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Abstract

Purpose: The study aimed to design and validate a comprehensive biology curriculum
model for upper secondary education grounded in phenomenological identity.
Methodology: This research employed a developmental-applied approach using an
exploratory mixed-methods design. In the qualitative phase, data were collected through
semi-structured interviews with 30 specialists and biology teachers and analyzed using
directed qualitative content analysis. In the quantitative phase, a researcher-made 54-item
questionnaire was administered to 113 participants, and data were analyzed using the non-
parametric Mann—Whitney U test.

Findings: Qualitative findings identified categories and subcategories aligned with the ten
components of the Aker curriculum model, including logic, objectives, content, learning
activities, teacher role, grouping, setting, time, resources, and evaluation. Quantitative
results indicated no significant difference between the views of curriculum specialists and
biology teachers regarding any component of the proposed model (sig > 0.05),
demonstrating strong content validity, structural coherence, and practical applicability of
the designed framework.

Conclusion: The proposed phenomenology-based curriculum model provides a valid and
functional structure for biology education in upper secondary schools. It supports
meaningful learning, fosters biological and scientific identity, enhances students’ lived
experiences in learning environments, and aligns curriculum elements with real educational

needs.
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Detailed Abstract
Introduction

Biology education plays an increasingly central role in shaping scientific literacy, problem-solving skills, and informed decision-making in
the twenty-first century. As scientific challenges such as environmental degradation, public-health crises, and advancements in
biotechnology become more complex, the need for a curriculum that cultivates deep understanding and applied competencies is more
evident than ever. Numerous studies have emphasized that biology curricula must be aligned with real-world needs, foster meaningful
learning, strengthen critical-thinking skills, and avoid overly theoretical, fragmented, or memorization-based instructional approaches
(Ashrafi et al., 2025; Jamil et al., 2024). However, despite these evolving expectations, many existing secondary-school biology
curricula in different countries—including Iran—continue to struggle with issues such as weak content coherence, insufficient
experiential learning, limited integration of interdisciplinary themes, and misalignment with global educational standards (Bakhtiari &

Khakbaz, 2022; Yu et al., 2022).

Persistent pedagogical challenges reported in various contexts—such as insufficient laboratory practice, teacher workload, outdated
instructional materials, and lack of technological integration—have also negatively affected students’ achievement and engagement in
biology learning (Dorsah et al., 2024; Ouko et al., 2024). Moreover, comparative international studies highlight the need for
curriculum models that embed inquiry-based learning, foster scientific attitudes, and support flexible and culturally responsive teaching
(Nwoke et al., 2022; Oyovwi, 2022). Evidence from multiple educational systems further suggests that curriculum design must
intentionally strengthen scientific identity, motivation, and meaningful cognitive engagement so that learners can interpret biological
phenomena not merely as isolated information but as integrated, experiential knowledge linked to the natural world (Ghanbari Pour
Talemi et al., 2023; Hashemi et al., 2024).

In this regard, phenomenological identity—emphasizing lived experience, embodied understanding, perception, and meaningful
interpretation of natural phenomena—has emerged as a promising pedagogical lens. A curriculum grounded in phenomenological identity
encourages learners to develop a deeper sense of connection to biological concepts through reflection, experience, and interpretation,
enabling them to construct knowledge within authentic situational contexts rather than solely through abstract exposition. Studies on
phenomenologically informed science education stress the importance of experience-based learning, reflective observation, and flexible
content that aligns with learners’ lived realities and cultural backgrounds (Asghari Nekah et al., 2023; Gholami & Farhadpour
Borujeni, 2023). This perspective is also compatible with international movements toward student-centered, inquiry-based, and skills-
oriented biology curricula, which emphasize competencies such as observation, reasoning, cthical awareness, and ecological

responsibility.

Furthermore, the rapid expansion of digital learning environments has reshaped how biology can be taught effectively, creating
opportunities for interactive, multimodal, and technology-supported learning experiences (Higgs, 2022; Motamedi, 2024). Empirical
research has shown that digital platforms, virtual laboratories, flipped classrooms, and multimodal instructional resources significantly
improve biology learning outcomes, especially when aligned with coherent curricular frameworks (Afnan et al., 2025; Inengite &
Zipamone, 2024). Therefore, curriculum models must incorporate technological flexibility, multimodal teaching resources, and

adaptable instructional strategies to respond to the complex learning needs of contemporary students.

Despite this global consensus, gaps remain in existing secondary-school biology programs: insufficient alignment with scientific standards,
lack of structural coherence, absence of interdisciplinary integration, and minimal attention to students’ identities and lived experiences
(Feizi & Abiyari, 2024; Karami et al., 2022). These persistent gaps underscore the necessity of designing a comprehensive, empirically
validated biology curriculum model that is theoretically robust, contextually grounded, pedagogically modern, and informed by
phenomenological perspectives. The present study addresses this need by designing and validating an optimal biology curriculum model
for the second period of secondary education based on phenomenological identity, using a mixed-methods approach that incorporates

both expert perspectives and empirical data.



Methods and Materials

This study employed a developmental-applied research design using a mixed-methods approach tha

phases: qualitative model design and quantitative validation. In the qualitativ ticipants included cu

tured intervi

experienced biology teachers selected through purposeful and availability sampling:
identify key components of the curriculum model. Interview data were analyzed through
the extraction of categories aligned with the ten elements of the Acker curriculum framework:

activities, teacher role, grouping, time, place, resources, and evaluation.

In the quantitative phase, a researcher-made questionnaire with multiple items corresponding to each curriculum component was
administered to a larger sample of specialists and teachers. The purpose was to validate the proposed model and examine whether the
two groups differed in their assessments of each curriculum component. Because data distributions were non-normal, the Mann—Whitney
U test was used to examine differences between the two groups. The outcomes of both phases were integrated to refine and finalize the

curriculum model.
Findings

Analysis of the qualitative data revealed a comprehensive set of themes and subthemes for each of the ten curriculum elements, forming
a coherent phenomenology-based curriculum model. The logic of the model emphasized experiential understanding, reflective thinking,
scientific identity formation, ecological awareness, and meaningful engagement with biological phenomena. Objectives derived from the
interviews focused on developing biological literacy, strengthening ethical and environmental consciousness, cultivating critical and

creative thinking skills, and fostering interdisciplinary connections.

Content-related findings indicated the need for structured yet flexible material that balances conceptual depth with contextual relevance,
integrates real-world biological issues, and incorporates interdisciplinary links with environmental science, health education, and ethics.
Learning-activity themes highlighted the centrality of experiential, inquiry-based, collaborative, and technologically enhanced
engagements. Participants also emphasized the teacher’s role as a facilitator, reflective practitioner, and designer of meaningful learning

environments rather than a transmitter of information.

Quantitative results using the Mann—Whitney U test demonstrated no significant differences between curriculum specialists and biology
teachers across any of the ten curriculum elements. This consensus indicates that all components of the proposed model were perceived
as valid, appropriate, and practically applicable by both groups. The consistency between qualitative categories and quantitative validation

further supports the cohesiveness and relevance of the final curriculum model.
Discussion and Conclusion

The findings of this study indicate that the proposed phenomenology-based biology curriculum model fulfills essential expectations of
modern science education, offering a coherent, experiential, and identity-centered framework aligned with global trends in biology
teaching. The convergence of perspectives between specialists and teachers validates the model’s theoretical robustness and practical
viability. Incorporating phenomenological identity enables deeper engagement, supports experiential comprehension, and fosters more
meaningful connections between learners and biological concepts. The model also addresses longstanding weaknesses reported in previous
research, including limited experiential learning opportunities, insufficient content coherence, and minimal integration of ethical and

environmental themes.

The emphasis on interdisciplinary content, experiential activities, reflective thinking, and flexible instructional methods positions this
model as a forward-looking approach capable of enhancing scientific understanding and preparing students for contemporary biological
challenges. Moreover, the validated structure supports evidence-based curriculum development and provides a practical blueprint for

olicymakers and ceking to modernize biology education. In conclusion, the model serves as a robust, applicable, and

improving secondary-school biology curricula through a meaningful and phenomenological lens.
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2.Content Validity
3.Cronbach Alpha
4.Directed Content Analysis
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