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In light of the challenges facing science education in Iran and the negative
outcomes reflected in international assessments such as TIMSS, the present
study aims to identify the prominent features of science curriculum design
based on big ideas through a review of selected studies. This study was
conducted using a qualitative approach, employing systematic review and
documentary content analysis methods. Initially, 1,221 scholarly documents
published between 2000 and 2024 were identified through databases such as
ERIC, Scopus, and Web of Science. Then, using specific criteria—including
topical relevance, incorporation of the big ideas concept, and scientific
credibility—30documents were selected for final analysis. The data were
coded through documentary content analysis using MaxQDA software.
Thematic findings derived inductively from the selected studies revealed
four key features of a big ideas-based curriculum: intra-disciplinary
organization and coherence of knowledge, interdisciplinary organization and
coherence, social application and impact, and dynamism and innovation in
learning. Based on the reviewed evidence, the study concludes by
recommending a revision of science textbook content and the experimental
implementation of the big ideas-based approach in schools.
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Extended Abstract

Introduction and Context The landscape of science education in Iran is marked by considerable
challenges, as persistently underscored by the nation's performance in international assessments such as the
Trends in International Mathematics and Science Study (TIMSS). Iranian students consistently demonstrate
significant difficulties, not merely in the foundational tier of 'knowing' factual information, but more
critically, in the advanced cognitive domains of 'applying' knowledge and 'scientific reasoning.' The
prevailing pedagogical framework, heavily reliant on a subject-centric curriculum model, is a primary
contributor to this predicament. This traditional model deconstructs scientific knowledge into a catalogue
of disconnected topics, resulting in a fragmented learning experience that lacks both vertical and horizontal
coherence. Consequently, students often struggle to perceive the interconnectedness of scientific concepts
or to transfer their learning to novel, real-world situations. In response to these systemic shortcomings, a
paradigm known as the "big ideas" approach has gained substantial traction within global educational
discourse. This approach posits that curricula should be organized around a limited suite of fundamental,
powerful, and explanatory concepts. These big ideas serve as conceptual lenses and connective frameworks,
enabling learners to make sense of a wide array of phenomena within a unified intellectual structure, thereby
moving beyond the superficial accumulation of disjointed facts.

Obijectives of the Study This research is driven by the urgent need to reimagine science education in
Iran. Its primary objective is to systematically identify and articulate the defining characteristics and
fundamental elements of a science curriculum that is architected upon the principle of big ideas. By
conducting a rigorous review of international scholarly literature, this study seeks to construct a robust and
coherent conceptual framework. This framework is intended to serve as a foundational blueprint for the
strategic revision and redesign of the intended science curriculum, specifically at the lower secondary
education level in Iran, with the ultimate aim of fostering deeper, more meaningful, and transferable
learning.

Methodology: A Systematic and Qualitative Inquiry To achieve its objectives, this study adopted a
gualitative research design, anchored in the methodology of systematic review and enhanced by
documentary content analysis. The research process meticulously adhered to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, ensuring transparency and
comprehensiveness at every stage. The procedure unfolded across four distinct phases:

Identification: An extensive and systematic search was conducted across three major international
databases: Web of Science, Scopus, and Google Scholar. The search strategy employed a Boolean
combination of keywords, including "core,” "key," "essential," "idea," "understanding," "concept,"
"guestion,” and "science." The temporal scope was set from 2000 to 2024, capturing the period during
which scholarly interest in big ideas in science education notably intensified. This initial search yielded a
total of 1,221 records.
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Screening: The retrieved records underwent a preliminary screening based on their titles and abstracts.
Studies that lacked a direct and explicit focus on big ideas within the context of science education were
excluded from further consideration.

Eligibility Assessment: The remaining full-text articles were subjected to a rigorous evaluation against
pre-established inclusion criteria. These criteria encompassed: (a) Methodological Quality: clarity of
research design, validity of analytical methods, and transparency of reporting; (b) Scientific Credibility of
Authors: research background, relevant scientific publications, and affiliation with reputable institutions;
(c) Journal Standing: indexing in authoritative databases (e.g., Scopus, WoS) and scientific credibility in
the field of science education; and (d) Article Innovativeness: contribution of novel approaches or findings,
avoiding mere repetition of prior studies.

Final Selection: Following this multi-stage filtration process, 30 studies were deemed to meet all
eligibility criteria and were selected for the final, in-depth analysis.

The data extracted from these 30 documents were coded and analyzed using MAXQDA software. A
thematic analysis approach was applied inductively, allowing key themes to emerge organically from the
data rather than being imposed by a pre-existing framework. This involved initial open coding of relevant
statements, followed by axial coding to group codes into categories, and finally, the selective coding to
identify overarching core themes.

Findings: The Four Pillars of a Big Ideas Curriculum The inductive thematic analysis of the selected
literature revealed four fundamental and interconnected characteristics that constitute the cornerstone of a
big ideas-based science curriculum:

Intra-disciplinary Organization and Coherence: This characteristic emphasizes the systematic
structuring of knowledge within individual scientific disciplines (e.g., biology, chemistry, physics, earth
science). It stands in direct opposition to the topic-centric presentation of isolated facts. Instead, big ideas
function as conceptual anchors that link fundamental concepts into an integrated and explanatory network.
This internal coherence allows students to develop a holistic understanding of disciplinary paradigms,
transforming their learning from rote memorization to meaningful conceptual comprehension. This finding
aligns with the work of scholars like Harlen (2015) and Perkins (2014), who argue that deep learning is a
consequence of networked understanding, not merely the accumulation of discrete information.

Inter-disciplinary Organization and Coherence: The second characteristic extends the principle of
coherence beyond the boundaries of a single discipline. It focuses on forging robust conceptual links
between the sciences and other domains of knowledge, such as technology, engineering, mathematics, and
the social sciences. This interdisciplinary perspective mirrors the complex, integrated nature of real-world
problems. By demonstrating how a big idea like "energy" or "systems" manifests across different fields, the
curriculum helps students appreciate the unity of knowledge and its relevance to their daily lives and
societal contexts. This approach effectively bridges the artificial gap between school science and the
external world.
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Social Application and Impact (Usefulness and Relevance): This dimension underscores the critical
importance of connecting scientific knowledge to authentic, real-life issues, societal challenges, and human
concerns (e.g., sustainability, public health, environmental conservation). A curriculum built on big ideas
is not an end in itself; it is a tool for empowering students to become informed citizens. By focusing on
concepts that have tangible implications for society and the environment, this characteristic enhances
student motivation, fosters a sense of responsibility, and cultivates the ability to use science for informed
decision-making and active social participation, as supported by the research of Holbrook & Rannikmée
(2009).

Dynamism and Innovation in Learning: The fourth characteristic redefines the very nature of the
learning process. It transitions the student's role from a passive recipient of information to an active,
inquisitive explorer. Big ideas naturally lend themselves to pedagogical strategies that are inquiry-based,
problem-centered, and collaborative. They create opportunities for questioning, investigation, critical
thinking, and creative problem-solving. This dynamic learning environment moves beyond the traditional
"transmission-reception” model, fostering the development of higher-order thinking skills and a lifelong
passion for learning, consistent with constructivist theories of learning and the principles of "Understanding
by Design" (Wiggins & McTighe, 2005).

From Theory to Practice: The 4x9 Curriculum Framework To translate these four conceptual
characteristics into a practical tool for curriculum designers, a subsequent comparative analytical phase was
undertaken. The findings were synthesized and structured using Klein's model, which delineates nine core
elements of any curriculum: (1) Aims and Obijectives, (2) Content, (3) Teaching-Learning Strategies, (4)
Instructional Materials and Resources, (5) Learning Activities, (6) Evaluation and Assessment, (7) Student
Grouping, (8) Time, and (9) Space. This synthesis resulted in the development of a comprehensive 4x9
matrix framework, illustrating how each of the four big ideas characteristics informs and shapes each of the
nine curricular elements.

For instance:

Aims and Objectives shift from listing discrete topics to focusing on the development of conceptual
competencies and cross-cutting understandings that promote both intra- and inter-disciplinary coherence.

Content is organized not as a sequence of chapters, but as a conceptual network revolving around the
big ideas, explicitly highlighting connections within and across disciplines.

Teaching-Learning Strategies are inherently collaborative, problem-based, and exploratory, designed to
foster dynamism and illustrate social application.

Assessment becomes process-oriented and performance-based, aiming to evaluate deep conceptual
understanding, the ability to reason scientifically, and the capacity to transfer knowledge to new situations,
rather than mere factual recall.

Time is allocated flexibly, allowing for deeper engagement with fundamental concepts and extended
interdisciplinary projects.

Space is organized to include specialized labs for disciplinary work and open, collaborative areas for
interdisciplinary projects, facilitated by technology-rich environments.
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The content validity of this derived framework was ensured through a process of expert judgment. The
initial list of elements was reviewed by several specialists in curriculum studies and content analysis, whose
feedback was incorporated to refine and finalize the framework.

Conclusion and Implications This systematic review conclusively demonstrates that a transition from a
subject-centric to a big ideas-based curriculum represents a strategic and necessary evolution for science
education in Iran. The identified framework, comprising the four foundational characteristics and their
practical instantiation through Klein's nine elements, provides a coherent and actionable roadmap for
addressing the profound challenges of conceptual disarray, limited transferability, and diminished student
engagement plaguing the current system.

The successful implementation of this paradigm shift is contingent upon several critical factors: the
development of a shared understanding among all stakeholders, robust institutional support from
policymakers, and comprehensive, ongoing professional development for teachers to equip them with the
necessary conceptual and pedagogical tools. Furthermore, the implementation must be sensitive to the local
cultural and educational context of Iran; it is not a matter of simple transplantation but of thoughtful
adaptation.

The study concludes with several recommendations for future research and practice, including:
conducting experimental studies to evaluate the impact of this approach on student outcomes in national
and international assessments; exploring the processes and challenges of teacher professional development
for this new paradigm; undertaking international comparative studies with countries successfully
implementing big ideas (e.g., Finland, Singapore); and designing new models of assessment capable of
validly measuring the deep conceptual understanding and critical thinking that this approach fosters. If
pursued systematically and contextually, the big ideas approach holds the potential to not only revitalize
science content but to catalyze a cultural transformation in learning, teaching, and assessment within the
Iranian educational system, ultimately nurturing a generation of informed, creative, and responsible
citizens.

Keywords: Science Curriculum, Big Ideas, Systematic Review, Curriculum Design, Iran, Intra-
disciplinary Coherence, Inter-disciplinary Coherence, Social Application, Dynamic Learning, Klein's
Model.
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