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Abstract: Grounded in self-determination theory, our study explored how
personality traits interacted with perceived need satisfaction, influencing
students’ enjoyment and future participation intention in a leaderboard-based
gamified learning context. A sample of 109 undergraduate students participated
in a leaderboard-based math activity and completed surveys measuring their
personality traits, perceived need satisfaction, enjoyment, and intention for future
participation. The results indicated that the trait of emotional stability was a
crucial moderator of the relationships between perceived need satisfaction and
enjoyment. Additionally, the trait of agreeableness moderated the relationship
between perceived autonomy and future participation intention. The study
contributes to a more comprehensive understanding of the underlying
mechanism of leaderboards and highlights the importance of theory-based
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investigation into the influence of personality traits in gamified environments.

Keywords: Personality traits; Perceived need satisfaction; Leaderboard;
Gamification; Mathematics
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1. Introduction

The integration of game elements within educational contexts has gained significant
attention from educators and researchers in recent years. Gamification and serious games
have been widely adopted to promote learner engagement and learning in a variety of
settings (Abedi et al., 2018; Krath et al., 2021; Xu et al., 2021). Within the realm of STEM
education, researchers have found that gamification and serious games have the potential
to advance multiple STEM learning goals, including motivation to learn science,
conceptual understanding, and scientific discourse (Honey & Hilton, 2011; Ibanez &
Delgado-Kloos, 2018). Studies have also suggested that the incorporation of game
elements has the potential to benefit low-performing groups (Herodotou, 2018) and
economically disadvantaged urban communities (Kim et al., 2012). However, gamification
research presents a diverse spectrum of findings (Sailer & Homner, 2020), indicating that
the application of uniform, one-size-fits-all approaches might not yield positive results for
every learner and could sometimes even lead to adverse effects (Hanus & Fox, 2015). As
a result, there is a need to develop adaptive gamification that can dynamically engage
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individual learners by considering the interplay between gamification mechanisms and
learner characteristics (Bennani et al., 2022).

Although gamification researchers have acknowledged the importance of
developing personalized and adaptive gamification systems (Bezzina & Dingli, 2023; Xiao
& Hew, 2024), limited research on how learner characteristics shape the effectiveness of
gamified interventions has posed a significant challenge to advancing this agenda. Prior
studies have documented substantial variation in learners’ motivational responses to
gamification (Bowey et al., 2015; Gao et al., 2023), yet few have investigated how specific
learner characteristics contribute to these dynamics, and even fewer have sought to explain
why certain traits exert stronger or weaker influences on learners’ experiences. Advancing
this line of research is crucial for building adaptive gamification systems that can
accommodate individuals’ unique traits and needs. To address this gap, the present study
investigates the mechanisms linking personality traits and perceived need satisfaction in
shaping learners’ motivation within a leaderboard-based learning activity.

2. Literature review

2.1. Self-determination theory and gamification

Self-determination theory (SDT) is one of the most widely adopted theoretical frameworks
in gamification research (Triantafyllou et al., 2025). By identifying key psychological
elements that promote human motivation and well-being, SDT is particularly suitable to
guide the examination of the underlying psychological processes in gamification.
According to SDT, the satisfaction of the three basic psychological needs (i.e., autonomy,
competence, and relatedness) is the basis for human development and wellness. Autonomy
means “being the perceived origin or source of one’s own behavior” (Ryan & Deci, 2002);
competence means “feeling effective in one’s ongoing interactions with the social
environment and experiencing opportunities to exercise and express one’s capacities”
(Ryan & Deci, 2002); and relatedness is present when people feel cared for by others.

It is worth noting that, according to SDT, the same event may impact individuals’
experiences of autonomy and competence differently (i.e., functional significance varies)
depending on the context and individual characteristics (Ryan & Deci, 2017). This point is
well illustrated by Van et al. (2019), who found that when provided badges, people
experienced the functional significance of badges in different ways, which in turn shaped
their motivations and behaviors differently. Thus, to effectively explore when and how
gamification design meets the needs of individual learners, it is crucial to understand the
intricate relationships of contextual factors, individual characteristics, and gamification
features in shaping individuals’ perceived need satisfaction. Fig. 1 illustrates how
gamification works within the framework of SDT. The current study focuses on how a
particular aspect of individual characteristics (i.e., personality traits) functions together
with the perceived need satisfaction in a leaderboard-based gamified environment (i.e.,
gamification features) to influence learners’ intrinsic motivation-related aspects, such as
enjoyment and intention for future participation.
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Fig. 1. Gamification mechanism under the SDT framework. Adapted from Gao (2024)

2.2. Research on gamification features and perceived need satisfaction

Although research on leaderboards suggests their positive effects on motivation,
engagement, participation, and learning (Ortiz-Rojas et al., 2019; Saleem et al., 2022;
Zainuddin, 2018), the results are sometimes mixed (Andrade et al., 2016; Nicholson, 201 3;
Ninaus et al., 2020). Research findings regarding leaderboards’ effect on the satisfaction
of psychological needs are inconclusive. Sailer et al. (2017), for example, found that
participants in a game condition with badges, leaderboards, and performance graphs had
significantly higher levels of perceived competence need satisfaction than participants in
the control condition using points as the only game element. Zainuddin (2018), by
comparing a gamified flipped classroom (with points, badges, and a leaderboard) condition
with a non-gamified flipped classroom condition, suggested that the gamified flipped
classroom condition successfully supported perceived need satisfaction in competence,
autonomy, and relatedness, as well as engagement and learning. Similarly, Yeh et al.
(2025), when examining the role of gamification in enhancing user engagement and
behavioral intentions in tourism expositions, found that gamified experience is positively
correlated with perceived competence, relatedness and autonomy as well as subsequent
purchase intentions and word-of-mouth communication intentions. However, studies
conducted by Mekler and her colleagues led to a different conclusion (Mekler et al., 2013,
2017). They found that, although the implementation of points, leaderboards, and levels
increased tag quantities in an image annotation task, the intervention did not significantly
increase perceived autonomy, perceived competence, or intrinsic motivation. A pilot study
(Gao et al., 2024) involving 47 participants was conducted to investigate individuals’
perceived need satisfaction and their enjoyment and intention for future participation in a
leaderboard-based math activity. The results revealed significant variability in students’
perceived need satisfaction. Furthermore, students’ perceived competence and autonomy
positively predicted their enjoyment and intention for future participation, while their
actual competence had no significant relationship with these aspects. Building upon these
insights, our current study aims to delve into the interaction between personality traits,
perceived need satisfaction, and students’ enjoyment and intention for future participation
in a similar leaderboard-based math activity.
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2.3. Research on personality traits and gamification

Research on personality traits and gamification has involved surveying learners’
preferences for game elements/mechanisms and exploring the connections between their
preferences and their personality traits. For example, Jia et al. (2016), by surveying students’
preferences on game elements/mechanisms including points, badges, leaderboards, levels,
challenges, rewards, and so on, found that extraverts were more likely to be motivated by
points, levels, and leaderboards and individuals with high levels of imagination were less
likely to be motivated by avatars. However, Mahoe’s (2025) survey results suggested that
extraversion was negatively correlated with participants’ satisfaction with the use of badges
and leaderboards. Codish and Gilad (2014), based on their survey results, concluded that
introverts had a high preference level for badges, while individuals with agreeable
personalities preferred feedback-based progress mechanics.

In addition to studying students’ self-reported preferences on game
elements/mechanisms, some research has been conducted to examine the impacts of
personality traits on learners’ experiences when learners were engaged with gamified
systems. Codish and Ravid (2014) found that extraversion as a personality trait can
moderate the perceived playfulness of gamified learning and concluded that leaderboards
and points were effective for introverts but had a detrimental impact on extroverts. In
contrast, the findings from Buckley and Doyle’s study (2017) indicated that extraverted
individuals tended to have a positive attitude toward gamification, whereas conscientious
individuals appeared to be less motivated by it. Furthermore, Hollig et al. (2018) found that
competitive individuals regarded gamified systems as more playful, useful, and enjoyable.
There was also a mediated relationship between trait competitiveness and usage intention
through perceived enjoyment (Hollig et al., 2020). Importantly, Denden et al. (2021)
revealed that gender might play a moderating role in how personality influenced students’
perceptions of gamified learning intervention: males with lower extraversion levels were
more inclined to view badges as useful in gamified courses compared to their highly
extraverted counterparts. On the other hand, among females, those with lower
conscientiousness levels were more likely to derive enjoyment from feedback in contrast
to their highly conscientious counterparts.

Finally, some researchers have examined how learners’ behaviors might be
different in gamified systems depending on their personality traits. Smiderle, et al. (2020)
study showed that gamification had varying effects on students’ behaviors, depending on
their personality traits. For example, introverted students had a higher number of points,
medals, and logins than extroverted students. In Denden et al.’s (2024) study, although
effects of agreeableness, conscientiousness, and neuroticism personality traits were found
on students’ perception of points, no effect of personality traits was found on students’
behaviors in the gamified course.

There are two limitations in the existing research on personality traits in
gamification. First, most studies have been conducted within a gamified system where
multiple game elements were integrated, making it difficult to tease out the effects of a
specific game element. Second, limited research has examined the interactions between
personality traits and perceived need satisfaction. Since perceived need satisfaction plays
a critical role in motivation, understanding the interplay of personality traits and perceived
need satisfaction will provide valuable insights into the mechanisms by which personality
traits influence learners’ motivation in gamified environments. Therefore, this study
attempted to address the gap by examining the interactions between personality traits and
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perceived need satisfaction in a leaderboard-only gamified environment. In addition, this
study included two motivational outcomes: students’ enjoyment and their intention for
future participation. Enjoyment is a key indicator of intrinsic motivation (Ryan & Deci,
2017). Intention for future participation captures students’ willingness to re-engage in
similar activities, providing an important link between motivational processes and
behavioral outcomes. Together, these constructs extend beyond the mechanism of
motivation to show how personality traits and need satisfaction translate into both
motivational (enjoyment) and behavioral (future participation) outcomes.

The two research questions are:

RQI: How did personality traits and perceived need satisfaction function together to
influence students’ enjoyment in a leaderboard-based math activity?

RQ2: How did personality traits and perceived need satisfaction function together to
influence students’ intention for future participation in similar activities?

3. Method

3.1. Participants

In this study, our sample comprised 109 undergraduate students attending a public
university in the midwestern region of the United States. These students were enrolled in
7 sections of a foundational mathematics course titled “Real World Math Skills”, a
mandatory quantitative reasoning course for undergraduates majoring in fields such as art,
music, and other non-STEM disciplines. Among the participants, 25 were male, and 84
were female. The average age of the participants was 18.60, with a standard deviation of
0.87.

3.2. Procedures

The study was approved by the Institutional Review Board at a public Midwest university
in the US. In a face-to-face class setting, students were instructed to complete a 24-item
gamified math practice on their laptop or smartphone using the online learning platform
Quizalize (https://www.quizalize.com/). At the beginning of the class, the course instructor
informed students that this gamified math practice was designed to reinforce skills taught
in previous sessions and that the scores would not impact their grades. Each student created
a pseudonym for logging onto the quiz site. Throughout the practice, students could track
their real-time rankings on a leaderboard projected at the front of the classroom. The
procedures followed those described in our pilot study (Gao et al.,, 2024) with one
modification: In the pilot study, students were not explicitly asked to check the leaderboard
during the practice, and they chose when and how often to check the leaderboard. In this
study, in contrast, to help students keep track of their rankings, students were prompted to
check the leaderboard two times during the practice and type down their rankings. This
was done once after students completed question 8 and then again after they completed
question 16.

After completing the practice, all students took a survey consisting of four sections
that measured students’ (a) perceived need satisfaction, (b) enjoyment of the activity, (c)
intention for future participation, and (d) personality traits. The survey items used to assess
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students’ perceived need satisfaction were adapted from the three subscales of the Basic

Psychological Need Satisfaction and Frustration Scale (BPNSFS) (Chen et al., 2015),

which measures perceived competence (four items), autonomy (four items) and relatedness

(four items). Some examples include “I felt competent when answering the questions”

(perceived competence); “I felt like the gamified practice reflected how I want practices to

be” (perceived autonomy); and “I felt close to the other participants” (perceived
relatedness). Four Likert-scale questions from the Interest/Enjoyment subscale of the

Intrinsic Motivation Inventory (Ryan, 1982) were utilized to measure student enjoyment.

An example question is “I enjoyed doing this activity very much”. Three questions were
used to measure students’ intention for continued participation in similar activities in the

future, an example of which is “I intend to participate in such math practice games in

future classes”. Finally, the 50-item International Personality Item Pool questionnaire (IPIP)
(Goldberg et al., 2006) was used to measure five broad personality dimensions:

conscientiousness, extraversion, agreeableness, emotional stability (the inverse of
neuroticism), and intellect. Some examples are “I feel comfortable around people”
(extraversion); “I feel others’ emotions” (agreeableness); “I pay attention to details”
(conscientiousness); “I am relaxed most of the time” (emotional stability); and “I have a
vivid imagination” (intellect). These questionnaires have been validated and widely used
by researchers (e.g., Costa et al., 2018; Gow et al., 2005; McAuley et al., 1989).

3.3. Data analysis

The scores of perceived need satisfaction and two outcome measures (enjoyment and
intention) were calculated by adding up student ratings for all items under each subcategory,
where 1 indicates “not true at all” and 7 “very true”. The personality trait scores were
derived by summing up student ratings for all items under each trait. Ratings ranged from
1 “very inaccurate” to 5 “very accurate”. Iltems with negative wording were reverse-coded.
A higher score reflected a greater expression of the respective personality trait. The internal
reliability of all variables was notably high (see Table 1), indicating the consistency of the
ratings. The scores of perceived competence, autonomy, and relatedness were centered
using the mean scores to make it easier to interpret the results.

Multiple linear regression was conducted in STATA 15 to answer the research
questions. The first step was to confirm the findings from the pilot study (Gao et al., 2024)
by examining the relationship between perceived need satisfaction and two outcome
variables — students’ enjoyment and intention separately by considering the demographic
covariates (i.e., age, gender, and class section). After that, we tested 30 models (5 factors
of personality traits x 3 types of perceived need satisfaction x 2 outcomes) to identify the
potential interactions between personality traits and perceived need satisfaction. The
significance of both individual predictors and interactions was tested. The adjusted R-
squared values, which were adjusted for the number of predictors in a model, were used to
indicate the model fit. The following model assumptions were examined: (1) The
independence, homoscedasticity, and normality of residuals were checked using the plot
of studentized residuals and normality test (i.e., Shapiro-Wilk W test); (2) The linear
relationship between each independent variable and the dependent variable was examined
using scatterplots; (3) Multicollinearity was investigated using VIF (variance inflation
factor) and values higher than 10 was problematic. When assumptions were violated, Tobit
regression was selected based on the nature of the data (Long, 1997) to confirm the findings
from the multiple linear regression. In these instances, we reported results from both Tobit
regression and multiple linear regression.
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4. Results

4.1. Preliminary analysis

The mean scores and standard deviations of all key variables, as provided in Table 1,
indicated significant variations in mean scores both across and within the variables. The
correlations between personality traits and enjoyment, as well as intention for future
participation, were either low or insignificant, suggesting that personality traits were not
directly influential. Consequently, we included them as potential moderators after
assessing the direct effects of perceived need satisfaction on enjoyment and intention.
Additionally, due to high correlations among perceived need satisfaction variables, we
considered them separately in subsequent regression analyses.

Table 1
Descriptive statistics (N = 109)

Mean (SD) Range Cronbach’s alpha
Perceived need satisfaction
Competence 21.57 (5.02) 6-28 910
Autonomy 20.28 (5.83) 4-28 915
Relatedness 15.01 (7.05) 4-28 936
Personality traits
Extraversion 30.60 (9.43) 10-50 905
Agreeableness 41.55 (6.26) 2650 .853
Intellect 35.05 (5.81) 18-49 758
Conscientiousness 35.58 (7.46) 19-50 .852
Emotional stability 27.70 (7.60) 1045 .840
Outcome measures
Enjoyment 20.57(6.76) 4-28 972
Intention 15.99 (4.84) 3-21 .942

4.2. Perceived need satisfaction, enjoyment, and intention for future participation

As Table 2 suggests, perceived competence, autonomy, and relatedness significantly
predicted enjoyment and intention for future participation. For models that violated the
modeling assumption, results from both linear regression and Tobit regression were
presented. The Tobit regression results revealed stronger relationships. The strength of
associations varied among predictors. Specifically, perceived relatedness emerged as the
weakest predictor, whereas perceived autonomy exhibited the strongest predictive power
for both outcomes.

4.3. The moderation effects of personality traits

After testing all the models with the interactions between personality traits and perceived
need satisfaction, four models showing significant moderation effects were identified and
reported below. First, the results in Table 3 suggested that there was a significant
interaction between perceived competence and emotional stability (¢ = —.2.76, p = .007).
As shown in Fig. 2, the association between perceived competence and enjoyment changed
as the emotional stability scores varied. The positive relationship between perceived
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competence and enjoyment was stronger when the emotional stability score was one
standard deviation below the estimated mean. When the emotional stability scores were
high (i.e., one standard deviation above the estimated mean), the relationship became

weaker.
Table 2
Multiple regression models: Perceived need satisfaction on enjoyment and intention (N = 109)
Regression Estimate (SE) t-statistics 95% CI F (12, 96) value R-square
Outcome: Enjoyment
Perceived Competence OLS Regression .88 (.10) 8.74 (p <.001) .68, 1.08 8.10 44
Tobit Regression 1.18 (.14) 8.70 (p <.001) 91,145 Na Na
. OLS Regression .94 (.67) 14.12 (p <.001) .81, 1.07 19.57 .67
Perceived Autonomy . .
Tobit Regression 1.19 (.09) 12.97 (p <.001) 1.02,1.38 Na Na
Perceived Relatedness Tobit Regression .60 (.08) 7.51 (p <.001) 44, .76 6.23 37
Outcome: Intention
Perceived Competence OLS Regression .60 (.08) 7.99 (p <.001) 44, .76 6.71 39
Tobit Regression .81 (.10) 7.79 (p <.01) .60, 1.02 Na Na
Perceived Autonomy OLS Regression .68 (.05) 14.47 (p <.001) .59, .78 20.10 .68
Perceived Relatedness OLS Regression .38 (.06) 6.23 (p <.001) .26, .50 4.40 27

Note. p-values of F-statistics < .001; demographics were controlled (age, gender, and class section)

Table 3
Multiple regression: Perceived competence and emotional stability on enjoyment (N = 109)

Estimate

F-statistics &

et 0
(SE) t-statistics 95% CI R-square
Perceived competence 78 (.10) 7.74 (p <.001) .58, 98
. o F(14,94)=8.58
Emotional stability 13 (.07) 1.93 (p = .056) <.00, .26 R 50
-square = .
Perceived competence x Emotional stability -.03 (.01) -2.76 (p = .007) —-.06, -.01 d

Predicted Enjoyment Scores

T

0
Perceived Competence

T
5.02

—&—— Emotional Stability = -7.6
—---+--- Emotional Stability = 7.6

Emotional Stability = 0

Fig. 2. Relationship between predicted enjoyment scores and perceived competence
scores moderated by emotional stability
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Second, the results in Table 4 showed there was a significant interaction between
perceived autonomy and emotional stability (¢ = —3.16, p = .002). As suggested in Fig. 3,
the positive relationship between perceived autonomy and enjoyment was stronger for
students with lower emotional stability. As the emotional stability scores went high, the
relationship was weaker.

Table 4
Multiple regression: Perceived autonomy and emotional stability on enjoyment (N = 109)

Estimate ¢ statistics F-statistics &
95% CI
(SE) (p value) ° R-square
: OLS Regression .86 (.07) 12.37 (p <.001) .72, 1.00
Perceived autonomy . .
Tobit Regression 1.11 (.09) 12.08 (p <.001) .93,1.30
OLS R i .08 (.05 1.58 (p=.118 -.02,.1 =
Emotional stability , egresmf)n (.05) % ) 02,.19 F(14,94)=18.59
Tobit Regression .08 (.06) 1.19 (p = .238) -.05,.20 R-square =.70
OLS R i —.02 (.01 -247 (p=.015 —-.04,>-.00
Perceived autonomy x Emotional stability ) egresmf)n (0D ® ) ’
Tobit Regression —-.04 (.01) -3.11 (p =.002) -.07,-.02

30
1

1

25

15

1

Predicted Enjoyment Scores
20
1

10

T T T
-5.83 0
Perceived Autonomy

—&—— Emotional Stability = -7.6 (]
---+--- Emotional Stability = 7.6

Emotional Stability = 0

Fig. 3. Relationship between predicted enjoyment scores and perceived autonomy scores
moderated by emotional stability

Third, as suggested in Table 5, perceived relatedness significantly interacted with
emotional stability (¢ = 3.70, p < .001), influencing the overall experience of enjoyment.
Similarly, the positive relationship between perceived relatedness and enjoyment was
stronger when the emotional stability scores were lower (see Fig. 4).
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Table 5
Multiple regression: Perceived relatedness and emotional stability on enjoyment (N = 109)
Estimate T statistics F-statistics &
95% CI
(SE) (p value) ° R-square
Perceived relatedness .50 (.08) 6.49 (p <.001) .35, .66
. e F(14,94)=7.45
Emotional stability 18 (.07) 2.51 (p=.014) .04, .32

. . . R-square = .46
Perceived relatedness x Emotional stability —.04 (.01) -.3.70 (p <.001) —-.06, -.02

18 20 22 24
1 1 1 1

Predicted Enjoyment Scores

16

1

14

T T T
-7.05 0 7.05
Perceived Relatednes

—&—— Emotional Stability = -7.6 o Emotional Stability = 0
---+--- Emotional Stability = 7.6

Fig. 4. Relationship between predicted enjoyment scores and perceived relatedness scores
moderated by emotional stability

Finally, Table 6 shows that perceived autonomy and agreeableness interacted with
each other to influence the intention for future participation (¢ = —2.46, p = .016). The
positive relationship between perceived autonomy and intention was stronger with lower
levels of agreeableness. When the agreeableness scores were higher, the relationship
became weaker (see Fig. 5).

Table 6
Multiple regression: Multiple regression: Perceived autonomy and agreeableness on
intention (N = 109)

X T statisti T Statisti
Estimate statistics 95% CI statistics &
(SE) (p value) R-square
Perceived autonomy .66 (.05) 14.04 (p <.001) .57,.76
F(14,94) = 18.64
Agreeableness .04 (.04) 81 (p=.422) -.05,.13

] R-square =.70
Perceived autonomy x Agreeableness —-.02 (.01) —.2.46 (p =.016) -.03, <01
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18 20
1

1

16

1

Predicted Intention Scores
14
1

T

T T
-5.83 0 5.83

Perceived Autonomy
—&—— Agreeableness = -7.6 [ Agreeableness = 0
--—+--- Agreeableness = 7.6

Fig. 5. Relationship between predicted intention scores and perceived autonomy scores
moderated by agreeableness

4. Discussion

The study examined how students’ perceived need satisfaction and personality traits
interacted to influence students’ enjoyment and intention for future participation in a
leaderboard-based math activity. Our analysis showed that all three types of perceived need
satisfaction — competence, autonomy, and relatedness — significantly predicted both
enjoyment and intention for future participation. This contrasts somewhat with findings
from our pilot study (Gao et al., 2024), where only perceived competence and perceived
autonomy emerged as significant predictors, while perceived relatedness did not. Further
examination revealed that, in the pilot study, students reported low perceived relatedness
with limited variations, which likely contributed to its insignificance in predicting
enjoyment. A key procedural difference between the pilot study and the current one was
the explicit prompting for students to check the leaderboard twice during practice in the
current study, whereas no such prompting occurred in the pilot study. This procedural
change may have contributed to the observed differences in findings.

Unlike findings in the existing literature, which often show direct effects of
personality traits on students’ gamified learning experiences (e.g., Buckley & Doyle, 2017;
Denden, et al., 2024; Ghaban & Hendley, 2019), this study suggested that the correlations
between personality traits and students’ enjoyment and intention for future participation
are relatively weak. It’s important to note that prior studies were conducted within gamified
environments featuring multiple game elements, whereas our study focused exclusively on
the leaderboard-based environment. It’s possible that in environments with multiple game
elements, personality traits may exert a more pronounced direct influence on students’
experiences.

Similar to previous studies (Jia et al., 2016; Triantoro et al., 2020), we found that
emotional stability or neuroticism (the opposite end of the emotional stability trait spectrum)
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played an important role in learners’ experiences within gamified contexts. In this study,
emotional stability moderated the relationships of all three types of perceived need
satisfaction and enjoyment in the leaderboard-based math activity. The findings suggested
that, for emotionally stable learners, their perceived competence, autonomy, and
relatedness had less of an impact on their enjoyment. Conversely, for learners with lower
levels of emotional stability, their perceived need satisfaction exerted a stronger influence
on their enjoyment. Emotional stability represents consistency in emotional reactions and
reflects an individual’s resilience to stress and tendency to experience fewer negative
emotions. As a result, learners high in emotional stability may derive enjoyment from the
activity regardless of whether their needs for competence, autonomy, or relatedness are
fully satisfied, because they are less susceptible to frustration or anxiety. In contrast,
learners lower in emotional stability rely more heavily on these need satisfactions to buffer
against negative affect. This pattern aligns with SDT’s emphasis on the functional
significance of need satisfaction and suggests that personality traits shape how the basic
psychological need satisfaction translates into enjoyment.

Agreeableness was found to be an important moderator for perceived autonomy to
predict the intention for future participation, but not enjoyment. The perceived autonomy
of less agreeable learners had a more significant impact on their intention for future
participation compared to more agreeable learners. In other words, when perceived
autonomy was low, learners with lower levels of agreeableness would be less motivated to
participate in similar future activities. Agreeableness reflects tendencies toward trust and
cooperation. Therefore, highly agreeable learners may value group participation and future
collaboration, making their intention to re-engage less dependent on their own sense of
autonomy. For less agreeable learners, however, the decision to participate in future
activities is more strongly tied to whether they feel personally volitional and self-directed.
This is probably why autonomy has a stronger influence on intention among less agreeable
learners. Enjoyment, on the other hand, is an immediate affective outcome that may be less
contingent on these interpersonal tendencies, which helps explain why agreeableness did
not moderate the relationship between autonomy and enjoyment.

The findings of the study have significant theoretical implications. First, the
findings shed light on the inconsistent results reported in the literature. For example, while
Orji et al. (2017) found that highly neurotic learners (i.e., those with low emotional stability)
are less likely to be motivated by gamification features, Ghaban et al. (2019) reported that
such learners can, in fact, derive significant benefit from gamification, demonstrating
higher motivation to complete the course. The present result suggests that these seemingly
contradictory findings may be explained by learners’ perceived need satisfaction. When
perceived competence is low, for example, highly neurotic learners tend to show lower
motivation than those with high emotional stability. In contrast, when perceived
competence is high, these learners may be just as motivated, or even more motivated, by
gamification features than their emotionally stable peers, thereby accounting for why some
studies report negative effects while others show significant benefits. Second, although
many previous studies have emphasized the important role of need satisfaction in gamified
contexts (e.g., Sailer et al., 2017; Van et al., 2019), they have offered limited theoretical
explanation for the mechanisms through which individual differences shape these effects.
Our findings extend SDT-based gamification research by demonstrating that the effects of
need satisfaction are not uniform across learners, and the functional significance of
gamified experience is contingent on personality traits. By showing that emotional stability
and agreeableness systematically moderate the relationships between need satisfaction and
key outcomes, this study highlights that gamification research should more explicitly
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integrate personality factors when theorizing about learner engagement. This integration
helps move beyond a one-size-fits-all perspective and supports a more nuanced SDT-based
framework for understanding learner differences in gamified environments.

The results of the study suggested several directions for future research. First, while
the framework of Big Five Personality traits provides a widely accepted and
comprehensive framework for personality assessment, research suggests that some of the
more numerous facets or primary traits are more accurate at predicting and explaining
actual behaviors than the Big Five Personality traits (Mershon & Gorsuch, 1988; Paunonen
& Ashton, 2001). By exploring alternative personality trait models, researchers can
enhance the granularity of their analyses and potentially uncover subtler relationships that
may be overlooked by broader trait classifications. Thus, future studies may benefit from
integrating diverse personality trait models to offer a more comprehensive understanding
of the complex dynamics at play in gamified learning. In addition, this study focused
specifically on learners’ experiences in a gamified environment that employed only a
leaderboard as the game element. While this design allowed us to isolate the effects of the
leaderboard, it also limited the generalizability of our findings to other gamified contexts.
Future research is needed to investigate the impact of individual game elements, such as
badges, points, progress bars, as well as the ways these elements interact with one another.
A deeper understanding of the distinct and combined effects of different game elements
will be essential for creating gamified learning environments that are not only more
engaging and effective but also better tailored to learners’ diverse personalities and
motivational profiles.

The moderation effects we observed in this study have meaningful practical
implications for gamification design. For example, the stronger dependence of learners low
in emotional stability on need satisfaction suggests that these individuals may be
particularly vulnerable in gamified environments if their needs for competence, autonomy,
or relatedness are not supported. In practice, this means that educators and designers may
provide scaffolds, such as constructive feedback to support competence, meaningful choice
to enhance autonomy, and structured collaboration to foster relatedness, to ensure these
learners remain engaged and avoid negative emotional spirals. Similarly, the finding that
perceived autonomy has a stronger influence on future participation among less agreeable
learners indicates that adaptive gamification systems should provide flexible options that
emphasize personal agency for such individuals. While highly agreeable learners may
continue participating for social or cooperative reasons, less agreeable learners are more
likely to disengage if autonomy is constrained. Thus, the observed moderations highlight
personality-sensitive levers that can be acted upon in practice, offering concrete guidelines
for designing gamified interventions that are better tailored to learners’ personality traits.

The current study has several limitations. First, the study took place in an
undergraduate mathematics course designed for non-STEM majors, with a sample of 109
participants. The majority of participants were female, and there was limited variability in
age. By focusing on this specific course context, the study may not capture the dynamics
present in other disciplines or learning environments. The overrepresentation of female
participants may skew the results, and the limited age range restricts the ability to draw
conclusions applicable to individuals at different stages of cognitive development. Since
age has been shown to moderate the effects of gamified interventions (Kim & Castelli,
2021), and disciplinary context may influence learning experiences, caution is warranted
when generalizing the findings. Future research that includes more diverse academic
disciplines, gender representation, and age distribution will be important for validating and
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extending these findings. Second, given the limited sample size and data features, we
employed multiple regression analysis by considering key predictors, outcome variables,
and moderator variables separately in multiple models. However, multiple regression may
not be the most suitable approach for capturing complex interaction effects proposed in
this study. Future investigations should explore the relationships using a structural equation
modelling (SEM) framework using a larger sample size. This analytical approach has
several advantages over our current method, such as scrutinizing complex relationships
within a single model and offering greater flexibility in examining potential moderating
and mediating effects (Kline, 2023). Ultimately, it enables a more nuanced understanding
of the underlying relationships and provides a more robust validation of the proposed
framework. Third, the study relied on self-reported survey data, which may be subject to
self-report bias. Finally, the current study design limits the ability to establish causal
relationships and possible confounding variables not accounted for in the analysis may
have influenced the observed relationships. Future studies could mitigate these concerns
by incorporating longitudinal or experimental designs, using behavioral or performance-
based measures alongside self-reports, and controlling for a broader set of covariates.

5. Conclusion

Research has demonstrated the influences of personality traits on learners’ gamification
experiences, yet few have explored the reasons behind this phenomenon. Drawing upon
the perspective of SDT, this study aims to pinpoint the underlying mechanism by which
personality traits influence learners’ gamification experiences. The findings revealed the
moderating effect of emotional stability on the relationship between perceived need
satisfaction and enjoyment, as well as the moderating effect of agreeableness on perceived
autonomy in predicting future participation intention. Our study represents an initial step
towards comprehending the influence of personality traits on the intricate dynamics of
gamification through the lens of self-determination theory. Taken together, our findings
suggest that gamified learning designs should not only aim to support basic psychological
needs universally but also recognize the personality-dependent mechanisms through which
these needs affect outcomes. Designers might consider adaptive elements, such as offering
more explicit autonomy support to less agreeable learners or enhancing competence
scaffolds for emotionally less stable learners. By embedding personality-sensitive supports,
gamified interventions can more effectively enhance enjoyment and foster sustained
engagement.

Author Statement

The authors declare that there is no conflict of interest.

Acknowledgements

This research is supported by the National Science Foundation [grant number: 2142608].

ORCID
Fei Gao " https://orcid.org/0000-0003-3351-457X



https://orcid.org/0000-0003-3351-457X

Knowledge Management & E-Learning, 18(2), 234-253 249

Jin Liu '" https://orcid.org/0000-0002-4242-6582

Kimberly Cervello Rogers '™ https://orcid.org/0000-0001-7142-0086
Lan Li "2 https://orcid.org/0000-0003-3540-936X

Rong Liu " https://orcid.org/0000-0003-4552-3764

References

Abedi, E., Shamizanjani, M., Moghadam, F. S., & Bazrafshan, S. (2018). Performance
appraisal of knowledge workers in R&D centers using gamification. Knowledge
Management & E-Learning, 10(2), 196-216.
https://doi.org/10.34105/j.kmel.2018.10.013

Andrade, F. R. H., Mizoguchi, R., & Isotani, S. (2016). The bright and dark sides of
gamification. In Proceedings of the 13th International Conference of Intelligent
Tutoring Systems (ITS 2016) (pp. 176—186). Springer. https://doi.org/10.1007/978-3-
319-39583-8 17

Bennani, S., Maalel, A., & Ben Ghezala, H. (2022). Adaptive gamification in e-learning:
A literature review and future challenges. Computer Applications in Engineering
Education, 30(2), 628—642. https://doi.org/10.1002/cae.22477

Bezzina, S., & Dingli, A. (2023). Rethinking gamification through artificial intelligence.
In X. Fang (Ed.), HCI in Games (pp. 252—263). Springer. https://doi.org/10.1007/978-
3-031-35930-9 17

Bowey, J. T., Birk, M. V., & Mandryk, R. L. (2015, October). Manipulating leaderboards
to induce player experience. In Proceedings of the 2015 Annual Symposium on
Computer-Human Interaction in Play (CHI PLAY '15) (pp. 115-120). Association for
Computing Machinery. https://doi.org/10.1145/2793107.2793138

Buckley, P., & Doyle, E. (2017). Individualising gamification: An investigation of the
impact of learning styles and personality traits on the efficacy of gamification using a
prediction market. Computers & Education, 106, 43-55.
https://doi.org/10.1016/j.compedu.2016.11.009

Chen, B., Vansteenkiste, M., Beyers, W., Boone, L., Deci, E. L., Van der Kaap-Deeder,
J., ... Verstuyf, J. (2015). Basic psychological need satisfaction, need frustration, and
need strength across four cultures. Motivation and Emotion, 39, 216-236.
https://doi.org/10.1007/s11031-014-9450-1

Codish, D., & Gilad, R. (2014, June). Personality based gamification: How different
personalities perceive gamification. In Proceedings of the European Conference on
Information Systems (ECIS 2014). Association for Information Systems. Retrieved
from http://aisel.aisnet.org/ecis2014/proceedings/track12/10

Codish, D., & Ravid, G. (2014). Academic course gamification: The art of perceived
playfulness. Interdisciplinary Journal of e-Skills and Lifelong Learning, 10, 131-151.
https://doi.org/10.28945/2066

Costa, S., Ingoglia, S., Inguglia, C., Liga, F., Lo Coco, A., & Larcan, R. (2018).
Psychometric evaluation of the basic psychological need satisfaction and frustration
scale (BPNSFS) in Italy. Measurement and Evaluation in Counseling and Development,
51(3), 193-206. https://doi.org/10.1080/07481756.2017.1347021

Denden, M., Tlili, A., Essalmi, F., Jemni, M., Chen, N. S., & Burgos, D. (2021). Effects of
gender and personality differences on students’ perception of game design elements in
educational gamification. International Journal of Human-Computer Studies, 154:



https://orcid.org/0000-0002-4242-6582
https://orcid.org/0000-0001-7142-0086
https://orcid.org/0000-0003-3540-936X
https://orcid.org/0000-0003-4552-3764
https://doi.org/10.34105/j.kmel.2018.10.013
https://doi.org/10.1007/978-3-319-39583-8_17
https://doi.org/10.1007/978-3-319-39583-8_17
https://doi.org/10.1002/cae.22477
https://doi.org/10.1007/978-3-031-35930-9_17
https://doi.org/10.1007/978-3-031-35930-9_17
https://doi.org/10.1145/2793107.2793138
https://doi.org/10.1016/j.compedu.2016.11.009
https://doi.org/10.1007/s11031-014-9450-1
http://aisel.aisnet.org/ecis2014/proceedings/track12/10
https://doi.org/10.28945/2066
https://doi.org/10.1080/07481756.2017.1347021

250 F. Gao et al. (2026)

102674. https://doi.org/10.1016/.ijhes.2021.102674

Denden, M., Tlili, A., Salha, S., & Abed, M. (2024). Opening up the gamification black
box: Effects of students’ personality traits and perception of game elements on their
engaged behaviors in a gamified course. Technology, Knowledge and Learning, 29,
921-940. https://doi.org/10.1007/s10758-023-09701-6

Denden, M., Tlili, A., Chen, N. S., Abed, M., Jemni, M., & Essalmi, F. (2024). The role of
learners’ characteristics in educational gamification systems: A systematic meta-review
of the literature. Interactive Learning Environments, 32(3), 790-812.
https://doi.org/10.1080/10494820.2022.2098777

Gao, F. (2024). Advancing gamification research and practice with three underexplored
ideas in self-determination theory. Techtrends, 68, 661-671.
https://doi.org/10.1007/s11528-024-00968-9

Gao, F., Rogers, K., & Li, L. (2024). Understanding students’ perceived need satisfaction,
enjoyment, and participation intention in a leaderboard-based math practice game. E-
Learning and Digital Media, Online First.
https://doi.org/10.1177/20427530241251407

Gao, F., Rogers, K., Li, L. & Darke, A. (2023, March). Examining Students’ Needs
Satisfaction in a Gamified Math Practice. In E. Langran et al. (Eds.), In Proceedings of
the Society for Information Technology & Teacher Education International Conference
(pp- 1654-1656). Association for the Advancement of Computing in Education.
Retrieved from https://www.learntechlib.org/primary/p/222207/

Ghaban, W., & Hendley, R. (2019). How different personalities benefit from gamification.
Interacting with Computers, 31(2), 138—153. https://doi.org/10.1093/iwc/iwz009

Goldberg, L. R., Johnson, J. A., Eber, H. W., Hogan, R., Ashton, M. C., Cloninger, C. R.,
& Gough, H. G. (2006). The international personality item pool and the future of public-
domain personality measures. Journal of Research in Personality, 40(1), 84-96.
https://doi.org/10.1016/j.jrp.2005.08.007

Gow, A. J., Whiteman, M. C., Pattie, A., & Deary, 1. J. (2005). Goldberg’s ‘IPIP’ big-five
factor markers: Internal consistency and concurrent validation in Scotland. Personality
and Individual Differences, 39(2),317-329. https://doi.org/10.1016/j.paid.2005.01.011

Hanus, M. D., & Fox, J. (2015). Assessing the effects of gamification in the classroom: A
longitudinal study on intrinsic motivation, social comparison, satisfaction, effort, and
academic performance. Computers & Education, 80, 152-161.
https://doi.org/10.1016/j.compedu.2014.08.019

Herodotou, C. (2018). Mobile games and science learning: A comparative study of 4 and
5 years old playing the game angry birds. British Journal of Educational Technology,
49(1), 6-16. https://doi.org/10.1111/bjet.12546

Hollig, C. E., Tumasjan, A., & Welpe, I. M. (2018, January). The interaction of trait
competitiveness and leaderboard design — An experimental analysis of effects on
perceptions and usage intention. In Proceedings of the 51st Hawaii International
Conference on System Sciences (HICSS-51) (pp. 1177-1186). Association for
Information Systems. Retrieved from http://hdl.handle.net/10125/50033

Hollig, C. E., Tumasjan, A., & Welpe, I. M. (2020). Individualizing gamified systems: The
role of trait competitiveness and leaderboard design. Journal of Business Research, 106,
288-303. https://doi.org/10.1016/].jbusres.2018.10.046

Honey, M. A., & Hilton, M. L. (2011). Learning science through computer games and
simulations. The National Academies. Retrieved from
https://ics.uci.edu/~wscacchi/Gamel ab/Recommended%20Readings/I earning-
Science-Games-2011.pdf

Ibéfiez, M. B., & Delgado-Kloos, C. (2018). Augmented reality for STEM learning: A



https://doi.org/10.1016/j.ijhcs.2021.102674
https://doi.org/10.1007/s10758-023-09701-6
https://doi.org/10.1080/10494820.2022.2098777
https://doi.org/10.1007/s11528-024-00968-9
https://doi.org/10.1177/20427530241251407
https://www.learntechlib.org/primary/p/222207/
https://doi.org/10.1093/iwc/iwz009
https://doi.org/10.1016/j.jrp.2005.08.007
https://doi.org/10.1016/j.paid.2005.01.011
https://doi.org/10.1016/j.compedu.2014.08.019
https://doi.org/10.1111/bjet.12546
http://hdl.handle.net/10125/50033
https://doi.org/10.1016/j.jbusres.2018.10.046
https://ics.uci.edu/~wscacchi/GameLab/Recommended%20Readings/Learning-Science-Games-2011.pdf
https://ics.uci.edu/~wscacchi/GameLab/Recommended%20Readings/Learning-Science-Games-2011.pdf

Knowledge Management & E-Learning, 18(2), 234-253 251

systematic review. Computers & Education, 123, 109-123.
https://doi.org/10.1016/j.compedu.2018.05.002

Jia, Y., Xu, B., Karanam, Y., & Voida, S. (2016, May). Personality-targeted gamification:
A survey study on personality traits and motivational affordances. In Proceedings of
the 2016 CHI Conference on Human Factors in Computing Systems (CHI '16) (pp.
2001-2013). Association for Computing Machinery.
https://doi.org/10.1145/2858036.2858515

Kim, P., Buckner, E., Makany, T., Taleja, N., & Parikh, V. (2012). A comparative analysis
of a game-based mobile learning model in low-socioeconomic communities of India.
International ~ Jouwrnal of  Educational  Development,  32(2), 329-340.
https://doi.org/10.1016/j.ijjedudev.2011.05.008

Kim, J., & Castelli, D. M. (2021). Effects of gamification on behavioral change in
education: A meta-analysis. International Journal of Environmental Research and
Public Health, 18(7): 3550. https://doi.org/10.3390/ijerph18073550

Kline, R. B. (2023). Principles and practice of structural equation modeling. Guilford
Publications.

Krath, J., Schiirmann, L., & Von Korflesch, H. F. O. (2021). Revealing the theoretical basis
of gamification: A systematic review and analysis of theory in research on gamification,
serious games and game-based learning. Computers in Human Behavior, 125: 106963.
https://doi.org/10.1016/j.chb.2021.106963

Long, J. S. (1997). Regression models for categorical and limited dependent variables.
Sage.

Mabhoe, J. (2025). Investigating the relationship between gamification, personality traits,
and goal attainment in online postsecondary settings. Doctoral dissertation, University
of Hawaii at Manoa, USA. Retrieved from
https://scholarspace.manoa.hawaii.edu/items/d0fc2db6-8293-4f5e-9des-
€a8282f4b342

McAuley, E., Duncan, T., & Tammen, V. V. (1989). Psychometric properties of the
intrinsic motivation inventory in a competitive sport setting: A confirmatory factor
analysis. Research  Quarterly for Exercise and Sport, 60(1), 48-58.
https://doi.org/10.1080/02701367.1989.10607413

Mekler, E. D., Brithlmann, F., Opwis, K., & Tuch, A. N. (2013). Do points, levels and
leaderboards harm intrinsic motivation? An empirical analysis of common gamification
elements. In Proceedings of the First International Conference on Gameful Design,
Research, and  Applications  (Gamification '13) (pp. 66-73). ACM.
https://doi.org/10.1145/2583008.2583017

Mekler, E. D., Brithlmann, F., Tuch, A. N., & Opwis, K. (2017). Towards understanding
the effects of individual gamification elements on intrinsic motivation and performance.
Computers in Human Behavior, 71, 525-534.
https://doi.org/10.1016/j.chb.2015.08.048

Mershon, B., & Gorsuch, R. L. (1988). Number of factors in the personality sphere: Does
increase in factors increase predictability of real-life criteria? Journal of Personality
and Social Psychology, 55(4), 675-680. https://doi.org/10.1037/0022-3514.55.4.675

Nicholson, S. (2013, June). Exploring gamification techniques for classroom management.
In Proceeding of the Games + Learning + Society (GLS) Conference 9.0. ETC Press.
Retrieved from https://scottnicholson.com/pubs/gamificationtechniquesclassroom.pdf

Ninaus, M., De Freitas, S., & Kiili, K. (2020, December). Motivational potential of
leaderboards in a team-based math game competition. In I. Marfisi-Schottman et al.
(Eds.), Proceeding of the 9th International Conference of Games and Learning Alliance
(GALA 2020) (pp- 242-252). Springer  International = Publishing.



https://doi.org/10.1016/j.compedu.2018.05.002
https://doi.org/10.1145/2858036.2858515
https://doi.org/10.1016/j.ijedudev.2011.05.008
https://doi.org/10.3390/ijerph18073550
https://doi.org/10.1016/j.chb.2021.106963
https://scholarspace.manoa.hawaii.edu/items/d0fc2db6-8293-4f5e-9de5-ea8282f4b342
https://scholarspace.manoa.hawaii.edu/items/d0fc2db6-8293-4f5e-9de5-ea8282f4b342
https://doi.org/10.1080/02701367.1989.10607413
https://doi.org/10.1145/2583008.2583017
https://doi.org/10.1016/j.chb.2015.08.048
https://doi.org/10.1037/0022-3514.55.4.675
https://scottnicholson.com/pubs/gamificationtechniquesclassroom.pdf

252 F. Gao et al. (2026)

https://doi.org/10.1007/978-3-030-63464-3 23

Orji, R., Nacke, L. E., & Marco, C. D. (2017, May). Towards personality-driven persuasive
health games and gamified systems. In Proceedings of the 2017 CHI Conference on
Human Factors in Computing Systems (pp. 1015-1027). Association for Computing
Machinery. https://doi.org/10.1145/3025453.3025577

Ortiz-Rojas, M., Chiluiza, K., & Valcke, M. (2019). Gamification through leaderboards:
An empirical study in engineering education. Computer Applications in Engineering
Education, 27(4), 777-788. https://doi.org/10.1002/cae.12116

Paunonen, S. V., & Ashton, M. C. (2001). Big five factors and facets and the prediction of
behavior. Journal of Personality and Social Psychology, 81(3), 524-539.
https://doi.org/10.1037/0022-3514.81.3.524

Ryan, R. M. (1982). Control and information in the intrapersonal sphere: An extension of
cognitive evaluation theory. Journal of Personality and Social Psychology, 43(3), 450—
461. https://doi.org/10.1037/0022-3514.43.3.450

Ryan, R. M., & Deci, E. L. (2002). Overview of self-determination theory: An organismic
dialectical perspective. In E. L. Deci & R. M. Ryan (Eds.), Handbook of Self-
Determination Research (pp. 3—33). University of Rochester Press. Retrieved from
https://psycnet.apa.org/record/2002-01702-001

Ryan, R. M., & Deci, E. L. (2017). Self-determination theory: Basic psychological needs
in motivation, development, and  wellness. The Guilford Press.
https://doi.org/10.1521/978.14625/28806

Sailer, M., Hense, J. U., Mayr, S. K., & Mandl, H. (2017). How gamification motivates:
An experimental study of the effects of specific game design elements on psychological
need  satisfaction.  Computers in  Human  Behavior, 69, 371-380.
https://doi.org/10.1016/j.chb.2016.12.033

Sailer, M., & Homner, L. (2020). The gamification of learning: A meta-analysis.
Educational Psychology Review, 32, 77-112. https://doi.org/10.1007/s10648-019-
09498-w

Saleem, A. N., Noori, N. M., & Ozdamli, F. (2022). Gamification applications in e-learning:
A literature review. Technology, Knowledge and Learning, 27, 139-159.
https://doi.org/10.1007/s10758-020-09487-x

Smiderle, R., Rigo, S. J., Marques, L. B., Pecanha de Miranda Coelho, J. A., & Jaques, P.
A. (2020). The impact of gamification on students’ learning, engagement and behavior
based on their personality traits. Smart Learning Environments, 7. 3.
https://doi.org/10.1186/s40561-019-0098-x

Triantoro, T., Gopal, R., Benbunan-Fich, R., & Lang, G. (2020). Personality and games:
Enhancing online surveys through gamification. Information Technology and
Management, 21, 169-178. https://doi.org/10.1007/s10799-020-00314-4

Triantafyllou, S. A., Georgiadis, C., & Sapounidis, T. (2025). Gamification in education
and training: A literature review. International Review of Education, 71, 483-517.
https://doi.org/10.1007/s11159-024-10111-8

Van Roy, R., Deterding, S., & Zaman, B. (2019). Collecting Pokémon or receiving rewards?
How people functionalise badges in gamified online learning environments in the wild.
International ~ Journal  of  Human-Computer  Studies, 127, 62-80.
https://doi.org/10.1016/].ijhcs.2018.09.003

Xiao, Y., & Hew, K. F. (2024). Personalised gamification enhances student participation
but produces mixed effects on emotional and cognitive engagements: A systematic
review. Interactive Learning Environments, 32(10), 7014-7040.
https://doi.org/10.1080/10494820.2023.2299977

Xu, J., Lio, A., Dhaliwal, H., Andrei, S., Balakrishnan, S., Nagani, U., & Samadder, S.



https://doi.org/10.1007/978-3-030-63464-3_23
https://doi.org/10.1145/3025453.3025577
https://doi.org/10.1002/cae.12116
https://doi.org/10.1037/0022-3514.81.3.524
https://doi.org/10.1037/0022-3514.43.3.450
https://psycnet.apa.org/record/2002-01702-001
https://doi.org/10.1521/978.14625/28806
https://doi.org/10.1016/j.chb.2016.12.033
https://doi.org/10.1007/s10648-019-09498-w
https://doi.org/10.1007/s10648-019-09498-w
https://doi.org/10.1007/s10758-020-09487-x
https://doi.org/10.1186/s40561-019-0098-x
https://doi.org/10.1007/s10799-020-00314-4
https://doi.org/10.1007/s11159-024-10111-8
https://doi.org/10.1016/j.ijhcs.2018.09.003
https://doi.org/10.1080/10494820.2023.2299977

Knowledge Management & E-Learning, 18(2), 234-253 253

(2021). Psychological interventions of virtual gamification within academic intrinsic
motivation: A systematic review. Journal of Affective Disorders, 293, 444—465.
https://doi.org/10.1016/j.jad.2021.06.070

Yeh, H., Chang, T. S., & Li, Y. H. (2025). The role of gamification in enhancing consumer
engagement at expositions through self-determination theory. Journal of Services
Marketing, 39(5), 551-568. https://doi.org/10.1108/jsm-08-2024-0423

Zainuddin, Z. (2018). Students’ learning performance and perceived motivation in
gamified flipped-class instruction. Computers & Education, 126, 75-88.
https://doi.org/10.1016/j.compedu.2018.07.003



https://doi.org/10.1016/j.jad.2021.06.070
https://doi.org/10.1108/jsm-08-2024-0423
https://doi.org/10.1016/j.compedu.2018.07.003

