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Abstract

This study aimed to design and validate an in-service teacher training curriculum model based on educational neuroscience, focusing on
the four curriculum elements of objectives, content, teaching methods, and evaluation. A mixed-methods qualitative—quantitative design
was employed. In the model-development phase, 21 experts in curriculum planning, learning and educational psychology, educational
neuroscience, and education administration were recruited through snowball sampling, and data from semi-structured interviews were
analyzed using inductive qualitative content analysis based on the Elo and Kyngis approach. During the validation phase, 16 experts were
purposively selected and participated in three Delphi rounds to assess the proposed components. In the quantitative phase, 250
participants, including in-service teacher educators, upper-secondary school teachers in Mazandaran Province, and specialists in relevant
academic fields, were selected through stratified random sampling. Data were collected using a 121-item questionnaire and analyzed with
SPSS and SmartPLS using structural equation modeling. Second-order confirmatory factor analysis demonstrated that all four major
curriculum elements had significant positive relationships with the overall curriculum model. The standardized path coefficients were
0.916 for objectives, 0.891 for content, 0.881 for teaching methods, and 0.883 for evaluation, with all paths being statistically significant
at p<0.001. Moreover, all 24 components nested within the four principal elements showed statistically significant path coefficients. The
structural equation modeling results therefore supported the structural adequacy and explanatory capacity of the proposed educational
neuroscience-based curriculum model in the study population. The proposed educational neuroscience-based curriculum model
demonstrated satisfactory empirical validity and provides an integrated framework for redesigning in-service teacher education. Its
simultaneous emphasis on curriculum objectives, brain-based content, teaching methods aligned with learning mechanisms, and cognitive-
neural evaluation may enhance the scientific relevance and practical effectiveness of teachers’ continuing professional development
programs.
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Extended Abstract

Introduction

Teachers constitute one of the most influential components of educational systems because the successful
implementation of curricular reforms, innovative instructional approaches, assessment practices, and emerging
educational technologies ultimately depends on their professional knowledge, competencies, beliefs, and

capacity for continuous learning. Consequently, teacher professional development should be viewed as a




sustained and systematic process rather than a collection of isolated training events. In-service education is
one of the principal mechanisms through which educational systems update teachers’ professional knowledge,
enhance instructional competencies, strengthen their ability to respond to changing learner needs, and support
adaptation to new educational demands. International evidence nevertheless indicates a persistent gap between
what research identifies as effective teacher professional development and what is implemented in practice,
particularly when programs are short-term, disconnected from classroom realities, or focused primarily on
passive knowledge transmission (Popova, 2021). Recent studies similarly emphasize that the effectiveness of
in-service education depends on multiple interacting components, including the relevance of content,
responsiveness to professional needs, contextual conditions, active participation, organizational support, and
opportunities to apply newly acquired knowledge in practice (Fattah Ali Begi et al., 2025).

The effectiveness of in-service training is therefore closely related to the quality of its curricular design.
Programs that fail to align objectives, content, teaching strategies, and evaluation procedures are unlikely to
produce meaningful changes in professional practice. Studies examining existing in-service programs have
identified weaknesses in needs assessment, instructional design, implementation, and evaluation, suggesting
that professional learning should be approached through an integrated curricular framework (Rahimi et al.,
2017). Research on models intended to improve in-service training effectiveness has likewise highlighted the
need for multidimensional structures incorporating educational, organizational, managerial, and contextual
factors (Yousefi et al., 2022, 2023). The prioritization of dimensions and indicators of training effectiveness
further demonstrates that successful professional development depends on the coordinated operation of several
components rather than on the quality of any single component in isolation (Yousofi et al., 2023). Policy-
oriented models of teacher in-service education also stress that professional development should be based on
coherent links among needs assessment, program design, implementation, support, and evaluation (Sotoudeh
Moghadam et al., 2024).

A growing body of research further suggests that effective in-service education should be practical, skill-
oriented, and directly connected with teachers’ occupational responsibilities. Skill-based training models
emphasize moving beyond theoretical knowledge toward competencies that can be transferred to actual
professional settings (Bahrevar et al., 2024). Studies have reported that in-service training can contribute to
teacher empowerment and professional development when it is appropriately designed and aligned with
workplace requirements (Ghoreishi et al., 2022), while other evidence demonstrates its potential contribution
to creativity and entrepreneurship among teachers (Keykha et al., 2023). However, teachers continue to report
barriers such as insufficient relevance of course content, limited resources, time constraints, and difficulties in
transferring training outcomes into classroom practice (Mahara, 2024). The degree to which training promotes
professional skills is also strongly influenced by its compatibility with actual job demands and by the practical
applicability of its content (Khosravi-Pour & Ahmadian, 2024). Similar findings regarding the personal and

professional development of educational personnel indicate that perceived effectiveness improves when



training content corresponds to participants’ professional needs and work environments (Parasteh Qombavani
et al., 2022).

Technological transformation has added further complexity to teacher professional development. Teachers’
digital competence is shaped by both personal and contextual factors, indicating that professional learning
cannot be reduced to technical instruction alone (Lucas et al., 2021). A systematic review of technology-
supported teacher professional development showed that technology can facilitate professional learning when
embedded within purposeful instructional designs that provide interaction, contextual relevance, and sustained
support (Hennessy et al., 2022). Teachers’ perceptions of virtual in-service programs similarly highlight the
importance of interaction, accessibility, relevant content, and appropriate instructional organization (Dosti
Alwanagh et al., 2021). Emerging models based on massive open online courses also underscore the need for
suitable infrastructure, flexible learning opportunities, learner support, and appropriate assessment
mechanisms (Gholampour Sadehi et al., 2024). Likewise, blended professional development programs
indicate that combining different learning environments can strengthen teacher learning when professional
reflection, engagement, and practical experience are incorporated into the program (Baldan Babayigit et al.,
2025). Even highly specialized training materials, such as technology-integrated resources for mathematics
teachers, are perceived as useful primarily when they are clearly connected to teachers’ instructional realities
(Marange & Tatira, 2025).

The curriculum itself is therefore central to organizing professional learning. Curriculum models in different
educational contexts demonstrate that coherent relationships among objectives, content, instructional methods,
and evaluation are fundamental to the design of educational programs (Kafshchian Moghadam et al., 2024).
Evaluation of specialized in-service programs similarly suggests that program effectiveness depends on the
extent to which the structure of training corresponds to teachers’ professional needs and produces observable
educational outcomes (Sentiirk et al., 2022). Moreover, contemporary professional development should
address not only teachers’ technical and cognitive competencies but also their emotional and occupational
well-being. Interventions targeting mindfulness and stress management have demonstrated potential benefits
for teachers’ occupational stress and burnout (Hamidi & Shamloo, 2021), while multidimensional educational
interventions have been associated with improvements in occupational well-being and quality of work life
(Maarefvand & Shafiabady, 2024). These findings suggest that teacher development requires an integrated
understanding of cognitive, emotional, and behavioral functioning.

Within this context, educational neuroscience provides a potentially valuable interdisciplinary foundation for
redesigning professional learning. By linking knowledge concerning attention, memory, cognitive flexibility,
emotion, self-regulation, motivation, and learning processes with educational practice, educational
neuroscience can provide a scientific basis for designing learning experiences that are more consistent with

how individuals process, retain, and apply information. However, the practical integration of such knowledge

into teacher education requires a curriculum capable of translating neuroscientific principles into meaningful



educational objectives, organized content, applicable teaching strategies, and appropriate evaluation practices.
Current in-service education models have primarily focused on professional development, technology,
organizational effectiveness, and skill acquisition, while relatively less attention has been directed toward
developing and empirically validating a comprehensive curriculum model grounded specifically in educational
neuroscience. Accordingly, the present study aimed to design and validate an in-service teacher training
curriculum model based on educational neuroscience.

Methods and Materials

The study employed a mixed-methods qualitative—quantitative design conducted in three sequential phases:
model development, expert validation, and quantitative testing. In the qualitative model-development phase,
participants consisted of faculty members in curriculum planning and educational sciences, specialists in
learning and educational psychology, experts in educational neuroscience, and administrators or staff members
responsible for teacher in-service education. Participants were selected through snowball sampling, and
theoretical saturation was reached after the eighteenth interview; interviews nevertheless continued to 21
participants to ensure data adequacy. Data were collected through semi-structured interviews and analyzed
using inductive qualitative content analysis based on the Elo and Kyngas approach, including preparation,
open coding, categorization, abstraction, and reporting. A total of 439 initial conceptual codes were identified
across the four curriculum elements. After removing repeated and overlapping codes, 121 final indicators were
retained and organized into higher-order categories and dimensions. Credibility and confirmability were
enhanced through expert review, participant checking, and an intersubjective agreement coefficient of 0.81.
In the validation phase, 16 experts were selected purposively from exemplary teachers at provincial or national
levels, educational neuroscience specialists, senior educational administrators, and professionals with practical
experience in in-service education. A three-round Delphi procedure was conducted using an expert-rating
checklist. The content of the checklist was reviewed for clarity and comprehensibility, and its test-retest
reliability coefficient was 0.88.

In the quantitative phase, the population included in-service teacher educators, upper-secondary school
teachers in Mazandaran Province, and specialists in curriculum studies, learning psychology, and educational
neuroscience. A sample of 250 participants was selected using stratified random sampling. Data were collected
through a 121-item questionnaire developed from the qualitative model. Face, content, convergent, and
discriminant validity were examined. Content validity indices ranged from 0.80 to 1.00, content validity ratios
ranged from 0.50 to 1.00, convergent validity values ranged from 0.511 to 0.630, factor loadings exceeded
0.40, Cronbach’s alpha coefficients ranged from 0.751 to 0.848, and composite reliability coefficients ranged
from 0.839 to 0.892. Data were analyzed using SPSS and SmartPLS through descriptive analyses, inferential
statistics, confirmatory factor analysis, structural equation modeling, path analysis, and Friedman ranking tests.

Findings



The qualitative and Delphi phases resulted in a final curriculum model comprising four principal elements, 12
dimensions, 24 components, and 121 indicators. The “objectives” element consisted of six components:
strengthening professional cognitive skills, enhancing neuro-emotional regulation capacities, effective
application of neuroscientific findings, strengthening evidence-based instructional design, growth beliefs and
cognitive flexibility, and deepening professional teacher identity. The “content” element included organization
of brain-based concepts, classification of neural learning principles, selection of neural learning activities,
development of applied learning situations, integration of neuroscientific concepts with educational content,
and localization of brain-based educational content. The “teaching methods” element comprised attention-
oriented strategies, memory-based methods, social neural-network interactions, active learner participation,
practical learning activities, and authentic contextual learning. The “evaluation” element included continuous
assessment of cognitive and neural learning, measurement of attentional strategies, assessment of educational
neuroscience skills, evaluation of practical strategy application, immediate learner feedback, and analysis of
the effect of feedback on cognitive engagement.

Second-order confirmatory factor analysis demonstrated that all four major elements significantly represented
the overarching educational neuroscience-based in-service curriculum construct. The standardized path
coefficient for objectives was 0.916, making it the strongest major element. The coefficient for content was
0.891, followed by evaluation at 0.883 and teaching methods at 0.881. All four structural paths were
statistically significant at p<0.001. Furthermore, all 24 component-level paths were statistically significant,
confirming that the components identified during the qualitative phase contributed significantly to their
respective curriculum elements.

The Friedman analysis further differentiated the relative priorities of the four elements. Objectives received
the highest mean rank of 2.54, followed closely by evaluation with a mean rank of 2.52. Content and teaching
methods each obtained a mean rank of 2.47 and shared the next position. Within the objectives element,
strengthening professional cognitive skills ranked first with a mean rank of 3.79, followed by growth beliefs
and cognitive flexibility at 3.58 and deepening professional teacher identity at 3.57. Within content,
organization of brain-based concepts ranked first with a mean rank of 3.63, followed by classification of neural
learning principles at 3.58 and development of applied learning situations at 3.54. Within teaching methods,
attention-oriented strategies ranked first with a mean rank of 3.66, active learner participation ranked second
at 3.56, and practical learning activities ranked third at 3.48. Within evaluation, evaluation of the practical
application of strategies and immediate learner feedback jointly occupied the highest priority position, each
with a mean rank of 3.58.

Despite the strong structural confirmation of the proposed model, assessment of the current status of the four
major elements indicated that they were generally at a moderate level in the study population. None of the four

elements differed significantly from the test criterion value. This finding demonstrated that although the



proposed elements and components were statistically valid and theoretically important, their current realization
within existing in-service teacher education was not yet at an optimal level.

Discussion and Conclusion

The findings support a multidimensional conception of educational neuroscience-based in-service teacher
education. The strong and statistically significant path coefficients for all four curriculum elements
demonstrate that objectives, content, teaching methods, and evaluation should function as an integrated system.
Educational neuroscience cannot be effectively incorporated into professional development merely by adding
information about the brain to existing courses. Rather, neuroscientific knowledge must shape what
professional competencies are expected, how content is selected and organized, how teachers are engaged in
learning, and how the transfer of learning into professional practice is evaluated.

The particularly strong contribution of the objectives element suggests that curriculum design should begin
with explicit definitions of the cognitive, emotional, instructional, and professional competencies expected
from participating teachers. The high priority assigned to professional cognitive skills indicates that teachers
require more than declarative knowledge; they need capacities related to attention, interpretation, decision-
making, cognitive flexibility, problem solving, and reflective professional judgment. At the same time,
inclusion of neuro-emotional regulation and professional identity demonstrates that teacher development
should address the teacher as an integrated cognitive, emotional, and professional agent.

The findings concerning content indicate that educational neuroscience concepts need to be transformed into
structured, accessible, and contextually meaningful professional knowledge. The high ranking of organizing
brain-based concepts and classifying neural learning principles suggests that teachers require coherent
conceptual frameworks rather than fragmented neuroscientific facts. Applied learning situations and
localization of content further indicate that neuroscientific knowledge becomes educationally meaningful only
when it can be connected with actual teaching problems and adapted to the realities of the educational
environment.

The teaching-method findings emphasize active learning rather than passive content transmission. The priority
assigned to attention-oriented strategies, active participation, practical activities, and authentic contextual
learning indicates that the instructional process of in-service education should itself reflect principles of
effective learning. Teachers should experience the strategies they are expected to apply rather than merely hear
descriptions of them. Such an approach can facilitate deeper processing, professional reflection, and transfer
of knowledge into classroom practice.

Evaluation also emerged as a central component of the model. Its high overall structural coefficient and ranking
immediately after objectives indicate that evaluation should be embedded throughout the professional learning
process. The priority given to practical application and immediate feedback further suggests that conventional

end-of-course knowledge tests are insufficient. Evaluation should determine whether teachers can employ the



acquired strategies in realistic educational situations, receive timely feedback, modify their practices, and
demonstrate meaningful changes in instructional behavior.

A particularly important finding was the contrast between strong structural validation and the moderate current
status of the model components. This discrepancy implies that existing in-service programs may recognize
some of these principles but have not yet incorporated them systematically or comprehensively. The proposed
model therefore represents not only a descriptive framework but also a potential developmental framework for
redesigning existing professional learning systems.

In conclusion, the study developed and empirically validated a comprehensive educational neuroscience-based
curriculum model for in-service teacher education comprising four principal elements, 12 dimensions, 24
components, and 121 indicators. All four major elements and all component-level relationships were
statistically supported. Objectives showed the strongest association with the overall construct, while
evaluation, content, and teaching methods also demonstrated substantial contributions. The findings indicate
that an effective educational neuroscience-based in-service curriculum should integrate professional cognitive
and emotional objectives, structured and localized brain-based content, active and context-sensitive teaching
methods, and continuous performance-oriented evaluation. The model provides a systematic framework that
may support the redesign of teacher professional development programs and facilitate the translation of

educational neuroscience from theoretical knowledge into professionally meaningful educational practice.
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