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Abstract 

This research aimed to produce feasible and practical teaching modules on grade X chemical bonding topic based 

on Technological Pedagogical Content Knowledge (TPACK) and Culturally Responsive Transformative 

Teaching (CRTT). It is a Research and Development (R&D) using the five-step Borg and Gall model. 36 students 

from class X at SMAN 1 Narmada participated in this study’s limited trial. Data collection techniques used 

validation instruments and practicality questionnaires. Aiken’s V index which measures the validity of six aspects 

including aspects of content feasibility, aspects of suitability for the learning model, aspects of cultural suitability, 

language, assessment, and completeness of attachments, obtained an average value of V = 0,89 which indicates 

that the TPACK and CRTT-based teaching module is classified as very valid. The feasibility of the validation 

results of the teaching module includes six aspects of assessment, with the acquisition of scores in each aspect 

including; the aspects of content eligibility, suitability with the learning model, cultural suitability, language, 

assessment, and completeness of attachments obtained an average score of 0.95 consecutively; 0,83; 0,91; 0,83; 

0,83; and 1.00. Meanwhile, the practicality test of teaching modules based on teacher responses on the aspects of 

ease, practicality, attractiveness and benefits of teaching obtained an average practicality of 90% classified as very 

practical, with four aspects of assessment by teachers, namely ease of use, practicality, attractiveness, and benefits 

that obtained an average score of 84%; 92%; 92%; and 93%  respectively. Students’ responses on the aspects of 

presentation, ease of use and benefits of learning devices obtained an average practicality of 83% classified as 

practical, with an assessment of three aspects, namely media presentation, ease of use of media, and benefits, the 

average practicality of each was 83%; 82%; and 84%. Thus, it can be concluded that the TPACK and CRTT-

based teaching module on the topic of chemical bonding class X SMAN developed is feasible to use in terms of 

validity and practicality. TPACK and CRTT-based development research is more carried out on the development 

of e-modules, LKPD for students has not developed many TPACK-based and CRTT-based teaching modules. In 

addition, previous research has integrated PBL, discovery learning, and PjBL models in developing a teaching 

material on chemical equilibrium, colloid, and others using 4D and ADDIE development models. 
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INTRODUCTION  

Chemistry is one of the main subjects at the senior high school level. The purpose of 

chemistry courses is to develop students’ critical thinking abilities and to help them understand 

chemical principles so they can solve challenges in technology and daily life (Aminah et al., 

2024). Furthermore, chemistry courses are complicated, understanding the content needs an 
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affective conceptual conceptual understanding and critical thinking skills (Surachman et al., 

2014). Chemical bonds are the forces of attraction between atoms or molecules, so that the 

state becomes more stable (Constable & Housecroft, 2020). This is true with the characteristics 

of chemistry which is abstract, simplification of the actual situation (Adawiyah et al., 2021). 

Students sometimes struggle to relate to relate concepts of chemical bonding to application in 

life as a result. Students can understand chemical topics less if they are not provided with 

sufficient textbox and are taught using methods that are not helpful to their habits of learning 

(Priliyanti et al., 2021). 

The teaching module is one of the chemical learning resources in the Merdeka 

Curriculum (Farwati et al., 2022). One kind of teaching tool is the teaching tool is the teaching 

module, which has a lesson plan to guide the learning process and achieve goals for learning 

(Nuraini et al., 2023). Teachers and students may explore the concept of independence in the 

learning process with the help of the Merdeka Curriculum teaching module. Teaching modules 

represent an important part in aiding teachers to organize the learning process. Teaching 

modules are usually composed of three main parts: (1) General information, which includes 

module identify, initial competencies, Pancasila learner profile, facilities and equipment, 

student targets, and learning models, (2) The core component, which include learning goals, 

meaningful comprehension, triggering questions, learning activities, assessment, enrichment, 

and remedial, (3) Appendix, which include student worksheet, teacher and student reading 

materials, glossary, and bibliography (Mulyani & Insani, 2023). Using interactive and 

collaborative learning models and approaches is one of the characteristics of Merdeka 

Curriculum’s teaching module (Ghafara et al., 2023).  

TPACK and CRTT represent two interactive and collaborative learning models and 

approaches (Triwahyudi et al., 2021; Rahmawati et al., 2023). Technological, pedagogical, and 

content knowledge are the three primary components of TPACK (Technological Pedagogical 

Content Knowledge), an activity that analyzes the relationship knowledge and the use of 

technology in learning activities (Hanik et al., 2022). Meanwhile, one of the learning 

approaches that integrates students’ experiences or cultural backgrounds with the learning 

topics is called Culturally Responsive Transformative Teaching (CRTT), which aims to 

provide more meaningful learning (Agung et al., 2022). The five learning syntaxes that 

compose the basis of the CRTT model are self-identification, cultural understanding, 

cooperation, critical thinking, and transformational interpretation. These skills can promote 

tolerance and respect for others, as well as improve their ability for critical thinking and 

improve their motivation for learning (Rahmawati et al., 2020;Adawiyah et al., 2022). 

However, according to Damayanti, et al (2017) science education in schools still focuses on 

subject content in general and has not integrated natural science with scientific science (Zulfa 

et al., 2024). This disorder is put on by teachers’ challenges creating lesson plans, their lack of 

teachers still lacks an understanding of how technology and ethnoscience are integrated into 

science education, especially in the topic of chemistry, due to an inability of training in 

developing technology and ethnoscience-based teaching modules (Alfiana & Fathoni, 2022; 

Mairisiska et al., 2014). The TPACK approach can improve student understanding, help 

teachers integrate technology, provide new challenges for students, help teachers achieve 

learning goals, and facilitate the simplification of content (Triwahyudi et al., 2021; Nuraini et 

al., 2023). Meanwhile, the CRTT model in chemistry learning is effective in improving 

students' critical thinking skills, scientific attitudes, and soft skills, because with the CRTT 

model students will learn to recognize cultural heritage from various ethnicities, build 

meaningful relationships between students, and create a learning environment that is relevant 

to culture (Rahmawati et al., 2020; Adawiyah et al., 2022; Lusida et al., 2024; Whatoni et al., 

2024). 

Culture-based learning in modules related to chemical bonding materials, namely 

Lombok songket woven fabric crafts that pay attention to transformative aspects of culture. 
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Woven fabric crafts include several manufacturing processes, ranging from preparation for 

yarn making, preparation of yarn dyes, yarn dyeing process, and drying. However, the 

integration of songket woven fabric handicrafts into chemical bonding materials is focused on 

the dyeing process of woven yarn, because it involves the occurrence of ionic bonds and 

covalent bonds between woven yarn and dyes and color binders (mordan) used by craftsmen, 

in this case betel lime (Ca(OH)2) and alum (Al2(SO4)3). Through the integration of songket 

woven fabric crafts into chemical bonding materials, there are several expected learning 

objectives, namely a) students are able to explain the concept of chemical bonds in the dyeing 

process of Lombok songket woven yarn, b) students are able to distinguish ion bonds and 

covalent bonds in the dyeing process of Lombok songket woven yarn, and c) students are able 

to conclude the occurrence of ionic bonds and covalent bonds in the dyeing process of Lombok 

songket woven yarn.  

The goal of study of culture-based learning in science lessons is to develop science 

literacy of students and critical thinking abilities, and every area has its own culture (Suryani 

et al., 2023; Jannah et al., 2022; Ma & Austria, 2023). None has ever been done for developing 

TPACK and CRTT-based training modules on the topic of chemical bonding in Sasak 

traditional songket woven cloth crafts, under the context of integrating technological advances 

and cultural awareness in the surrounding environment, this research is necessary to support 

teachers to improve the effectiveness of chemistry lessons and offer students meaningful 

learning experiences. Thus, the goal of this study is to develop feasible and practical teaching 

modules on class X chemical bonding topic using TPACK and CRTT.  

METHOD  

The research conducted is Research and Development (R&D). The methodical study of 

designing and developing a product for use in schools, be it media, models, methods of learning 

strategies has been called development research (Usmeldi & Amini, 2020). This research used 

the Borg and Gall development model research methodology, which consist of five steps: 

preliminary study, product planning, product development, product trials, and revision of 

product implementation results (Gall & Borg, 2003; Surachman et al., 2014). 

The subject in this research were expert validators namely chemistry education lecturers 

FKIP, University of Mataram, chemistry subject teachers SMAN 1 Narmada and SMAN 1 

Keruak and 36 class X-I students at SMAN 1 Narmada to determine the validity and practicality 

of the products developed. According to Baley (2011) statistics, the minimum number of 

samples in development research is 30. So that as many as 36 students who were used as a 

sample were included in the adequate category and exceeded the number of samples in general. 

Figure 1 shows the development procedure used in the research with the Borg and Gall model. 

The first step of research, which is the preliminary study step, tries to collect data about 

the conditions, realities, and issues surrounding chemistry education. To identify the needs, the 

preliminary study’s chemistry teachers in class X were observed and interviews of the SMAN 

1 Narmada’s chemistry teaching modules. Additionally, local were interviews about the local 

wisdom expressed, especially in reference to the songket woven fabric craft in Sukarara 

Village, Central Lombok Regency, West Nusa Tenggara Province. Furthermore, an analysis of 

the chemical bonding content included in the TPACK and CRTT-based training modules was 

done at this phase.  

The steps involved in the product planning step include creating a strategy for the 

research needs, starting with the research subject, organizing the questionnaire that will be 

used, organizing the goals and question of the study, organizing the research design, organizing 

the research testing procedures and the data analysis. Using the Canva application, product 

design was created into a storyboard. Visual Paradigm Online used to create flipbook reading 

content. 
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During the product development step, instructional modules were developed and the 

validity of the preliminary product development findings was evaluated by qualified validators.  

Product Development 

Product development is conducted by making teaching modules as follows the results at 

the product planning step. In addition, the preparation of the instructional module’s 

components was one at this step. The application that is used is chosen after taking into factor 

the ease the tools are to use. The prototype 1 teaching module was completed at this step. 

 

 

Figure 1. The Product Development Steps 

Product Validation 

Expert validators, namely chemistry education lecturers FKIP Unram, chemistry teachers 

SMAN 1 Narmada, and SMAN 1 Keruak, carried out the product validation. A validation 

instrument sheet with specific assessments based on elements of the test’s validity was used 

educational resources and materials. There are six aspects that become the standard of module 

scoring including aspects of content feasibility, aspects of suitability for he learning model, 

aspects of cultural suitability, language aspects, assessment aspects and completeness of 

attachments. The instruments used in this study include interview sheets, expert validation 

sheets, teacher and student questionnaires. The interview sheet was used to collect data related 

to chemistry learning and songket woven fabric crafts. Meanwhile, the expert validation sheet 

was used to obtain an assessment for the validity of the prototype 1 teaching module and the 
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teacher and student questionnaires were used to obtain as assessment of the practicality of the 

teaching modules and learning media that had been implemented.  

Product Trial 

After being validated, the teaching module is improved by following the expert 

validators’ comments and suggestions and then the valid teaching module is tested in one class 

X SMAN 1 Narmada. Then a teacher response questionnaire was filled in to identify the 

practicality of using teaching modules based on TPACK and CRTT and filling in student 

response questionnaires to identify the practicality of using learning media in teaching 

modules. 

Data Analysis Techniques 

The data analysis technique used in this study is quantitative descriptive analysis. 

Quantitative descriptive or descriptive statistics is a statistical method that involves organizing, 

summarizing, and presenting data so that it becomes useful information (Suharsono et al., 

2023).Data analysis techniques include testing the validity and practicality of teaching 

modules.  

Data Analysis of Expert Validation 

Analyze expert validation data using Aiken’s V index the following formula:  

 

V =
Σs

n(c − 1)
 

Description: 

V = V Aiken’s validity index 

s = r-lo 

r = The score given by the validator 

lo = Lowest validity score 

n = Number of validators 

c = Highest validity score 

The Aiken’s V score obtained was confronted with the validity criteria in Table 1 to 

determine the feasibility of the developed module. 

Table 1. Aiken’s Index Categories 

Scoring Results Category 

0.00-0.10 Very less valid 

0.11-0.30 Less valid 

0.31-0.50 Valid enough 

0.51-0.80 Valid 

0.81-1.00 Very valid 

(Aiken’s, 1985; Camelia et al., 2023)  

 

Aiken's V index equation is used to calculate the results of expert validation from three 

validators. The expert validation process is carried out before the product trial stage, with the 

aim of producing a prototype 2 teaching module. At the expert validation stage, instruments in 

the form of validation sheets and prototype 1 teaching modules were given to the three 

validators who assessed six aspects of the teaching module, including aspects of content 

eligibility, suitability with the learning model, suitability with culture, language, assessment, 

and completeness of attachments with an assessment scale of 1 to 5 with criteria 1 = very 

invalid, 2 = invalid,  3 = less valid, 4 = valid, and 5 = very valid. After providing an assessment, 

validators can provide suggestions for improvements to the teaching module before 

implementation. 
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Data Analysis of Teaching Module Practicality 

The developed product can be said to be practical if teachers and students can use 

teaching modules and learning media in teaching modules easily. The practicality of the 

teaching module is measured by a Likert scale. Analysis of practicality using the percentage 

formula according to Sugiyono (2018).  

 

P =
F

N
 x 100% 

Description: 

P = Practicality percentage 

F = Score acquisition 

N = Minimum score 

 

After the percentage value of practicality is obtained, grouping is cried out according to 

the criteria in Table 2. 

Table 2. Criteria for Interpreting the Practicality Score  

Scoring Acquisition (%) Category 

0-39 Not practical 

40-54 Less practical 

55-69 Practical enough 

70-84 Practical  

85-100 Very practical 

(Sugiyono, 2018) 

The use of the Likert scale with a combination of equations to calculate the practicality 

score of the teaching module as a result of the implementation. The Likert scale with modified 

alternative answers is 1 = strongly disagree, 2 = disagree, 3 = disagree, 4 = agree, and 5 = 

strongly agree on the questionnaire given to teachers and students. The assessment of 

practicality by teachers of teaching modules refers to four aspects, namely ease of use, 

practicality, attractiveness, and benefits. The assessment of the practicality of learning media 

in the teaching module by students refers to three aspects, namely presentation, ease of use, 

and benefits of Wordwall and flipbook learning media. 

RESULTS AND DISCUSSION  

The purpose of this development research is to produce teaching modules based on 

Technological Pedagogical Content Knowledge (TPACK) and Culturally Responsive 

Transformative Teaching (CRTT). The development of TPACK and CRTT-based teaching 

modules on the topic of chemical bonding was carried out in five steps as follows: 

Preliminary Study 

Chemistry teachers’ use of the Merdeka Teaching Platform teaching module, Erlangga 

chemistry textbook and student worksheet as learning resources, and the Problem Based 

Learning (PBL) learning model with a scientific approach. The results of a study by 

Ramdoniati, et al (2018) indicate that PBL-based chemistry teaching materials are good enough 

to develop students’ metacognitive skills in chemical materials, but that PBL-based teaching 

materials have not produced those maximum results. However, student activeness in learning 

is not optimal, so student still need to be directed by varying learning models and approaches. 

Based on the results of interviews with songket weaving crafter, information was found in the 

process of coloring songket woven fabrics still using natural materials and using synthetic dyes 

to meet consumer needs.  
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The teacher’s ability to teach and learn is impacted by the lack of teaching modules and 

teacher resources related to learning models that integrate content to students’ cultural 

backgrounds and integrate technology into the learning process. As a result, researchers 

developed TPACK and CRTT-based teaching modules that are needed for chemistry learning. 

Teaching modules are important to be developed to provide learning tools, increase teacher 

and student participation in the learning process, so that learning activities become more 

effective and efficient (Herliana et al., 2023). 

Product Planning  

The learning goals, learning materials, learning strategies, learning activities, learning 

resources, assessment tools, and teaching module development were all taken into 

consideration when designing TPACK and CRTT-based teaching modules during the planning 

step. Furthermore, by integrating Sasak songket woven fabric crafts and technology into the 

teaching process, the development of teaching modules also takes note of the specifications of 

TPACK and CRTT-based teaching modules on class X chemical bonding contents. The 

teaching module design contains teaching modules components, such as: (1) General 

information which includes module identity, initial competence, Pancasila learner profile, 

facilities and equipment, target students, learning model, (2) Core components which include 

learning objectives, meaningful understanding, triggering questions, learning activities, 

assessment, enrichment and remedial, (3) Appendix which includes student worksheet, teacher 

and student reading materials, glossary, and bibliography. The teaching module is designed 

with A4 size (21 cm x 29,7 cm) with white and blue base colors in the header and footer. 

Module size and components are aspects that need to be considered in developing a teaching 

material (Muldiyana et al., 2018). 

Product Development 

The purpose of the development step is to produce the prototype 1 teaching module. After 

development, a validity test is conducted on the teaching module to verify that it is ready to use 

in the classroom. The following is the appearance of the prototype 1 teaching module.  

 

Figure 1. Prototype 1 Teaching Module 

Results of Validity Test 

The validity test considers six aspects of assessment: aspects of content feasibility, 

aspects of suitability for the learning model, aspects of cultural suitability, language, 

assessment, and completeness of attachment.  



Lestari et al. Development of Teaching Modules Based ……….. 

 

 Prisma Sains: Jurnal Pengkajian Ilmu dan Pembelajaran Matematika dan IPA IKIP Mataram, January 2025. Vol. 13, No. 1 | 29 
 

Table 3. Results of Expert Validation Test 

Aspects assessed  Average score Category  

Content feasibility 0.95 Very valid 

Suitability for the learning model 0.83 Very valid 

Cultural suitability 0.91 Very valid 

Language 0.83 Very valid 

Assessment 0.83 Very valid 

Completeness of attachments 1.00 Very valid 

Average  0.89 Very valid 

 

Based on Table 3, it can be concluded that the developed TPACK and CRTT-based 

teaching modules scored a validity value of 0,89 from three validators, putting them in the very 

valid category. The highest average assessment score was obtained in the aspects of attachment 

completeness and content feasibility, because these two aspects include several assessment 

indicators, namely the completeness of the teaching module components, such as module 

identity, P5 description, approaches, models, and learning methods, CP descriptions, TP, 

learning activity tables, assessment details, to attachment components such as LKPD to 

assessment instruments. However, in contrast to the assessment of language aspects with three 

assessment indicators, namely the suitability of language and sentence use, language style with 

target users, and the use of clear and unambiguous language, this has received attention from 

validators because writing rules still need to be improved in several parts, such as the use of 

capital letters, punctuation, consistency of writing, writing compound formulas and the use of 

foreign terms. Teaching materials used in learning activities significantly affect student 

motivation and interest in learning, so that the teaching materials used have the integrity of the 

content of the material as well as supporting components that can generate student 

understanding (Supriyono, 2018). 

Product Trial 

After the teaching module was modified based on comments from validators, the product 

trial step was completed. At the step, a prototype 2 teaching module was produced and tried in 

small sample of 36 students of class X-I at SMAN 1 Narmada.  

Results of the Practicality Test 

Upon finishing both teachers and students’ response questionnaires, the practicality test 

aims to determine the level of practicality of the evaluated instructional module. Four 

components of assessment are included in the teacher response questionnaire: benefits, ease of 

uses, practicality of the module, and attractiveness. While three components of assessment are 

included in the student response questionnaires about the usefulness of learning media: 

benefits, easy access to us, and presentational features. Tables 4 and 5 display the practicality 

test findings. 

Table 4. Results of Practicality Test by Teacher 

Aspects  Average practicality (%) Category  

Ease of use 84 Practical 

Practicality 92 Very practical 

Attractiveness 92 Very practical 

Benefits 93 Very practical 

Average  90 Very practical 

Based on Tables 4 and 5, the results of the teaching module practicality test obtained an 

average score of 90% and 83%, which indicated that the teaching module was classified as 

very practical. The teacher response questionnaire score was in the range of 85% < x < 100%. 
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The results of the practicality test by teachers in four aspects of assessment obtained the highest 

score in the benefit aspect, which is 93%, this is because the TPACK and CRTT-based teaching 

modules developed can help teachers in providing teaching and learning experiences for 

students through contextual learning with the integration of cultures that have been known by 

students into learning materials. Meanwhile, the aspect of ease of use obtained an average of 

83%, because teachers have never used TPACK-based and CRTT-based teaching modules 

before but use PBL-based teaching modules, so teachers experience little difficulty in 

implementing teaching modules in the classroom. The results of the Wordwall and flipbook 

learning media practicality test, which were based on student response questionnaires, included 

the practical category because the score was in the range of 70% < x < 84%. The aspect of 

assessing the benefits of learning media obtained the highest score because through integrated 

learning media with culture and technology, students gained new learning experiences, helped 

increase learning motivation, and practiced their skills in operating technology as a learning 

resource. In terms of ease of use, students have a little difficulty in using flipbook and Wordwall 

media because students have never used both media, so this aspect is not too high. The point 

to which a module is user friendly, attractive to users, and effective in developing their curiosity 

in learning through modules is referred to as its practicality (Sari et al., 2018; Yerimadesi et 

al., 2022). 

Table 5. Results of Students’ Practicality Test of Learning Media 

Aspects  Average practicality (%) Category  

Presentation 83 Practical  

Ease of use 82 Practical  

Benefits  84 Practical  

Average  83 Practical  

Revision of Product Implementation Results 

Therefore, to improve the teaching module prototype 2, revisions were made based on 

the responses to questionnaires given to teacher and students. These revisions were made in 

response to the trial results of the teaching module. At this step, prototype 3 teaching modules 

were produced. The teaching module’s revised sections include: revisions to the flipbook 

reading materials, instructions for using the Wordwall platform and flipbook reading materials, 

and a Wordwall platform display for assessment. Some components of the developed teaching 

module need to be improved due to weaknesses in the first product trial results. In order to 

perfect the product, a limited trial is followed by the revision step (Irmita, 2018). 

 Advantages of TPACK and CRTT-based teaching modules that have been developed 

compared to research Izzania, et al (2024) dan Nuraini, et al (2023) That is, contributing to 

improving chemistry learning in schools through the integration of technology and culture, 

helping teachers implement contextual chemistry learning, so as to provide meaningful 

learning and in line with the goals of 21st century education. The shortcomings of the teaching 

module developed are that the trial was only limited to one class X with 36 students of SMAN 

1 Narmada, adjusting to the stages of Borg and Gall development which was carried out in only 

one cycle. The challenges faced during the validation and trial process include the factor of 

long validation time, so that it has an impact on the improvement time of teaching modules and 

limited trials in schools. Future research should pay more attention to the validation time of the 

product being developed, and conduct trials on a wide scale by paying attention to the 

development stages.  

CONCLUSION 

Teaching modules based on Technological Pedagogical Content Knowledge (TPACK) 

and Culturally Responsive Transformative Teaching (CRTT) on the topic of chemical bonding 

have been developed with the Borg and Gall model, namely from the preliminary study step, 
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product planning, product development, product trials, and revision of product implementation 

result are feasible to use in terms of validity and practicality. Based on the research results 

obtained that the average value of validation for all aspects of the assessment is 0,89 classified 

as a very valid category and the average value of the practicality level of the teaching module 

from the teacher response 0f 90% including very practical category, as well as the practicality 

of Wordwall and flipbook learning media based on student responses of 83% including 

practical category.  

RECOMMENDATION 

Due to time constraints, this development research was only able to complete one 

development cycle rather than all ten. It is anticipated that research will continue until the 

dissemination step. Furthermore, this research only looked at validity and practicality testing. 

The effectiveness test of the teaching module can be improved by further research. This 

research is expected to help the development of teaching modules based on TPACK and CRTT 

in the future by paying attention to the integration of technology and student culture into 

chemistry learning in high school, so that it can make it easier for researchers to develop 

independent curriculum teaching modules. 
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