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ABSTRACT
In the digital era, mathematical creative thinking, technological self-confidence, and self-perception of mathematics were es-

sential skills for success in a world driven by innovation and problem-solving. However, these variables had not been thoroughly 
investigated.  This study invesitigated how self-perception of mathematics acted as a mediator between technological self-confidence 
and mathematical creative thinking. Data were collected from 502 primary school students (56.6% female), with an average age of 
10.86 ± .77 year, using online questionnaires and tests. Structural equation modeling was employed to validate the constructs and 
measurement tools. The results revealed that technological self-confidence had a positive impact on mathematical creative think-
ing, while self-perception of mathematics also positively influenced mathematical creative thinking. Furthermore, self-perception of 
mathematics played a significant mediating role in the relationship between technological self-confidence and mathematical creative 
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thinking. This study highlighted the importance of incorporating technology and confidence-building strategies into mathematics 
curricula to better equip students for real-world problem-solving in a digital society.

Keywords: mathematical creative thinking, primary school students’, self-perception of mathematics, structural equation mod-
elling, technological self-confidence.

La relación entre la confianza tecnológica y el pensamiento creativo matemático en la educación 
primaria: El papel mediador de la autopercepción de las matemáticas

RESUMEN
En la era digital, el pensamiento creativo matemático, la confianza tecnológica y la autopercepción de las matemáticas fueron 

habilidades esenciales para el éxito en un mundo impulsado por la innovación y la resolución de problemas. Sin embargo, estas 
variables no habían sido investigadas a fondo. Este estudio investigó cómo la autopercepción de las matemáticas actuaba como 
mediador entre la confianza tecnológica y el pensamiento creativo matemático. Los datos fueron recogidos de 502 estudiantes de 
primaria (56,6% mujeres), con una edad promedio de 10,86 ± 0,77 años, utilizando cuestionarios y pruebas en línea. Se utilizó el 
modelado de ecuaciones estructurales para validar los constructos y las herramientas de medición. Los resultados revelaron que 
la confianza tecnológica tenía un impacto positivo en el pensamiento creativo matemático, mientras que la autopercepción de las 
matemáticas también influía positivamente en el pensamiento creativo matemático. Además, la autopercepción de las matemáticas 
desempeñó un papel mediador significativo en la relación entre la confianza tecnológica y el pensamiento creativo matemático. El 
estudio destaca la importancia de incorporar la tecnología y estrategias de auto-confianza en los planes de estudio de matemáticas, 
para preparar mejor a los estudiantes para la resolución de problemas del mundo real en una sociedad digital.

Palabras clave: pensamiento creativo matemático, estudiantes de educación primaria, autopercepción en matemáticas, modela-
do de ecuaciones estructurales, auto-confianza tecnológica.

1. Introduction

In the 21st century, the need for skills that promote innovation and problem-solving is more vital than ever (Cobo, 2013). As 
technology increasingly becomes an essential part of daily life (Owsley & Greenwood, 2024) and the workplace, it demands not only 
basic technical skills (Huang & Gursoy, 2024) but also the confidence to tackle complex technological tasks (Alieto et al., 2024). This 
technological self-confidence (TSC) is crucial for students, empowering them to navigate new and ever-evolving challenges (Lucas et 
al., 2009). At the same time, creative thinking in mathematics (MCT)—a skill that goes beyond traditional problem-solving—plays a 
vital role (Suherman & Vidákovich, 2024b). MCT includes elements such as fluency, flexibility, originality, and elaboration, enabling 
students to approach mathematical problems with innovative solutions (Suherman & Vidákovich, 2024a). Research consistently 
highlights the impact of self-perception and self-confidence on mathematical success education (Kaur & Prendergast, 2022). Self-per-
ception of mathematics (SPM), or students’ belief in their math capabilities, strongly correlates with academic performance, as stu-
dents who view themselves as proficient in math tend to achieve better results (Passiatore et al., 2024). This self-perception not only 
reflects their actual abilities but also influences their attitude and motivation toward learning math (Shih et al., 2019). TSC, which re-
flects confidence in one’s ability to use technology effectively, supports this goal (An et al., 2022). A key challenge remains in guiding 
students to build both strong mathematical self-perception and technological confidence for a creative and rapidly advancing future.

The study by Ventrella and Cotnam-Kappel (2024) emphasized that the unequal distribution of technology devices (student-to-de-
vice; 1:1), with a gap between usage at school and at home, creates disparities in students’ ability to effectively interact with digital 
technologies. This imbalance in access, along with the variation in device types, plays a significant role in shaping students’ tech-
nological self-confidence, as their familiarity and comfort with technology depend heavily on the resources available to them. Fur-
thermore, students with learning difficulties exhibited a significantly lower self-perception of their abilities (d = .70–1.3) compared to 
their peers without learning difficulties, across Grades 4 through 8 (Ragnarsdottir et al., 2024). This reduced self-perception extends 
to their self-concept in mathematics, highlighting the added challenges that students with learning difficulties may face in both their 
mathematical performance and their confidence in the subject. Despite the importance of creative thinking skills, there are still many 
instances indicating that students often struggle to develop proficiency in this area. Research has shown that the creative thinking 
abilities of elementary and middle school students in mathematics remain at a low level, with 46.67% of students falling into this 
category (Nufus et al., 2024). This suggests that improving creative thinking, particularly in the context of mathematics, is crucial for 
fostering students’ overall academic development and confidence in their abilities.

Previous studies have clearly demonstrated a link between students’ self-perception of their math abilities and their academic 
success. Numerous studies indicate that students who overestimate their math competence tend to have stronger performance ap-
proach goals and are more likely to endorse an entity theory of intelligence. These students also experience greater self-doubt and 
make more stable and generalized attributions based on their mathematics perceptions (Dupeyrat et al., 2011; Reich & Arkin, 2006). 
Additionally, research highlights the importance of self-confidence in the adoption of digital tools for math learning. Students with 
greater technological self-confidence are more likely to engage with digital resources, positively affecting their math performance 
(Huang & Brainard, 2001). This study aims to explore how self-perception and technological self-confidence interact to influence 
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students’ MCT in primary education. While past research has examined the impact of self-perception on math achievement and 
technological self-confidence on tech usage, the combined effect on MCT quality and effectiveness has not been thoroughly inves-
tigated. Further research is needed to understand the role of these factors in shaping primary students’ MCT, an area that remains 
underexplored.

This study aims to fill this gap by offering a comprehensive perspective on the complex factors affecting students’ MCT. It exa-
mines the intricate relationships between SPM, TSC, and MCT, shedding light on the cognitive processes involved in mathematical 
problem-solving and communication. The subsequent sections of this article will cover relevant theories, methodologies, empirical 
findings, and discussions, all focused on improving our understanding of how self-perception and technological self-confidence 
influence MCT.

2. Theoretical framework

2.1.	 Technological self-confidence and MCT

Technological self-confidence refers to an individual’s belief in their ability to effectively use and navigate digital tools and te-
chnologies (Ajisebutu et al., 2024). It encompasses a sense of competence and assurance in navigating digital environments, solving 
technical challenges, and leveraging technology to achieve personal or professional goals (Wei, 2023). This construct is increasingly 
relevant in the digital age, as it successfully completing online or computer-based courses builds self-confidence and encourages 
students to take responsibility for their learning in the face of rapid technological change (Malureanu et al., 2021; Ozuorcun & Tabak, 
2012). Meanwhile MCT refers to an individual’s ability to explore novel approaches when solving mathematical problems (Rahayu-
ningsih et al., 2021). It includes the skills required to generate solutions, analyze mathematical concepts, and assess students’ unders-
tanding of these concepts (Suherman & Vidákovich, 2022b).

TSC is essential in modern education, especially in mathematics, where it influences students’ ability to engage with software, use 
digital tools, and communicate mathematical ideas (Bolaños et al., 2023; Cretchley, 2007; Roschelle et al., 2000). TSC is closely linked 
to MCT, which involves generating multiple representations and innovative problem-solving approaches (Kharisudin, 2022; Srira-
man, 2009). Research has shown a positive relationship between TSC and MCT, with high technological self-efficacy contributing to 
success in STEM fields and enhancing students’ ability to use technology creatively (Attard et al., 2016; Suherman et al., 2021; Zeldin 
et al., 2008). Additionally, studies suggest that students’ self-perception of their technological abilities boosts creativity (Poon et al., 
2014), and emerging technologies foster creative confidence Liu et al. (2023). Design thinking approaches also promote creativity by 
encouraging exploration and idea generation through digital tools.

2.2.	 Self-perception of mathematics and MCT

SPM refers to an individual’s belief in their ability to successfully solve mathematical problems (Tully & Jacobs, 2010). According 
to Marsh et al. (1991), there is a reciprocal relationship between self-perception of ability and academic achievement, where increased 
confidence in mathematical skills enhances performance, and vice versa. In other words, SPM encompasses affective, cognitive, and 
behavioral components, including emotional attitudes toward mathematics, personal beliefs about one’s abilities, and tendencies to 
engage with or avoid the subject (Fernández-Andújar et al., 2022; Herman & Kerby-Helm, 2022).

Self-perception in mathematics plays a crucial role in fostering students’ MCT. When students have a positive view of their 
mathematical abilities (Tully & Jacobs, 2010), they approach problems with confidence and openness to exploring unconventional 
solutions (Krummheuer et al., 2013). This mindset encourages flexible, original problem-solving (Schoevers et al., 2019) and supports 
academic success in mathematics. Research shows that students with strong SPM engage more deeply with mathematical concepts, 
enhancing their creative problem-solving skills (Makri-Botsari & Psycharis, 2008). For example, Suherman & Vidákovich (2024b) 
found that high SPM is linked to better performance on tasks requiring creative mathematical thinking. Self-efficacy, closely tied 
to SPM, tt is a critical component of self-perception in mathematics, which also includes math self-concept—general feelings about 
one’s competence in math (Sakellariou, 2022), also impacts problem-solving approaches, with students who have higher SPM dis-
playing greater mathematical creativity (Voica et al., 2020). The connection between mathematics self-concept and achievement was 
reinforced in PISA 2012, showing a positive relationship between a strong self-perception and improved performance in mathematics 
(Ding et al., 2024). Thus, nurturing positive SPM is essential for boosting students’ creative thinking abilities (Khalil & Prahmana, 
2024; Nufus et al., 2024).

2.3.	Mediating role of SPM

The mediating role of SPM in the connection between TSC and MCT is based on the concept that self-perception affects both how 
students approach mathematical tasks and their use of technological tools (Kim, 2008; Montague & Van Garderen, 2003). Research 
supports this notion, indicating that students with high TSC are more inclined to use technology creatively in math (Psycharis & Kot-
zampasaki, 2019), and this relationship is stronger when they also have a positive self-perception of their mathematical abilities (Park 
et al., 2012). Zeldin et al. (2008) found that technological self-efficacy is positively linked to engagement in STEM fields, particularly 
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when students have a strong self-view of their mathematical skills. Additionally, the TSC also influences SPM (Rosales-Márquez et 
al., 2025). Students with high self-confidence in technology are generally more motivated to develop digital skills, as they view the 
use of technologies as a challenge to overcome, similar to mathematics. Thus, SPM acts as a mediator, influencing how students’ 
technological confidence translates into creative problem-solving in mathematics. This idea is consistent with Bandura (1997) work 
on self-efficacy and creativity.

2.4.	 The present study

The present study explores the relationship between TSC and MCT in primary education, with a particular focus on the medi-
ating role of SPM. As technology becomes increasingly integrated into education (Szymkowiak et al., 2021), students’ confidence in 
using digital tools may influence their ability to approach mathematical problems creatively ideas (Bolaños et al., 2023; Cretchley, 
2007; Roschelle et al., 2000). Self-perception in mathematics, which reflects students’ beliefs about their own abilities (Shen & Pedulla, 
2000), is expected to play a crucial role in shaping this relationship. Using data from primary school students, this study employs 
structural equation modeling to examine how TSC impacts MCT both directly and indirectly through SPM. Therefore, we predict 
significant interconnections among these factors in primary school students. Accordingly, we formulated four hypotheses (H1-H4), 
which are outlined below

H1: TSC positively affects MCT.
H2: SPM positively predict students’ MCT.
H3: TSC positively correlated with the SPM of the students’.
H4: SPM positively mediates the association between TSC and MCT.

Figure 1. Conceptual model. Own elaboration

3. Methods

3.1. Participants

The study employed a cross-sectional design, involving 502 primary school students from Bandar Lampung, Indonesia. We 
randomly selected 15 classes from a total of five schools, focusing on grades 4 through 6. Data were collected online using a Google 
Form. The sample included 284 females (56.6%) and 218 males (43.4%), with a mean age of 10.86 years (SD = .77). Ethical approval 
was granted by the Institutional Review Board of Universitas Islam Negeri Raden Intan Lampung, ensuring compliance with ethical 
guidelines. Informed consent was obtained from all participants before their involvement in the study. Detailed sample characteris-
tics can be found in Table 1.
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Table 1 
Detailed characteristic of the participants. Own elaboration 

Characteristic Category Frequency Percentage (%)

Gender
Female 284 56.6
Male 218 43.4

School-type
Public 43 8.6
Private 459 91.4

Grade
4th 322 64.1
5th 61 12.2
6th 119 23.7

Age
10 years 191 38.0
11 years 192 38.2
12 years 119 23.7

Place of residence
City 176 35.1
Suburban 326 64.9

3.2.	 Instruments

In our study, participants completed a questionnaire with 10 items. They also answered four test items aimed at measuring 
their mathematical creative thinking skills. Additionally, demographic information such as age, gender, place of residence, and 
school type was collected. Further details regarding the instruments used in the study will be shared.

The SPM questionnaire consisted of five items, adapted from Suherman & Vidákovich (2022a), and was translated and valida-
ted for the Indonesian context to assess students’ views and feelings about their mathematical abilities. Example items included «I 
am really good at math. (S1), I understand math. (S2), I can solve difficult math problems (S3), Math is very hard for me (S4), and I 
can tell if my answers in maths make sense (S5).» Participants responded to these statements using a six-point Likert scale, where 
6 indicated strongly agree and 1 indicated strongly disagree. The questionnaire demonstrated a Cronbach’s alpha of .79, with McDo-
nald’s coefficient omega also yielding a value of .79. The scale’s validity and reliability were thoroughly evaluated in the study.

The TSC questionnaire used in this study consisted of five items designed to assess participants’ confidence in their ability to 
perform technologically advanced tasks. Example items included «I have a lot of self-confidence when it comes to working with 
computers (T1), I am sure I could do work with computers (T2), I could get good grades in computer courses (T3), Generally I 
would feel OK about trying a new problem on the computer (T4), and I am sure I could learn a computer language (T5).» This 
questionnaire was adapted from Francis et al. (2000). Participants rated their agreement with the statements on a six-point Likert 
scale, where 6 represented strongly agree and 1 represented strongly disagree. The reliability of the questionnaire, as indicated by 
Cronbach’s alpha, was .85. The validity and reliability of this scale were also evaluated in the study.

The MCT test in this study assessed students’ problem-solving abilities in terms of fluency, flexibility, elaboration, and origi-
nality, adapted from Suherman and Vidakovich (2022c). Responses were scored on predefined criteria, with fluency and flexibility 
scored up to 6, and originality based on percentages (0 for scores above 3%, 1 for 2-3%, 2 for 1-2%, and 3 for below 1%). An exam-
ple of the instrumen is in Table 2. The reliability and validity of the instrument were evaluated, and all students were required to 
complete the test.

Table 2 
MCT test (M1)

Picture Questions

The pictures are part of Tapis Lampung with geometry motifs.

a. �Make a list of flat shapes you find in the Tapis Lampung motifs!

b. �Draw a picture using at least one flat shape from your list. You can combine two, three, or more 

flat shapes to create a unique image. Finally, give your drawing a name!

Note. Elaborate from Suherman and Vidakovich (2022c)
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3.3. Procedure and data analysis

In the first phase of the study, the assessment instruments were translated into Indonesian and reviewed by an expert and two 
mathematics teachers to ensure clarity and relevance. Each school principal was contacted and provided with a formal letter outli-
ning the study’s objectives. Seven classes were randomly selected from five primary schools in Bandar Lampung, Indonesia, resulting 
in 602 students participating in the study. Data collection was conducted using paper-pencil tests.

For data analysis, several software tools were utilized, including Smart PLS version 4, SPSS version 29, R software, and Winstep. 
Confirmatory factor analysis (CFA) was performed on questionnaire data to assess validity and reliability, while Winstep software 
was used to evaluate the test items within the Rasch measurement framework. Reliability was measured using Cronbach’s Al-
pha, composite reliability (CR), and average variance extracted (AVE), while discriminant validity was assessed through the hetero-
trait-monotrait (HTMT) criterion. Descriptive statistics, such as mean (M) and standard deviation (SD), were calculated. Structural 
equation modeling (SEM) was used to test the hypothetical model, with model fit assessed using various indices, including CFI, TLI, 
RMSEA, and SRMR. Criteria proposed by  Hu & Bentler (1999) were followed to evaluate fit, with visual representations of relations-
hips created in R software to provide insights into students’ performances.

4. Results

4.1. Validity and reliability of the item questionnaires

Table 3 illustrates the validity and reliability of the data. For MCT, the items showed factor loadings ranging from .653 to .782. 
The reliability of MCT was evaluated using Cronbach’s Alpha (α = .678), Composite Reliability (CR = .804), and AVE = .507, indicat-
ing acceptable internal consistency and convergent validity. The SPM variable was measured using five items, with factor loadings 
ranging from .743 to .800. The reliability values for SPM were strong, with Cronbach’s Alpha of .836, CR of .884, and AVE of .605. 
Similarly, TSC was measured using five items, with factor loadings ranging from .749 to .798. The reliability for TSC was also robust, 
with Cronbach’s Alpha of .831, CR of .881, and AVE of .597. These results indicate reliable and valid measures for all three variables.

Table 3 
Loading factors, reliability, and validity among variables. Own elaboration

Variable Item No. Loading factors Cronbach Alpha CR AVE

MCT

M1 .689

.678 .804 .507
M2 .782

M3 .717

M4 .653

SPM

S1 .800

.836 .884 .605
S2 .743
S3 .798
S4 .787
S5 .759

TSC

T1 .798

.831 .881 .597
T2 .753
T3 .781
T4 .780
T5 .749

4.2.	Discriminant Validity

Table 3 shows the discriminant validity of the constructs in this study, evaluated using the HTMT criterion (Henseler et al., 2015). 
The values in Table 4 range from .447 to 1.066, indicating that the constructs are adequately separated. This suggests that each con-
struct is more closely related to its own indicators than to those of other constructs, thus reinforcing the validity of the measurement 
model in this study.
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Table 4 
Discriminant validity using Fornell-Larcker Criterion. Own elaboration

1 2 3

1. MCT .712

2. SPM .347 .778

3. TSC .349 .891 .773

4.3.	Descriptive statistics and correlations among items

Table 5 presents the descriptive statistics and correlations for the three primary variables in this study. Descriptive statistics (see 
Table 5) showed that all variables had skewness and kurtosis values within acceptable limits, suggesting no severe deviations from 
normality.

Correlational analysis revealed notable relationships between the variables. The strongest correlation was observed between TSC 
and SPM, with a r = .88, indicating that students with higher confidence in technology also tended to have a more positive self-percep-
tion of their mathematical abilities. Additionally, moderate positive correlations were found between MCT and both TSC (r = .33, p < 
.01) and SPM (r = .34, p < .01), suggesting that higher self-confidence in technology and a more positive self-perception of mathematics 
are associated with higher levels of mathematical creative thinking.

Table 5 
Descriptive statistics and correlations. Own elaboration

Variables M SD Skewness Kurtosis 1 2 3

1. TSC 3.75 .87 .06 -.42 —

2. SPM 3.83 .88 -.03 -.76 .88** —

3. MCT 4.01 .66 -.27 .98 .33** .34** —

**p < .01

4.4.	 SEM evaluation

In our study, we proposed a hypothesis model (see Fig. 1), which demonstrated improved fit indices:  (df = 74) = 23.614, p < .001, 
CFI = .90, TLI = .90, RMSEA = .02, SRMR = .04, indicating a strong fit to the data. The results (see Fig. 2) showed a positive correla-
tion between TSC and MCT ( = .194, p = < .001), suggesting that higher levels of TSC enhance MCT. Additionally, TSC was strongly 
associated with SPM ( = .891, p = < .001), implying that students with greater TSC also tend to have a more positive view of their 
mathematical abilities. Furthermore, SPM positively influenced MCT ( = .174, p > .05), indicating that an improved SPM skills leads 
to greater creative thinking in mathematics. Table 6 outlines the direct and indirect effects of these variables. To explore how SPM 
mediates the relationship between TSC and MCT, bootstrapping with 5,000 iterations was used. The results confirm that SPM plays 
a significant mediating role, with a positive mediation effect between TSC and MCT ( = .155, p < .001).
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Figure 2. SEM model data. Smart PLS software outcome elaboration

Table 6 
Bootstrapping of the variables outcome. Own elaboration

Path
Original sample 

(O)
Sample mean 

(M)
Standard deviation 

(STDEV)
T statistics 

(|O/STDEV|)
p values

SPM -> MCT 0.174 0.183 0.121 1.433 > .05

TSC -> MCT 0.349 0.353 0.042 8.370 < .001

TSC -> SPM 0.891 0.891 0.019 47.550 < .001

TSC -> SPM -> MCT 0.155 0.164 0.110 1.416 < .05

5. Discussion

This studs was to examined the mediating role of SPM in relationship bewteen TSC and MCT. Our study found a direct link 
between TSC and MCT, supporting the first hypothesis (H1). This result is consistent with previous studies emphasizing the role of 
technology in enhancing cognitive abilities and creative problem-solving in mathematics (Attard et al., 2016; Liu et al., 2023; Poon et 
al., 2014; Zeldin et al., 2008) noted that self-perception in technology can boost creativity, and our findings suggest that TSC is a core 
factor driving creative thinking in mathematics. This aligns with research on technology-enhanced learning, which indicates that 
technological confidence encourages risk-taking, experimentation, and higher-order thinking, all essential for mathematical creativ-
ity (Kirkwood & Price, 2014). Moreover, variations in students’ technological experiences, familiarity with specific tools (Byungura 
et al., 2018), and attitude (Barkatsas et al., 2009) can influence how TSC impacts creativity (Tang et al., 2022). Those with strong tech-
nology skills are better equipped to represent mathematical concepts effectively (Kunhertanti & Santosa, 2018). These factors suggest 
that fostering technological self-confidence in students can enhance their creative thinking and overall mathematical abilities (Farida 
et al., 2022; Supriadi et al., 2024).
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The results of this study revealed a significant positive relationship between SPM and MCT, confirming the second hypothesis 
(H2). This finding aligns with prior research (Cai et al., 2024; Khalil & Prahmana, 2024; Krummheuer et al., 2013; Nufus et al., 2024; 
Schoevers et al., 2019; Voica et al., 2020), suggesting that students who view themselves as competent in mathematics are more likely 
to engage in MCT. This supports the idea that self-perception plays a key role in influencing cognitive and creative processes in aca-
demic settings. For example, Suherman and Vidakovich (2024b) found that students with higher SPM tend to perform better in tasks 
requiring creative thinking. Their research highlights how self-perception serves as a mediator, boosting students’ confidence and 
encouraging them to explore diverse problem-solving strategies, leading to more original solutions.

Additionally, positive SPM has been shown to promote confidence and creativity in approaching problems (Mann, 2009). Kar-
wowski (2016) also found that students with high self-perceived competence in mathematics are more likely to engage in creative 
problem-solving, feeling capable of overcoming complex challenges. Self-perception is strongly linked to self-efficacy, which Bandu-
ra (1997) identified as crucial for creative thinking. Individuals with high self-efficacy are more likely to persist in challenging tasks 
and explore creative solutions. These findings emphasize the importance of fostering students’ self-perception of their mathematical 
abilities, which enhances their cognitive and creative potential in the subject. To support this, educators should employ strategies 
that not only strengthen mathematical skills but also positively impact students’ self-perception. Encouraging a growth mindset, 
offering positive feedback (Whalen et al., 2024), and creating a supportive learning environment (Ragnarsdottir et al., 2024) can help 
students develop a more positive self-perception of their abilities, ultimately fostering greater creativity in mathematical thinking. 
This approach can lead to more innovative mathematical problem-solvers and improved academic success.

The findings of this study also revealed a statistically significant positive relationship between TSC and SPM, confirming the third 
hypothesis (H3). This result aligns with previous studies by Chen et al. (2015) and Karatas et al. (2017), which found similar connec-
tions between technological confidence and self-perception in mathematics. Specifically, the study suggests that students who are 
more confident in their technological skills are also more likely to have a positive self-view of their mathematical abilities. Zander et 
al. (2020) similarly concluded that TSC can positively influence SPM, indicating that self-efficacy—the belief in one’s ability to suc-
ceed in specific tasks—can transfer across different areas.

Other research has further explored the relationship between self-perceived competence in mathematics and positive attitudes 
toward the subject, showing that these perceptions impact math achievement (Areepattamannil & Kaur, 2012). Additionally, self-effi-
cacy has been shown to affect students’ problem-posing and problem-solving skills in mathematics (Görgün & Tican, 2020). Notably, 
self-confidence has been identified as the most significant noncognitive predictor of academic success, surpassing other self-belief 
measures such as self-efficacy and self-concept (Kaur & Prendergast, 2022). Therefore, promoting self-efficacy and self-confidence 
in students is essential for improving their performance in mathematics. Allows individuals to share experiences through creative 
activities, fostering mutual understanding and collaborative problem-solving (Guaman-Quintanilla et al., 2022). Considering the 
foundational role of mathematics in education (Yanuarto et al., 2023), leveraging this relationship can help educators create an envi-
ronment where students feel more capable and confident in both technology and mathematics, ultimately leading to better academic 
outcomes and a more positive attitude toward the subject.

Our mediation analysis reveals the complex relationship between TSC, SPM, and MCT. The findings show that SPM mediates 
the relationship between TSC and MCT, with a positive correlation supporting our fourth hypothesis (H4). This result is in line 
with earlier studies (Kim, 2008; Montague & Van Garderen, 2003; Psycharis & Kotzampasaki, 2019; Zeldin et al., 2008). While strong 
technological self-confidence can lead to a positive self-perception of mathematical abilities (Ayuso et al., 2020), it does not always 
translate into better mathematical skills (Mullins et al., 2011). Moreover, students with high technological self-confidence might some-
times overestimate their mathematical abilities (Foster, 2016). Therefore, improving MCT skills requires a balanced approach that 
considers both students’ confidence levels and their actual mathematical competencies. Furthermore, addressed their motivational 
and cognitive engagement (Vieites et al., 2024).

6. Limitation and future research

A notable limitation of this study is its use of a cross-sectional design, which captures participants’ self-perceptions and abilities at 
only one point in time. This design restricts the ability to draw causal conclusions about how changes in TSC or SPM may influence 
MCT over time. Furthermore, the sample was mainly drawn from private schools, potentially introducing bias, as students in these 
schools may have different educational resources and support compared to those in public schools. This sampling imbalance may 
limit the generalizability of the findings to a wider student population. Additionally, while the self-report questionnaires and tests 
were validated, they are still susceptible to biases such as social desirability or inaccurate self-assessments from participants.

Future research could address these limitations by employing a longitudinal design to track changes in students’ self-percep-
tion, technological confidence, and mathematical creative thinking over time, providing a clearer understanding of causality and 
developmental trends. Expanding the sample to include a more representative mix of public and private school students, as well as 
participants from diverse geographical regions, would improve the generalizability of the results. Future studies could also explore 
the impact of specific educational interventions aimed at boosting TSC and SPm, offering valuable insights into how these factors can 
be developed to enhance MCT skills. Additionally, incorporating qualitative methods such as interviews or focus groups could pro-
vide a more in-depth understanding of the underlying factors influencing students’ self-perceptions and technological confidence.
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7. Conclusions

In conclusion, the positive influence of TSC on MCT, mediated by SPM, emphasizes the importance of developing both TSC and 
a strong SPM among students. These findings suggest the need for educational strategies that not only integrate technology in mea-
ningful ways but also focus on enhancing students’ confidence in their mathematical abilities. As education continues to adapt in the 
digital age, these insights are crucial for preparing students to meet the complex problem-solving challenges of the future. Further-
more, the study highlights the importance of incorporating technology into mathematics education to foster both student confidence 
and creativity, particularly in the context of 21st-century learning. It also provides valuable guidance for educators and policymakers 
seeking to improve mathematics instruction and digital literacy in primary education.
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