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Abstract: This study aims to examine the effect of gamification on STEM Learning in
education, the mediating role of promotion focus, and the moderating role of teacher guidance.
A sample of 385 college students majoring in computer science across different colleges in
Jiangsu Province who experienced gamification in their curriculum was surveyed. The data
were collected using questionnaires designed to measure gamification in education, STEM
Learning outcomes, the level of promotion focus, and the degree of teacher guidance.
Confirmatory factor analysis showed good discriminant validity ("2 = 596.165, df = 260,
y*2/df=2.293, RMSEA = 0.056, CF1 = 0.922, IFI = 0.924). Positive correlations were found
between Gamification Engagement, Facilitative Focus, and STEM Learning in Education
(Self-report & Teacher Evaluation). Hypothesis testing indicated gamification's direct effect
on STEM Learning (y=0.814, p<0.01), mediation by promotion focus (effect value 0.072, 95%
CI10.002, 0.155]), and moderation by teacher guidance (effect value 0.130, 95% CI [0.074,
0.156]). Gamification directly enhances STEM Learning and can be further optimized
through teacher-guided promotion focus. To maximize gamification's impact, teachers should
balance it with traditional methods and stimulate positive learning motivation among students.
Thus, incorporating gamification, reinforcing teacher guidance, and nurturing a promotion-
focused learning environment are key for optimal educational outcomes.

Keywords: gamification, STEM Learning, promotion focus, teacher guidance, learning
outcomes.

1. Introduction

The importance and necessity of STEM Learning in Education (SLE) cannot be overstated in today's
rapidly evolving global landscape. It has been highlighted by current educational theorists that the
value of STEM Learning lies in fostering holistic development and preparing students for the dynamic
challenges of the future [1]. Furthermore, it's recognized that SLE equips students with critical
competencies like critical thinking, collaboration, and adaptability [2]. Another important aspect of
SLE is the instillation of a lifelong learning habit, which can empower students for continuous
personal and professional growth [3]. Consequently, SLE's importance as a fundamental element of
modern education is widely recognized.

Despite its acknowledged importance, fostering motivation for SLE among students remains a
significant challenge. Students' engagement and motivation towards STEM Learning are often
lacking [4]. This pressing issue of maintaining consistent enthusiasm for SLE is often observed in
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many educational contexts [5]. There seems to be a disconnection between students' initial interest in
SLE and their sustained commitment, a phenomenon that necessitates further examination [6]. Thus,
motivating students towards SLE emerges as a critical concern. To tackle this problem, educational
theorists and practitioners have turned their attention to gamification. The application of game
mechanics in non-game contexts, or gamification, has been indicated to potentially enhance learning
motivation [7]. It is posited that gamification can stimulate engagement, fostering an immersive and
enjoyable learning experience [8]. The increasing implementation of gamification in various
educational contexts, given its ability to engage and motivate learners, is also noted [9]. Therefore,
gamification offers a promising solution to the motivation problem in SLE.

Therefore, this study embarks on a journey to elucidate the interplay of gamification, facilitating
focus, and teacher guidance in enhancing SLE motivation. In light of the prevailing gaps in existing
literature [4, 10], this study is poised to contribute new insights. The focus will be on the mediating
role of facilitating focus and the potential moderating effect of teacher guidance in the relationship
between gamification and SLE motivation. This examination holds significant implications for
education stakeholders, potentially offering novel strategies for fostering SLE motivation.

2.  literature review
2.1. The impact of gamification on students' STEM Learning in education

Gamification in education represents the use of game elements and mechanics in non-game contexts
to foster learning and engagement. In essence, it embodies the employment of innovative pedagogical
approaches to create immersive and interactive learning experiences [11]. It's been posited that
gamification can improve motivation and performance among students, setting the ground for
fostering STEM Learning in Education (SLE). SLE is rooted in long-term, integrative, and
participative learning experiences that contribute to the individual and collective ability to enact
sustainable development [12]. Herein, this research delves into the literature that underpins the
influence of gamification on students' SLE.

The element of interactivity in gamification is conjectured to stimulate intrinsic motivation for
STEM Learning. Interactivity characterizes gamification and cultivates an engaging environment for
students to participate actively, promoting learning autonomy[13]. Studies have shown that such
autonomy stimulates intrinsic motivation, which is crucial for continuous learning and investment in
knowledge [14]. Thus, students participating in a gamified learning environment may not only
demonstrate willingness but also display competence in STEM Learning due to their enhanced
engagement.

Therefore, the following hypothesis is proposed:

Hypothesis 1: Gamification has a positive impact on students' STEM Learning in Education.

2.2. The mediating role of facilitating focus

Facilitating focus in the educational context, akin to the promotion focus on the regulatory focus
theory, refers to a learner's inclination towards growth, progress, and attainment of educational
aspirations [15]. As a motivational construct, facilitating focus is likely to mediate the relationship
between gamification (a pedagogical method fostering engaging and immersive learning experiences)
and SLE (long-term, integrative, and participative learning towards sustainable development)[16].

Gamification encompasses game elements that cater to learners' aspirations and ambitions, thus
instigating facilitating focus. Gamified learning environments often incorporate various levels of
difficulty, rewards, and leaderboards, aiming not just at achieving a task but also at cultivating
personal growth and mastery [17]. These environments foster learners' ideal self, directly stimulating
their facilitating focus.
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Gamification can foster a long-term orientation for learning, a central aspect of SLE. The
progression mechanisms in gamified learning environments inspire learners to remain committed to
their educational goals and stimulate their desire for continuous learning [18]. Thus, such a setting
might keep learners engrossed in their academic growth and aspirations, facilitating a focused pursuit
of long-term goals.

Gamification can encourage resilience in learning [19]. The challenge-based nature of gamified
learning environments demands learners to persist in the face of difficulties, thereby cultivating
resilience. This resilience, in turn, helps maintain a productive and sustained learning state, crucial
for the pursuit of academic goals and aspirations [20]. Hence, gamification may enhance students'
facilitating focus.

Moreover, facilitating focus can further foster SLE by enabling proactive behaviors in learning,
improving the learning environment, and encouraging risk-taking [21]. Learners with a facilitating
focus are driven by growth and development needs, tending to engage with educational challenges
positively. Such focus also triggers learners to strive for improvement and perfection in their learning
tasks, prompting them to proactively identify and address academic issues. Further, a higher
facilitating focus may make learners more willing to embrace academic risks, necessary for self-
directed learning exploration [22]. Thus, considering the potential influence of gamification on
facilitating focus and SLE, it's plausible to posit that gamification might promote SLE through
enhancing learners' facilitating focus. Therefore, the following hypothesis is proposed:

Hypothesis 2: Facilitating Focus plays a mediating role in the influence of Gamification on STEM
Learning in Education.

2.3. Moderating effect of teacher guidance

As per the regulatory focus theory, the facilitating focus, drawn from learners' pursuit of ideal self, is
closely associated with personal growth and self-actualization needs [23]. Teacher guidance, akin to
transformational leadership in the workplace, can significantly influence students' growth and
educational aspirations by providing direction, offering intellectual stimulation, and showing
personalized care [24]. Consequently, in contexts where teacher guidance is pronounced, the impact
of gamification on facilitating focus can be considerably enhanced [25].

Teacher guidance provides the developmental path for the practice of gamification. In the broader
context, teachers guide students towards future developmental trajectories by defining an inclusive
vision for learning. This instills a sense of direction, encouraging learners to perceive their learning
journey as a career[26]. This guidance helps students navigate conflicts between short-term wins and
long-term goals, ensuring they remain committed to their lifelong learning pursuits. Similarly, on a
shorter timescale, teachers provide timely feedback on students' progress and areas of improvement,
fostering the internalization of gamification's value pursuit of excellence[27]. Therefore, under
effective teacher guidance, gamification can promote learners to pursue higher academic goals and
integrate their commitment to learning quality into their self-concept. Thus, teacher guidance can
create conditions for activating the benefits of gamification, enhancing the transformation of
gamification into facilitating focus.

Therefore, the following hypotheses are proposed:

Hypothesis 3: Teacher guidance positively moderates the relationship between gamification and
facilitating focus, that is, when teachers display a higher level of guidance, the positive impact of
gamification on facilitating focus is stronger.

Hypothesis 4: Teacher guidance positively moderates the mediating effect of facilitating focus on
the relationship between gamification and STEM Learning in Education (SLE), that is, when teachers
display a higher level of guidance, the mediating effect of facilitating focus on the relationship
between gamification and SLE is stronger.
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In summary, based on the analysis, the following research model was constructed (Figure 1).

Teacher Guidance

Team Level

Individual Level

v

Gamification

Facilitating Focus ————>| Sustainable Learning in Educations

Figure 1: Research Model

3. METHOD

The research subjects of this study are drawn from the academic staff and students of two educational
institutions in Jiangsu Province. These institutions mainly focus on advanced pedagogical methods
and are known for employing gamification techniques in their curriculum, making them an ideal
choice for studying the interaction between teacher guidance, gamification, and STEM Learning in
Education (SLE) based on educational settings. After receiving consent from the administrations and
academic departments of both institutions, to avoid the potential impact of common method bias, the
research team distributed and collected the questionnaires at two different time points, with an interval
of one month between each survey.

In the first survey round, students evaluated their engagement with gamification and their teacher's
guidance style. Both teachers and students were asked to report their demographic information. In the
second round, students assessed their own facilitating focus and perceived SLE, while teachers were
asked to evaluate each student's level of academic engagement and achievement. Once the two rounds
of surveys were complete, the data was matched using the unique codes provided on the
questionnaires. A total of 85 teacher questionnaires and 430 student questionnaires were received.
After excluding incomplete questionnaires and those from classes with fewer than 3 students, this
study ended up with 75 valid teacher questionnaires and 385 valid student questionnaires. The
effective response rate was approximately 83.2%. The effective sample had an average class size of
5.13 students. In terms of teacher samples, males represented 71.33%, and the 31-40 age group
represented 67.45%. Regarding student samples, males accounted for 68.45%, with the 16-20 age
group representing 54.05%.

4. Results
4.1. Common method bias and confirmatory factor analysis

Considering that this study's data were collected at two time points from multiple sources and that
this research have maximized the research design with 12 variables, the first factor explanatory
variable stands at 24.06%. Hence, there is no significant problem of common method bias in the data.
Furthermore, this study employed confirmatory factor analysis to test the discriminant validity of the
six factors included in the model, including Gamification Engagement, Teacher Guidance,
Facilitative Focus, Defensive Focus, STEM Learning in Education (Self-report & Teacher
Evaluation). The relevant results are presented in Table 1.

As observed in Table 1, compared to other alternative factor models, the original model best fits
the data, although this research cannot entirely rule out the presence of common method bias in the
data. To address this, the study first conducted a common method bias test on the data based on the
Harman single factor method. Through exploratory factor analysis, this research found that the model
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provides the best causal effect when the characteristic root is greater than 1 (y*2 = 596.165, df =260,
y 2/df = 2.293, RMSEA = 0.056, CFI = 0.922, IFI = 0.924). This suggests that the variables have
good discriminant validity and can undergo further analysis.

Table 1: Confirmatory factor analysis

Model 2 df  Ap2(Adf)  p2df RMSEA  CFI  IFI
gfig%}g"gfl (A 596165 260 - 2293 0056 0922  0.924
fiv’%faéfog’m]z"fg 1196.817 265 900620) 4516 0093 0785 0788
fzugf*g’i‘gn]’z‘fg 1268977 269 91281200 4017 0005 0769 0772
(T:f];fé‘f]grgfs)el 1490871 272 SO4706(12) s4q1 0105 0719 0722
(TXfB?éf]gmé’fgl) 2381294 274 (1175)5;&9 8691 0137 0514  0.520
ol " 2830359 275 ?1253)4;,}*9*4 10292 0151 0411 0417

(A+B+C+D+E+F)

Note: A represents Gamification Engagement, B signifies Teacher Guidance, C refers to Facilitative Focus, D stands for Defensive
Focus, E indicates STEM Learning in Education (Self-report), F means STEM Learning in Education (Teacher Evaluation), +
signifies merger; *** means p<0.01.

4.2. Descriptive statistical analysis

In this research, SPSS22.0 statistical analysis software was utilized to examine the correlation of each
variable. The mean, standard deviation, and correlation coefficient of each primary variable and
control variable are detailed in Table 2. As indicated in Table 2, Gamification Engagement
significantly positively correlates with Facilitative Focus (r=0.219, p<0.01), STEM Learning in
Education (Self-report) (r=0.420, p<0.01), and STEM Learning in Education (Teacher Evaluation)
(r=0.199, p<0.01), aligning with the direction of the pertinent hypothesis. Simultaneously, Defensive
Focus correlates with Gamification Engagement (r=0.245, p<0.02) and Teacher Guidance (r=0.515,
p<0.01), necessitating control for its influence.
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Table 2: Mean, standard deviation and correlation coefficient

Standard
Category Mean Deviation 1 2 3 4 5 6
Team
Variable
Teacher 1.239 0.428
Gender
Teacher Age  3.676  0.526 -0.094
Team Size 4.820 1.846 -0.195 0.054
Teacher 4.020 0.233 -0.161 0.111 -0.172
Guidance
Individual
Variable
Student 1.280 0.452
Gender
Student Age 2.781 0.701 0.039
Gamification 4.025 0.393 -0.039 -0.026
Facilitative 3.987 0.533 -0.042 -0.048 0.219%**
Focus
Defensive 4.040 0.586 -0.031 -0.013 0.245**  (.5]15%**
Focus
STEM 3.993 0.490 -0.011 -0.059 0.420*%** (.208**** (),]64%**
Learning in
Education
(Self-report)
STEM 3.775 0.652 - -0.074 0.199*** (.104* 0.021 0.190Q%***
Learning in 0.260%*
Education
(Teacher
Evaluation)

4.3. Hypothesis testing

For this study, this research utilized Mplus7.0 software to create a multilevel linear model to test the
main hypotheses. The pertinent results are shown in Table 3. From Models 3, it can be observed that
the direct effect of gamification on STEM Learning in education is significant (y=0.814, p<0.01),
thus supporting Hypothesis 1.

Further, Table 3 shows that gamification has a significant positive impact on promotion focus
(y=0.345, p<0.01); promotion focus, in turn, has a positive impact on STEM Learning in education
(y=0.179, p<0.05). This research further utilized Mplus7.0 software to build a multilevel mediation
model to test the mediation effect of promotion focus. The relevant results indicate that the effect of
promotion focus between gamification and STEM Learning in education is significant (the effect
value 1s 0.072, and the 95% Cl is [0.002, 0.155]), thus confirming Hypothesis 2.
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Table 3: Multilevel linear model regression results

Facilitating Focus Gamification
Category
Model 1 Model 2 Model 3 Model 4
Team Variable
-0.006 0.014 -0.025
Teacher Gender (0.078) (0.075) (0.067) -0.030 (0.064)
0.136* 0.137* 0.082*
Teacher Age (0.072) (0.075) (0.050) 0.072 (0.050)
. 0.003 0.010 -0.011
Team Size (0.020) (0.019) (0.013) -0.009 (0.013)

0.253* 0.253*

Teacher Guidance (0.154) (0.154)

Individual Variable

-0.020 0.009 -0.009
Student Gender (0.070) (0.069) (0.049) 0.015 (0.054)
-0.017 -0.003 .
Student Age (0.043) (0.041) 0.057 )(0.033 -0.051 (0.038)
Gamification 0.345%**  _3.592%%* 0.814%**
amiticatio 0.106)  (1.429) (0.059)
Teacher 0.196**
GuidancexGamification (0.090)
e 0.179**
Facilitative Focus (0.091)
Defensive Focus 0.026 (0.074)
Intercent 3.540%** D 374%%* 3.954%** 3.834%%*
ereep (0.354)  (0.747) (0.222) (0.387)
2LL 2812.834  2800.48 2637.686 3933.142
AIC 2846.834  2840.481 2675.686 3993.142
BIC 2912.075  2917.235 2748.603 4109.891

Next, this research analyzed the moderating role of teacher guidance between gamification and
promotion focus. From Model 2 in Table 3, the interaction between teacher guidance and gamification
is significant (y=0.996, p<0.05). In order to represent the moderating effect of teacher guidance more
intuitively, this study has included Figure 2. It can be seen from Figure 2 that when teacher guidance
is high, gamification has a stronger positive effect on promotion focus (effect value 0.664, p<0.05);
when teacher guidance is low, gamification has no significant effect on promotion focus (effect value
0.181, p>0.05). Therefore, Hypothesis 3 is supported.
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High teacher guidance Low teacher guidance

Figure 1: The moderating effect of teacher guidance

Finally, this study examined the moderating effect of teacher guidance on the first stage of the
entire pathway based on a mediation model of cross-level moderation (refer to Table 4). From Table
4, the difference effect value between high and low teacher guidance is 0.099, and the 95% CI is
[0.006, 0.191], indicating that teacher guidance significantly moderates the relationship between
gamification and STEM Learning through promotion focus. When teacher guidance is high, the
promotion focus induced by gamification positively affects STEM Learning (the effect value is 0.130,
and the 95% CI is [0.074, 0.156]); when teacher guidance is low, the mediating effect of promotion
focus is not significant (the effect value is 0.032, and the 95% CI is [-0.046, 0.110]). Therefore,
Hypothesis 4 is supported.

Table 4: Cross-level Moderated Mediation Test Results

First Stage Second Stage Two Stage
Point 95% CI Point 950, c1 POt 950,
Category  Estimate Estimate Estimate

Path: Gamification— Facilitating Focus — STEM Learning in Education (SLE)

High

Teacher  0.707***  [0.455,0.959] 0.184** [0.024,0.344] 0.130**  [0.074,0.156]
Guidance

Low

Teacher 0.173 [-0.143,0.488] 0.184** [0.024,0.344]  0.032 [-0.046,0.110]
Guidance
High-Low

Difference 034" [0.154,0.914] 0.099**  [0.006,0.191]

5. Discussion

The positive impact of gamification on STEM Learning indicates that learners experiencing gamified
education will be more proactive in their learning and engage in continuous learning activities. This
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suggests that educational institutions and teachers can promote STEM Learning by implementing
gamification in their teaching practices.

The pivotal role of teacher guidance in the effectiveness of gamification calls for teachers to
balance the use of gamification and traditional teaching methods in their classrooms. Specifically,
while teachers should create engaging and interactive learning environments through gamification,
they should also provide clear guidance and support to their students, activating the role of
gamification in promoting student learning and effectively enhancing student learning outcomes.

Educators should take appropriate measures to translate gamification into learners' positive
learning motivation. This study suggests that gamification will positively affect learning behavior
through the shaping of a positive learning motivation such as promotion focus. Therefore, teachers
should not only focus on implementing gamification but also stimulate learners' motivation through
effective measures.

6. Conclusion

Self-report and instructor assessment measures show that gamification improves STEM education.
Gamification can help schools create a proactive and engaged learning environment. Gamification's
positive link with facilitative focus shows its potential to create a conducive learning environment.
Promotion focus is a key mediator between gamification and STEM Learning, supporting a positive
association. This research suggests that educators should use gamification strategies and create a
promotion-focused environment to maximise STEM learning.

The promotion focus-gamification relationship depends on a teacher's direction. Gamification
improves promotion focus with strong teacher leadership, according to the study. This requires a
balanced approach where teachers apply gamification tactics and provide clear direction and support
to students to maximise STEM learning.
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