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nurturing it. Analyzing textbooks enables us to evaluate the current landscape and develop
programs to enhance learning quality. This study aims to assess how well the 11th-grade
chemistry textbook incorporates originality, fluency, and flexibility as components of
creativity development. Materials and Methods: This research is a descriptive survey
employing quantitative content analysis, focusing on the 11th-grade chemistry textbook
published in 2022. The study sample was identical to the statistical population. To evaluate
the content, a form designed by researchers was developed based on originality, fluency, and
flexibility. Subject matter experts, curriculum specialists, and chemistry educators reviewed
its formal and content validity, finding it acceptable. Holsti’s correlation coefficient was used
to assess reliability obtaining a reliability level of 0.78. Findings: The focus on the indicators
of originality, fluency, and flexibility throughout the book was 0.77%, 93.1%, and 0.8%,
How to Cite: Norouzi, S., Rashtizadeh, E., & respectively. The current textbook’s neglect of creativity components highlights its weakness
in developing essential skills. Conclusion: Given the importance of this skill for addressing
future issues and challenges, it is recommended to review and give special attention to the
contexts for nurturing and developing it in the 11th-grade textbook.
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Extended Abstract

Introduction

Given the evolving role of education, schools have become a platform for nurturing students’ talents, and it is essential to
prioritize fostering creativity and innovation in educational and curricular programs. Creativity, defined as the ability to produce
something new from nothing (Pllana, 2019), is one of the most critical cognitive abilities of human beings (Kaplan, 2019) and
represents the highest level of learning (Yang & Mao, 2007). Although creativity is influenced by individual factors such as
cognitive style (Deng et al., 2016), interests, and perspectives (Lee et al., 2022), the role of textbooks, particularly chemistry
textbooks, cannot be overlooked. Therefore, it is crucial to examine current textbooks to assess their alignment with fostering
creativity.

Creativity increases when individuals employ innovation and initiative to solve problems or achieve goals. Some researchers
have included various dimensions and characteristics in their definitions of creativity, such as uniqueness, applicability,
usefulness, and innovativeness (Runco & Jaeger, 2012). Guilford (1950, cited in Seif, 2023) identified creativity through
various criteria, the most important of which are Flexibility, Fluency, and Originality. Flexibility enables individuals to
approach problems from multiple, even opposing, angles. Fluency focuses on the speed and volume of ideas generated, while
Originality emphasizes the novelty of ideas, ensuring they are innovative and outside conventional frameworks (Guilford,
1966).

In Iran, textbooks are among the primary educational media and references, which can, therefore, play a decisive role in
developing students’ creative skills. Given the importance of textbooks and their impact, a precise and scientific analysis of
curricular content becomes essential. Several studies have examined curricular content from the perspective of fostering
creativity. For example, Hosseini et al. (2020), through content analysis of the 12th-grade chemistry textbook, concluded that
the existing content does not provide sufficient mental engagement for students to foster creativity. Rokhsafid & Ameri (2019)
demonstrated that the 12th-grade chemistry textbook overemphasizes convergent thinking. Bayat and Mousavi (2020), in their
analysis of the second chapter of the 11th-grade chemistry textbook, noted that the current book pays little attention to fostering
divergent and creative thinking. Amani (2020), through content analysis of the 10th-grade chemistry textbook, revealed that
the main text is passive and lacks a suitable environment for nurturing innovation. Taee et al. (2020) reached similar conclusions
regarding three chapters of the 10th-grade textbook. However, Oli et al. (2023) found contrasting results in their analysis of the
10th-grade Chemistry (1) textbook. Therefore, the present study aims to examine the current state of one of senior high school
chemistry textbooks (11th grade) based on the three criteria of Fluency, Flexibility, and Originality. This examination will
identify areas requiring improvement through a detailed analysis. Thus, the current research seeks to answer the following
questions:

1. To what extent does the content of the 11th-grade chemistry textbook (text, activities, assignments, questions, images,
and tables) align with the element of Originality in Guilford’s creativity model?
2. To what extent does the content of the 11th-grade chemistry textbook (text, activities, assignments, questions, images,
and tables) align with the element of Fluency in Guilford’s creativity model?
3. To what extent does the content of the 11th-grade chemistry textbook (text, activities, assignments, questions, images,
and tables) align with the element of Flexibility in Guilford’s creativity model?
As mentioned above, existing studies have primarily focused on the 10th and 12th-grade chemistry textbooks, with only

one study (Bayat & Mousavi, 2020) examining the level of creativity in one chapter of the 11th-grade textbook. The data from
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this study can fill the gap in the chemistry textbooks of the second-grade high school. Moreover, by conducting an in-depth
and comprehensive analysis of the 11th-grade chemistry textbook, this research not only highlights the strengths and
weaknesses of the textbook in terms of fostering creativity but also contributes to improving curricular content revisions,
emphasizing divergent and generative thinking. Ultimately, this will enhance motivation and help cultivate thriving learners.
Methodology
This research is of a descriptive survey type and, in terms of purpose, it is applied. It was conducted using the quantitative
content analysis method. The statistical population of this study is the Chemistry 2 textbook for the 11th grade in the academic
year 2021-2022, and the statistical sample includes the entire book (three chapters), comprising text, activities, assignments,
questions, images, and tables. The tool used was a researcher-made content analysis form, based on operational definitions
derived from the criteria of Originality, Flexibility, and Fluency in Guilford’'s creativity model. To assess face validity and
content validity, the designed tool was reviewed by two chemistry education and curriculum specialists and two high school
chemistry teachers with Master's and Ph.D. degrees, and their suggestions were incorporated. To evaluate the reliability of the
designed tool, Holsti’s reliability formula was used. An agreement coefficient of 0.78 was obtained, indicating inter-coder
reliability. In this study, content is considered to meet the criterion of Originality if it fulfills the following two conditions:
1. The idea or concept has not been presented in previous sections of the book or past academic years.
2. The proposed idea stimulates deep thinking in the reader, leading to the generation of innovative and new ideas in the
student’s mind. These ideas may not be novel or new for teachers or subject experts, but they are fresh and creative for

students at that grade level.

Content is considered to meet the criterion of Fluency in this study if it encourages students to propose at least three
thoughts, methods, or solutions.
Content is considered to meet the criterion of Flexibility in this study if it fulfills at least one of the following three
conditions:
1. It provides a platform for establishing unexpected connections between different concepts.
2. It offers a platform for expressing ideas, thoughts, or solutions using different terminologies or approaches.
3. It provides a platform for observing, presenting examples, or proving a concept from at least two different
perspectives.
The content of the book was divided into three sections: texts, questions, and images. Additionally, each paragraph of
the textbook was considered equivalent to one textual unit. The content presented in the ‘“Test Yourself” and ‘Let’s Think
Together’ sections was categorized under the question set, and tables were included in the image set. Subsequently, the analysis

units were examined.

Results and Discussion
1. To what extent does the content of the 11th-grade chemistry textbook (text, activities, assignments, questions, images,
and tables) align with the element of Originality in Guilford's creativity model?
From the total of 249 analyzed texts, 8 cases (3.21%) demonstrate Originality. Out of 221 questions, 2 cases (0.9%)
exhibit Originality, and out of 150 images in the textbook, 1 case (0.66%) aligns with this criterion. The highest percentage of
Originality within the eleventh-grade Chemistry textbook is found in the text of Chapter One (3.48%). No instances related to

Originality were identified in the questions of Chapter Three or the images of Chapters Two and Three. Generally, out of the
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620 opportunities provided in the textbook, only 11 instances (1.77%) offer the opportunity to foster the component of
Originality.

2. To what extent does the content of the 11th-grade chemistry textbook (text, activities, assignments, questions, images,

and tables) align with the element of Fluency in Guilford's creativity model?

Regarding Fluency, from among the 249 analyzed texts, 7 cases (2.81%) meet this criterion. Out of the 221 questions, 4
cases (1.8%) demonstrate Fluency, while out of the 150 images in the textbook, only 1 case (0.66%) aligns with this component.
The highest percentage of Fluency is observed in the text of Chapter Three (3.44%). However, no cases related to Fluency are
evident in the images of Chapters One and Three. Out of the 620 opportunities in the textbook, 12 instances (1.93%) provide
chances for fostering Fluency.

3. To what extent does the content of the 11th-grade chemistry textbook (text, activities, assignments, questions, images,

and tables) align with the element of Flexibility in Guilford's creativity model?

Regarding Flexibility, out of the 249 analyzed texts, 2 cases (0.8%) align with this component. From among the 221
questions, 3 cases (1.35%) relate to Flexibility, while none of the 150 images in the textbook reflect this criterion. The highest
percentage of Flexibility appears in the questions of Chapter Three (2.12%). No instances related to Flexibility are present in
the text of Chapter Three or the images of Chapters One, Two, and Three. On average, attention to the component of Flexibility
in the entire text is 0.8%, in questions 1.35%, and in images 0%. Out of the 620 opportunities in the textbook, only 5 instances
(0.81%) provide a chance for fostering Flexibility.

Conclusions

The findings of this study indicate the lack of attention paid to the components of creativity in the Chemistry textbook for
the eleventh grade, revealing the current textbook's weakness in fostering creativity skills from Guilford's perspective. These
findings align with data from internal studies, such as Hoseini et al. (2020), Rokhsafid and Ameri (2019), Bayat & Mousavi
(2020), Nouri and Amani (2020), and Taei et al. (2020). Still, they are inconsistent with findings from Oli et al. (2023).

The inconsistency of the results of this study with the research above may stem from differences in the operational definitions
related to the components of Originality, Fluency, and Flexibility used in the respective studies. Moreover, the current study
explored to what extent the textbook content provides a foundation for fostering Originality, Fluency, and Flexibility among
students. In contrast, previous studies only assessed the extent to which the existing content inherently possesses these criteria.
For example, in prior studies, if a paragraph presented a topic using a different language or employed various writing structures,
it was considered to possess a certain level of Flexibility. However, in this study, with its specific focus, the conditions
facilitating these skills were emphasized. Therefore, analytical units were credited with Flexibility if they provided
opportunities to foster this criterion.

Adhering to the criterion of Originality enables opportunities for students to present innovative ideas. Based on the findings,
it is suggested that the provided content should allocate more focus on promoting students' novel and creative ideas. Guilford’s
Fluency component focuses on generating multiple solutions. One recommended method for fostering creativity is encouraging
the generation of various solutions regardless of their initial efficiency or practicality. Furthermore, when students encounter
topics with multiple solutions, they not only familiarize themselves with diverse perspectives and benefit from them but also
realize that there can be multiple correct answers for certain topics in life. Hence, such an educational approach can serve to
distance students from a dogmatic outlook. Simultaneously, such topics can foster critical thinking. When students face multiple
answers, they are provided with opportunities for evaluation, assessment, selection of the best solution, and even optimization.

In the Flexibility component, apart from Fluency, where the variety of ideas matters, different and sometimes opposing

perspectives must also be considered. In contrast, in the Fluency component, all ideas can align in a single trajectory.
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Consequently, cognitively, identifying ideas characterized by Flexibility is considered a more complex activity compared to
ideas characterized by Fluency. The analysis of the eleventh-grade textbook's attention to Originality, Fluency, and Flexibility
demonstrates that a small portion of its content is dedicated to fostering opportunities for creative development. To enhance
creativity in the eleventh-grade Chemistry textbook and others, open-ended and divergent problems can be employed.
Additionally, incorporating realistic scenarios, such as environmental or industrial challenges requiring Flexibility in thinking,
helps students apply chemical concepts in diverse situations. Moreover, designing interdisciplinary projects that combine
Chemistry, Physics, Biology, Art, etc., provides another form of learning environment conducive to developing creativity.
Finally, strategies such as role-playing, utilizing innovative educational models, creating handmade projects, and employing

active teaching methods are recommended for fostering creativity skills.
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