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ABSTRACT

Background and Objectives: Textbooks, as one of the most important educational tools, play a significant
role in shaping students' knowledge and attitudes. Analyzing their contents for the purpose of examining
their conformity with educational standards and identifying their strengths and weaknesses is particularly
important. The aim of this research is to analyze the contents of the chemistry related chapters of the science
textbooks for elementary schools and junior high school based on Merrill’s educational model. Methods:
This study is applied in nature, and its research methodology is descriptive and of the content analysis type.
The statistical population includes the science textbooks for grades one to six of elementary school and
grades seven to nine of Iranian junior high school published in the years 2022-2023. Findings: The results
show that the proportion of the chemistry section in elementary school science textbooks is respectively
14% and 18% in junior high school textbooks out of their total pages. In elementary school, regarding the
thematic components, the most frequent components are primarily related to facts, followed by concepts,
then methods, and finally laws, with a greater emphasis on recalling in the performance section.
Conclusion: Similarly, in the junior high school, the thematic components, hierarchically ranked, are
concepts, facts, and methods, which appear almost equally, followed by laws (as for the elementary level).
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Extended Abstract

Introduction

This study analyzes Iranian elementary and middle school science textbooks, focusing on the
chemistry sections, using Merrill's instructional design model as the evaluative framework. The primary
aim is to assess the alignment of textbook content with Merrill's principles, which advocate effective
teaching methodologies, deep learning, and the cultivation of critical thinking skills. The research
identifies the strengths and weaknesses of the textbooks in terms of content organization, topic
distribution, and the cognitive performance levels expected from students. Additionally, it examines
whether the content adequately prepares students for higher education and real-world applications of
scientific knowledge.

Merrill's instructional design model emphasizes creating meaningful learning experiences that engage
students and promote long-term knowledge retention. The model categorizes content into four main
components: facts, concepts, procedures, and principles, and evaluates cognitive performance across three
levels: recall, application, and discovery/invention. By applying this model to textbook analysis, this
study provides insights into how well the current curriculum supports the development of essential
scientific skills and knowledge.

Methodology

This research adopts a descriptive content analysis approach, utilizing Merrill's instructional design
model as the primary evaluation framework. It examines the chemistry sections of science textbooks from
grades 1 to 9, focusing on the distribution of content across the four main components of Merrill's model:
facts, concepts, procedures, and principles. Additionally, it assesses cognitive performance levels
expected from students, categorized as recall, application, and discovery/invention.

Data collection was conducted using a checklist based on Merrill's model, allowing for a systematic
analysis of textbook content. This checklist was designed to capture the frequency and distribution of
each content component and cognitive performance level across different grade levels. The study employs
both qualitative and quantitative methods, with the qualitative aspect focusing on the thematic
organization of content and the quantitative aspect providing statistical insights into topic distribution and
cognitive tasks. Furthermore, the study examines longitudinal and cross-sectional relationships between
content in different grade levels to assess curriculum coherence and progression. This ensures that the
analysis captures not only the immediate content of each grade but also how the material builds upon
prior knowledge and prepares students for future learning.

Results and Discussion

The findings reveal several key insights into the structure and content of the science textbooks:

1. Chemistry’s Share in Science Textbooks:

e In primary school science textbooks, chemistry comprises 14% of the total content.

e In lower secondary school science textbooks, chemistry accounts for 18% of the total content.

e  Notably, fourth and fifth-grade textbooks lack dedicated chemistry lessons, instead embedding
chemistry-related topics within earth sciences and biology.

2.  Distribution of Content Types:

e  The majority of content consists of facts (94%) and concepts (94%).

e  Procedural knowledge (63%) is moderately present, while principles and laws (47%) receive less
emphasis.

. The focus on facts suggests a rote-learning approach, which may limit deep conceptual
understanding.

3. Levels of Student Engagement:

. The most common learning activity is recall (94%), followed by application (78%), with
discovery (47%) being the least emphasized.

e  The limited focus on discovery indicates that problem-solving and critical thinking skills are
underdeveloped.
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e  The progression from primary to lower secondary school shows a gradual shift toward
procedural knowledge and application, particularly in grades 7 to 9.

4.  Comparative Findings with Previous Studies:

e  The findings align with prior research that identified a strong emphasis on recall and application,
with minimal focus on discovery.

e  However, the research contradicts some studies that suggested a more balanced content
distribution.

The study highlights several notable patterns. Firstly, chemistry content prioritizes foundational
knowledge (facts and concepts) over procedural knowledge and application of principles. While this
approach helps establish a strong base, it may limit students' ability to engage in higher-order thinking
and problem-solving. In terms of cognitive performance, the textbooks overwhelmingly emphasize recall
and application, whereas discovery and invention—crucial for fostering creativity and innovation in
science—are less prioritized. This imbalance may hinder students' development of critical thinking and
scientific reasoning skills, which are essential for success in higher education and the workforce.

The study also identifies content distribution variations across grade levels. In elementary school, the
focus is primarily on facts and concepts, with limited emphasis on procedures and principles. As students
progress to middle school, there is an increased focus on procedural knowledge and principles, reflecting
a shift toward more complex scientific applications. However, the lack of discovery-based learning
remains a concern, as modern science education increasingly values creativity and hands-on inquiry. One
notable gap is the absence of dedicated chemistry sections in grades 4 and 5, which may hinder students’
understanding of complex chemistry concepts in later years. The study suggests that introducing
dedicated chemistry sections in early grades could help bridge this gap and ensure a more comprehensive
understanding of the subject.

Additionally, curriculum improvements could include:

e  Increasing procedural knowledge and higher-order thinking tasks.

e  Strengthening progression and coherence across grade levels to ensure knowledge builds
systematically.

e  Providing hands-on activities and inquiry-based learning to enhance discovery and problem-
solving skills.

Conclusions

The study concludes that while Iranian elementary and middle school science textbooks partially align
with Merrill's instructional design model, there is significant room for improvement, particularly in
procedural knowledge and higher-order thinking skills.

Key recommendations include:

e  Enhancing Discovery-Based Learning: Greater emphasis on inquiry-driven and problem-solving
tasks is needed.

e Introducing Dedicated Chemistry Sections in Grades 4 and 5: These sections would establish a
stronger foundation for chemistry learning.

e Improving Integration Across Subjects: Coordinating chemistry, physics, and mathematics
content could strengthen interdisciplinary connections.

e  Balancing Content Distribution: Reducing the over-reliance on recall-based learning and
increasing engagement with application and discovery.

While current textbooks provide a solid foundation in factual and conceptual knowledge, they do not
fully prepare students for modern scientific education’s demands. By addressing these gaps, curriculum
designers can create a more robust and effective science education program, better equipping students for
the challenges of the 21st century. Future research should explore newer instructional design models and
their impact on student learning outcomes. Incorporating modern pedagogical strategies, such as inquiry-
based learning and integrative STEM approaches, could significantly enhance students' engagement,
comprehension, and problem-solving abilities. This study provides valuable insights into the strengths
and weaknesses of Iran’s current science curriculum and offers practical recommendations for
improvement. Addressing the identified gaps and incorporating higher-order thinking skills will create a
more engaging and effective science education system that prepares students for scientific advancements
and real-world applications.
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