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Abstract.
This study aimed to analyze the characteristics and feasibility of electronic worksheets
based on problem-based learning in the course on acid-base to develop student
problem-solving abilities. This was a Research and Development (R & D) using a
4D modified model by Thiagarajan. The 4Ds were Define, Design, Develop, and
Disseminate. Product validation was performed by experts. The product practicality test
was performed by a reviewer and peer reviewer. Students performed the readability
test. Instruments of data collection were product feasibility validation sheets, practicality
test assessment sheets, and readability tests. Data analysis techniques were used to
calculate the average score, which was categorized according to ideal assessment
criteria. The results of the development research showed that an electronic worksheet
based on problem-based learning was developed in the form of a website consisting
of four learning activities with problem-based learning syntax adapted to the course on
acid-base and an electronic worksheet based on problem-based learning in the course
on acid-base was very feasible to be used. Based on validation from expert judgments,
practicality test assessments from reviewers and peer reviewers, and readability tests
by students, including the very good category, meaning that the electronic worksheet
is very feasible for learning activities. Therefore, electronic worksheets based on
problem-based learning were suitable for chemistry courses on acid-bases to develop
problem-solving abilities.
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1. INTRODUCTION

The COVID-19 pandemic emerged in early 2020 in Indonesia and had an impact on
the education sector, so it is hoped that all educational institutions will not carry out
activities as usual to reduce the spread of COVID-19 [1]. The impact that occurs in the
education sector in Indonesia is the application of distance learning at all levels of
education [2]. Education is an effort made in improving the quality and potential of
each individual. It is important to do this continuously in improving the quality of each
individual in the 21st century. The learning activities must ensure that students have the
skills to face life in the 21st century, namely (1) critical thinking skills and problem-solving,
communication and collaboration, creativity and innovation; (2) technology, information,
and media skills; (3) life and career skills [3].

Problem-solving ability is one of the abilities that students must have in the 21st
century [4]. Problem-solving is a systematic process of utilizing knowledge to solve
a problem [5]. The ability to solve chemistry problems is an indicator of success in
chemistry learning activities. However in reality, in Indonesia, students’ problem-solving
abilities are still low [6]. Therefore, it is necessary to apply a learning model that can
guide students in constructing their thoughts, so that students can solve an existing
problem.

The learningmodel that can be used to develop problem-solving skills is the problem-
based learning model [7]. Problem-based learning is collaborative learning that involves
students applying skills to solve a problem [8]. The problem-based learning model
was chosen because it has several benefits including (1) helping students build broad
and flexible basic knowledge, (2) helping students become effective collaborators, (3)
improving effective problem-solving skills, 4) motivating participants students to learn,
(5) developing students’ independent learning skills [9].

Problem-based learning shows that effective learning can improve critical thinking
skills and problem-solving abilities [10]. However, during the COVID-19 pandemic, stu-
dents are required to do online learning, and teachers are required to innovate distance
learning [1]. During the learning process during the pandemic, new habits occur, one of
which is online teaching materials that can be accessed by all students. Online learning
is considered not optimal because there is still a lack of online teaching materials that
can be used in the learning process [11].

Teaching materials are very much needed in the online learning process as it is today,
one of which is in the form of student worksheets [2]. Educators are required to innovate
online teaching materials such as worksheets which can be packaged innovatively in
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the online form which is commonly called e-worksheet or electronic worksheets [11]
Electronic worksheets affect the level of cognitive, interest, and motivation of students
towards the learning process [12]. The use of electronic worksheets for learning activities
can be developed using a problem-based learning model [11].

Chemistry subjects, especially acid-base material, are felt by some students as mate-
rial that tends to be difficult to understand [13]. Students are required to be able to
understand acid-base material well so that at the time of evaluation they get good
grades, even in a pandemic. This requires the role of educators to work harder to do
interesting learning so that students can more easily understand the subject matter
[11]. Based on these problems, it is necessary to make online teaching materials in the
form of electronic worksheets based on problem-based learning that can be used the
o deve as students’ problem-solving abilities on acid-base materials. The objective of
study were to analyze the characteristics and feasibility of electronic worksheet based
on problem-based learning on acid-base materials to develop student problem-solving
abilities.

2. RESEARCH METHOD

This research is a type of development research that adapts the stages of the Thia-
garajan 4D development model which consists of four stages namely define, design,
develop, and disseminate [14]. In general, the four stages of development research were
briefly presented in Figure. 1.

Figure 1: Stages of electronic worksheet development.

The electronic worksheets developed were compiled using HTML and web host-
ing. Electronic worksheet final product validation was performed by expert judgment,
product practicality test was performed by reviewer and peer reviewer and readability
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test was performed by students. The development research was conducted at SMA
Negeri 1 Bumiayu, Brebes. The subjects of the limited-scale trial were 20 high school
students in class XI MIPA. Limited scale trials on students aim to obtain assessments
and suggestions for electronic worksheet products. The data collection instruments in
this research were: expert judgment validation sheet questionnaire, practicality test for
reviewers and peer reviewers, and readability test for students.

Product development data in the form of qualitative data comes from expert
judgment, reviewers, peer reviewers, and students. The resulting qualitative data is
in the form of input and suggestions for improvement of the product that is used as
consideration in developing the final product. Media assessment data was obtained
from the learning media assessment sheets given to reviewers, peer reviewers, and
students. The steps to get the data are by changing the qualitative data into quantitative
data with the rules for giving the response questionnaire scores in Table 1.

Table 1: Product eligibility rating rules.

Rating Indicator Score

Very good 5

Good Enough 4 3

Not enough 2

Very less 1

Then calculate the average score of each assessment indicator using equation 1.

(1)

Note:

: Average score

: Number of statement items

: Total score number

Furthermore, the average score is compared with the product assessment category
according to the ideal assessment criteria in Table 2.

Table 2: Product ideal evaluation criteria.

Score Range Classification

Very good

Good

Enough

Not enough

Very less

Note:
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: Average score

: ½ (ideal max score + ideal min score)

: Ideal standard deviation

3. RESULTS AND DISCUSSION

Product development research was conducted based on the 4D development model
developed by Thiagarajan with the stages namely: define, design, develop, and dissem-
inate [14]. Electronic worksheet based on problem-based learning products developed
by researchers certainly has different characteristics from other learning media that
have been developed. The use of problem-based learning teachingmaterials in learning
activities aims to train students’ problem solving abilities. The electronic worksheet is
one of the media that can support online and offline learning and affect student learning
outcomes in aspects of knowledge, skills, and attitudes [15]. Electronic worksheet based
on problem-based learning is made in the form of a website with the help of web hosting
and HTML applications that can be accessed through the address https://chemistry-
education.000webhostapp.com. The electronic worksheets based on problem-based
learning can be accessed anywhere and anytime by teachers and students using smart-
phones or computers. This electronic worksheet based on problem-based learning on
acid-base materials can be used for grade XI students majoring in mathematics and
natural sciences, SMA or MA.

Electronic worksheet based on problem-based learning that was developed is
expected to be used to develop students’ problem-solving abilities on acid-base
materials. The difficulty of students in solving a problem in chemistry is usually caused by
a lack of knowledge about the subject matter, misconceptions, and bad problem-solving
strategies, so teachers need to explore learning that can develop students’ chemistry
problem-solving skills [16]. The developed electronic worksheet contains subject matter
and student learning activities that follow the problem-based learning syntax so that
students are trained in problem-solving abilities in chemistry. The problem-based
learning model aims to improve critical thinking skills, analyze daily life problems, work
together in teams and communicate skills [17]. Electronic worksheet based on problem-
based learning that was developed has several components which can be seen in
Figure 2.

Figure 2 shows the media homepage as the first view. The electronic worksheet
contains several menus including covers, introductions, instructions for using media,
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Figure 2: Electronic worksheet home page.

explanations on problem-based learning, competency maps and concept maps, learn-
ing activities, competency tests, glossaries, references, and attachments. The learning
activity menu contains 4 activities that have been adapted to acid-base material, namely
(1) acid-base theory, (2) acid-base indicators, (3) acid-base acidity degrees, and (4)
acid-base reactions. Each learning activity follows the stages of the problem-based
learning model syntax which consists of five phases, namely (1) problem orientation, (2)
learning organization, (3) guiding investigations, (4) presenting results, (5) reflection, and
evaluation. Furthermore, the menu for learning activities can be seen in the following
Fig. 3.

 

Figure 3: Learning activity menu page.

The feasibility assessment was carried out with validation by two expert judgments
in the form of criticism and suggestions that were used to improve the electronic
worksheets and the validation results electronic worksheets were suitable for use with
some suggestions or feedback for revision. Furthermore, the product practicality test
was carried out by two reviewers and two peer reviewers, resulting in the product
feasibility category being presented in Table 3.
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Table 3: Aspects of item test.

Aspect Indicators Average
Score

PercentageCategory

Learning 5 23 90% Very good

Theory 4 17.75 88.75% Very good

Media Display 4 18.5 92.5% Very good

Software
engineering

5 22.5 90% Very good

Overall Aspect 18 81.25 90.28% Very good

Based on Table 3, the results of the product practicality test assessment can be seen
by reviewers and peer reviewers for aspects of learning, material, media display, and
software engineering, and all aspects. The results of the practicality test assessment
for each aspect of the reviewers and peer reviewers were presented in Fig. 4.

 

Figure 4: Percentage diagram of reviewer and peer reviewer ratings.

Based on Figure 4, it can be seen the percentage of feasibility assessment from
reviewers and peer reviewers for each aspect. Based on these four aspects, it can be
seen that the percentage of product feasibility from reviewers and peer reviewers is
90.28%, meaning that the development of electronic worksheet based on problem-
based learning on acid-base materials is categorized as very feasible for use. This is in
line with research conducted by Sukorini & Purnomo showing that the level of validity
of electronic worksheets based on problem-based learning based on the feasibility of
content, presentation, and language gets a percentage of 93% which is included in the
very feasible category [18].

The readability test of electronic worksheet based on problem-based learning prod-
ucts was carried out on a small scale, involving 20 students of class XI MIPA at SMA
Negeri 1 Bumiayu, Brebes. The product readability test was carried out by researchers
asking students to use an electronic worksheet based on problem-based learning on
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acid-base materials without guidance from teachers or researchers. The results of the
student’s readability test assessment of the product produced in the product quality
category are presented in Table 4.

Table 4: The Results of the Readability Test for Students.

Aspect Indicators Average Score Percentage Category

Theory 4 18.15 90.80% Very good

Media Display and
Operation

7 31.8 90.86% Very good

Overall Aspect 11 50 90.82% Very good

Based on Table 4, it can be seen that the results of the product readability test
assessment by students for all aspects, namely thematerial and operational appearance
of the media, obtained an average score of 50 out of 11 indicators with a resulting
percentage of 90.82%, so it can be concluded that based on the readability test of
students, the electronic worksheet based on problem-based learning on acid-base
material is categorized as very good or very feasible for use.

The development of electronic worksheet based on problem-based learning on
acid-base materials after being validated by expert judgment, and practicality test
assessments by reviewers and peer reviewers, as well as student readability tests,
it can be concluded that electronic worksheet based on problem-based learning on
acid-base materials were developed resulted in a high percentage of feasibility so
that it can be said that the electronic worksheets based on problem-based learning
on acid-base materials are categorized as very good or very feasible for use. This is
the same as the results of the analysis conducted by Febriyanti et al. on the analysis
of the feasibility assessment of the electronic worksheet based on problem-based
learning on chemical equilibrium material by expert judgment, educators, colleagues,
and students, the results of the assessment are very good. The results of other analyzes
also show that the development of electronic worksheet on electrolyte and nonelec-
trolyte solution chemistry received assessments from expert judgment, reviewers, peer
reviewers, and students indicating that the developed media is very feasible to use.
Electronic worksheets help the learning process during the pandemic [2] and electronic
worksheets based on problem-based learning are feasible for use as online teaching
materials during theCovid-19 pandemic [11]. Based on this, the development of electronic
worksheets based on problem-based learning can be a new solution in developing
learning tools that are integrated with technological developments that can help the
learning process online or face-to-face. Therefore, electronic worksheets based on
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problem-based learning are suitable for use in chemistry learning on acid-basematerials
to develop problem-solving abilities.

4. CONCLUSION

The results of the development research showed that an electronic worksheet based
on problem-based learning was developed in a form of a website consisting of four
learning activities on acid-base materials with problem-based learning syntax which
consists of five phases, namely (1) problem orientation, (2) learning organization, (3)
guiding investigations, (4) presenting results, (5) reflection and evaluation. The electronic
worksheet based on problem-based learning on acid-base was very feasible to be used.
Based on validation from expert judgment, practicality test assessments from reviewers
and peer reviewers, and readability tests by students including the very good or very
feasible category. Furthermore, it is necessary to develop electronic worksheets based
on problem based learning on other chemical materials to support online or face-to-face
learning activities.
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