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Objective: Mathematics education has always faced numerous challenges for both
teachers and students. The aim of this research was to examine the opportunities and
challenges of utilizing modern technologies and artificial intelligence in mathematics
education from the perspective of secondary school mathematics teachers.

Method: This study was conducted with a qualitative approach using phenomenological
methods. The research population consisted of secondary school mathematics teachers
with a minimum of five years of teaching experience in mathematics. A total of 20
participants were purposefully selected using snowball sampling. To collect data, semi-
structured in-depth interviews were employed. The Brown and Clark (2006) method was
used to analyze the data, which includes the steps of familiarizing with the data, initial
coding, reviewing themes, and final definition of themes.

Results: Qualitative analysis revealed that mathematics teachers perceive key
opportunities in the integration of emerging technologies and artificial intelligence,
including personalized instruction, the development of intelligent and interactive
educational content, expanded access to learning resources, and rapid and accurate
student assessment. However, significant challenges were also identified, such as the
need for teacher training and empowerment, inequality in access to technology, reduced
human interactions, and concerns about trust and data security. These findings indicate
that the successful integration of new technologies in mathematics education requires
simultaneous attention to infrastructure development, teacher skill enhancement, and the
design of supportive systems.

Conclusion: The results of this study suggest that the purposeful adoption of advanced
technologies and artificial intelligence can enhance learning quality and educational
equity in mathematics. However, achieving this goal depends on addressing
infrastructural, educational, and ethical challenges. It is recommended that policymakers
and educational designers develop comprehensive teacher empowerment programs and
provide the necessary infrastructure to enable the effective utilization of these
technologies.
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Extended Abstract

Introduction

The rapid expansion of digital technologies and Artificial Intelligence (Al) has transformed educational
systems worldwide, including mathematics education, where individualized learning, automated
feedback, and intelligent content generation have become increasingly significant. Despite these
advancements, challenges such as digital inequality, lack of teacher readiness, ethical concerns, and
reduced human interaction persist, especially in developing educational systems. This study aimed to
explore mathematics teachers’ lived experiences and perceptions regarding the integration of emerging
technologies and Al into mathematics education. The goal was to provide an in-depth understanding of
both opportunities and challenges, as well as the pedagogical and ethical considerations influencing
successful implementation. Considering the limited empirical evidence in this field—particularly in the
Iranian context—this research addressed a major gap by examining teachers’ insights into AI-supported
mathematics instruction.

Methods

This study employed a qualitative, descriptive phenomenological approach to reveal the lived
experiences of mathematics teachers who have used emerging technologies and Al-based tools in their
teaching practices. Participants were selected using purposeful sampling to ensure rich and relevant
information. Semi-structured, in-depth interviews were conducted with mathematics teachers
representing various educational levels. Interviews continued until data saturation was achieved. To
enhance the validity of the interview protocol, feedback from experienced teachers and field experts
was incorporated. Data trustworthiness was established through repeated data examination, constant
comparison of findings, peer debriefing, and careful categorization without distortion. The collected
qualitative data were analyzed using Smith’s three-stage interpretative phenomenological analysis,
which includes (1) data generation, (2) thematic analysis, and (3) synthesis of emerging cases into
overarching themes.

Results

Analysis of teachers’ perceptions revealed a dual nature of Al integration in mathematics education,
comprising both significant opportunities and notable challenges.

A) Opportunities: Teachers emphasized Al’s strong potential to personalize mathematics learning
by identifying students’ individual needs, adapting content to their level of understanding, and offering
instant corrective feedback. Al-assisted tools also enhanced access to diverse learning materials,
supported intelligent content creation, and simplified assessment processes. These findings aligned with
theoretical foundations such as Vygotsky’s social constructivism—where Al can extend the learner’s
zone of proximal development—and technology acceptance models, which highlight the importance of
perceived usefulness.

B) Challenges: Teachers reported several barriers, including unequal access to digital infrastructure,
insufficient training for effective Al integration, and concerns regarding reduced teacher—student
interaction. Ethical issues such as data privacy, algorithmic bias, and over-reliance on commercial
technology providers were frequently mentioned. Teachers also expressed concerns about potential
increases in workload, particularly related to content preparation for Al-based platforms.

Furthermore, the findings indicated that while Al can reduce educational inequalities by
personalizing instruction, digital divides between well-resourced and under-resourced schools might
reinforce existing disparities. Teachers viewed Al not as a replacement for human instruction but as a
complementary tool that enhances teaching when combined with strong pedagogical design and human
facilitation.
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Overall, seven major themes emerged: (1) personalization of learning, (2) intelligent content
development, (3) expanded access and flexibility, (4) challenges in digital equity, (5) concerns about
human interaction and teaching roles, (6) ethical and data security issues, and (7) the need for teacher
empowerment and institutional support.

Conclusions

The findings highlight that while Al holds transformative potential for mathematics education—
particularly through personalized learning, intelligent feedback, and enhancement of instructional
guality—its successful implementation requires simultaneous attention to technological, pedagogical,
and ethical dimensions.

Teachers emphasized that Al should function as a supportive tool rather than a replacement for

human instruction, reinforcing the teacher’s evolving role as a learning facilitator and designer of
meaningful mathematical experiences.
To maximize AI’s benefits, the study suggests several key actions: 1) developing legal and ethical
frameworks to protect student data; 2) providing comprehensive teacher training that integrates both
technical and pedagogical competencies; 3) prioritizing digital resource allocation for disadvantaged
schools to reduce the digital divide; and 4) designing low-cost, open-source Al tools to reduce
dependency on commercial platforms.

This extended abstract underscores the complexity of integrating emerging technologies into
mathematics education and highlights the need for further research with larger and more diverse
samples to examine long-term effects of Al on teaching and learning processes.
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