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Abstract

Gamification research in educational settings has produced mixed results on student learn-
ing outcomes. Educational researchers and practitioners both struggle with identifying
when, where, and how to use gamification design concepts. The present study provides
findings from a meta-analysis that integrated the empirical, quantitative research on gami-
fication in formal educational settings on student learning outcomes. This was achieved
by examining the overall effect size, identifying which gamification design elements (e.g.,
badges) were used, and determining under what circumstances (e.g., engineering educa-
tion) gamification works. The final corpus of data included 30 independent studies and
associated effect sizes comparing gamification to non-gamification conditions while
accounting for N=3083 participants. The overall effect size using a random-effects model
is g=.464 [.244 to .684] in favor of the gamification condition, which is a small to medium
effect size. We examined 14 different gamification design elements (e.g., leaderboards) and
showed that each leads to different effects on student learning outcomes. Further, the type
of publication (e.g., journal article), student classification (e.g., undergraduate), and subject
area (e.g., mathematics) are also investigated as moderators. We provide a discussion of
our findings, some recommendations for future research, and some brief closing remarks.

Keywords Gamification - Meta-analysis - Student learning outcomes - Game design
features

Introduction

Since its inception in the early 2000s, gamification has grown in popularity and evolved
along with the information and communication technologies (e.g., Internet) that support the
method. Gamification has emerged across sectors (e.g., healthcare) and disciplines (e.g.,
computer science) as a way to engage users in non-game contexts using techniques that are
derived from video game design. While there is no universally agreed upon definition, we
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have adopted the definition provided by Deterding et al. (2011), which states that gamifica-
tion is the “use of game design elements in non-game contexts” (p. 9). Seaborn and Fels
(2015) note that “the inconsistent use of the term ‘gamification’ serves to impede attempts
to define it but also exposes its multiplicity” (p. 18). In this research, we are interested in
the application of gamification to educational situations, thus the “non-game context” here
refers to educational settings. We have observed a steady rise in the number of empirical
studies examining gamification in educational contexts.

Unfortunately, the empirical literature on gamification in education has produced mixed
findings with studies showing results both in favor and not in favor of gamification (Buck-
ley and Doyle 2016; Hanus and Fox 2015; Mekler et al. 2017; Sailer et al. 2017). Fur-
ther, many of the implementations of gamification elements in educational settings have
amounted to mere “pointification”, which only involves the use of points, leaderboards,
and badges (Seaborn and Fels 2015) in educational studies. As noted by Landers (2014),
there are several examples of how other gamification elements (e.g., storytelling) can be
operationalized to engage learners in meaningful learning experiences. Thus, gamification
in educational settings has more potential than that is presently examined in educational
literature.

Some literature reviews of gamification have been broadly conducted in the literature
(Hamari et al. 2014; Seaborn and Fels 2015); however, the empirical findings in educa-
tional settings are still largely mixed. We were able to identify seven systematic reviews
and one recent meta-analysis from the literature. Some of these reviews coded samples
by gamification elements and reported number or percentage of samples used each ele-
ment respectively (Dicheva et al. 2015; Subhash and Cudney 2018; Ortiz et al. 2016); some
reviews reported learning results of badges, leaderboards, narrative, points, and/or levels
in their included samples (Alomari et al. 2019; Antonaci et al. 2019); and one used meta-
analysis (Sailer and Homner 2019), yet it differed in its focus from what is examined here.
Thus, the application of gamification in education is presently in disarray without conclu-
sive evidence of the overall effects of gamification, and, more specifically, which gamifica-
tion design elements and under which situations it works.

Thus, the purpose of this research study is to provide some conclusive evidence of the
application of gamification in educational settings on student learning outcomes. To date,
only a single, recently published meta-analysis attempts to address this concern (Sailer and
Homner 2019). To address this gap, our study provides integrated evidence on the efficacy
of gamification as well as how the construct should or should not be operationalized in
educational settings. Our overarching research questions are:

What effects does gamification have on students’ learning outcomes?
Which gamification design elements are potentially more effective on facilitating the
learning process?

e What other variables moderate the effects of student learning outcomes?

Conceptual framework

Gamification in the present study is the application of the features of video games applied
to formal educational settings. The intent of integrating such game design features into
educational settings is to hypothetically engage students in deeper learning processes and
experiences, optimistically leading to stronger student learning outcomes. While this is not
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an entirely new concept in education, the advent of modern information and communica-
tion technologies (e.g., smartphones) have propelled the concept into a reality in many dif-
ferent types of educational settings. We adopt Landers (2014) theory of gamified learning
to frame the research problem, account for the important educational variables, and opera-
tionalize gamification according to both theory and practice. This theory is visualized in
Fig. 1, and elaborated in this section.

It is important to note that many different theoretical perspectives could be adopted to
characterize the application of gamification to educational settings. Landers et al. (2015)
review many possible theories for gamification in learning, including classical conditioning
theories of learning, expectancy-based theories, goal-setting theory, and self-determination
theory. We selected the theory of gamified learning as our guiding conceptual framework
because it provides a context for thinking about the relationships and outcomes in the
research, and it is welcoming of other theoretical perspectives to support these relation-
ships. Landers’ (2014) theory of gamified learning makes five overarching propositions:

Instructional content influences learning outcomes, and attitudes and behaviors

The absence of quality learning materials coupled with gamification will not have a posi-
tive influence on learning outcomes. “If the instructional content does not help students
learn, gamification of that content cannot itself cause learning” (p. 760). This proposition
is an important reminder to both researchers and practitioners. Quality instructional con-
tent is necessary irrespective of advancements in technology and pedagogical strategies.

Attitudes and behaviors influence learning outcomes

Varying levels of attitudes and behaviors can have a substantial influence on student learn-
ing outcomes. Although the constructs (e.g., intrinsic motivation) may vary across settings,
the educational literature has shown evidence of the important relationships among student
attitudes and behaviors, and student learning outcomes (Hattie 2008). Students that put
forth more cognitive effort, time-on-task, and hold positive attitudes towards a subject will
theoretically have stronger learning outcomes (Richardson et al. 2012).

Game elements influence changes in attitudes and behaviors

This proposition justifies the rationale of gamification (e.g., game elements) on influencing
relevant student outcomes (e.g., motivation) that mediate student learning outcomes. Current

Attitudes and
Game Elements .
Behaviors
Instructional Learning
Content Outcomes

Fig.1 Landers’ (2014) theory of gamified learning
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literature on gamification distinguishes between both intrinsic motivation and extrinsic moti-
vation. Intrinsic motivation is considered to produce higher-quality learning outcomes and
support more creativity in students (Ryan and Deci 2000). Notably, some research on gami-
fication suggests that extrinsic motivators may adversely affect student learning outcomes
(Dominguez et al. 2013; Hanus and Fox 2015).

Game elements affect attitudes and behaviors, which moderate learning outcomes

“When moderation is present, the effect of one construct on another depends upon the value of
the moderating construct” (p. 761). Figure 1 shows instructional content having an influence
on student learning outcomes. With the incorporation of gamification, student attitudes and
behaviors should increase, which should make the relationship between the instructional con-
tent and student learning outcomes stronger, which is a moderating relationship.

The relationship between game elements and learning outcomes is mediated
by attitudes and behaviors

This proposition is the full cycle of the theory of gamified learning, as the influence of gamifi-
cation on attitudes and behaviors (e.g., motivation) indirectly influences student learning out-
comes. In the case of mediation, a mediating variable explains the causal relationship between
two other variables. In this case, gamification is mediated by attitudes and behaviors on stu-
dent learning outcomes.

Landers (2014) delineates among these five relationships (illustrated as lines) in Fig. 1 to
operationalize the nature of gamification in educational settings. Thus, the theory of gamified
learning inspired us to examine three different domains of learning aligned to existing educa-
tional theory (Bloom 1965): (1) behavioral (e.g., time-on-task), (2) affective (e.g., student sat-
isfaction), and 3) cognitive (e.g., student performance on a final exam). The present research
study presents the results from the cognitive domain of student learning outcomes. Further-
more, we seek to better understand the variables that might interact with the notion of gamifi-
cation, such as the classification of the student population (e.g., K-12 versus undergraduates)
and the discipline (e.g., business) under investigation. We seek to understand the conditions
under which gamification works and does not work for specific types of students, disciplines,
learning environments, and more. While many game elements have been described in the lit-
erature and taxonomies have been developed (Bedwell et al. 2012; Wilson et al. 2009), we
propose these game design elements shown in Table 1, along with an operational definition
and an example gamification application. The initial list of these game elements came from
our generalized knowledge based on prior studies and our past design and development expe-
riences. During the screening and coding process, we iteratively modified the list in order to
include all game elements explicitly or implicitly mentioned in the manuscripts. This is by no
means an exhaustive list; however, it does illustrate many of the approaches taken in gamifica-
tion research in educational environments.
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Method
Literature search strategy

We engaged in a systematic literature search across 18 academic databases (ACM Digi-
tal Library, ACS Publications, DOAJ, EBSCOhost, Gale Databases, HEINONLINE, IEEE
Xplore Digital Library, LearnTechLib, NCBI Databases, Ovid, ProQuest, Sage Journals,
ScienceDirect, SpringerLink, Taylor & Francis Online, Web of Science, Wiley Online
Library, World Cat) to cast a wide net for publications for inclusion in the study, espe-
cially since gamification has been applied in several fields for educational purposes. We
used a combination of search terms in Boolean search strings for gamification (gamifica-
tion, gamify, gamified, gamifying), education (assessing, assessment, assessments, impact,
impacts, effect, effects, evaluating, evaluation, comparison, comparisons, comparing, influ-
encing, enhancing, outcome, outcomes, result, results, influence, influences), student (stu-
dent, learner, user, participant, students, learners, users, participants) and effect (learning,
comprehension, satisfaction, motivation, achievement, performance, understanding, out-
come, outcomes, perception, perceptions, result, results, efficacy, self-efficacy, confidence,
expectancy). We didn’t use “*” in search terms because some databases do not accept the
wildcard character.

To narrow the search, we applied these search terms to the titles and abstracts of the
publications to ensure only relevant publications were identified in the search process.
Using this systematic process, we identified 4289 publications across the 18 academic data-
bases, imported all the records into a RefWorks account, and removed duplicate entries,
which resulted in a total of 2719 publications for consideration in the present study.

Inclusion and exclusion criteria

To be included in this meta-analysis, studies had to (1) be published between January 1,
2009 and December 31, 2018 (in press included); (2) clearly identify students as the target
population at any educational level in a formal educational setting; (3) compare a gamifi-
cation intervention to a non-gamification intervention as a between-subject condition; (4)
use a quasi-experimental or experimental research design; (5) primarily focus on students’
learning outcomes, particularly on clearly defined cognitive (e.g., comprehension), affec-
tive (e.g., motivation), and behavioral measures (e.g., time on task); and (6) reported in
the English language. Using these inclusion and exclusion criteria, we filtered the publica-
tions following systematic procedures outlined in the following section. Figure 2 shows
the PRISMA flowchart for our search, identification, screening, coding, and extraction pro-
cesses (Moher et al. 2009).

Identification, selection, and coding

We executed the systematic process for identifying, selecting, and coding the relevant pub-
lications in stages. This process took place in two phases. After the searches, we began
a screening process of the publications with eight members of the research team. First,
we conducted a training meeting to prepare the team members to identify key criteria
(e.g., students in the sample) for classifying a manuscript as qualified, not qualified, or
unsure. As a group, we discussed the inclusion and exclusion criteria and used publica-
tions for examples. After the training session, we classified 20 manuscripts independently
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Fig.2 PRISMA flowchart of present study process

and calculated the Fleiss’ Kappa for inter-rater agreement. The Fleiss’ Kappa was calcu-
lated at .62, which suggests substantial agreement (Landis and Koch 1977). Consequently,
the total list of publications was evenly split among the eight team members and carefully
classified independently using two possible outcomes: include and exclude. We decided
to drop the unsure category and mark unsure publications as include since the subsequent
process of screening the full-text publications would be the same. We selected publica-
tions that used students as research participants and indicated a comparison of at least two
conditions between gamified versus non-gamified educational settings using experimental
or quasi-experimental designs. We purposefully excluded publications using only qualita-
tive methods because they are inappropriate for a meta-analysis. This phase resulted in 118
manuscripts for consideration in phase two.

In the next phase, we carefully read the full-text publications remaining in our dataset
and coded and extracted information in a systematic manner. First, a codebook guide was
developed based on prior literature on gamification and modeled after a meta-analysis on
the flipped classroom instructional strategy (Cheng et al. 2019). The codebook extracted
the following details from each manuscript:
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Author detail information including the authors’ last names and year of publication.
Title of manuscript

Type of manuscript (1-Journal article, 2-Dissertation/thesis, 3-Conference proceeding)
Name of proceeding, journal, etc.

Discipline of the intervention (1-social science, including psychology, education,
2-science, including biology, physics, etc., 3-math, including statistics, 4-engineering/
computing, 5-arts and humanities, 6-health, include nursing and medicine, 7-business,
information systems, 8-other)

e Student level classification (1-K-12, 2-undergraduate, 3-graduate, 4-mixed higher edu-
cation, 5-mixed higher education and K-12, 6-higher education (unknown of classifica-
tion))

Research design used (1-experimental, 2-quasi-experimental)

Domain of the dependent measure (1-cognitive, 2-affective, 3-behavioral)

Learning environment (1 =digital, 2=physical, 3 =blended)

Gamification design features, each coded as a separate parameter (Leadership Boards,
Badges/Awards, Points/Experience, Advancement (e.g., levels), Responsive Feedback,
Narrative/Storytelling, Avatars/Customization, Timed Activity, Collaboration, Compe-
tition, Non-Linear Navigation, Quests/Missions/Modules, Adaptivity/Personalization,
and Performance Graphs) (1 =present, 0 =absent)

e All of the statistical information needed to calculate effect sizes (e.g., n, M, SD)

Our process involved the research team examining the articles in dyads (i.e., two
research team members) to improve coding and reliability. As there were eight members
in our research team, we split into four dyads with each team member possessing advanced
knowledge of quantitative research methods in education. We exercised reliability proce-
dures for all team members by hosting two training sessions in which a random sample of
10 manuscripts were coded by all four dyads using a standard codebook guide. After, the
coding differences were examined and discussed by team members to ensure consistency
in coding practice. We then split up the 118 manuscripts among the four dyads for coding
and effect size extraction. Next, we carefully extracted publication details (e.g., date pub-
lished), gamification moderators (e.g., badges, leaderboards, etc.), and contextual modera-
tors (e.g., education level, discipline, etc.) using the codebook. During the coding and data
extraction process, the four dyads kept in close communication and unified decisions were
made in the event that unique parameters or new questions needed to be addressed by the
full team. Finally, we created a comprehensive table to record the study publication details
(e.g., author and year), stated moderators, and effect size details (e.g., n, M, SD).

Effect size extraction and calculations

Comprehensive Meta-Analysis (CMA) version 3.0 was used to calculate the effect sizes for
the publications identified through our systematic procedures. We employed SPSS version
25.0 to descriptively analyze our dataset. We extracted effect sizes in three domains: (1)
cognitive (e.g., student performance on a final exam), (2) affective (e.g., student satisfac-
tion), and (3) behavioral domains (e.g., time on task). As a reminder, this current study
only shows the results of the cognitive domain, or what we label as student learning out-
comes. There were many effect size comparisons with multiple dependent comparisons in
the same study (e.g., mid-term and final exam). In calculating the effect sizes, we com-
puted only one effect size per study for the cognitive, affective, and behavioral models. As
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noted by Lipsey and Wilson (2001), when a study contributes more than one effect size, it
can lead to statistical dependence, resulting in biased overall effect sizes. Thus, we com-
bined the effect size comparisons by study using the averages in CMA 3.0 as an independ-
ent entity (one per publication). As a reminder, the present study only presents the results
from the cognitive domain, or student learning outcomes according to our conceptual
framework. Our final corpus was a list of k=30 manuscripts and associated effect sizes. As
with any meta-analysis, effect sizes must be standardized before running the analysis. We
chose to use Hedge’s g as the standardized measure of effect size for continuous variables
because Hedge’s g is better than Cohen’s d for adjusting small sample size bias (Boren-
stein et al. 2011). Cohen’s d is the difference between outcome means with respect to the
pooled standard deviations. The pooled standard deviation is calculated based on the stand-
ard deviations in both groups. Hedge’s g and Cohen’s d operate similarly with large sample
sizes, but Hedges’ g has the best properties for small samples, as it is equivalent to Cohen’s
d multiplied by a correction factor J that adjusts for small sample bias.

All data were assumed under random-effects models with an =.05. Borenstein et al.
(2011) suggest random effects models are more appropriate when the effect sizes of the
studies included in the meta-analysis differ from each other. Since the outcomes measures
and gamification environments differed dramatically from study-to-study, we chose to use
the random-effects model in this study. Post hoc subgroup analyses were conducted with
the mixed effects analysis (MEA) as implemented in the CMA 3.0. An effect size of .2
is considered small, .5 is considered medium, and .8 is considered large (Cohen 1992).
To account for the possibility that the current meta-analysis overlooked non-significant
results, the fail-safe N (Rosenthal 1979), which is the number of unpublished studies
needed in order to change the effect size estimate to non-significant, was calculated. Also,
the Orwin’s fail-safe N test was calculated to determine the number of missing null studies
required to bring the existing effect size to a trivial level (Orwin 1983). Publication bias
was evaluated with the fail-safe N procedure, Orwin’s fail-safe N test, and by visual inspec-
tion of the funnel plot.

Results

The final corpus accounted for k=30 independent effect sizes and a total of N=3083 par-
ticipants. The gamification condition accounted for n= 1524 participants, while the non-
gamification condition accounted for n=1559. The resulting sample of empirical gami-
fication studies were published in a wide range of journals, dissertations, and conference
proceedings. These journals ranged from Computers & Education to Australasian Journal
of Educational Technology to Simulation & Gaming. Conference proceedings came from
several sources as well, including IEEE Frontiers in Education Conference and Learning
and Teaching in Computing and Engineering. All of these manuscripts were published
from 2014 to 2018.

Overall effect of gamification on student learning outcomes

Figure 3 illustrates the forest plot for these 30 separate studies in relation to the author(s)
of the study and year, Hedge’s g (sorted by effect size coefficient), the standard error, vari-
ance, confidence interval, Z-value, and p-value. The small boxes indicate the point esti-
mates of effect size in each single study, whereas the horizontal line that crosses each box
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represents the confidence interval for a study’s estimate. If the confidence interval overlaps
with zero, the study is easily identifiable as not statistically significant. The diamond at the
bottom of the plot represents the average effect size after pooling all studies together along
with a confidence interval. As can be gleaned, six of the studies resulted in negative effect
sizes for the gamification condition, one zero effect size, and the remaining studies were in
favor of the gamification condition. However, not all of the positive effect sizes were sta-
tistically significant (e.g., confidence intervals overlapped with zero) with 15 statistically
significant Z-values in favor of gamification. The effect sizes of the studies ranged from
g=—1.6131t0 g=2.622.

The distribution of Hedge’s g was normally distributed as shown in the histogram
in Fig. 4. The overall effect size using a random-effects model is g=.464, which is a
small to medium effect size (Cohen 1992). This overall effect size was statistically sig-
nificant at Z-value=4.136, p <.001 with a 95% confidence interval of .244 to .684. The
observed effect size varies from study to study, but a proportion of variation is expected
due to sampling error. The Q-statistic provides a test of the null hypothesis that all stud-
ies in the analysis share a common effect size (Borenstein et al. 2011). The Q-value
is 245.959 with 29 degrees of freedom and a p-value of p <.001. Thus, we can reject
the null hypothesis that the true effect size is identical in all of the studies. The F is
88.209%, which informs us that the proportion of the observed variance reflects differ-
ences in the true effect sizes rather than sampling error (Borenstein et al. 2011). Hig-
gins and Thompson (2002) suggest that values of I? around 25%, 50%, and 75% can be
interpreted as low, medium, and high heterogeneity, respectively. The I for the overall
model shows a high level of heterogeneity and indicates one or more moderators, other
than sampling error, could account for this heterogeneity in these data. Thus, exploring
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Fig.4 Histogram of effect sizes
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potential moderators in these data to predict and explain the variability is necessary. We
explore possible moderators in the form of different gamification design elements and
contextual factors of the studies.

Gamification design elements

Table 2 provides the effect sizes broken down by the various gamification design elements
discussed in our conceptual framework. The majority of the studies employed leaderboard,
badges/awards, and points/experience. Leaderboards appear to result in a statistically sig-
nificant effect size of g=.358, while those studies not employing leaderboards resulted
in a statistically significant effect size of g=.771. Badges/awards, points/experience, and
advancement/levels all appear to generate comparable statistically significant effect sizes
irrespective of whether the design features were employed or not in the study. Respon-
sive feedback was employed in k=19 of the studies with a statistically significant medium
effect size of g=.509 [.85, .833]. Narrative/storytelling was employed in few of the gami-
fication studies, and does not appear to result in a noticeable difference. While avatars/
customization was only adopted in k=8 studies, an estimated n=1091 participants experi-
enced this design feature.

The use of timed activities in the design of learning environments as a gamification
design feature appears to result in a smaller effect size than other conditions at g=.236,
while the environments not using timed activities boast an effect size of g=.529. How-
ever, the timed activity condition was not statistically significant with the confidence inter-
val overlapping zero, nor was the difference statistically significant. While collaboration
was only used in k=9 of the studies, it resulted in the second highest measured effect size
across the gamification design features at g=.609 [.222, .997] and was statistically signifi-
cant. Although competition as a design feature was used in many studies at k=21, those
studies not employing the variable resulted in a higher statistically significant effect size at
g£=.59. Non-linear navigation and adaptivity/personalization were only used in k=5 stud-
ies, and the differences between the conditions being present versus absent did not result in
statistically significant differences. Finally, the highest noted effect size for a gamification
design feature was observed in the use of quests/missions/modules in the interventions at
g=.649 [.279, 1.02].

Contextual elements in gamification
Type of publication

The type of publication was examined as a potential variable to moderate the effect size
results. As noted, we collected three different types of publications, including journal
articles, conference proceedings, and dissertations/theses. The results of the analyses
are shown in Table 3. As shown, most effect sizes were derived from published journal
articles at k=18. Both journal articles and conference proceedings resulted in compara-
ble effect sizes while dissertations/theses resulted in an overall negative effect size. These
results were significantly different across the three conditions with both journal articles
(Q-value=9.555, p=.002) and conference proceedings (Q-value =6.032, p=.014) being
significantly different than dissertations/theses.

AECT @ Springer



R.Huang et al.

1888

LST I 78C'1 ua9M12q [BI0],
000 1L6'C 06L’ 89T el 6CS’ ¥C €LET Aranoe powrn oN

L8T ¥90°1 0LY 661"~ T 9eT 9 01L Kanoe pauy,

S09 I L9T uaaMIdq [8I0],
100° 8LEE 6L9 081" LTl ocy” (44 661 UoNeZIWoISn/sIejeA ON

820 y0C'C L60T 90 9T 18¢° 8 1601 UONBZIWOISNI/SIBIBAY

896 I 200 ua9M1aq [eI0L,
000 £0S°¢ L soT eel” 124 94 98¢ Sul[[a1£101s/0ANRIIEU ON

Y00 116'C reL’ ser” o1 eLY S 61S Sul[[a1A101S/oADRLIEN

L6S" 1 08T uaaMmIdq [I0],
000 LLY'E 019 00T sor sov’ 11 336 }oeqpady dAtsuodsar oN

00 9L0'¢ £e8’ 318 or 60" 61 8Y1C }oeqPady dAIsuodsay

998" I 620 uoamIaq [e10],
100° 681°¢ scL LT (848 (924 91 (44! S[PAJ[AUSWAOUBAPE ON

L00’ 10LC oWy’ yer I81° 88" 14! 1€81 S[OAQ[JUSWDUBAPY

0s6’ I 00 ua9MI2q [BI0],
000° 166°¢ 668" 6S0° 414 6Ly 9 £0S souanedxa/siutod oN

§eo GeCT 6IL 80T ocr €9 ¥C 08S¢ souatIadxa/sutod

(4% ! LOO uoaM)aq [RI0],
LT0 V1A L06 £50° 81T 08" 8 6¢£S SPIEME/SISPEQ ON

100° 9I¥'e e sel’ yer 8S¥’ [4¢ T6€T spIeme/sospeq

8¢l” I 661°C ua9M1aq [eI0],
S00’ L6L'C 96Tl 98T LT ILL 8 el SpIe0qIopea] ON

00 SITe 809 LoT 8¢l 86¢ €C 6S€T Spleoqiopea]

d p angea-Q d 7z 1ddn 1m0 g 3 ¥ N

Krouagorsioy [eAIOIUT QOUIPYUOD %G6 PUL IZIS 103 H JUQWIO[ UOTIEOYTWELD)

BIEP 9ZIS J09JJ0 SIUSWIAd USISOp UOTEdYIWED) ¢ 3|qe]

pringer

A s



1889

The impact of gamification in educational settings on student...

6L9 I ILT ua9M1aq [eI0L,
100 Leee soL’ s eer vy Y4 £00¢ uonezijeuosiod/Kitandepe oN

820 61T L90°T 090 LST £9¢° S 080T uonezifeuosred/Kiandepy

60¢” I Se0'l u9MIq [BI0],
000 029°¢ 06L SET [44% ers e °6TT sydeis eouruioyrad oN

620 €81°C 98¢” (430 [44% 60¢” 9 I6L sydes3 ooueuriofrod

661" 1 [4°A! uaaMIdq [I0],
810 €LET LTy 090 Syl eve 81 1761 so[npow/suorssiu/sisanb o

100° 9ev'e 020l 6LT 681 6¥9° 4! (449! SO[NPOW/SUOISSIU/S)SANQ)

0S8’ ! 9¢0° u9aMm)aq TeIoL,
000° €9°¢ 0oL 01T ser 9S4 94 ySET UONESIARU TE3UI[-UOU ON

8L0 19L°1 880°1 860" £€6C SI¢” S 6CL UOTIESIABU TeaUI[-UON

Ly 1 LIS u2aM)aq [BI10],
00" VL8'C 66 881" 0T 068" 6 S99 uonnadwod oN

€00° SL6'C €89 ol 8€l” 454 1C 81¢T uonnaduro)

96¢ I ocL usaMm1aq [BI0],
€00’ 8L6'C €LY 6¢l” ocT” 90" 1C 9¢€C uoneIoqerjoo ON

00’ 680'¢ L66 w7 861" 609 6 61L uoneloqerjon

d p anfea-Q) d z ddn 19MO g 3 b N

Kreuadorseq [BAIIUT QOUIPYUOD %G PUR IZIS 109 JUSWIAO UONBIYIIED)

(ponunuoo) zs|qey

pringer

A's



1890 R.Huang et al.

Table 3 Type of publication effect size data

Type of publication Effect size and 95% confidence interval Heterogeneity
N k g SE  Lower Upper Z P Q-value df p
Journal article 1430 18 662 .150 368 957  4.407 .000
Dissertation/thesis 740 7 -.170 223 —.608 268 —.761 .447
Conference proceeding 913 5 666 257 163 1.170  2.593 .010
Total between 10405 2 .006

Subject area of the study

The subject area of the gamification study was also examined as a potential moderating
variable in the present study as shown in Table 4. A great number of studies and partic-
ipants are in the disciplines of the social sciences (k=10, n=813) and engineering and
computing (k=6, n=1104). Several other fields, such as mathematics, healthcare, and
business, appear to have been slower to adopt the use of gamification in their learning envi-
ronments. While the model shows a statistically significant difference across these condi-
tions at Q-value=16.065, p=.025, these results should be interpreted lightly since so many
disciplines have so little representation. Notably, both the social sciences and engineering/
computing have statistically significant effect sizes great than .5 or medium to large effect
sizes (Cohen 1992). Also, arts and humanities, although not statistically significant, appear
to have the lowest effect size for the subject areas.

Student classification in studies

Table 5 shows the results of the analyses by the student classification of the participants
involved in the gamification research studies. Most studies of gamification in formal
educational settings appear to have been conducted with undergraduate students (k=13,
n=1724) with a medium to large effect size at g=.638 [.378, .898]. K-12 students
have been studied next highest (k=10, n=920), but the effect size confidence intervals

Table 4 Subject area effect size data

Subject area Effect size and 95% confidence interval Heterogeneity

N k g SE Lower Upper Z )4 Q-value df p

Social science 813 10 .590 .232 135 1.045 2.540 .011
Science 233 4 478 234 019 937 2.040 .041
Mathematics 141 2 266 1.878 —3.415 3948 .142 887
Engineering/computing 1104 6 621 195 240 1.002  3.192 .001
Arts and humanities 561 5 039 .085 —.128 205 457 .648
Healthcare 50 1 401 281 —.150 953 1.427 .153
Business 87 1 JA36 0 213 — 281 552 .640 .522
Other 94 1 587 209 178 997 2.810 .005
Total between 16.065 7 .025
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1892 R.Huang et al.

overlap zero and the model for K-12 students is not statistically significant. Few gradu-
ate students appear to have been examined in gamification studies at n=122. Notably,
the effect size for K-12 students is smaller than that of the undergraduate comparison,
but the difference between the two is not statistically significant. Some of the studies
mixed students at various levels as shown in the Table. The Q-value shows a statisti-
cally significant difference among these conditions, but this should be interpreted lightly
since only a few studies fall into several of the categories.

Publication bias

A visual inspection of the funnel plot generated from the meta-analysis shows gener-
ally symmetrical distributions around the weighted mean effect sizes with a few outliers
(see Fig. 5). A funnel plot is a scatter plot of effect sizes estimated from the studies in
the meta-analysis against the standard error (Stern and Egger 2001). In the diagram,
the horizontal axis is the Hegdes’ g, plotted alongside the standard error on the verti-
cal axis. Generally speaking, a symmetric funnel plot suggests the absence of publica-
tion bias in the meta-analysis (Duval and Tweedie 2000), but visual inspection alone is
insufficient. Thus, we also adopted the Classic fail-safe N and the Orwin’s fail-safe N
test. The Classic fail-safe N test showed that 869 additional studies of gamification on
student learning outcomes would be required to nullify the overall effect size found in
the present meta-analysis. These calculations show that the number of null or additional
studies needed to nullify the overall effect sizes found in this meta-analysis is larger
than the 5 k+ 10 limit (Rosenthal 1995). Finally, the results of Orwin’s fail-safe N test
tells us that the number of missing null studies required to bring the current overall
mean effect size to a trivial level (g=.01) was 1087. Consensus among the results of
the Classic fail-safe N test, Orwin’s fail-safe N test, and inspection of the funnel plot
provide evidence that publication bias does not pose a serious threat to the validity of
the meta-analysis.
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Fig.5 Funnel plot of effect size data
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Discussion

Implementations of gamification may result in costly technology-enhanced learning solu-
tions as several resources (e.g., graphic designers, programmers, instructional designers,
subject-matter experts) must come together to fully realize the scope of the instructional
approach. As many educational organizations are investing in gamification in their online
and blended educational settings, it is imperative that we have evidence of the efficacy of
the gamified instructional approach from the literature. In particular, it is important that we
have nuanced knowledge about which gamification design features work and under which
circumstances. The findings from this paper shed light on this issue by providing a compre-
hensive review of gamification studies in educational settings, focused on student learning
outcomes. We hope the findings could contribute to the efforts of discerning the cost/value
worth and the specific gamification elements which would be more prominent for future
research and application.

The primary conclusion from the analyses conducted demonstrates that gamification
does appear to have a positive and significant effect on student learning outcomes in for-
mal educational settings. The effect size of g=.464 is a small to medium effect accord-
ing to Cohen’s (1992) criteria; however, other scholars have noted that effect sizes of .40
and greater to be practically relevant to influence educational outcomes (Hattie 2008). This
finding mirrors a recent meta-analysis on gamification with an effect size of g=.49 on cog-
nitive learning outcomes (Sailer and Homner 2019).

Prior to interpreting the findings, we present our limitations and delimitations so read-
ers can consider all dimensions in making future decisions or conclusions from this study.
While we did access 18 academic databases to identify our corpus, it is possible that we
missed both published articles and gray literature on gamification in educational settings.
Cooper (2017) further recommends citation/bibliography searches or forward reference
searches, and we did not complete this step in our literature search strategy since we started
with more than 2000 manuscripts in our initial search. We chose to pool effect sizes that
represented student learning outcomes from across settings and participants. While this is
a critique to meta-analysis in general, there was great variability in the types of outcome
measures employed in the studies. While our publication bias analysis did not show strong
evidence of publication bias, it is notable that the vast majority of our manuscripts and
effect sizes are reported from journal articles. Finally, although we trained team members
on several rounds, coded and extracted data in dyads of research team members, kept close
communication during the coding and extraction process, and provide initial evidence
of inter-rater agreement, we did not calculate inter-rater agreement at every stage of this
research.

Consistent with the observation of Seaborn and Fels (2015), it would appear that most
studies of gamification are equivalent to that of “pointification” in that most solutions
involve leaderboards, points, and badges. This is evidenced by the large proportion of stud-
ies using these design features from our analyses and the large number of participants that
have used these design features in the studies. However, as noted by several others (e.g.,
Landers) and by our own list of possible gamification design features, there is much more
potential to the deployment of gamification beyond the mere “pointification” found in most
studies. While we do not claim that our list of gamification design features is comprehen-
sive by any means, we do believe that those features represent most of the incarnations
of gamification in present work in formal educational settings. Thus, we encourage both
researchers and practitioners in the field to expand their arsenal of gamification in our
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learning designs. As such, we can now discuss several of the gamification design features
we studied in greater detail.

Gamification design elements

It would appear that not all gamification design elements have the same effect on student
learning outcomes. To start, consider the effects of leaderboards, which are frequently
employed in gamification interventions. Our results suggest that studies not using this
design feature resulted in a higher statistically significant effect size than those studies that
did use this feature. While the difference between the two was not statistically significant, it
begs to question whether leaderboards result in the intended outcomes. While leaderboards
are often intended to serve as a form of extrinsic motivation among the learners (Mekler
et al. 2017), this form of motivation might undermine the intended goal of improve student
learning outcomes as our conceptual framework tells us that student learning performance
is moderated by attitudes and behaviors. The individualistic and competitive nature of lead-
erboards might serve to adversely influence students in attaining the intended educational
outcomes. While more empirical research is necessary on this topic, our results minimally
call into question the overuse of leaderboards in gamification solutions.

Badges/awards, points/experience, and advancement/levels appear to result in simi-
lar effect sizes both with and without the use of the gamification design feature. While
points, badges, and advancement are typically intertwined (e.g., the more points earned,
the greater the advancement in the environment and possible badges earned), this finding
might tell both researchers and practitioners that these particularly design features may not
warrant full consideration in gamification learning solutions and future research studies.
Most gamification solutions must employ some form of currency (i.e., points) to show pro-
gress and completion, so points and advancement may just be necessary aspects that must
be built into the learning environments without the hope of positively influencing student
learning outcomes. Badges on the other hand represent a substantial amount of time to
design and develop in a gamification environment. Designing the conditions upon which
badges are awarded, as well as developing the graphics for the badges themselves might be
deemphasized in future learning solutions.

Responsive feedback resulted in slightly higher effect size than in those solutions that
did not employ the feature. Responsive feedback is not surprising finding in that we have
decades of research demonstrating the effectiveness of different feedback configurations on
student learning outcomes (Mory 2004; Thurlings et al. 2013). Gamified learning environ-
ments allow feedback to be presented in a unique manner, as the feedback can be carefully
coordinated with the narrative and goals of the task.

One way in which a gamified environment might make use of responsive feedback is
through the use of non-linear navigation within the environment. For instance, a learner
could make a decision based on feedback and navigate to an advanced quest within the
environment based on that feedback. While non-linear navigation was not employed often,
it did result in a statistically insignificant effect size larger than the overall effect size from
the meta-analysis. In many ways, non-linear navigation is indicative of the concept of
learner control in the navigation of technology-enhanced learning environments (Scheiter
and Gerjets 2007), like hypermedia systems. The notion of non-linear navigation is not
exclusive to gamification.

While timed activities and performance graphs were not implemented widely in the
gamified learning environments, the effect sizes associated with these two design features
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demonstrate that both conditions may not be fruitful avenues for future gamification
research or practice. Timed activities had the lowest calculated effect size at g=.236 and
performance graphs was at g=.309. Though the timed activity condition was not statis-
tically significant, it still raises the question of whether timed tasks and learning activi-
ties in gamified environments are appropriate for learners, as the additional pressure might
adversely influence the students’ learning outcomes. As for performance graphs, these dia-
grams and splash screens typically show learners their overall progress and, in some cases,
norm-reference performance based on other learners in the environment. While we unfor-
tunately did not discern whether the performance graphs used norm-referencing, such a
practice might have a similar effect to that of the leaderboards previously discussed. Care-
ful attention should be placed on the information provided on a performance graph and the
way the information is presented to learners, akin to a learner analytics dashboard in other
types of learning environments (Verbert et al. 2013).

Two promising gamification design features are collaboration and quests/missions/mod-
ules, with statistically significant effect sizes higher than the overall effect size. In fact, the
use of quests, missions, or modules resulted in the highest overall effect size at g=.649
[.279, 1.02]. The application of quests, missions, or modules in gamification resembles two
important educational concepts: 1) providing explicit learning goals, and 2) “chunking”
the educational materials in a meaningfully engaging way. The inclusion of explicit learn-
ing goals is a hallmark of instructional design theory and practice (Dick et al. 2005). A
gamified environment provides the opportunity for designers to present learning goals and
activities that help manifest the educational content in a meaningful way. These goals and
activities are embedded in a unit, or “chunk” of educational content that does not over-
whelm a learner’s working-memory while engaged in the goal. Notably, collaboration
resulted in the second highest effect size across all gamification design features at g=.609
[.222, .997]. Collaboration can be manifested in many ways in gamified environments, but
the important takeaway is that the interaction among peers in a learning activity appears to
have a durable effect on student learning outcomes (Sung et al. 2017) across educational
settings.

Contextual elements in gamification

Our results showed that the dissertations and theses on gamification in educational settings
resulted in a statistically insignificant negative effect size, while both journal articles and
conference proceedings produced effect sizes above .65. These findings might suggest that
peer reviewers have a preference for findings with positive effects from the interventions
under investigation, and makes us reflect on the “file drawer problem” (Rosenthal 1979),
which results from not publishing statistically non-significant findings. Another likely
explanation is that the doctoral candidates writing their dissertations on gamification did
not have access to the same level of resources experienced scholars had during their imple-
mentations, and, as a consequence, had less robust research findings. Regardless, the larger
effect sizes associated with the journal articles and conference proceedings does raise ques-
tions about whether other gamification studies were not published as a result of the edito-
rial process.

As noted in the results, the largest proportion of gamification studies have been con-
ducted in the subject areas of the social sciences and engineering/computing. These dis-
ciplines also account for the largest proportion of participants at n=813 and n=1104,
respectively. While the effect sizes for both of these disciplines were statistically significant
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and greater than .50, other disciplines do not seem to favor the use of gamification, such as
the arts and humanities with a statistically insignificant, trivial effect size at g=.039. Other
disciplines, aside from science, only resulted in two or less studies. As a result, effect sizes
for these disciplines were not statistically significant. These findings make us ask a deeper
question: why does gamification appear to work in some disciplines, but not others? Are
there confounding variables in these subjects, like the nature of certain subject matters and/
or the nature of learning processes of these subject matters, the nature of the students or
instructors, or the culture of the domain that conflict with the overall tenants of gamifica-
tion? Unfortunately, this particular analysis resulted in more questions than answers, but
does provide a direct path for future research endeavors.

A final consideration is for whom does gamification work? We attempted to shed light
on this question by classifying the students involved in the studies to K-12, undergraduate,
and graduate; however, a few of the studies mixed participants while others were unclear
about the population under investigation. While most participants were classified as under-
graduate students at n=1724, a sizable portion were also in the K-12 context at n=920.
The effect size for undergraduates was statistically significant at g=.638 [.378, 898], but
the effect size for K-12 students was not statistically significant and nearly half the size at
£=.306 [-.156, .767]. Seeing more studies in undergraduate education is unsurprising as
they represent convenience samples at researcher’s home institutions. However, why the
undergraduates’ effect size nearly doubles that of K-12 students is an important concern,
and again, forces us researchers to ask important questions. Why do undergraduates thrive
with gamification? What supports do K-12 students need to be successful in gamified
learning environments? Are K-12 students developmentally ready for the facets of gamified
learning?

Future research on gamification

Our findings call into question several areas about gamification that remain unanswered
in the literature base. First, our findings call for attention to consider gamification design
elements beyond “pointification” such as collaboration and quests/missions/modules when
designing/implementing gamification learning environments. Second, some of the gamifi-
cation design features have not been used regularly, but are worth more exploration (e.g.,
adaptivity/personalization). Third, we have only examined the potential of gamification
in educational settings in this meta-analysis and in the primary studies in which we base
our findings. More gamification elements can be designed and implemented beyond those
provided in this manuscript. We encourage both researchers and practitioners to push the
limits in their implementations and try alternative designs that attempt to mimic the facets
of the most popular video games not presently represented in the gamification research
literature.

We would like to propose researchers and practitioners to move past this current era
of “pointification” (points, badges, and leaderboards) and evolve into something with
more potential in facilitating learning. As we iterate through these different approaches
to gamification, we will later be able to identify the features that show the most promise
for influencing student learning outcomes. The results also suggest we need to fill some
voids in our various fields of endeavor, such as business, mathematics, and healthcare.
In carrying out gamification across settings, we must ensure that the unique aspects
of the disciplines are accounted for in our research and practice. We must continue to
ask questions about what factors lead to the successful integration of the instructional
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method and when and where the approach is best suited for an audience. Further, our
findings show an alarming difference between implementations in undergraduate and
those in K-12, though the difference is not statistically significant. This aspect of the
research must be more thoroughly explored in our future research, and a complete
explanation as to why a gap might exist should be fully explained. Should gamification
be found to be inferior for a target population, we must use theory to help explain this
outcome. We know one size does not fit all, therefore, future research in this field should
attempt to address the issues of what aspects of gamification to deploy with a target
population.

Another clear concern is attempting to determine which combination of gamifica-
tion design elements has the most potential for facilitating learning outcomes. While
our sample does not presently lend itself to this form of analysis, we feel as more pri-
mary studies are generated, future systematic reviews and meta-analyses can attempt
to address this important concern. Our immediate next step is to examine the data we
collected in this process on the affective and behavioral outcomes since our concep-
tual framework calls for these variables to be systematically studied. While gamification
appears to have a durable effect on student learning outcomes, it may be that the student
attitudes and behaviors are inconsistent with these findings. We would eventually like to
build a meta-analytic path model framed by Landers’ (2014) theory of gamified learn-
ing. Unfortunately, few of the empirical studies simultaneously investigate attitudes,
behaviors, and student learning outcomes in the same research paper. The realm of gam-
ification in educational settings is ripe with opportunities for advancement.

Closing remarks

We now have some conclusive evidence about the overall effects of gamification on stu-
dent learning outcomes, suggesting the approach might offer promising outcomes for
future research and practice. We would like to re-iterate the caveat from our conceptual
framework which states that well-designed instructional content must be used in con-
cert with gamification. Gamification cannot replace poor instructional designs and inad-
equate learning materials. While we strongly believe that “silver bullets” do not exist
in educational practice, the application and integration of gamification in educational
settings along with other innovations from the field (e.g., flipped classroom or learn-
ing analytics) might result in powerful combinations previously unexplored to advance
educational outcomes in our domains. Further, this research provides evidence that not
all gamification design elements are equal in their effects on student learning outcomes.
This finding provides a more nuanced perspective of gamification and points both
researchers and practitioners to other promising avenues. We hope this paper has illus-
trated the potential of gamification to continue to advance our shared goals of improving
educational outcomes for all students.
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