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Abstract

The present study aimed to investigate the validity of the elements and components of the
elementary school mathematics curriculum model and to provide a structural framework for
explaining its main dimensions. This study was applied in purpose and employed a mixed-
method exploratory instrument development design. In the qualitative phase, grounded theory
methodology was used, and data were collected through semi-structured interviews with 18
experienced elementary school teachers, curriculum specialists, and university faculty
members. Participants were selected using purposeful non-probability sampling, and
qualitative data were analyzed through open, axial, and selective coding procedures. In the
quantitative phase, a researcher-made questionnaire consisting of 20 items was developed
based on the qualitative findings and distributed among 384 elementary school teachers
selected through cluster random sampling. Data analysis was conducted using SPSS-29,
AMOS-29, and SmartPLS-4 software. First-order and second-order confirmatory factor
analyses and structural equation modeling were employed to validate the proposed curriculum
model. The results of the first-order confirmatory factor analysis showed that all curriculum
components had significant and acceptable factor loadings. In the second-order confirmatory
factor analysis, the “content” element demonstrated the highest factor loading (1.08), followed
by “instructional strategies” (1.01) and “place” (1.00). Furthermore, model fit indices including
CMIN/DF=2.128, RMSEA=0.041, CFI=0.952, and GFI=0.942 indicated that the proposed
model had a satisfactory fit and appropriate structural validity. The findings revealed that the
elementary school mathematics curriculum model possesses a multidimensional, coherent, and
valid structure in which various curriculum elements interact to facilitate effective, creative,
and contemporary learning experiences. The results further emphasize that simultaneous
attention to objectives, content, instructional strategies, assessment methods, educational
resources, and contextual conditions is essential for improving the quality of mathematics
curriculum implementation.

Keywords: Mathematics curriculum, elementary education, validation, confirmatory factor
analysis, structural equation modeling, grounded theory
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Extended Abstract
Introduction
Mathematics education at the elementary school level plays a fundamental role in developing students’
cognitive abilities, logical reasoning, creativity, and problem-solving skills. In contemporary educational
systems, mathematics is no longer regarded merely as a subject for acquiring numerical knowledge; rather, it
is considered a foundational domain for cultivating analytical thinking, innovation, and lifelong learning
competencies. Consequently, curriculum planning in elementary mathematics education has become one of
the most significant concerns of educational policymakers and curriculum specialists worldwide. Recent
educational transformations, technological developments, and the emergence of twenty-first-century learning
demands have intensified the necessity of redesigning mathematics curricula based on scientific, learner-
centered, and competency-oriented frameworks (Eryani et al., 2024; SarigOZ, 2023). Studies have shown
that traditional mathematics curricula often fail to address students’ diverse learning needs, creative capacities,
and real-life problem-solving abilities, which has encouraged educational systems to reconsider the structure
and components of mathematics curriculum models (Bicer et al., 2024; Suherman & Vidakovich, 2022).
Modern curriculum theories emphasize that mathematics curricula should encompass interconnected elements
such as objectives, content, teaching strategies, learning activities, assessment methods, educational resources,
grouping structures, learning environments, and time management. The coherence and interaction among these
elements determine the effectiveness and quality of curriculum implementation. Research has indicated that
weaknesses in any of these dimensions can significantly reduce students’ mathematical achievement and
engagement (Mohammadi Naeeni, Ranjdoost, et al., 2022; Mohammadi Naeeni, Ranjdoust, et al., 2022).
Gholami Pol Basreh and colleagues highlighted the importance of integrating formal and experiential
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curriculum dimensions in elementary mathematics education and emphasized that effective mathematics
curricula should address both explicit instructional goals and students’ lived educational experiences (Gholami
Pol Basreh et al., 2022). Similarly, Ramzi et al. demonstrated that curriculum validity in elementary
mathematics education depends on the alignment between educational objectives, teaching methods, and
authentic learner needs (Ramzi et al., 2022).

The rapid expansion of educational technology and artificial intelligence has also transformed curriculum
development approaches in mathematics education. Technology-enhanced learning environments, intelligent
educational systems, and Al-supported instructional strategies have created new opportunities for improving
mathematics teaching and learning processes (D. Wang, 2024; Q. Wang, 2024; Zhang, 2024). Ebadi and
Karami reported that technology-based mathematics education significantly improves pedagogical content
knowledge among elementary education student-teachers and enhances instructional quality (Ebadi & Karami,
2025). In addition, Mosallami et al. found that STEAM-based mobile learning positively influences
mathematics learning among sixth-grade elementary students by promoting creativity, engagement, and
meaningful learning experiences (Mosallami et al., 2025). Song et al. further emphasized the role of
generative artificial intelligence in promoting creative mathematical writing and increasing students’
participation in mathematics learning activities (Song et al., 2025). These findings indicate that curriculum
models should incorporate technological, interactive, and innovative learning dimensions to remain effective
in modern educational settings.

Theoretical developments in mathematics education have also contributed to the evolution of curriculum
design approaches. APOS Theory, introduced by Arnon and colleagues, conceptualizes mathematical learning
as a cognitive process involving actions, processes, objects, and schemas constructed through active learner
engagement (Arnon et al., 2024). This perspective highlights the importance of designing mathematics
curricula that encourage exploration, interaction, and conceptual understanding rather than rote memorization.
Likewise, research on twenty-first-century skills has stressed the need for mathematics curricula that foster
creativity, collaboration, data literacy, communication skills, and critical thinking (Ow-Yeong et al., 2023;
SarigOZ, 2023). Ow-Yeong and colleagues demonstrated that integrating data science concepts into
elementary mathematics curricula can enhance students’ analytical and reasoning abilities (Ow-Yeong et al.,
2023). Therefore, contemporary mathematics curriculum models must be dynamic, flexible, and responsive
to evolving educational and societal demands.

Despite the growing body of literature on mathematics curriculum development, relatively few studies have
comprehensively examined the validity of curriculum elements and components within a unified structural
model. Existing studies have often focused on isolated dimensions such as creativity, assessment, technology
integration, or teaching methods rather than providing a holistic validation of mathematics curriculum
structures (Bicer et al., 2024; Ramzi et al., 2022). Furthermore, challenges associated with curriculum
implementation, contextual adaptation, and alignment between curriculum theory and classroom practice
remain significant concerns in elementary mathematics education (Dano & Prado, 2024; Setyawan, 2023).
Therefore, the present study aimed to investigate the validity of the elements and components of the elementary
school mathematics curriculum model through a mixed-method exploratory instrument development design.
Methods and Materials

The present study employed a mixed-method exploratory sequential design with an instrument development
model. The research was applied in purpose and descriptive-survey in nature. The study consisted of qualitative
and quantitative phases conducted sequentially to identify, develop, and validate the elements and components
of the elementary school mathematics curriculum model.

In the qualitative phase, grounded theory methodology was used to identify the main dimensions and
components of the curriculum model. Participants included experienced elementary school teachers,
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educational experts, curriculum specialists, and university faculty members in mathematics education and
educational sciences. Purposeful non-probability sampling was employed, and data collection continued until
theoretical saturation was achieved. Saturation occurred after conducting semi-structured interviews with 18
participants. Inclusion criteria included relevant academic qualifications, extensive teaching or curriculum
development experience, and familiarity with elementary mathematics education.

Data collection in the qualitative phase was conducted using exploratory semi-structured interviews based on
a researcher-developed interview guide. The interview questions were designed according to the theoretical
framework of the study and educational policy documents related to curriculum planning. Qualitative data
were analyzed through open, axial, and selective coding procedures. To ensure trustworthiness, credibility,
transferability, confirmability, and dependability criteria were applied. Intercoder agreement was assessed
using Cohen’s Kappa coefficient, which indicated a high level of coding reliability.

In the quantitative phase, the findings obtained from the qualitative analysis were used to develop a researcher-
made questionnaire consisting of 20 items measured on a five-point Likert scale. The questionnaire assessed
curriculum dimensions including objectives, content, teaching-learning activities, instructional strategies,
materials and resources, grouping, place, time, and evaluation. The statistical population consisted of
elementary school teachers across the country with at least five years of experience teaching mathematics.
Cluster random sampling was used to select participants, and a total sample of 384 teachers was determined
based on structural equation modeling requirements and Krejcie and Morgan’s sampling table.

Data analysis in the quantitative phase was performed using SPSS version 29, AMOS version 29, and
SmartPLS version 4. The Kaiser-Meyer-Olkin test and Bartlett’s test of sphericity were conducted to examine
sample adequacy and factorability of the data. First-order and second-order confirmatory factor analyses were
employed to evaluate the validity of curriculum components and overall model structure. Reliability was
assessed through Cronbach’s alpha, composite reliability, and homogeneous reliability indices. Convergent
validity was evaluated using average variance extracted values. Structural equation modeling was finally used
to examine the overall fit and validity of the proposed curriculum model.

Findings

The qualitative findings resulted in the identification of nine major curriculum elements including objectives,
content, teaching-learning activities, instructional strategies, materials and resources, grouping, place, time,
and evaluation. These elements were organized into causal, contextual, strategic, and consequential dimensions
within the proposed curriculum model. The coding process demonstrated that the identified components
formed an interconnected and multidimensional curriculum structure.

Results of the quantitative analysis indicated that the data were suitable for factor analysis. The Kaiser-Meyer-
Olkin index was 0.957, demonstrating excellent sample adequacy, while Bartlett’s test of sphericity was
statistically significant. The first-order confirmatory factor analysis showed that all curriculum components
had significant factor loadings and were retained within the model. In the objectives dimension, “setting
educational objectives” and “developing communication and learning skills” obtained the highest factor
loadings. In the content dimension, “the role and purpose of mathematics education” had the strongest loading.
“Creating positive and collaborative learning environments” showed the highest loading in the teaching-
learning activities dimension.

The second-order confirmatory factor analysis demonstrated that all nine curriculum elements significantly
contributed to the overall curriculum model. Among the elements, content had the highest factor loading (1.08),
followed by instructional strategies (1.01) and place (1.00). Objectives, time, and evaluation each demonstrated
substantial factor loadings of 0.97, while materials and resources showed the lowest but still acceptable factor
loading (0.91). These findings confirmed the structural validity of the proposed mathematics curriculum
model.
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Reliability and validity analyses further supported the adequacy of the measurement instrument. Cronbach’s
alpha coefficients, composite reliability indices, and homogeneous reliability values for all variables exceeded
acceptable thresholds. Average variance extracted values also confirmed convergent validity across all
constructs.

Model fit indices demonstrated that the proposed second-order confirmatory factor model had an appropriate
fit with the empirical data. The ratio of chi-square to degrees of freedom was 2.128, indicating acceptable
model fit. The RMSEA value was 0.041, demonstrating low residual error. Additional fit indices including
GFI (0.942), AGFI (0.938), CFI (0.952), NFI (0.958), TLI (0.938), IFI (0.944), and RFI (0.936) all exceeded
recommended thresholds, confirming the appropriateness and stability of the proposed curriculum model.
Discussion and Conclusion

The findings of the present study demonstrated that the elementary school mathematics curriculum model
possesses a coherent, multidimensional, and scientifically valid structure. The significant factor loadings of all
identified curriculum elements indicate that effective mathematics curriculum design requires an integrated
interaction among objectives, content, teaching strategies, learning activities, evaluation systems, educational
resources, learning environments, and organizational structures. The strong structural validity of the proposed
model suggests that mathematics curriculum effectiveness cannot be achieved through isolated curriculum
dimensions; rather, successful curriculum implementation depends on the coordination and alignment of all
educational elements.

Among the identified elements, content emerged as the most influential component of the curriculum model.
This finding highlights the critical role of curriculum content in shaping mathematical understanding, cognitive
development, and learning outcomes among elementary students. The result suggests that curriculum content
should extend beyond procedural and memorization-oriented approaches and instead emphasize conceptual
understanding, creativity, problem-solving, and analytical thinking. Similarly, instructional strategies
demonstrated a highly significant role within the curriculum model, emphasizing the necessity of learner-
centered, flexible, and interactive teaching approaches that accommodate students’ individual differences and
learning needs.

The importance of teaching-learning activities and collaborative learning environments identified in this study
further indicates that mathematics learning is fundamentally social and interactive. Positive learning
environments, group participation, and engaging instructional activities can substantially improve students’
motivation, creativity, and mathematical performance. The findings also confirmed the importance of
educational resources, classroom environment, time management, and evaluation systems in curriculum
implementation. These dimensions collectively contribute to creating effective and meaningful learning
experiences in elementary mathematics education.

The model fit indices obtained in this study demonstrated that the proposed curriculum model possesses strong
empirical support and structural coherence. The satisfactory fit values indicate that the identified curriculum
elements appropriately represent the conceptual structure of elementary mathematics curriculum development.
Consequently, the proposed model can serve as a practical and scientific framework for curriculum planners,
policymakers, and educators seeking to improve mathematics education quality at the elementary level.
Overall, the findings of this study emphasize that contemporary elementary mathematics curricula should be
dynamic, technology-responsive, learner-centered, and competency-oriented. Effective curriculum models
must integrate cognitive, emotional, social, and technological dimensions of learning while addressing the
diverse needs of students and educational environments. The validated curriculum model developed in this
study provides a comprehensive framework for improving mathematics curriculum design, implementation,
and evaluation in elementary education settings.

A\



1F:0 Jbo polez o3l (Pow 0590

References

Arnon, |., Cottrill, J., Dubinsky, E., Oktac, A., Fuentes, S. R., Trigueros, M., & Weller, K. (2024). APOS Theory: A
Framework for Research and Curriculum Development in Mathematics Education. Springer.

Bicer, A., Aleksani, H., Butler, C., Jackson, T., Smith, T. D., & Bostick, M. (2024). Mathematical creativity in upper
elementary school mathematics curricula.  Thinking Skills and Creativity, 51, 101462.
https://doi.org/10.1016/j.tsc.2024.101462

Dano, M., & Prado, N. (2024). Innovative Curriculum Design, Classroom Management Strategies, Competencies,
and Mathematics Teachers' Performance: A Causal Model. Psychology and Education: A Multidisciplinary
Journal, 27(2), 199-203. https://scimatic.org/

Ebadi, M., & Karami, Z. (2025). The impact of technology-based mathematics education on the development of
pedagogical content knowledge (PCK) among elementary education student -teachers. Interdisciplinary
Studies in Education, 3(4), 5-34. https://doi.org/10.22034/ISE.2025.17935.1163

Eryani, R., Samitra, D., Arisandi, D., Amelia, W., & Bayumi, N. (2024). Mathematics Curriculum Evaluation:
Challenges And Opportunities In Meeting Global Education Standards (Case: State Junior High School).
Journal of Education Research, 5(4), 6294-6307. https://doi.org/10.37985/jer.v5i4.1839

Gholami Pol Basreh, A., Mohammadi Naeeni, M., & Nateghi, F. (2022). Designing a formal and experienced
curriculum model for the sixth grade elementary mathematics course. Popularization of Science, 13(1), 10-29.
https://doi.org/10.22034/popsci.2022.333718.1173

Kyriakopoulos, G. (2022). Towards Mathematics Curriculum Recontextualisation: Developing a Rhizocurrere With
Roma Students. South Florida Journal of Development, 3(6), 7043-7048. https://doi.org/10.46932/sfjdv3n6-050

Mohammadi Naeeni, M., Ranjdoost, S., & Tahmasabzadeh Sheikhlar, D. (2022). Identifying the Effective
Components in the Implementation of Teaching and Evaluation Methods of Elementary School Math
Curriculum. Journal of Adolescent and Youth Psychological Studies (JAYPS), 2(2), 365-376.
https://doi.org/10.61838/kman.jayps.2.2.29

Mohammadi Naeeni, M., Ranjdoust, S., & Tahmasabzadeh Sheikhlar, D. (2022). Identifying Contextual and
Moderating Components Affecting the Implementation of the Primary Mathematics Curriculum. Iranian Journal
of Educational Sociology, 7(2), 106-113. https://doi.org/10.61838/kman.ijes.7.2.13

Mosallami, S. A., Vahedi, M., & Nili Ahmadabadi, M. (2025). Designing a STEAM based mobile learning and its
effect on mathematics learning of sixth grade elementary students. Educational Psychology, 21(75), 39-65.
https://doi.org/10.22054/jep.2024.75593.3907

Nelson, G., Kiss, A. J., Codding, R. S., McKevett, N. M., Schmitt, J. F., Park, S., Romero, M. E., & Hwang, J. (2023).
Review of curriculum-based measurement in mathematics: An update and extension of the literature. Journal
of School Psychology, 97, 1-42. https://doi.org/10.1016/j.jsp.2022.12.001

Ow-Yeong, Y. K., Yeter, I. H., & Ali, F. (2023). Learning Data Science in Elementary School Mathematics: A
Comparative Curriculum  Analysis. International  Journal of  Stem Education, 10(1).
https://doi.org/10.1186/s40594-023-00397-9

Ramzi, F., Minifer, E., Shiyvandi Chelicheh, K., & Azareh, A. (2022). Validating the Problem-Based Curriculum
Model in Elementary Mathematics Education. Quarterly Journal of Behavioral Studies in Management, 13(32),
1-24. https://journals.iau.ir/article_698598.html

SarigOZz, 0. (2023). Examination of Secondary School Mathematics Curriculum in Terms of 21st Century Skills. E-
International Journal of Educational Research. https://doi.org/10.19160/e-ijer.1200499

Setyawan, D. (2023). Analysis of Mathematics Learning in the Implementation of the Merdeka Curriculum at
Muhammadiyah Palangka Raya Integrated Islamic Elementary School. Tunas Jurnal Pendidikan Guru Sekolah
Dasar, 9(1), 29-33. https://doi.org/10.33084/tunas.v9i1.6339

Song, Y., Kim, J., Xing, W., Liu, Z., Li, C., & Oh, H. (2025). Elementary school students' and teachers' perceptions
toward creative mathematical writing with Generative Al. Journal of Research on Technology in Education, 1-
23. https://doi.org/10.1080/15391523.2025.2455057

Sriyanti, A., & Pusphita, V. (2022). Identification of mathematics questions in student books for curriculum 2013
based on cognitive dimensions by TIMSS. Al-Khwarizmi: Jurnal Pendidikan Matematika dan liImu Pengetahuan
Alam, 10(2), 127-138. https://doi.org/10.24256/jpmipa.v10i2.1958

Suherman, S., & Vidakovich, T. (2022). Assessment of mathematical creative thinking: A systematic review.
Thinking Skills and Creativity, 44, 101019. https://doi.org/10.1016/j.tsc.2022.101019

Uludag, E. Y. (2022). Mathematics self-efficacy as a mediator between task value and math anxiety in secondary
school  students. International  Journal of  Curriculum and Instruction, 14(2), 28-39.
https://www.researchgate.net/publication/358954696

Wang, D. (2024). Research on Intelligent Curriculum Teaching for Art and Design Majors in Colleges and
Universities in the Information Age. Applied Mathematics and Nonlinear Sciences, 9(1).
https://doi.org/10.2478/amns-2024-0266

A


https://doi.org/10.1016/j.tsc.2024.101462
https://scimatic.org/
https://doi.org/10.22034/ISE.2025.17935.1163
https://doi.org/10.37985/jer.v5i4.1839
https://doi.org/10.22034/popsci.2022.333718.1173
https://doi.org/10.46932/sfjdv3n6-050
https://doi.org/10.61838/kman.jayps.2.2.29
https://doi.org/10.61838/kman.ijes.7.2.13
https://doi.org/10.22054/jep.2024.75593.3907
https://doi.org/10.1016/j.jsp.2022.12.001
https://doi.org/10.1186/s40594-023-00397-9
https://journals.iau.ir/article_698598.html
https://doi.org/10.19160/e-ijer.1200499
https://doi.org/10.33084/tunas.v9i1.6339
https://doi.org/10.1080/15391523.2025.2455057
https://doi.org/10.24256/jpmipa.v10i2.1958
https://doi.org/10.1016/j.tsc.2022.101019
https://www.researchgate.net/publication/358954696
https://doi.org/10.2478/amns-2024-0266

S5l by el

Wang, Q. (2024). Intelligent Assistance Method for Preschool Education Dance Curriculum Based on Deep
Learning. Applied Mathematics and Nonlinear Sciences, 9(1). https://doi.org/10.2478/amns-2024-1833

Zhang, Y. (2024). Practical Application of Professional Group Curriculum Resource Library in Art Design Teaching.
Applied Mathematics and Nonlinear Sciences, 9(1). https://doi.org/10.2478/amns-2024-1423

AR


https://doi.org/10.2478/amns-2024-1833
https://doi.org/10.2478/amns-2024-1423

