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Abstract
Digital game-based learning (DGBL) interventions can be superior to traditional instruction
methods for learning, but previous meta-analyses covered a huge period and included a variety of
different target groups, limiting the results’ transfer on specific target groups. Therefore, the aim of
this meta-analysis is a theory-based examination of DGBL interventions' effects on different
learning outcomes (cognitive, metacognitive, affective-motivational) in the school context, using
studies published between 2015 and 2020 and meta-analytic techniques (including moderator
analyses) to examine the effectiveness of DGBL interventions compared to traditional instruction
methods. Results from random-effects models revealed a significant medium effect for overall
learning (g = .54) and cognitive learning outcomes (g = .67). Also found were a small effect for
affective-motivational learning outcomes (g = .32) and no significant effect for metacognitive
learning outcomes. Additionally, there was no evidence of publication bias. Further meta-regression
models did not reveal evidence of moderating personal, environmental, or confounding factors. The
findings partially support the positive impact of DGBL interventions in school, and the study

addresses its practical implications.

Keywords: game-based learning, learning outcomes, meta-analysis, school context, systematic

review
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The Effect of Digital Game-Based Learning Interventions on Cognitive, Metacognitive,
and Affective-Motivational Learning Outcomes in School: A Meta-Analysis

Due to the COVID-19 pandemic, learning with digital media is more relevant than ever. But
learners may experience mere e-learning environments as boring because those environments often
lack engaging elements (Connolly & Stansfield, 2009). One solution could be the application of
digital game-based learning (DGBL), because games can be highly motivating (Chang et al., 2017).

Prensky (2007) strongly influenced the term ‘digital game-based learning’, defining it as
‘any marriage of educational content and computer games’ (p. 145). Over time, DGBL definitions
focused more on the aim to promote teaching and learning processes. Al-Azawi et al. (2016) argue
that we can speak of DGBL when digital games are specifically ‘designed and used for teaching and
learning’ (p. 132). According to Malliarakis et al. (2018), the goal of DGBL is to learn during
gameplay and promote desired learning outcomes, which also summon up the terms ‘serious game’
or ‘game with a purpose’. Another characteristic of DGBL that Cojocariu and Boghian (2014)
highlighted is the connection of educational content with new learning technologies, such as mobile
devices (e.g., tablets, smartphones). Moreover, the use of new learning technologies could foster
cognitive change and enrich the learning process with entertainment, leading to improved learning
(Khan et al., 2017). The extensive definition by Erhel and Jamet (2013) summarized the previous
views of DGBL, defining it as:

a competitive activity in which students are set educational goals intended to promote

knowledge acquisition. The games may either be designed to promote learning or the

development of cognitive skills, or else take the form of simulations allowing learners to

practice their skills in a virtual environment. (p. 156)
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This definition combines the digital environments and the objective of promoting learning
processes or specific skills, but also encompasses simulations as DGBL interventions, providing the
basis for the present meta-analysis.

A growing body of research indicates DGBL interventions’ positive effects in comparison
with traditional instruction methods. Increased learning gains (e.g., higher test scores) have
appeared after DGBL interventions, in such different domains as language learning (Franciosi,
2017) or STEM education (McLaren et al., 2017) in comparison with traditional instruction
methods.

The comparison with traditional instruction methods is of relevance to determine the
advantages of DGBL interventions and deduce recommendations for scientific and educational
practice. Digital games offer an innovative approach to educate pupils in the classroom because
well-designed games can adapt to the learners’ needs (Plass & Pawar, 2020) and therefore, can
contribute to the successful handling of heterogeneity in the classroom. Furthermore, they provide a
secure learning environment where pupils are allowed to make mistakes and try again. This
‘graceful failure’ (Plass et al., 2015, p. 261) leads to mastery experiences, which increase pupils’
self-efficacy and motivation. Digital games support a learner-centered pedagogy and enable pupils
to actively make their own learning experiences within the game.

According to the self-determination theory (Ryan & Deci, 2000), implementing game
mechanics to satisfy the basic psychological needs for competence, autonomy, and relatedness
(Ryan & Rigby, 2020) can make digital games highly motivating. Chang et al. (2017) conducted a
study with 103 university students in an education course, comparing game-based learning and
traditional learning methods regarding flow experiences. The experimental group played a digital

game about the carbon footprint; the control condition was learning with webpages. The results
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show that participants who played the game had a significantly stronger experience of flow during
the experiment, represented through higher enjoyment, engagement, and control.

As a group, that Admiraal et al. (2011) described as ‘bored and disengaged’ (p. 1185), pupils
could especially benefit from motivation through DGBL interventions, and evidence exists for
DGBL interventions’ positive effect on them (Lopez-Fernandez et al., 2021). In an Iranian
elementary school, Partovi & Razavi (2019) examined the influence of DGBL on pupils’ academic
achievement motivation. After three months of learning with a digital game, the experimental group
had significantly higher academic achievement motivation than the control group.

These findings support the assumption that DGBL interventions could benefit pupils, but
they just capture a snapshot of learning with digital games. Previous meta-analyses show that digital
games outmatch traditional instruction methods regarding learning gains for young children and
young adults (Clark et al., 2016). In the context of elementary school to university, there is also
evidence for DGBL interventions’ positive impact on cognitive, affective, and behavioral outcomes
(Lamb et al., 2018). Prior meta-analyses agree that DGBL can have positive effects on learning, but
they only included studies until 2015. In the last five years, which the current meta-analysis
includes, rapid technological development occurred, offering new technological opportunities for
DGBL interventions. Games can be developed at lower costs and are more accessible for research
and teachers. Due to the ongoing digital transformation, the number of digital devices in school has
increased. Those digital devices provide more memory space, better graphic boards, and main
storage, which facilitated the implementation of DGBL interventions in school in the recent years.
In game development, more and more complex game mechanics and detailed textures can be
applied. This makes it hard to compare modern DGBL interventions with DGBL interventions from

ten years ago. Therefore, there is renewed demand to analyze the impact of DGBL interventions in
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the last years. To make DGBL interventions comparable and to merge with the latest meta-analyses,
only studies between the years 2015 and 2020 are analyzed in the current meta-analysis. Moreover,
the prior meta-analyses examined a wide range of target groups, making transferring the findings to
special subgroups difficult. As mentioned, pupils could greatly benefit from DGBL interventions,
which is why they are the focus of this meta-analysis. Accordingly, the objective of this meta-
analysis is to analyze the effect of DGBL interventions in comparison with that of traditional
instruction methods within the years 2015-2020 purely in the school context. To specify the impact
of DGBL interventions, a theoretical model, namely the Integrated Design Framework for Playful

Learning (Plass et al., 2015), supported deducing different categories of learning outcomes.

Integrated Design Framework for Playful Learning

As shown in Figure 1, the Integrated Design Framework for Playful Learning (Plass et al.,
2015) combines different theoretical foundations of gameplay that lead to specific game-design
elements. The model describes four areas of theoretical foundations: affective, motivational,

cognitive, and sociocultural foundations.

Affective foundations of DGBL include the evocation of emotions to promote learning. The
so-called emotional design deals with the question of how to induce emotion with different game-
design elements, such as narrative or music (Plass et al., 2015). Games can evoke various emotions
with, for example, empathic characters that increase cognitive processing and thus, facilitate
learning processes (Plass et al., 2020). One emotional foundation of DGBL represents the
integrative model by Loderer et al. (2020), which is based on Pekrun’s (2006) content-value theory
of achievement emotions. It assumes that emotions depend on the evaluation of internal (e.g., value)
and external (e.g., musical score) stimuli and the emotional transmission from other people or game

elements (e.g., peers, visual aesthetic; Loderer et al., 2020).
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Motivational foundations of DGBL emphasize the characteristics of games to motivate or
engage players to play for enjoyment. Ryan and Rigby (2020) refer to motivation as the ‘core
element in game-based learning’ (p. 153). One motivation theory they include is the expectancy-
value theory (Wigfield & Eccles, 2000), which assumes that the expectation of a benefit from their
actions motivates players. In addition, self-determination theory (Ryan & Deci, 2000) focuses on
intrinsic motivation, which means that a person pursues something because of interest or fulfillment
resulting from the action itself. According to this theory, intrinsic motivation depends on three
different psychological needs, namely competence, autonomy, and relatedness. Competence
describes the feeling of effectiveness and mastery of a task (Ryan & Deci, 2000). In DGBL,
feedback or level-ups satisfy the need for competence because players experience growth and self-
efficacy, ‘people’s beliefs about their capabilities to exercise control over events that affect their
lives’ (Bandura, 1989, p. 1175). Digital games offer the possibility for a retry after a failure, and
they enable ‘graceful failure’ (Plass et al., 2015, p. 261), which positively affects self-efficacy.
Moreover, games can be adapted to the players’ skills or abilities, and therefore, lead to mastery
experiences that can also increase self-efficacy (Bandura, 1997). The need for autonomy refers to
the desire for self-determined and volitional activities. Digital games provide virtual worlds with
many possibilities and the freedom to personalize and choose activities that increase satisfaction of
autonomy needs (Rigby & Ryan, 2011). The last factor, relatedness, includes the need to help
others, collaborating to reach common goals. Multiplayer games or adoption of special team roles to

contribute to joint goal attainment could meet the demand for relatedness.

Cognitive foundations of DGBL refer to cognitive characteristics for learning—for example,
information processing and explaining how players could learn from digital games. The cognitive

theory of game-based learning combines the cognitive load theory (Sweller, 2011) as well as the

http://mc.manuscriptcentral.com/rer
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cognitive theory of multimedia learning (Mayer, 2014) and makes three assumptions: 1) Players use
two separate channels to process visual and verbal information which interact with each other. 2)
Players have a limited capacity to process information in the respective channels. 3) Players must
actively process information by paying attention, structuring information, and integrating new
knowledge to be able to learn (Mayer, 2014). Games may contain pictures or verbal narrations that
players receive through eyes or ears. The working memory further processes the filtered visual or
verbal information into verbal and pictorial models. Prior knowledge enriches created verbal and
visual representations, and long-term memory stores them (Mayer, 2020). Information processing
can occur in three different ways. Extraneous processing includes cognitive processing unrelated to
the learning goal, which is caused by distraction from extraneous stimuli (e.g., unnecessary
background animations). Essential processing refers to the cognitive processing that assimilating
information in the working memory requires, and generative processing manages the organization

and integration of information in long-term memory (Mayer, 2020).

Sociocultural foundations of DGBL take account of ‘interactions among players, the
construction of collective knowledge, and the application of this knowledge in the context of
cultural norms’ (Plass et al., 2020, p. 17). Games enable interactions and relationships with other
players and provide a connection to the game’s community, which could exceed the game itself
(Steinkuehler & Tsaasan, 2020). Social context can promote learning, for example, by increasing
motivation due to the feeling of belonging to the community (Plass et al., 2015). Social interactions,
like collaborative or competitive play, could influence how much effort a player invests in a game

and, therefore, represents an important factor of DGBL (Plass et al., 2020).

To summarize, different perspectives on digital games are represented in their different

theoretical foundations and the selected game-design elements depend on the chosen theoretical

http://mc.manuscriptcentral.com/rer
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foundation and the intended learning goals. To assess the broad variety of learning goals, the
present meta-analysis examines different learning outcomes based on this model and extends them
to the category of metacognitive outcomes.

Different game-design elements for digital game-based learning are suitable to promoting
specific learning goals and aspiring to ‘achieve the intended interactions with the learning content in
a playful, motivating way’ (Plass et al., 2020, p. 11). Game-design elements in the model are
incentive systems, aesthetic design, game mechanics, narrative, and sound design, which depend on
the content and skills that the game should convey. The incentive system offers rewards to provide
feedback and influence player behavior (Kinzer et al., 2012). Incentives could trigger extrinsic
motivation with extrinsic rewards that are not necessary for the core gameplay (e.g., experience
points) or increase intrinsic motivation with extrinsic rewards that could result in intrinsic
motivation (e.g., a new tool for exploration; Tam & Pawar, 2020). Aesthetic design includes the
visual design of the game, the avatars, and characters, as well as the visual signaling to provide cues
and feedback.

Game mechanics describe repeated activities the player performs to enable gameplay. They
comprise two categories: assessment and learning mechanics. Assessment mechanics, based on test
theory approaches, contain diagnostical goals (e.g., apply rules to solve a problem; Plass et al.,
2011), whereas learning mechanics are based on learning theories and contain learning goals (e.g.,
acquire knowledge through interaction with other characters; Plass et al., 2020). A narrative
contains the storyline or dialogue with characters. It could provide a context for learning processes
and often connects different game elements with each other (Dickey, 2020). The game’s sound
design represents all auditory stimuli (e.g., character sounds, action sounds) and could support

cueing (Pawar et al., 2020). The implemented game-design elements could induce different types of

http://mc.manuscriptcentral.com/rer
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engagement, including cognitive, behavioral, affective, and social engagement (Domagk et al.,
2010). For example, using a narrative that captivates the player could achieve an affective
engagement that causes the player to finish the game.

Based on the presented model, we deduced different learning outcomes to represent the
engagement types that DGBL interventions could evoke. The next chapter describes the analyzed

learning outcomes in detail.

Definition of Learning QOutcomes

To enable a more precise insight into the effectiveness of digital game-based learning
interventions, the present meta-analysis examines learning outcomes in specific categories. The
previous theoretical model classifies learning outcomes as cognitive and affective-motivational,
reflecting the types of engagement that different game elements could induce. DGBL interventions
often neglect behavioral and social engagement because their main goal is to acquire knowledge or
motivate people to learn. Therefore, this meta-analysis does not include behavioral and social
outcomes. However, the model disregards another important category of learning outcomes,
namely, metacognitive learning outcomes, which the present meta-analysis considers as an
extension of the theoretical model. Cognitive learning outcomes contain conceptual or domain-
specific knowledge and the ability to remember, understand and recall this knowledge (Post et al.,
2019). Affective-motivational learning outcomes include attitudes, beliefs, emotions, values, and
interests (Allen & Friedman, 2010). Metacognitive learning outcomes comprise two components:
metacognitive knowledge and metacognitive skills. Metacognitive knowledge includes declarative
(e.g., what learning strategy would be appropriate) and procedural (e.g., how to use a learning

strategy) knowledge of one’s own knowledge and describes higher order knowledge, whereas

http://mc.manuscriptcentral.com/rer
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metacognitive skills involve planning, monitoring, and reflection strategies to regulate learning

processes (Veenman et al., 2006).

Evidence From Current Meta-Analyses

Investigating the influence of digital game-based learning is a relevant topic with which
meta-analyses have dealt before. Vogel et al. (2006) compared the effects of DGBL interventions,
—namely, serious games and simulations—regarding cognitive gains with traditional teaching
methods, between 1986 and 2003. Their analyses included 32 studies with different target groups
and revealed that serious games and simulations lead to higher cognitive gains than traditional
methods. Sitzmann (2011) analyzed the effect of simulation games on trainees in studies from 1976
to 2009. As dependent variables, self-efficacy, declarative and procedural knowledge were analyzed
in a sample of 65 studies. The results showed that the participants who used simulation games for
learning had higher procedural and declarative knowledge as well as better knowledge recall than
participants utilizing traditional learning. Furthermore, in eight studies, self-efficacy was 20%

higher when learning with a simulation game in comparison to the control group.

In 2013, Wouters et al. examined the effectiveness of DGBL interventions, assessed by
using serious games for knowledge acquisition and learning retention, between the years 1990 and
2012. They did not set an age restriction for the studies and consequently examined a sample of 39
studies with a broad target population. Their findings indicate greater learning gains for serious
game conditions compared to traditional instruction methods (d = .29), but they also reveal no
difference in motivation between the two conditions. Serious games seem no more motivating than

traditional methods.
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Clark et al. (2016) investigated the effect of DGBL interventions on learning, assessed
through the use of digital games in the age group from 6 to 25 years, by synthesizing studies
between the years 2000 and 2012. They included 69 studies in their analysis and, in accordance
with the results of previous meta-analyses, they found evidence that digital games outmatch control

groups regarding learning.

Another meta-analysis that Lamb et al. (2018) conducted focused on the effect of
simulations and serious games on students’ cognition, affect and learning from elementary school to
university. They analyzed 46 studies from the period 2002—-2015. The results of their meta-analysis
indicate a medium effect for cognitive and affective outcomes regarding learning and a small effect

for behavioral outcomes for participants using simulation games and serious games.

All these meta-analyses share the conclusion that DGBL has positive effects on learning, but
they examined studies covering a huge period and, therefore, do not do justice to the rapid
technological development and new technological opportunities. Furthermore, they focused on very
heterogeneous target groups, making it hard to transfer the findings to specific target groups.
Therefore, the present meta-analysis examines studies that cover a shorter and more up-to-date
period and focuses on a more specific target group, namely pupils, because they are predestined to
benefit from DGBL interventions due to their motivational needs. Additionally, to extend the
previous meta-analyses, all learning outcomes derive from a theoretical model, considering
metacognitive learning outcomes in the analysis that have not been examined before. Based on the
previous findings, we assume positive effects on learning in general (Hypothesis 1.1) as well as on
cognitive (Hypothesis 1.2), metacognitive (Hypothesis 1.3) and affective-motivational learning

outcomes (Hypothesis 1.4).
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Impact of the Moderating Role of Personal, Environmental, and Confounding Factors

In addition to the examination of the main effects of DGBL on different learning outcomes,
this meta-analysis also scrutinized the impact of personal factors, learning environment factors, and
confounding factors to pursue the aim to deduce recommendations for scientific and educational
practice how to design and implement digital games. The variables, which were considered in the
different categories, were deduced from previous meta-analyses on the one hand and based on
explorative considerations on the other hand. The following sections describe the moderator
variables.

Personal Factors

Age. For age as a moderator in DGBL interventions, findings show no differences between
the age groups from preschool to college students (Vogel et al., 2006). The comparison of different
age groups (children, preparatory education, students, adults) revealed also no differences regarding
DGBL interventions in the meta-analysis by Wouters and colleagues (2013). DGBL interventions
led to better learning gains in all age groups (except adults) when compared to the control group.
We also assume that DGBL interventions are effective for all participants, and no differences
between the age groups would appear in the present meta-analysis (Hypothesis 2.1).

Gender. Vogel et al. (2006) found evidence for gender differences regarding cognitive gains
for DGBL interventions. Female participants ‘showed significant cognitive gains favoring the
interactive simulation and game method’ (p. 234). We also assume, due to playing behaviors that
differ from males’ (Veltri et al., 2014) that DGBL interventions are more effective for female
players (Hypothesis 2.2).

Learning Environment Factors
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Additional Non-Game Instruction. Many studies use additional non-game instruction
(e.g., discussion, preparative lessons) but the findings are mixed regarding additional non-game
instruction as a moderator for DGBL. Whereas Sitzmann (2011) and Wouters et al. (2013) found
evidence that DGBL interventions combined with additional non-game instruction led to greater
learning gains, Clark et al. (2016) did not find differences between DGBL interventions with and
without additional non-game instruction. Therefore, additional non-game instruction is further
analyzed exploratively in the current meta-analysis (Research question 1).

Type of DGBL Intervention. Regarding the type of DGBL intervention, using a serious
game or an interactive simulation made no difference; both were likewise superior to traditional
methods (Vogel et al., 2006). The results from Lamb et al. (2018) indicated differences between
serious games and simulations, in that the former had a greater effect on learning than simulations.
With the unclear impact of the DGBL intervention type, this variable is exploratively examined as a
moderator (Research question 2).

Number of Sessions. The assumption that one game session may not be sufficient to
increase learning was based on the well-investigated advantage of distributed learning over massed
learning (Cepeda et al., 2006). Wouters et al. (2013) substantiated this hypothesis for serious
games, reporting in their meta-analysis that serious games with multiple sessions led to higher
learning gains than traditional learning methods. They explained this result by stating that
participants need time to understand the games’ control. Clark et al. (2016) found further evidence
of the superiority of multiple game sessions over single sessions. The effects of digital games on
learning were smaller when games were only played once rather than in distributed sessions.
Therefore, we include the number of sessions in the meta-analysis and assume the superiority of

multiple game sessions over single game sessions in DGBL (Hypothesis 2.3).
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Playing Mode. The impact of the playing mode in DGBL interventions is still unclear.
Vogel et al. (2006) revealed that both, single players and players in groups, outperformed the
control group in terms of learning, but they did not further analyze the difference between the two
playing modes. Wouters et al. (2013) found evidence for greater learning gains favoring gaming in
groups. Participants in single-player and multiplayer games learned more than the control group,
but the effect was larger for multiplayer games. Clark et al. (2016) also analyzed player modes and
first reported the largest learning outcomes for single players. However, this effect disappeared
when other game characteristics (e.g., story relevance, visual realism) were controlled. Single-
player games then showed no significant difference from multiplayer games. As a result of these
inconsistent findings, this study exploratively analyzed the influence of player mode in DGBL
interventions (Research question 3).

Competition. Closely associated with the playing mode are competitive game designs. In
their examination of player modes, Clark et al. (2016) also considered competitive and
noncompetitive single and multiplayer configurations. According to their findings, single-player
games without competition did not lead to larger effects than team competition games, but both
noncompetitive single-player and competitive multiplayer games led to greater learning outcomes
than competitive single-player games. Based on this evidence, the effect of the mere presence of
competition in games remains unclear because it was confounded with playing mode. But Clark et
al. (2016) provided the first insights onto possible differences between noncompetitive and
competitive game designs. Evidence exists that competitive game designs could lead to higher
intrinsic motivation and therefore result in greater learning outcomes (Cagiltay et al., 2015). Chen
and Chiu (2016) argue that teamwork leads to an effective exchange of information and the creation

of new ideas. Competitive teams could increase interest as well as engagement and decrease
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pressure to perform (Chen, 2019), making them superior to noncompetitive learning. In their meta-
analysis concerning competition in DGBL environments, Chen et al. (2020) found a positive effect
of competitive DGBL environments, dependent on subject and game type. Thus, we assume that
competitive DGBL interventions lead to greater learning gains than noncompetitive DGBL
interventions (Hypothesis 2.4).

Dimensionality. 2D and 3D games are effective for learning (Ak & Kutlu, 2017), but the
dimensionality of game environments could also influence the learning effect. Three-dimensional
games lead to the greatest effect on learning, according to the findings from Lamb et al. (2018),
outmatching two-dimensional and mixed environments regarding cognition and affect. Three-
dimensional learning environments seem to lead to greater cognitive and affective activation and
facilitate the transfer of the learning content to the real world, which is also three-dimensional
(Lamb et al., 2018). We assume that three-dimensional DGBL interventions lead to greater learning
gains than two-dimensional or mixed DGBL interventions (Hypothesis 2.5).

Visual Realism. Not only the dimensionality but also the level of visual realism could
influence learning with DGBL interventions. The impact of visual realism is still unclear, given the
inconsistent findings for this variable. Vogel et al. (2006) concluded in their meta-analysis that the
level of realism has no influence on learning, whereas Wouters et al. (2013) found evidence that
schematic serious games are more effective than traditional instruction methods. Realistic or
cartoonlike serious games did not lead to better learning than traditional instruction methods. The
results from Clark et al. (2016), who also described schematic games as superior to realistic games,
support these findings. Controlled for visual and narrative game characteristics, the difference
between schematic and realistic games was diminished to marginal significance. Based on the

previous studies and taking into account that highly realistic learning environments could lead to a
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higher cognitive load and, therefore, more complex information processing (Mayer, 2014; Nelson &
Kim, 2020), we assume that schematic DGBL interventions lead to greater learning gains than
realistic or cartoonlike DGBL interventions (Hypothesis 2.6).

Learning Domain. Another interesting factor to consider regarding DGBL interventions is
the learning domain. Wouters et al. (2013) described DGBL interventions as exceptionally more
effective in verbal domains than in scientific or mathematical domains. On the contrary, Karakog et
al. (2020) found no differences regarding learning domains, but their findings are restricted to
Turkish publications and difficult to generalize. Due to the unclear impact of different learning
domains, this moderator was analyzed exploratively (Research question 4).

Narration. Whether to include a narrative in a game is a controversial topic. One party
supports the integration of a strong narration into game environments because it causes immersion
and greater intrinsic motivation. Narrations can evoke emotions and promote the relatedness with
the game by solving a common problem (Dickey, 2020; Rowe et al., 2011). The other side argues
that a strong narrative distracts learners from the actual learning content, because of higher
extraneous cognitive load that decreases learning (Novak, 2015). In their meta-analysis, Wouters et
al. (2013) could not find evidence for a learning difference between games with or without a
narrative, but both were superior to traditional instruction methods. Clark et al. (2016) compared
relevant to irrelevant narratives and found significantly larger effects for games that used irrelevant
narratives, but when controlled for visual characteristics and story depth, this difference vanished.
They also found a negative relationship between narratives and learning, but their results must be
handled with caution because they only included a small number of studies with relevant narratives
(n=15). There is strong evidence that narratives support problem-solving in games (Lester et al.,

2014) and are effective for learning (Jackson et al., 2018). Furthermore, they can foster emotional
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engagement (Bowers et al., 2013) that could also support deeper information processing. Based on
these explanations, we assume that DGBL interventions with a narrative lead to greater learning
gains than DGBL interventions without a narrative (Hypothesis 2.7).

Avatar. Avatars, which represent the players, could also influence the learning process.
Players identify with their avatar, which causes an emotional bond and increases motivation (van
Reijmersdal et al., 2013). The identification means that the player ‘imagines being that character
and replaces his/her personal identity [...] with the role of the character’ (Cohen, 2001, p. 251).
Thus, the player merges with the avatar during gameplay. This can occur because the avatar is
perceived as similar to oneself or because the avatar possesses characteristics the player wishes for
(Klimmt et al., 2010). Hence, the identification with the avatar could cause the intrinsic desire to
continue with the game, which could lead to greater learning gains in the context of educational
games (Tam & Pawar, 2020). Wrzesien et al. (2015) also found that avatars that resemble the player
result in better achievement in emotional strategy learning. Therefore, the mere presence of an
avatar could make a difference in the effect on learning in DGBL interventions (Hypothesis 2.8).

Digital Agent. Whereas avatars represent characters the player controls, digital agents are
so-called nonplayer characters (NPCs) that the player does not control. They can ‘create rich face-
to-face interactions’ (Johnson & Lester, 2016, p. 26) and offer scaffolding and support (e.g., hints,
feedback). Digital agents also play a socio-emotional role, for example, as a peer, which could
improve learning motivation (Lester et al., 2020). A digital agent significantly improved girls’
motivation and self-efficacy for STEM (van der Meij et al., 2015), and Liew and Tan (2016)
revealed digital agents mirroring the player’s personality are advantageous. Furthermore, digital
agents that show emotions (Theng & Aung, 2012) and empathic abilities can also increase player

motivation (Chen et al., 2012). The impact of digital agents in games focuses especially on
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motivational and emotional levels and can increase learning motivation and outcomes (Martha &
Santoso, 2019). Therefore, the use of digital agents could make a difference in the effect on learning
in DGBL interventions (Hypothesis 2.9).

Confounding Factors

Year of Publication. Sitzmann (2011) did not find a shift in learning for simulation games
between 1976 and 2009. But because of the rapid development of digital technology and the
difficulty of generalizing to DGBL interventions other than simulations, whether learning has
changed in recent years should be controlled. We therefore examine exploratively whether the year
of publication influences the effects on DGBL (Research question 5).

Country of Data Collection. The country of data collection should also be considered when
analyzing confounding factors. In some countries (e.g., Taiwan), digital learning environments are
already well-established, in others (e.g., Germany) digital learning environments are relatively new
in the classroom. This may lead to different effects, depending on the location of data collection,
which we include exploratively in the analysis (Research question 6).

Objectives

Based on the previous explanations, the objective of this meta-analysis is to analyze the
effect of DGBL interventions, assessed through different learning outcomes, in the school context
in comparison with traditional instruction methods. Because the synthesis is based on published
studies, we examined whether and to what extent publication bias confounded the results.
Furthermore, we examined the impact of different personal factors, learning environment factors,
and confounding factors to replicate previous findings and enhance the insight into DGBL
intervention effectiveness to provide recommendations for the design of future digital learning

environments.
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Hypotheses
Based on the previous theoretical descriptions, we assume that digital game-based learning

has positive effects regarding learning outcomes in the school context, which leads to the following

hypotheses:
HI1.1 DGBL interventions in school lead to higher level overall learning, assessed through
learning outcomes, than traditional instruction methods.
H1.2 DGBL interventions in school are associated with higher level cognitive learning
outcomes than traditional instruction methods.
H1.3 DGBL interventions in school are associated with higher level metacognitive learning
outcomes than traditional instruction methods.
H1.4 DGBL interventions in school are associated with higher level affective-motivational
learning outcomes than traditional instruction methods.
Moderator Hypotheses

In addition to the hypotheses regarding learning outcomes, we examined the influence of
personal, environmental, and confounding factors by using moderator analyses. In a case of
sufficient robust evidence from the literature, we deduced hypotheses for the corresponding
moderators. If the evidence from the literature was unclear or insufficient, exploratory research
questions (RQ) were deduced.

The deduced hypotheses for the corresponding moderators are:

H2.1 DGBL interventions do not have a different impact in different age groups.
H2.2 The effect of DGBL interventions is larger for female than for male participants.
H23 DGBL interventions with multiple sessions lead to higher level learning gains than

DGBL interventions with only one session.

http://mc.manuscriptcentral.com/rer



Page 21 of 65 RER

, EFFECT OF GAME-BASED LEARNING IN SCHOOL 21
2

2 H24 Competitive DGBL interventions lead to higher level learning outcomes than

5 .. . .

6 noncompetitive DGBL interventions.

7

8 H25 Three-dimensional DGBL interventions lead to greater effects on learning outcomes
9

1(1) than two-dimensional or mixed DGBL interventions.

:g H 2.6 Schematic DGBL interventions lead to higher level learning gains than realistic or
14

15 cartoonlike DGBL interventions.

16

17 H 2.7 DGBL interventions with a narrative lead to higher level learning gains than DGBL
18

;g interventions without a narrative.

21

22 H 2.8 DGBL interventions that use avatars lead to higher level learning gains than DGBL
23

24 interventions without avatars.

25

;? H?2.9 DGBL interventions that include digital agents are more effective for learning than
28 . . . "

29 DGBL interventions without digital agents.

30

31 The deduced exploratory research questions for the corresponding moderators are:

32

gi RQ 1 What is the difference regarding learning between DGBL interventions with and
22 without additional non-game instruction?

37

38 RQ2 What are the differences regarding learning between different DGBL intervention
39

40 types?

41

fé RQ 3 How does the playing mode influence the effect of DGBL interventions regarding
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45 learning?
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i regarding learning?
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RQ 6 What influence does the country of data collection have?
Method

Eligibility and Exclusion Criteria

To determine whether a study was eligible for synthesis, eligibility and inclusion criteria
were defined before the search process started. The following passages describe the criteria in
detail.
Digital Game-Based Learning

Eligible studies had to focus on DGBL interventions. To satisfy this criterion, according to
the definition of Erhel and Jamet (2013), a complete digital game or simulation had to be
implemented as an experimental condition on a computer or mobile device. Studies with games that
were not digital (e.g., board games, role play in classroom, card games) or just used one single
game element (gamification) were excluded from the sample (e.g., Sala & Gobet, 2017).
Furthermore, games that used embodiment (e.g., Microsoft Kinect), augmented or virtual reality
were also excluded from the sample (e.g., Lai et al., 2019) because of the different quality of
immersion, which would be difficult to compare with other digital games.
Period

Due to the fast development of technology and a wider range of possibilities for designing
digital games, only studies from 2015 to 2020 were suitable. Studies that were published before this
period were excluded from the analyses because previous meta-analyses had already considered
them.

Sample Size
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To ensure that the effect size Cohen’s d, needed to calculate Hedges’ g, is distributed
normally within the studies, only studies with more than 10 participants in total were selected. All
studies with an insufficient number of participants were excluded from the analyses.

Target Population

Eligible studies had to provide sufficient information about the participants. For the
synthesis, only studies with pupils from grades 1 to 13 (depending on the country where the study
was conducted) and between ages 6 and 18 were eligible. Studies with university students, third-
level education or employees were excluded (e.g., Cohen, 2016) due to assuming that adults show
different learning patterns than adolescents and children (Kuhn & Pease, 2006). Studies focusing on
special subpopulations (e.g., low- or high achievers, at-risk students) or participants with diseases
were also not eligible (e.g., Fien et al., 2016).

Study Design

To avoid the ‘garbage in — garbage out problem’ (Doring & Bortz, 2016), only studies of
good quality should contribute to the meta-analysis. Therefore, only studies with at least a quasi-
experimental pre-post-control-design were eligible, studies that deviated from this requirement
(e.g., no control group) were excluded (e.g., Tangsripairoj et al., 2019). The control group had to
participate in a traditional learning setting or receive no intervention to satisfy the inclusion criteria.
Studies that included control groups with digital pseudo-treatments (e.g., reading a website) were
not eligible (e.g., Nussbaum et al., 2015), nor were studies whose experimental conditions
developed a game on their own instead of participating in a DGBL intervention (e.g., Pellas &
Vosinakis, 2018). Because the target population consisted of pupils, only studies conducted in a
school setting were included, studies in a clinical setting or at the workplace were excluded (e.g.,

All et al., 2017).
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Learning Outcomes

Selected studies had to measure at least one appropriate dependent variable representing
students’ cognitive, metacognitive, or affective-motivational learning outcomes. Studies were not
eligible if they measured outcomes that did not address the analysis’s objectives, e.g., studies that
measured teachers’ attitude towards digitalization or studies that reported children’s frequency of
media usage (e.g., Coombes et al., 2016).
Publication Type

Eligible studies had to be articles published in peer-reviewed journals or conference
proceedings. Reviews, meta-analyses, reports, as well as all theses were excluded.
Language

Only studies written in German or English were selected. Studies written in other languages
could not be considered for the synthesis (e.g., Ada et al., 2016).
Measures

Eligible studies had to use quantitative methods and provide sufficient statistical information
to calculate effect sizes (e.g., sample size, t-value or F-value). Qualitative research, e.g.,
observational studies, and studies that did not report required statistical parameters were excluded.
Literature Search

The literature search period lasted from February 2020 until December 2020. The goal was a
broad literature sample to avoid missing important findings. Thus, several psychological, medical,
and computer science databases were consulted, namely PubMed, ProQuest, IEEE, ACM, Web of
Science, EBSCOhost, and Google Scholar. Six research assistants, as well as the first author,

conducted the literature search following a literature search manual.
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To identify as many relevant studies between 2015 and 2020 as possible, the following
search terms were used: ‘Game-based learning’, ‘Simulation game’, ‘Serious game’, ‘Educational
game’ and each search term was also combined with ‘training’, ‘learning’ and ‘education’,
respectively. Every database had special search settings to consider during the literature search. If
possible (e.g., in ProQuest), a filter for peer-reviewed journals as well as Boolean search with
“AND” (e.g., EBSCOhost) was used. If there were many hits for one search term, additional filters,
e.g., ‘undergraduate’, ‘patient’, ‘employees’ and ‘disorder’ were applied to make the search more
efficient.

Selection Process

Following Clark et al. (2016), eligible studies were selected following a three-step procedure
based on a manual that contained the eligibility and exclusion criteria. In the first step, studies were
selected by screening the titles in different databases. Thereby, a liberal approach was used and only
studies were rejected that hit an exclusion criterion or were clearly irrelevant to answering the
objectives of the analysis. In total 7,013 studies were selected in the first step. Altogether, 859
studies were selected from /EE, 632 from PubMed, 866 from Google Scholar, 59 from ACM, 2,625
from Web of Science, 675 from ProQuest and 1,298 from EBSCOhost. All duplicates were removed
afterwards, and the abstracts of all remaining studies (n = 3,120) were screened to identify further
eligible and ineligible articles. The full texts were considered in a last step to determine the final
study sample for the analyses. After the selection process, N = 36 studies were extracted for the
analyses. All selected studies are marked with an asterisk in the reference section. During the whole
selection process, the first author was consulted in case of uncertainty regarding a study’s
eligibility. Figure 2 shows the flow chart for the selection process and the reasons why certain

studies were not selected for the analysis. The category ‘Other reasons’, for example, includes
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studies in which the control group watched the experimental group playing or studies in which the
teacher used the simulation, and the pupils were not allowed to interact with it. Furthermore,
approaches that used just one game element rather than a complete game also joined the ‘Other
reasons’ category.
Coding Procedure

The coding occurred after the selection process, by two raters independently following a
coding guideline manual. For each study, the year of publication and study’s location was recorded.
Furthermore, processing included extracting the number of conditions and descriptive sample
information (e.g., number of participants, mean age) and assessing participants’ grade level. The
number of training sessions, any additional non-game instruction (1 = yes, 0 = no) and the duration
of the intervention were coded. For each study, the raters determined whether the intervention
consisted of a serious game (coded with 1), a simulation (coded with 2) or a mix (coded with 3), the
mode in which the participants played (1 = single player, 2 = multiplayer, 3 = mixed) and whether
the game was competitive (1) or not (0). Coding also included further learning-environment
characteristics, like dimensionality (1 = mixed, 2 = 2D, 3 = 3D), visual realism (1 = schematic, 2 =
cartoon, 3 = realistic, 4 = mixed), narration (1 = yes, 0 = no) and the corresponding content domain.
Moreover, coding included whether the players had an avatar with which to play (1 = yes, 0 = no)
and non-player-characters (digital agents) with which to interact (1 = yes, 0 = no). All reported
statistical parameters (e.g., F-value, p-value, degrees of freedom) were extracted to enable the
calculation of the corresponding effect sizes, if necessary. With two raters and all coded variables
nominally scaled, calculating the inter-rater reliability (Cohen’s Kappa) assessed rater agreement
while considering random agreements (Cohen, 1960). Based on conventional standards, values for

Cohen’s Kappa larger than .75 represent very good agreement, values between .60 and .75 are good,
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values between .40 and 60 are acceptable and values lower than .40 are not acceptable (Landis &
Koch, 1977). For all coded variables, Cohens Kappa was between k = .35 and k = .76, depicting a
variation of the rater agreement from ‘low’ to ‘very good’. Due to the low congruence for playing
mode (k = .43) and visual realism (x = .37), a third rater was consulted to rate the variables in
question again. Hence, they achieved at least moderate agreement in all variables with a mean
agreement of k = .57.

Table 1 represents the particular inter-rater reliabilities in detail. Discussion with the first
author until consensus was reached solved all remaining disagreements.

To categorize the different learning outcomes (cognitive, metacognitive, affective-
motivational) for each study result, seven experts from an educational science department with
expertise in self-regulated learning and its cognitive, metacognitive, and motivational components,
were requested to estimate the learning outcomes for each study result. In total n = 57 cognitive
learning outcomes, n = 5 metacognitive learning outcomes and n = 27 affective-motivational
learning outcomes were observed.

Effect Size Measures

If reported, the pretest-adjusted posttest effect sizes for the outcomes of interest were
extracted directly from the studies. In a first step, all reported effect sizes were converted into
Cohen’s d by using the pooled standard deviation in the denominator to enable the calculation of
Hedges’ g with small sample size correction. If an effect size was missing, the parameter was
calculated from the provided statistical information in the study. After transferring all effect sizes
coherent to Cohen’s d with pooled standard deviation, all outcomes were converted to Hedges’ g,
corrected for small-sample bias. According to Cohen (1988), values smaller than .50 are interpreted

as small, values between .50 and .80 as medium and values greater than .80 as large effect sizes.
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However, knowing that this is just a rule of thumb, effect sizes will also be interpreted in relation to
previous meta-analytic results. Some studies provided numerous results that rely on the same
sample, causing dependent effect sizes. To cope with this circumstance, the average effect size was
calculated from the different partial results.
Synthesis Method

In the present meta-analysis, one study was excluded as an outlier due to an unrealistically
high effect size. Thus, the synthesis was conducted with a final sample of n = 35 studies. The
random-effects meta-analysis and meta-regression models to analyze the impact of the moderator
variables were carried out using R (version 4.1.2; R Core Team, 2020) and the metafor package
(version 3.1.43; Viechtbauer, 2010). Due to the fact that game interventions in the selected studies
varied, a random-effects model was fitted to the data and the amount of heterogeneity was estimated
using the restricted maximum likelihood estimator (REML). To assess heterogeneity, the Q-statistic
(Cochran, 1954) and the parameter 12, with its corresponding prediction intervals, were used to
indicate the amount of heterogeneity in the random-effects model. Additionally, the inconsistency
was also specified by using I? (Higgins & Thompson, 2002) and the confidence intervals were
calculated with Wald-type CI. If heterogeneity was detected (i.e., t2> 0), a prediction interval for
the true outcomes was also provided, which considers the intervention effect on the individual study
level. Therefore, it depicts a more accurate way to interpret the results (Riley et al., 2011).
Studentized residuals and Cook’s distances were used to analyze whether studies may be outliers

and examine their influence on the results (Viechtbauer & Cheung, 2010). Studies with a
.05
studentized residual larger than the 100 * (1 — 57 th percentile of a standard normal distribution

were considered potential outliers. Studies with a Cook’s distance larger than the median plus six
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times the interquartile range of the Cook’s distances were assumed to have a huge influence in the
context of the model.

Given that the analyses are based on published articles, it is important to also consider the
influence of publication bias. To analyze whether the sample reflected publication bias, Fail safe N,
which determines the number of nonsignificant studies that must be included in the synthesis to
annihilate a significant effect (Rosenthal, 1979), was calculated, and funnel plots were generated for
a visual examination. Their symmetry was tested with Egger’s regression test (Egger et al., 1997),
using the standard error of the observed outcomes as predictor. An asymmetric funnel plot could be
first evidence for the influence of publication bias. But neither the funnel plot nor Egger’s
regression test is appropriate for detecting and correcting publication bias (Hedges & Vevea, 1996).
In fact, they deal with the influence of small study bias. To cope with this problem, selection
models were calculated, because they take the publication probability into account by weighing the
studies according to their p-value.

Results
Study characteristics

The n = 35 studies represent N = 7,139 participants in total. Participants’ average age was
10.89 years (SD = 2.41), and the data was collected on average in grade six (SD = 2.81). Most of the
studies were published in 2019 (n = 10). Ten studies were carried out in Europe, 6 in America, 16 in
Asia, 2 in Australia and only one study in Africa. Most of the studies came from Taiwan (n = 6).

Table S2 (online only) shows further study characteristics, and Table S3(online only)
illustrates an overview of the coded learning-environment factors.
Table S2 (online only) shows further study characteristics, and Table S3(online only)

illustrates an overview of the coded learning-environment factors.
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Results of syntheses

For the synthesis of the overall learning outcomes, the analysis included a total of k = 35
studies. The observed outcomes ranged from -0.56 to 2.03, with 91% of the estimates being
positive. Based on the random-effects model, the estimated average outcome was g = 0.54 (95% CI:
[0.37, 0.72]) and differed significantly from zero (z = 6.04, p <.001). A forest plot showing the
observed outcomes and the estimate appears in Figure S3 (online only).

The true outcomes appear to be heterogeneous (Q (34) = 3626.72, p < .001, 1> = 0.27, =
98.04 %). For the true outcomes, a 95% prediction interval is given at -0.49 to 1.58. Hence,
although the average outcome is estimated to be positive, in some studies, the true outcome may be
negative.

To analyze cognitive learning outcomes, the analysis included a total of k = 29 studies. The
observed outcomes ranged from 0.06 to 2.29, and all estimates were positive. Based on the random-
effects model, the estimated average outcome was g = 0.67 (95% CI: 0.48 to 0.86). Therefore, the
average outcome differed significantly from zero (z = 6.83, p <.001). Figure S4 (online only)
shows a forest plot of the results.

According to the Q-test, the true outcomes seem to be heterogeneous (Q (28) = 3247.18, p <
.001,12=0.27, >=98.16 %) and a 95% prediction interval is given at -0.36 to 1.70. Although the
average outcome is estimated to be positive, in some studies the true outcome may be negative.

Metacognitive outcomes were analyzed with a total of « = 5 studies. The observed outcomes
ranged from -0.56 to 1.14, with most estimates being positive (60%). Based on the random-effects
model, the estimated average outcome was g = 0.32 (95% CI: -0.26 to 0.89) and did not differ
significantly from zero (z = 1.09, p = .276). A forest plot showing the results appears in Figure S5

(online only).
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According to the Q-test, the true outcomes seem to be heterogeneous (Q (4) = 157.12,p <
001, 12=10.42,12=97.62 %). A 95% prediction interval for the true outcomes is given at -1.07 to
1.71. Although the average outcome is estimated to be positive, in some studies the true outcome
may be negative.

Affective-motivational learning outcomes were analyzed with a total of kK = 12 studies. The
observed outcomes ranged from -0.24 to 1.78, with most estimates being positive (75%). Based on
the random-effects model, the estimated average outcome was g = 0.32 (95% CI: 0.03 to 0.61) and
differed significantly from zero (z = 2.14, p = .032). A forest plot showing the observed outcomes
and the estimate is shown in Figure S6 (online only).

According to the Q-test, the true outcomes seem to be heterogeneous (Q (11) =240.30, p <
001, 12=0.25, I> = 97.47 %) and for the true outcomes, a 95% prediction interval is given at -0.70
to 1.34. Although the average outcome is estimated to be positive, in some studies the true outcome
may be negative.

Results of Moderator Analyses

To analyze the potential effects of different moderator variables, meta-regression models
were conducted with the R package metafor (Viechtbauer, 2010). The results follow.
Results for Hypothesized Moderators

Age. The participants’ mean age from each study was considered a continuous variable in
the meta-regression model. No evidence could be found that participants’ mean age influenced the
impact of DGBL interventions (O, (1) =0.25, p =.617). H2.1 was confirmed.

Gender. We considered the studies’ gender distribution by calculating the percentage of
female participants in each study. Information about the participants’ gender was given in n = 23

studies, and n = 12 studies did not provide that information. The percentage of female participants
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ranged from 37% to 62%, with a mean percentage of M = 49.50% (SD = 5.60). The almost even
distribution of males and females did not allow further examination because the differences
between the studies were too small. As a result, H2.2 could not be tested.

Number of Sessions. The number of sessions ranged from 1 session to 50 sessions and,
therefore, was split into quartiles. The first quartile contained studies with up to 2 sessions; the
second quartile included studies with 3 to 7 sessions and the third quartile included studies with 8 to
19 sessions. Based on the quartiles, the categories became 0-2, 3-7, 8-19 and more than 19 sessions.
As Table S4 (online only) shows, the estimated effect size was highest for games with more than 19
sessions, but there was no significant difference between the four categories (O, (3) =1.82, p =
.610). This did not conform with our hypothesis, and H2.3 was rejected.

Competition. As Table S4 (online only) shows, the findings in the current meta-analysis
indicated that DGBL interventions without competitive elements are associated with higher learning
gains than DGBL interventions with competition, but the meta-regression revealed no significant
differences between DGBL interventions with and without competition (Q,,(1) = 0.21, p = .648).
This did not conform with our hypothesis, and H2.4 was rejected.

Dimensionality. As Table S4 (online only) shows, DGBL interventions with mixed
dimensions tended towards the strongest effect, followed by three-dimensional learning
environments and two-dimensional DGBL interventions with the lowest effect. However, the meta-
regression model showed no significant differences regarding dimensionality (O, (2) = 0.86, p =
.651). This did not conform with our hypothesis, and H2.5 was rejected.

Visual Realism. The visual realism was coded using four different categories: schematic,
cartoonlike, realistic, and mixed. The model results (see Table S4 (online only)) revealed a

tendency towards the strongest effect for realistic games followed by cartoonlike and schematic
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games; DGBL interventions with mixed realism had the lowest effect on learning. But the meta-
regression model found no significant differences across the mean effect sizes among the four
categories (Qy,(3) = 3.23, p = .358). This did not conform with our hypothesis, and H2.6 was
rejected.

Narration. As Table S4 (online only) shows, DGBL interventions with narration were
associated with a greater increase in learning than DGBL interventions without narration, but the
two categories do not differ significantly (O, (1) = 0.41, p = .523). This did not conform with our
hypothesis, and H2.7 was rejected.

Avatar. Although the results in Table S4 (online only) suggested that DGBL interventions
with avatars led to stronger effects on learning than DGBL interventions without avatars, the
variable did not moderate the effect of DGBL interventions (QO,,(1) = 0.26, p = .609). This did not
conform with our hypothesis, and H2.8 was rejected.

Digital Agent. Results suggested that DGBL interventions that use digital agents led to
greater learning effects than DGBL interventions without digital agents (see Table S4 (online
only)), but the meta-regression model indicated no significant differences between the two
categories (O (1) =1.99, p = .159). This did not conform with our hypothesis, and H2.9 was
rejected.

Results for Explorative Moderators

Additional Non-Game Instruction. The results indicated, as Table S4 (online only) shows,
that DGBL interventions with additional non-game instruction seemed to be more effective than
DGBL interventions without additional non-game instruction, but the two groups did not

significantly differ (Qy,(1) = 0.44, p = .509).
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Game Type. There was no evidence for a different impact regarding learning gains of
serious games and simulations or mixed designs (Q),(2) = 4.41, p =.110), but there was a trend,
showing serious games as more effective than mixed DGBL interventions and simulations (see
Table S4 (online only)).

Playing Mode. The tendency towards learning effects for mixed-mode DGBL interventions
was the strongest, and games for single players closely followed (see Table S4 (online only)). The
results indicated that DGBL interventions with multiple players have the least effect. Although the
results hint at the superiority of mixed-mode games, the meta-regression model with a dummy
indicator for playing mode revealed no significant differences across the variable (Q,,(2) = 0.78, p
=.677) regarding DGBL intervention effectiveness.

Domain. The investigated studies covered a broad field of domains. The coded domains
included mathematics, science, prevention, history, cybersecurity, literature, and cognitive skills.
The results, that Table S4 (online only) presents, revealed a tendency towards the strongest effect
for DGBL interventions with literature content and the weakest effect for DGBL interventions that
promote cognitive skills. But the findings of the meta-regression model also promote no significant
differences between the domains (Qy,(6) = 10.55, p =.103).

Publication Year. The publication year was considered as a continuous moderator variable
and showed no significant influence (Qy,(1) = 0.61, p = .434).

Country of Data Collection. The countries of data collection were assigned to their
continents, among which no significant differences appeared (O, (4) = 0.20, p = .996).

Reporting Biases
For the overall learning outcomes, an examination of the studentized residuals showed that

no study had a value larger than + 3.19, hence, there was no indication of outliers in the context of
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this model. According to Cook’s distances, two studies (2; 28) could be strongly influential. Fail
safe N was Ny = 20,745. Because this number is higher than the rule of thumb (N> 5 * x + 10;
Fragkos et al., 2014), the effect can be considered robust. A funnel plot of the estimates appears in
Figure S7. The regression test did not indicate any funnel plot asymmetry (z = 0.07, p = .947).

The selection model showed no significant change in the estimate due to a nonsignificant
likelihood ratio test (3% (1) = 0.40, p = .528), indicating no advantage of the adjusted model.

For cognitive learning outcomes, one study (23) may be a potential outlier. According to
Cook’s distances, two studies could have a very strong influence (2; 23). Fail safe N was N =
22,796, which also indicates a robust effect. Figure S8 (online only) shows a funnel plot with the
estimates. The regression test revealed no funnel plot asymmetry (z =-0.28, p =.778). The selection
model indicated no advantage of an adjusted model because of a nonsignificant likelihood ratio test
(x> (1)=3.70, p = .054).

For metacognitive learning outcomes, no study had a residual larger than + 2.58, so no
study was regarded as an outlier. Furthermore, Cook’s distances showed no highly influential
studies. Fail safe N (N = 49) suggested a robust effect. A funnel plot of the estimates appears in
Figure S9 (online only), and there was no evidence of funnel plot asymmetry (z =1.44, p = .151).
The selection model showed no significant change in the estimate due to a nonsignificant likelihood
ratio test (x> (1) = 0.04, p = .845), which indicates no advantage of the adjusted model.

For affective-motivational learning outcomes, Study 9 had residuals larger than + 2.87 and
might be an outlier. Cook’s distances also showed that Study 9 could be overly influential. A robust
effect could be assumed based on Fail safe N (Ng =409). A funnel plot of the estimates is shown in

Figure S10 (online only). The regression test revealed a funnel plot asymmetry (z = 2.15, p = .032),

http://mc.manuscriptcentral.com/rer



oNOYTULT D WN =

RER Page 36 of 65

EFFECT OF GAME-BASED LEARNING IN SCHOOL 36

that could be an indication of publication bias, but the selection model showed no significant
change in the estimate due to a nonsignificant likelihood ratio test (x> (1) = 0.07, p = .794).

In summary, no evidence of publication bias was revealed in the sample for all learning
outcomes.

Discussion

Summary and interpretation of findings

The aim of the current meta-analysis was to examine the impacts DGBL interventions have
in the school context, compared to traditional instruction methods. Furthermore, we analyzed
whether different personal, environmental, or confounding factors influence the effectiveness of
DGBL interventions. Based on the Integrated Design Framework of Playful Learning (Plass et al.,
2015), cognitive and affective-motivational learning outcomes were included in the analyses and
extended by considering metacognitive learning outcomes. With this approach, the current meta-
analysis contributes to the replication of prior meta-analyses on the one hand and, on the other hand,
extends the knowledge about DGBL interventions in the school context. The examination of
metacognitive learning outcomes as well as avatars and digital agents as moderators were, to the
knowledge of the authors, not considered in meta-analyses before. Unlike prior meta-analyses, the
current meta-analysis focuses on pupils as a more specific target group which makes the results
easier to generalize for the school context. The examination of DGBL interventions only in the last
five years considers the rapid technologic development and enables a better comparability of the
interventions used. Furthermore, the current meta-analysis contributes to theory-based research by
deducing the examined learning outcomes on basis of the underlying theoretical model which
increases the external validity of the current findings. Moreover, the aggregation of different study

results leads to a higher validity which makes a meta-analytic approach superior to a single study.
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For overall learning, a medium effect for DGBL interventions was revealed, confirming the
assumption that DGBL interventions lead to improved learning compared to traditional instruction
methods (H 1.1). This result is in accordance with previous meta-analytic evidence (e.g., Clark et
al., 2016; Wouters et al., 2013), which suggests an advantage of DGBL interventions over
traditional instruction methods. Hypothesis 1.2, the assumption that DGBL interventions improve
cognitive learning outcomes more than traditional instruction methods, was also confirmed. A
medium effect on learning was found for cognitive learning outcomes, accounting for the majority
of studies. This result is in line with Lamb and colleagues (2018), who also found a medium effect
of DGBL interventions on cognitive outcomes (d = .67). The assumption that DGBL interventions
lead to higher metacognitive learning outcomes (H 1.3) could not be confirmed. It remains unclear
whether DGBL interventions have an impact on metacognitive learning outcomes, because there
was insufficient test power, due to a lack of studies (n = 5) that assessed this type of outcome. For
affective-motivational learning outcomes (H 1.4), a small effect of DGBL interventions was
detected, surprising because games are often described as motivating (Ryan & Rigby, 2020) and
could lead to flow experiences (Chang et al., 2017). A reason for this small effect on affective-
motivational learning outcomes could be the broad variability of DGBL interventions with different
game designs. To be motivating, games must be designed thoughtfully (Lee & Hammer, 2011), and
the game designers must ensure that the learning content is well integrated and does not
overshadow the engaging game mechanics (De Freitas et al., 2018). In our sample, it could be
possible that the balance between gameplay and learning was not achieved in every DGBL
intervention, which could have impacted the effect on affective-motivational learning.

The results concerning these hypotheses regarding learning outcomes reinforce the

effectiveness of DGBL interventions, based on the Integrated Design Framework for Playful
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Learning (Plass et al., 2015), and highlight the cognitive and affective-motivational engagement the
model assumes.

In addition to examining of the hypotheses regarding learning outcomes, the influence of
personal, environmental, and confounding moderators was analyzed by using meta-regression
models. Hypothesis 2.1 assumed no age differences for the impact of DGBL interventions and was
confirmed. In the current meta-analysis, participants’ age was not influential regarding the
effectiveness of DGBL interventions. Hypothesis 2.2., the influence of gender in DGBL
interventions, could not be tested because of the balanced distribution of male and female
participants in the included studies.

The number of sessions showed an advantage of multiple sessions on a descriptive level in
the current study, but unlike the studies of Wouters et al. (2013) and Clark et al. (2016), no
significant difference between the different numbers of sessions was found. The current findings
suggest that the number of sessions for DGBL interventions does not have an influence on their
effectiveness. Thus, Hypothesis 2.3, the assumption that DGBL interventions with multiple sessions
lead to greater learning gains, could not be confirmed. Moreover, using competitive or
noncompetitive environments made no difference regarding the effectiveness of DGBL
interventions. Therefore, the assumption that competitive DGBL interventions lead to greater
learning gains (H 2.4) was rejected. Competitive games did not lead to greater learning gains than
noncompetitive games in the current meta-analysis which is surprising, because Abdul Jabbar and
Felicia (2015) identified competition in games in their systematic review ‘as a gameplay element
that could emotionally and cognitively engage players and could have a significant impact on
learning’ (p. 762). Lamb et al. (2018) found a significantly stronger effect for three-dimensional

over two-dimensional DGBL interventions, which the current data could not replicate because no
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significant differences between the dimensions were found (H2.5). Based on the current findings,
the dimensionality of a game which is used as DGBL intervention seems to make no difference in
the effectiveness of DGBL interventions. The same applies to visual realism, narrative, avatars, and
digital agents, for which no moderating effect could be detected (H2.6—H 2.9). A trend exists on the
descriptive level that DGBL interventions with a narrative, avatars and digital agents outperform
DGBL interventions without these features, but with no significant evidence.

For the exploratory research questions, no significant influence of additional non-game
instruction, game type, playing mode, and learning domain appeared. Furthermore, the year of
publication and the country of data collection had no confounding impact on the results.

The unexpected results for the hypotheses and research questions could have been caused by
the sample’s very high heterogeneity. The DGBL interventions may differ too much from each
other, exacerbating the analyses and not leading to meaningful results. Furthermore, some analyzed
subgroups were very small, which could have also prevented detecting significant differences.

Because the basis for the current analyses was published literature, we examined their
robustness and the influence of publication bias. Fail Safe N strengthened the assumption that the
results were robust, and we checked publication bias visually with funnel plots, testing their
symmetry with Egger’s regression test and finding no evidence for asymmetry, except for affective-
motivational learning outcomes. Since these methods do not very accurately detect and correct for
publication bias (Hedges & Vevea, 1996), selection models were used additionally. Hence, the
selection models did not significantly better fit to the data, leading to the conclusion that the current
data showed no publication bias.

Limitations
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Although the present meta-analysis could partially extend the findings of prior meta-
analyses, several limitations must be considered when interpreting the results. Regarding the
literature research, Google Scholar only shows the first 1,000 hits for each search term, which did
not allow an in-depth literature search. Furthermore, the different databases had varying options to
refine the search process, which could have caused a failure to find all relevant studies, always a
possibility when working with data based on a literature search. To minimize the probability of
missing important studies, a broad literature search in different data bases should occur.
Furthermore, since the authors can only read papers in English and German, a language bias in the
data is possible. Inability to include studies in other languages in the synthesis could confound the
results.

Concerning the coding procedure, determining visual realism was based on the graphics in
the papers provided. Depending on the number of photos, deciding to which category of visual
realism the game belongs was not easy for the raters. One cannot rule out the possibility that games
were miscategorized due to a lack of pictures, which would also affect the meta-regression results.

The decision to use the mean of dependent effect sizes for each study could have led to loss
of information in the dataset. However, a multivariate meta-analysis, sometimes suggested as an
alternative procedure, has high costs (e.g., complicated procedure, high dataset requirements) and
its use is controversial. In our opinion, its benefits (e.g., less loss of information) did not balance the
costs, the reason we chose to use the dependent effect sizes’ mean.

Another limitation is the small number of studies assessing metacognitive learning
outcomes—only five studies in the current meta-analysis to analyze the effect of DGBL

interventions on those outcomes. Therefore, the results should be interpreted with caution, and the
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impact of DGBL interventions on metacognitive learning outcomes remains a desideratum on
which prospective studies should focus.

Regarding the moderator analyses, one limiting factor is the unequal distribution of studies
in the analyzed categories. For example, only one study with a mixed playing mode was compared
to 29 single-player games and only 4 multiplayer games. Furthermore, the primary studies did not
provide some information on the moderators, leading to a smaller sample that made the analyses
and the detection of moderator effects more unlikely. Moreover, the considered moderator ‘number
of sessions’ has limited informative value because the number of sessions does not reveal the
duration of the intervention (e.g., five sessions could have occurred in one week or in three weeks).
Future studies should consider the exact duration as a more accurate variable than the number of
sessions. Also, the year of publication is not a very precise variable. If the paper does not mention
it, we do not know when the data was collected. A study published in 2015 could potentially use
data from 2010, which could also influence the results.

Implications and future directions

Despite these limitations, the current study strengthens the assumption that DGBL
interventions are also effective for pupils’ learning, especially for cognitive and affective-
motivational outcomes.

As a practical implication, the findings confirm that DGBL in school provides another tool
for teachers to use in class, to offer variation in learning methods for their pupils. Based on the
current findings, well-designed DGBL interventions could motivate pupils to engage with learning
materials and, therefore, promote their learning process. This could be especially beneficial for
pupils who are bored in traditional learning settings or pupils who have the need either to work

more autonomous or to collaborate with other pupils. Due to the high heterogeneity in the
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classroom, teachers cannot always satisfy all their pupils’ needs. DGBL interventions in the
classroom can be designed to adapt to their users’ needs by, for example, offering exercises with an
adequate difficulty for the user. This could contribute to a learner-centered pedagogy, which
focusses on learners’ needs and enables them to learn at their own pace and to avoid excessive
demands and resignation. In fact, DGBL interventions offer a safe learning environment, which
allows ‘graceful failure' (Plass et al., 2015, p. 261) that promotes experiences of success (mastery
experiences) and could lead to an increased self-efficacy. Cognitive outcomes seem especially
suitable for DGBL interventions, making them an adequate tool for teachers to convey knowledge
to their pupils. Furthermore, DGBL could also occur during distance learning and, therefore, be a
learning solution for pupils who cannot attend school in person, e.g., because of quarantine. Indeed,
pupils need access to digital devices or computers, requiring well-equipped school and home
environments. However, there are still schools which lack the equipment for DGBL interventions.
To improve the possibilities to offer DGBL interventions in the classroom or at home, it should be
the governance’s responsibility to invest in education and, therefore, provide financial support for
schools and families.

Another important factor for the successful implementation of DGBL interventions in school
is teachers’ technology literacy (Marklund & Alklind Taylor, 2016). Studies reveal that teachers are
interested in using DGBL interventions but are often worried whether they have enough knowledge
and gaming literacy to implement DBGL interventions in the classroom (Jong, 2016). This shows
the need to foster the knowledge and self-efficacy to use digital games by integrating the use of
different digital media, including digital games, into the teacher education curriculum.

An implication for research is the revealed lack of studies that analyze metacognitive

learning outcomes, calling for more studies that target those outcomes. Another topic for
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prospective research is that to be motivating, future DGBL interventions need well-integrated
learning content balanced with intrinsic or extrinsic game elements. Game designers must consider
individually which game elements suit the intervention’s learning goals. A general recommendation
for fitting a DGBL intervention to all pupils is not possible because pupils have individual needs
and preferences during learning. Therefore, adaptive games that align with pupils’ needs during the
learning process could be a solution. But the development of DGBL interventions in general, and
especially adaptive games, is time-consuming and costly. If it fits the learning goal, researchers
could make use of publicly available games whenever possible. The question of which game-design
elements cause the positive effects of DGBL is still unclear, and future studies should examine it.
Future DGBL intervention studies should focus on specific game-design elements separately and
compare different game versions.

The impact of DGBL interventions on teacher education would also be interesting to study
in future DGBL intervention research because teachers would gain experience with digital games
and could act as models for their prospective students (Peeters et al., 2014). Also involving the
teachers in acting as a multiplicator could promote the learning with digital games on two different
levels. This means that pupils could acquire knowledge by playing digital games and learn by
observing and adopting teachers’ behavior.

Furthermore, the results of the current meta-analysis cannot be transferred to all DGBL
interventions in general. They include only games without embodiment, augmented or virtual
reality. Due to the different quality of immersion (Skarbez et al., 2021), they are not comparable to
games that do not use these methods. Therefore, future studies considering DGBL interventions
with embodiment, augmented or virtual reality would be interesting. Given that the current meta-

analysis did not find any moderating effects, a deeper examination of mentioned and additional
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moderators (e.g., intervention duration, device type) could also provide new insights into DGBL

interventions’ effectiveness.
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