(o)

Theory and Practice in Teachers Education <

s.')b_‘?/sﬁ//’

Integrating Specialized Mathematics Software in Teaching to Develop
the Knowledge, Skills, Attitudes, and Computer Self-Efficacy of

Mathematics Student Teachers

Moosa Ebadi/, Zohreh Karami?

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

Tehran, Iran. E-mail: m.ebadi@cfu.ac.ir

2. Assistant Professor, Department of Educational Sciences, Faculty of Educational Sciences, Farhangian University,

Tehran, Iran. E-mail: Karami.edu@cfu.ac.ir.

1. Corresponding Author, Department of ..., Faculty of ..., University of ..., Tehran, Iran. E-mail: XXxxXxxx

ABSTRACT

Avrticle type:
Research Article /

Review article
Received:
Reviewed:
Accepted:
Published Online:
Pages:

Keywords:

Attitudes,

computer self-efficacy,
knowledge,
pre-service teachers,
skills, specialized
mathematics software

Background and Objectives: The development of knowledge, skills, and
professional attitudes of student teachers is one of the main goals of the University
of Farhangian, the integration of technology in teaching plays a fundamental role
in achieving this goal. the aim of the Study was to enhance the knowledge, skills,
attitudes, and computer self-efficacy of pre-service mathematics teachers through
the integration of specialized mathematics software in teaching. Methods: This
study is quantitative research conducted in a quasi-experimental design with
control and experimental groups. The statistical population of this study included
220 student-teachers in the field of mathematics education at the bachelor's level
of Farhangian University in the Allameh Amini campus of Tabriz, in second
semester of the 2018-2019 academic year, that 32 student teachers selected as a
sample and assigned to two groups of 16, one experimental and one control. The
research instrument for collecting quantitative data consisted of a 34-item
questionnaire to assess the knowledge, skills, attitudes, and computer self-efficacy
of the student teachers. The experimental group received instruction for one
semester using specialized mathematics software, while the control group was
taught using conventional methods. At the end of the instructional period, both
groups were evaluated through the questionnaire. For data analysis, descriptive
statistics (mean and standard deviation) and inferential statistics (independent t-
test) were used, and the data were analyzed using SPSS software. Findings: The
results indicated that specialized mathematics software had a significant impact on
the knowledge, skills, attitudes, and computer self-efficacy of pre-service
mathematics teachers. Conclusion: Considering the positive impact of specialized
mathematical software on the knowledge, skills, attitudes, and computer self-
efficacy of student teachers, it is recommended to teach mathematical concepts
using these software tools and to hold training courses to familiarize teachers and
student teachers with them.
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Introduction

The integration of technology into education at all levels has catalyzed profound
transformations in teaching and learning, significantly enhancing the educational process.
Currently, leveraging technology is an indispensable necessity for instructing and
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comprehending complex mathematical concepts. Since technology integration positively
Impacts mathematics education, it is imperative for mathematics teachers to utilize
technological tools in their pedagogy and encourage students to do the same in their
learning. Fostering the knowledge, skills, and professional attitudes of student-teachers is
a paramount objective of Farhangian University, wherein technology integration plays a
pivotal role. This study aims to enhance the knowledge, skills, attitudes, and computer
self-efficacy of mathematics student-teachers by integrating specialized mathematics
software into the instructional process.

Research hypotheses

The primary hypothesis posits that specialized mathematics software significantly
impacts the knowledge, skills, attitudes, and computer self-efficacy of mathematics
student-teachers. The secondary hypotheses are as follows:

Hypothesis 1: There is no significant difference between the experimental and control
groups' pre-test scores in knowledge, skills, attitudes, and computer self-efficacy.
Hypothesis 2: The use of specialized mathematics software has a significant impact on the
knowledge of mathematics student-teachers.

Hypothesis 3: The use of specialized mathematics software has a significant impact on the
skills of mathematics student-teachers.

Hypothesis 4: The use of specialized mathematics software has a significant impact on the
attitudes of mathematics student-teachers.

Hypothesis 5: The use of specialized mathematics software has a significant impact on the
computer self-efficacy of mathematics student-teachers.

Literature Review

A review of recent literature indicates that technology integration in mathematics
education yields positive and significant effects on academic achievement, deep
conceptual understanding, and instructional effectiveness. Studies such as Abdelfattah et
al. (2024) and Sigcha (2024) have confirmed that utilizing digital tools and constructivist
approaches fosters meaningful learning and the practical application of mathematical
knowledge. Tools like GeoGebra, MATLAB, Python, and interactive platforms such as
Kahoot not only facilitate the visualization of complex concepts but also enhance learners'
engagement (Korenova et al., 2024; Moldoisaeva, 2024). Nevertheless, significant
challenges persist regarding teachers' readiness and technological competence. Although
teachers' and student-teachers' attitudes toward technology are positive, and a positive
correlation exists among technological knowledge, attitudes, and technology use (Nair &
Karan, 2024; Chapai, 2023), many struggle to effectively integrate technology with
curricular content. Plantado (2023) demonstrated that despite possessing strong content
knowledge, teachers exhibit the lowest proficiency in technological knowledge,
necessitating specialized training. Similarly, Agyei et al. (2022) noted that while teachers'
technological self-efficacy and knowledge are high, their practical skills and readiness to
implement technology in the classroom remain low. The pivotal role of 'teacher self-
efficacy’ in the successful integration of technology has been corroborated by numerous
studies, including Bakar et al. (2018) and Semenikhina et al. (2020). Despite abundant
evidence highlighting that technology facilitates learning and enhances instructional
efficiency, there is a conspicuous gap in domestic research regarding technology
integration within the mathematics student-teacher curriculum, with most local studies
restricted to the high school level. Consequently, designing educational programs to
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upgrade the technological competencies of prospective teachers and bridge this research
gap appears imperative.

Methodology

This quantitative research was conducted using a quasi-experimental design with a
pretest-posttest control group setup. The statistical population comprised 220
undergraduate mathematics education student-teachers at Farhangian University,
Allameh Amini Campus of Tabriz, during the second semester of the 2018-2019
academic year. From this population, 32 students who were from the same entry year, had
completed similar coursework, and were enrolled in the 'Fundamentals of Numerical
Analysis' course that semester, were selected as the sample. They were then allocated to
two 16-member groups: experimental and control. The research instrument for collecting
quantitative data was a 34-item questionnaire designed to assess knowledge, skills,
attitudes, and computer self-efficacy. The content validity of the questionnaire was
established based on expert opinions, and its reliability was calculated using Cronbach's
alpha, yielding a coefficient of 0.82. Data were analyzed using descriptive statistics (mean
and standard deviation) and inferential statistics (independent samples t-test) via SPSS
software. In this study, both groups underwent a pre-test under identical conditions.
Subsequently, numerical concepts were taught to the experimental group utilizing
specialized mathematics software (for visualization and animation), whereas the control
group received traditional instruction. Following the completion of the 10-session
instructional intervention (each session lasting three hours), both groups were
administered a post-test and evaluated via the questionnaire. It is noteworthy that
instruction for both groups was delivered by the same instructor, and the instructional
content, teaching duration, and classroom conditions were kept constant across both
groups.

Results

The findings of the present study revealed no significant difference between the control and
experimental groups' pre-test scores across the four variables of knowledge, skills, attitudes, and
computer self-efficacy (p > 0.05). This initial equivalence indicates that the two groups were
similar in the measured characteristics prior to the educational intervention, allowing any
subsequent changes to be attributed to the instructional treatment. In the post-test phase, the
analytical results confirmed the significant effectiveness of teaching mathematical concepts using
specialized software. Testing the second hypothesis demonstrated that this instructional approach
led to a significant increase in the 'knowledge' scores of the mathematics student-teachers (p <
0.05). Furthermore, the findings related to the third hypothesis indicated a significant
improvement in the students' practical 'skills' following the intervention. Beyond the cognitive
and skill-based dimensions, positive effects of this instructional method were also observed in
attitudinal aspects. The results of the fourth hypothesis pointed to a significant improvement in
the ‘attitudes' of student-teachers toward learning mathematics with the aid of technology. Finally,
the findings of the fifth hypothesis showed that instruction based on specialized software
enhanced the students' ‘computer self-efficacy’. Overall, all post-test-related hypotheses were
confirmed, indicating the high efficiency of integrating specialized software into mathematics
education for the comprehensive enhancement of student-teachers' professional competencies.

Conclusion
Overall, integrating technology into the mathematics instruction of the experimental
group yielded positive outcomes, and the implementation of this program clearly
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delineated the differences between the two groups. This underscores the necessity of
implementing substantial professional development programs for teachers to achieve
effective technology integration in classrooms. In explaining these findings, it can be
asserted that specialized mathematics software, with its extensive capabilities, can be
highly effective in teaching mathematical concepts. Features such as plotting 2D and 3D
graphs for better visualization, interactive engagement with mathematical concepts with
immediate feedback, learning advanced mathematical concepts, performing calculations
while observing the underlying processes, creating animations for deeper conceptual
understanding, developing diverse projects, generating interactive and dynamic reports,
and dynamically displaying geometric concepts actively engage student-teachers in the
learning process. The diverse capabilities and the engaging nature of the software
environment enhance knowledge, skills, and attitudes. Furthermore, it instills a sense of
empowerment in computer usage, which in turn boosts computer self-efficacy and fosters
a correct belief regarding the use of computers in education. Based on the results of this
study, it is recommended that mathematics teachers integrate specialized mathematics
software into their teaching to enhance students' knowledge, skills, attitudes, and
computer self-efficacy. Similarly, mathematics teacher educators should incorporate
specialized mathematics software into their pedagogy to actively engage student-teachers
in the learning of mathematical concepts.
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