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ABSTRACT 

The development of the Society 5.0 era requires learning to equip students with various skills, one of which 

is critical thinking through the use of digital technology. Physics learning needs to facilitate students’ critical 

thinking skills through contextual and meaningful learning activities. However, the needs analysis conducted at 

SMAN 1 Lubuk Sikaping revealed that learning was still predominantly teacher-centered, the teaching materials 

were not systematically structured according to the syntax of the learning model, and local wisdom and critical 

thinking indicators had not been optimally integrated. Therefore, this study aimed to analyze needs, develop an 

E-Student Worksheet on Measurement based on Inquiry Learning integrated with local wisdom, and determine its 

validity and practicality. The E-Student Worksheet was designed to facilitate students’ critical thinking skills. This 

study employed a Research and Development (R&D) method using the Four-D (4D) model, which was limited to 

three stages: Define, Design, and Develop, without implementing the Disseminate stage. The needs analysis 

involved one physics teacher and 32 Grade X Phase E students, while product validation involved five expert 

validators. The practicality test involved one physics teacher and 36 Grade X Phase E students. Product validity 

was analyzed using Aiken’s V index, while practicality was analyzed based on score percentages. The results 

showed that the developed E-Student Worksheet obtained an average Aiken’s V value of 0.93, categorized as valid. 

The practicality test yielded scores of 94% based on the teacher’s response and 88% based on students’ responses, 

both of which were categorized as highly practical. These findings indicate that the developed E-Student 

Worksheet meets the validity and practicality criteria for use in physics learning. However, since this study was 

limited to the Develop stage, the effectiveness of the E-Student Worksheet in improving students’ critical thinking 

skills has not been tested and requires further investigation. 
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I. INTRODUCTION 

Physics education is a learning process that emphasizes not only conceptual understanding but also students’ 

active involvement in scientific activities. The development of learning in the Society 5.0 era requires students to 

possess various relevant skills, one of which is critical thinking. Developing critical thinking skills is an essential 

part of science education because it supports students’ ability to understand and evaluate scientific knowledge [1]. 

The use of digital technology in physics education can support student engagement in learning activities through 

learning environments that facilitate interaction, learning activities, and active learning processes [2]. Critical 

thinking skills in physics education encompass interpretation, analysis, evaluation, inference, explanation, and 

self-regulation [3]. 

Measurement is one of the fundamental topics in physics, closely related to scientific activities and everyday 

life. Learning about measurement can engage students in identifying physical quantities and units, using measuring 
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instruments, processing measurement results, and drawing conclusions based on data. Research by [4] indicates 

that learning physics is associated with the development of students’ critical thinking skills. However, based on an 

interview with a Grade X Phase E physics teacher at SMAN 1 Lubuk Sikaping, classroom instruction remains 

predominantly teacher-centered and relies heavily on lectures. Students mainly listen to and take notes on the 

teacher’s explanations, while opportunities to analyze information, establish conceptual connections, and draw 

conclusions remain limited. Simple laboratory activities are also not yet optimal, as students still require guidance 

in using equipment and materials and following experimental procedures. 

These learning problems are also related to the teaching materials used in schools. Based on the analysis of 

the student worksheets, the materials were found to be aligned with the learning outcomes and objectives. 

However, the activities in the worksheets were not systematically organized according to the syntax of the learning 

model, and scientific activities had not been implemented optimally. Research by [5] indicates that technological 

innovations in physics education can support student engagement and the learning process when integrated with 

appropriate approaches. A study by [6] shows that physics teaching materials based on local wisdom can be used 

in physics learning and support students’ critical thinking skills. Another study by [7] demonstrates that E-Student 

Worksheets assisted by Liveworksheets and integrated with an inquiry-based learning model can be developed to 

facilitate students’ critical thinking skills and science process skills. These conditions highlight the need for 

teaching materials that are systematic, interactive, contextual, and provide students with opportunities to develop 

their critical thinking skills. 

One alternative teaching material that can be used to address these problems is an Inquiry Learning-based E-

Student Worksheet. An E-Student Worksheet can incorporate various digital elements, such as images, videos, 

animations, and interactive activities, to support student engagement in learning. A study by [8] demonstrated that 

a guided inquiry-based E-Student Worksheet can be developed to support students’ critical thinking skills. The 

Inquiry Learning model provides students with opportunities to engage in a series of learning activities, beginning 

with observing phenomena, formulating questions and hypotheses, collecting and analyzing data, drawing 

conclusions, and discussing the results of their investigations [9]. Inquiry-based learning allows students to 

discover answers to problems through systematic investigation. 

An Inquiry Learning-based E-Student Worksheet becomes more meaningful when the problems presented 

are connected to students’ real-life experiences. One relevant context is the local wisdom of West Sumatra, which 

is closely associated with the daily lives of the Minangkabau community. An example related to measurement is 

the traditional unit sukek, which is used by local communities to measure rice or harvested paddy. Local wisdom 

can serve as a learning resource that connects scientific knowledge with students’ experiences and living 

environments [10]. Science learning based on local wisdom can also support the development of students’ critical 

thinking skills [11]. A study by [12] developed physics teaching materials incorporating local wisdom to foster 

students’ critical thinking skills. Therefore, the local wisdom of West Sumatra can be integrated into measurement 

learning as a contextual learning resource that makes the concepts more relevant to students’ everyday lives. 

Research on the development of E-Student Worksheets and the integration of local wisdom in physics 

learning has been conducted across various topics. A study by [13] analyzed the validity of a physics E-Student 

Worksheet integrated with the local wisdom of the egrang traditional game to improve students’ critical thinking 

skills in the topic of work and energy. Another study [14] integrated ethnoscience with virtual simulation and 

augmented reality technologies in physics learning based on Inquiry Learning to create contextual learning 

experiences and actively engage students. Furthermore, a study by [15] developed a Project-Based Learning E-

Student Worksheet integrated with the local wisdom of the traditional gasing game in the topic of rotational 

dynamics to improve students’ critical thinking skills. These studies demonstrate efforts to develop learning 

materials that integrate technology, learning models, and local wisdom. However, research specifically focusing 

on the development of an E-Student Worksheet for the topic of measurement based on Inquiry Learning, integrated 

with the local wisdom of West Sumatra, and designed around Facione’s critical thinking indicators remains limited. 

Measurement has distinctive characteristics that allow students to conduct direct observations, use measuring 

instruments, and explore concepts closely related to everyday life. Therefore, this study not only incorporates 

critical thinking indicators but also aligns them with the characteristics of the measurement topic and the cultural 

context of West Sumatra. 

Based on the problems identified and the limitations of previous studies, there is a need to develop learning 

materials that integrate digital technology, Inquiry Learning, and local wisdom into measurement learning. Physics 

learning based on local wisdom has the potential to support student learning outcomes; therefore, integrating local 

wisdom can provide a relevant context for developing physics learning materials [16]. Accordingly, this study 

aims to analyze learning needs, develop an E-Student Worksheet on Measurement based on Inquiry Learning 
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integrated with Minangkabau local wisdom, and determine its validity and practicality. The E-Student Worksheet 

is designed to facilitate students’ critical thinking skills. 

II. METHOD 

This study employed a Research and Development (R&D) approach to develop an E-Student Worksheet on 

measurement based on Inquiry Learning and integrated with local wisdom to facilitate students’ critical thinking 

skills, using the Four-D (4D) model proposed by [17]. The development procedure consisted of three stages: 

Define, Design, and Develop, while the Disseminate stage was not carried out because the scope of the study was 

limited to the product development stage. The study was conducted at SMAN 1 Lubuk Sikaping during the first 

semester of the 2026/2027 academic year. The Define stage involved one physics teacher and 32 Grade X students 

in Phase E. In the Develop stage, five lecturers with relevant expertise served as validators to evaluate the E-

Student Worksheet, while one physics teacher and 36 students participated in the practicality test. The selection of 

one teacher and one Grade X class was based on the research implementation conditions, as the measurement topic 

was being taught during the study and the school provided the class for student analysis and the practicality testing 

of the E-Student Worksheet. 

In the define stage, front-end analysis, learner analysis, task analysis, concept analysis, and learning objective 

analysis were conducted. Front-end analysis was carried out to identify problems in physics learning and the 

teaching materials used. Learner analysis was conducted to determine the characteristics of Grade 10 students as 

users of the E-Student Worksheet. Data on student characteristics were collected using a questionnaire consisting 

of five aspects and a total of 29 statements. Furthermore, students’ critical thinking skills were assessed using a 

test consisting of three questions developed based on the critical thinking skill indicators proposed by [3]  and the 

results were expressed as percentage scores. Task analysis was conducted to identify the competencies and learning 

activities that students were expected to master. Concept analysis was performed to determine the concepts related 

to measurement that would be presented in the E-Student Worksheet. In addition, learning objective analysis was 

conducted to establish the learning objectives that served as the basis for developing the content, activities, and 

exercises in the E-Student Worksheet. 

The design stage involved designing the E-Student Worksheet based on the results of the define stage. The 

E-Student Worksheet was designed by integrating the Inquiry Learning model and six critical thinking indicators, 

namely interpretation, analysis, evaluation, inference, explanation, and self-regulation. The learning activities in 

the E-Student Worksheet were organized according to the stages of Inquiry Learning, which include orientation, 

conceptualization, investigation, and conclusion. The designed product was then developed into an E-Student 

Worksheet. 

The development stage aimed to produce a valid and practical E-Student Worksheet. At this stage, the 
validation instrument was first validated by four validators to ensure the suitability of its aspects, indicators, and 

assessment items. The validated instrument was then used to assess the validity of the E-Student Worksheet by 

five validators. The validators evaluated seven aspects: content substance, visual communication design, E-Student 

Worksheet components, software utilization, implementation of the Inquiry Learning model in the E-Student 

Worksheet, critical thinking skills, and integration of local wisdom. Each validation aspect consisted of several 

assessment items, and the data were collected using the rating scale proposed by [18]. Furthermore, a practicality 

test was conducted to assess the practicality of the E-Student Worksheet based on evaluations by a physics teacher 

and students as product users. The practicality assessment covered four aspects: ease of use and readability, 

efficiency, presentation, and usefulness. Each aspect also consisted of several assessment items, and the data were 

collected using the rating scale proposed by [18].  

The research data consisted of needs analysis, validity, and practicality data for the E-Student Worksheet. 

The needs analysis results were used as the basis for developing the E-Student Worksheet in accordance with 

students’ characteristics and learning objectives. The developed E-Student Worksheet was then validated by 

experts. The validity of the instruments and the E-Student Worksheet was analyzed using Aiken’s V validity index. 

The Aiken’s V value was calculated using the following formula: 

 

𝑉 =  
∑ 𝑠

𝑛 (𝑐−1)
                     (1) 

 

𝑆 = 𝑟 −  𝑙0                    (2) 

 

In the formula, 𝑟 represents the score assigned by the validators, 𝑙0 represents the lowest possible score, 

which is 1, c represents the highest possible score, and n represents the number of validators. The resulting Aiken’s 
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V value is then interpreted based on the validity criteria presented in Table 1. 

 

Table 1. Aiken’s V Validity Categories 

Interval Category 

V ≥ 0.8 Valid 

V < 0.8 Invalid 

     (Source: Ref[19]) 

 

Thus, the product is considered valid and suitable for use if its validity score falls within the valid category. 

The practicality analysis was conducted based on questionnaire responses from teachers and students. The 

practicality percentage was calculated using the following formula: 

 

𝑆𝑐𝑜𝑟𝑒 =  
𝑠𝑐𝑜𝑟𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒
 𝑥 100%                  (3) 

 

The practicality percentage was subsequently interpreted based on the categories proposed by [20], as follows: 0–

20% was classified as not practical, 21–40% as less practical, 41–60% as moderately practical, 61–80% as 

practical, and 81–100% as highly practical. 

Furthermore, the study was conducted after obtaining permission from the school and fulfilling the applicable 

school requirements and regulations. Teacher and student participation was voluntary after the research objectives, 

procedures, and use of the data had been clearly explained. Participants’ identities were kept confidential, and the 

data were used solely for research purposes.  

III. RESULTS AND DISCUSSION 

Result 

 

Needs Analysis 

The define stage was conducted to identify the needs and problems in physics learning as the basis for 

developing an Inquiry Learning-based E-Student Worksheet. The results of the front-end analysis indicated that 

the teaching materials currently used did not specifically incorporate critical thinking skills indicators or optimally 

integrate the syntax of the learning model. Interviews with the physics teacher also revealed that learning was still 

dominated by lecture methods, while the implementation of Problem-Based Learning (PBL), STEM, and other 

scientific approaches had not been optimal. Furthermore, the use of instructional media and learning resources 

remained limited, making the learning process less engaging for students. 

Furthermore, the student analysis was conducted by distributing a student characteristics questionnaire and 

analyzing the critical thinking skills of 32 students. The questionnaire results showed that 86.71% of students 

found physics easier to understand after engaging in hands-on practice, experiments, or physics-related activities. 

Furthermore, 73.44% of students reported that they found it easier to understand and analyze physics lessons 

through real-life experiences and situations related to everyday life. In addition, 80.46% of students found it easier 

to remember learning materials through pictures, animations, or videos. Meanwhile, 85.94% of students reported 

that digital learning was easier to understand than printed textbooks. These findings indicate that students tend to 

need learning experiences involving hands-on activities, contextual phenomena, visual media, and digital 

technology 

The results of the analysis of critical thinking skills for each indicator are presented in Table 2. 

 

Table 2. Results of Students’ Critical Thinking Skills Analysis 

Indicator Percentage (%) Category 

Interpretation 23% Weak 
Analysis 20% Very Weak 

Evaluation 33% Weak 

Inference 11% Very Weak 

Explanation 17% Very Weak 

The results indicate that students’ critical thinking skills at the school remain relatively low. Although the initial 

test did not include the self-regulation indicator, this indicator will still be integrated into the design of the E-

Student Worksheet. 
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Task analysis was conducted based on the Learning Outcomes (CP), Learning Objectives (TP), and Learning 

Objective Sequence (ATP). The learning objectives were designed by integrating the stages of Inquiry Learning, 

as described in [9]. Through these stages, students are guided to engage in scientific activities integrated with local 

wisdom in a systematic manner, from observing phenomena to obtaining and drawing conclusions from the results 

of their investigations. Furthermore, content analysis was conducted to identify the main concepts or materials to 

be presented in the E-Student Worksheet on measurement. This analysis resulted in three main content areas: 

physical quantities and units, unit conversion and scientific notation, and length-measuring instruments. These 

three content areas are arranged sequentially and interconnected to establish students’ understanding of the 

measurement system. 

The learning objectives were formulated based on the learning outcomes specified in the Merdeka Curriculum 

and the characteristics of the students. They are directed toward enabling students to apply measurement systems 
in scientific investigations to explain phenomena in everyday life logically and scientifically. These learning 

objectives serve as the basis for determining learning activities and designing the tasks presented in the E-Student 

Worksheet. Overall, the results of the define stage indicate the need to develop an E-Student Worksheet on 

measurement that provides more interactive, systematic, contextual, and student-oriented learning materials. These 

findings subsequently serve as the foundation for the design stage, which determines the structure, content, 

activities, and presentation of the E-Student Worksheet. 

 

Results of E-Students Worksheet Planning 

This stage resulted in the initial design of an electronic student worksheet integrated with local wisdom, 

developed using TopWorksheets. The E-Student Worksheet consists of several components designed to support 

the effective presentation of learning materials and activities. These components include a cover page, foreword, 

learning instructions, product description, competencies, supporting information, work procedures, assessment, 

author information, and references. 

 
Figure 1. Cover 

Figure 1 shows the cover of the E-Student Worksheet, which includes several components, such as the title, fields 

for the student's name and class, theme information, and images relevant to the learning material. The logos of 
Universitas Negeri Padang and Tut Wuri Handayani are displayed in the upper-left corner. 
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Figure 2. Preface 

Figure 2 presents the preface, which provides an overview of the purpose of developing the E-Student Worksheet, 

the benefits of using the E-Student Worksheet in learning, and the hope that the developed learning medium will 

help students understand measurement concepts and improve their critical thinking skills. 

 

 
Figure 3. Learning Instructions 

Figure 3 presents the learning guidelines, which provide information on how to use the E-Student Worksheet, 
including the procedures to follow and the steps that teachers and students should take during the learning process. 

 

 
Figure 4. Product Description 

Figure 4 shows the product description page, which provides an overview of the developed E-Student Worksheet. 

This section explains that the product is an E-Student Worksheet based on Inquiry Learning and integrated with 

local wisdom for the topic of Measurement. It is divided into three topics: physical quantities and units, unit 

conversion and scientific notation, and length-measuring instruments. 
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Figure 5. Competencies 

Figure 5 shows the competencies section, which includes the Learning Outcomes, Learning Objectives, Learning 

Objective Sequence, and Indicators of Learning Objective Achievement that students are expected to attain after 

participating in learning activities using the E-Student Worksheet on Measurement. 

 
Figure 6. Supporting Information 

Figure 6 shows the supporting information page, which contains brief explanations of the material, images, 

formulas, and contextual information. This information is intended to help students understand the concepts before 

solving the problems related to measurement presented in the E-Student Worksheet. 
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Figure 7. Work Procedures 

Figure 7 illustrates the procedural steps, which consist of learning activities organized according to the Inquiry 

Learning syntax and incorporate critical thinking skills indicators. In this section, students complete the activities 

step by step in accordance with the stages of the Inquiry Learning model presented in the E-Student Worksheet. 

 
Figure 8. Assessment 

Figure 8 shows the assessment page, which contains evaluation questions designed to measure students’ 

conceptual understanding and critical thinking skills after completing all learning activities. The assessment is 

developed in accordance with the established learning indicators and objectives. 

 
Figure 9. Author Information 

Figure 9 shows the author's identity section, which contains biographical information about the author of the E-

Student Worksheet. 
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Figure 10. References 

Figure 10 shows the reference page containing a list of sources used in developing the E-Student Worksheet, 

including relevant books, scientific articles, and digital resources. 

The concise mapping of the developed E-Student Worksheet is presented in Table 3. 

 

Table 3. Mapping of the Designed E-Student Worksheet Content 

Worksheet Local 

Wisdom 

Context 

Measurement 

Concepts 

Inquiry Learning 

Activities 

Critical Thinking 

Indicators 

1 Rumah 
Gadang and 

Alua Jo Patuik 

Physical quantities, 
units, base and derived 

quantities, standard and 

non-standard units 

Identifying quantities 
and units used in Rumah 

Gadang construction and 

evaluating the 

classification results 

Interpretation, 
analysis, inference, 

evaluation, 

explanation, self-

regulation 

2 Sukek, Belek, 

Kambuik, 

Pikua, and 

Saameh 

Unit conversion, SI 

units, and scientific 

notation 

Converting traditional 

units into SI units and 

scientific notation, and 

verifying the calculation 

results. 

Interpretation, 

analysis, inference, 

evaluation, 

explanation, self-

regulation 

3 Jengkal, 

Hasta, and 

Depa 

Length measurement, 

measuring instruments, 

precision, and 
measurement 

uncertainty 

Comparing traditional 

measurement results with 

those obtained using a 
ruler, vernier caliper, and 

micrometer screw gauge 

Interpretation, 

analysis, inference, 

evaluation, 
explanation, self-

regulation 

 

Validity of the E-Students Worksheet 

The product validity analysis yielded an average Aiken’s V validity index of 0.93. The assessed aspects 

included content substance, visual communication design, E-Student Worksheet components, software utilization, 

the implementation of the Inquiry Learning model, critical thinking skills, and the integration of local wisdom. 

The scores ranged from 0.89 to 0.96, indicating that the product was categorized as valid according to[19] as 

presented in Table 4. 

Table 4. Product Validation Results 

Aspect V Category 

Content Substance 0,91 Valid  

Visual Communication Design 0,95 Valid 

E-Student Worksheet Components 0,95 Valid 
Software Utilization 0,96 Valid 

Implementation of the Inquiry Learning Model 0,92 Valid 

Critical Thinking Skills 0,94 Valid 

Integration of Local Wisdom 0,89 Valid 

Average 0,93 Valid  

 

Based on the product validation results, the aspect of local wisdom integration received the lowest score compared 

to the other aspects. This was due to the need for greater accuracy and further consideration in selecting and 

integrating local wisdom into physics measurement concepts. During the product validation stage, all comments 

and suggestions were addressed through revisions to the recommended aspects of the E-Student Worksheet. 
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Practicality of the E-Students Worksheet 

After the validation and revision processes were completed, a valid E-Student Worksheet product was 

obtained. The next stage was to assess its practicality. The practicality assessment consisted of two stages: an 

assessment by teachers and an assessment by students. The analysis of the practicality results based on the teacher 

response questionnaire yielded a score of 94%, which was categorized as highly practical according to the criteria 

in [20]. The results are presented in Table 5. 

 

 Table 5. Results of Teacher Practicality Assessment 

Aspect Percentage (%) Category 

Ease of Use and Readability 93% Highly Practical 

Presentation 95% Highly Practical 
Efficiency 88% Highly Practical 

Benefits 100% Highly Practical 

Average 94% Highly Practical 

 

In addition to the practicality assessment conducted by teachers, students were also involved in evaluating 

the practicality of the product. The analysis of practicality data obtained from 36 Grade X Phase E students at 

SMAN 1 Lubuk Sikaping yielded an average score of 88%, which was categorized as very practical according to 

the criteria in [20]. The results are presented in Table 6. 

 

Table 6. Results of the Student Practicality Assessment 

Aspect Percentage (%) Category 

Ease of Use and Readability 87% Highly Practical 

Presentation 87% Highly Practical 

Efficiency 88,9% Highly Practical 

Benefits 89,1% Highly Practical 
Average 88% Highly Practical 

 

Discussion  

 

Based on the results of the preliminary analysis of physics learning at SMAN 1 Lubuk Sikaping, several 

problems were identified in the learning process. The analysis was conducted during the define stage, in which the 

front-end analysis revealed that physics learning still predominantly relied on lecture-based methods, causing 

students to mainly receive and take notes on the teacher’s explanations. Consequently, opportunities for students 

to analyze information, connect concepts, and draw conclusions remained limited. In addition, simple laboratory 

activities had not been optimally implemented, as students still required guidance in using equipment and materials 

and following experimental procedures. The teaching materials also did not specifically incorporate critical 

thinking indicators, were not systematically organized according to the learning model’s syntax, and rarely 

connected the subject matter to real-life contexts and local wisdom. Therefore, teaching materials are needed to 

encourage active student participation, present learning activities systematically, and facilitate critical thinking 

skills through contextual learning activities. 

The results of the student analysis indicated that students’ characteristics supported the use of interactive 

digital teaching materials in physics learning. Students demonstrated characteristics that were conducive to 

technology-assisted learning and interactive teaching materials. They also tended to understand physics concepts 

more easily through real-life experiences and visual presentations, such as images, animations, and videos. These 

characteristics were taken into consideration in developing the E-Student Worksheet to ensure that the teaching 

materials aligned with students’ needs and learning preferences. Furthermore, students’ critical thinking skills still 

needed to be facilitated, as the analysis revealed that their average critical thinking performance remained low. 

The preliminary test showed that the inference indicator accounted for only 11%. This finding indicates that 

students’ ability to draw conclusions based on available information and evidence still needs to be supported. 

Therefore, learning activities should provide opportunities for students to interpret information, analyze problems, 

evaluate information and evidence, draw conclusions, provide explanations, and reflect on their thinking processes. 

These findings indicate that teaching materials should not merely present information but should also include 

activities that encourage active student participation in thinking and inquiry processes. However, the teaching 

materials are designed to facilitate critical thinking skills rather than demonstrate an improvement in students’ 

abilities, as this study has not yet examined the effectiveness of the developed product. 
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Furthermore, task and material analysis provides the basis for determining the activities and scope of the 

content to be developed. The integration of the six stages of Inquiry Learning provides a structured framework for 

students to engage in scientific inquiry systematically. These stages are linked to local wisdom, allowing 

measurement concepts to be learned through contexts that are familiar and relevant to students’ daily lives. The 

material, which covers physical quantities and units, unit conversion and scientific notation, and length-measuring 

instruments, is organized sequentially and interconnectedly to support students’ understanding of measurement 

systems. Finally, learning objective analysis serves as the basis for determining the direction of the activities 

developed in the E-Student Worksheet. The learning objectives focus on students’ ability to apply measurement 

systems through scientific inquiry to explain everyday phenomena logically and scientifically. This indicates that 

learning is directed not only toward conceptual mastery but also toward the application of concepts through 

scientific activities. The results of the define stage provide the foundation for the design stage, in which an 

interactive, systematic, contextual, Inquiry Learning-based E-Student Worksheet is designed to incorporate 

activities that facilitate students’ critical thinking skills. 

During the design stage, the local-wisdom-integrated Inquiry Learning-based E-Student Worksheet was 

designed using an appropriate development process and writing structure. The components of the E-Student 

Worksheet include the title, learning instructions, competencies, supporting information, tasks or working 

procedures, and assessment [21]. The structure of the local-wisdom-integrated Inquiry Learning-based E-Student 

Worksheet was then adapted to the following phases: (1) orientation, (2) conceptualization, (3) investigation, and 

(4) conclusion. Furthermore, each activity in the E-Student Worksheet was designed to strengthen the six critical 

thinking skills indicators proposed by Facione, namely interpretation, analysis, inference, evaluation, explanation, 

and self-regulation [3]. After the local-wisdom-integrated Inquiry Learning-based E-Student Worksheet was 

developed, the product was evaluated before implementation through expert validation to assess its alignment with 

the learning objectives, measurement content, and critical thinking skills indicators. Subsequently, a practicality 

test was conducted during the development stage, involving one physics teacher and students as respondents. 

The development stage was conducted to ensure the quality of the Inquiry Learning-based E-Student 

Worksheet integrated with local wisdom on the topic of measurement. Two activities were carried out at this stage: 

validity testing and practicality testing. The validity test involved five physics experts from the Faculty of 

Mathematics and Natural Sciences, Universitas Negeri Padang (FMIPA UNP), who assessed the feasibility of the 

product. The validation covered seven aspects: content substance, visual communication design, E-Student 

Worksheet components, software utilization, implementation of the Inquiry Learning model, critical thinking 

skills, and the integration of local wisdom. The validation results indicated that the developed E-Student Worksheet 

met the validity criteria across all assessed aspects. The content substance aspect was assessed based on four 

indicators: accuracy, material coverage, currency, and readability. The material presented in the E-Student 

Worksheet was based on accurate physics concepts, aligned with the learning objectives and Indicators of Learning 

Objective Achievement (IKTP), provided appropriate coverage, reflected developments in science and the 

Merdeka Curriculum, and used language that was easy to understand. These results indicate that the content of the 

E-Student Worksheet was systematically organized and aligned with learning needs. This finding is supported by 

[22], which highlights the importance of material relevance, content quality, and language in ensuring that an E-

Student Worksheet can be effectively used as a learning resource. 

In the visual communication aspect, the assessment covers navigation, typography, media, color, and layout. 

The E-Student Worksheet provides clear navigation and instructions, uses readable font styles and sizes, 

incorporates images that support information delivery, and features a balanced combination of colors and layout. 

These findings are supported by [23], which indicates that the arrangement of visual elements, including 

appearance, illustrations, and readability, contributes to effective information presentation in E-Student 

Worksheets and supports their usability for students. Therefore, these visual elements help clarify information and 

improve readability, enabling students to follow the learning activities more easily. In the E-Student Worksheet 

components aspect, the assessment covers the title, learning instructions, competencies, supporting information, 

work procedures, assessment, author information, and references. The validation results indicate that all 

components are included and organized according to learning needs, resulting in a complete and systematic 

structure. These findings are supported by[24], which indicates that E-Student Worksheets containing complete 

learning components provide a structured sequence of activities that supports a more organized learning process. 

Thus, the completeness of the E-Student Worksheet components is an important aspect of ensuring the systematic 

presentation of learning activities. 

In the software utilization aspect, the assessment covers the indicators of interactivity, software support, and 

originality. This aspect is relevant to the characteristics of the developed product, as the E-Student Worksheet is 
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designed as an electronic teaching material that utilizes technology to support learning activities. The findings 

indicate that the use of TopWorksheets in the E-Student Worksheet is highly appropriate for supporting the 

presentation of digital teaching materials and enhancing student interactivity. Software utilization enables the E-

Student Worksheet to be presented interactively and to incorporate various learning components, such as 

supporting information, images, work procedures, and activities that students can complete online. This finding is 

supported by study [25], which explains that the integration of digital technology into E-Student Worksheets 

enables students to engage in interactive and exploratory learning activities. Therefore, optimal software utilization 

not only supports the digital presentation of E-Student Worksheets but also facilitates more interactive and 

systematic learning activities while encouraging student engagement in the learning process. 

In terms of the implementation of the Inquiry Learning model, the assessment covers the alignment of E-

Student Worksheet activities with the stages of orientation, conceptualisation, investigation, and conclusion. The 

activities in the E-Student Worksheet are organized according to these stages, guiding students through a gradual 

inquiry process, from understanding phenomena to drawing conclusions based on the results of their activities. 

Therefore, systematically organizing activities in accordance with the learning model is essential to ensure that 

each learning stage provides students with clear and structured guidance. This finding is supported by [26], which 

explains that implementing the Inquiry Learning model through systematic stages and interactive features provides 

opportunities for students to actively engage in discovering and constructing their own understanding 

independently. 

In terms of critical thinking skills, the assessment covers interpretation, analysis, inference, explanation, 

evaluation, and self-regulation. The activities and procedures in the E-Student Worksheet are designed to help 

students understand information, analyze relationships between concepts or data, draw conclusions, justify their 

reasoning, evaluate information or solutions, and reflect on their thinking processes. This finding is supported by 

[27], which demonstrates that E-Student Worksheets can be designed to facilitate critical thinking skills through 

learning activities that actively engage students in the thinking process. Thus, the activities in the E-Student 

Worksheet not only guide students toward obtaining answers but also provide opportunities for them to apply their 

thinking processes in problem-solving. Finally, the local wisdom aspect assesses the relevance of the content to 

the culture of West Sumatra, its integration with measurement concepts, the clarity of its presentation, and its 

contribution to contextual learning and critical thinking skills. In the development of the E-Student Worksheet, 

local wisdom serves as a context for connecting measurement concepts with students’ daily lives and cultural 

environments, thereby making the concepts more meaningful. This finding is supported by [28], which indicates 

that integrating local wisdom into physics teaching materials can connect physics concepts with cultural contexts 

familiar to students, thereby supporting contextual 

Furthermore, a practicality test was conducted at SMAN 1 Lubuk Sikaping to assess the practicality of the 

product, involving one physics teacher and 36 students. The practicality of the E-Student Worksheet was assessed 

across four aspects: ease of use and readability, presentation, time efficiency, and usefulness. The practicality 

results showed that usefulness was the highest-rated aspect based on responses from both the teacher and students. 

This indicates that the E-Student Worksheet helps students engage in learning activities in a more structured 

manner, understand the learning material, and study independently. This finding is supported by study [29], which 

demonstrated that the usefulness of an E-Student Worksheet can help students learn and understand physics 

concepts. Therefore, the E-Student Worksheet was considered beneficial by its users in supporting the learning 

process. 

This study has several limitations. The practicality evaluation involved only one physics teacher and students 

from one class at a single school; therefore, the findings cannot be widely generalized. Furthermore, the practicality 

assessment was based on teacher and student responses, which reflect users’ perceptions of the product. This study 

also did not include an effectiveness test to determine changes in students’ critical thinking skills after using the 

E-Student Worksheet. Therefore, the findings are limited to evaluating the product’s feasibility and practicality. 

The findings suggest that the E-Student Worksheet based on inquiry learning and integrated with local 

wisdom can be considered an alternative digital teaching material for the topic of measurement, connecting physics 

concepts with local cultural contexts. Future research is recommended to examine its effectiveness across more 

diverse samples and schools by measuring students’ critical thinking skills before and after using the E-Student 

Worksheet. 
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IV. CONCLUSION 

Based on the research findings, the Electronic Student Worksheet (E-Student Worksheet) on Measurement, 

developed using an Inquiry Learning model integrated with local wisdom to facilitate the critical thinking skills of 

Grade X (Phase E) students, was found to be valid, with an Aiken’s V coefficient of 0.93, and highly practical, 

achieving practicality scores of 94% and 88% based on teacher and student assessments, respectively. The E-

Student Worksheet was designed systematically and contextually by integrating the Inquiry Learning model with 

six indicators of critical thinking skills: interpretation, analysis, inference, evaluation, explanation, and self-

regulation. This integration enables the E-Student Worksheet to serve as a teaching material that supports 

systematic and contextual learning activities while facilitating students’ critical thinking skills. However, its 

effectiveness in improving students’ critical thinking skills cannot yet be concluded, as an effectiveness test has 

not been conducted. Therefore, future research is recommended to evaluate the effectiveness of the E-Student 

Worksheet by assessing students’ critical thinking skills before and after its implementation and involving more 

diverse samples and schools. 

 

ACKNOWLEDGMENT  

The authors would like to express their gratitude to the Department of Physics, Faculty of Mathematics and 

Natural Sciences, Universitas Negeri Padang, for its assistance and support in the preparation of this article. 

REFERENCES 

 

[1] A. García-carmona, “Scientific Thinking and Critical Thinking in Science Education Two Distinct but 
Symbiotically Related Intellectual Processes,” Sci. Educ., vol. 34, no. 1, pp. 227–245, 2025, doi: 

10.1007/s11191-023-00460-5. 

[2] V. Kannan, J. M. Warriem, R. Majumdar, and H. Ogata, “Learning dialogs orchestrated with BookRoll : 

effects on engagement and learning in an undergraduate physics course,” Res. Pract. Technol. Enhanc. 

Learn., vol. 17, no. 28, 2022, doi: 10.1186/s41039-022-00203-0. 

[3] P. a. Facione, Critical Thinking : What It Is and Why It Counts. In Insight assessment, 2023. 

[4] Tugirin, Masak, M. Husen, and H. K. Abstract, “A Systematic Literature Review on Critical Thinking 

Skills in Physics Education,” IJEMST (International J. Educ. Math. Sci. Technol., vol. 13, no. 4, pp. 1268–

1282, 2025. 

[5] C. A. C. Daza and S. L. C. Daza, “Impact of Technological Pedagogical Innovations on Physics Education: 

An Umbrella Review of Systematic Reviews and Meta-Analyses,” Natl. Inst. Heal. Care Recearch, 2026. 

[6] S. Rodiah, L. H. B. A. Sukroyanti, S. Gummah, Habibi, and M. Joselevich, “Development of 
Ethnoscience-Based Physics Teaching Materials on the Topic of Motion Dynamics to Enhance Students ’ 

Critical Thinking Skills,” Int. J. Ethnoscience Technol. Educ., vol. 2, no. 2, pp. 223–242, 2025. 

[7] N. Safitri and Asrizal, “Validitas E-LKPD Kalor Berbantuan Liveworksheet Terintegrasi Model 

Pembelajaran Inkuiri untuk Memfasilitasi Keterampilan Berpikir Kritis dan Proses Sains SMA,” J. 

Pendidik. Tambusai, vol. 9, no. 2, 2025. 

[8] R. Safitri, Jumadi, and N. N. Simamora, “Development of Guided Inquiry-Based Physics e-LKPD to 

Improve Students ’ Critical Thinking Abilities,” JIPF (Jurnal Ilmu Pendidik. Fis., vol. 9, no. 3, pp. 353–

367, 2024, doi: 10.26737/jipf.v9i3.4821. 

[9] M. Pedaste, M. Mäeots, L. A. Siiman, S. A. N. van Riesen, E. T. Kamp, and C. C. M. Z. C. Z. E. Tsourlidak, 

“Phases of inquiry-based learning : Definitions and the inquiry cycle,” Educ. Res. Rev., vol. 14, pp. 47–

61, 2015, doi: 10.1016/j.edurev.2015.02.003. 
[10] R. Zidny, J. Sjöström, and I. Eilks, “A Multi-Perspective Reflection on How Indigenous Knowledge and 

Related Ideas Can Improve Science Education for Sustainability,” Sci. Educ., vol. 29, pp. 145–185, 2020. 

[11] S. E. Atmojo, M. D. Anggriani, R. D. Rahmawati, M. Skotnicka, A. K. Wardana, and A. P. Anindya, 

“Bridging STEM and Culture: The Role of Ethnoscience in Developing Critical Thinking and Cultural 

Literacy,” J. Pendidik. IPA Indones., vol. 14, no. 2, pp. 251–266, 2025, doi: 10.15294/jpii.v14i2.23505. 

[12] A. Musniar, K. Arafah, and P. Palloan, “Development of Physics Teaching Materials Based on Local 

Wisdom to Improve Students ’ Critical Thinking Skills,” J. Penelit. Pendidik. IPA, vol. 11, no. 2, pp. 274–

283, 2025, doi: 10.29303/jppipa.v11i2.9999. 

[13] S. Villayah and Suliyanah, “Analisis Validitas E-LKPD Fisika Terintegrasi Kearifan Lokal Egrang untuk 

Meningkatkan Keterampilan Berpikir Kritis Peserta Didik SMA,” J. Sci. Educ., vol. 5, no. 2, pp. 818–825, 

2025, doi: 10.52562/biochephy.v5i2.1706. 



  Yunita, et al 

 

  Pillar of Physics Education, page. | 440 

[14] I. A. Rizki, F. R. Mirsa, A. N. Islamiyah, A. D. Saputri, R. Ramadani, and M. Habibbulloh, “Ethnoscience-

enhanced physics virtual simulation and augmented reality with inquiry learning : Impact on students ’ 

creativity and motivation,” Think. Ski. Creat., vol. 57, p. 101846, 2025, doi: 10.1016/j.tsc.2025.101846. 

[15] F. Y. Sabrina and S. Admoko, “Pengembangan E-LKPD Project Based Learning Terintegrasi Kearifan 

Lokal Permainan Gasing pada Materi Dinamika Rotasi untuk Meningkatkan Keterampilan Berpikir 

Kritis,” J. Inov. Pendidik. Fis., vol. 14, no. 03, pp. 175–189, 2026. 

[16] N. N. S. P. Verawati and Wahyudi, “Raising the Issue of Local Wisdom in Science Learning and Its Impact 

on Increasing Students’ Scientific Literacy,” Int. J. Ethnoscience Technol. Educ., vol. 1, no. 1, pp. 42–54, 

2024, doi: 10.33394/ijete.v1i1.10881. 

[17] Thiagarajan, Sivasailam, and E. Al, “Instructional development for training teachers of exceptional 
children: A sourcebook,” J. Sch. Psychol., vol. 14, no. 1, p. 75, 1974, doi: 10.1016/0022-4405(76)90066-

2. 

[18] E. P. Widoyo, Teknik Penyusunan Instrumen Penelitian. PUSTAKA BELAJAR, 2012. 

[19] L. R. Aiken, Three Coefficients for Analyzing the Reliability and Validity of Ratings. Educational and 

Psychological Measurement, 1985. 

[20] Riduwan, Skala Pengukuran Variabel-variabel Penelitian. ALFABETA, 2008. 

[21] A. Prastowo, Panduan Kreatif Membuat Bahan Ajar Inovatif. 2015. 

[22] M. P. Nenggala, P. Razi, Hidayati, and S. Y. Sari, “Electronic Student Worksheet for Solving Problems in 

Physics Material Based on Problem-Based Learning,” Int. J. Inf. Educ. Technol., vol. 14, no. 7, 2024, doi: 

10.18178/ijiet.2024.14.7.2121. 

[23] S. Jin, “Visual design guidelines for improving learning from dynamic and interactive digital text,” 
Comput. Educ., vol. 63, pp. 248–258, 2017, doi: 10.1016/j.compedu.2012.12.010. 

[24] H. P. Padang and I. Ramadhani, “Developing a Discovery Learning-Based Interactive E-LKPD (Electronic 

Student Worksheet) for Teaching Work and Energy in Senior High School Physics,” Lensa J. 

Kependidikan Fis., vol. 14, no. 1, pp. 157–178, 2026. 

[25] K. Hajati, N. A. Lutfin, and F. Rahmadi, “Pengembangan E-LKPD Flipbook Berbasis Virtual Laboratory 

PhET Guna Meningkatkan Minat Belajar Fisika,” JIPFRI (Jurnal Inov. Pendidik. Fis. dan Ris. Ilmiah), 

vol. 9, no. 2, pp. 110–122, 2025. 

[26] F. Nurliani, I. Rahmawati, and Suryandari, “Validity and Students’ Responses to Interactive E-Modules 

Based on Inquiry Learning Assisted by the Virtual Laboratory on Static Electricity,” Berk. Ilm. Pendidik. 

Fis., vol. 11, no. 2, pp. 230–241, 2023, doi: 10.20527/bipf.v11i2.16027. 

[27] Wulandahri, Hidayati, Y. Darvina, and F. Novitra, “Validity Analysis of Electronic Student Worksheets 
Based on Guided Inquiry to Improve Students ’ Critical Thinking Skills,” JPPF (Jurnal Penelit. 

Pembelajaran Fis. ), vol. 11, no. 1, pp. 35–51, 2025, doi: 10.24036/jppf.v11i1.12. 

[28] Kariani, B. A. Sukroyanti, and L. Habiburrahman, “Development of Physics Ethnoscience-Based 

Teaching Materials to Enhance Student ’ s Analytical Thinking Skills,” J. Pendidik. Fis. dan Teknol., vol. 

11, no. 1, 2025. 

[29] S. Hayati, Yurnetti, Desnita, and D. S. Suherman, “Pembuatan E-LKPD Berbasis Pendekatan Saintifik 

pada Materi Pengukuran dalam Kerja Ilmiah Fase E SMA/MA,” J. MIPA dan Pembelajarannya, vol. 5, 

no. 2, 2025, doi: 10.17977/um067.v5.i2.2025.5. 

 


	I. INTRODUCTION
	II. METHOD
	III. RESULTS AND DISCUSSION
	IV. CONCLUSION
	ACKNOWLEDGMENT
	REFERENCES


  V =      ∑  s  n   ( c − 1 )


  S = r −     l 0


  r


    l 0  


  S c o r e =     s c o r e   o b t a i n e d  m a x i m u m   s c o r e   x   100 %

