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Abstract

Purpose: This study aimed to develop and validate a curriculum model for in-service teacher
training grounded in the principles of educational neuroscience.

Methodology: A sequential qualitative design was employed. In the model development phase,
inductive qualitative content analysis based on Elo and Kyngis (2008) was used, while in the
validation phase, the Delphi technique following Helmer and Dalkey (1997) was applied. Twenty-
one experts in curriculum planning, learning psychology, educational neuroscience, and educational
administration were selected through snowball sampling for the qualitative phase. In the validation
phase, sixteen experts were selected purposively. Data were collected through semi-structured
interviews and a five-point expert checklist. Data analysis was conducted using Atlas.ti and SPSS
software. The test—retest reliability coefficient was 0.88, and Kendall’s coefficient of concordance
in the third Delphi round ranged from 0.821 to 0.916, indicating substantial expert agreement.
Findings: Qualitative analysis initially yielded 439 primary codes, which were refined into 121
indicators organized into 24 components and 12 dimensions. The final model comprised four core
clements: objectives, content, teaching methods, and evaluation. Within the objective element,
“effective application of neuroscientific findings” obtained the highest mean score (4.02). In the
content element, “integration of neuroscientific concepts with subject content” ranked highest
(3.94). In the teaching methods element, “active learner engagement” achieved the highest
importance (4.02), while in the evaluation eclement, “assessment of practical strategy
implementation” received the highest mean score (4.06). Kendall’s coefficients indicated strong
consensus among experts across the three Delphi rounds.

Conclusion: The proposed four-component model provides a coherent, validated, and context-
sensitive framework for designing neuroscience-informed in-service teacher training curricula and
has the potential to enhance teachers’ cognitive, emotional-regulatory, and professional
competencies while improving the overall quality of teaching and learning.
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Detailed Abstract
Introduction

In contemporary educational systems, teachers are recognized as the central agents of instructional transformation and quality
improvement. The effectiveness of any educational reform largely depends on teachers’ professional competencies, adaptive capacity,
and continuous development. In-service teacher training, therefore, represents a strategic mechanism for strengthening teachers’
pedagogical knowledge, instructional skills, and professional identity (Parandin & Najafi, 2022). Beyond mere updating of content
knowledge, in-service programs are expected to foster behavioral change, reflective practice, and sustained professional growth
(Khodadadi, 2019). However, research evaluating in-service programs has indicated that many initiatives fail to achieve long-term

impact due to insufficient alignment between program design, teachers’ needs, and classroom realities (Mohammadi et al., 2020;
Nouri et al., 2021).

From a curriculum perspective, in-service training requires systematic attention to fundamental elements such as objectives, content,
teaching strategies, and evaluation mechanisms. Historical analyses of teacher education curricula in Iran reveal structural inconsistencies
and limited responsiveness to emerging scientific developments (Assareh et al., 2019). Furthermore, neglected dimensions of the
curriculum—particularly those related to cognitive, emotional, and contextual factors—have been identified as critical gaps in
educational planning (Hassanzadeh Vayaei & Navai, 2021). Skill-based curriculum models also emphasize the importance of social
responsibility, practical competence, and contextual relevance in professional education (Talebian Darzi et al., 2022).

In recent years, the emergence of Educational Neuroscience has introduced new perspectives for understanding learning processes and
redesigning educational programs. Educational Neuroscience integrates findings from cognitive neuroscience, psychology, and education
to explore how brain mechanisms influence learning and teaching practices (Thomas et al., 2019). Scholars argue that meaningful
educational reform requires bridging neuroscientific research and classroom practice, ensuring that scientific insights are translated into

pedagogically actionable principles (Leisman, 2022). The future of learning, as envisioned in neuroscience-informed frameworks,
emphasizes attention regulation, working memory enhancement, emotional regulation, and neuroplasticity as central components of

effective instruction (Amara & Guerra, 2022).

Empirical studies examining neuroscience training for teachers indicate that such programs can positively influence teachers’ conceptual
understanding of learning, reduce neuromyths, and improve instructional decision-making (Privitera, 2021). Moreover, identifying
desirable characteristics of science curricula grounded in cognitive neuroscience highlights the need to integrate attention management,
exccutive functioning, and flexible thinking into educational design (Dadashzadeh, 2023). Cognitive—social curriculum models
developed during the COVID-19 era further stress the importance of integrating cognitive, social, and emotional dimensions in online

and blended learning contexts (Kordan et al., 2022).

Simultaneously, technological expansion and virtual professional development systems have created both opportunities and challenges.
SWOT analyses of virtual in-service training reveal issues related to interaction, motivation, and contextual adaptation, underscoring the
need for scientifically grounded redesign (Mirzaei, 2021). Teachers’ motivation to participate in professional development is influenced
by content relevance, organizational support, and perceived applicability to classroom practice (Naltan, 2024). Teachers frequently
report that in-service programs lack contextual sensitivity and practical alignment with real teaching challenges (Mahara, 2024).

International research on professional development reinforces these findings. Studies on integrative training materials in mathematics
education highlight the importance of content coherence and practical integration in professional development (Marange & Tatira,
2025). Exploratory analyses of Al-related instruction demonstrate that culturally responsive and context-sensitive pedagogies emerge
when teachers receive structured, research-informed training (Moore et al., 2025). Blended in-service programs in multicultural
education further illustrate how interactive, reflective, and socially grounded approaches can enhance teachers’ professional growth
(Baldan Babayigit et al., 2025). Teachers’ perceptions of instructional tools, such as educational games, also reveal that methodological

appropriateness and professional characteristics shape the effectiveness of training (Jobert & Sanchiz, 2025).

Policy-level research emphasizes the need for coherent models that align national educational objectives with teachers’ professional
development pathways (Sotoudeh Moghadam et al., 2024). Analyses of contextual factors influencing professional development

demonstrate that sustainable change requires structured frameworks integrating components, environmental supports, and evaluation



systems (Fattah Ali Begi et al., 2025). Methodologically, r1
analysis for conceptual extraction (Hosseini et al., 2022) and Delp
2020).

iculum model development often relies on qualitati

for expert consensus and validation

Despite growing interest in Educational Neuroscience and professional development,
that systematically integrates neuroscientific principles into in-service teacher training remains

present study aimed to develop and validate a curriculum model for in-service teacher training groun
Methods and Materials

This study employed a sequential qualitative research design. The first phase focused on model development using inductive qualitative

content analysis, while the second phase concentrated on validation through the Delphi technique.

In the development phase, 21 experts were selected using snowball sampling. Participants included university faculty members in
curriculum planning, specialists in learning psychology and educational psychology, experts in Educational Neuroscience, and senior
administrators involved in teacher in-service training. Semi-structured interviews were conducted to collect in-depth qualitative data.
Interviews continued until theoretical saturation was achieved. Data were analyzed through open coding, categorization, and abstraction

using qualitative analysis software.
29 y

In the validation phase, 16 experts—including exemplary teachers, neuroscience specialists, and experienced educational
administrators—were selected purposively. A structured five-point Likert-scale checklist was designed based on the qualitative findings.
The Delphi process was conducted in three rounds, with a one-week interval between rounds. Descriptive statistics and Kendall’s
coefficient of concordance were calculated using statistical software. Reliability of the validation instrument was assessed using test—retest

methodology.

Findings

Qualitative content analysis initially generated 439 primary codes across the four core curriculum elements: objectives, content, teaching
methods, and evaluation. After eliminating redundancies and merging overlapping concepts, 121 refined indicators were identified. These

indicators were organized into 24 components and further abstracted into 12 dimensions. The final curriculum model comprised four

core elements:

1. Objectives, including three dimensions: enhancement of neuro-educational competencies, improvement of teaching—learning

quality, and development of professional learning-oriented attitudes.

2. Content, including three dimensions: structuring neuro-educational concepts, designing brain-based learning experiences, and

integrating neuroscientific knowledge with subject-specific expertise.

3. Teaching Methods, including three dimensions: application of brain-based instructional strategies, design of neuro-social

learning interactions, and implementation of experiential teaching processes.

4. Evaluation, including three dimensions: process-oriented assessment of brain-based learning, evaluation of practical

instructional competencies, and analysis of feedback-driven active learning.

In the Delphi validation phase, all 24 components were retained after three rounds of expert review. Within the objectives element,
“effective application of neuroscientific findings” achieved the highest mean score (4.02). Within the content element, “integration of
neuroscientific concepts with subject content” received the highest importance (3.94). In the teaching methods element, “active learner

engagement” ranked highest (4.02). In the evaluation element, “assessment of practical strategy implementation” achieved the highest

¢ third round ranged from 0.821 to 0.916 across elements, indicating strong expert agreement

nstrate that integrating Educational Ne into in-service teacher training requires a comprehensive curriculum

encompassing objectives, content, methods, and ¢ he prominence of “effective application of neuroscientific
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findings” highlights the centrality of bridging theory and classroom practice. Teachers and experts emphasized that neuroscientific
knowledge must be translated into actionable instructional strategies rather than remaining at a theoretical level.

The identification of neuro-emotional regulation, cognitive flexibility, and professional identity development as core objective
components reflects an expanded understanding of teacher competence that transcends traditional content mastery. Similarly, the
emphasis on integrating neuroscientific concepts with subject matter underscores the importance of contextualizing brain-based principles

within disciplinary practice.

In teaching methods, active engagement, experiential learning, attention management, and memory-based strategies were recognized as
essential for aligning instruction with cognitive processes. The evaluation component’s focus on practical implementation and feedback

analysis indicates a shift from knowledge-based assessment toward performance-oriented and process-driven evaluation models.

Overall, the proposed model provides a structured, validated, and context-sensitive framework for redesigning in-service teacher training
programs. By systematically incorporating neuroscientific principles into curriculum design, the model offers a pathway for enhancing
teachers’ cognitive, emotional, and professional competencies. This framework has the potential to strengthen instructional quality,

increase teacher motivation, and contribute to sustainable educational reform grounded in scientific evidence.
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