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Abstract:

Background and Objective: The STEM approach, as a new method, emphasizes the
simultaneous teaching of science, technology, engineering, and mathematics. The most
complete type of STEM, called integrated STEM, attempts to establish a framework in which
students experience solving real-world problems using science, technology, engineering, and
mathematics. The main manifestation of STEM in elementary school textbooks can be seen in
science textbooks. Science is the only book that provides the conditions for the growth of
students’ scientific capabilities and can be a vehicle for implementing the STEM method.
Materials and Methods: Using the content analysis method, the present article studied all the
headings of the science textbooks for the six elementary-level school grades. In this study, the
extent of the influence of the STEM approach in the aforementioned books including nearly
900 course titles was examined. The extent to which science textbooks focus on the four
STEM areas, as well as art and social studies, separately and as an integrated STEM is
examined in this article. Findings: The results of this study show that although the complete
and desirable form of integrated STEM has not been implemented in empirical science
textbooks, the headings of empirical science textbooks do have a look at STEM fields,
especially engineering. Conclusion: Although this look can be a bright spot at the outset, from
the perspective of the integrated STEM approach, there is still a long way to go toward
development and excellence.
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Extended Abstract

Introduction

Textbooks, as the most important educational resource in Iranian schools, particularly in the subject of Experimental
Sciences, play a crucial role in achieving educational objectives. These textbooks should address all branches of experimental
sciences including biology, physics, chemistry, and other related sciences in a balanced manner, aiding in the development of
students’ conceptual models. Experiential learning in Experimental Sciences can enhance comprehension and retention of
material, making the presentation of content in these textbooks critically important. With advancements in technology, attention
to the application of science has become essential, as the demand for engineers and managers with practical skills exceeds that
of theoretical scientists. The STEM (Science, Technology, Engineering, and Mathematics) approach, as an innovative
educational method, promotes challenging students to solve real-world problems and aids in teaching problem-solving and
critical thinking skills. The history of the STEM , as an educational method, dates back to the origins of science, but it was
formally introduced in 1990 by the National Science Foundation in the United States. Since then, this approach has garnered
significant attention, with the number of related articles increasing more than thirtyfold from 2009 to 2022. Several researchers
have examined the expansion of STEM, categorizing the challenges of teaching this approach into six areas: teacher-related
issues, student-related issues, pedagogical challenges, curriculum challenges, structural challenges, and assessment issues. In
recent years, considerable efforts have been made to implement STEM in school curricula. Designing curricula that align with
STEM-based education has emerged as one of the main challenges addressed in the literature. Some researchers have developed
tools for teachers to facilitate the implementation of STEM, and multiple activities have been designed to teach STEM concepts
to students. Additionally, studies have been conducted in Iran to design educational content based on the STEM approach,
emphasizing the role of teachers in the successful implementation of this method. Textbooks, especially the Experimental
Science textbooks in elementary education, are vital in achieving educational goals and can significantly contribute to shaping
students’ thinking and conceptual models. However, many of these textbooks continue to emphasize theoretical content while
neglecting practical and applied education, which can lead to a decline in learning quality. Given the technological
advancements and the need for practical skills, innovative educational approaches such as STEM are essential. This research
aims to examine the extent of the STEM-based approach’s influence in Experimental Science textbooks and identify existing
challenges and opportunities. The goal is to provide strategies for enhancing the curriculum with the STEM approach and
improving the quality of education in schools. This research can support the development of educational content and enhance
the teaching and learning process, serving as a foundation for increasing attention to engineering and mathematics disciplines
in Iran.

The purpose of this study is to analyze the extent of integration of the STEM (Science, Technology, Engineering, and
Mathematics) areas, along with integrated STEM, in the latest editions of elementary-level Experimental Science textbooks for
grades one to six in Iran. This research will identify and evaluate the attention given to each of the four main components of
STEM, as well as art as a fifth component (STEAM) and social sciences as a sixth component (STEMs) within the curriculum,
examining the integration of these components.

Considering the importance of textbooks as the primary educational resource in schools and their key role in shaping
students’ thinking and conceptual models, this research seeks to provide the necessary data and analyses to enhance educational

content and improve the quality of Experimental Science education in line with future educational policies. Furthermore, this

Yo




Research in Chemistry Education, Volume 8, Issue 1

\\td

research could serve as a basis for researchers and curriculum developers to pay more attention to the STEM approach and
improve the teaching and learning process in schools.

Therefore, the main question guiding this research is: Are the Experimental Science textbooks developed based on integrated
STEM? To what extent is each of the various STEM fields considered in the Elementary Experimental Science textbooks?

Methodology

This research is applied in nature, aiming to develop the content of elementary-level Experimental Science textbooks to
cultivate technologically adept students. The study seeks to identify and analyze the extent of the influence of the STEM
(Science, Technology, Engineering, Mathematics, Art, and Social Sciences) approach in the educational content of
Experimental Science textbooks. The statistical population of this research includes all versions of the Experimental Science
textbooks for the year 1403 across all elementary-level grades (grades one to six). To gather information, a content analysis
method has been employed. The units of study and analysis consist of the learning units and content present in the Experimental
Science textbooks for grades one to six. In this research, the content of the elementary Experimental Science textbooks has
been examined and analyzed based on the criteria of the STEM approach. The data obtained from the content analysis are
presented in the form of tables and charts. This data includes the number of titles related to each of the STEM areas (Science,
Technology, Engineering, Mathematics, Art, and Social Sciences) as well as an evaluation of the existence of an integrated
STEM approach in the curriculum content. The results obtained from the content analysis are thoroughly examined, leading to
a discussion regarding the extent of the influence of the STEM approach in the chapters of the Experimental Science textbooks
and comparing it with the integrated STEM approach.

Results and Discussion

A total of 894 titles related to each of the STEM areas were listed, categorized by different subjects in the Experimental
Science textbooks for grades one to six. Each of the mentioned titles encompasses one or more areas from the subjects of
Science, Technology, Engineering, Mathematics, Art, and Social Sciences. Given that some topics in the textbooks
simultaneously address two or more areas of Science, Technology, Engineering, Mathematics, Art, and Social Sciences, this
study also extracted the number of instances that exclusively focus on one area. This approach helps us evaluate more accurately
the extent to which each area is emphasized in the Experimental Science textbooks. Furthermore, the greater the number of
combined instances compared to singular instances, the closer we will be to the concepts of integrated STEM. Table 1 illustrates
the number of each of these areas that appear individually within a topic.

Table 1- The individual count of each area across the total of six textbooks.

Social Science Art Mathematics Engineering Technology Science

19 4 0 42 7 547

The results indicate that the primary focus of the Experimental Science textbooks across the six grades is on the field of
science. However, Engineering has not been overlooked by the textbook designers, with a significant number of course topics
(42 titles) specifically targeting Engineering discussions. In contrast, Technology has received very little attention. According
to the statistics presented in Table 1, Mathematics was not a focus for the curriculum developers. Additionally, the number of
titles we identified as integrated STEM—representing the ultimate goal of the STEM approach—is only 11 across all six
elementary science textbooks. This leads us to conclude that while Engineering enjoys a special status in the elementary-level
Experimental Science textbooks, STEM as a cohesive whole has not been the objective of the designers. Notably, there were
no instances of integrated STEM observed in grades three and four. Furthermore, based on this research, most Engineering

topics mentioned in the Experimental Science textbooks lack substantial strength. Nonetheless, the focus on Engineering topics
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in the Experimental Science textbook is commendable, as 158 titles address Engineering, with 42 titles exclusively dedicated
to it. This can be considered a significant step towards the implementation of STEM in the curriculum. However, the strong
emphasis of textbook designers on science indicates that STEM is not their goal, and the centrality of science remains
unquestioned by them. The total number of course titles listed in the second three-year period shows a significant leap compared
to the first three years. However, the ratio of each of the subjects—Science, Technology, Engineering, Mathematics, Art, Social
Sciences, and integrated STEM—does not show a meaningful trend. Here, we will review the highest and lowest percentages
of each of the mentioned areas: Science constitutes 63% of the titles in the first year, 61% in the second grade, 79% in the third
grade, 80% in the fourth grade, 75% in the fifth grade, and 71% in the sixth grade. The lowest percentage of science was
observed in the second grade, while the highest percentage was recorded for the fourth grade. Similarly, for Technology, the
highest percentage was found in the first grade, while the lowest percentage belonged to the fifth grade. The differences in the
discussed topics across various grades may relate to the scientific quality of the subjects. Although this point has not been
examined, it seems evident to the authors of this paper. Nevertheless, a more detailed and scientific investigation could be one
of the topics for future research in this area. The highest number of Engineering-related titles was observed in the second grade,
while the lowest was in the fourth grade. Mathematics was not observed at all in the third and fourth grades, while it had the
highest percentage in the second grade. Art had the highest percentage in the fifth grade and the lowest in the third grade.
Attention to social or historical issues had the highest percentage in the first grade and the lowest (zero) in the fourth grade.
Therefore, no specific trend can be observed in this regard, and it appears that the textbook developer lacked a coherent policy
and planned objective in this area. Figure 1 presents a quantitative comparison of the number of each of the STEM areas listed

in the titles of the science textbooks from grades one to six.
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Figure 1- Quantitative Comparison of Titles in Different STEM Areas in the Experimental Science Textbooks for
Grades One to Six.

Figure 1 shows that across all grades, the Experimental Science textbooks predominantly focus on the field of science, with
Engineering following in importance. The presence of the Technology area in the first and sixth-grade science books is more
pronounced compared to other grades. Additionally, Mathematics plays a more significant role in the second-grade science
curriculum than in other grades. Although instances of integrated STEM were not found in large numbers within the science
textbooks, we present here the cases where a topic or lesson title addresses three or more STEM areas (Science, Technology,
Engineering, Mathematics, Art, and Social Sciences) as a manifestation (albeit sometimes faint) of integrated STEM. It is
observed that a total of 27 titles simultaneously encompass at least three areas of STEM. This number, out of approximately
900 titles listed, is quite small (equivalent to 3%) and indicates that integrated teaching of STEM areas has not been considered
in the Experimental Science textbooks for elementary education.

Conclusions
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The study emphasizes the importance of teaching science in a way that fosters critical thinking, problem-solving, and
informed decision-making skills essential for students’ education and future careers. It analyzes the content of Experimental
Science textbooks for grades one to six through the lens of the STEM approach. Key findings include:

o A total of 894 titles were identified in the textbooks, primarily focusing on science.

e Engineering is addressed in 42 titles, but technology is given considerably less attention, and mathematics is largely
absent from the curriculum.

e Only 11 titles incorporate integrated STEM, indicating that textbook designers have not treated STEM as an
interconnected framework, especially in grades three and four, where no integrated STEM titles were found.

e Despite an increase in the number of subjects over the years, the ratio of focus among topics remains static and lacks
significance.

e There is a lack of coherent policy regarding social and historical content in the science textbooks.

The research advocates for better integration of STEM disciplines to enhance interdisciplinary thinking and suggests that
educational planners and textbook authors should prioritize this aspect. While the current textbooks show a strong focus on
science, the integration of STEM has not been a primary goal. The authors maintain a relatively optimistic view of the textbooks
but conclude that they do not align with the intended framework of integrated STEM. The study serves as a foundation for
future improvements in educational content and recommends further investigation into the scientific quality of topics and their

impact on student learning, highlighting the need for both quantitative and qualitative analyses in future research.
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