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ABSTRACT: Higher education plays a strategic role in developing the intellectual life of the nation and is part of the national
education system. Chemistry learning should not only focus on mastering concepts but also on students' ability to apply these
concepts in real-world contexts through problem-solving skills to meet the challenges of the 21st century. This research aims to
develop a case-based learning-oriented textbook that can train prospective teacher students' chemistry problem-solving skills. This
research method used Research and Development (R&D) as proposed by Borg and Gall, limited to the development stage. Data
collection used non-test techniques, seeking validation from three subject matter and pedagogical experts. Quantitative descriptive
statistics were used for data analysis. The validity test results showed that the case-based learning-oriented textbook was valid, with
an Aiken validity index of 0.87 (high validity). Furthermore, the textbook can be used as a means to facilitate student learning
activities in case-based learning to train prospective teacher students' chemistry problem-solving skills, so that the function of this
textbook can be maximized.
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INTRODUCTION

One of the essential 21st-century competencies that prospective chemistry teachers must possess is problem-solving skills [1].
However, several studies show that prospective chemistry teacher students in Indonesia still experience difficulties in understanding
and applying chemical concepts in contextual situations that require analytical and solution-oriented thinking [2][3]. This condition
is a serious challenge because teachers have a crucial role in developing students' problem-solving skills [4].

Various previous studies have developed contextual problem-based teaching materials which have been proven to improve students'
conceptual understanding and active participation in chemistry learning [5][6][7]. However, case-based learning as a pedagogical
model for developing chemistry textbooks for chemistry education students remains underexplored. Available textbooks tend to be
theoretical and do not provide sufficient space for practicing problem-solving skills based on real-world problems in chemistry
education [8][9].

Student-centered education demands a collaborative, problem-solving approach that presents contextual experiences through case-
based learning. This learning encourages students to actively engage and independently construct their understanding based on
constructivist principles [10]. Prospective chemistry teacher students are presented with a case study based on a real-life problem.
They can analyze the solution to the problem retrospectively (by studying existing solutions) or interactively (by trying to solve it
themselves) [11]. Prospective chemistry teachers students can practice their thinking skills through case-based learning. Cases are
closely related to problems, so that prospective chemistry teacher students can improve their problem-solving skills. The steps in
CBL activities are as follows [12]: (1) determining cases that are appropriate to the material, (2) analyzing cases, which begins with
optimizing prospective chemistry teacher students' initial knowledge in formulating problems, (3) independently finding
information, data, and literature, (4) determining steps to solve the case, and (5) creating solutions to the problem.

This gap indicates an urgent need to develop a case-based learning-oriented textbook that not only conveys material conceptually
but also presents real-world problems that stimulate higher-order thinking and problem-solving skills. These textbooks can bridge
the gap between theory and practice and enhance the readiness of prospective chemistry teachers to face the complexities of the
teaching profession in the future [13][14]. This case-based learning-oriented chemistry textbook is designed to be contextual,
interactive, and applicable. It presents cases relevant to chemistry, enabling prospective chemistry teacher students to learn not only
theoretically but also to develop solutions to real-world problems using chemical concepts logically and systematically.
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Based on these root problems, this study aims to develop a chemistry textbook oriented towards case-based learning that meets
validity criteria and can be used to train problem-solving skills on the material of factors that influence reaction rates. Product
validity is assessed based on the criteria of content validity, construct validity, presentation validity, language validity, graphic
validity, suitability to case-based learning, and suitability to problem-solving skills.

METHODS

This research design applies the Research and Development (R&D) framework proposed by Borg and Gall [15]. In general, this
method is a systematic approach to studying, designing, producing, and evaluating the feasibility of a product [16]. The product
developed in this study is a valid, case-based learning-oriented textbook. The Borg & Gall design in this study is simplified into
three research stages: preliminary study, development, and testing. This research is limited to the development stage.

In the preliminary study stage, the aim is to conduct an analysis of concepts and theories related to the textbook being developed,
prospective chemistry teacher student characteristics, as well as a field survey aimed at identifying prospective chemistry teacher
students' initial chemistry problem-solving skills, which are investigated through tests.

In the development stage, an initial draft of a case-based learning-oriented textbook was prepared based on the results of a literature
study and field survey. The selection of formats, media, references, and the initial design of the textbook were the main activities at
this stage. The successfully developed textbook was then validated theoretically (construction and content), namely by requesting
input and assessment from three experts in the field of chemistry and chemistry education. For assessment purposes, experts prepared
validation instruments to assess and provide input on the developed textbook. Based on input from the experts, the researcher revised
the draft of the textbook.

Analysis of the validity of case-based learning-oriented textbooks using the Aiken validity index with the following formula [17].

xS
n(C—-1)
where:
S =R — L, (Ris the score given by the rater, and Lo is the lowest rating score)
V = Aiken’s index
C = The number of answer choice categories available.
n = the number of experts (raters)

V=

If the Aiken index is greater than 0.8, it is considered high; an Aiken index between 0.4 and 0.8 is considered moderate; and if it is
less than 0.4, the validity is considered low.

The collected data were then analyzed using quantitative descriptive statistics techniques, which are methods used to systematically
describe data in the form of numbers, graphs, tables, and narratives.

RESULTS AND DISCUSSION
This research applies the Borg and Gall stages of R&D, namely preliminary study, development, and testing. However, this research
only reached the development stage.

A. Preliminary Study

The series of analyses carried out in the preliminary study stage includes analysis of concepts and theories related to the textbook
being developed, prospective chemistry teacher students' characteristics, and field surveys.

The analysis of chemical material concepts was conducted by identifying the main concepts in the basic chemistry course that will
be developed in the textbook, namely, the material on factors that influence reaction rates. Meanwhile, the analysis of educational
theory was conducted by reviewing theories related to case-based learning and problem-solving skills as learning models and
thinking skills applied in learning. The results of the analysis of chemical material concepts that are in accordance with case-based
learning oriented learning for the Basic Chemistry course refer to the lesson plan document developed based on learning outcomes
by carrying out the achievement of the vision and mission of the study program.
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In this stage, the researcher examined the characteristics of prospective chemistry teacher students, including their background
knowledge and the development of their cognitive abilities. The prospective chemistry teacher students who served as the research
data sources were first-semester students of the Chemistry Education undergraduate program, Faculty of Mathematics and Natural
Sciences, Universitas Negeri Surabaya. The formal operational development stage is achieved by children aged 11 years to
adulthood, based on Piaget's cognitive development theory [18]. At the formal operational stage, individuals begin to be able to:
(1) think abstractly, namely understanding concepts that are not directly related to physical objects, (2) perform hypothetical and
deductive reasoning, such as solving problems through logic and mental experiments, and (3) predict the outcomes of complex
situations. Based on this, at this stage children are able to think abstractly and can solve problems. From the results of field
observations, prospective chemistry teacher students in the first semester are generally 18 years old and above, so students can think
formally to solve problems. But in reality, each child experiences cognitive development at a different speed. Therefore, not all
prospective chemistry teacher students at that age are able to think completely abstractly. Therefore, the textbook oriented towards
case-based learning that was developed is equipped with pictures and illustrations that can help prospective chemistry teacher
students in learning a material.

Regarding the initial problem-solving skills profile of prospective chemistry teacher students, several important things have been
discovered, namely: (1) prospective chemistry teacher students' problem-solving thinking skills are still low. The majority of
students never determine learning objectives, plan problem-solving strategies, check the implementation of task completion, and re-
check answers related to the results of task completion; (2) students' ability to understand problems in order to master material
concepts is still low; (3) there are still many concepts in the material on factors that influence reaction rates that are difficult for
prospective chemistry teacher students to understand, namely: solution concentration, surface area of contact, and catalysts.

From the results of the literature study and field survey, an initial draft (prototype) of a textbook oriented towards case-based learning
was prepared. The selection of the prototype format and model, media selection, and initial design of the textbook are important
activities at this stage.

B. Development

This research produces a case-based learning-oriented textbook to train chemical problem-solving skills on the material of factors
that influence reaction rates. The design of a case-based learning-oriented textbook in this research is presented including a title
page, foreword, table of contents, and five chapters matter, namely: Chapter 1 Introduction, Chapter 2 Case-based learning, Chapter
3 Problem-solving skills, Chapter 4 The relationship between case-based learning and problem-solving skills, Chapter 5 includes
worksheets to provide examples of the application of case-based learning in training problem-solving skills and a bibliography [19].
A case-based learning-oriented textbook to train problem-solving skills is a textbook compiled in an effort to enrich, add, or deepen
the curriculum content [20]. The following is the cover of the textbook.

Strategi Melatihkan xmumpiun Pmc;nm Masalah

PEMBELAJARAN KIMIA
BERBASIS CASE BASED LEARNING

STRATEGI MELATIHKAN KETFRAMPILAN PEMECAIIAN
MASALAH

Figure 1. Cover of Texbook
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Bab 1 FAKTOR-FAKTOR YANG MEMPENGARUHI LAJU
PENDAHULUAN REAKSI

Lintuk memahani materi i, kerjakan kegiatan-Kegiatan berikut,

Memahami Masalah

m

Figure 2. Introduction and Student Worksheet

The development of the textbook, especially in Chapter 5 related to the example of Student Worksheets based on Case Based
Learning, follows the steps of the CBL model learning activities [12], namely (1) determining cases that reflect real problems and
complexity, thus enabling students to explore various aspects and perspectives in problem solving; (2) analyzing cases, optimizing
students' initial knowledge in formulating problems and hypotheses; (3) independently finding information, data, and literature, for
material exploration; (4) determining steps to resolve the case by determining the appropriate solution strategy in resolving the case;
(5) making conclusions; and (6) checking the answers, to ensure that the solution/conclusion actually solves the problem and the
process is carried out correctly.

Validity testing was based on expert judgment provided by the validators. The validity measures in this study included content
validity, construct validity, presentation validity, language validity, graphical validity, suitability to case-based learning, and
suitability to problem-solving skills in the textbook. Construct validity is an intervention undertaken by researchers to ensure the
developed product meets the logical rationale required for a product, while content validity is an intervention to ensure the design
or product is based on scientific knowledge or meets accurate scientific truth [21].

In general, the validity results of the case-based learning-oriented textbook on the factors influencing reaction rates are presented in
Table 1.

Table 1. Textbook Validity Results

Validator )
Aiken

Number | Rated aspect Score Index Category

V1 | V2| V3
1 Content validity 20 |25 |20 | 0.83 High validity
2 Construct validity 22 124 |23 |090 High validity
3 Validity of presentation 18 19 | 18 | 0.89 High validity
4 Language validity 19 17 | 17 | 0,85 High validity
5 Graphic validity 12 14 | 15 | 0,89 High validity
6 Suitability for Case Based Learning 22 122 |24 | 0,88 High validity
7 Suitability with problem-solving skills 32 (32 |31 | 0,88 High validity

The textbook validity category was obtained by converting the scores for each aspect into a validity conversion table. It can be seen
that the developed textbook generally meets the high validity category for content validity, construct validity, presentation validity,
language validity, graphic validity, suitability to case-based learning, and suitability to problem-solving skills.
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Figure 3 presents the results of the content and construct validity assessment of the five assessment indicators, respectively, by the

validator.

Content Validity ~ m Construct Validity

AVerage
5
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2 4
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b=} 3
£
2 I N NN
1

0 0.2 0.4 0.6 0.8 1
Aiken's Validity Index

Figure 3. Results of Validity of Content and Construct of Textbook

In terms of content validity, the case-based learning-oriented textbook developed in this study obtained an average Aiken index of
0.83 (high validity), and no assessment indicator was deemed sufficiently valid. This means that the material in all chapters is in
accordance with the purpose of writing the textbook, fulfills the truth of the content (facts, concepts, principles, theories and
procedures), the content is up-to-date, the suitability of the textbook material to the needs of students, and this book can be used as
a guide for both students and lecturers in learning activities. This study's findings align with previous research that systematically
arranged teaching materials can improve students' understanding of their content [22].

In terms of construct validity, the validity of the case-based learning-oriented textbook for practicing chemistry problem-solving
skills has obtained an average Aiken index of 0.90 (high validity). This finding indicates that this textbook is complete and good,
including a cover that presents the contents of the book, an introduction that contains a brief description of the chapter contents and
the purpose of writing the textbook, tables/illustrations/pictures that clarify the material, consistency of the writing system, and a
bibliography.

Figure 4 shows the results of the presentation and language validity assessment from four assessment indicators, respectively, by
the validator.

Presentation Validity ~ m Language Validity

Average

4

3

Indicators

2

0 0.2 0.4 0.6 0.8 1
Aiken's Validity Index

Figure 4. Results of Validity of Presentation and Language of Textbooks
The presentation aspect in this study obtained an average Aiken index of 0.89 (high validity). This finding reflects that the

illustrations or images in this book have used an effective layout, aroused motivation/interest/curiosity, are in accordance with the
level of student thinking, and encourage students to be actively involved in activities. The language aspect obtained an average
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Aiken index of 0.85 (high validity), which means that the language used in the textbook is appropriate for the age of the students,
uses good and correct Indonesian, uses appropriate and understandable terms, and uses terms and symbols consistently.
Figure 5 presents the results of the graphical validity assessment from three indicators by the validator.

Graphical Validity

Average

3

Indicators

2

0.75 0.8 0.85 0.9 0.95
Aiken's Validity Index

Figure 5. Graphic Validity Results of Textbooks

These data confirm that the validity of the case-based learning-oriented textbook for practicing chemistry problem-solving skills
has met graphical validity, with an average Aiken index of 0.89 (high validity). This finding reflects that the developed textbook
has an attractive cover design, an accurate typing layout, and an appropriate font type and size.

Figure 6 depicts the results of the assessment of the validity of conformity with case-based learning (five assessment indicators) and
the validity of conformity with Problem-solving Skills (7 assessment indicators) by the validator.

Validity in Suitability with CBL

u Validity of Suitability with Problem-Solving

Average

7
» 6
8 5
S
5 4
f=
- 3

1 LR R R R R R R R R R R iRttt

0 0.2 0.4 0.6 0.8 1

Aiken's Validity Index
Figure 6. Validity Results of Suitability with Case-Based Learning and Problem-Solving in Textbooks

The aspect of conformity with the case-based learning principles in the textbook received a high validity category with an Aiken
index of 0.88. In this case, it shows that the developed textbook is in accordance with the case-based learning model, including
students being assigned to analyze the presented case, students being asked to independently find information, data, and literature,
determine steps to resolve the case, draw conclusions, and students being asked to re-examine the answers obtained. In addition, it
is expected that the implementation of the learning process is colored by student-centered so that students independently build their
own knowledge.
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These findings indicate that case study-oriented learning experiences can help student teachers understand concepts [23]. This
suggests that case study-based learning has strong potential to serve as a basis for developing more meaningful textbooks. Students
need authentic contexts to bridge the gap between chemistry theory and its real-world application [24]. This strengthens the argument
that learning models involving higher-order thinking and authentic situations should be integrated into textbook design.

Similarly, the textbook's compatibility with problem-solving skills received a high validity rating, with an Aiken index of 0.88. The
compatibility of problem-solving skills is demonstrated by the implementation of problem-solving skill indicators in student
worksheets, which exemplify the application of case-based learning. In this case, students are asked to identify existing knowledge
based on a given case, formulate problems and hypotheses, establish learning objectives, develop problem-solving strategies,
implement problem-solving strategies, draw conclusions, and check answers. Furthermore, learning activities are expected to
encourage student activeness in creating solutions to problems.

These findings underscore the need for interventions through textbook design that explicitly direct students to develop and practice
chemistry problem-solving skills, beyond simply solving routine problems [25].

CONCLUSION

From the research results, it can be concluded that the final product produced in this study is a case-based learning-oriented textbook
to train chemistry problem-solving skills on the material of factors that influence reaction rates and has met a high level of validity.
Therefore, the resulting product can be used as a means to facilitate case-based learning activities to train chemistry problem-solving
skills of prospective teachers, so that the function of this textbook can be maximized.
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