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Abstract

Although many studies in recent years have examined the use of gamification as a moti-
vational strategy in education, evidence regarding its effects on intrinsic motivation is
inconsistent. To make the case for or against the adoption of gamification in education, this
study examines its effects on students’ intrinsic motivation and the underlying motivational
factors: perceived competence, autonomy, and relatedness. In this review, we analyzed
the results of studies comparing gamified learning with non-gamified learning published
between 2011 and 2022. The results of our meta-analysis of 35 independent interventions
(involving 2500 participants) indicated an overall significant but small effect size favoring
gamified learning over learning without gamification (Hedges’ g=0.257, 95% CI [0.043,
0.471], p=.019) with no evidence of publication bias. Gamification also exerted a positive
and significant effect on the students’ perceptions of autonomy (Hedges’ g=0.638, 95%
CI [0.139, 1.136], p=.012) and relatedness (Hedges’ g=1.776, 95% CI [0.737, 2.814],
p=.001), but minimal impact on competence (Hedges’ g=0.277, 95% CI [0.001, 0.553],
p=.049). To further investigate the possible reasons for the small impact on intrinsic moti-
vation, a systematic review of 31 studies was conducted. The findings revealed two major
challenges encountered in the adoption of gamification to increase students’ intrinsic moti-
vation: students’ lack of perceived competence and lack of perceived autonomy in gamified
classes.
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Introduction

Intrinsic motivation is one of the most important psychological concepts in education
research (Vallerand et al., 1992, p. 1004) and a key determinant of academic achievement
(Ryan & Deci, 2020). When individuals are driven by intrinsic motivation, they actively
engage in activities that interest them (Ryan & Deci, 2000a). It is therefore unsurprising
that a substantial amount of research has been devoted to fostering students’ intrinsic moti-
vation (Cerasoli et al., 2014; Deci et al., 2001; Xu et al., 2021).

Studies have shown that students’ intrinsic motivation in school-related activities tends
to decline over the school year (Gnambs & Hanfstingl, 2016; Lepper et al., 2005; Ryan &
Deci, 2020; Scherrer & Preckel, 2019). Researchers have argued that this decline in intrin-
sic motivation occurs because students’ basic psychological needs are not being sufficiently
satisfied in their education (Gnambs & Hanfstingl, 2016; Ryan & Deci, 2020). According
to the self-determination theory, intrinsic motivation flourishes when an activity satisfies
an individual’s basic psychological needs (i.e., competence, autonomy, and relatedness)
rather than when it is performed due to some separable external consequence such as pres-
sure (Ryan & Deci, 2000c, 2002). Competence refers to the feeling of mastering a chal-
lenge, autonomy refers to one’s volition in performing a task, while relatedness refers to a
sense of connection with other people. However, traditional school settings do not always
create need-supportive learning environments that foster students’ fulfillment of basic psy-
chological needs (Gnambs & Hanfstingl, 2016; La Guardia & Ryan, 2002; Raufelder &
Kulakow, 2021; Ryan & Deci, 2020).

To reverse the abovementioned decline in intrinsic motivation, educational researchers
have examined approaches to satisfy students’ basic psychological needs and thus foster
their intrinsic motivation. Gamification, which refers to providing students with exciting
game-like experiences “in a non-game context” through the use of game elements such
as points and badges (Deterding et al., 2011, p. 10), is a potential solution to this problem
(e.g., Ryan & Deci, 2020; Xu et al., 2021). For example, game elements such as leader-
boards may fulfill students’ need for competence by visually showing their achievement
with respect to other people; group competition may fulfill students’ need for relatedness to
a team; while providing students with various badge choices can help fulfill students’ need
for autonomy (Sailer et al., 2017). Gamification, therefore, has the potential to support the
growth of students’ intrinsic motivation (Xu et al., 2021).

Since its conceptualization around 2010, the body of empirical research on gamification
in educational contexts has been steadily growing (Koivisto & Hamari, 2019). Unfortu-
nately, findings on the effects of gamification on intrinsic motivation have been inconsist-
ent (Hanus & Fox, 2015; Mekler et al., 2017, Sailer & Sailer, 2021; Sailer et al., 2017), and
there is currently a lack of conclusive evidence regarding the effects of gamification on stu-
dents’ intrinsic motivation. The present study addressed this inconsistency in the literature
by conducting a meta-analysis to offer insights into the effects of gamification on intrinsic
motivation and how it can be used to foster students’ intrinsic motivation. A meta-analysis
that integrates the results of multiple intervention studies can provide more accurate esti-
mates of an intervention’s effects than a single study (Higgins et al., 2019). Furthermore,
meta-analysis is superior to narrative synthesis, which in itself is not sufficient to synthe-
size conflicting results when numerous studies are involved (Hunter & Schmidt, 2004).

Several previous meta-analyses have reported that gamification positively affects stu-
dents’ motivation (Mula-Falcén et al., 2022; Ritzhaupt et al., 2021; Sailer & Homner, 2020;
Zhang et al., 2021). However, a closer scrutiny of these published meta-analyses reveals
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that they did not explicitly explain whether they focused on intrinsic or extrinsic motiva-
tion, or their motivation outcomes also included other constructs. For example, Sailer and
Homner (2020) referred to motivational outcomes that included a host of constructs such
as (intrinsic) motivation, dispositions, preferences, attitudes, engagement, confidence, and
self-efficacy. Similarly, although Ritzhaupt et al. (2021) reported a positive and significant
effect size for the influence of gamification on students’ affective outcomes, the affective
outcomes that they examined included not only motivation and interest but also learner
self-efficacy, perceived learning, perceived ease of use, and attitude. This lack of clarity
on the types of motivational outcomes investigated in prior studies has caused some confu-
sion about the effect of gamification on intrinsic motivation and made it difficult to decide
whether to use gamification in education.

This study contributes to the literature in two ways. First, we present a meta-analysis
of quantitative intervention studies that focuses specifically on the effects of gamification
on students’ intrinsic motivation and the fulfillment of basic psychological needs (compe-
tence, autonomy, relatedness) in various educational settings. Second, this study explored
the challenges encountered in using gamification to enhance intrinsic motivation. Under-
standing these challenges can help us gain deeper insight into how to use gamification to
effectively improve students’ intrinsic motivation.

Research questions

In this review, we first defined the concepts of intrinsic motivation and gamification based
on the literature. The following are the research questions that guided the review:

RQ1. What instruments have been used to measure students’ intrinsic motivation?

RQ2. What is the effect of gamification on students’ intrinsic motivation?

RQ3. What is the effect of gamification on students’ basic psychological needs (i.e.,
competence, autonomy, relatedness)?

RQ4. What are the current challenges of using gamification to enhance intrinsic
motivation?

Conceptual and theoretical background
Motivation

Motivation has been a key focus of educational researchers, as it drives behavior and deter-
mines students’ choices and their engagement, effort, and persistence in the learning pro-
cess (Dornyei & Ushioda, 2013). Motivation can be categorized into three types: (1) intrin-
sic motivation, which refers to the motivation to undertake activities “for their own sake”
or for their intrinsic interest and enjoyment; (2) extrinsic motivation, which refers to the
motivation to undertake activities for some separable outcome rather than intrinsic enjoy-
ment; and (3) amotivation, which refers to a lack of intentionality that is common in the
classroom and can be attributed to “either lack of felt competence to perform, or lack of
value or interest” (see also Deci & Ryan, 2004; Ryan & Deci, 2020, p. 3).

Although both extrinsic and intrinsic motivation can contribute to student perfor-
mance (Cerasoli et al., 2014), extrinsically motivated students—that is, students who do
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a task for an external consequence (e.g., obtaining a reward or avoiding punishment)—
are more likely to engage in surface and unsustainable learning (Lee et al., 2010), and
extrinsic motivation in students may be associated with certain negative outcomes
(Clanton Harpine, 2015). For example, once the external reward stops, such students
may stop demonstrating the specific behavior. As Zichermann and Cunningham (2011,
p- 27) stated, “once you start giving someone a reward, you have to keep her in that
reward loop forever.”

In contrast, intrinsic motivation is the more productive force behind any behavior
(Deci & Ryan, 2000; Ryan & Deci, 2000d) because intrinsic motivation triggers an
individual’s inner drive to engage in activities based on their personal interests (Deci
& Ryan, 2008). Intrinsically motivated students’ engagement in learning activities is
accompanied by positive effects such as improved mental health, enhanced creativ-
ity, and long-term learning outcomes (Ryan & Deci, 2000c), and intrinsic motivation
increases the level of effort and quality of student input into a particular task (Cerasoli
et al., 2014). In short, intrinsically motivated students—that is, students who find a task
interesting—are more likely to persist in their learning and are more willing to volun-
tarily attempt different challenges (Deci & Ryan, 2004; Lee et al., 2010; Vansteenkiste
et al., 2006).

To foster students’ intrinsic motivation, many practitioners implement reward and
incentive systems in educational settings (Cameron et al., 2001). However, there has
long been a heated debate about the relationship between rewards and intrinsic motiva-
tion (e.g., Cameron et al., 2001; Deci et al., 1999). On the one hand, some researchers
have suggested that providing extrinsic rewards for an initially enjoyable task can reduce
individuals’ subsequent intrinsic motivation for that task, because extrinsic rewards
are designed to externally control a person (Greene, 2018). On the other hand, other
researchers have argued that extrinsic rewards have the potential to maintain or enhance
participants’ intrinsic motivation depending on the types of rewards offered (tangible or
verbal) and the types of reward contingencies adopted (e.g., Cameron & Pierce, 1994;
Cameron et al., 2001; Cerasoli et al., 2014; Deci et al., 1999).

Verbal rewards refer to expressions of recognition or praise (Cameron & Pierce,
1994; Deci et al., 2001) that are delivered in either verbal or written form (Hewett &
Conway, 2016). Meta-analytic evidence has suggested that verbal rewards have a more
positive effect on free-choice motivation and self-reported intrinsic motivation than
tangible rewards particularly for high-interest tasks (e.g., Cameron & Pierce, 1994;
Cameron et al., 2001; Deci et al., 1999). Nevertheless, not all tangible rewards (such as
gift cards or gold stars) have a negative effect on intrinsic motivation, and their effect
depends on the type of reward contingency implemented (e.g., Cameron & Pierce, 1994;
Cameron et al., 2001). Cameron et al. (2001) classified reward contingencies into seven
types (see Table 1) and conducted a meta-analysis to investigate the effect of various
types of reward contingencies on intrinsic motivation. Their overall conclusion was that
offering extrinsic rewards for low-interest tasks can enhance free-choice intrinsic moti-
vation and leave task interest unaffected. Furthermore, extrinsic rewards either enhance
or do not harm free-choice and self-reported intrinsic motivations when the rewards are
explicitly linked to performance (the rewards may be linked to performance based on
an absolute standard, such as exceeding a specified score, or a relative standard, such as
surpassing others’ scores). Rewards that are tied to performance can enhance an individ-
ual’s perceived competence (see next section for an in-depth discussion of competence),
and a greater sense of competence can lead to higher interest in a task (Cameron et al.,
2001).
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Table 1 Types of reward contingencies (Cameron et al., 2001, p. 12)

Reward contingency Description

Task noncontingent Reward is offered for agreeing to participate, for com-
ing to the study, or for waiting for the experimenter

Rewards offered for doing well Reward is offered for doing well on the task or for
doing a good job

No specification is given as to what it means to do a
good job or to do well
Rewards offered for doing a task Reward is offered to engage in the experimental activity
No instructions are given about how well participants
must perform or whether they must complete the task

Rewards offered for finishing or completing a task Reward is offered to finish an activity, to complete a
task, or to get to a certain point on the task
The reward is not related to quality of performance

Rewards offered for each unit solved Reward is offered for each unit, puzzle, problem, etc.,
that is solved

Rewards offered for surpassing a score Reward is offered for surpassing a particular specified
score (absolute standard)
In some cases, the better the score, the higher the
reward

Rewards offered for exceeding a norm Reward is offered to meet or exceed the performance of
others on the task (relative standard)

Self-determination theory as a framework

Self-determination theory (SDT), the dominant theory of intrinsic motivation, explains
how the environment promotes intrinsic motivation. It posits that individuals’ intrinsic
motivation is enhanced in environments in which they are able or have the opportunity to
perceive autonomy, competence, and relatedness (Deci & Ryan, 1985, 2004). Several stud-
ies have also demonstrated that the satisfaction of one’s competence needs (Fransen et al.,
2018), autonomy needs (Karimi & Sotoodeh, 2020), and relatedness needs (Xiang et al.,
2017) increases their intrinsic motivation. These needs and their relationship to intrinsic
motivation can be summarized as follows:

(1) Competence refers to the feeling of mastering a challenge and flourishes when direct
and positive (informative) feedback is received (Deci & Ryan, 2004). The positive
effects of perceived competence on intrinsic motivation typically occur when it is
accompanied by a sense of autonomy (Deci & Ryan, 2004).

(2) Autonomy refers to psychological freedom and the volition to perform tasks (Deci &
Ryan, 2000, p. 231; Van den Broeck et al., 2010; Vansteenkiste et al., 2010). The sense
of making decisions based on one’s interests is the expression of psychological freedom
(Deci & Ryan, 2012; Ryan & Deci, 2002), whereas volition is the sense of acting with
no external pressure or coercion (Vansteenkiste et al., 2010). When a person perceives
a sense of autonomy, they show more interest in an activity and greater confidence in
engaging in it, which enhances performance and increases persistence (Ryan & Deci,
2000d).

(3) Relatedness refers to a sense of belonging and connection (Ryan & Deci, 2020). It
represents an individual’s underlying desire for integration into the social environ-
ment (Baumeister & Leary, 1995; Deci & Ryan, 2000, 2004). When individuals form
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intimate relationships and feel a sense of communion with others, they perceive greater
levels of relatedness (Deci & Ryan, 2000). In environments characterized by a sense of
relatedness, intrinsic motivation is more likely to thrive (Ryan & Deci, 2000d; Ryan &
La Guardia, 2000).

Gamification

Gamification is often depicted as being different from entertainment games and serious
games (Bai et al., 2020). Games are usually developed for entertainment purposes (e.g.,
World of Warcraft), while serious games, also known as game-based learning (Boyle et al.,
2016) and are developed to train certain skills or learn academic content (Annetta, 2010).
In both entertainment games and serious games, the development of the game product typi-
cally requires a significant amount of money and effort. In contrast, gamification does not
involve the development of a game product but rather the application of game elements to
motivate participants’ behaviors in non-gaming contexts (Educause, 2011).

Although game elements are the fundamental building blocks of gamification, there
is no commonly acknowledged classification of game elements (Bai et al., 2020). Vari-
ous authors have proposed their own classification schemes (e.g., Deterding et al., 2011;
Dicheva et al., 2015; Zichermann & Cunningham, 2011). Although these schemes are dis-
tinct, several common game elements can be identified across them, including levels, nar-
ratives or storytelling, competition, badges, leaderboards, and points (see Ritzhaupt et al.,
2021 for details).

Gamification and intrinsic motivation

The use of gamification in a learning context is referred to as gamified learning (Armstrong
& Landers, 2017; Landers, 2014). The integration of game elements and learning activities
into gamified learning can potentially increase students’ intrinsic motivation by making
learning activities enjoyable and satisfying (Koivisto & Hamari, 2019).

Viewed from the perspective of SDT, gamified learning has the potential to help stu-
dents satisfy their basic psychological needs of competence, autonomy, and relatedness
(Deterding, 2012; Przybylski et al., 2010):

(1) As competence refers to the feeling that one is succeeding when interacting with the
environment (Rigby & Ryan, 2011; Vansteenkiste & Ryan, 2013), feedback mecha-
nisms in gamified learning can help satisfy students’ needs for competence. For exam-
ple, feedback mechanisms such as points, medals, and leaderboards can visually com-
municate students’ achievements and competence (Xi & Hamari, 2019). In addition,
to motivate students effectively, tasks in gamified learning should be designed so that
they are not easy but just outside the comfort zone of the students at a level of difficulty
they find achievable (Roy & Zaman, 2017). When tasks are at such a level of difficulty,
students persist in improving themselves to accomplish them (Deci & Ryan, 1985; Peng
etal., 2012).

(2) As autonomy refers to a person’s sense of freedom in their actions (Ryan & Deci,
2020), providing students with choice can help satisfy students’ needs for autonomy.
For example, Jones et al. (2022) addressed students’ need for autonomy by providing
multiple options for assignments that the students could engage in, which allowed
them to choose their own path to achieve their desired outcomes (grades). The results
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demonstrated that the students who participated in gamified learning had higher per-
ceived autonomy and intrinsic motivation than those who participated in non-gamified
learning.

(3) Asrelatedness refers to a person’s sense of belonging to a group (Ryan & Deci, 2017),
frequent communication and idea-sharing via group work in gamified learning can
help learners perceive relatedness (Fernandez-Rio et al., 2021). Furthermore, group
competition can create a sense of belonging to a team by reinforcing the sense of com-
munity (van Roy & Zaman, 2019).

Nevertheless, depending on how it is implemented, gamified learning may be ineffective
at enhancing students’ intrinsic motivation and even lead to negative consequences such as
negative emotions and poor learning outcomes (Hanus & Fox, 2015; Mekler et al., 2017,
Mitchell et al., 2017). Whereas rewards such as points and badges can reinforce extrinsi-
cally motivated behavior, they may shift the focus of students to the rewards rather than the
learning process (Gladun, 2016). Leaderboards may also have unintended adverse effects
as they may increase the sense of embarrassment for students in low positions of the lead-
erboards (Bai et al., 2020).

In short, although gamified learning, through the use of game elements such as badges,
social interactions, points, and leaderboards in online learning environments, has the poten-
tial to increase intrinsic motivation (Xu et al., 2021), one of the most pressing challenges in
this field is that there is little consensus on whether gamification actually improves intrin-
sic motivation. Empirical studies have reported mixed results, with some studies reporting
positive effects (Fernandez-Rio et al., 2021; Sailer & Sailer, 2021; Segura-Robles et al.,
2020) and others finding no effects or even negative effects (Hanus & Fox, 2015; Jones
et al., 2022; Mekler et al., 2017; Tasadduq et al., 2021).

Methods
Search strategy

The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) state-
ment guided the procedure for choosing relevant studies (Moher et al., 2009). We searched
10 electronic databases that were likely to contain relevant and high-quality papers: ACM
Digital Library, Emerald Insight, EBSCO host research databases (including Academic
Search Complete, British Education Index, ERIC, and Education Full Text), IEEE, Pro-
Quest, Scopus, Springer, Sage Journals, Science Direct, and Web of Science. We did not
restrict the language of instruction or the location of the studies in our search, but the stud-
ies had to be reported in English. In addition, to widen the range of studies considered, we
did not restrict our sources of papers to peer-reviewed journals and instead also included
conference papers and dissertations.

Search string

The Boolean operators AND and OR were used to gather as many relevant papers as
possible. Asterisks were used to capture a variety of common terms used in gami-
fied learning. Three sets of search terms were used for this review. The first set con-
sisted of possible gamification terms; we used the expression “gamif*” to cover all
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morphological variations of “gamification,” “gamified,” and “gamify.” The second set
of search terms contained terms related to intrinsic motivation. We used the expres-
sion “intrinsic motiva*” to cover all morphological variations of “intrinsic motivation,”
“intrinsic motivated,” and “intrinsically motivated.” The third set contained terms that
were related to course, classroom, education, or learning. The following is the search
string that was used: gamif* AND intrinsic motiva* AND (course OR class* OR edu-
cat* OR learn*).

Selection criteria

Empirical studies published between January 2011 and October 2022 (11 years) were
considered for this review as the concept of gamification was defined in 2011 (Deterd-
ing et al., 2011). To examine the possible effect of gamification on students’ intrinsic
motivation and to detail the challenges in current gamification research, a meta-analysis
and a systematic review of relevant articles were respectively conducted. The criteria
that were used to select articles for the meta-analysis and the systematic review are
shown in Table 2.

For the purpose of meta-analysis, we excluded studies that contained mere descrip-
tions of gamification without presenting any empirical data. For the purpose of system-
atic review, we excluded studies that did not explicitly present the qualitative findings
regarding students’ perceptions of whether and how gamified learning affected intrinsic
motivation.

Table 2 Criteria for article selection

Meta-analysis

(a) The study reported an empirical examination of gamified practices using at least one clearly described
game element

(b) The study was conducted in a K-12 or higher education setting and written in English

(c) The study contained at least one comparison of motivational outcomes between a gamified class and a
non-gamified class

(d) The study measured students’ intrinsic motivation in both gamified and non-gamified classes for the
same course topic using a survey such as the Intrinsic Motivation Inventory or a scale measuring free-
choice behavior. Such surveys have been frequently used by researchers to assess participants’ motivation
during an intervention

(e) The study reported sufficient data such as means, standard deviations, sample sizes, ¢ values of t-tests, F
values, and z scores of Mann—Whitney U tests

(f) The study was published in a peer-reviewed journal or was a conference paper or thesis/dissertation. The
study had to be accessible via a library subscription or freely available online

Systematic review

(a) The study reported on empirical gamified learning practices using at least one explicitly described game
element

(b) The study was conducted in a K-12 or higher education setting
(c) The study involved data collected through student interviews and/or open-ended survey questions

(d) The study was published in a peer-reviewed journal or was a conference paper or thesis/dissertation. The
study had to be accessible via a library subscription or freely available online

@ Springer ACECT



Gamification enhances student intrinsic motivation,... 773

Study selection

As of October 2022 (the time of writing), the use of the search string to obtain relevant
articles from the databases resulted in the retrieval of 3125 articles. Among these, 195
articles were removed as they were duplicate entries. 32 Articles were removed by the
automated tool provided in the academic database because they failed to fulfill one or
more of the following criteria: (a) all studies were published between 2011 and 2022;
(b) all studies focused on K-12 or higher education; (c) all selected studies were peer-
reviewed articles; and (d) all selected studies were written in English. Two additional
articles were identified using the snowball method, which was performed by scanning
the references of the relevant articles. Although our search string enabled us to cap-
ture a variety of terms used to refer to gamified classes, it also returned many unrelated
articles (e.g., research about game-based learning). Therefore, after scanning their titles
and abstracts, numerous articles that were irrelevant to this review were eliminated.
During this scanning process, we were aware that some studies may have evaluated cer-
tain aspects of students’ intrinsic motivation without explicitly mentioning them in the
title or abstract. Therefore, we also scanned the articles’ sections and subsections. We
carefully examined each comparison item and determined through mutual discussion
whether the item referred to intrinsic motivation or to factors that trigger intrinsic moti-
vation. For example, we categorized the “interest/enjoyment” subscale of the Intrinsic
Motivation Inventory (Deci & Ryan, 2022) as describing intrinsic motivation, because
this subscale mainly emphasizes interest and enjoyment (e.g., “I enjoyed doing this
activity very much”).

After completing this process, 132 full-text articles were determined to be eligible.
These articles reported comparisons of non-gamified classes with gamified classes.
However, about three quarters of them were then eliminated because they did not com-
pare any aspect of students’ intrinsic motivation between the two instructional environ-
ments, yielding 31 articles of which 24 provided sufficient data for the meta-analysis.
Facey-Shaw et al. (2020), Brom et al. (2019), and Leitao et al. (2022) reported more
than one gamified classroom intervention. Consequently, we obtained 35 unique gami-
fied classroom interventions, involving 2500 participants in total. Therefore, we effec-
tively covered 35 intervention studies (in each of which one gamified intervention group
was compared with a control group) in this review. Figure 1 outlines the article selec-
tion process.

Data analysis
Data extraction

The following key information was extracted from each article: (a) sample size; (b) geog-
raphy; (c) school level; (d) intervention duration; (e) control factors used in the study
(instructor equivalence values and student equivalence values); (f) discipline; (g) measure-
ment instrument; (h) game element; (i) type of reward and reward contingencies; and (j)
statistical results (e.g., mean and standard deviation). One coder independently extracted
the information from all 24 articles, and another coder randomly selected 90% of the arti-
cles for independent coding to test the reliability of the extracted information. Inter-coder
reliability was 98%. Coding differences were resolved by the coders through discussion.
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— | Records identified through database searching
(n=3125)
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British Education Index)

o  Emerald insight (n = 409)
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Reason 1: Did not fulfill criteria for gamification or gamification was not the key research
> topic (n = 6)
E Reason 2: Non-empirical study (n = 19)
;% Reason 3: Not in k-12 or higher education contexts (n = 16)
Reason 4: No comparison between gamified class and non-gamified class (n = 34)
) Reason 5: Research results irrelevant to intrinsic motivation (n = 9)

Reason 6: Not reported in English (n =5)

}

Articles identified for systematic review
(n=31)
Articles included in meta-analysis

(n=24)

Fig. 1 PRISMA flow diagram for article selection
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Computing effect sizes

The Comprehensive Meta-Analysis software version 4 (Biostat, Inc., Englewood Cliffs,
NJ) was used to calculate effect sizes. Unless otherwise stated, a p-value of 0.05 or less is
considered statistically significant (Baker, 2016), and all p-values reported here are two-
tailed. Effect sizes were calculated using a random effects model (Gurevitch & Hedges,
1999) to shed light on inter-study variation (Raudenbush, 2009).

Hedges’ g is useful in meta-analyses of studies with varying sample sizes because it is
the corrected standardized mean difference between two groups based on the pooled stand-
ard deviation (Korpershoek et al., 2016). For studies in which means and standard devia-
tions were not provided, standardized mean differences were computed using other sources
of information such as F-values, t-tests, and p-values (Borenstein et al., 2021; Rosenthal
& DiMatteo, 2001). If standard errors were used instead of standard deviations in a study,
we calculated the standard deviation using the following formula (Altman & Bland, 2005):

SD
\/sample size

To satisfy the hypothesis of effect size independence for independent student samples,
the effect size was computed for each study (Scammacca et al., 2014). However, if a study
reported effect sizes for multiple student groups (e.g., Group a, Group b, and Group c) and
the groups did not overlap, then the effect size for each group was included in the meta-
analysis because each group represented an independent sample (Lipsey & Wilson, 2001).
When this was done for a study, we verified that both coders concurred that the multiple
student groups in the study were completely independent.

Furthermore, it is not always possible to code all items from the studies included in a
meta-analysis, as some studies may not report the results for all items they administered
(Lipsey & Wilson, 2001). Although some researchers may discard such studies with miss-
ing data, doing so is not ideal because the findings arrived at based only on studies that
reported all items under consideration may be misleading (Lipsey & Wilson, 2001). To
reduce the potential for misleading results, we included a “not reported” option for items in
the coding protocol as proposed by Lipsey and Wilson (2001). We also conducted a mod-
erator analysis to determine whether there were differences between the findings of studies
with and without missing data.

SE =

Analysis of heterogeneity

The I? test was used to detect the presence of heterogeneity across the samples. According
to Shamseer et al. (2015), g-values of 0-40% indicate that heterogeneity is likely to be non-
significant, 30-60% indicate moderate heterogeneity, 50% or more indicate large heteroge-
neity, and 75-100% indicate substantial heterogeneity.

To identify the causes of potential differences in effect sizes across the samples, we
conducted moderator analyses. The moderating variables were classified into six main cat-
egories based on prior studies (Bai et al., 2020; Cameron & Pierce, 2002; Cameron et al.,
2001; Chen et al., 2018; Landers et al., 2014; Zheng et al., 2016), namely, participant char-
acteristics (school level and geography), course characteristics (sample size, study design,
and intervention duration), control level (student equivalence and instructor equivalence),
number of game elements, and the type of reward and reward contingency implemented:
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Participant characteristics. Aimed at analyzing whether there were any differences
between participants across school levels and geographic regions.

Course characteristics. Aimed at analyzing whether there were any differences across
course subjects and whether the durations and sample sizes of the experimental inter-
ventions influenced the final effect size (Chen et al., 2018; Zheng et al., 2016). To
ensure a precise analysis, we used a sample size coding scheme adapted from Chen
et al. (2018) and a time coding scheme from Bai et al. (2020) (see Table 3).

Control level. Aimed at determining whether the various control levels implemented in
the interventions may have affected the final effect size (Freeman et al., 2014). Accord-
ing to Bai et al. (2020), two control levels can be considered: student equivalence
and instructor equivalence. A study can be categorized into one of three types based
on student equivalence: (1) no-significant-difference group, i.e., the study conducted
and reported an initial statistical assessment of the control and experimental groups,
and showed that the students in the two groups were initially at the same level in a
statistically significant manner; (2) significant-difference group, i.e., the results of the
initial statistical assessment showed that the initial levels of the students were different
between the groups; and (3) no data reported, i.e., the study did not provide statistical
data on whether the initial levels of the students were equivalent. Similarly, a study can
be categorized into one of three types based on instructor equivalence: (1) identical
instructor, i.e., the same instructor oversaw the treatment and control groups; (2) dif-
ferent instructor, i.e., two or more instructors oversaw the treatment and control groups
respectively; and (3) no data reported, i.e., the authors did not provide this information
about the instructors.

Number of game elements. Aimed at investigating whether the number of game ele-
ments used moderated the effect size.

Type of reward and reward contingency. Aimed at determining whether the type of
reward and reward contingency moderated the effect sizes. Rewards were categorized
into verbal rewards (i.e., praise or positive feedback) and tangible rewards (e.g., sweets,
toys, and badges). We coded the reward contingencies using the reward contingency
framework developed by Cameron et al. (2001) (see Table 1).

Following Cameron and Pierce (2002) studies that did not provide enough information

to code specific characteristics of reward were omitted from the reward contingency analy-

ses. In addition, subgroups with only one intervention were excluded from the modera-
tor analyses, as suggested by Tondello et al. (2017). This is because the number of inter-
ventions was considered too small to yield meaningful results (Bai et al., 2020; Fu et al.,
2011).
Table 3 Coding scheme (Sample size and Intervention duration)
1 2 3 4 5 6
Sample size <50 50-100 100-150 >150 No data pro-
vided
Intervention <1 week 1 week—1month 1 month-3 months 3 months—1 >1 semester No data
duration semester pro-

vided
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Analysis of publication bias

One cause of publication bias is that researchers tend to only report favorable results
(i.e., significant results), which may lead to overestimation of the effects of interventions
(Borenstein et al., 2021). We conducted four analyses to assess publication bias: the fun-
nel plot, the classic fail-safe N test, and the calculation of Egger’s regression and Begg and
Mazumdar’s rank correlation.

Qualitative analysis

To further analyze the possible challenges of using gamification to facilitate students’
intrinsic motivation, the self-determination theory of motivation (SDT) was used to con-
struct our coding framework. Preliminary coding of several studies indicated that SDT ele-
ments (i.e., competence, relatedness, and autonomy) can address the challenges of employ-
ing gamification to foster intrinsic motivation. More specifically, the first author developed
the coding scheme based on previous gamification literature (e.g., Bai et al., 2020; Yasar
et al., 2020) and preliminary coding of several empirical studies identified in the present
review (Table 4). The first author coded all the articles using the constant-comparative
approach (Lincoln & Guba, 1985) based on the coding scheme. The second author inde-
pendently coded 20% of the articles using the same coding scheme. Although we used
SDT as a priori, we remained open to the identification of new categories (if any) during
the coding process. We also did not force any data into a particular category. Any discrep-
ancies were resolved through mutual discussion.

The following example illustrates how the data were analyzed and coded: “Some stu-
dents also reported being unaware of the badges. This may lead to the statistically sig-
nificant drop in scores for perceived competence” (Facey-Shaw et al., 2020, p. 46). This
example was coded as an “unfamiliarity with game elements” subcategory since the most
salient element appeared to be students being unacquainted with the game elements. The
“unfamiliarity with game elements” subcategory is subsumed within the main category of
“lack of perceived competence”. This is because the game elements (e.g., badges) were
linked to student’s individual competence in solving a task. Therefore, students who were
unacquainted with the game elements were less likely to feel a sense of competence.

Analysis of the data corpus continued until each coding category was saturated, which
means that new data began to confirm rather than shed new light on the types of challenge
categories.

Results
Characteristics of the studies

Thirteen (42%) of the 31 studies were conducted in Europe (e.g., Brom et al., 2019; Ferriz-
Valero et al., 2020; Garcia-Cabot et al., 2020; Jurgelaitis et al., 2019; Kyewski & Krimer,
2018) and 9 (29%) were conducted in America (e.g., Challco et al., 2019; Hanus & Fox,
2015; Hazan et al., 2018). Three (10%) were conducted in the Asia—Pacific region, specifi-
cally, China (Sun & Hsieh, 2018), Malaysia (Hong & Masood, 2014), and Pakistan (Tasad-
dugq et al., 2021). The remaining six studies (e.g., De Schutter & Abeele, 2014; Facey-Shaw
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Gamification enhances student intrinsic motivation,... 779

et al., 2020; Stansbury & Earnest, 2017) did not specify where the interventions were con-
ducted. This review included studies conducted at both the K-12 and higher education lev-
els. Twenty-one of the studies were conducted at the higher education level (undergraduate:
n=20, graduate: n=1) and 10 studies were conducted at the K-12 level (primary school:
n=2, secondary school: n=6, junior high school: n=2). The subjects covered varied
between the studies, including physical education (e.g., Fernandez-Rio et al., 2021; Seg-
ura-Robles et al., 2020), algorithms (e.g., Rodrigues et al., 2021), and mathematics (e.g.,
Stoyanova et al., 2017). In most of the studies (n=12), the interventions were between 2
and 12 weeks long, and in seven studies the interventions were longer than 16 weeks (1
semester). The duration of seven interventions was less than 1 week. Five studies did not
provide explicit information about the duration of their interventions.

RQ1.What instruments have been used to measure students’ intrinsic motivation
in the gamified classroom approach?

Self-report questionnaires

We found that 29 of the studies used self-report survey measures (e.g., the interest/enjoy-
ment scale of the IMI and the intrinsic motivation subscales of the Basic Psychological
Needs in Exercise Scale and the Sport Motivation Scale) to assess the students’ intrinsic
motivation. The self-report measures used were generally not discipline-specific with the
exception of a few used to assess intrinsic motivation in specific domains such as math-
ematics (Stoyanova et al., 2017) or physical education (Ferriz-Valero et al., 2020).

Overall, self-report methods were the most frequently used methods to assess intrin-
sic motivation. Students’ intrinsic motivation can also be inferred from behavior such as
voluntary re-engagement with a task, which indicates the resumption of an activity with-
out instruction or compulsion over a free-choice period (Ryan & Deci, 1987; Ryan et al.,
1991). However, to the best of our knowledge, none of the studies included in this review
assessed intrinsic motivation by monitoring the students’ free-choice behavior.

Interview

A few of the studies (n=5) used interviews to assess the students’ intrinsic motivation.
Most of the interviews used a semi-structured approach in which the participants were
interviewed in an open, unstructured setting based on pre-designed questions with a focus
on listening to the students’ stories. One of the advantages of this approach is that it ena-
bles the interviewer to gain insight into the causes of variations in intrinsic motivation
across students in a relaxed atmosphere and to understand why some students’ intrinsic
motivation may have increased while other students’ intrinsic motivation may have shown
no change or even decreased.

RQ2. What is the effect of gamification on students’ intrinsic motivation?
Overall effect size

In this meta-analysis, 35 independent interventions involving 2500 participants were
examined. The overall effect of gamification on the students’ intrinsic motivation was
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Study name Outcome Statistics for each study Hedges's g and 95% C1
Hedges's Lower Upper

e limit limit p-Value
Brom etal. (2019). IM-NC 0.072 -0.409 0553 0.769
Brom etal. (2019) M- NF 0.096 -0.389 0.580 0699
Challco et al. (2019). ™M 0952 0213 1.690 0012 —i—
Challco et al. (2017). ™M 0.470 -0.036 0977 0.069
De Schutter_Abeele (2014). ™M -1.148 -1812 -0.484 0.001 —l—
Facey-Shaw etal. (2020). _Expl ~ IM-Exp1 0513 -1.136 0111 0.107
Facey-Shaw etal. (2020). _Exp2  IM-Exp2 0.017 -0.531 0565 0950
Facey-Shaw etal. (2020). _Exp3  IM-Exp3 0.009 -0.541 0559 0974
Facey-Shaw et al. (2020). _Exp 4 M-Exp4 41329 -1.943 -0.715 0.000 |l
Ferriz-Valero et al. (2020). M 0.146 -0.201 0.492 0.409
Garcia-Cabot et al. (2020). ™M 0.304 0437 1044 0422
Hazan et al. (2018). ™M 0276 0317 0.869 0361
Jurgelaitis et al. (2019a). - est ™ 1.326 0.948 1.704 0.000 -
Kyewski et al. (2018). M 0333 -1.196 0530 0.449
Oriz Rojas et al. (2017) M 0.183 0.207 0572 0358
Ortiz-Rojas et al. (2019). ™M 0271 -0.155 0.697 0212
Rodrigues et al. (2021). ™ 0.103 -0.758 0.963 0815
Sailer et al. (2021). ™M 0.835 0.550 1120 0.000
Segura-Robles et al. (2020). M 1.934 1.345 2522 0.000 ——
Stansbury-Earnest (2017) ™M 0.640 0.226 1.054 0.002 -
Stoyanova etal. (2017). M 0.037 -0.367 0.440 0859 -
Tasaddug et al. (2021). ™M -0.322 -0.928 0.284 0.298 —.——
Treiblmaicr et al. (2020). M 0313 -0.541 -0.084 0.007 L 3
Jones et al. (2022). M -0271 -0.820 0277 0332 —H—
Hong & Masood. (2014). M 0.587 0.076 1.097 0024 ——
Leitao et al. (2022). IM-PT-B 0.657 -0.096 1.410 0.087 il
Leitao et al. (2022). IM-PT-L 0297 -1.020 0427 0421 —l—
Leitao etal. (2022). IM - PT - PBL 0.669 0072 1.409 0077 ——
Leitao et al. (2022). 0.261 -0.830 1.351 0.639 —_——
Leitao et al. (2022). 1123 -0.059 2.305 0.063 et
Leitao et al. (2 0.093 0.993 1179 0867 ——
Leitao et al. (2022). 1393 0.162 2.625 0.027 ———
Leitao et al. (2022). IM-PT-P -0.523 -1.256 0.209 0.161 ——t
Femandez-Rio et al. (2021). M 1466 0872 2.060 0.000 —i—
Sotos-Martinez et al. (2022) M 0.499 0259 0.738 0.000 L )

0257 0.043 0471 0019 [

-4.00 2,00 0.00 200 4.00

Fig.2 Intrinsic motivation—Forest plot of effect sizes (Hedges’ g) using the random effects model (n=35)

statistically significant (Hedges’ g=0.257, 95% CI [0.043, 0.471], p=0.019) (see
Fig. 2). This result indicated that the gamified settings had a significant but small effect
on the students’ intrinsic motivation. A significant Q statistic (Q =206.403, I=83.527%,
p<0.001) indicated the presence of heterogeneity. We conducted several moderator
analyses and assumed that the variables were unequal across subgroups to explore the
possible reasons for this heterogeneity (see Tables 5, 6).

Table 5 Results of the Q-test for
heterogeneity for the first four
categories of moderators

Moderator 0Op Df P-value

Participant characteristics
School level 2.820 1 .093
Geography 5.490 3 139
Curriculum characteristics
Sample size 1.231 3 746
Research design 3.119 3 374

Intervention duration 9.509 4 .050*
Control level

Student equivalence 0.463 2 794

Instructor equivalence 12.596 2 .002%*
Number of game elements

Number of game elements 0.975 2 614
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Table 7 Comparing effect sizes across values of instructor equivalence

Moderator n Hedges’ g SE 95% CI Q)
LL UL
Instructor equivalence 12.596 (.002%*)
Different instructors 8 —.143 0.176 —0.487 0.202
Identical instructor 9 613 0.124 0.371 0.855
No data reported 18 264 0.187 -0.102 0.630
Intervention duration 9.509 (.050%*)
<1 week 12 371 153 071 672
1 week—1 month 5 243 208 —.165 651
1 month—-3 months 7 .610 253 115 1.105
> =1 semester 8 —.068 337 -.729 592
Not reported 3 —.127 .146 — 414 159
*p <.05

The heterogeneity analysis (Table 7) showed no significant variation in the effects of
gamification across the samples attributable to participant characteristics, curriculum char-
acteristics, and the number of game elements, i.e., (a) participants at different grade lev-
els (0=2.820, df=1, p=0.093); (b) studies conducted in different countries (Q=5.490,
df=3, p=0.139); (c) studies with different sample sizes (Q=1.231, df=3, p=0.746); (d)
studies adopting different research designs (Q=3.119, df=3, p=0.374); (e) student equiv-
alence (Q=0.463, df=2, p=0.794); and (f) studies using different numbers of game ele-
ments (Q=0.975, df=2, p=0.614). However, there was significant variation across reward
contingencies (Q=99.486, p=0.000). The effect sizes were greater when ‘“each unit
solved” or a combination of rewards (e.g., “each unit solved + surpassing a score +exceed-
ing a norm”) was used as the contingency for offering rewards.

Furthermore, significant differences were found across various intervention durations
(0=9.509, df=4, p=0.050), and interventions conducted over a period of 1 to 3 months
had the highest effect sizes. There were also significant differences between studies that
had the same instructor for all groups and those that had different instructors (Q=12.596,
df=2, p=0.002). Effect sizes were larger in studies in which both the control and exper-
imental groups were taught by the same instructor (Hedges’ g=0.613) than in those in
which the groups were taught by different instructors (Hedges’ g= —0.143) or the study
provided no data on whether the groups were taught by the same instructor or by different
instructors (Hedges’ g=0.264) (see Table 6).

Publication bias

The following tests were performed to examine the possibility of publication bias in the
studies examined in this review: Begg and Mazumdar’s rank correlation analysis, the
classic fail-safe N test, Egger’s regression, and a funnel plot. The funnel plot is shown in
Fig. 3. A visual inspection of the figure does not indicate any publication bias. Two sta-
tistical indicators supported this finding: Kendall’s tau correlation coefficient with conti-
nuity correction (t= —0.02689, two-tailed p=0.82025) and Egger’s regression intercept
(o= —0.14994, two-tailed p=0.88721).
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Fig. 3 Funnel plot of standard error by Hedges’ g

Furthermore, we estimated the number of null studies (i.e., studies that were not
published or did not report the effect of gamification on intrinsic motivation, because
the findings were not significant) required to raise the p-value related with the mean
effect to any alpha level (a=0.05) by using the classic fail-safe N test. For the overall
effect to be statistically nonsignificant, 281 missing studies with zero mean effect size
were required. We thus concluded that the overall average effect size observed in our
study was not exaggerated by publication bias, as such an exaggeration would have
required a disproportionately large number of unreported studies with zero effects.

RQ3: What is the effect of gamification on the basic psychological needs
that contribute to intrinsic motivation?

To better understand how gamification affects students’ intrinsic motivation, we also
calculated the effect sizes of the influence of gamification on the fulfillment of the
three basic psychological needs (competence, autonomy, and relatedness) that contrib-
ute to intrinsic motivation.

Twelve of the 35 independent studies reported statistical data on competence. These
data showed that the effect size of the influence of gamification on perceived compe-
tence was marginally significant (Hedges’ g=0.277, 95% CI [0.001, 0.553], p=0.049)
(see Fig. 4). We can therefore infer that these gamification interventions yielded mini-
mal effect in enhancing students’ perceived competence.

Eleven independent studies reported statistical data on autonomy, and the results
showed that gamification contributed to the students’ perceived autonomy (Hedges’
£=0.638, 95% CI [0.139, 1.136], p=0.012) (see Fig. 5). Only four independent inter-
ventions reported statistical data on relatedness, and these data showed that gamifi-
cation significantly facilitated the students’ perceptions of relatedness (Hedges’
g=1.776,95% CI1[0.737, 2.814], p=0.001) (see Fig. 6).
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Outcome Statistics for each study Hedges's g and 95% CT
Hedges's Lower Upper

e limit limit p-Value
Facey-Shaw etal. (2020). Exp3  Competence - Exp 3 0.007 0.543 0.557 0980
Facey-Shaw etal. (2020). Exp1  Competence - Exp 1 -0.072 -0.687 0.543 0818
Facey-Shaw etal. (2020). Exp2  Competence - Exp 2 0020 -0.528 0.568 0942
Facey-Shaw etal. (2020)._Exp4  Competence - Exp 4 -0.358 -0.937 0220 0225
Hazan etal. 2018) Competence 0502 -0.097 1101 0.100
Jurgelaits ct al. (20193). - est Competence 115 0.746 1483 0.000 -.-
Sailer et al. (2021). Competence -0.061 0335 0212 0.660
Segura-Robles et al. (2020) Competence 0433 0,923 0.057 0.083
Jones etal. (2022). Competence 0.696 0133 1259 0015 —.—
Hong & Masood. (2014). Competence 0.600 0.089 L1111 0021 —.—
Femandez-Rio et al. (2021), Competence 0.764 0219 1310 0.006 —.—
Sotos-Martinez et al. (2022) Competence 0429 0.190 0.667 0.000 B

0277 0.001 0.553 0.049

-4.00 2,00 0.00 2.00 4.00

Fig.4 Competence—Forest plot of effect sizes (Hedges’ g) using the random effects model (n=12)

Study name Outcome Statistics for each study Hedges's g and 95% CT
Hedgess  Lower  Upper
2 limit lmit  p-Value
Challco etal. (2019). Autonomy 0810 0083 1537 0029
Challco etal. (2017). Autonomy 0825 0304 1346 0002
Facey-Shaw et al. (2020),_Exp3  Autonomy - Exp3 0191 0359 0742 049
Facey-Shaw et al. (2020). Exp 1 Autonomy - Exp | 0603 1230 0024 0059
Facey-Shaw et al. (2020)._Exp2  Autonomy - Exp 2 0168 -0.381 0716 0549
Facey-Shaw et al. (2020)._Exp4  Autonomy- Expd 0464 L0 0117 0117
Segura-Robles et al. (2020). Autonomy 388 3060 4719 0.000 —R
Jones etal. (2022). Autonomy 1310 0706 1913 0000
Hong & Masood. (2014). Autonomy 0.076 -0.424 0.576 0.766
Fernandez-Rio et al. (2021). Autonomy 0.644 0.104 1.183 0.019
Sotos-Martinez et al. (2022) Autonomy 0565 0325 0806 0.000
0638 0139 L3¢ 0012

-4.00 -2.00 0.00 2.00 4.00

Fig.5 Autonomy—Forest plot of effect sizes (Hedges’ g) using the random effects model (n=11)

Study name Outcome Statistics for each study Hedges's g and 95% CI
Hedges's Lower Upper
e limit limit p-Value
Sailer et al. (2021). Relatedness 0.594 0315 0874 0.000

Segura-Robles et al. (2020). Relatedness 5.805 4.689 6.921 0.000

Sotos-Martinez et al. (2022)  Relatedness 0.581 0.340 0.822 0.000

Fernandez-Rio et al. (2021). Relatedness 0.993 0435 1.551 0.000 —.—
1.776 0.737 2.814 0.001

-4.00 -2.00 0.00 2.00 4.00

Fig. 6 Relatedness—Forest plot of effect sizes (Hedges’ g) using the random effects model (n=4)
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RQ4. What are the current challenges that gamification research must address?

Although the results of our meta-analysis suggested that gamification contributed to the
learners’ intrinsic motivation, its overall effect size was small. To further understand the
challenges that gamification research must address, we conducted a systematic review of
31 gamification studies and identified two broad challenges currently faced when using
gamification to facilitate students’ intrinsic motivation: insufficient perceived competence
and insufficient perceived autonomy of students in gamified classes. Details and examples
of these challenges are summarized in Table 8.

In terms of perceived competence, the most frequently reported challenge was the dis-
comfort experienced by learners (n="7) who ranked low in the rankings displayed publicly
on absolute leaderboards. Absolute leaderboards (also known as infinite leaderboards) dis-
play the positions of all players and are often used in educational settings (e.g., Bai et al.,
2020; Tsay et al., 2018). On such a leaderboard, each participant can view the position of
every other participant, and those at the top of the leaderboard may have a greater sense
of achievement than those at the bottom (Ortiz-Rojas et al., 2019). This can contribute to

Table 8 Challenges in using gamification to support intrinsic motivation

Themes and sub-themes (Percentage) Representative citations

Self-determination theory
Lack of perceived competence

Discomfort among the lowest ranked participants ~ “The way in which the rewards were presented to
in a public absolute leaderboard (23%) students could have also played a role in their

perception of the software. For example, whereas
all students received points and a position on
the leaderboard, the fact that only the top three
students were awarded badges could have limited
the effect of this gamification element. Further-
more, being high on the leaderboards or receiving
a badge could have been particularly encouraging
only for those students concerned, while the rest
of the class could have potentially been negatively
affected” (Andrade et al., 2020, p. 17)

Unsuitability of the difficulty level of the gamified “Students were not interested in certain badges,
tasks (10%) such as those given for merely attending
classes...Some badges, such as attendance
badges, were not considered valuable as students
wanted badges that required achievement effort
and not those that ‘everyone can earn’” (Facey-
Shaw et al., 2020, p. 42)

Unfamiliarity with gamification elements (10%) “Some students also reported being unaware of the
badges. This may have led to the statistically sig-
nificant drop in scores for perceived competence”
(Facey-Shaw et al., 2020, p. 46)

Lack of perceived autonomy

Lack of autonomy in choosing learning content “Based on these findings and the way the students
and activities (19%) responded to the course in class, the following
recommendations should be made: ... Provide
students with freedom of choice in how they
want to show their mastery of the materials” (De
Schutter & Abeele, 2014, p. 7)
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social pressure and frustration for students who are ranked low (e.g., Andrade et al., 2020;
Ferriz-Valero et al., 2020). Another challenge in terms of perceived competence, reported
in three of the studies, was the unsuitable difficulty level of the gamified tasks. For exam-
ple, some of the students perceived valueless and easy tasks as unchallenging (e.g., Facey-
Shaw et al., 2020). Questions that exceeded the students’ expected difficulty, combined
with negative feedback, also undermined their competence needs (e.g., Sailer & Sailer,
2021). In addition, three studies reported concerns about the clarity and purpose of the
gamification rules or elements. For example, Facey-Shaw et al. (2020) reported that some
of the students were unaware of the existence of badges in the gamified classes, leading to
surprise when they received them and confusion over how they were earned.

Six studies reported challenges in addressing the learners’ needs for autonomy. The
most frequently reported challenge was the learners’ perceived lack of autonomy in choos-
ing what to learn and which activities to engage in (e.g., De Schutter & Abeele, 2014;
Hong & Masood, 2014; Ortiz-Rojas et al., 2019).

Discussion

Gamification has increasingly attracted the attention of educational researchers due to its
potential to motivate students in their learning, and has been shown to positively influ-
ence students’ behavior and learning outcomes (e.g., Bai et al., 2020; Huang & Hew, 2021;
Ritzhaupt et al., 2021). However, despite its popularity, there is little consensus on whether
gamification enhances students’ intrinsic motivation. This review provides an overview of
quantitative research on the use of gamification in educational settings to influence stu-
dents’ intrinsic motivation. Specifically, we conducted a meta-analysis of studies on gami-
fication and its effects on intrinsic motivation, measured primarily through self-reported
data obtained from students.

Based on a comprehensive and careful selection process, we identified 31 relevant arti-
cles among which 24 reported sufficient data for the meta-analysis. In total, 35 separate
interventions (reported in these 24 articles) were examined in the meta-analysis. In addi-
tion to the meta-analysis, we conducted a systematic review and found that there were two
main challenges that gamification research must address in relation to intrinsic motivation,
namely, students’ lack of perceived competence and lack of perceived autonomy in gami-
fied classes.

Measurement of intrinsic motivation

We found that most of the gamification studies examined in the meta-analysis used self-
reports (questionnaires or interviews) to assess the students’ intrinsic motivation. One
reason for the widespread use of self-reports is that this method enables researchers to
measure large and diverse samples at a relatively low cost (Fredricks & McColskey, 2012).
In addition, self-reports are relatively easy to administer in the classroom (Fredricks &
McColskey, 2012). However, as mentioned earlier, there are challenges to the objectivity of
the responses obtained via self-reports because participants are prone to self-favoring bias,
exaggeration, and falsification when reporting about themselves (Paulhus & Vazire, 2007).

To address this drawback of self-reports, future studies should use behavioral assess-
ment methods that are more objective such as free-choice behavior (Deci et al., 1999;
Mekler et al., 2017). Although previous reviews of studies using self-reports to assess
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intrinsic motivation have found similar results to those of studies using free-choice behav-
ior (Deci et al., 1999), the adoption of behavioral free-choice measures of intrinsic motiva-
tion, such as by allowing participants the choice to continue engaging in a task without any
reward (Deci & Ryan, 2004) and recording the outcome, may yield additional insights.

Effect of gamification on intrinsic motivation

The meta-analysis showed that gamified learning was more effective in increasing students’
intrinsic motivation than non-gamified learning, although the effect size was small. One
possible explanation for this greater effectiveness of gamified learning in enhancing stu-
dents’ intrinsic motivation is that gamified learning, using various game elements, meets
students’ basic psychological needs. However, the gamification features adopted in most
gamification studies did not cater to all basic psychological needs (Xi & Hamari, 2019).
This may be the reason for the small effect size found in our meta-analysis. Since the rela-
tionships between the three basic psychological needs are complementary (Ryan & Deci,
2000b), the fulfillment of all three needs has an additive impact on intrinsic motivation
(Deci & Ryan, 2004; Rigby & Ryan, 2011). Conversely, if individuals perceive that the
fulfillment of one of their basic psychological needs is diminished or hindered, a loss of
motivation is likely to occur (Ryan & Deci, 2000b, 2020; van Roy & Zaman, 2019). This is
an issue that future research on gamification must consider.

We also examined whether different moderators attenuated or exacerbated the differ-
ences in effect sizes between the interventions. We found evidence of differences in effect
sizes that were attributable to differences in instructor equivalence between the interven-
tions. Our comparison of the empirical studies based on the instructor equivalence adopted
suggested that the average effect sizes of the influence of gamification was higher when
both the gamified and non-gamified classrooms were taught by the same instructor than
when different instructors taught them. However, considering that many of the studies did
not report whether they ensured instructor equivalence, this finding should be interpreted
with caution, and the causes of this variation cannot be conclusively established.

Furthermore, the results showed that gamification interventions that were short had a
larger mean effect size than those that were long. The interventions that were 1 to 3 months
long had the largest mean effect size (g=0.610), whereas those that were more than 1
semester long had an almost negligible and negative mean effect size. One possible reason
for this finding is that gamification is a non-traditional teaching method and the interest
shown by the participants in the short-term interventions may be due to the fact that the
approach is a new and exciting game-like learning approach. Over time, however, this nov-
elty wears off and students become less engaged or even negative (e.g., bored) (Bai et al.,
2020). Future research should pay more attention to psychological mechanisms in gami-
fication design to meet the psychological needs of students and thus promote meaningful
and lasting outcomes. Our results also indicated that the offering of rewards (either a single
reward or a combination of rewards) based on the level of performance achieved was asso-
ciated with a greater average effect size than the offering of combined rewards based sim-
ply on the completion of or participation in an activity. Specifically, reward combinations
that consisted of rewards offered for solving each unit or problem, exceeding an absolute
performance standard, and exceeding a relative performance standard had the largest aver-
age effect size (g=0.633). A possible reason for this finding is that the effect of rewards on
individuals’ intrinsic motivation depends on how the reward events affect their perceptions
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of competence, and when performance criteria are graded and attainable, rewards have a
positive effect (Cameron et al., 2001).

Effect of gamification on basic psychological needs

The small overall effect size found in the meta-analysis necessitates reflection on whether
gamification interventions, in their current implementations, fulfill basic psychological
needs (competence, autonomy, and relatedness). Although some studies have expressed
optimism regarding the use of gamification to meet basic psychological needs from a theo-
retical perspective, there is a lack of empirical evidence on whether gamification actually
meets these needs. Therefore, one of the objectives of our meta-analysis was to determine
whether prior gamification interventions fulfilled these basic psychological needs.

The results showed that the gamification interventions had a positive and significant
effect on the students’ perceptions of autonomy and relatedness. According to SDT, when
a person can freely pursue an outcome or engage in an activity, they perceive a high sense
of autonomy, which in turn promotes intrinsic motivation (Peng et al., 2012; Xi & Hamari,
2019). That is, when students perceive that they have freedom of choice in their actions,
they perceive higher levels of autonomy, which in turn enhances their intrinsic motivation
(e.g., Jones et al., 2022); conversely, when students feel forced to participate, their intrinsic
motivation decreases (e.g., Hanus & Fox, 2015). Only a few of the studies examined in the
meta-analysis reported statistical data on the need for relatedness. Nevertheless, the results
based on those studies suggested that gamified learning was more conducive to enhanc-
ing the students’ perceived relatedness than non-gamified learning. One explanation for
this finding is that the high frequency of communication and idea-sharing between the stu-
dents during group work in gamified classes may have contributed to fulfilling their need
for relatedness (Fernandez-Rio et al., 2021). In addition, gamification may have stimulated
competition between teams, thereby increasing the participants’ sense of belonging to their
team by strengthening their sense of community (van Roy & Zaman, 2019).

While the effect of gamification on the students’ perceived competence, which refers to
a sense of achievement and the recognition of one’s competence by others, was statistically
significant yet minimal. In the gamification studies examined in the meta-analysis, compe-
tence needs were the most frequently tested motivational factor (compared with autonomy
and relatedness). Although it might seem that competence needs can be easily met in a
gamified environment through performance indicators (e.g., leaderboards) or symbolic
achievement icons (e.g., badges), the results showed that the gamification interventions did
not satisfy the students’ competence needs significantly better than non-gamified learning.
One explanation for this result is that some of the game elements used may have had a
negative effect on the students’ perceived competence. Leaderboards, for example, pub-
licly display students’ ranks calculated based on some success criterion (Costa et al., 2013;
Sailer et al., 2017). They are therefore a game element that directly communicates stu-
dents’ success relative to the entire class and elicits social comparison (Sailer et al., 2017).
However, for students performing poorly, leaderboards convey negative feedback (e.g., an
unpleasant sense of competition) and generate social pressure (Ferriz-Valero et al., 2020;
Ortiz-Rojas et al., 2019), leading to a sense of incompetence and thus lower intrinsic moti-
vation. Furthermore, although rewards such as badges and points create a sense of compe-
tence, they may undermine students’ autonomy if they are perceived as controlling (Ryan
& Deci, 2020), resulting not in a sense of accomplishment but rather in a loss of intrinsic
motivation.
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Challenges of using gamification to facilitate intrinsic motivation and potential
solutions

Regarding the fourth research question, the results revealed two broad challenges to cur-
rent implementations of gamification aimed at promoting intrinsic motivation: the lack of
perceived competence and the lack of perceived autonomy among students in gamified
classes. Three main factors were reported to contribute to the lack of perceived compe-
tence, namely, unsuitable difficulty levels of gamified tasks, unfamiliarity with gamifica-
tion elements, and the discomfort caused to underperforming students by public absolute
leaderboards.

To deal with the unsuitability of the difficulty levels of gamified tasks, gamification
designers may consider providing tasks of varying difficulty for learners to choose from.
As Deci and Ryan (1985) argued, activities that are trivial or simple and therefore provide
no challenge are not intrinsically interesting, even for somebody who perceives themselves
to be extremely competent. Facey-Shaw et al. (2020) also reported that students are not
interested in trivial rewards that do not require any effort to achieve. In contrast, Jones et al.
(2022) successfully satisfied students’ perceived need for competence by providing a vari-
ety of assignments with different requirements for students to choose from.

To help reinforce students’ understanding of gamification rules or elements, designers
may consider combining storylines with tasks (Zarraonandia et al., 2015) and providing
students with clear goals, thus promoting transparency regarding whether and how they
might succeed in their attempts (Sailer et al., 2014; Xi & Hamari, 2019). To avoid the
negative effects caused by public absolute leaderboards, other types of leaderboards should
be considered. Relative leaderboards, which help to reduce lower ranked students’ frustra-
tion and discouragement (Ortiz-Rojas et al., 2019), may reduce the likelihood that such stu-
dents will lose their intrinsic motivation. To address the issue of students’ perceived lack
of autonomy in gamified classes, they should be provided with more choices for learning
and opportunities to express themselves. For example, Fernandez-Rio et al. (2021) found
that allowing students to choose their preferred path to explore a subject enhanced their
perceived autonomy, as it gave them a sense of being in charge of their own actions. The
use of avatars may also help enhance students’ perceived autonomy (Sailer et al., 2017; Xi
& Hamari, 2019) by, for example, allowing them to choose their preferred avatar.

Limitations

This study has certain limitations that must be acknowledged when interpreting its results.
First, although the search string used in the study was broad in scope, enabling us to cap-
ture as many empirical studies as possible, important information was missing in many of
the studies (e.g., insufficient statistical data). Missing information and unclear reporting of
findings are common problems encountered in meta-analyses and research synthesis stud-
ies (Karabulut-Ilgu et al., 2018), and our study also had to contend with these challenges.
Second, the fact that self-reports were the most commonly used measurement approach
in the studies may have affected the objectivity of the data gathered in this meta-analysis to
examine the effect of gamification on intrinsic motivation (Paulhus & Vazire, 2007). Future
studies could adopt more objective approaches to collecting data such as the observation
of actual behavior. For example, free-choice behavior can be recorded in a manner that is
“typically unobtrusive” (Deci et al., 1999, p. 656), whereby participants assume that the
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experimenter is not aware of whether they persist in performing an activity during the free-
choice period and thus decide whether to persist based on their own motivation.

Third, the coding and analysis of the moderating variables were based on information
that was explicitly reported in the original articles. Thus, when information regarding a
variable was not reported explicitly in the original article, we coded that information as not
available. This may have led to minor differences between our recording of the variables
reported in a study and the variables actually observed in the study.

Conclusion

Although gamification has garnered substantial interest in education research over the past
decade, evidence of its ability to enhance students’ intrinsic motivation remains unclear.
To bridge this gap, we conducted a meta-analysis of 35 independent interventions in which
we estimated the overall mean effect of the influence of the gamification interventions on
students’ intrinsic motivation and the fulfillment of the three basic psychological needs
of autonomy, relatedness, and competence. We also identified the challenges faced when
using gamification to enhance intrinsic motivation. The findings suggested that it is possi-
ble to foster students’ intrinsic motivation by using gamified learning. This review contrib-
utes to the literature in three ways. First, it clarifies the effectiveness of existing gamifica-
tion interventions in fostering intrinsic motivation. Second, the review enables educators to
better understand whether gamification supports the basic psychological needs of students
from a statistical perspective. Finally, the review identifies several challenges associated
with the adoption of gamification to foster intrinsic motivation and offers possible solu-
tions to these challenges.

We conclude by highlighting three directions for future gamification research. First,
instead of self-report questionnaires, other approaches to measuring students’ intrinsic
motivation should be considered. For example, free-choice behavior could be recorded to
examine whether and for how long students are intrinsically motivated to engage in learn-
ing activities in a free-choice period (Cameron & Pierce, 2002; Ryan & Deci, 1987).

Second, future research should examine more closely the effects of various types of
rewards and reward contingencies used in gamification interventions on students’ intrinsic
motivation. In this meta-analysis, we examined reward types and reward contingencies as
moderating variables. The results indicated that rewards tied to performance had a posi-
tive influence on intrinsic motivation, and this finding echoes that of Cameron and Pierce
(2002). However, the number of papers that reported this information was small and we
therefore call for more gamification research on the effects of various reward types and
reward conditions on intrinsic motivation.

Third, whereas the results indicated that gamification enhanced intrinsic motivation,
a substantial part of the heterogeneity in the effects of gamification across the studies
could not be explained by the moderators investigated in the analysis. That is, the ques-
tion of what factors facilitate gamification’s influence on intrinsic motivation remains to be
addressed. One reason why a substantial part of the heterogeneity could not be explained
may be that our coding and analyses were based on what was explicitly reported in the
articles reviewed. Furthermore, there could be discrepancies between what was docu-
mented in the articles and the actual research. Future research should explore how gami-
fication should be designed to better foster intrinsic motivation rather than simply attempt
to determine whether gamification is effective. To address the challenge of heterogeneity in
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findings across studies, first, the design of instructional gamification interventions should
be based on a comprehensive theoretical framework, and studies should provide a clear
description of the instructional arrangements and the types of instructional activities used.
Second, all aspects of a study’s design, such as study characteristics and control group
arrangements, should be reported transparently to facilitate a comprehensive meta-analytic
investigation of the factors influencing the effectiveness of gamification.
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