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Abstract

Purpose: The aim of this study was to design and validate a model for resolving educational
challenges in science instruction in Iraqi secondary schools with a focus on the student’s role.
Methodology: This research employed a qualitative approach using inductive content analysis.
Participants included science teachers, department heads, and textbook developers selected through
criterion-based purposive sampling. Data were collected through in-depth semi-structured
interviews and analyzed via open coding and category development. The interview process
continued until theoretical saturation was reached (23 participants).

Findings: Data analysis identified three major categories of student-related challenges: knowledge,
competence, and attitude. Corresponding strategies were extracted for each. Confirmatory factor
analysis of the proposed model revealed acceptable goodness-of-fit indices (RMSEA=0.066,
CFI=0.942, TLI=0.940, NFI=0.934, IFI=0.924), confirming the structural validity of the model.
Conclusion: The developed model serves as an effective framework for addressing science
education problems in secondary schools. By focusing on the active role of students and enhancing
cognitive, skill-based, and attitudinal components, it promotes deeper, more interactive, and
sustainable science learning.
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Detailed Abstract
Introduction

Science education, as a foundational pillar of modern pedagogy, plays a critical role in shaping learners’ analytical thinking, scientific
literacy, and technological adaptability. In many developing countries, particularly Iraq, persistent challenges in science instruction
continue to hinder effective learning. These challenges are rooted in both structural deficiencies and pedagogical limitations, where
traditional teacher-centered methods dominate and the student’s active role is largely overlooked. In the 21st century, students are
expected not only to absorb content but to engage in critical inquiry, apply scientific reasoning, and develop transferable problem-solving
skills (Saleh, 2019). However, in many educational systems, the alignment between curriculum objectives, teaching methods, and

student participation remains weak (Mohammadi & Soleimani, 2023).

Global research increasingly points to the need for models of science education that promote engagement through cognitive, behavioral,
and emotional dimensions (Zhang & Li, 2024). For example, Guan (Guan, 2024) highlights the importance of recognizing student-
driven challenges in group work and learning contexts. Likewise, studies underscore the role of attitudes, motivation, and self-regulation
in meaningful science learning (Jafari, 2024; Thornhill-Miller & et al., 2023). Particularly in resource-constrained environments,
factors such as limited access to digital tools, lack of teacher training, and outdated pedagogical materials exacerbate the problem (Alkaabi
et al., 2024; Kurata et al., 2024). Despite attempts to integrate technological innovations, such as augmented reality or Al-enhanced
instruction, many interventions fail to address the root cause: the marginalization of the student’s active agency in the learning process

(Tzoneva, 2024; Vargas-Murillo et al., 2023).

In response to this need, the present study aimed to design and validate a model for resolving science education challenges in Iraqi
secondary schools, specifically emphasizing the student's role. Drawing on qualitative insights from educators, curriculum developers,
and science coordinators, the research sought to understand the cognitive, behavioral, and attitudinal dimensions of student-related
educational difficulties. Grounded in an inductive content analysis approach, the model identifies targeted strategies across three
domains—knowledge, competence, and attitude—and proposes a framework for reforming science instruction from a student-centered

perspective.
Methods and Materials

The research was conducted using a qualitative methodology with an inductive content analysis approach. Participants were selected
through criterion-based purposive sampling and included science teachers, heads of science teaching groups, and authors of science
textbooks from various secondary schools in Iraq. A total of 23 individuals participated in the study. Data were collected using semi-
structured, in-depth interviews. The interview protocol included demographic questions and open-ended items related to the
participants’ experiences with science education challenges, particularly focusing on the student’s role. Data analysis involved open
coding, categorization, and abstraction into thematic components. Categories were later structured into a model, which was validated
using confirmatory factor analysis (CFA) to assess structural coherence and fit. The unit of analysis was the paragraph, and data saturation
was used to determine the sample size. Member checking and peer validation were employed to ensure the credibility and reliability of

the findings.
Findings

The content analysis revealed three core dimensions contributing to science education problems at the student level: knowledge,
competence, and attitude. Within the knowledge domain, nine subcomponents were identified, including reliance on pre-organizers, the
need for logical reasoning, fostering self-regulation, enhancing information synthesis, divergent thinking, daily retrieval of concepts,
accurate observation, risk-taking, and eliminating pseudoscientific beliefs. In the competence domain, issues such as low creativity, poor
comprehension, lack of practical engagement, weak tool-handling skills, poor study habits, low focus, learning anxiety, dependency on
teachers, visual-spatial deficiencies, and weak hypothesis formation were emphasized. Subcategories under attitude included a lack of
intrinsic motivation, disinterest in inquiry, low self-confidence, weak sense of responsibility, aversion to problem-solving, and limited

enjoyment of science learning.
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The confirmatory factor analysis of the proposed model demonstrated acceptable goodness-of-fit statistics: RMSEA = 0.066, CFI =
0.942, TLI = 0.940, NFI = 0.934, and IFI = 0.924. These indices confirm the structural integrity and conceptual validity of the model.
The finalized model, illustrated as a second-order factor structure, establishes a cohesive framework linking the identified components to

a unified student-centered reform strategy in science education.
Discussion and Conclusion

The findings of this study underscore the multifaceted nature of science education challenges and reaffirm the centrality of the student's
role in overcoming them. The triadic model—comprising knowledge, competence, and attitude—provides a comprehensive lens for
diagnosing and addressing educational deficiencies. The knowledge dimension points to a lack of cognitive scaffolding, where students
are not equipped with effective strategies for organizing, retrieving, and contextualizing information. The absence of pre-organizers and
metacognitive strategies diminishes students’ ability to integrate new knowledge with existing frameworks. This necessitates the design

of lessons that activate prior knowledge and embed explicit reasoning tasks.

The competence component reveals that many students struggle not only with content mastery but also with the procedural and functional
aspects of science. Their limited exposure to laboratory work, difficulty in handling tools, and inability to apply scientific methods reflect
a systemic underemphasis on experiential learning. Consequently, there is an urgent need to restructure science curricula to prioritize
hands-on, inquiry-based, and project-centered approaches. Moreover, teacher training must focus on cultivating student independence,

reducing passive instruction, and encouraging experimentation, even at the risk of failure.

Attitudinal deficits, as highlighted in the model, reflect deeper motivational and psychological barriers. Many students display aversion to
science learning due to fear of failure, lack of meaning in content, and minimal opportunities for self-expression. These findings call for
a transformation in the emotional and social environment of science classrooms. Teachers should cultivate a climate of psychological
safety, encourage collaborative learning, and validate students’ ideas through participatory pedagogy. Strengthening these affective

dimensions can foster a more resilient, motivated, and scientifically curious student population.

In conclusion, the proposed model offers a practical and empirically grounded framework for resolving science education challenges in
Iraqi secondary schools. By focusing on the student as the nexus of transformation, the model bridges pedagogical theory with classroom
reality. Implementing such a model demands systemic support, policy alignment, and professional development initiatives. If scaled and
contextualized properly, the framework could serve as a blueprint for educational reform not only in Iraq but in other regions facing

similar post-crisis educational reconstruction challenges.
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