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Abstract: Chemical bonding is a fundamental topic in chemistry that is often considered abstract and difficult for students 

to understand, resulting in low critical thinking skills. The lack of interactive and technology-based teaching materials further 

exacerbates this problem. Therefore, this study aims to develop an electronic student worksheet based on the Three-

Dimensional Thinking Graph on chemical bonding and determine its feasibility in supporting students' critical thinking skills. 

This study uses the Research and Development (R&D) method with the ADDIE model limited to the analysis, design, 

development, implementation, and evaluation stages. Data were collected through interviews, questionnaires, expert 

validation sheets, teacher assessments, and student responses. The product was validated by two validators, material and 

media experts, and one expert in learning design and Problem-Based Learning. The product trial involved 10 students from 

class XII F1B at SMAN 11 Muaro Jambi, conducted through one-to-one and small-group tests. Data analysis techniques used 

percentage analysis and qualitative descriptive analysis. The results showed that the electronic student worksheet obtained a 

validation score of 92% from material and media experts and 88.57% from learning design experts, with the category of very 

feasible. Teacher assessments reached 91% and student responses were 86%, categorized as very good. The novelty of this 

research lies in the integration of concept maps, data tables, and reasoning maps in an interactive electronic student worksheet 

based on TDTG to systematically support the development of students' critical thinking skills. Thus, the developed electronic 

student worksheet is deemed feasible and has the potential to support more interactive and meaningful learning of chemical 

bonds. 
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Introduction 
 

Chemistry plays a crucial role in developing students’ 

scientific understanding and higher-order thinking skills, 

particularly critical thinking. However, learning chemistry 

remains challenging, especially in abstract topics such as 

chemical bonding, which often leads to misconceptions and 

low levels of critical thinking. Previous studies indicate that 

students still face difficulties in analyzing and evaluating 

chemical concepts, particularly when learning is dominated 

by conventional methods that do not actively engage 

students in the learning process [1], [2]. These challenges 

highlight the need for more effective and student-centered 

learning approaches. 

In the context of 21st-century education, the 

integration of innovative, technology-based learning media 

has become essential for facilitating meaningful learning. 

Various digital learning tools, such as virtual reality and 

interactive electronic student worksheets (student 

worksheet), have been developed to enhance students’ 

engagement and understanding of abstract concepts [3], [4]. 

Among these, the student worksheet is recognized as an 

effective medium that supports active learning and promotes 

higher-order thinking skills, especially critical thinking [5], 

[6]. Furthermore, the integration of student worksheets with 

appropriate instructional models, such as Problem-Based 

Learning (PBL), has been proven to improve students’ 

problem-solving abilities and learning outcomes [7], [8], [4], 

[9]. 

In addition to learning models, the use of visual and 

structured thinking tools is important for supporting 

students’ reasoning processes. Multidimensional thinking 

diagrams have been shown to enhance students’ scientific 

literacy, inquiry skills, and ability to organize information 

systematically [10], [11]. This is closely related to the 

development of critical thinking skills, which are considered 

essential competencies in modern education [12], [13]. In 

chemistry learning, particularly in chemical bonding, 

students often struggle to connect macroscopic, 

submicroscopic, and symbolic representations, which further 

emphasizes the need for structured learning support [14], 

[15]. 

One promising approach to addressing these 

challenges is the Three-Dimensional Thinking Graph 

(TDTG). TDTG integrates concept mapping, data 

representation, and reasoning processes into a unified visual 

framework, enabling students to connect knowledge, analyze 

data, and construct logical arguments [16]. Previous studies 

have demonstrated that TDTG-based learning materials are 

effective in supporting students’ critical and scientific 

reasoning skills [1], [17], [18]. Moreover, the development 

of a student worksheet based on TDTG has been shown to 

be valid, practical, and effective in enhancing students’ 

reasoning abilities [1]. 

https://doi.org/10.29303/jpm.v21i4.12036
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Despite these promising findings, most previous 

studies have focused on general science topics at the junior 

high school level, with limited application in specific and 

abstract chemistry materials such as chemical bonding in 

senior high school. Additionally, although student worksheet 

and TDTG have been widely studied, their integration in a 

single learning medium specifically designed to improve 

students’ critical thinking skills remains underexplored. 

Previous research also emphasizes that the development of 

student worksheet should be preceded by a needs analysis to 

ensure its relevance to students’ learning needs [13]. 

Recent studies have highlighted the importance of 

innovative and interactive learning media in support 

students’ engagement and conceptual understanding in 

chemistry learning. Game-based learning media, particularly 

board game–based learning in chemical bonding, can create 

interactive learning environments that support meaningful 

knowledge construction and increase student participation in 

the learning process [19]. Similarly, the use of interactive 

PowerPoint-based learning media has been shown to 

enhance students’ chemical literacy by presenting abstract 

concepts in a more visual, structured, and accessible manner 

[20]. These findings indicate that integrating appropriate 

digital learning media plays an important role in facilitating 

meaningful learning experiences and supporting higher-

order thinking skills. 

In addition, electronic student worksheets have been 

widely recognized as effective digital learning media capable 

of promoting active learning and critical thinking skills [5], 

[6]. The integration of electronic student worksheets with 

Problem-Based Learning (PBL) has also been reported to 

improve students’ problem-solving abilities, creativity, and 

learning outcomes through meaningful and student-centered 

learning activities [4], [7]–[9]. Furthermore, the use of 

structured thinking tools such as the Three Dimensional 

Thinking Graph (TDTG) enables students to connect 

concepts, organize information systematically, analyze data, 

and construct logical arguments effectively [16]. Previous 

studies have demonstrated that TDTG-based learning 

materials can support students’ critical reasoning and 

scientific reasoning skills [1], [17], [18]. 

Critical thinking is considered one of the essential 

competencies in chemistry education because it enables 

students to analyze, evaluate, and construct scientific 

arguments effectively [12], [21]. However, students’ critical 

thinking skills in chemistry are still relatively low and 

require support from innovative instructional strategies and 

well-designed learning media [21]. In chemical bonding 

learning, students often experience difficulties in 

understanding abstract concepts and connecting 

macroscopic, submicroscopic, and symbolic representations 

[14], [15]. Therefore, integrating technology-based learning 

media, such as electronic student worksheets, combined with 

structured thinking tools like TDTG and Problem-Based 

Learning, is a relevant approach to support meaningful 

learning and facilitate students’ critical thinking skills in 

chemistry. 

Therefore, this study aims to develop a student 

worksheet based on the Three-Dimensional Thinking Graph 

(TDTG) for the chemical bonding material and to analyse its 

feasibility in supporting students’ critical thinking skills. 

This research is expected to contribute to the development of 

innovative digital learning materials and provide an effective 

solution for enhancing students’ critical thinking in 

chemistry. Furthermore, the findings of this study are 

expected to serve as a reference for future research on the 

development of technology-based learning media integrated 

with higher-order thinking skills. 

 

Research Methods 
 

This study employed a Research and Development 

(R&D) approach using the ADDIE model, which consists of 

five stages: Analysis, Design, Development, 

Implementation, and Evaluation [22]. 

 

 
 

Figure 1. Electronic Student Worksheet Development 

Procedures 

 

Analysis 

 

A needs assessment was conducted to identify 

learning problems, students’ characteristics, and the 

availability of learning media. Data were collected through 

interviews with teachers and questionnaires distributed to 

students at SMAN 11 Muaro Jambi. The data obtained were 

then analyzed to serve as the basis for developing appropriate 

and relevant learning media. 

 

Design 

 

The student worksheet was systematically planned, 

including the formulation of learning objectives, the 

preparation of materials on chemical bonding, and the design 

of learning activities based on the Three-Dimensional 

Thinking Graph (TDTG). The design also incorporated 

Problem-Based Learning (PBL) syntax to support students’ 

critical thinking processes. Furthermore, research 

instruments such as validation sheets and response 

questionnaires were prepared. 
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Development 

 

The product was developed using the Canva and 

Liveworksheet platforms. The validators involved in this 

study consisted of two material and media experts and one 

instructional design and Problem-Based Learning (PBL) 

expert. The selection of validators was based on their 

expertise, academic background, and experience in 

chemistry education, instructional media development, and 

learning model implementation. In addition, the chemistry 

teacher who assessed the product had experience teaching 

chemical bonding material at the senior high school level. 

The research instruments used in this study included 

interview guidelines, needs analysis questionnaires, 

validation sheets, teacher assessment sheets, and student 

response questionnaires. Instrument validity was established 

through expert judgment conducted by material, media, and 

instructional design experts to ensure the appropriateness 

and relevance of each assessment indicator. Meanwhile, the 

reliability of the instruments was supported by the 

consistency of the assessment criteria and indicators 

developed in line with the research objectives and product 

feasibility. 

The data analysis techniques used in this study 

consisted of qualitative and quantitative analyzes. 

Qualitative data, in the form of comments and suggestions 

from experts and users, were analyzed descriptively to 

improve the product. Meanwhile, quantitative data obtained 

from the validation sheet, teacher assessments, and student 

response questionnaires were analyzed using percentage 

calculations. This stage aimed to assess the practicality of the 

developed electronic student worksheets and students' 

responses to them. The results were then interpreted against 

predetermined feasibility criteria to assess the product's 

feasibility level. To calculate the percentage of student 

responses, the feasibility percentage was used using the 

formula: 

K =
F

N X I X R
 X 100% 

 

The feasibility percentage (K) was determined based 

on the total number of responses received. In this formula, F 

denotes the total score across all respondents’ answers, N 

denotes the maximum possible score for each questionnaire 

item, I denotes the number of items in the questionnaire, and 

R denotes the total number of respondents. These variables 

were used to calculate and interpret the overall feasibility 

level of the developed product. 

 

Table 1. Student Response Questionnaire Assessment 

Criteria 

No. Score Range (%) Criteria 

1 >81 – 100 Very Good 

2 >61 – 80 Good 

3 >41 – 60 Fair 

4 >21 – 40 Poor 

5 0 – 20 Very Poor 

 

Implementation  

 

The sampling technique used in this study was 

purposive sampling based on the recommendations of the 

chemistry teacher at SMAN 11 Muaro Jambi. The subjects 

involved in the implementation stage consisted of students 

from class XII F1B. The one-to-one trial involved three 

students representing high, medium, and low academic 

abilities to identify initial usability issues and students’ 

understanding of the developed electronic student 

worksheet. Meanwhile, the small-group trial involved 10 

students to evaluate the practicality, readability, and 

students’ responses toward the product during the learning 

process. 

The selection of trial subjects was based on students’ 

academic abilities and their participation in chemistry 

learning activities. This was intended to elicit diverse 

responses and to ensure that the developed electronic student 

worksheet could be used effectively by students with varying 

levels of understanding and learning abilities. 

This stage aimed to determine the level of practicality 

and their response to the developed electronic student 

worksheet. During this stage, students used the electronic 

student worksheet in learning activities, and data were 

collected through a response questionnaire to measure user 

acceptance and product practicality. In addition, the 

collected data were used to evaluate the quality of the 

developed electronic student worksheet, and the results 

became the basis for revising and supporting the product. 

 

Evaluation  

 

The evaluation phase was conducted in both 

formative and summative ways. Formative evaluation was 

conducted at each development stage through expert 

validation and product revision, while summative evaluation 

was conducted based on teacher assessment results and 

student responses to the product. The research instruments 

used included interview guidelines, a student needs 

questionnaire, an expert validation sheet, a teacher 

assessment sheet, and a student response questionnaire. 

Instrument validity was established through expert 

validation prior to use in the research. Instrument reliability 

was assessed by examining the consistency of assessment 

indicators developed to align with the research objectives 

and product feasibility. 

 

Results and Discussion 
 

Analysis 

 

The analysis stage was conducted through interviews 

with chemistry teachers and the distribution of needs-

analysis questionnaires to students in class XII F1B at 

SMAN 11 Muaro Jambi. This stage aimed to collect data on 

the problems students face during the learning process and 

the challenges teachers encounter in teaching. The collected 

data were analyzed based on several aspects, including 

learning needs, students’ characteristics, learning objectives, 

subject matter, and educational technology. 

 

Needs Analysis 

 

Based on interviews with the chemistry teacher, the 

learning process primarily relied on textbooks and direct 

practical activities. However, these learning resources were 

considered insufficient for facilitating students’ critical 

thinking skills, as many students still had difficulty 
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understanding chemical bonding concepts. This was mainly 

due to the limited depth of the material and the lack of 

visualization of abstract concepts. In addition, students had 

difficulty distinguishing among types of chemical bonds, and 

the teacher had not previously used a student worksheet 

during instruction. 

The results of the student questionnaire further 

supported these findings. Approximately 55% of students 

reported difficulty understanding the material on chemical 

bonding due to limited learning resources. Meanwhile, 

around 80% of students expressed interest in more 

interactive learning media that include videos, images, and 

three-dimensional thinking graphs to support their 

understanding. Therefore, it can be concluded that students 

need interactive electronic teaching materials that integrate 

various media to support their critical thinking skills. Using 

a student worksheet is an appropriate alternative for 

supporting independent and meaningful learning. 

 

Students’ Characteristics Analysis 

 

The product developed in this study was intended for 

students of class XII F1B at SMAN 11 Muaro Jambi. Based 

on the questionnaire results, smartphone use was not 

permitted during the learning process. However, the school 

provided computers to support learning activities. This 

condition indicates a strong potential to implement digital 

learning media, such as student worksheets, especially since 

they have not been used previously in learning chemical 

bonding. 

 

Learning Objectives Analysis 

 

The analysis of learning objectives was conducted in 

accordance with the Merdeka Curriculum. The learning 

outcomes indicate that students are expected to analyze the 

tendency of atoms to achieve stability as the basis for ionic 

and covalent bonding and to represent Lewis structures by 

integrating macroscopic, submicroscopic, and symbolic 

representations through the Three-Dimensional Thinking 

Graph (TDTG). Furthermore, the specific learning 

objectives include students’ ability to analyze atomic 

stability, explain the formation of chemical bonds, represent 

Lewis structures, and integrate multiple representations 

logically and critically. 

 

Material Analysis 

 

The material analysis was conducted by considering 

the difficulties students experienced in learning chemical 

bonding. The results showed that many students had not yet 

achieved the minimum learning criteria (KKTP). This was 

due to the use of less engaging teaching materials, mainly 

textbooks. As a result, students perceived the material as 

difficult and uninteresting. Chemical bonding material 

involves complex and abstract concepts, such as atomic 

stability, types of chemical bonds, and Lewis structures, 

which require a deeper understanding and visualization. 

Therefore, the material was designed and organized as an 

interactive student worksheet, integrated with the Three-

Dimensional Thinking Graph, to facilitate students’ 

understanding and promote critical thinking through 

discussion and exploration. 

Educational Technology Analysis 

 

Based on direct observations at SMAN 11 Muaro 

Jambi, the school facilities were found to be adequate to 

support the learning process, including the availability of 

computers, projectors, and internet access. These facilities 

indicate that there are no significant obstacles to 

implementing digital learning media. Therefore, developing 

a student worksheet as a technology-based teaching material 

is highly feasible and supported by the existing 

infrastructure. 

 

Design 

 

At the design stage, the structure of the student 

worksheet was developed by integrating the Three-

Dimensional Thinking Graph (TDTG) approach. The 

student worksheet consisted of several components, 

including learning objectives, instructional materials, 

learning activities, and evaluation tasks. The learning 

activities were designed using Problem-Based Learning 

(PBL) principles to encourage active student participation 

and critical thinking. The TDTG components, such as 

concept maps, data tables, and reasoning maps, were 

systematically embedded in each activity to help students 

organize information, analyze relationships, and construct 

logical reasoning. In addition, research instruments, such as 

validation sheets and response questionnaires, were designed 

at this stage. 

 

 
 

Figure 2. Three-Dimensional Thinking Graph-Based 

Electronic Student Worksheet Flowchart 

 

 
 

Figure 3. Electronic Student Worksheet Cover Page 

Storyboard 
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Figure 2. Electronic Student Worksheet Product Cover 

 

The storyboard was developed based on the 

formulated flowchart. It involved collecting relevant 

materials such as images and videos, preparing instructional 

text, selecting appropriate animations, and organizing 

content from reference sources for the student worksheet. 

The storyboard served as a guideline for developing the 

product. 

 

Development 

 

In the development stage, the student worksheet was 

created using Canva and Liveworksheet platforms. The 

product was then validated by experts to determine its 

feasibility. The validation results showed that the student 

worksheet obtained a score of 92% from material and media 

experts, categorized as very feasible. Meanwhile, validation 

from learning design and PBL experts reached 88.57%, also 

categorized as very feasible. In addition, the teacher’s 

assessment indicated a score of 91%, which falls into the 

very good category. This result shows that the developed 

student worksheet is appropriate and applicable for 

classroom use. These results indicate that the developed 

student worksheet meets the criteria of validity in terms of 

content, design, and instructional aspects. Revisions were 

made based on expert suggestions to improve the product's 

quality, particularly the clarity of instructions, visual design, 

and the alignment between activities and learning objectives. 

   

Implementation 

 

The implementation stage was conducted through 

limited trials to determine the practicality and user response 

to the developed student worksheet. The trials included one-

to-one and small group trials involving students. Student 

responses reached 86%, also categorized as very good, 

showing that students found the student worksheet 

interesting, interactive, and helpful in understanding 

chemical bonding concepts. 

During the implementation stage, students actively 

participated in learning activities using the electronic student 

worksheet. Students were able to complete concept maps, 

data tables, and reasoning maps integrated within the Three-

Dimensional Thinking Graph (TDTG). The interactive 

features, such as videos, visual representations, and 

Liveworksheet-based activities, helped students understand 

abstract chemical bonding concepts more easily. In addition, 

students showed enthusiasm and engagement during 

discussions and problem-solving activities. These findings 

indicate that the developed electronic student worksheet has 

the potential to support meaningful and student-centered 

learning. 

 

 
 

Figure 5. Small Group Trial 

 

Table 2. Student Response Results 

No. Respondents Score 

1 2 3 4 5 6 7 8 9 10 

1 4 5 4 4 4 4 4 4 4 4 41 

2 4 4 5 4 4 4 4 4 4 5 42 

3 4 5 4 4 4 5 5 5 4 4 44 

4 5 5 4 4 4 5 4 4 4 4 43 

5 5 5 4 4 4 5 4 5 4 5 45 

6 4 4 5 5 4 4 4 5 4 4 44 

7 4 4 4 4 4 4 4 4 4 4 40 

8 4 5 4 4 5 4 4 4 4 4 42 

9 4 5 4 5 4 4 5 4 5 5 45 

10 4 5 5 4 4 4 4 5 4 4 43 

11 4 4 4 4 5 4 4 4 4 5 42 

12 4 5 4 4 5 5 5 4 5 4 45 

13 4 4 4 5 4 4 4 5 4 4 40 

14 3 4 3 5 4 4 4 5 4 5 41 

15 5 5 5 4 4 4 5 4 5 4 45 

16 4 5 4 4 5 5 4 5 4 4 44 

17 4 4 4 4 4 5 4 4 5 5 43 

18 5 4 4 4 5 4 4 5 4 5 45 

19 4 5 4 4 4 4 4 4 5 4 42 

20 4 5 4 5 5 4 4 5 4 4 44 

21 4 5 5 5 5 4 4 5 4 5 46 

22 5 5 4 5 4 5 4 4 4 5 45 

23 4 5 4 4 5 5 5 5 5 5 47 

24 4 5 4 4 4 4 4 4 4 4 41 

25 4 5 5 5 4 4 4 5 5 4 45 

Total Score 1075 

Percentages 86% 

category Very Good 

 

These findings are consistent with the principles of 

Problem-Based Learning (PBL), which emphasize active 

learning, problem-solving, and the development of higher-

order thinking skills through meaningful contexts [23]. The 

positive student responses indicate that integrating PBL into 

the student worksheet successfully facilitated student 

engagement and encouraged critical thinking. In line with 

cognitive and constructivist learning theories, learning 

becomes more effective when students actively construct 

knowledge through experience and interaction [24], [25]. 

Furthermore, the use of visual elements such as images, 

videos, and three-dimensional representations supports the 
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dual coding theory, which suggests that combining verbal 

and visual information can enhance understanding and 

memory retention. 

The integration of the Three-Dimensional Thinking 

Graph (TDTG) also plays a significant role in supporting 

students’ reasoning. TDTG helps students connect 

macroscopic, submicroscopic, and symbolic representations, 

which are essential in understanding complex scientific 

concepts such as chemical bonding [16]. This finding is 

supported by previous studies, which reported that TDTG-

based learning materials can support students’ critical 

reasoning and conceptual understanding [1], [17]. 

Compared to previous studies, the novelty of this 

research lies in integrating TDTG into an interactive student 

worksheet and combining it with a PBL approach using 

digital platforms such as Canva and Liveworksheet. This 

combination not only enhances visualization but also 

provides interactive learning experiences that are aligned 

with 21st-century learning demands. Therefore, the 

developed student worksheet offers a more comprehensive 

learning solution by integrating pedagogy, technology, and 

content to effectively support students’ critical thinking 

skills. 

 

Evaluation 

 

The evaluation stage involved both formative and 

summative evaluation processes. Formative evaluation was 

conducted throughout each stage of development, 

particularly during expert validation and product revision. 

Summative evaluation was conducted based on teacher 

assessments and student responses. The overall findings 

indicate that the developed student worksheet is highly 

feasible and has strong potential to support students’ critical 

thinking skills. The integration of TDTG within the student 

worksheet provides a structured approach that supports 

students in connecting concepts, analyzing data, and 

developing reasoning skills. These findings are consistent 

with previous studies, which highlight that the use of visual 

and interactive learning media can significantly support 

students’ critical thinking abilities.  

 
Figure 6. Validation and Response Results of the 

Developed Electronic Student Worksheet 
 

The results of this study indicate that the developed 

student worksheet based on the Three-Dimensional Thinking 

Graph (TDTG) is feasible and effective in supporting 

students’ critical thinking skills on chemical bonding 

material. This finding is consistent with previous studies that 

reported the effectiveness of student worksheets in 

promoting active learning and higher-order thinking skills 

[5], [6]. In particular, the integration of Problem-Based 

Learning (PBL) within student worksheets has been shown 

to enhance students’ problem-solving abilities and learning 

outcomes [7], [8], [4], [9]. Compared with those studies, the 

present research extends prior work by incorporating TDTG 

as a structured thinking tool that not only facilitates problem-

solving but also supports deeper reasoning. 

Furthermore, the findings align with studies on the 

application of the Three-Dimensional Thinking Graph 

(TDTG), which demonstrate its effectiveness in supporting 

students’ critical and scientific reasoning skills [1], [17], 

[18]. However, while previous research mainly focused on 

general science topics at the junior high school level, this 

study specifically applies TDTG in chemical bonding 

material at the senior high school level. This difference 

highlights the contribution of this study in addressing more 

abstract and complex chemistry content, where students 

often struggle to connect macroscopic, submicroscopic, and 

symbolic representations [14], [15]. 

The observed support for students’ critical thinking 

skills in this study can be explained by several factors. First, 

the use of TDTG provides a visual and structured framework 

that helps students organize information, analyze 

relationships, and construct logical arguments. This is 

consistent with findings that multidimensional thinking 

diagrams can enhance students’ ability to process 

information and support inquiry-based learning [10], [11]. 

Second, the integration of student worksheets with 

interactive features encourages students to actively engage in 

the learning process, which is essential for developing 

higher-order thinking skills [5]. Third, the implementation of 

PBL allows students to learn through real-world problem 

contexts, thereby stimulating critical thinking and 

meaningful learning [7], [25-27]. 

From a theoretical perspective, the results of this 

study can be explained through constructivist learning 

theory, which emphasizes that knowledge is actively 

constructed by learners through interaction and experience 

[28]. The use of student worksheets, combined with TDTG 

and PBL, provides opportunities for students to explore 

concepts, discuss ideas, and reflect on their understanding, 

thereby supporting the construction of meaningful 

knowledge. In addition, cognitive learning theory also 

supports these findings, as structured visual representations 

such as TDTG can facilitate information processing and 

support students’ understanding of complex concepts [24]. 

Moreover, the findings are also supported by previous 

research on innovative learning media, which shows that 

interactive and engaging media can significantly enhance 

students’ motivation and conceptual understanding [3], [29]. 

Similarly, game-based and technology-supported learning 

environments have been proven to create more interactive 

learning experiences and support students’ engagement, 

which ultimately contributes to better learning outcomes 

[19]. 

However, this study was limited to product 

development and feasibility testing through one-to-one and 

small-group trials. The effectiveness of the developed 

electronic student worksheet in improving students’ critical 

thinking skills was not directly measured through 

experimental methods such as a pretest-posttest design. This 

limitation was due to time constraints and the scope 
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limitations of undergraduate-level research, which focused 

primarily on product development and limited 

implementation trials. Therefore, further studies with larger 

sample sizes and experimental designs are recommended to 

quantitatively assess the effectiveness of the developed 

electronic student worksheet in supporting and improving 

students’ critical thinking skills in chemistry learning. 

Overall, the findings of this study confirm that 

integrating TDTG into student worksheets provides a 

comprehensive learning approach that combines visual 

representation, problem-solving, and active learning. This 

combination not only supports students’ critical thinking 

skills but also addresses the challenges of learning abstract 

chemistry concepts. Therefore, this study contributes to the 

development of innovative and effective instructional media 

in chemistry education. 

 

Conclusion 
 

This study developed an interactive electronic student 

worksheet on chemical bonding, based on the Three-

Dimensional Thinking Graph (TDTG), using the ADDIE 

model through the stages of analysis, design, development, 

implementation, and evaluation. The developed electronic 

student worksheet was categorized as very feasible based on 

expert validation, teacher assessments, and student 

responses, indicating that the product is practical and suitable 

for classroom use. The integration of TDTG, Problem-Based 

Learning (PBL), and interactive digital features within the 

electronic student worksheet supports meaningful and 

student-centered learning activities. The developed product 

also has the potential to support students’ critical thinking by 

helping them understand abstract chemical bonding concepts 

through visual representations, concept maps, data tables, 

and reasoning maps integrated into the learning process. The 

novelty of this study lies in integrating TDTG, Problem-

Based Learning, and interactive electronic student 

worksheets into a single digital learning medium specifically 

designed for chemical bonding instruction at the senior high 

school level. Therefore, this study contributes to the 

development of innovative chemistry learning media that 

support 21st-century learning and higher-order thinking 

skills.  

 

Author’s Contribution 

N. Dinati: responsible for conceptualization, methodology, 

investigation, data curation, formal analysis, product 

development, and writing the original draft. Afida and 

Asmiyunda: contributed to supervision, validation, and 

review of the manuscript. Kriswantoro: contributed to 

validation as a material and media expert. F. Romundza: 

contributed to validation as a learning design and Problem-

Based Learning (PBL) expert. All authors have read and 

approved the final manuscript. 
 

Acknowledgements 

The author would like to express sincere gratitude to Afida, 

S.Si., M.Si., and Asmiyunda, S.Pd., M.Pd. for their guidance 

and valuable support throughout this research. The author 

also thanks Dr. Kriswantoro, S.Pd., M.Pd. and Febby 

Romundza, M.Pd. for their contributions as expert 

validators. Appreciation is extended to the chemistry teacher 

and students of class XII F1B at SMAN 11 Muaro Jambi for 

their participation and cooperation in this study. 

 

References 
 

[1]  F. S. Hidayat, U. Nuha, and Rusdianto, 

“Pengembangan E-LKPD berbasis three-dimensional 

thinking graph untuk meningkatkan bernalar kritis pada 

pembelajaran IPA SMP,” Paedagoria, vol. 15, no. 4, 

pp. 456–462, 2024. 

[2]  I. F. Yuzan and I. S. Jahro, “Pengembangan E-LKPD 

berbasis inkuiri terbimbing pada pokok bahasan ikatan 

kimia untuk mengukur kemampuan berpikir kritis 

siswa,” J. Pendidik. dan Inov. Pembelajaran Saburai, 

vol. 2, no. 1, pp. 54–65, 2022, doi: 

10.24967/esp.v2i01.1598. 

[3]  A. Awaliya Fransiska and A. Fitriyani, 

“Pengembangan teknologi virtual reality dalam 

pembelajaran kimia,” J. Chem. Educ. Integr., vol. 3, no. 

2, pp. 93–99, 2024, doi: 10.24014/jcei.v3i2.32350. 

[4]  E. Estuhono, A. Ilham, and D. R. Jayanti, 

“Pengembangan E-LKPD berbasis problem-based 

learning menggunakan Liveworksheet,” J. Muara 

Pendidik., vol. 10, no. 1, pp. 107–113, 2025, doi: 

10.52060/mp.v10i1.2292. 

[5]  S. Suryaningsih and R. Nurlita, “Pentingnya lembar 

kerja peserta didik elektronik (E-LKPD) inovatif dalam 

proses pembelajaran abad 21,” J. Pendidik. Indones., 

vol. 2, no. 7, pp. 1256–1268, 2021, doi: 

10.36418/japendi.v2i7.233. 

[6]  V. Puspita and I. P. Dewi, “Efektivitas E-LKPD 

terhadap kemampuan berpikir kritis,” J. Cendekia, vol. 

5, no. 1, pp. 86–96, 2021, doi: 

10.31004/cendekia.v5i1.456. 

[7]  R. Maskur et al., “The effectiveness of problem based 

learning and aptitude treatment interaction in 

improving mathematical creative thinking skills on 

curriculum 2013,” Eur. J. Educ. Res., vol. 9, no. 1, pp. 

375–383, 2020, doi: 10.12973/eu-jer.9.1.375. 

[8]  A. Purnama and S. Suparman, “Studi pendahuluan: E-

LKPD berbasis PBL untuk meningkatkan kemampuan 

literasi matematis peserta didik,” J. Kaji. Pendidik. 

Mat., vol. 6, no. 1, p. 131, 2020, doi: 

10.30998/jkpm.v6i1.8169. 

[9]  G. N. Rahmadoni and S. Aini, “Pengembangan E-

LKPD berbasis PBL pada materi hidrokarbon,” 

Edukatif J. Ilmu Pendidik., vol. 7, no. 1, pp. 18–27, 

2025, doi: 10.31004/edukatif.v7i1.7938. 

[10]  Z. N. Fuadina, S. Supeno, N. Ahmad, and S. 

Sugihartoko, “Pengaruh diagram berpikir multidimensi 

terhadap literasi sains siswa,” Opt. J. Pendidik. Fis., 

vol. 6, no. 2, pp. 102–110, 2022, doi: 

10.37478/optika.v6i2.1965. 

[11]  S. Jumatun, S. Supeno, and A. S. Budiarso, 

“Pengembangan E-LKPD berbasis diagram berpikir 

multidimensi,” Pendek. J. Pendidik. Berkarakter, vol. 

6, no. 1, p. 28, 2023, doi: 

10.31764/pendekar.v6i1.13103. 

[12]  Y. Gotoh, “Development of critical thinking with 

metacognitive regulation and Toulmin model,” in Proc. 

Int. Conf. Cognition and Exploratory Learning in 

Digital Age (CELDA), 2017, pp. 281–285. 

[13]  R. Julian and Suparman, “Analisis kebutuhan E-LKPD 



Jurnal Pijar MIPA Volume 21 No. 4 (2026): 664-671 

 

671 

untuk menstimulasi berpikir kritis,” in Proc. STEEEM, 

2019, pp. 238–243. 

[14]  A. C. Manik, S. Suryaningsih, and B. Muslim, 

“Analisis berpikir kritis kimia dengan soal two-tier,” 

Jambura J. Educ. Chem., vol. 2, no. 1, pp. 28–39, 2020, 

doi: 10.34312/jjec.v2i1.2999. 

[15]  A. Mardhiah and S. A. Akbar, “Efektivitas media 

pembelajaran terhadap hasil belajar kimia siswa SMA,” 

Lantanida J., vol. 6, no. 1, p. 49, 2018, doi: 

10.22373/lj.v6i1.3173. 

[16]  J. Chen, M. Wang, T. A. Grotzer, and C. Dede, “Using 

a three-dimensional thinking graph to support inquiry 

learning,” J. Res. Sci. Teach., vol. 55, no. 9, pp. 1239–

1263, 2018, doi: 10.1002/tea.21450. 

[17]  U. Nuha, A. R. N. Cahyani, S. Supeno, Rusdianto, D. 

Wahyuni, and R. E. Fadhilah, “Development of e-

module based on three-dimensional thinking graph to 

improve critical reasoning of junior high school 

students,” Res. Dev. Educ., vol. 4, no. 2, pp. 1539–

1550, 2024, doi: 10.22219/raden.v4i2.35894. 

[18]  H. P. Ristia, U. Nuha, and S. Supeno, “Model Learning 

Cycle 5E berbantuan LKPD berbasis three-dimensional 

thinking graph dan pengaruhnya terhadap scientific 

reasoning pada siswa SMP,” J. Paedagogy, vol. 10, no. 

3, p. 703, 2023, doi: 10.33394/jp.v10i3.7283. 

[19]  R. Nainggolan, Nazarudin, and Asmiyunda, 

“Pengembangan media pembelajaran games board 

pada materi ikatan kimia di SMAN 2 Muaro Jambi,” J. 

Pengabdi. Masy. dan Ris. Pendidik., vol. 4, no. 2, pp. 

8030–8039, 2025, doi: 10.31004/jerkin.v4i2.2888. 

[20]  M. S. Utami, Afrida, and Asmiyunda, “Pengembangan 

media pembelajaran PowerPoint interaktif materi 

ikatan kimia berbasis scientific approach,” J. Pengabdi. 

Masy. dan Ris. Pendidik., vol. 3, no. 4, pp. 1995–2005, 

2025, doi: 10.31004/jerkin.v3i4.691. 

[21]  S. Zubair and N. Yanto, “Kajian literatur kemampuan 

berpikir kritis peserta didik dalam pembelajaran 

kimia,” ChemEdu, vol. 3, no. 3, p. 99, 2022, doi: 

10.35580/chemedu.v3i3.39175. 

[22]  W. W. Lee and D. L. Owens, Multimedia-Based 

Instructional Design: Computer-Based Training, Web-

Based Training, Distance Broadcast Training, 

Performance-Based Solutions, 2nd ed. San Francisco, 

CA, USA: Pfeiffer, 2004. 

[23]  R. Ardianti, E. Sujarwanto, and E. Surahman, 

“Problem-based learning: Apa dan bagaimana,” Diffr. 

J. Phys. Educ. Appl. Phys., vol. 3, no. 1, pp. 27–35, 

2021, doi: 10.37058/diffraction.v3i1.4416. 

[24]  M. S. Basyir, A. Dinana, and D. Devi, “Kontribusi teori 

belajar kognitivisme David P. Ausubel dan Robert M. 

Gagne dalam proses pembelajaran,” J. Pendidik. 

Madrasah, vol. 7, no. 1, pp. 89–100, 2022, doi: 

10.14421/jpm.2022.71.12. 

[25]  P. S. Mustafa and R. Roesdiyanto, “Penerapan teori 

belajar konstruktivisme melalui model PAKEM dalam 

permainan bolavoli pada sekolah menengah pertama,” 

Jendela Olahraga, vol. 6, no. 1, pp. 50–56, 2021, doi: 

10.26877/jo.v6i1.6255. 

[26]  N. Is'ad and S. Sukarmin, “Implementation of problem-

solving learning model assisted by student worksheets 

to improve critical thinking skills in the context of 

reaction rate,” J. Pijar MIPA, vol. 17, no. 2, pp. 199–

208, 2022, doi: 10.29303/jpm.v17i2.3296. 

[27]  A. S. Kusuma, “Correlation in biological literacy and 

critical thinking skills of science students through 

problem-based learning model integrated by 

Macromedia Flash,” J. Pijar MIPA, vol. 18, no. 3, pp. 

369–375, 2023, doi: 10.29303/jpm.v18i3.4928. 

[28]  A. Hirahmah, I. P. Yani, F. Festiyed, and E. 

Emiliannur, “Critical thinking skills in assessment 

essays to improve motivation and learning outcomes: 

Bibliometric analysis,” J. Pijar MIPA, vol. 19, no. 5, 

pp. 916–921, 2024, doi: 10.29303/jpm.v19i5.7163. 

[29]  Z. Zhalila, R. Rusdi, A. Aniswita, and G. H. Medika, 

“Pengembangan E-LKPD berbantuan 

Liveworksheets,” J. Cendekia, vol. 8, no. 3, pp. 2424–

2437, 2024, doi: 10.31004/cendekia.v8i3.3624. 

 

 

  
 

 

 

 

 



  K =  F  N   X   I   X   R   X   100 %

