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This meta-analysis systematically reviews research on
digital games and learning for K-16 students in light of the
recent NRC report on education for life and work in the
21st century (NRC, 2009). We synthesize comparisons of
game conditions versus non-game conditions (i.e., media
comparisons) as well as comparisons of augmented
game designs versus equivalent standard game designs
(i.e., value-added comparisons). We employed random-
effects meta-analysis with robust variance estimates to
summarize the overall effects of digital gameinterventions.
Meta-regression models were used to assess the possible
moderating effects of participant characteristics,
game condition characteristics, and research quality
characteristics. Findings from the media comparisons
indicate that digital games significantly enhanced student
learning relative to the non-game control conditions.
Findings from value-added comparisons clearly
demonstrate the importance of design beyond medium
when evaluating the impact of digital games for learning.
Media-comparison and value-added analyses underscore
the importance of enhanced assessment techniques and
research reporting going forward. An At-a-Glance Brief
highlighting high-level findings of this meta-analysis is
presented in Appendix A2: Games.

Introduction

In 2006, the Federation of American Scientists issued a
widely publicized report stating that games as a medium
offer a powerful new educational tool (FAS, 2006). The
report encouraged private and governmental support for
expanded research into complex gaming environments
for learning. A special issue of Science in 2009 echoed and
expanded this call (Hines, Jasny, & Mervis, 2009), as have
reports by the National Research Council (Honey & Hilton,
2010; NRC, 2009). These reports acknowledged, however,
the sparseness of systematic evidence for the efficacy of
games as learning tools.

The present meta-analysis synthesized research on
digital games to systematically examine their efficacy
for learning. We focused on research published between
2000 and 2012 in light of the dramatic evolution of
digital games for learning over the past decade. Our
initial analyses attempted to replicate findings from
three recent quantitative meta-analyses that compared
digital games to non-game control conditions. As shown
in Exhibit 1, however, the current study expanded upon
those prior meta-analyses by focusing on an overlapping
but distinct cross-section of the research literature’, thus

1Vogel et al. (2006) and Sitzmann (2011) included simulations, for
example, but differences in eligibility criteria also resulted in the
inclusion of less than 50% of Wouters et al. (2013) studies in the
present meta-analysis (with publication date and our requirement
of pretest-posttest designs accounting for most of the differences in
this case).
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Exhibit 1. Characteristics of recent meta-analyses on games for learning: Overlapping but distinct lenses

Years
included

Learning
environments

Study

Authors
count

Scope

Demographics

Vogel etal. computer games media- 32 1986-2003 adult workforce pretest-posttest
(2006)* a.nd mtgractlve comparison trainees cognitive and attitudinal
simulations
Sitzmann  simulation media- 65 1976-2009 all age groups pretest-posttest, posttest-only
(2011)* games comparison self-efficacy, declarative knowledge,
procedural knowledge, retention
Wouters seriousgames  media- 39 1990-2012 all age groups pretest-posttest, posttest-only
etal. comparison knowledge, skills, retention, and
(2013)*** motivation
Present digital games media- 69 2000-2012 k-16 students pretest-post
Study comparison and cognitive, intrapersonal,and
value-added

interpersonal

*Vogel, Vogel, Cannon-Bowers J., Bowers, Muse, & Wright (2006) analyzed computer games and interactive simulations. “A computer game is
defined as such by the author, or inferred by the reader because the activity has goals, is interactive, and is rewarding (gives feedback). Interactive
simulation activities must interact with the user by offering the options to choose or define parameters of the simulation then observe the newly
created sequence rather than simply selecting a prerecorded simulation” (p.231).

**Sitzmann (2011) analyzed simulation games, which they defined as “instruction delivered via personal computer that immerses trainees in a
decision-making exercise in an artificial environment in order to learn the consequences of their decisions” (p.492).

***Wouters, van Nimwegen, van Oostendorp, & van der Spek (2013) analyzed serious games.“We describe computer games in terms of being
interactive (Prensky, 2001;Vogel et al., 2006), based on a set of agreed rules and constraints (Garris et al., 2002), and directed toward a clear goal
that is often set by a challenge (Malone, 1981).In addition, games constantly provide feedback, either as a score or as changes in the game world,
to enable players to monitor their progress toward the goal (Prensky, 2001). .... In speaking of a serious (computer) game, we mean that the
objective of the computer game is not to entertain the player, which would be an added value, but to use the entertaining quality for training,
education, health, public policy, and strategic communication objectives (Zyda, 2005)” (p 250).

providing an important extension and verification of the
generalizability of earlier findings. Based on these prior
meta-analyses, we predicted that students in digital
game conditions will outperform students in non-game
conditions in terms of learning outcomes (Hypothesis 1).

Whereas prior meta-analyses on this topic have focused
exclusively on comparisons of game conditions versus
non-game control conditions (which Mayer, 2011, calls
media comparisons), the present study also focused on
value-added comparisons. Value-added comparisons
measure the efficacy of a standard version of a game
relative to an enhanced version of that game augmented
in some manner to test a theoretical design proposition

(Mayer, 2011). The present study thus moved beyond
a sole focus on media comparisons to also assess the
contribution of design to learning beyond medium.
We predicted that games with theoretically augmented
designs for learning will outperform standard versions of
those games (Hypothesis 2).

Beyond these two broad hypotheses, the present study
explored the potential moderating effects in media
comparisons of general study characteristics, game
mechanics characteristics, and visual and narrative
characteristics.
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General study characteristics in
media comparisons

Prior research suggests that the following general study
characteristics may be related to learning outcomes
in media comparisons—game duration, presence
of non-game instruction in game conditions, and
player grouping—and therefore we examined these
characteristics as potential moderators in the current
meta-analysis.

With regard to duration of game-play, Sitzmann (2011)
found that media comparisons in which trainees had
unlimited access to the game demonstrated significantly
higher learning gains (relative to the non-game control
conditions) than media comparisons in which the trainee
had limited access to the game. Similarly, Wouters et al.
(2013) found that comparisons in which participants
engaged with the game for only one session did not
result in significant learning gains relative to the non-
game control condition, whereas comparisons in which
participants interacted with the game for more than one
session resulted in significant learning gains relative to
participants in the non-game condition. Based on these
findings, we predicted that comparisons involving more
than a single game-play session, as well as comparisons
involving longer play durations, will be associated with
better learning outcomes relative to non-game conditions.
(Hypothesis 3a). Note that for this hypothesis, as well as
for Hypotheses 3b-3c, 4a-4d, and 5a-5e below, the core
comparisons in the included studies are between the
game conditions and the non-game conditions. Our
hypotheses therefore compare the effect sizes from
one set of comparisons (e.g., games with additional
instruction versus the non-game control conditions) to
the effect sizes from a second set of comparisons (e.g.,
games without additional instruction versus the non-
game control conditions) for significant relationships in
associated effect sizes.

In terms of supplemental non-game instruction,
Sitzmann (2011) and Wouters et al. (2013) both found
that comparisons where game conditions included

supplemental instruction demonstrated
better learning outcomes relative to comparisons in
which the game conditions did not include non-game
instruction. Given the importance of verbalization for
learning (Wouters et al., 2008), and the positive effects of
supplemental instruction on learning observed in prior
meta-analyses, we predicted that game conditions with
non-game instruction will outperform game conditions
without non-game instruction relative to non-game
conditions (Hypothesis 3b).

non-game

In terms of player structuring in game conditions, Vogel
et al. (2006) found significant learning outcomes for
single-player as well as for collaborative conditions in
comparisons to non-game conditions, and reported a
trend toward larger effect sizes with solitary players, but
did not report analyses comparing effect size magnitudes
between the two player structures. Based on the trend
in Vogel et al, and given ambiguity in prior research
on the benefits of collaborative play (e.g., van der Meij,
Albers, & Leemkuil, 2011; Schwartz, 1995), Wouters et al.
(2013) hypothesized that single-user play would result in
better learning than group play. Wouters and colleagues
found, however, that learners who played serious games
in a group learned more than learners who played alone.
Based on this prior research, we therefore predicted
that collaborative game conditions will outperform single-
player game conditions relative to non-game conditions
(Hypothesis 3c).

Game mechanics characteristics
in media comparisons

In addition to exploring general study characteristics, we
also explored whether specific game mechanics were
associatedwithlargereffectsintermsoflearningoutcomes.
Previous meta-analyses on this topic have focused on
whether the learning mechanics actively versus passively
engaged the learner. Sitzmann (2011) found that trainees
in the simulation/game group learned more, relative to
the comparison, when the simulation/game conveyed
course material actively rather than passively. Vogel et al
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(2006) similarly found that traditional teaching methods
outperformed simulations/games when the computer
dictated the sequence of the simulations/games rather
than the students. For the current study, we wished to
explore the role of game and learning mechanics at a
finer grain.

Specifically, we explored broad sophistication of game
mechanics (simple gamification of academic tasks
versus more elaborate game-mechanics), variety of
player actions (focused games like Tetris versus games
like SimCity where players engage in a wider variety of
actions), intrinsic/extrinsic design properties (c.f., Kafai,
1996; Habgood & Ainsworth, 2011), and sophistication of
scaffolding. We predicted that more sophisticated game
mechanics, increased variety of player actions, intrinsic
integration of the game mechanic and learning mechanic,
and more specific/detailed scaffolding will be related to
larger effects on learning outcomes relative to non-game
conditions (Hypotheses 4a-4d).

Visual and narrative game
characteristics in media
comparisons

Results from prior meta-analyses examining the effects of
digital games on learning have yielded inconsistent and
conflicting results in terms of the potential moderating
effect of visual and narrative contextualization. For
instance,Vogel et al.(2006) found no evidence that realism
was associated with larger or smaller effects on learning
outcomes, whereas Wouters et al. (2013) found that the
least realistic (schematic) games were more effective for
learning than cartoon or realistic games. Additionally,
Wouters et al. (2013) found suggestive evidence (p=.09)
that games without narratives outperformed games with
narratives.

One problem with analyses of visual realism, narrative,
or other contextual features of game environments is
that these features are likely intercorrelated. The most
visually realistic games, for example, typically incorporate

a first-person perspective, have more anthropomorphic
game entities, and generally have deeper story lines. We
therefore expanded coding of visual features to include
not only visual realism but also camera perspective and
anthropomorphism. These latter two variables were
not included in prior meta-analyses and are likely to be
correlated with visual realism. The relevance of camera
viewpoint for learning is included due to the numerous
reports that have shown that playing first person
perspective shooter games may lead to improvement on
certain visual cognitive tasks (e.g., Feng, Spence, & Pratt,
2007; Green & Bavelier, 2006; Green & Bavelier, 2007).
Anthropomorphism was included based on numerous
findings suggesting that anthropomorphic features
and motions affect a range of perceptual, cognitive, and
social tasks across various age ranges (e.g., Heider &
Simmel, 1944; Killingsworth, Levin, & Saylor, 2011; Levin,
Killingsworth, Saylor, Gordon, & Kawamura, 2012; Mahajan
& Woodward, 2009).

In addition to including these visual features in our
analyses, we also examined the narrative features of
each game condition. Overarching research on learning
supports the inclusion of narrative context. Brown,
Collins, and Duguid (1989), for example, highlighted
the importance of learning in the context of a larger
activity, while Bransford, Sherwood, Hasselbring, Kinzer,
and Williams (1990) highlighted the power of anchoring
instruction in narrative. Bransford, Brown, and Cocking
(2000) synthesized a broad range of research supporting
these points. In research on games for learning, Malone
and Lepper (1987) hypothesized that the narrative
should be closely integrated with the learning mechanics
to support learning. The role of narrative in games for
learning remains a central focus of the field (e.g., Dickey,
2006; Lim, 2008; Echeverria, Barrios, Nussbaum, Amestica,
and Leclerc, 2012). We therefore examined the relevance
of the narrative to the learning mechanic as well as the
depth and richness of the narrative.

Based on the findings of prior meta-analyses in this field,
we predicted that visual realism, anthropomorphism,
camera perspective, story relevance, and story depth
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will be related to smaller effects on learning outcomes
relative to non-game conditions (Hypothesis 5a-5e). As
mentioned, we also investigated and controlled for the
relationships between these features. In addition, given
the trends observed in prior research, we predicted
that greater overall contextualization will be related to
smaller effects on learning outcomes relative to non-game
conditions (Hypotheses 5f).

Research quality characteristics
in value-added and media
comparisons

Beyond study and game characteristics, we also explored
whether research quality was associated with larger or
smaller effects in the media comparisons and value-
added studies.Prior meta-analyses have noted issues with
the methodological quality of the primary studies in the
games literature (Vogel et al., 2006), and have noted that
the beneficial effects of serious games may be attenuated
in studies with random assignment versus quasi-
experimental designs (Wouters et al., 2013). To explore
research quality characteristics more deeply, we predicted
that comparison condition quality, sufficient condition
reporting, sufficient reporting of methods and analyses,
over-alignment of assessment with game, assessment type,
and study design will be related to learning outcomes in
value-added and media comparisons (Hypotheses 6a-6f).

Meta-Analytic Methods

A meta-analysis is the systematic synthesis of quantitative
results from a collection of studies (Borenstein, et al., 2009)
focused on a given topic.Part of the systematic approach in
a meta-analysis is to document the decisions that are made
regarding the collection of the articles and the steps of
the analysis. In a meta-analysis, articles are included based
on pre-defined criteria and not due to favorable results
found in the article or familiarity with certain authors. This
can help to remove some of the bias and subjectivity that
would result from a less systematic review.

Meta-analysis quantifies results by using effect sizes. Effect
sizes are a measure of the difference between two groups.
In the case of an intervention, an effect size can be thought
of as a measure of the (standardized) difference between
the control group and the treatment group, thereby
providing a measure of the effect of the intervention. Effect
sizes are not the same as statistically significant differences
that are typically reported and determined through the
use of inferential statistics, such as t-tests or analysis of
variance (ANOVAs). A research study, for example, could
have a statistically significant finding, but the effect of that
difference could be minimal. Thus the effect size allows
researchers to determine the magnitude of the impact of
an intervention, not just whether or not the intervention
made a difference. For example, an effect size of 1.00 would
be interpreted as a difference of one standard deviation
between the two groups being compared. Another way
of interpreting a one standard deviation effect size would
be moving a student at the 50th percentile before the
intervention to the 84th percentile after the intervention.

The current meta-analysis employs a recently developed
statistical technique for robust variance estimation in
meta-regression (Hedges, Tipton, & Johnson, 2010; Tipton,
2013). This technique permits the inclusion of multiple
effect sizes from the same study sample within any given
meta-analysis—a common occurrence in meta-analyses
in the educational and social sciences (e.g., Tanner-Smith
& Tipton, 2013; Tanner-Smith, Wilson, & Lipsey, 2013;
Wilson, Tanner-Smith, Lipsey, Steinka-Fry, & Morrison,
2011).This approach avoids loss of information associated
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with dropping effect sizes (to ensure their statistical
independence) and does not require information about
the covariance structure of effect size estimates that
would be necessary for the use of multivariate meta-
analysis techniques (see the full report for more details
and Tanner-Smith & Tipton, 2013, for a discussion).

Inclusion and Exclusion Criteria
Digital game

Eligible studies were required to include at least one
comparison of a digital game versus a non-game condition
and/or at least one comparison of an augmented game
design versus an equivalent standard game design (but these
two types of comparisons were always analyzed separately).
To be eligible for inclusion, studies were required to explicitly
designate the environment as a game, and the term game
or games needed to appear in the abstract or title of the
report. A digital game was defined for the purposes of the
present meta-analysis as a digital experience in which: (1) the
participants strive to achieve a set of non-trivial fictive goals
within the constraints of a set of rules that are enforced by
the software; (2) the participants receive feedback toward the
completion of these goals (e.g., score, progress, advancement,
win condition, narrative resolution);and (3) the participants are
intended to find some recreational value in the game. Hybrid
augmented reality games that used digital platforms to create
games in physical space were eligible, but physical games
without a digital platform were excluded (e.g., board games).
Games that focused exclusively on teaching youth to create
or program games were not included for the present analyses
because these approaches were considered distinct (and
potentially more powerful) in light of their closer alignment
with design-based learning (e.g., Kafai, 2006).

Participants

Eligible participant samples included students in
grades K-16, ages 6 to 25. Participants were required to
be students in a K-12 institution, or students enrolled
in a postsecondary educational institution. Studies of
participants beyond the K-16 grade range were not
eligible for inclusion. Studies focusing on samples

from specific clinical populations of students were also
excluded (e.g., autism spectrum).

Research designs

Because the goal of the meta-analysis focused on
making causal inferences regarding the effects of digital
games on learning, only those studies using randomized
controlled trial and quasi-experimental research designs
were eligible for inclusion.

Learning outcomes

Eligible studies were required to measure information on
at least one eligible outcome related to “learning” aligned
with the recent NRC report on Education for Life and Work:
Developing Transferable Knowledge and Skills in the 21st
Century (Pellegrino & Hilton, 2012). This report categorized
learning into three broad domains: the cognitive,
intrapersonal, and interpersonal domains. The cognitive
domain includes cognitive processes and strategies,
knowledge,and creativity.The intrapersonaldomainincludes
intellectual openness, work ethic and conscientiousness,
and positive core self-evaluation. The interpersonal domain
includes teamwork, collaboration, and leadership.

Publication type

To reflect the current state of digital game design, eligible
studies were required to have been published between
January 2000 and September 2012 in a peer-reviewed
journal article. Restricting eligibility to publications in
peer-reviewed journals was selected to provide consistent
sampling across the diverse fields and databases covered
in the literature search as outlined in the Search Strategies
section below. Nonetheless, to be sensitive to any biases this
may have created in our study set, we conducted extensive
sensitivity analyses to assess for the possibility of publication
bias, as outlined below in the Data Analysis section.

Study site and language

Eligible studies were those published in English (although
eligible studies need not be conducted in English or in an
English speaking country).
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Effect sizes

Eligible studies were required to report sufficient
information needed to calculate both pretest and posttest
effect sizes on at least one measure of learning and the
variables involved in the effect sizes had to have a known
direction of scoring (i.e.,, whether high or low values
represent favorable or less favorable results).

Search Strategies

Comprehensive literature searches involve a balance
between precision (retrieving only studies that are likely
to meet the subsequent eligibility criteria) and sensitivity
(retrieving all studies that might possibly meet subsequent
eligibility criteria by not inadvertently missing any studies
at the database search stage). We wanted to maximize
sensitivity in our search. Our database search criteria
therefore simply specified that the term game or games
needed to be included in the abstract or title. All other
potential search terms were deemed likely to eliminate
otherwise eligible studies. Because research on games for
learning spans many fields including engineering, computer
science, medical, natural sciences, and social sciences, we
searched the following hosts/databases: IS| Web of Science
(SSI, SSSI); Proquest (ERIC, PsycINFO, Soc Abstracts, Social
Services Abstracts); PUbMED; Engineering Village (Inspec,
Compendex); and |IEEE Xplore. We also hand checked the
bibliographies in narrative reviews and meta-analyses.

Coding Procedures

Coding occurred in two stages: at the eligibility stage and
the full-study stage. Eligibility coding first occurred at the
title level, where two research assistants independently
screened all titles identified in the literature search to
eliminate clearly ineligible reports (e.g., reports in non-
English languages) or publications that reported on
games that were clearly irrelevant for the current study
(e.g., discussion of the Olympic Games, sports injuries,
or investigations of game theory in psychology and
€conomics).

Eligibility coding next occurred at the abstract level,where
remaining abstracts were independently screened by
two research assistants. All research assistants were first
trained on a randomly selected subset of 100 abstracts,
which were discussed until 100% consensus was reached
with the entire group. The remaining abstracts were
screened independently by two research assistants, and
any disagreements were resolved by one of the authors.
If there was any ambiguity about the potential eligibility
of a report based on the abstract (or title, when abstracts
were not available), we erred on the side of inclusivity and
retrieved the full text report for final eligibility coding.

The final stage of eligibility coding occurred at the full-
text level, in which all reports previously identified as
potentially eligible at the abstract level were screened
for final eligibility. At least two research assistants
conducted independent full-text screening of each
article,and any questions about eligibility were resolved
by consensus with one of the study authors. The reason
for ineligibility was recorded for each report, using the
criteria outlined above.

Studies that were deemed ineligible at the full text level
were not coded further. Studies identified as eligible
at the full text level progressed to full-study coding,
in which two of the study authors coded all game and
non-game condition characteristics while two research
assistants independently extracted information about
the studies, participants, research conditions, and effects
sizes. Any discrepancies in the coding were discussed
in person and resolved via consensus between coders
and at least one of the study authors. For all coding
procedures, coders entered data directly into a FileMaker
Pro database using computer screens tailored to the
coding items. Effect size calculations were built into the
data entry screens, thereby minimizing the possibility of
error in effect size calculations.
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Results
Literature Search

All literature searches were conducted in September
2012. Figure 1 outlines the eligibility coding for the
61,887 reports identified in the literature search. A
majority of reports were initially screened out at the title
level (n = 57,701). We next screened the resulting 3,141

abstracts for eligibility for coding at the full report level.

We then screened the resulting 1,040 reports in full text
to determine final eligibility status. Most of the reports

Figure 1. Study Identification Flow Diagram

Journal Articles Identified
(n=61,887)

ISI Web of Science:
Proquest:
PubMED:

Engineering Village:

IEEE Xplore:

Identified in reference lists:
Gross Total:

Duplicates Deleted in Endnote:

Full Texts Screened for Eligibility
(n=1,040)

Coded & Analyzed

(Reports =70)
(Study Samples = 69)
(Journal Articles = 68)

—

were ineligible for inclusion in the meta-analysis due to
inadequate research designs (i.e, many were concept
pieces that did not empirically examine the effect of a
digital game or conduct comparisons across conditions).
After screening the full text articles, 69 unique study
samples included in 70 reports from 68 journal articles
ultimately met the eligibility criteria and were included
in the final meta-analysis (Figure 1). These 69 study
samples provided information on a total of 6,868 unique
participants. Citations for the 68 journal articles are
included in a separate reference section.

Titles Excluded
(n=57,701)
Abstracts Excluded
(n=3,141)
Irretrievable Citations
(n=5)
Not Eligible
(n=970)
Literature review: 32
Ineligible research design: 767
Ineligible participant population: 67
Ineligible game/intervention: 40
Ineligible outcome type: 19
Ineligible language/publication year: 16
Ineligible effect size info 29
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Overarching Media-Comparison
and Value-Added Findings

All meta-analyses were estimated using robust variance
estimates and could include multiple effect sizes from
each study sample. Please see full report for complete
analyses and statistics.

Hypothesis 1: Students in digital game conditions will
outperform students in non-game conditions in terms
of cognitive, intrapersonal, and interpersonal learning
outcomes. Fifty-seven studies included comparisons
of digital game interventions versus other non-game
instructional conditions (i.e., media comparisons). Overall,
results indicated that digital games were associated with
a .33 standard deviation improvement relative to control
conditions, even after adjusting for baseline differences
in achievement between groups.Thus, the analyses show
that digital games conditions were on average more
effective than the non-game instructional conditions
included in those comparisons.

These findings generally confirm and parallel the overall
findings of Vogel (2006), Sitzmann (2011), and Wouters
et al. (2013) in terms of learning outcomes. The present
meta-analysis does diverge with the Wouters et al. (2013)
finding that game conditions and non-game instructional
conditionsdid notsignificantly differin termsof motivation
outcomes. In the current meta-analysis, motivation was
incorporated within the intrapersonal learning outcome
domain (as outlined in the NRC report on education
for life and work in the 21st century), but intrapersonal
outcomes also included intellectual openness, work
ethic and conscientiousness, and positive core self-
evaluation.Thus the findings of the current meta-analysis
do not disconfirm the motivation findings of Wouters et
al., but do demonstrate that game conditions support
improvements in intrapersonal learning outcomes
relative to non-game instructional conditions.

Hypothesis 2: Games with theoretically augmented
designs for learning will outperform standard versions of
those games. Twenty studies included comparisons of
augmented versions versus standard versions of digital

games (i.e., value-added comparisons). Overall, results
indicated that augmented game designs were associated
with a .37 standard deviation improvement in learning
relative to standard versions, even after adjusting for
baseline differences in achievement between groups.This
finding highlights the importance of design in learning
outcomes.

Furthermore, the largely overlapping confidence
intervals around the mean effect sizes from the media-
comparison and value-added analyses suggest that the
findings for the media-comparison and value-added
analyses of an augmented versus a standard version were
similar in magnitude. This suggests that the design of an
intervention is associated with as large an effect as the
medium of an intervention. Although this finding may
appear common-sense, the role of design is often de-
emphasized in debates over whether digital games are
“better” or “worse” than traditional instruction. It is critical
to consider this finding when interpreting the media-
comparison analyses.

General Study Characteristics in
Media Comparisons

Hypothesis 3a: Comparisons involving more than a single
game-play session, as well as comparisons involving longer
play durations, will be associated with better learning
outcomes relative to non-game conditions. Consistent
with the results reported by Wouters et al. (2013), we
found that (a) game conditions involving multiple game-
play sessions demonstrated significantly better learning
outcomes than non-game control conditions and (b)
game conditions involving single game-play sessions did
not demonstrate significantly different learning outcomes
than non-game control conditions. We then conducted
analyses of game-play duration (treating total gameplay
duration as a continuous moderator variable), but we
found no evidence of a consistent correlation between
total duration and effects on learning outcomes.

Taken together, these findings may reflect a memory
benefit of spaced learning as compared to massed
learning in game contexts.Longer play durations may thus
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enhance learning, but only when sessions are adequately
spaced.Alternatively,the distinctionin findings may simply
suggest that (a) a single session is not sufficient but (b)
the multiple-session game conditions were being played
longerthan neededto achieverelevantlearning outcomes
in most studies. Games were played for an average of 347
minutes (or almost 6 hours). It may be that students in the
studies tended to learn the key ideas relatively quickly
from the perspective of the assessments utilized in those
studies. From this perspective, future research would be
desirable to determine whether longer durations of game
play are associated with better performance that would
be detected by deeper assessments of student learning.

The relationships to Sitzmann’s (2011) findings are more
difficult to interpret because Sitzmann focused on a
different contrast. Sitzmann compared unlimited access
to the simulation/game versus restricted access to the
simulation/game. Gains relative to control conditions
were significantly greater for the group with unlimited
access. Sitzmann'’s finding may connect more directly to
research on increased learner control, which has proven
important in prior meta-analyses and broader research
on motivation to learn (c.f., Pintrich, 2003).

Hypothesis 3b: Game conditions with non-game instruction
will outperform game conditions without non-game
instruction relative to non-game conditions. Additional
non-game instruction was not significantly associated
with larger or smaller effects for game conditions
in media comparisons. These findings diverge from
Sitzmann (2011) and Wouters et al.(2013), who found that

supplemental non-game instruction supported learning.

One possible explanation for this difference involves how

“additional instruction” was coded across meta-analyses.

Both Sitzmann (2011) and Wouters et al. (2013) may have
used a much more stringent definition for “additional
instruction”In the present meta-analysis,game conditions
were coded as including any additional non-game
instruction (whether integrated or not) if players were
exposed to a learning context that was likely to provide
them with additional topic-relevant information (such as
spending days in typical classroom instruction). Based on
Wouters and colleagues’ example of “inclusive” studies

(i.e., those including additional non-game instruction),
it is possible that only studies that explicitly stated that
players received additional domain-relevant instruction
were coded as such. This might suggest that additional
teaching or activities specifically designed to supplement
game content as part of an integrated experience can
increase learning, but that unintegrated supplemental
teaching on a topicis unlikely to contribute to larger gains.

Hypothesis 3c: Collaborative game conditions will
outperform single-player game conditions relative to
non-game conditions. When controlling for game
characteristics, gains from single-player games without
competition and gains from collaborative team
competition games exceeded those from single-player
games with competition. These findings partly parallel
the findings of Wouters et al. (2013), but may elaborate
upon their findings.Wouters et al.found that collaborative
play was generally more effective than individual play.
Our findings suggest that collaborative games may not
be more effective for learning than single player games,
but instead suggest that games with competitive single-
player structures are least effective.

This explanation would align with research on motivation.
The motivational support of self-efficacy for certain
students in a single-player competitive structure is
necessarily a failure to support other students (because
one student’s gain necessitates another student’s loss).
Several models of motivation suggest that self-efficacy
is a critical variable in motivation to learn (e.g., Bandura,
1997; Pintrich, 2003; Schunk, 1991). This explanation,
however, does not account for the higher learning gains
from single-player games without competition over those
observed for multiplayer/massively multiplayer game
conditions. Another explanation may simply be that the
other features of the games and assessments were not
equivalent across the player structure categories. Caution
is critical given the small number of studies involved in
all of the categories except the category of single-player
without competition.
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Game Mechanic Characteristics
in Media Comparisons

We predicted that more sophisticated game mechanics,
increased variety of player actions, intrinsic integration of the
game mechanic and learning mechanic, and more specific/
detailedscaffolding will berelatedtolargereffectsonlearning
outcomes relative to non-game conditions (Hypotheses
4a-4d). The comparison of broad design sophistication
(Hypothesis 4a) demonstrated that simple gamification
as well as more sophisticated game mechanics can prove
effective. Future research and analyses should explore
whether or not the “simple gamification” studies (e.g.,
games that simply add contingent points and badges to
learning activities) more frequently focus on lower-order
learning outcomes as compared to studies with more
sophisticated game mechanics. Regardless, these results
support the proposal that simple gamification can prove
effective forimproving certain types of learning outcomes
(as suggested by Charles, Bustard, & Black, 2011; Lee &
Hammer, 2011; Sheldon, 2011). These findings parallel
those regarding variety of game actions (Hypothesis 4b),
in which significant learning outcomes relative to non-
game control conditions were observed for all levels of
action variety with no significant differences between
them.

The present meta-analysis is largely silent with regard to
intrinsic versus extrinsic design (Hypothesis 4c) due to the
factthatonly one study involved a fully extrinsic condition.
Regarding the nature of scaffolding (Hypothesis 4d), each
category of scaffolding demonstrated significant effects
on learning relative to non-game control conditions,
and higher levels of scaffolding were associated with
higher relative learning outcomes than lower levels of
scaffolding. Enhanced scaffolding also showed significant
effects on learning outcomes in the value-added analyses.
Taken together, these findings suggest that current
approaches and designs to enhance scaffolding have
proven successful, providing a productive foundation for
ongoing work on enhancing scaffolding in games (e.g.,
Barzilai & Blau, 2014).

Visual and Narrative Game
Characteristics in Media
Comparisons

Based on the findings of prior meta-analyses in this field,
we predicted that visual realism, anthropomorphism,
camera perspective, story relevance, and story depth will
be related to smaller effects on learning outcomes relative
to non-game conditions (Hypothesis 5a-5e) as will overall
aggregate contextualization (Hypothesis 5f). The influence
of individual visual and narrative game characteristics
(Hypotheses 5a-5e) proved highly intercorrelated. An
aggregate contextualization variable created from these
game features (Hypothesis 5f) demonstrated a small
but significant negative relationship with learning gains
overall. Our findings parallel the findings of Wouters et
al. (2013), (1) showing that schematic games were more
effective than cartoon-like or realistic serious games
and (2) supporting the non-significant trend observed
in their study suggesting that games with no narrative
might be more effective than games with narratives.
More tangentially, our findings also suggest a possible
parallel to findings from Sitzmann (2011) showing that
the entertainment value of the simulations and games
did not significantly affect learning outcomes.

On the surface, these contextualization findings conflict
with research and theory highlighting the value of
situating learning in context (e.g., Bransford, Sherwood,
Hasselbring, Kinzer, and Williams, 1990; Brown, Collins, &
Duguid, 1989). Mitigating this interpretation, however,
is the fact that almost all of the studies included in the
present meta-analysis involved immediate posttests.
The arguments for situating learning in context focus
on supporting students in developing deep, durable,
integrated understanding that students can apply across
contexts (essentially the opposite of an immediate
focused posttest). We therefore interpret our findings as
potentially highlighting (a) the challenges of designing
rich contexts that support learning without obscuring
key relationships and (b) the importance in future
research of assessments designed to measure the deeper
understanding highlighted in research on situated
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cognition and learning (e.g., Bransford, Brown, & Cocking,
2000). This shift in assessment is especially important
in light of theoretical propositions suggesting that the
greatest strengths of digital games as a medium involve
their affordances for supporting higher-order cognitive,
intrapersonal, and interpersonal outcomes (e.g. Gee,
2007;Squire, 2011).

Research Quality Characteristics
in Value-Added and Media
Comparisons

To explore research quality characteristics more deeply,
we predicted that comparison condition quality, sufficient
condition reporting, sufficient reporting of methods
and analyses, over-alignment of assessment with game,
assessment type, and study design will be related to
learning outcomes in value-added and media comparisons
(Hypotheses 6a-6f). Few studies met all four study-design-
independent quality variables for Hypotheses 6a-6d,
supporting claims that overall rigor needs to be increased
in research on games for learning. That said, results from
moderator analyses indicated that few study quality
variables (design-independent or design-dependent)
were highly correlated individually with the effects
of digital games on learning outcomes in the media-
comparison or value-added analyses (Hypotheses 6a-6f).
This provides additional confidencein our effect estimates
and suggests that findings were not unduly biased by
individual study quality variables. Further discussion is
merited, however, for one design-independent variable
(control condition quality) and both design-dependent
variables (assessment type and research design).

Control condition quality

Sitzmann (2011) found that trainees learned less from
simulations/games relative to control groups when the
control groups received an active learning experience.
Wouters et al. (2013) found the opposite. Wouters
and colleagues found (a) that serious games did not
improve learning more than passive instruction and (b)

that the benefits of serious games were significantly
larger relative to mixed instruction control conditions
as opposed to passive instruction control conditions.
Most of the comparison conditions in the present meta-
analysis were active or mixed, and we found a significant
negative relationship between non-game comparison
condition quality and learning gains.Restricting the meta-
analysis to only those studies with medium or better
comparison condition quality (thus weeding out “straw-
man” comparisons) reduced the effect size from .33 to .28
(although remaining significant).

These findings further underscore the importance of
design (and careful reporting of that design) for both
game and non-game conditions. Media-comparison
research often highlights medium while placing less
emphasis on the design of the game and control
conditions. Many of the media comparison studies in
the present meta-analysis, for example, underspecified
(or didn't specify) the nature of the game and/or control
interventions. As research on games shifts toward closer
analysis of role of design, researchers will need to provide
“thicker” descriptions of game and control conditions,
including screenshots, URLs, and detailed descriptions of
the underlying theoretical bases for the chosen designs.
This will require many journals to increase page limits.

Assessment type

There are trade-offs between research questions of interest
and the availability of pre-existing normed instruments.
While pre-existing assessments can clearly enhance
confidence in research quality, these instruments exist
only for certain outcomes. However, the present meta-
analysis found no evidence of a relationship between
assessment type (i.e.,, pre-existing normed instrument,
modification of a pre-existing instrument, or author-
developed instrument) and effect size.The present meta-
analysis also found no evidence of a relationship between
effect sizes and potential over-alignment of assessments.
Given the aforementioned trade-offs and our null result
concerning the impact of normed instruments on effect
sizes,we propose thatrequiring research to rely exclusively
on pre-existing normed instruments would unnecessarily
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limit digital games research. This issue is particularly
relevant for the outcome types most desirable from a
21st century-skills and preparedness perspective, such as
inquiry and leadership, for which normed assessments are
scarce.Furthermore, while over-alignment of assessments
and tasks is not desirable, misalignment is even more
damaging. Researchers should not be discouraged from
choose appropriate assessments based on learning goals,
but should be held accountable for reporting reliability
and validity information for author created or modified
instruments. At present, such reporting is rare.

Research design

Randomized designs are often considered more rigorous
than quasi-experimental designs, but randomized designs
preclude many research questions and populations.
Although there were no significant differences in average
effectsacross randomized and quasi-experimental designs
in the present meta-analysis, observed effects were
notably smaller in the studies using randomized designs.
Follow-up analyses showed, though, that differences in
game characteristics between games in studies using
randomized versus quasi-experimental designs might
partially account for effect size differences across study
designs. The tradeoffs between randomized and quasi-
experimental designs remain unclear.We therefore argue
that researchers should carefully weigh the benefits of
experimental designs in light of fundamental issues of
ecological validity, authenticity, and specific requirements
of the research questions under exploration? In studies
where quasi-experimental designs are implemented,
however, researchers must (a) provide more substantial
information about the attributes of the groups being
compared and (b) account for those attributes in analyses.

2 The authors wish to emphasize that this discussion should in no
way be taken as denying the critical role or relative importance of
qualitative research designs and other quantitative research designs.
We are focusing this discussion in terms of quantitative meta-
analyses.

Caveats and Limitations

This section raises three issues for consideration.
The first issue is commensurability, which should be
considered when interpreting this (or any) meta-
analysis. Meta-analyses assume that the included
pairwise comparisons (effect sizes) represent relatively
standardized or homogenous conditions. In actuality,
this is not the case even in settings that might appear
highly standardized. Even meta-analyses of medical
research, for example, involve difficult balancing acts
in terms of commensurability. Jiini, Witshci, Bloch, and
Egger (1999) described these hazards in great detail in
their Journal of the American Medical Association article.
Commensurability issues pose even greater challenges
when aggregating studies of learning and education,
where variations across contexts, interventions, and
approaches are more extreme.

The present meta-analysis explored only the specific
game designs and methodological choices included
in the constituent studies. Furthermore, as outlined in
Table 1, this meta-analysis included a distinct cross-
section of studies relative to other recent meta-analyses.
Thus, while meta-analyses aggregate research conditions
into categories that sound highly generalizable, the
included research conditions do not fill or equally
represent the entire domain suggested by the categories.
Neither this nor any other meta-analysis can thus account
for all possible design approaches or the implementation
quality of those approaches.

We therefore do not suggest that future research and
design should focus only on the characteristics and
mechanics that outperformed others in this meta-
analysis.Instead, if designs around a specific characteristic
demonstrated lower learning outcomes, then other
designs should be investigated if that characteristic
is considered critical. We argue that this implication is
particularly salient regarding our findings for visual and
narrative contextualization, where overarching research
supports situating cognition in terms of transfer and
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deeper understanding (c.f., Bransford, Brown, & Cocking,
2000), but the findings of this meta-analysis underscore
challenges in terms of design implementation.

In addition to commensurability of game conditions,
there are also commensurability issues for non-game
comparison conditions. The studies in the present meta-
analysis generally compared targeted game interventions
to traditional or typical instructional approaches rather
than to optimized learning activities. Thus, the findings of
the media-comparison analyses should not be interpreted
as suggesting that game-based instruction is superior to
all learning experiences that could be designed within
traditional media; rather, the findings suggest that the
game-based experiences analyzed in these studies
were superior to the traditional non-game approaches
implemented in the included studies. All forms of media
have particular affordances and constraints that must
be considered in the design of high-quality instruction.
Digital games and traditional instruction necessarily
vary on many dimensions. We therefore argue against
simplistic quotations of findings suggesting that games
universally outperform non-game learning approaches.
The results and comparisons are more complex and
should be acknowledged as such.

The second caveat concerns sample size. Although meta-
analyses can increase statistical power to detect effects by
pooling findings across multiple studies, meta-analyses
are nonetheless sensitive to the number of studies and
estimated parameters in any given model. Analyses
involving small numbers of studies should therefore be
interpreted in light of the limitations to their statistical
power.

Thefinal caveat concerns assessments.Generally speaking,
higher-order cognitive, intrapersonal, and interpersonal
processes and skills prove more challenging to accurately
andreliably measurethanlower-order cognitive processes,
skills, and rote knowledge. These differences manifest
themselves in the heavy skewing of the research that has
been conducted toward lower-order cognitive skills and
immediate posttests. The NRC report on education for

life and work in the 21st century, however, emphasizes a
more distributed focus across outcomes, if not a complete
reversal in emphasis. Furthermore, proponents of digital
games for learning (e.g., Gee, 2007; Squire, 2011) propose
that the greatest strengths of digital games as a medium
involve their affordances for supporting higher-order
cognitive, intrapersonal, and interpersonal outcomes. For
all of these reasons, ongoing development should focus
on accurate and reliable assessment of higher-order
outcomes in order to shift the emphasis and increase the
value of future research.

Role of Design
and Final Thoughts

Much of the research to date on digital games has
focused on proof-of-concept studies and media
comparisons. The present meta-analysis highlights the
importance of questions that ask not if but how games
can support learning. More specifically, the results of the
present meta-analysis parallel those of the recent NRC
report on laboratory and inquiry activities (Singer, Hilton,
& Schweingruber, 2005). Design, rather than medium
alone, predicts learning outcomes. Research on games
and game-based learning should thus shift emphasis
from proof-of concept-studies (‘can games support
learning?”) and media-comparison analyses (“are games
better or worse than other media for learning?”) to value-
added comparisons and cognitive-consequences studies
exploring how theoretically-driven design decisions
influence learning outcomes for the broad diversity of
learners within and beyond our classrooms.
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