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ABSTRACT

The study aims to develop worksheet based on STEM-PBL assisted by PhET simulation to improve student’s
problem solving during the COVID 19 Pandemic. Research development (R&D) design used ADDIE model with
stages (1) Analysis (2) Design (3) Develop (4) Implement (5) Evaluated. The subjects of this study were students
of MAN 2 Yogyakarta class XI MIPA 2. In product development there were 3 tests, the validation test to the
content and media experts, test practitioners to teachers, and test attractiveness to students. The results of this
research indicated that develop worksheet based on STEM-PBL assisted by PhET simulation was very good
considered by the experts, practitioners and students. This suggest that worksheet meet the appropriate criteria for
use to improve problem solving student’s during the Covid-19 pandemic.
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1. INTRODUCTION

A new case similar to pneumonia was first
identified in Wuhan, China on 31 December 2019 [1]
which spread from China to outside of China [2]. This
case is known as COVID-19. According to UNESCO
data, the impact of COVID-19 causes half of the
student population worldwide to carry out distance
learning (online learning). Indonesia is no exception.
Distance learning can make it easy for students to
transfer information in various situations and
conditions [3]. On the other hand, it also has an impact
on decreased psychological and skill quality [4].
Meanwhile, according to Minister of Education and
Culture Rule No. 20 of 2016, it explains the
competency standards of graduates to fulfil three
dimensions, the dimensions of knowledge, attitudes,
and skills. Therefore, it is necessary to have a solution
in distance learning during the pandemic to continue
to improve the skills of students.

Problem solving skills part of 21% century skills
[5]. Students have not maximized this skill [6], [7],
even though it is an important part of learning physics

[8]. Physics learning also needs to facilitate students'
problem-solving skills [9], one of which is by using
the Problem Based Learning (PBL) model [10], [11].
PBL is learning that involves students in the process
of solving the problems [12]. The stages in the PBL
learning model include: (1) finding problems, (2)
analyzing problems and studying, (3) finding and
learning, (4) presenting problem solving and
reflection, and (5) looking deeper into integration and
evaluation by training learn independently [13].

PBL can be collaborated with STEM (Science,
Technology, Engineering, Mathematic). STEM is not
only focused on technology, but it includes science,
technology, engineering, and mathematics [14], [15].
Science and Technology are able to encourage
problem solving in everyday environments. Problems
in the environment can be displayed with STEM-PBL
learning to maximize learning outcomes. The
implementation of STEM-PBL learning can improve
problem solving skills [16].

STEM learning and PBL can be assisted with
virtual media [17] one of which is the PhET (Physics
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Education Technology) simulation, using PhET as a
complementary solution for the lack of physics
laboratory equipment [18]. Especially distance
learning does not allow students to do experiments in
school. PhET media used in STEM-based can increase
students' positive responses to learning [19]. Phet
simulation is an attractive medium for students in
independent and group learning [20], is able to
emphasize the relationship between real life and
science, supports interactive, creative learning,
provide feedback [21], and can support the distance
learning (online) [22] we are currently experiencing.

STEM-PBL-based learning assisted by PhET
simulation can be written in a learning medium.
STEM, PBL and PhET simulation can be juxtaposed
with worksheets [23]. Worksheets is one of the
learning tools that help and support the
implementation of lesson plans (RPP). In addition,
student worksheets can be used as a means to increase
the effectiveness of learning, train students’ abilities in
thinking, acting, and behaving [24] and guiding
students to develop concepts. Worksheets is one of the
supporting learning media during the pandemic period
[25]. So that learning during the COVID-19 pandemic
can be helped by worksheets based on STEM-PBL
assisted by PhET simulation.

2. RESEARCH METHOD

2.1 Type of Research

The design of research is research and
development (R&D) with ADDIE model. The ADDIE
model used has stages (1) Analysis (2) Design (3)
Develop (4) Implement (5) Evaluated. The ADDIE
model stages can be seen in Figure 1

Figure 1 ADDIE model product development stage.

2.1.1. Analysis

Analysis is the initial stage for identifying
problems, needs, and tasks. This analysis was carried
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out by means of observation and interviews, the results
of which were used as reference materials for product
development.

2.1.2. Design

Based on needs analysis result, then design / design
by selecting materials, collecting materials such as
images / videos used in product development and other
supporting SOUrces.

2.1.3. Implement

This stage produces worksheets that has been
assessed for feasibility by experts. Furthermore, the
assessment by the teacher and students each filled out
the practitioner sheet and student response sheet. This
sheet serves to see the responses of teachers and
students to the products being developed.

2.1.4. Evaluated

The evaluation stage is carried out to evaluate the
LKPD products as a learning medium. In addition,
evaluations are also carried out at every four stages in
the ADDIE model which is called formative
evaluation. It aims to need revision at each stage of
development.

2.2 Research Subject

The subjects of this study were students of MAN 2
Yogyakarta in the 2019/2020 academic year class XI
MIPA 2.

2.3 Data Analysis Techniques

Non-test instruments in the form of expert
validation instruments are the instruments content and
media, the instruments of practitioners and response
instruments to students.

The data analysis technique used is the feasibility
and practicality analysis using a 1-4 Likert scale in
Table 1

Table 1. Categories of the Likert scale rating criteria

Scale Note

4 Very much agree
3 Agree

2 Don't agree

1 Disagree

The percentage of student validation scores and
responses uses the formula:
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__ scoreobtained

Score max

After getting the percentage score of each aspect of
the product, then the decision-making criteria can be
seen in Table 2

P x100% 1)

Table 2. Decision making criteria

Skor Criteria ‘
81-100% Very good
61-80% Good
41-60% Less good
21-40% Not good

3. RESULT AND DISCUSSION

Worksheets was developed based on the results of
observations and interviews with teachers and students
of class XI MIPA 2 at MAN 2 Yogyakarta. The results
obtained were (1) during the Covid-19 pandemic
students found it difficult to learn physics. (2) Students
are more interested and easier to understand with
experiments learning. (3) students better understand
physics material when it is linked in everyday life. (4)
students have not been maximal in solving existing
problems, sometimes students have not been able to
solve questions (5) there is no media that supports
learning with these four problems.

The teacher's solution in learning during the
Covid-19 pandemic was by using the WhatsApp
media as the application most used by students to
communicate. The teacher sometimes presents
problems in learning to lead students to learn and solve
problems, but students still have difficulty solving
them. During the pandemic teachers have not
conducted laboratory experiments due to regulations
requiring distance learning. Therefore, it requires
learning media that supports the Covid-19 pandemic,
supports experiments without having to go to school
laboratories, as well as learning media that is able to
display and students are able to solve problems in
everyday life.

The first step in product development is design.
The design of the worksheets is done by collecting
material sources, pictures and other sources. Basic
Competencies used are 3.10 and 4.10 in light wave
material. Then combine all the materials using Corel
Draw X7, Photoshop, Microsoft Word so that a
worksheet is generated. The application of STEM,
PBL, and the stages of learning activities in
worksheets is shown in Tables 3 and 4.
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Table 3. Application of STEM in learning

Component Explanation

Science Reflection and refrection of light
The use of PhET Simulation

Technology (light waves) and the use of e-
learning

. . Designing simple light

Engineering )
refraction

Mathematics Calculation with Snellius Law

Table 4. Application of STEM in learning

Step  Syntax in PBL

: Student are given a light wave
phenomenon in the form of a rainbow

Student identify the rainbow phenomenon

that is displayed

Student conduct a light wave experiment

using a PhET simulation.

Students present the results of
4 experiments that have been carried out

and answer questions on the worksheets

Students draw conclusions from the results
of experiments that have been carried out
as well as conducting joint evaluations with

the teacher

The resulting product then validated by a validator
(expert). The validity test is carried out to determine
the feasibility of the product being developed. There
are two validations, material and media validation,
each consists of two validators. After the revision was
made, the worksheets product was produced.
Worksheets display can be seen in Figure 2.

Figure 2 Display of worksheets.
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Table 5. Expert validation results

% final
Expert Aspect Category
score
Feasibility
84,09% Very good
content
Material Linguistic 75,00% Very good
Presen-
. 82,14% Very good
tation
Media Graphic 82.63% Very good
Average 87,52% 81,48% Very good

The result of expert validation shows that almost
all aspects get very valid values except for linguistic
aspects. In the aspect of content feasibility, the
percentage of the final score was the largest, 84.09%
with the very good category. The linguistic aspect gets
the lowest score percentage, 75.00% with good
category. From all aspects obtained an average final
score of 81.48% in the very good category. This result
indicated that worksheet based on STEM-PBL
assisted by PhET simulation was very good/very valid
considered by the experts.

Indicators in the appropriateness of the content
include compatibility with K13, basic competencies,
learning indicators, learning objectives, suitability
with the models and approaches used, and their
suitability in improving student problem solving skills.
This is same with [26] that the worksheet component
is one of them in the form of student activities such as
practicum and extra content according to the
orientation of basic competencies and achievement
indicators, so that it is expected to be able to improve
students' understanding through experience.

The linguistic aspect gets the lowest score out of
the other three aspects because (1) there are still
words/sentences that are not in accordance with EYD
(2) the choice of words/sentences is inaccurate (3)
inaccurate use of punctuation marks (4) the
instructions in the PhET simulation are not well
described. In the linguistic aspect, the language should
be straightforward, communicative, dialogical and
interactive, according to the level of development,
clutter, and an integrated line of thought, and the use
of terms and symbols [27]. The symbols and symbols
used must also be consistent so as not to confuse and
confuse students. [28]. The graphic aspect is in
accordance with [27] that worksheets must match the
module size, cover design and module content design.

After the worksheet’s validation to the experts then
the practitioner test. This test was conducted by two
physics teachers. The practitioner test consists of four
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aspects (1) feasibility of content (2) linguistics, (3)
presentation, and (4) graphic. The results of the
practitioner's test are displayed in the mean percentage
of the final score as in Table 6.

Table 6. Test practitioners.

Percentage final

Aspect Category
score
Feasibility
89,76% Very good
content
Linguistic 87,83% Very good
Presentation 85,71% Very good
Graphic 86,80% Very good
Average 87,52% Very good

The results of the practitioner's test showed that all
aspects were in very good category. The highest score
on the content feasibility aspect was 89.76% and the
lowest score percentage in the presentation aspect was
85.71%. The average of all aspects is 87.52% with
very good category. This result indicated that
worksheet based on STEM-PBL assisted by PhET
simulation was very good considered by the
practitioners.

The student response test consists of two aspects
the attractiveness and ease of the product. Student
response tests can be seen in table 7. The two aspects
are attractiveness and ease of getting very good
category with scores of 89.16% and 91.66%. The
average of attractiveness and ease are 90,41% with
very good category. This result indicated that
worksheet based on STEM-PBL assisted by PhET
simulation was very good considered by student
response.

Table 7. Test student responses

Percentage final
Aspect Category
score
Attractiveness | 89,16% Very good
Ease 91,66% Very good
Average 90,41% Very good

4. CONCLUSION

The conclusion obtained that worksheet based on
STEM-PBL assisted by PhET simulation was very
good considered by the experts, practitioners and
students respons. The expert validation test was in the
very good category with an average score of 81.48%.
The practitioners test gets an average score of 87.52%
with the very good category. The student respons test
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got a score of 89.16% with the very good category.
This suggest that worksheet meet the appropriate
criteria for use to improve problem solving student’s
during the Covid-19 pandemic
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