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Abstract:

This study aimed to investigate the impact of software-based flipped learning on the educational competencies and professional development
of student teachers. The research followed a semi-experimental design with a pre-test-post-test control group and a follow-up phase. . The
statistical population of the study consisted of student teachers of Shahid Beheshti Center in Tehran Province who studied general
mathematics (2) in the academic year 2024-2025. A total of 40 participants were selected using a multi-stage cluster sampling method and
randomly assigned to experimental and control groups. The research tool was the Teacher Professional Competency Questionnaire by Karimi
(2009). Data were analyzed using repeated measures analysis of variance and the Bonferroni post-hoc test with SPSS-26 software. The results
indicated that this educational method had a significant effect on both the educational competencies and professional development of student
teachers. The findings show that 80% of students reported that this approach helped improve their teaching quality, and 75% stated that their
professional skills were enhanced through flipped learning. Specifically, the use of this learning model led to a significant increase in teaching
ability in real educational settings.
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Extended Summary

Introduction

In recent years, the flipped learning model has emerged as a transformative pedagogical approach, reshaping the landscape
of teacher education by shifting direct instruction to individual learning spaces and utilizing classroom time for interactive
learning experiences. This approach, when coupled with subject-specific technologies such as mathematics software, holds
promise for developing essential professional competencies in student teachers. As educational systems increasingly emphasize
the preparation of reflective and competent educators, it becomes imperative to explore effective strategies that support this
goal. Flipped learning, which encourages active participation, self-regulation, and critical thinking, aligns well with
contemporary educational reforms seeking to enhance teacher quality and student outcomes (Lo & Hew, 2020).

Mathematics education, as a domain that demands both pedagogical expertise and content mastery, can particularly benefit
from technology-mediated instructional strategies. Studies have shown that flipped learning positively influences learners’
academic performance, engagement, and attitudes toward learning (Rutkowski & Moscinska, 2015). Furthermore, the
integration of mathematical software into flipped instruction can enhance conceptual understanding and promote the
development of analytical skills, which are vital for future teachers (Amini Far et al., 2011). Research has also highlighted that
flipped classrooms support differentiated learning, encourage autonomy, and foster competencies such as problem-solving and
instructional planning (Gonzalez-Gomez et al., 2022).

In the context of teacher training institutions, the need to enhance professional competencies—educational, managerial,
technological, and teaching-related—has been well documented. These competencies are closely linked to the efficacy of
instruction and student learning outcomes. Prior studies have emphasized the role of active learning environments in fostering
self-directed learning, creativity, and instructional innovation (Dadgar et al., 2020; Khoshnoud et al., 2021). However, there
remains a gap in empirical evidence regarding the sustained effects of flipped learning, particularly when implemented through
mathematics software, on the professional development of student teachers in real-world educational settings.

This study aims to address this gap by evaluating the impact of a software-based flipped learning intervention on the
educational, professional, managerial, technological, and teaching competencies of mathematics education student teachers in
Iran. By adopting a rigorous experimental design and longitudinal follow-up, this research seeks to contribute to the growing
body of knowledge on technology-integrated pedagogies and their role in teacher education. The findings offer valuable
insights for curriculum designers, teacher educators, and policymakers committed to enhancing the quality of teacher
preparation programs.

Methods and Materials

This study employed a quasi-experimental design using a pretest-posttest control group with a follow-up phase. The
statistical population comprised all male student teachers enrolled in the mathematics education program at Farhangian
University in Tehran Province during the 2023—-2024 academic year. A multi-stage cluster sampling method was used to select
40 participants with low professional competency scores, who were then randomly assigned to experimental (n = 20) and
control (n = 20) groups.

The intervention involved a software-based flipped learning program conducted over a defined instructional period.

Participants in the experimental group engaged in pre-class activities using mathematics software to explore instructional
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content, while in-class sessions were devoted to discussion, problem-solving, and collaborative learning. The control group
received conventional instruction without flipped or software integration.

Data were collected using the Teacher Professional Competencies Questionnaire developed by Karimi (2009),
encompassing subscales measuring educational, professional development, managerial, technological, and teaching
competencies. Normality of data distribution was assessed using the Kolmogorov-Smirnov test. For data analysis, repeated
measures ANOVA and Bonferroni post hoc tests were conducted using SPSS-26 software to evaluate the effectiveness and
sustainability of the intervention across pretest, posttest, and follow-up stages.

Findings

The results of the first hypothesis indicated that flipped learning had a significant effect on educational competency. The
experimental group's mean score increased from M = 45.55 (pretest) to M = 57.55 (posttest), with the gain sustained at M =
57.30 (follow-up). The repeated measures ANOVA confirmed a statistically significant effect (F = 22.71, p < .01), and
Bonferroni tests revealed significant differences between pretest and both posttest and follow-up stages (p < .01), with no
significant difference between posttest and follow-up.

For the second hypothesis concerning professional development competency, the control group's scores remained stable,
whereas the experimental group’s mean increased from M =21.10 (pretest) to M = 26.65 (posttest) and remained at M = 26.30
(follow-up). ANOVA results indicated a significant effect (F = 20.05, p < .01), with Bonferroni tests confirming significant
differences between pretest and subsequent stages (p <.01), but not between posttest and follow-up.

Regarding managerial competency, the experimental group’s scores rose from M = 21.90 (pretest) to M = 23.95 (posttest),
remaining at M = 23.75 (follow-up). The ANOVA results revealed a significant effect (F = 6.39, p <.01), and post hoc analysis
confirmed the significance of changes from pretest to both posttest and follow-up stages (p <.01), with no significant difference
between the latter stages.

Technological competency also improved markedly in the experimental group, with mean scores increasing from M = 15.30
(pretest) to M = 19.95 (posttest) and remaining stable at M = 19.75 (follow-up). ANOVA results showed a highly significant
effect (F = 173.55, p <.01), and Bonferroni tests supported significant differences between pretest and both subsequent stages
(p <.01), but not between posttest and follow-up.

Finally, for teaching competency, the experimental group showed an improvement from M = 12.05 (pretest) to M = 18.40
(posttest), with the score maintained at M = 18.25 (follow-up). The repeated measures ANOVA yielded a significant result (F
= 6.45, p <.01), and Bonferroni results indicated significant differences between pretest and both posttest and follow-up (p <
.01), but no difference between posttest and follow-up.

Discussion and Conclusion

The results of this study provide compelling evidence for the efficacy of software-based flipped learning in enhancing the
professional competencies of student teachers in mathematics education. The intervention significantly improved educational,
professional, managerial, technological, and teaching competencies, with most effects sustained over time. These findings
suggest that integrating mathematics software into a flipped learning model creates a rich, interactive learning environment
that supports the acquisition and retention of key professional skills.

The improvement in educational competency highlights the potential of this model to deepen student teachers’
understanding and engagement with content. By allowing pre-class exploration, the approach maximized in-class time for

application and interaction, fostering deeper learning and instructional preparedness. The gains in professional development
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and managerial competencies demonstrate the model’s capacity to build self-directed learning, organizational skills, and
reflective practices crucial for effective teaching.

The significant increase in technological competency underscores the relevance of digital literacy in modern teacher
education. Engaging with mathematics software not only familiarized student teachers with digital tools but also encouraged
the integration of technology into pedagogical practices. This aligns with contemporary expectations for tech-savvy educators
capable of leveraging digital resources to enhance instruction.

Teaching competency, as one of the most critical indicators of professional readiness, also benefited from the intervention.
The flipped classroom structure enabled student teachers to actively engage with teaching strategies, receive immediate
feedback, and apply their knowledge in practice-based settings. The sustained improvements observed at follow-up suggest
that the skills acquired through this model were internalized and retained, marking a shift from passive learning to active
professional formation.

Collectively, these outcomes advocate for broader adoption of flipped learning strategies in teacher training programs,
particularly those incorporating discipline-specific software tools. The model’s capacity to support comprehensive competency
development makes it a valuable framework for preparing effective and adaptive educators. The research also highlights the
importance of continuous innovation in pedagogical practices to meet the evolving demands of teacher education in the 21st

century.
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