
 
 

Enhancing Creative Thinking and Academic Self-Regulation in Pre-

Service Mathematics Teachers through Blended Learning 

Fatemeh Raei 1 , Majid Dadashzadeh 2 , and Ali Eghbali 3  

1. Corresponding author, Department of Mathematics Education, Faculty of Sciences, Farhangian University, Tehran, Iran.  

E-mail: f.raei@cfu.ac.ir 

2. Department of Educational Sciences, Farhangian University, Tehran, Iran. E-mail: m.dadashzadeh@cfu.ac.ir 

3. Department of Psychology and Counselling, Farhangian University, Tehran, Iran. E-mail: a.eghbali@cfu.ac.ir 

 

Article Info ABSTRACT 

Article type: 

Research Article  

 

Article history: 

Received November 

15, 2025 

Received in revised 

form February 30, 

2026  

Accepted March 09, 

2026 

Published Online 

March 26, 2026 

 

 

 

 
 

Keywords: 

Blended Learning,  

Creative Thinking, 

Academic Self-

Regulation, 

Teacher Education, 

Mathematics Education  

Objective: This study examined whether blended learning (BL) enhances creative 

thinking and academic self-regulation in pre-service mathematics teachers compared to 

traditional instruction. The aim was to provide evidence for updating teacher education 

with methods that develop these essential skills for future educators. 

Method: A quasi-experimental pre-test/post-test design was implemented. Forty-five 

pre-service teachers were non-randomly assigned to an experimental group (n=22) or a 

control group (n=23). The experimental group received a 12-session BL course on 

Algebraic Structures, which integrated online modules with face-to-face collaboration, 

while the control group received standard lecture-based instruction for identical content. 

Primary measures were the Welch and McDowall Creative Thinking Scale and the 

Bouffard Academic Self-Regulation Scale. Multivariate Analysis of Covariance 

(MANCOVA) was used for analysis via SPSS-26, controlling for pre-test scores. The 

validity of the “JabrAmoz” software was confirmed using the Content Validity Index 

(CVI), and its reliability was confirmed through the development of a standardized 

implementation protocol and the monitoring of 20% of the sessions by an observer, with 

a protocol adherence rate (Fidelity) of 96%. 

Results: The experimental group achieved substantially higher post-test scores in both 

creative thinking (P < .05, η² = .246) and academic self-regulation (P < .05, η² = .117) 

compared to the control group. A significant group × time interaction was observed for 

creative thinking (F = 12.04, P < .01, η² = .215) and academic self-regulation (F = 6.78, 

P < .05, η² = .133). For self-regulation subcomponents, both cognitive and metacognitive 

strategies improved significantly in the experimental group (P < .05). 

Conclusions: The findings indicated that a structured blended learning model is a more 

effective strategy than traditional methods for developing critical creative and self-

regulatory skills in pre-service mathematics teachers, enhancing innovative thinking and 

metacognitive control, thus, it can equip educators for contemporary classroom demands. 
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Introduction 

The contemporary landscape of higher education has been profoundly reshaped by digital 

transformation, a process dramatically accelerated by the global COVID-19 pandemic. This shift 

has necessitated a move beyond traditional pedagogies toward more flexible, resilient, and effective 

instructional models (Karbasi et al., 2023; Mohammadi et al., 2025). Among these, Blended 

Learning (BL) has emerged as a pivotal strategy, defined as an educational approach that 

systematically integrates face-to-face classroom instruction with online learning activities and 

digital resources to create a cohesive and enhanced learning experience (Alammary et al., 2020; 

Mohammadi et al., 2025). This model promises to synergize the social-interactive benefits of in-

person education with the accessibility, personalization, and multimedia richness of digital 

environments. 

Extant research across diverse disciplines, particularly in medical education, provides robust 

empirical support for BL's efficacy. A systematic review by Karbasi et al. (2023) on anatomy 

education for medical students concluded that BL significantly improves academic performance, 

learner satisfaction, and motivation. These findings are echoed in broader higher education 

contexts, where BL has been associated with enhanced student engagement, critical thinking, and 

self-directed learning skills (Bock et al., 2021). However, the successful implementation of BL is 

not without significant challenges. Recent qualitative research by Ghofrani et al. (2025) 

systematically categorizes these barriers into three major domains: personal-related challenges, 

organizational-related challenges, and support-related challenges. These challenges highlight that 

the effectiveness of BL is contingent upon careful design, institutional readiness, and stakeholder 

preparedness. 

Within the specific domain of teacher education, the imperative for innovative pedagogical 

models is especially acute. Future teachers are required not only to master content knowledge but 

also to develop higher-order cognitive and self-regulatory capacities to foster similar skills in their 

own students. Creative thinking is a cornerstone of innovation and complex problem-solving 

(Zhanqiang, 2023). Academic self-regulation is defined as a psychological effort to control an 

individual's internal states, processes, and functions in order to achieve higher goals 

(Sheykholeslami, 2016). This construct encompasses the ability to plan, monitor, and evaluate 

one's own learning through metacognitive, motivational, and behavioral strategies, and is 

considered a key predictor of lifelong learning and professional adaptability (Schunk & Ertmer, 

2012). Its significance is underscored in various educational contexts, including Iranian settings, 

where it has been linked to enhanced academic motivation (Allahverdiani et al., 2024) and 

improved performance in challenging subjects (Shabani et al., 2022). Traditionally, transmission-

based instructional methods often fall short in cultivating these essential competencies. 
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Empirical Evidence on Blended Learning Outcomes 

Research on BL has demonstrated its positive impact across various educational outcomes. In 

Science, Technology, Engineering, and Mathematics (STEM) fields, studies show BL improves 

knowledge retention, practical skills, and engagement (Egara & Mosimege, 2024; Kämpf & 

Stallmach, 2024). Specifically regarding cognitive and affective domains, BL environments have 

been linked to increases in student motivation, satisfaction, and a sense of community when well-

supported (Mohammadi et al., 2025; Sava, 2022). More pertinent to this study, emerging evidence 

suggests BL can foster creative thinking (Jumadi et al., 2021). Similarly, BL has been shown to 

promote academic self-regulation by providing structured yet flexible learning paths that require 

students to manage their time, resources, and learning strategies more autonomously (Uz & Uzun, 

2018; Yanto & Retnawati, 2018). Cigdem and Oncu (2024) specifically noted the role of BL in 

developing self-regulation within vocational education. 

Theoretical Framework 

The hypothesized effectiveness of BL in fostering creative thinking and self-regulation is grounded 

in several interlocking theoretical perspectives. First, Constructivist and Social Constructivist 

Theories posit that knowledge is actively built by learners through experience and social 

negotiation (Li & Zhang, 2021). BL environments facilitate this by offering diverse online 

resources for individual sense-making and by structuring face-to-face sessions for collaborative 

dialogue, peer feedback, and shared knowledge construction. Second, Social Cognitive Theory 

(Bandura) emphasizes triadic reciprocity between personal factors, behavior, and the environment. 

BL environments can enhance self-efficacy through mastery experiences, vicarious experiences, 

and social persuasion, and can stimulate creative approaches through observational learning (Chou, 

Hsieh, & Pan, 2024). Third, Self-Determination Theory (Ryan & Deci, 2020) argues that intrinsic 

motivation flourishes when three basic psychological needs are met: autonomy, competence, and 

relatedness. BL supports autonomy through flexible pacing, competence through adaptive 

challenges and immediate feedback, and relatedness through online communities and facilitated 

in-person interactions (Wong, 2022). 

The Context of Mathematics Teacher Education 

Mathematics education presents unique challenges, including abstract concepts, widespread 

anxiety, and heterogeneous learner preparedness. BL models, particularly flipped or hybrid 

approaches, can address these by allowing pre-service teachers to engage with core content at their 

own pace online, freeing face-to-face time for collaborative problem-solving, peer teaching, and 

the application of creative pedagogical strategies (Tong et al., 2023). Therefore, equipping pre-

service mathematics teachers with firsthand experience in effective BL is a dual-purpose 
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investment: it enhances their own cognitive toolkit while preparing them to implement modern 

pedagogies in their future classrooms. 

Research Gap 

Despite the growing body of literature, several critical gaps persist. First, while studies on BL 

abound in medical and general science education, focused research on its impact within 

mathematics teacher education programs remains comparatively scarce. Second, many studies 

assess general academic performance or satisfaction, lacking targeted investigation into BL's effect 

on specific psychological constructs like creative thinking and academic self-regulation within this 

population. Third, existing studies often examine either the efficacy of BL or its implementation 

challenges in isolation, necessitating research that acknowledges potential challenges while 

empirically testing efficacy within a specific context. 

To address these gaps, the present study was guided by the following research questions:  

(1) What is the effect of a Blended Learning intervention compared to traditional instruction on the 

overall creative thinking skills of pre-service mathematics teachers?  

(2) What is the effect of a Blended Learning intervention compared to traditional instruction on the 

overall academic self-regulation of pre-service mathematics teachers?  

(3) At the subcomponent level, which specific aspects of academic self-regulation (cognitive and 

metacognitive strategies) show significant improvement following the BL intervention? 

Materials and Methods 

Study Design 

This study employed a quasi-experimental design with a pre-test, post-test, and a control group. 

Due to the inherent structure of the existing university classes, participants were allocated to groups 

based on their intact classes. This design was chosen to evaluate the effect of the BL intervention 

on the dependent variables while maintaining ecological validity. 

Participants and Sampling 

The target population was pre-service mathematics teachers at Farhangian University of East 

Azerbaijan Province, Iran, during the 2024-2025 academic year. The total population comprised 

480 student-teachers enrolled in the Mathematics Education program across all cohorts. The 

accessible population was the entire cohort of third-year student-teachers majoring in Mathematics 

Education. A convenience sampling method was used. Initially, 47 volunteers were selected; two 
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from the experimental group were excluded due to absence from more than two sessions, resulting 

in a final sample of 45 participants (experimental: n=22, control: n=23). 

Inclusion criteria were: (a) being a third-year student enrolled in the "Algebraic Structures" 

course, (b) having no prior experience with blended learning in mathematics courses, and (c) 

providing informed consent. Exclusion criteria included: (a) absence from more than two 

intervention sessions and (b) incomplete questionnaire responses. The Experimental Group (n=22) 

received instruction via the designed Blended Learning model while the Control Group (n=23) 

received traditional, face-to-face instruction for the same course content.  

Instruments and Measures 

Data were collected using two standardized self-report questionnaires, administered in Persian. 

Creative Thinking Skills Questionnaire (Welch & McDowall, 2002): This 20-item scale 

assesses creative thinking propensity on a 5-point Likert scale (1=Never to 5=Always), with total 

scores from 20 to 100. Higher scores indicate higher creative thinking. Welch and McDowall 

reported good validity and Cronbach's alpha above .80. The Persian version was translated and 

validated by Amani et al. (2019) with a Cronbach's alpha of .85. In the present study, its reliability 

was confirmed with a Cronbach's alpha of .87. 

Academic Self-Regulation Questionnaire (Bouffard et al., 1995): This 14-item instrument 

measures self-regulated learning strategies on a 5-point Likert scale (1=Strongly Disagree to 

5=Strongly Agree), with items 5, 13, and 14 reverse-scored. Total scores range from 14 to 70. The 

scale consists of two validated subscales: Cognitive Strategies (7 items) and Metacognitive 

Strategies (7 items). Bouffard et al. reported satisfactory construct validity and a Cronbach's alpha 

of .71. The Persian version was validated previously (Kadivar, 2001, reported alpha of .80). In this 

study, the overall scale demonstrated a Cronbach's alpha of .83. 

Educational Software ("JabrAmoz"):  A proprietary software application named "JabrAmoz" 

was developed as a core component of the online learning materials. Its validity was examined by 

assessing the degree of alignment between the software design and standard components of blended 

learning using the opinions of seven educational technology and mathematics specialists. The 

Content Validity Index (CVI) for all dimensions was above 0.83, indicating appropriate 

intervention validity. To examine reliability, a standardized implementation protocol was 

developed, and 20% of the sessions were monitored by an observer, resulting in a protocol 

adherence rate (Fidelity) of 96%. Additionally, software logs revealed that 100% of students 

completed all designated modules. Prior to the main intervention, the "JabrAmoz"  software was 

pilot-tested with a small group of five pre-service mathematics teachers to evaluate usability, 
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navigation clarity, accessibility, and technical functionality. Participants reported satisfactory 

usability and ease of interaction with the platform. Minor interface and navigation adjustments 

were implemented based on their feedback before the full-scale intervention. 

Procedure 

The implementation followed three phases. In Phase 1 (Week 1), after obtaining informed consent, 

all participants completed the questionnaires as a pre-test. In Phase 2 (Weeks 2-13), the intervention 

lasted 12 weeks with one 90-minute session per week. The control group received traditional 

lecture-based instruction. The experimental group received the BL model, with each weekly cycle 

integrating online and face-to-face activities. The BL intervention followed the flipped classroom 

model combined with online collaborative learning principles, consisting of three integrated 

phases: pre-class online asynchronous phase (60-90 minutes) using "JabrAmoz" for videos and 

quizzes; synchronous online phase (30 minutes) for Q&A and discussions; and in-person face-to-

face phase (90 minutes) for collaborative problem-solving. In Phase 3 (Week 14), both groups 

completed the post-test questionnaires (see Table 1). 

Table 1. Structure of the 12-Week Blended Learning Intervention 

Week Topic 

(Algebraic 

Structures) 

Online Phase (Asynchronous & 

Synchronous) 

In-Person Phase 

(Synchronous) 

Tools & Platforms 

2-3 Groups & 

Subgroups 

Asynch: Watch video lectures on 

JabrAmoz. Complete self-check 

quizzes. 

Synch (30-min): Q&A forum on 

key concepts. 

Problem-solving 

workshop: Proving basic 

properties, identifying 

subgroups. 

JabrAmoz Software, 

LMS 

4-5 Cyclic 

Groups & 

Permutatio

ns 

Asynch: Use JabrAmoz interactive 

module on cycle notation. 

Synch: Collaborative mind-map 

creation on applications. 

Lab session: Using 

JabrAmoz problem 

solver to visualize cycles 

and compute orders. 

JabrAmoz Software, 

https://hobbes.la.asu.e

du/groups/groups.htm

l 

6-7 Cosets & 

Lagrange’s 

Theorem 

Asynch: Simulated exploration on 

JabrAmoz. 

Synch: Debate on implications of 

Lagrange’s Theorem. 

Group project: Designing 

a visual explanation of 

cosets for peers. 

JabrAmoz, LMS 

Forum 

8-9 Normal 

Subgroups 

Asynch: Case-study analysis using 

JabrAmoz examples. 

Synch: Peer review of case-study 

reports. 

Flipped classroom: 

Students present proofs; 

instructor facilitates deep 

discussion. 

JabrAmoz, LMS 

Assignment Tool 

https://hobbes.la.asu.edu/groups/groups.html
https://hobbes.la.asu.edu/groups/groups.html
https://hobbes.la.asu.edu/groups/groups.html
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Week Topic 

(Algebraic 

Structures) 

Online Phase (Asynchronous & 

Synchronous) 

In-Person Phase 

(Synchronous) 

Tools & Platforms 

10-11 Factor 

Groups 

Asynch: JabrAmoz video tutorials 

& practice sets. 

Synch: Guided problem-solving in 

breakout rooms. 

Creative task: Inventing 

and presenting analogies 

for factor groups. 

JabrAmoz, Video 

Conferencing 

12-13 Homomor

phisms & 

Theorems 

Asynch: Self-paced study on 

JabrAmoz and final practice tests. 

Synch: Final project group 

consultations. 

Synthesis workshop: 

Applying all concepts to 

solve complex, open-

ended problems. Final 

project presentations. 

JabrAmoz, Shared 

Documents 

Data Analysis 

Data were analyzed using SPSS-26. Descriptive statistics were calculated. To test the main 

hypotheses, Multivariate Analysis of Covariance (MANCOVA) was conducted with post-test 

scores as dependent variables, group as fixed factor, and pre-test scores as covariates. Follow-up 

ANCOVAs were conducted for each dependent variable. To examine interaction effects (group × 

time), a repeated-measures ANOVA was conducted for each dependent variable. For self-

regulation subcomponents, MANCOVA was used similarly. Assumptions of normality, 

homogeneity of variances (Levene's test), homogeneity of regression slopes, and absence of 

multicollinearity were checked and met. 

Ethical Considerations 

The study protocol was approved by the relevant department at Farhangian University. Informed 

consent was obtained from all participants. Data were stored securely and used solely for research 

purposes. 

Results 

Descriptive Statistics and Sample Attrition 

Initially, 24 participants were assigned to the experimental group; two were excluded due to 

absence from more than two intervention sessions, resulting in a final sample of 22 participants in 

the experimental group. The control group had 23 participants with no attrition. Table 2 presents 

descriptive statistics for creative thinking and academic self-regulation for the final samples. 
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Table 2. Descriptive Statistics (Mean and Standard Deviation) by Group and Time 

Variable Group n Pre-test M (SD) Post-test M (SD) 

Creative Thinking  Experimental 22 67.64 (8.41) 72.26 (6.51) 

Control 23 72.97 (8.58) 64.00 (8.79) 

Academic Self-

Regulation Total 

Experimental 22 49.36 (3.60) 57.12 (6.54) 

Control 23 49.76 (4.30) 50.80 (7.13) 

Main Effects (MANCOVA) 

A one-way MANCOVA revealed a statistically significant overall effect: Pillai's Trace = .26, F(2, 

40) = 7.05, P < .05. This justified separate univariate ANCOVAs. 

Table 3. Tests of Between-Subjects Effects 

Source of Variation Dependent Variable df Mean 

Square 

F Sig. Partial Eta 

Squared 

Experimental and 

Control Group 

Academic Self-Regulation 1 232.85 5.45 P < .05 0.117 

Creative Thinking 1 782.88 13.39 P < .05 0.246 

The experimental group had significantly higher adjusted means for both variables (P < .05). 

The effects of the covariates were not statistically significant for either dependent variable  

(P > .05). 

Table 4.  Adjusted Mean Differences with 95% Confidence Intervals 

Dependent 

Variable 

Group (1) Group (2) Mean 

Difference 

(Std. Error) 

Sig. 95% Confidence 

Interval (Lower 

Bound) 

95% Confidence 

Interval (Upper 

Bound) 

Academic Self-

Regulation 

Experimental Control 4.79 

(2.05) 

P < .05 0.647 8.935 

Creative 

Thinking 

Experimental Control 8.89 

(2.40) 

P < .05 3.937 13.634 

Table 4 shows the comparison of adjusted means for the academic self-regulation and creative 

thinking variables between the experimental and control groups. As observed, the difference 

between the adjusted means of academic self-regulation and creative thinking variables between 

the experimental and control groups is statistically significant (P < .05), and in both variables, the 

adjusted mean is higher in the experimental group than in the control group.  
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Interaction Effects (Group × Time) 

A 2 (group) × 2 (time) repeated-measures ANOVA revealed a significant interaction for creative 

thinking: F(1, 43) = 12.04, P < .01, partial η² = .215, and for academic self-regulation: F(1, 43) = 

6.78, P < .05, partial η² = .133. This confirms that the improvement over time was significantly 

greater in the experimental group than in the control group. 

Subcomponents of Academic Self-Regulation 

MANCOVA on the two validated subscales (cognitive and metacognitive strategies) showed a 

significant overall effect: Pillai's Trace = .17, F(2, 40) = 4.56, P < .05. 

Table 5.  Descriptive Statistics for Self-Regulation Subcomponents 

Variables Group Pre-test Mean (SD) Post-test Mean (SD) 

Cognition Experimental 24.36 (2.12) 29.40 (4.05) 

Control 24.88 (2.03) 25.92 (4.08) 

Metacognition Experimental 25.00 (2.27) 27.72 (3.23) 

Control 24.87 (3.25) 24.88 (3.57) 

         

Table 5 shows the mean and standard deviation of academic self-regulation components 

(cognition and metacognition) by group and for the total sample. As observed, the mean of 

participants in the experimental and control groups differs across all variables. To examine the 

statistical significance of these differences, Pillai's Trace multivariate test was utilized. The value 

of Pillai's Trace statistic was obtained as .17 and was statistically significant (F = 4.56; P < .05), 

meaning that there is a significant difference between the experimental and control groups in at 

least one of the cognition and metacognition components.  

Table 6.  Tests of Between-Subjects Effects for Subcomponents 

Source of Variation Dependent 

Variable 

df Mean 

Square 

F Sig. Partial Eta 

Squared 

Experimental and Control 

Group 

Cognition 1 132.64 7.94 P < .05 0.147 

Metacognition 1 85.82 7.53 P < .05 0.141 

    

Table 6 displays the between-subjects comparison test for comparing cognition and 

metacognition components. As observed, the value of the F-statistic for examining the difference 

between the experimental and control groups regarding the cognition and metacognition 

components is statistically significant (P < .05). Furthermore, based on the partial eta squared, 

14.7% of the cognition component and 14.1% of the metacognition component are explained by 
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the independent variable of the research (blended teaching method). Additionally, the effect of the 

covariates was not significant for the cognition component with an F-statistic of 1.43, and for the 

metacognition component with an F-statistic of .09 (P > .05).  

Table 7.  Adjusted mean differences for Subcomponents 

Dependent 

Variable 

Group 

 (1) 

Group  

(2) 

Mean 

Difference 

(Std. Error) 

Sig. 95% Confidence 

Interval (Lower 

Bound) 

95% Confidence 

Interval (Upper 

Bound) 

Cognition Experimental Control 3.29 

(1.17) 

P < .05 .940 5.642 

Metacognition Experimental Control 2.65 

(.97) 

P < .05 .705 4.589 

 

Table 7 shows the comparison of adjusted means for the cognition and metacognition 

components between the experimental and control groups. As observed, the difference between the 

adjusted means of cognition and metacognition components between the experimental and control 

groups is statistically significant (P < .05), and in both components, the adjusted mean is higher in 

the experimental group than in the control group.  

Summary of Findings 

The BL intervention had a significant positive effect on both overall creative thinking (P < .05, η² 

= .246) and overall academic self-regulation (P < .05, η² = .117). A significant group × time 

interaction confirmed the greater improvement in the experimental group. For self-regulation, both 

cognitive and metacognitive strategies improved significantly. 

Discussion 

This study aimed to investigate the efficacy of a BL intervention on fostering creative thinking and 

academic self-regulation among pre-service mathematics teachers. The findings provide robust 

empirical support for the research hypotheses, confirming that a carefully designed BL model is 

significantly more effective than traditional instruction. The significant multivariate effect, 

significant interaction effects, and moderate effect sizes underscore the practical significance of 

the pedagogical intervention. 

Our results align with and extend the growing body of literature advocating for BL in higher 

education. The significant improvement in creative thinking supports findings from other 

disciplines where BL environments promote innovation and novel problem-solving (Jumadi et al., 

2021). The significant gain in academic self-regulation, particularly within both cognitive and 
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metacognitive strategies, resonates with research highlighting BL's role in fostering learner 

autonomy and self-managed learning (Cigdem & Oncu, 2024; Uz & Uzun, 2018). The necessity 

for students to plan their engagement with online modules, monitor their understanding, and 

evaluate their progress within the "JabrAmoz" platform directly cultivated these executive 

regulatory skills. 

The effectiveness of the intervention can be theoretically contextualized within several 

frameworks. From a Social Constructivist perspective, the BL model created a community of 

practice where knowledge was co-constructed (Li & Zhang, 2021). Social Cognitive Theory 

explains improvement in self-regulation through enhanced self-efficacy (Chou et al., 2024). Self-

Determination Theory provides a lens for understanding the increased motivation underpinning 

both creativity and self-regulation (Ryan & Deci, 2020). 

The practical implications of this study are substantial for teacher education programs. BL is 

not merely a logistical alternative but a pedagogically superior approach for developing creative 

pedagogical thinking and self-directed professional learning. Mathematics teacher educators can 

leverage this model to move beyond rote procedural instruction. Success requires institutional 

support for faculty development, reliable technological infrastructure, and a shift in organizational 

culture (Ghofrani et al., 2025; Mohammadi et al., 2025). 

Regarding the control group, participants received traditional instruction without access to the 

"JabrAmoz" software or structured collaborative online activities. Their engagement was limited 

to in-class lectures and individual homework. The decrease observed in the control group may be 

associated with reduced academic engagement and lower motivational stimulation in lecture-based 

environments that lacked interactive and collaborative learning opportunities. Similar declines in 

engagement have been reported in studies comparing passive instructional approaches with 

blended and student-centered learning environments. 

This study has some limitations. The sample size was relatively small and drawn from a single 

university, affecting generalizability. Self-report measures are subject to biases. While the 

"JabrAmoz" software demonstrated appropriate validity (CVI > .83) and reliability (fidelity = 

96%), these measures were based on expert judgment rather than student outcome data. Future 

research should include systematic usability testing, mixed-methods designs, and longitudinal 

studies to determine durability of gains. Potential interaction effects with individual difference 

variables should also be explored with larger samples. Additionally, the use of intact classes and 

non-random group allocation may limit the internal validity of the findings. 
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Conclusion 

This quasi-experimental study confirmed that a blended learning intervention more effectively 

enhances creative thinking and academic self-regulation in pre-service mathematics teachers 

compared to traditional instruction. The findings indicate that the blended learning approach, 

characterized by strategic integration of asynchronous online modules (including the validated 

"JabrAmoz" software), synchronous virtual sessions, and collaborative face-to-face workshops, 

created a learning ecosystem conducive to cognitive and metacognitive growth. Specifically, the 

intervention was effective in developing creative thinking and strengthening both cognitive and 

metacognitive strategies for self-regulated learning. These outcomes are interpreted as a 

consequence of alignment with social constructivist principles, self-efficacy development, and self-

determination theory. These findings represent a meaningful contribution toward evidence-based 

reform in teacher education, demonstrating that flexible, interactive, student-centered pedagogical 

models may contribute to the development of competencies required for future professional 

success. 
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