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the readability test in the legible category,the student response test
was very good category, while forthe teacherperception test it was
very good. So the average practicality test in the very practical
category.

INTRODUCTION

Problems in learning activities in the classroom are increasingly complex, but students are required not
only to have process skills but also to have 21st-century skills. These skills will be used as provisions
for entering the world of work in the future. The 21st-century skills that students must have include the
4Cs, namely critical thinking and problem-solving, creativity and innovation, communication, and
collaboration (Kembaraet al., 2019). One of the skills students must possess is critical thinking skills,
which can be obtained through education (Ritonga et al., 2021). Educators as facilitators play an
essential role in the learning process, one of which is by placing students as the center of learning so
that students can be more active and accustomed to practicing their critical thinking skills (Femanda et
al., 2024). Critical thinking skills are an effort to deepen awareness and intelligence by comparing
several problems to produce conclusions and ideas that cansolve problems(Zulfaneti & Mukhni, 2018).
Someone who has high critical thinking skills will be able to connect new knowledge and previous
knowledge to be able to solve the problem being faced for a rational concept (Mahzum, 2024). If we
look closely, critical thinking skills are highly correlated with other HOTS abilities, including the
relationship between critical thinking skills and problem solving, creativity, digital literacy,
collaboration, and communication skills (Kocak et al., 2021). The world of science education is also
experiencing development and having an impact on people's lives, which means that critical thinking
skills are very important for science education (Samadun & Dwikoranto, 2022).
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The context of this research focuses on overcoming the challenges of students' critical thinking
skills, especially on Boyle's Law material. Boyle's Law is material that is difficult for students to
understandandis abstractor complexto describe, so itreally requires a medium that can explain Boyle's
Law, of course, through a practical activity. Through practical activities to overcome learning
difficulties such as difficulty understanding the material, difficulty associating the relationship between
pressure, volume, and temperature, difficulty understanding formulas, and operating formulas when
solving problems. The use of practical activities in the learning process allows teachers to see students'
skills (Sarwanto & Chumdari, 2021).

One learning support that can help students understand the material is through practicums using e-
worksheet teaching materials . An e-worksheet is a worksheet that can make it easier for students to
understand the material in electronicform, which canbe applied to computers, laptops, cell phones, etc.
(Putriyana et al., 2020). The use of e-Worksheet will make students more active in participating in
learning because they do not only being an object of learning but also a subject of learning so that the
conceptsstudied are discovered by the students themselves. Apart from that, an e-Worksheet can be a
combination of multimediaelementssuch as text, audio, video, and animation, which aims to guide
students to achieve basic competencies in a targeted manner (Awe & Ende, 2019).

This developmental research is motivated by previous research. Previous research conducted by
(Anugerah, 2020) developed Boyle's legal practicum tools but still needed supporting teaching
materials. Based on research conducted by (Redhana, 2019), it is proven that the teaching materials
developed can help students understand the three levels of representation to improve students' critical
thinking skills. In line with research conducted by (Wahyuni et al., 2021), it was concluded that e-
worksheets can improve critical thinking skills. Based on research results (Khalifa etal., 2021), itis
proven that the Worksheet developed is very suitable for practicing critical thinking skills. Based on
this explanation, the development of teaching materials or e-worksheets with various learning models
and research methods can improve students' critical thinking skills. As a solution to this problem,
product development was carried out in the form of project-based e-Worksheet to improve students'
critical thinking skills.

RESEARCH METHODS

Research Approach

This research uses Design and Development research development adapted from Richey and Client
(2007) which consists of four development stages. The development stages used are analysis, design,
development, and evaluation. This research used two assessments, namely a validity test carried out by
3 experts and a practicality test seen from readability tests, student responses, and teacher perception
tests.

Research Participants
The subjects of thisresearch consisted of 1 expert lecturer and 2 physics teachers as validators, as well
as 8 teachers as teacher perception testers and 20 class XI students at SMAN 1 Tanjung Raya.

Research Instruments

The instrument used in this research is a questionnaire, where the questionnaire used in this research is
a list of questions given to respondents regarding a problem that exists in the e-worksheet being
developed. The questionnaire consists of a needs analysis questionnaire, validity test questionnaire,
readability test questionnaire, student response test questionnaire and teacher perception test
guestionnaire.

Data Collection

Validity test data collection was obtained from three experts, namely the first expert from the education
department at Lampung University and 2 other experts from physics teachers. This data collection was
taken from the results of the recapitulation of scores from the three experts, based on the two aspects
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that had been determined by the author, namely media and design as well as materials and constructs in
the e-worksheet that had been developed

Data Analysis

This research consisted of two data analyzes, namely validity test data and practicality test data.
Analysis of validity testdata to find out whether the e-worksheet that hasbeendeveloped by researchers
is valid and good or not when applied to classroom learning. Meanwhile, practical test data analysis is
used to describe observationdataobtained by researchers in thefield while using e-worksheet in project-
based learning model activities.

1. Validity Test Results
This product validation was carried out by three experts consisting of one Physics Education
Lecturer at the University of Lampung and two High School Physics teachers. This product
validation consists of two categories, namely media aspects and design aspects, the second is
material and construct. The product validation test results are then categorized accordingly
(Ratumanan & Laurent, 2011). With data analysis techniques using data from expert validation
tests, it is calculated using the following equation:

_average skor
~ XTotal

The calculated results are then interpreted to obtain the quality of the product being
developed. The score interpretation is adapted from Ratumanan and Laurent as seen in Table 1.

Table 1. e-workseet Validity Test Criteria

Assesment Result Score Interval Criteria
3,25 < skor 4,00 Very Valid
2,50 < skor< 3,25 Valid
1,75 <skor< 2,50 less Valid
1,00 <skor< 1,75 Invalid

(Ratumanan & Laurent, 2011)

2. Practicality Test Results
The practicality of the Project-based e-worksheet being developed refers to the extent to which e-
worksheet is used effectively and efficiently in classroom practice. The practicalities developed
consisted of a readability test questionnaire for students, a student response questionnaire and a
teacher perceptiontestforteachers. The resultsof theanswers to the questionnaire will be analyzed
using percentage analysis based on the formula according to (Arikunto, 2011) as follows.

Y. skor obtained
%X = - X 100%
Maximum

Data from filling out the readability test questionnaire were analyzed using percentage
analysis adapted by (Arikunto, 2011) as in data to determine product practicality.

Table 2. E- worksheet Practicality Test Criteria

Assesment Result Score Interval Criteria
0.00% - 20% Very Low Practical
20,1% - 40% Low Prrantical
40,1% - 60% Medium Practical

Assesment Result Score Interval Criteria
60,1% - 80% Practical
80,1% - 100% Very Practical

(Arikunto, 2011)
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RESULTS AND DISCUSSION

Validity Test Results

This validity test was carried out by 3 experts, where the first expert was a physics education lecturer
at the University of Lampung, while the second expert was an experienced high school physics teacher.
This validity test is seen from 2 aspects, namely media and design and material and construct. The
results of the validity test can be seen in table 3 below:

Table 3. Validity Test Results
Average Score From 3

Validity Aspect validatots Criteria
Media and Design Cover 3.63 Very Valid
Contents 3.43 Very Valid
Materials and Suitability of Material 3.55 Very Valid
Constructs Content
Construction 3.66 Very Valid
Total 14.21
Overall Average 3.57 Very Valid

Practicality Test Results

This practicality test is seen based on the results of the readability test, student response test and teacher
perception test which has received approval from the validator that the e-worksheet can continue with
the next test. The results of the practicality test data can be seen in the table below:

Table 4. Practicality Test Results

Practicality Aspects Average Criteria

Readability Structure 83.7% Very Practical
Spacing, type, and font size 85% Very Practical
Layouts 80% Practical
Language 83.7% Very Practical
User Interface 83.7% Very Practical
Instructions and Questions 81.2% Very Practical
Step Of Activities 82.5% Very Practical
Pesentation 85% Very Practical
Phenomenon 86% Very Practical
Learning Activities 83.7% Very Practical
Pi_ctures, Graphics, lllustrations, and 81.2% Very Practical
Videos
Average 83.1% Very Practical

Students Response Characteristics Of Interantive
Teaching Materials 81.4% Very good
The Implementation Of Knowledge
and Skills 81.1% Very good
Students Perception Of Satisfaction 81.7% Very good
Students Perception Of Project 83.7% Very good
Average 81.9% Very good

Teacher Perceptions Determine Basic Questions 94.7% Very good
Designing Project Questions 92.1% Very good
Prepare a Project Creation Schedule 93.7% Very good
Monitoring 93.7% Very good
Test Results 94.5% Very good

Practicality Aspects Average Criteria

Evaluation Of Teaching Experience 95.3% Very good
Average 94% Very good

Total Average 86.3% Very Practical
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Discussion of Validity Test

The product produced is a project-based e-worksheet to train critical thinking skills. The product
produced by the author was then validated by 3 experts, where the examiners consisted of 1 physics
education lecturer at the University of Lampung and 2 high school physical teachers in Bandar
Lampung. A. This product validation consists of two categories, namely media aspects and design
aspects, the second is material and construct. The product validation test results are then categorized
according to Ratumanan and Laurent.

Table 4 presents theresults of acomprehensive validation test evaluation of ane-Worksheet, which
is categorized into 2 aspects, namely media and design and material and construct. Based on the results
of the validity test questionnaire, it is known that in mediaand design validation, especially the cover
section of the e-Worksheet developed, it is categorized as very valid with an average score of all
validators of 3.63. Likewise, with the content section, the average value obtained for all validators was
3.43 in the very valid category. This means that the media and design of the e-worksheet developed are
appropriate and can be implemented into learning.

Then, in material and construct validation, there are 2 parts, namely the material content suitability
section and the construction section. Inthe content suitability section, the average score obtained for all
validators was 3.55 in the very valid category. This also happened in the construction section, the
average score obtained for all validators was 3.66 in the very valid category. This means that the
materials and constructs of the e-Worksheet developed are appropriate and can be implemented into
learning. This is in accordance with Matodang's opinion, where a teaching material is said to be valid
if it meets two concepts of validity, namely content and construct. Content validity is used to measure
how far the level of mastery of the content or content of a material that must be mastered is in accordance
with the learning objectives. At the same time, construct validity is seen from the relationship between
the components of the learning tools applied and the very valid category (Matodang, 2018).
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Figure 1. E- worksheet validity test result

Discussion of Practicality

After makingimprovements suggested by the three validators, the e-Worksheet was then tested for
practicality by racing on 3 aspects, namely the readability test, student response test, and teacher
perception test. Based on the results of the readability test, the average percentage was 83.1% in the
very good category. This shows that the e-worksheet being developed can be easily understood by
students. Apart from that, the e-worksheet products produced have utilized technological developments
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in the form of gadgets or smartphones, so studentsare more interested in using this teaching material
because it is easy to use anywhere and anytime. This is in line with what was said by Haryanto at al.,
(2019) which states that in current technological developments, most students are more interested in
teaching materials that utilize other media such as computers/laptops, even smartphones compared to
teaching materials in the form of printed worksheets.

The second practicality test is seen from the results of the student response test assessment, where
this student response test has 4 aspects of assessment criteria consisting of characteristics of interactive
teaching materials, application of knowledge and skills, students' perceptions of satisfaction, and
statements on the use of e-Worksheet based Projects. From these four aspects, there was a very good
response from students, with a score of 83.7% in the very good category. This is stated in the fourth
aspect, namely the Statement on the Use of Project-based e-Worksheet, which means that students feel
happy with the overall learning experience using Project-based e-Worksheet. A person's learning
satisfaction will arise if individual needs are met, but satisfaction will not arise if individual needs are
not met (Wibowo, 2017). Judging from these four aspects, there was a very good response from
students, this was indicated by the acquisition of a very good average score of 82% in the very good
category. This means that a project-based e-Worksheet to improve critical thinking skills can be
implemented in learning.

The third practical test is seen from the results of high school Physics teachers' perceptual tests on
Project-based e-worksheets. This teacher perception test was carried out with the aim of finding out
how feasible the developed e-worksheet can be implemented in the learning process. This teacher
perception questionnaire is regarding the suitability of project-based learning activities for the abilities
being trained. Thisteacher perception test was carried out on 8 high school physics teachers consisting
of SMAN 01 Tanjung Raya, SMAN 02 Krui, SMAN 01 Mesuji Timur, SMAN 1 Menggala, SMA
Muhammadiyah 01 Mestim, SMAN 01 Banjar Agung, SMA IT Daarul llmi, SMA IT Daar El Fikri.
This teacher perception test consists of 19 questions which can be seen in the attachment. The average
score obtained was 94.7% in the very good category. This meansthat the e-Worksheet that has been
developed is very good for implementation in Boyle's law learning process and every activity in the e-
Worksheet that is developed to improve students' critical thinking skKills.

Based on data analysis that has been carried out on the readability test aspect completed by
students, the aspect that dominates the highest achievement is number 9, namely 86% in the very good
category. In question 9, it presents a phenomenon in everyday life; thisis in line with the opinion of
Wiyanto and Hidayah, who state that through a given phenomenon, students will be able to train their
imaginative abilities (Wiyanto & Hidayah, 2021). Through events or phenomena that students often
encounter in the surrounding environment, it can be a source that can be used by teachers to stimulate
students' abilities. Next, namely the students' responses, the aspect that dominates the highest
achievement is at number 4, namely 83.7%, in students' perceptions regarding the project. In this
experimental activity, students felt happy with the activity, so they were more active in learning
activities. Thisisin line with Nisa's opinion, whichstates thatexperimental activitiesmake moreactive,
motivated,andenthusiastic in learning (Nisa,2017). Meanwhile, in terms of student responses, the most
dominant aspect was aspect 5, namely 95.3% of the learning experience evaluation activity; the teacher
said thatthrough evaluation activities on an e-worksheet, the teacher could find out howfar the students
could understand the material they had studied.

Teaching materials can be said to be practical if the teaching materials developed can be easily
used by teachers and students in the learning process (O’gradi & Alwis, 2021). Based on the results of
the analysis that has been carried out on the three aspects, namely readability tests, student responses
and teacher perception tests, an average score of 86.3% was obtained in the very practical category.
This means that project-based e-worksheets to train critical thinking skills on Boyle's Law material are
practically used in the learning process so that students and teachers feel helped by the e -worksheet.
The higher the involvement of students in the learning process, the higher the level of understanding,
skills, and learning experiences of students (Divia et al., 2022).



Asian Journal of Science Education 30

CONCLUSION

The conclusion is based on the findings of the validity assessment by considering media and design as
well as materials and constructs. It was found that the results from the three experts regarding the e-
Worksheet, which was developed ona project basis to train critical thinking skills, with an average
score obtained, were categorized as very valid. Furthermore, when the e-worksheet developed was
tested for its practicality using a readability analysis test, student responses, and teacher perceptions, it
was found that the e-worksheet developed was categorized as very practical. It is recommended that
future researchers better understand e-Worksheet in its application, which is based on project-based
learning, to improve students ' critical thinking skills.
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