing how learners
process and prioritize information (e.g., Erhel & Jamet, 2013, 2019). The absence of an effect
of instructional framing as well as the absence of interaction effects between format and
instructional framing, suggests that minimal goal instructions may have limited impact in
complex digital learning environments. Although prior research indicates that goal cues can
influence information processing (Erhel & Jamet, 2013, 2019; McCrudden & Schraw, 2007),
the present findings imply that such cues may be overshadowed when the structure of the
learning environment provides stronger and more continuous guidance for learners’ behaviour.
This suggests that instructional framing may need to be integrated more directly into the
structure of the learning environment, for example through task goals, feedback systems, or

progression mechanics, rather than presented only as brief instructions prior to the activity.

Whereas the effects reported in Paper 3 were mixed, with some indications of small
format effects on triggered interest and enjoyment, experiment (Paper 4) did not show any
significant effect of sound on the outcomes. The absence of significant effects of background
sound on knowledge test performance in Study 2 suggests that multimedia enrichment may not
automatically enhance learning in complex, exploratory environments. While the cognitive
theory of multimedia learning (R. E. Mayer, 2014) proposes that appropriately designed
multimodal input can support knowledge construction, applying these principles to video games
is not straightforward, as such environments involve interactive and cognitively demanding
tasks requiring rapid processing and coordination (e.g., Tobias et al., 2014). In self-paced video
games, additional sensory input may not influence learners’ allocation of attention to relevant
information unless it is functionally integrated into task-relevant processes. The present
findings therefore suggest that multimedia elements such as audio may support learning only
when they guide attention, provide task-relevant information, or are directly linked to
progression mechanics, rather than being added as supplementary features. Similarly, from a
FoRe-Squares model perspective (Eitel et al., 2025), stronger effects on knowledge acquisition

might be expected if auditory features more directly supported focus-related processes.

Beyond cognitive outcomes, the absence of significant effects of sound on interest,

emotions, and behavioural engagement suggests that additional sensory input alone may not
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substantially alter how learners engage with or experience the learning environment. Although
digital learning environments, and, in particular, specific isolated design features within these
environments, can influence multiple outcome domains (see e.g., Loderer et al., 2020, who
discuss sound and music as design features that can influence learners’ emotional experiences),
these effects likely depend on whether design features become functionally relevant for how
learners navigate and interpret the material. The absence of significant sound effects in the
experiment suggests that the added audio elements did not meaningfully alter how learners
directed their attention and interacted with the learning material. Also, looking at behavioural
data (i.e., behavioural engagement) reveals that, unlike in the format comparison study,
learners’ engagement with optional resources remained similar across conditions with and
without sound, indicating that the auditory features did not become functionally relevant for
guiding exploration or processing. In the present case, the added audio elements may have
remained too peripheral to core interaction processes to influence how learners engaged with

or processed the content, thereby limiting their impact across the outcome domains examined.
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6.3 Systematizing Findings on Intercultural Outcomes

The systematic review on digital games and intercultural outcomes was conducted in
response to two central issues in the current literature: fragmentation of outcome constructs and
fragmentation of research agendas. These issues do not only reflect variability across studies
but point to more fundamental inconsistencies in how research on digital games and

intercultural outcomes is conceptualized and conducted.

A first key insight concerns the fragmentation of outcome constructs, particularly with
regard to intercultural competence. A closer examination of the studies included in the review
suggests not only inconsistent operationalization, but a broader disconnect between how
intercultural competence is theorized and how it is measured. Although intercultural
competence has often been conceptualized as a multidimensional construct encompassing
cognitive, motivational, behavioural, and metacognitive components (e.g., Deardorff, 2004;
Ang et al., 2007; Van Dyne et al., 2012; Matsumoto & Hwang, 2013), many studies do not
provide an explicit conceptual definition of intercultural competence and relied on isolated
indicators such empathy or perspective-taking without clarifying how they map onto broader
conceptualizations of the construct (e.g., Behm-Morawitz, Pennell, et al., 2016; Gutierrez et al.,
2014; Lee & Chen, 2023). In addition, studies including components such as intercultural
knowledge or culturally appropriate behaviour are scarce. One notable example is Gjicali et al.
(2020), who incorporated both knowledge-related measures and behaviour-oriented elements.
This selective focus risks reducing intercultural competence to narrow proxies and may obscure
how digital games affect different dimensions of the construct through distinct mechanisms.
For example, narrative perspective-taking or embodiment may primarily influence affective or
metacognitive dimensions, whereas cooperative intergroup interaction may be more relevant
for behavioural dimensions, and information-rich games may contribute more directly to
intercultural knowledge. An important implication is that, if outcomes are multidimensional
and mechanisms are differentiated, studies relying on single indicators may systematically miss
effects occurring in other dimensions. More broadly, the lack of conceptual specification and
uneven coverage of theoretically relevant dimensions complicate the interpretation and
comparability of findings, hinder cumulative knowledge building, and make it difficult to
determine whether studies are capturing the same construct or substantively different outcomes

under a shared label.

The review further revealed fragmentation at the level of research agendas. To organize

different research strands, the included studies were therefore grouped into several strands that
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focus on different mechanisms through which video games are assumed to influence outcomes,
and relatedly, on different implementations and research questions. These groups include
collaborative gameplay, player-character interaction and embodiment, comparisons between
different games with bias-related content, and comparisons between game-based and non-
game-based formats. For example, studies on collaborative gameplay are typically based on the
idea that intergroup cooperation (see intergroup theory, Allport, 1954) may drive attitudinal
change (e.g., Adachi et al., 2015, 2015; Benatov et al., 2021), whereas embodiment-focused
studies emphasize perspective-taking processes (e.g., Behm-Morawitz, Hoffswell, et al., 2016;
Breves, 2020). Studies examining games with bias-related content focus on how narrative
framing and moral context influence intercultural outcomes (e.g., Pech & Caspar, 2024; Pena
et al., 2018; Pena & Hernandez Pérez, 2020), while format-comparison studies investigate
differences across media types (e.g.,H.-P. Chen et al., 2010; Gutierrez et al., 2014; Lee & Chen,
2023).

Findings vary across separate lines of inquiry, as reflected in the patterns observed in
the review. First, studies on collaborative gameplay tend to report positive effects on prejudice-
related outcomes, such as intergroup attitudes and reduced bias (e.g., Adachi et al., 2015;
Benatov et al., 2021). These effects are typically explained by mechanisms of intergroup
cooperation. However, the outcomes assessed in these studies are primarily prejudice-focused
and there is little evidence of how collaborative gameplay may address components of
intercultural competence, such as intercultural knowledge or behavioural skills. Second,
research focusing on player-character interaction and embodiment mainly targets processes
such as empathy and perspective-taking. Some studies report positive effects on intercultural
outcomes (e.g., Behm-Morawitz, Pennell, et al., 2016; Breves, 2020), but findings are not
consistent across all interventions. Moreover, these outcomes again reflect specific components
rather than a comprehensive assessment of intercultural competence, with little focus on
behaviours or knowledge acquisition. Third, studies examining games with bias-related content
show mixed results with respect to prejudice-related outcomes (e.g., Pech & Caspar, 2024; Peia
etal., 2018). While some interventions report changes in attitudes, others do not find significant
effects, suggesting that the effects of bias-related narratives depend on contextual and design
factors rather than showing a consistent pattern. Similarly, these studies rarely include measures
that would capture broader aspects of intercultural competence. Finally, comparisons between
game-based and non-game-based formats do not show a consistent pattern, with effects varying

depending on context, outcome measures, and implementation rather than the format alone
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(e.g., Gutierrez et al., 2014; Lee & Chen, 2023). For example, differences between conditions
appear to depend on specific design and implementation features, such as the form of interaction
(e.g., active perspective-taking in gameplay versus passive narrative exposure; Gutierrez et al.,
2014) and the implementation context (e.g., controlled in-lab versus longitudinal take-home

use; Lee & Chen, 2023), rather than on the format itself.

Taken together, a key contribution of this review is to bring together and synthesize
different lines of research on video games and intercultural outcomes. The various designs
reflect distinct research questions and underlying assumptions about mechanisms. While this
diversity is valuable and the review highlights some consistency within individual lines of
research, fragmentation persists, substantial heterogeneity both within and across approaches
remains. Nonetheless, by identifying these distinct lines of research following different research
agendas, the review may serve as a guiding organizational framework for integrating future

findings.
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6.4 Linking the Findings from the Systematic Review to the
Experimental Studies and Design Work

The systematic review presented in Section 6 can be linked to the experimental findings
of this dissertation and to the design work. Across the reviewed studies, the effects of digital
games on prejudice and intercultural competence vary considerably depending on the
interaction structures implemented in the game environment. In particular, several studies
reported positive effects when particular gameplay mechanisms were present. For example,
collaborative gameplay with members of different social groups has been shown to reduce

prejudice and improve intergroup attitudes (Adachi et al., 2015, 2016; Benatov et al., 2021).

This pattern provides a useful context for interpreting the experimental findings reported
earlier in this dissertation. As discussed in Section 7.2, the comparison between the Limes video
game and the structurally aligned interactive text-based version revealed small differences in
some motivational and emotional outcomes but not in knowledge acquisition. In addition,
isolating the audio layer of the game did not produce significant differences in knowledge,
situational interest, academic emotions, or behavioural engagement. Considered together, these
results suggest that variation in outcomes may be more strongly related to how learners engage
with the content than to the medium or a specific design feature itself. The systematic review
in Section 6 indicates that positive effects of video games on prejudice and intercultural
outcomes may be most consistent when particular interaction mechanisms are implemented,
such as collaborative gameplay or structured intergroup interaction. Even though the
experimental manipulations in the present dissertation targeted different outcomes than the
studies from the review, it is worth noting that they did not systematically vary such interaction
mechanisms. For example, the two formats in Paper 3 differed in presentation, but did not
purposefully introduce fundamentally different interaction structures that would be expected to
influence learning outcomes (but see the higher engagement with Codex entries in the text
condition, which also showed higher knowledge test performance). A similar interpretation
applies to the audio manipulation. The absence of effects may indicate that the implemented
sound design did not prompt specific interaction patterns that meaningfully altered how learners

engaged with the content.

The systematic review also highlights methodological considerations that connect
directly to the design work presented in Section 7.1. Many studies included in the review relied
on commercially available video games, which can offer important advantages for research.

Commercial titles typically provide highly polished interactive environments and familiar
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gameplay mechanics that reflect authentic gaming contexts. Examples include the military
shooter Call of Duty: Black Ops, which was used to examine how cooperative gameplay with
outgroup members influences intergroup attitudes (Adachi et al., 2015, 2016), the sandbox
game Minecraft, which supported collaborative interaction between Jewish-Israeli and
Palestinian-Israeli students (Benatov et al., 2021), the political simulation PeaceMaker, in
which players assume the role of either the Israeli Prime Minister or the Palestinian President
(Alhabash & Wise, 2012, 2014), and the narrative simulation Papers, Please, which places
players in the role of an immigration officer making decisions about migrants under morally

complex conditions (Pea et al., 2018; Pefia & Hernandez Pérez, 2020).

At the same time, the use of commercial games can limit researchers’ ability to
manipulate individual design features or align game mechanics closely with specific research
questions. In contrast, several studies in the review employed self-developed games designed
specifically for experimental purposes, allowing researchers to control narrative content,
gameplay structure, and interaction opportunities more precisely. For example, Jarrell et al.
(2021) developed a custom 2D puzzle game to examine how interaction with characters from
different social groups influences players’ attitudes, while Gutierrez et al. (2014) designed
FairPlay a point-and-click narrative game that places players in the role of a Black university

student navigating subtle racial bias in a university setting.

These examples illustrate how self-developed games can be designed to align specific
gameplay mechanics with the research questions under investigation. The development of the
Limes learning environments, discussed in Section 7.1, follows a similar logic. As described in
the design papers, both the educational video game and the structurally aligned text-app were
developed to enable controlled comparisons between learning formats while maintaining
comparable instructional content and task structures. This design strategy allowed the
experimental studies in this dissertation to investigate specific elements of digital learning
environments, such as format differences and audiovisual features, while reducing potential

confounds arising from differences in narrative material or task structure.

Another insight from the systematic review concerns the subject domains addressed by
existing interventions. Many of the reviewed studies focus on contemporary intercultural or
social scenarios rather than historical contexts. Within this broader landscape, the Limes project
represents a complementary approach by applying DGBL methods to history education. The
learning environments developed for this dissertation combine narrative storytelling with

optional historical explanations and exploratory gameplay elements. This design allows
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learners to engage with historical content while also enabling researchers to analyse how

different features of digital learning environments influence learning processes.
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6.5 Next Steps: Digital History Games and Intercultural
Outcomes

Even though the Limes learning environments developed in the context of this
dissertation project focused on academic outcomes, research on digital games for history
learning also has the potential to influence intercultural competence and prejudice, which will
be reflected on in this section. A potential connection between digital history games and
intercultural outcomes follows from the fact that history education engages learners with
multiple perspectives and requires them to interpret actions within their historical contexts
rather than their own present-day assumptions (Barton & Levstik, 2004; Wineburg, 2001).
Intercultural competence involves openness toward other cultures and an interest in engaging
with perspectives other than one’s own (Byram, 2020). From this perspective, such history
learning environments may support components of intercultural competence by fostering
openness toward other cultures and facilitating the interpretation of different cultural

perspectives.

Historical narratives frequently address encounters, conflicts, and power relations
between different social, cultural, or ethnic groups. Engaging with these contexts requires
learners to reconstruct how historical actors interpreted their social world and acted within
cultural frameworks that may differ substantially from those of the present (Seixas & Morton,
2013; Wineburg, 2001). In this way, historical learning can involve engagement with
perspectives that are socially and culturally different from learners’ own (Hajisoteriou et al.,
2023). In addition, narrative engagement with historically situated characters and events may
foster emotional involvement and support processes of historical empathy, enabling learners to
engage with the perspectives of historical actors (Kindenberg, 2026). Video games set in
historical contexts may foster learners’ empathy by enabling interaction with historically
situated characters and narratives (Gilbert, 2019). Contextualization may reduce presentism by
situating actions within specific historical conditions (Barton & Levstik, 2004; van Drie & van
Boxtel, 2008; Wineburg, 2001), which helps counter present-oriented interpretations and
fosters more differentiated and context-sensitive understandings of historical actors and social
contexts. More generally, multiculturalism climate emphasizes the value of cultural diversity
and opportunities to learn about different cultures and their interaction (e.g., Bardach et al.,
2024; Rosenthal & Levy, 2010). From this perspective, history as a domain appears particularly

well suited to incorporate these aspects into video game environments, for example by
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highlighting the value of cultural diversity and providing opportunities to learn about different
cultures and their interactions. However, as suggested by the systematic review, such effects

likely depend on the extent to which these mechanisms are meaningfully implemented within

the learning environment.
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6.6 Limitations and Directions for Future Research

Despite the insights generated, the present dissertation is subject to limitations that

delineate the scope of its conclusions and inform priorities for further investigation.

First, the empirical studies were conducted with university students in a controlled
laboratory setting and focused on digital history learning in the context of Roman history. The
findings therefore cannot be readily generalized to other populations, age groups, or educational
contexts. Replication in school settings and other instructional contexts would help determine
whether the observed patterns also hold outside higher education. In addition, the focus on a
single historical period constrains the scope of the conclusions. Future research should
systematically compare different historical contexts to examine the extent to which observed
effects depend on the specific characteristics of the historical content, and their interactions
with learner characteristics. In addition, participants had, on average, limited prior knowledge
of Roman history. This may have influenced both their engagement with the materials and the
observed knowledge gains (e.g., by shaping how they process and integrate information). As a

result, the findings may differ for learners with higher levels of prior knowledge.

Second, behavioural log data were systematically collected and indicated a relationship
between Codex engagement and knowledge outcomes. However, this association was examined
at an aggregate level (e.g., total time spent on Codex entries) and does not capture moment-to-
moment engagement with specific content. In addition, outcome measures were assessed at a
single time point, limiting conclusions about temporal dynamics and retention. Future research
should therefore adopt more fine-grained approaches by linking behavioural engagement at the
momentary level to motivational and emotional states. Such designs would allow for a more
precise analysis of how interactions with specific game elements relate to motivational and
emotional processes as they unfold. Moreover, including delayed knowledge assessments
would make it possible to examine whether different formats (e.g., game-based vs. text-based

environments) differentially support longer-term retention.

Third, this dissertation investigated just one of many potentially interesting design
features (e.g., Plass et al., 2015). Moreover, the sound manipulation (Paper 4) targeted ambient
background audio rather than functionally instructional auditory elements such as spoken
explanations or signalling cues. While no effects were observed for background sound, the
manipulation was limited to ambient audio and therefore does not exclude the possibility that

other forms of auditory integration may influence attentional allocation and cognitive
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processing. Future investigations should differentiate between ambient, narrative, and

instructional audio to clarify how auditory features interact with task relevance.

Fourth, although learner characteristics (e.g., prior knowledge) were statistically
controlled, they were not a primary focus of the analyses. As a result, the present studies do not
provide insight into how individual differences shape engagement with the learning
environments. Future research should therefore examine how learners’ motivational, emotional

and personality characteristics relate to their in-game behaviours and learning outcomes.

Finally, the systematic review showed that key constructs were often measured in
inconsistent and narrow ways. While the empirical studies in this dissertation focused on
academic outcomes, future research should apply similar experimental designs to assess
prejudice and multiple dimensions of intercultural competence outcomes (Matsumoto &
Hwang, 2013) outcomes while using clearer and more consistent measurement approaches.

Improving construct clarity is essential for cumulative progress in the field.
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6.7 Conclusion

The present dissertation set out to strengthen the interpretability and comparability of
findings in DGBL. By bringing together a range of different areas relevant to DGBL (design
work, experimental comparisons, and field-level synthesis), the thesis addressed persistent
substantive and methodological challenges in the field, using digital history learning as its
primary empirical context. Methodologically, the research advances current knowledge on
DGBL by employing structurally aligned control conditions, isolating discrete design elements,
and integrating behavioural measurement. A central theoretical implication is that the effects
of digital games depend on how content is integrated into the environment and how individuals
engage with it. For example, the experimental studies show that behavioural engagement with
content-rich historical explanations predicts knowledge acquisition across formats. Similarly,
the systematic review demonstrates that intercultural outcomes often depend on specific
interactive mechanisms (e.g., cooperation, embodiment, moral framing). Overall, the

dissertation contributes to a more coherent and differentiated understanding of DGBL.
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