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Introduction

As technology and society continue to evolve rapidly, education must 
extend beyond focusing solely on academic achievement. Today’s students 
need to develop essential 21st-century competencies, commonly summa-
rized as the “4Cs”, which include creativity, critical thinking, communication, 
and collaboration (Michael & Miranda, 2024).  These competencies are essen-
tial for helping students face a digital and connected world. Beghetto (2006) 
and Farmer and Tierney (2017) have stressed the importance of designing 
school curricula that support creativity and convergent thinking. However, 
even though many educators agree on the importance of the 4Cs, these 
competencies are often treated as secondary or optional. In many classrooms, 
lecture-based, teacher-centered teaching methods still dominate, making 
it difficult to use more active and student-centered approaches that could 
better support the development of these important competencies.

In particular, since college advancement is central to educational policy 
in South Korea, the shift toward enhancing cognitive academic achievement 
in reading, writing, and arithmetic (3Rs) through teacher-centered educa-
tion is progressing slowly. To address this educational challenge, the Korean 
Ministry of Education has expanded and supported creative experiential 
activities and club activities as part of its innovative education policy (Jung 
et al., 2015). Although the proportion of scheduled time allocated to these 
activities is not substantial, they promote the development of creativity 
and social skills through student-led academic experiences in areas such as 
science, computers, and citizenship (Kim & Kim, 2014). For instance, science 
club activities are conducted in various ways, including chemistry and phys-
ics experiments, robotics, environmental science exploration, participation 
in science and engineering competitions, and digital projects (Kwon et al, 
2024). Similarly, France’s “Science at School” policy is a nationwide program 
characterized by a cycle-based system that spans from kindergarten through 
secondary education (Carvalho et al., 2019). It particularly emphasizes the Fab 
Labs (Fabrication Laboratories) approach, which enables students to engage 
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in hands-on scientific experiences. Both South Korea and France share the common goal of encouraging students 
to experience science in a self-directed manner. However, while France provides continuous scientific experiences 
aligned with students’ developmental stages, South Korea’s science education is not systematically connected 
across different school levels. Through direct experience, students undergo personal growth and improve academic 
achievement (Lipscomb, 2007; Song et al., 2012; Williams & Gottfried, 2010). Eccles and Barber (1999) have found 
that students who engaged in school-based academic clubs achieved high school GPA outcomes that exceeded 
expectations. Therefore, it is essential to assess the effectiveness of these accumulated science club activities in 
fostering creative competencies to derive significant educational outcomes from these policies.

In an effort to improve learning outcomes, the international community has promoted an agenda called “quality 
education” under Sustainable Development Goal 4 (SDG4) since 2015. At this point, quality education encompasses 
the ability to achieve meaningful and effective learning outcomes (SDG 4.1) and emphasizes the professionalism 
and teaching-learning efforts of teachers (UN, 2015). In order to realize such quality education, teachers should 
provide learning opportunities and sufficient time to facilitate the implementation of personalized instruction for 
students (Osakwe, 2014). Furthermore, beyond traditional lecture-based teaching, teachers should continuously 
design and apply a variety of instructional activities to meet diverse learning needs (Krulj et al., 2024). Since the 
late 20th century, many countries have invested in information and communication technology (ICT) infrastruc-
ture within schools; however, such efforts have predominantly focused on the instructional applications of ICT by 
teachers. When ICT—recognized as a fundamental public good—is integrated into school settings in ways that 
mirror its everyday use in broader society, schooling can more effectively cultivate competencies that are closely 
linked to students’ real-life experiences. Nevertheless, many schools worldwide tend to restrict students’ Internet 
usage during school hours. However, this controlling trend requires improvement (UNESCO, 2023). It is essential 
to develop teaching and learning methods that transform these ICT activities into effective learning experiences, 
rather than merely restricting them from a control standpoint (Schaumburg, 2018). 

Therefore, this study aimed to explore the effects of science club activities on creative self-efficacy, focusing on 
the mediating roles of quality education—specifically, quality teacher support and quality class support. Further-
more, from the perspective of creativity as the ability to explore and reconstruct information, this study examined 
how students’ ICT-related experiences at school moderate this process. The results of this study are anticipated to 
offer valuable insights into the educational strategies that schools should adopt, both quantitatively and qualita-
tively, to foster the essential competencies required for students in the digital revolution era.

Literature Review

Science Club Activities at School

To cultivate scientifically literate citizens for the future, science education serves as a crucial educational tool 
that equips students to examine natural phenomena and address scientific challenges, thereby fostering creative 
problem-solving and integrative thinking. Currently, there has been a widespread lack of interest in the natural 
sciences among young people, as has been evidenced by international assessments (Krapp & Prenzel, 2011; Sahin, 
2013). For instance, international assessments such as TIMSS and PISA have indicated that U.S. students are under-
performing in mathematics and science, which threatens the United States’ global leadership (Schmidt, 2011). A 
similar trend has been observed in South Korea, where student performance in science has consistently declined 
in recent years, as reported by the Organization for Economic Co-operation and Development (OECD, 2007). 

To stimulate and sustain interest and curiosity in science, Hartley (2014) has emphasized the importance of 
adopting appropriate tools and engagement methods to involve young students in scientific exploration. Recent 
studies have confirmed that engagement in science club activities significantly enhances students’ interest in sci-
ence (Jung et al., 2015; Kim & Kim, 2014; Song & Lee, 2013). A science club is a gathering of individuals with shared 
interests, whether in school or the broader community, aimed at exchanging hobbies, skills, and values. Participation 
in such clubs has been shown to effectively improve students’ adjustment to school and foster the development 
of their personality and emotional characteristics (Hur & Kang, 2010; Song et al., 2012).

While there is limited research assessing the association between field-specific extracurricular clubs and the 
effects of science education, the significance of student participation in these clubs has been widely recognized 
worldwide. Williams and Gottfried (2010) have confirmed that informal STEM exposure, both in-school and out-
of-school, is critical to students’ trajectories into (or out of ) STEM-related careers. Additionally, according to Eccles 
and Barber (1999), school-based academic club involvement positively correlated with improved high school GPAs. 
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In examining how extracurricular club involvement influences STEM achievement, Lipscomb (2007) reported that 
participation in extracurricular clubs improved 2% and 1% gains in math and science test scores, respectively, among 
middle school students. It is evident that science club activities not only provide students with opportunities for 
hands-on and experimental research but also stimulate interest in science and foster the development of creative 
thinking. These activities have had a profound effect on students’ personal growth, academic development, and 
future career choices (Kim & Kim, 2014; Lipscomb, 2007). Overall, science clubs serve as a vital educational resource 
globally, particularly in enhancing students’ creative self-efficacy and promoting scientific literacy. 

Creative Self-Efficacy Among Students

In this era of rapid change, the OECD (2014) identifies creativity as a critical competency that youth need 
to master in the 21st century. As the importance of innovation has grown, extensive research has explored the 
factors influencing innovativeness, with creativity self-efficacy being recognized as a crucial predictor of creative 
achievement and performance (Karwowski, 2011; Karwowski & Lebuda, 2016; Tierney & Farmer, 2002). Defined as 
individuals’ belief in their capacity to generate creative outcomes (Tierney & Farmer, 2002), creative self-efficacy 
extends Bandura’s (1997) broader concept of self-efficacy to the domain of creativity.

Creative self-efficacy is particularly important in educational settings because it influences students’ motiva-
tion to participate in activities that foster creative thinking and problem-solving abilities. In particular, secondary 
school students (ages 12-18) represent a critical period for the development of self-efficacy, as their self-efficacy 
can significantly affect their academic performance, participation in extracurricular activities, and overall learning 
outcomes. For instance, Beghetto’s (2006) study of secondary school students demonstrated that students with 
high creative self-efficacy tend to perceive academic success more positively and have greater motivation to learn. 
Furthermore, these students have shown greater engagement in extracurricular activities. Furthermore, Farmer 
and Tierney (2017) have emphasized that creative self-efficacy is a crucial motivational driver in education. Their 
cross-level study indicated that students who have strong creative self-efficacy are more likely to set and pursue 
challenging creative goals, engage persistently in problem-solving tasks, and maintain a positive outlook toward 
innovation. This underscored the central role of creative self-efficacy in fostering student motivation and engage-
ment in learning.

Engagement in scientific learning and related activities serves a pivotal function in cultivating students’ cre-
ative self-efficacy. Scientific learning often requires students to formulate hypotheses, design experiments, and 
develop innovative solutions to complex problems (Jung et al., 2015). These processes offer valuable opportunities 
for students to test their ideas, reflect on failures, and build confidence in their creative abilities. Such experiences 
enable students to overcome challenges and foster both creative thinking skills and a strong belief in their own 
creative potential. Research has shown that science learning environments promoting autonomy, problem-solving, 
and open-ended inquiry can significantly enhance students’ creative self-efficacy (Beghetto, 2006; Tierney & Farmer, 
2002). Currently, research on creative self-efficacy has primarily concentrated on the association between efficacy 
beliefs and creative outcomes. However, few studies have examined the predictors that influence creativity self-
efficacy and the role of the school environment in this regard.

Quality Education in the Classroom

The United Nations Sustainable Development Goal 4 (UN-SDG4) emphasized the necessity of providing all 
students with equitable access to quality education, which is essential for achieving meaningful and effective 
learning outcomes (UN, 2015). In contemporary educational research, the concept of quality education is closely 
linked to the transfer of academic knowledge and the cultivation of learner competencies. To achieve these goals, 
dual support from teachers and the classroom environment is essential. Schools that provide such support are 
more likely to engage students, strengthen their connection to school, and promote effective learning outcomes 
(Klem & Connell, 2004).

Quality teacher support refers to the effective assistance and guidance provided by educators during teaching 
and learning activities. This support primarily encompasses both emotional and academic support for students 
(Birch & Ladd, 1997; Furrer & Skinner, 2003). Research has confirmed that teacher support fosters more positive 
teacher-student relationships and motivates students to engage in classroom activities (Ryan & Patrick, 2001), as 
well as to invest more energy in academic tasks (Boulton et al., 2012). Furthermore, teacher support plays a critical 
role in students’ academic outcomes while also enhancing their academic mood. A meta-analysis has demonstrated 
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that teacher support is positively correlated with students’ academic mood (Lei et al., 2018). Specifically, teacher 
support and encouragement can significantly enhance students’ motivation and self-confidence in their learning 
(Hughes & Chen, 2011). Recent studies have also focused on how teacher support influences the creative self-
efficacy of middle school students (Liu et al., 2021). It is believed that students who perceive a higher degree of 
teacher support exhibit greater autonomous motivation, which in turn contributes to increased creative self-efficacy.

Achieving quality education requires not only the support of teachers but also a quality class environment. 
Researchers and experts define quality education as authentic education that emphasizes the development of 
students’ creativity, critical thinking, self-confidence, and other lifelong learning skills. Therefore, it is essential to 
support authentic education by promoting an effective classroom learning environment (Osakwe, 2014). Specifi-
cally, quality classroom support includes a range of elements such as learning resources, teaching methods, and 
classroom management. In particular, science club activities often adopt a hands-on and inquiry-based instructional 
approach, which requires a classroom environment that not only provides the necessary learning resources but 
also stimulates students’ desire to explore. Numerous studies have demonstrated that support from the external 
environment plays a crucial role in stimulating students’ intrinsic motivation (Krulj et al., 2024; Wu, 2003), and 
students’ perceived classroom support has been identified as a vital component of the school environment. For 
instance, with the advancement of technology, research has shown that integrating emerging technologies into 
traditional classrooms to create smart learning environments can significantly increase student engagement and, 
consequently, maximize student potential (Wang et al., 2022).

Therefore, high-quality teacher support can help students maintain confidence when facing challenges 
and foster creative thinking through positive feedback. In turn, effective classroom support creates an open and 
resourceful environment that stimulates students’ creative potential. 

ICT Usage at Schools

With the growing integration of information technology into the education sector, the integration of informa-
tion and communication technology (ICT) in schools has emerged as a key driver of educational development. 
ICT has transformed teaching methodologies and significantly shaped students’ learning experiences (Amutha, 
2020). Research has indicated that the application of ICT in schools has a significantly positive effect on students’ 
scientific literacy (Guo et al., 2022). Another study has shown that schools equipped with advanced ICT facilities 
enable students to more easily access scientific knowledge, conduct simulated scientific experiments, and engage 
in external academic interactions (Korukluğlu & Yucel-Toy, 2022). Such accessibility has not only improved learning 
efficiency but also stimulated students’ interest and creativity in the learning process (Schaumburg, 2018).

With this trend, many governments worldwide have introduced policies to strengthen ICT infrastructure in 
educational institutions. For example, countries such as South Korea and Singapore have achieved levels of ICT 
integration in education comparable to those of the United Kingdom and the United States (Farrell & Wachholz, 
2003). In recent years, developing countries have also increased their investments in educational ICT (Farrell & 
Wachholz, 2003). However, it is important to note that this advancement does not diminish the role of teachers. 
On the contrary, collaborative support among teachers and schools serves as a critical factor in realizing the full 
potential of ICT to facilitate student learning (Schaumburg, 2018).

ICT primarily encompasses various forms such as computers, internet access, and smartphones. The use of 
different types of ICT tends to yield varying effects on learning outcomes (Kates et al., 2018; Schaumburg, 2018). In 
classroom instruction, computers are generally categorized into two types of applications: information tools and 
learning tools. On one hand, students can use computers to search for information and enhance their fundamen-
tal academic skills; on the other hand, they can engage in scientific inquiry and participate in simulation-based 
experiments (Tondeur et al., 2007).

Furthermore, incorporating internet access into classroom teaching has been shown to support teachers 
in presenting instructional content more effectively, accelerating the pace of instruction, and increasing student 
engagement (Korukluğlu & Yucel-Toy, 2022; Schaumburg, 2018). However, these positive outcomes largely depend 
on teachers’ levels of computer proficiency and their attitudes toward technology use in education (Julia & Dagmar, 
2024; Tondeur et al., 2007).

Regarding the use of smartphones, students can utilize them to document key aspects of the learning process 
and share content through social or collaborative platforms, thereby enhancing peer interaction and discussion 
(Ilomäki, 2008; Zheng et al., 2021). Nevertheless, empirical studies have shown that the impact of smartphone use 
on positive learning outcomes is relatively limited (Frohberg et al., 2009; Hawiet & Samaha, 2016). Moreover, some 
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researchers have expressed concerns that inappropriate or excessive use may lead to distraction and negatively 
affect students’ academic performance (Gi et al., 2016).

Associations Between the Variables

Science club activities have been demonstrated to enhance students’ interest in science and boost their aca-
demic motivation and confidence through practical, inquiry-based experiences (Hong et al., 2013; Jung et al., 2015). 
Such activities provide opportunities for creative expression and may serve as a foundation for the development 
of creative self-efficacy (Tierney & Farmer, 2002). However, achieving these benefits requires the reinforcement of 
high-quality education, in which teachers play an indispensable role.

In particular, quality education—including teacher support and a positive classroom environment—may 
mediate the association between participation in science club activities and creative self-efficacy. Based on Self-
Determination Theory, environments that promote autonomy and provide constructive feedback foster students’ 
intrinsic motivation, which is closely linked to creativity (Deci & Ryan, 2000). Empirical studies have demonstrated 
that teacher support and classroom dynamics significantly enhance students’ creative self-efficacy (Beghetto, 
2006; Puozzo & Audrin, 2021). Consequently, the mediating model proposed in this study is illustrated in Figure 1.

Moreover, the ICT environment in schools, as a critical component of the learning context, may influence 
the effect of science club activities on students’ creative self-efficacy. Specifically, during science club activities, 
students may use computers for data analysis and experimental simulations; access the internet to consult the 
latest scientific findings and participate in online academic discussions; and utilize smartphones to conduct field 
investigations and record observations, thereby promoting peer communication and interaction (Korukluoğlu & 
Yucel-Toy, 2022). Accordingly, this study constructed a moderated mediation model to examine how three specific 
dimensions of ICT usage in schools—computer use, internet access, and smartphone usage—moderate the as-
sociations within the model (shown in Figure 2).

Understanding these associations, this study provided insights into how science club activities contribute 
to creative self-efficacy among Korean secondary school students. Specifically, it examined whether quality edu-
cation—represented by teacher support and classroom environment—mediates this correlation, and whether 
students’ ICT usage at school moderates this effect.

This study posed the following three research questions:
Are science club activities effective in enhancing creative self-efficacy in secondary school students?
Does quality education mediate the association between science club activities and creative self-efficacy?
Does ICT usage at school (computer, internet access, smartphone) moderate the mediating effect of quality 

education?

Figure 1                                                                       			    Figure 2          
Partial Mediating Model                                              			   Moderating Model by Multi-group
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Research Methodology 

Design

A quantitative research design was adopted in this study, drawing on data from the 2022 Program for Inter-
national Student Assessment (PISA 2022). It focused on analyzing the potential correlations between participation 
in science club activities, quality education, and creative self-efficacy among secondary school students in South 
Korea. The research specifically targets 16-year-old secondary school students who participated in the PISA as-
sessment, providing a nationally representative dataset of their educational experiences and competencies. The 
data were analyzed using structural equation modeling (SEM).

Participants

The analysis was based on the PISA 2022 survey data for South Korean secondary school students. The OECD 
has conducted the PISA assessment every three years, aiming to evaluate the abilities and competencies of students 
worldwide in preparing for future life challenges. The 2022 PISA assessment involved around 690,000 students 
across 81 countries and economies. The students in this study were between 16 and 17 years old and had completed 
at least six years of formal education at the time of testing. The data included a sample of students from various 
academic ability levels, ensuring the representativeness and diversity of the sample. 

A total of 6,454 South Korean student samples participated in this study, and after excluding 717 incomplete 
samples, 5,737 valid responses were included in the analysis. The gender distribution was nearly equal, comprising 
2,922 male students (50.9%) and 2,815 female students (49.1%). In terms of age, the majority of the sample consisted 
of 16-year-old students (5,400, or 94.1%), while 337 students were aged 17 (5.9%). Additionally, the study examined 
the distribution of students’ ICT usage at school. A total of 3,720 students (64.8%) reported having used computer 
at school, while 2,017 students (35.2%) did not; 3,752 students (65.4%) reported that their school was accessed 
internet, while 1,985 students (34.6%) did not; 4,899 students (85.4%) reported having used a smartphone at school, 
while 838 students (14.6%) did not. Table 1 provides an overview of the participants’ demographic characteristics.

Table 1
Demographics of Participants

Variables Items N %

Gender
Male 2,922 50.9

Female 2,815 49.1

Age
16 5,400 94.1

17 337 5.9

ICT usage 
at school

Computer
Inexperienced 3,720 64.8

Experienced 2,017 35.2

Internet access
Inexperienced 3,752 65.4

Experienced 1,985 34.6

Smartphone
Inexperienced 4,899 85.4

Experienced 838 14.6

Total 5,737 100.0

Measurements

To validate the research model, the following construct variables were evaluated using the PISA questionnaire. 
First, participation in science club activities at school was assessed using the question, “In your school, how often do 
you participate in science club activities?” The responses for this question used a Likert scale ranging from ‘Never’ 
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to ‘Every Day,’ with an additional option of ‘Not Available at School.’ The scale was scored on a 6-point scale, where 
a higher score indicated a greater level of participation in science club activities.

Next, quality teacher support refers to the effective assistance and guidance provided by educators during 
educational activities. It was assessed using the question, “Do you agree that my teachers allow me sufficient time 
to develop creative solutions to assignments?” A Likert scale was used for this item, ranging from ‘Strongly Disagree’ 
to ‘Strongly Agree,’ with higher values signifying stronger positive perceptions of teacher support. For quality class 
support, this study utilized the question, “Do you agree that the activities we engage in during my classes help you 
think of new ways to solve problems?” This was also assessed using a Likert scale, where higher scores indicated 
stronger agreement with the statement.

Additionally, to measure the frequency of students’ ICT usage at school, three items were employed: computer, 
Internet access, and smartphone. Students were asked how often they used (1) desktop or laptop computers, (2) 
Internet access (excluding smartphones), and (3) smartphones (i.e., mobile phones with Internet access) at school. 
Participants responded using a 5-point Likert scale, with options ranging from ‘Never’ to ‘Several times a day’. Higher 
scores indicated more frequent use of each ICT tool during school hours.

Finally, students rated their confidence in performing a variety of tasks that reflect creative skills. For instance, 
two of the items included “How confident are you about coming up with creative ideas for school projects?” and 
“How confident are you about thinking of many good ideas for science experiments?” Each of the eight items in 
this scale provided four response options: ‘Not at all confident’ to ‘Extremely confident.’ Creative self-efficacy dem-
onstrated acceptable internal consistency, as evidenced by a Cronbach’s alpha of .966.

Data Analysis

Multiple statistical analyses were conducted to assess the quality and reliability of the collected data. The 
data analysis process began with descriptive statistics to understand the basic characteristics of the sample, in-
cluding the mean, standard deviation, and range of each variable. Next, to further examine the effect of ICT usage 
(computers, internet access, and smartphones) experience on students’ participation in science club activities and 
their creative self-efficacy, an independent samples t-test was conducted. The sample was divided into two groups 
based on whether students had ICT usage experience at school. This test allowed for the assessment of whether ICT 
usage experience significantly influenced these variables. After conducting preliminary analyses using descriptive 
statistics and the t-test, the study constructed a Structural Equation Model (SEM) to validate the mediating role of 
quality education between participation in science club activities and creative self-efficacy. To ensure the model’s 
applicability, AMOS 26.0 software was utilized for model fitting, and the model was evaluated based on fit indices 
such as the Comparative Fit Index (CFI) and the Tucker-Lewis Index (TLI). Finally, considering that ICT usage may 
have a moderating effect across different student groups, a Multi-Group Analysis was performed to examine how 
ICT usage moderated the aforementioned pathways.

Research Results 

Differences in ICT Usage at School

To understand the levels of students’ engagement in science club activities, quality education, and creative 
self-efficacy, this study examined differences in the use of computers, internet access, and smartphones at school 
(see Table 2).

An independent samples t-test revealed statistically significant differences (p < .001) between students with 
and without computer usage experience in terms of science club activities (t = 8.20), quality  teacher support 
(t = 4.77), quality class support (t = 5.71), and creative self-efficacy (t = 6.67). Students with and without internet 
access experience at school showed significant differences (p < .001) in science club activity (t = 9.43), quality 
teacher support (t = 4.83), quality class support (t = 5.90), and creative self-efficacy (t = 7.33). These results indicated 
that students with relevant experience outperformed those without computer and internet access at school in 
science club activities, quality teacher support, quality class support, and creative self-efficacy. Additionally, there 
were significant differences (p < .01) between students with and without smartphone usage experience in terms of 
creative self-efficacy (t = 3.06). The findings confirmed that students with smartphone usage experience at school 
had higher levels of creative self-efficacy.
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Table 2
Comparing the Differences in ICT Usage at School

Construct

Science club 
activities

Quality teacher 
support Quality class support Creative self-

efficacy

M
(SD) t M

(SD) t M
(SD) t M

(SD) t

Total 2.12
(1.47) – 2.78

(0.67) – 2.77
(0.70) – 2.61

(0.73) –

Computer
Experienced 2.23

(1.50)
8.20***

2.82
(0.66)

4.77***

2.81
(0.69)

5.71***

2.66
(0.73)

6.67***
Inexperienced 1.91

(1.40)
2.73

(0.68)
2.70

(0.71)
2.53

(0.74)

Internet access
Experienced 2.25

(1.48)
9.43***

2.82
(0.65)

4.83***

2.81
(0.68)

5.90***

2.66
(0.72)

7.33***
Inexperienced 1.87

(1.42)
2.72

(0.70)
2.69

(0.74)
2.51

(0.75)

Smartphone
Experienced 2.13

(1.45)
1.43

2.79
(0.66)

1.69

2.78
(0.69)

1.57

2.63
(0.73)

3.06**
Inexperienced 2.05

(1.57)
2.75

(0.70)
2.73

(0.75)
2.54

(0.77)
Note. **p < .01, ***p < .001

Verification of the Mediating Effect of Quality Education

To further analyze the associations among science club activities, quality education, and creative self-efficacy, 
a mediation effect test was conducted on the two dimensions of quality education (quality teacher support and 
quality class support). As shown in Table 3, the model fit values for the full sample were χ²/df = 120.465 (p < .001), 
with both the TLI and CFI exceeding 0.90, thereby meeting the acceptance criteria.

As shown in Table 4, all path results were statistically significant (p < .001), providing strong support for the 
correlations among the variables in the model. Specifically, the independent variable (science club activities) had 
a positive influence on both the dependent variable (creative self-efficacy) and the mediator variables (quality 
teacher support and quality class support) (β = .060, p < .001; β = .047, p < .001; β = .059, p < .001). In particular, the 
mediator variables (quality teacher support and quality class support) also positively influenced the dependent 
variable (creative self-efficacy) (β = .167, p < .001; β = .157, p < .001). These results suggest that as students perceive 
higher quality education, their creative self-efficacy is likewise enhanced. The final model’s path coefficient results 
are illustrated in Figure 3.

Additionally, a bootstrapping method was employed to verify the mediation effect, with a sample size of 
2,000. As shown in Table 5, both quality teacher support and quality class support had a significant effect on 
science club activities and creative self-efficacy, with indirect effect values of .008 and .009, respectively. The con-
fidence intervals did not include zero, and the p-values were less than .001, thereby confirming their mediating 
roles. Consequently, these results emphasize that improving the quality of education is essential for promoting 
students’ creative self-efficacy.
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Figure 3                                                                              
Path Diagram and Standardized Estimate of Research Model

 
Table 3
Fit indices for the Research Model

Model df χ²/df TLI CFI

Full sample 42 120.465*** .907 .929

Note. ***p < .001

Table 4
Significance Verification for the Research Model

Path β SE Bootstrap 2000 times
95% bias-corrected CI

Science club activities → Quality teacher support .047*** .006 .035 ~ .058

Science club activities → Quality class support .059*** .006 .047 ~ .072

Science club activities → Creative self-efficacy .060*** .006 .048 ~ .072

Quality teacher support → Creative self-efficacy .167*** .020 .128 ~ .206

Quality class support → Creative self-efficacy .157*** .019 .119 ~ .194

Note. ***p < .001

Table 5
Significance Verification of Mediating Effect

Path β SE Bootstrap 2000 times
95% bias-corrected CI

Science club activities → Quality teacher support → Creative self-efficacy .008*** .002 .005 ~ .011

Science club activities → Quality class support → Creative self-efficacy .009*** .002 .006 ~ .013

Note. ***p < .001
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Verification of Multi-group Comparison for ICT Usage

Finally, multi-group analyses were conducted to verify the moderating effects of computer use, internet ac-
cess, and smartphone usage in schools. The results indicated that the model fit for the multi-group analysis met 
the established acceptance criteria, as shown in Table 6.

The findings indicated that science club activities in both groups, with and without computer usage at school, 
had a significant positive effect on quality education (p < .001), and quality education also had a significant positive 
effect on creative self-efficacy (p < .001). Since the differences in the paths from ‘science club activities → quality 
class support’ and ‘quality teacher support → creative self-efficacy’ between groups with and without computer 
usage experience were -2.154 and -2.802, respectively, all of which were greater than |1.96|, indicating that these 
path differences were statistically significant. Since the differences in all paths between groups with and without 
internet access at school did not meet the acceptance criteria, indicating that all path differences were not statisti-
cally significant. 

Regarding smartphones, the findings revealed that science club activities in both groups—with and without 
smartphone usage at school—had a significant positive effect on quality education (p < .001). Additionally, qual-
ity education had a significant positive effect on creative self-efficacy (p < .001). The differences in the paths from 
‘quality teacher support → creative self-efficacy’ and ‘quality class support → creative self-efficacy’ between groups 
with and without smartphone usage experience were 3.643 and -1.993, respectively. Both values exceed the criti-
cal value of |1.96|, indicating that these path differences were statistically significant. As a result, the moderating 
effect of smartphone use at school was confirmed, and the mediating effect of quality teacher support (β = .269) 
was found to be stronger in the group that did not use smartphones (see Table 7).

Table 6
Nested Multi-Group Model Fits

Structural residuals df χ²/df TLI CFI

 Computer 111 47.443*** .927 .926

Internet access 111 47.849*** .926 .926

Smartphone 111 46.519*** .929 .928
Note. ***p < .001

Table 7
Significance Verification of Multi-group Path Analysis

Path
Inexperienced Experienced Between 

groupsβ SE β SE

Path toward Computer

Science club activities → Quality teacher support .117*** .007 .057* .011 -1.852

Science club activities → Quality class support .142*** .007 .071** .011 -2.154

Science club activities → Creative self-efficacy .110*** .008 .093*** .012 -.293

Quality teacher support → Creative self-efficacy .185*** .018 .109*** .025 -2.802

Quality class support → Creative self-efficacy .141*** .017 .143*** .023 .019

Path toward Internet access

Science club activities → Quality teacher support .099*** .007 .088*** .011 .036

Science club activities → Quality class support .131*** .007 .089*** .012 -.959

Science club activities → Creative self-efficacy .100*** .008 .111*** .012 .721

Quality teacher support → Creative self-efficacy .170*** .018 .133*** .024 -1.572

Quality class support → Creative self-efficacy .136*** .017 .155*** .023 .414
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Path
Inexperienced Experienced Between 

groupsβ SE β SE

Path toward Smartphone

Science club activities → Quality teacher support .103*** .006 .095** .015 -.290

Science club activities → Quality class support .126*** .007 .117*** .016 -.216

Science club activities → Creative self-efficacy .103*** .007 .152*** .017 -1.317

Quality teacher support → Creative self-efficacy .139*** .016 .269*** .037 3.643

Quality class support → Creative self-efficacy .153*** .015 .085** .035 -1.993
Note. *p < .05, **p < .01, ***p < .001

Discussion

This study quantitatively analyzed the academic effects of science club activities on secondary school students, 
and the main results are as follows.

First and foremost, the research revealed that participation in science club activities significantly contributed 
to the enhancement of creative self-efficacy among secondary school students. This finding was consistent with 
previous studies, such as those by Hartley (2014), Kwon et al. (2024), and Song et al. (2012), which emphasized the 
importance of science club activities in fostering creative and transformative competencies. While the dependent 
variable of this study, creative self-efficacy, is characterized by non-cognitive traits rather than being directly measur-
able as creativity, it is important to note that the emotional attitudes associated with efficacy are linked to practical 
capabilities (Beghetto, 2006; Karwowski & Lebuda, 2016; Tierney & Farmer, 2002). In addition to enhancing creative 
competencies, the club-based science learning focused on in this study had various educational effects. Lipscomb 
(2007) demonstrated that interactive learning reinforces problem-solving skills and teamwork, while Kim and 
Kim (2014) highlighted the development of social skills through school club activities. Given that the convergent 
competencies, as the 4Cs required in the digital society, encompass not only creativity but also communication 
and collaboration, it is essential to actively promote student-led club activities in the future.

Moreover, this study confirmed that the quality of teaching and learning provided by teachers in the classroom 
further strengthened the causal association between science club activities and creative self-efficacy, serving as a 
mediating factor. When teachers allocated sufficient time for students to creatively develop solutions and engaged 
them in classroom activities that facilitated problem-solving, the creative self-efficacy of secondary school students 
was found to be significantly enhanced. This finding aligns with the suggestion by Dearden et al. (2002) that selec-
tive schools tend to achieve better educational outcomes. Dearden et al. (2002) indicated that when controlling 
for ability and family background, there was generally no significant association between educational quality and 
academic achievement. This observation is consistent with the educational equity theory of Coleman et al. (1966), 
who found that the effect of educational conditions was minimal. However, Gerick and Killus (2024), along with 
Dearden et al. (2002) and Rutter (1983), asserted that the educational effects of specialized classes and tailored 
support from teachers may vary, which aligns with the results of this research. In other words, offering advanced 
educational support, beyond the basic quality education (e.g., student-to-teacher ratio) provided to all students, 
results in positive learning outcomes. This argument regarding the importance of careful and emotional support 
from teachers has also been highlighted in studies by Hughes and Chen (2011), Lei et al. (2018), and Liu et al. (2021). 

Next, concerning the variation in Internet usage among secondary schools across different countries, this 
study confirmed that students should develop tolerance towards Internet use in order to effectively engage with 
the digital society. Apart from the United States and Germany, most countries, including South Korea, restrict 
secondary school students from accessing the Internet during school hours. In contrast, this study revealed that 
secondary school students who experienced Internet use in schools were more active in science club activities 
and exhibited significantly higher levels of creative efficacy. The mean science club activity score for students with 
Internet experience at school was 2.25, while the score for students without Internet experience was 1.87, indicat-
ing a significant difference between the two groups. Additionally, the mean score for creative self-efficacy based 
on Internet use experience was 2.66 for those with experience and 2.51 for those without, also demonstrating a 
significant difference. Schaumburg (2018) and Tonderur et al. (2007) reported similar findings, confirming that 
Internet use experience in school enhances learning efficiency. This study confirmed that the educational effect 
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of smartphone use is relatively minor compared to that of Internet use in schools. In particular, the difference in 
science club activities based on smartphone use was not significant (t = 1.43), which aligns with the finding of 
Kates et al. (2018). These research results suggest that positive learning effects may vary depending on the type 
of ICT employed. 

Furthermore, this study empirically demonstrated the conflicting moderating effects of ICTs, such as com-
puter and smartphone usage, on the association between science club activities and the creative self-efficacy of 
secondary school students. The findings indicated that for students with experience using computers in schools, 
the effect of high-quality teacher support on creative self-efficacy was notably more pronounced. The results of this 
study’s Multi-Group SEM analysis demonstrated a significantly more influential causal association among students 
who had utilized the computers in schools. These results suggest that teacher support for computer use in schools 
should be both intentional and strategic (Julia & Dagmar, 2024; Korukluğlu & Yucel-Toy, 2022). 

In contrast, this study found that the effect of science club activities on creative self-efficacy was significantly 
higher among students who did not use smartphones at secondary school. Similarly, Frohberg et al. (2009) con-
firmed the relatively insignificant effect of mobile learning and emphasized the necessity for teacher oversight and 
intervention. In light of the findings regarding significant differences in creative self-efficacy based on smartphone 
usage, it can be concluded that smartphone use has a more detrimental effect on fostering positive learning 
outcomes than on the diverse knowledge and information acquired through it. In this context, Hawi and Samaha 
(2016) expressed concerns about smartphone addiction in educational settings and empirically demonstrated that 
excessive smartphone use does not correlate with high academic achievement. Notably, many European countries 
have recently imposed restrictions on smartphone usage in schools due to concerns about distractions (Julia & 
Dagmar, 2024; UNESCO, 2023). The key is for teachers to acknowledge the potential issue that smartphone use in 
schools may lead to students’ lack of self-control, while also recognizing that appropriate interventions for ICT use 
can foster resilience to uncertainty and enhance creative self-efficacy.

Conclusions and Implications

The purpose of the current study was to analyze the mediating effect of quality education provided by teach-
ers in the association between science club activities and secondary school students’ creative self-efficacy. The 
research findings confirmed that time-based and supportive teaching and learning in the classroom significantly 
enhance creative self-efficacy. Additionally, a key finding of this study revealed that secondary school students 
who had experience using the Internet at school tended to exhibit higher levels of creative self-efficacy due to 
their engagement in science club activities.

The research findings underscored the importance of quality educational considerations that teachers can 
implement beyond the standards of national-level education. This study demonstrated the significance of allocat-
ing sufficient time for thoughtful consideration and providing active support for creative and problem-solving 
learning activities, which are crucial for academic achievement. In particular, it is essential to emphasize that for 
science experiential activities to significantly enhance students’ creative self-efficacy, continuous management 
and operational systems tailored to each school level (from elementary to secondary) must be established as a 
prerequisite. Furthermore, a long-term vision and educational strategy at the national level must be developed to 
broaden the effect of science education, extending from personal development to future career choices.

In addition, this study offered an opportunity to explore the positive effects and challenges associated with 
the culture of Internet use in schools. This has significant implications for how schools should adapt in the context 
of a digital society. The fact that many countries are implementing policies to ban the use of ICT in schools indicates 
that the negative effects of ICT use cannot be overlooked. Nevertheless, in light of this study and UNESCO’s asser-
tions within the international community, it is timely to minimize these negative effects and develop strategies 
for teachers to effectively manage ICT usage. Teachers should exercise caution to prevent students from using 
ICT indiscriminately, as it may hinder their engagement in learning. Moreover, for students’ ICT use to contribute 
to positive academic achievement, teachers should first comprehend students’ ICT literacy and the frequency of 
their usage. To this end, this study suggested that teachers engage with students on a daily basis and utilize the 
insights gained from these interactions as diagnostic data. And they should strive to leverage the accumulated 
student data to enhance their teaching strategies and improve their ability to implement classes that effectively 
utilize ICT. Therefore, the state and schools that lead the education system need to make efforts to create an en-
vironment that enables teachers to deliver quality education and enhances support for their professional roles. 
Educational institutions should not limit themselves to merely distributing ICT equipment; instead, they should 
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closely integrate structural elements such as teacher training, curriculum development, and the cultivation of a 
positive school culture.

In this context, further research is necessary to explore the effect on student achievement at both the teacher 
and school levels. Given that students’ use of ICT is more active outside of school as well as within it, it is essential 
to clarify the causal association between variables within the student-teacher-school-society structure from an 
ecological perspective. Additionally, follow-up research needs to consider that the effects of informal and non-
formal education, alongside the formal education students receive at school, are closely interconnected.

It is also valuable to examine the types of change processes that occur in educational experiences using a 
qualitative approach. As students progress through different school levels, their cumulative experiences in science 
education may be assessed differently from their experiences at a cross-sectional level. By exploring longitudinal 
changes in creative self-efficacy in relation to their science learning experiences, educational institutions can de-
velop more targeted support measures to enhance students’ academic achievement.
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