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Basic physics practicum learning through virtual laboratories is less
than optimal in developing students' science process skills. This
study reveals the results of improving students' science process skills
based on the application of computer scaffolding assisted by PhET
simulation. This study uses a quantitative approach with a sample of
14 students through purposive sampling technique. The research
stages consist of introduction, implementation, and evaluation.
Collecting data through interviews, tests, and observations. Data
analysis using the N-gain test. The results showed an increase in
students' science process skills on several indicators with various
categories. The indicator is observing 0.49 (medium category),
formulating hypotheses 0.34 (medium category), carrying out
experiments 0.39 (medium category), data interpretation and
analysis 0.42 (medium category), communicating 0.33 (medium
category), and concluded 0.29 (low category). Computer-based
scaffolding with PhET simulation is an online learning solution that
can also be collaborated with offline learning to improve students'
science process skills.

Introduction

The Covid-19 pandemic that hit the world
caused a change in the order in the
education sector (Siahaan 2020). Online
learning, which began in March 2020, left
several problems, especially in practicum
courses. The majority of practicums are
carried out using simple tools and
materials. However, the obstacles faced
are the limitations of the tools and
practicum materials that are around.

Education  practitioners — complained
about the difficulty of carrying out online
practicum activities during the Covid-19
pandemic due to limited tools and
materials (Noor et al. 2020; Sholikah et al.
2020). This is reinforced by the results of
interviews with lecturers and students on
online practicum learning evaluations.
Students do not have sufficient tools and
materials following the titles of basic
physics practicum. Students also object to
buying equipment that is quite expensive
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to carry out independent practicum
activities at home. By utilizing various
virtual laboratory applications/software,
the virtual practicum is a solution to
overcome the constraints of limited tools
and simple practicum materials at home.

The virtual laboratory is a product of the
current  development  of  digital
information technology. The wuse of
various applications, including virtual
laboratorties, is a logical consequence of
adapting to information and
communication technology development.
The rapid development in information
technology has led to a paradigm shift in
various fields, including education. Along
with the development of technology and
information, there is a shift in learning
media from print to digital. Various digital
learning media were developed in
response to the progress of technology
and information development, such as
digital modules (Yusro and Purwito
2021), the use of student assistance
scaffolding with digital technology
(Saputri and Wilujeng 2017; Wu, Chen,
and Chen 2018; Dwi et al. 2020 ), and the
use of virtual laboratories such as PhET
Simulation (Haryadi and Pujiastuti 2020).

The use of virtual laboratories in online
learning still leaves some problems. Based
on interviews with three lecturers who
support practicum  courses, several
problems that arise in the implementation
of virtual laboratories can be identified.
The lack of skill of students in carrying
out practical procedures, students' lack of
understanding of the method of error,
and low skills of students' science
processes are the problems identified
during the implementation of online
practicums. In addition, mastery of
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student science process skills is low
during the implementation of online
learning with virtual laboratories (Syazali,
Rahmatih, and  Nursaptini = 2021).
Practicum or experiment is one way to
achieve science process skills.

Fundamental physics practicum is closely
related to observation, measurement,
experimentation, and experimentation to
prove the concept or attempt to solve
problems. Based on the characteristics of
these courses, students' science process
skills are essential to be trained and
developed. Science process skills include
solving a problem, including observing,
classifying, measuring, predicting,
communicating, and concluding (Samosir
and Gurning 2020; Darmaji et al. 2020).

Science process skills support 21st-
century skills, namely critical thinking,
collaboration, = communication, and
creativity. Science process skills affect the
achievement of critical thinking skills
(Fitriyanto et al., 2019). Science process
skills are how a person understands,
researches, and reveals natural
phenomena. The process skill indicators
consist of cognitive, psychomotor, and
affective  aspects  (Siswono  2017).
Indicators of science process skills
include observing, classifying, predicting,
interpreting, formulating hypotheses,
planning practicums, using tools and
materials correctly, applying concepts,
communicating, and concluding
(Rustaman  2005). Based on these
indicators, communication is one of the
indicators in science process skills. Thus,
science process skills play a role in
achieving 21st-century skills in the realm
of communication skills.
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Science process skills will eventually
shape and build students' knowledge and
concepts (Lestari and Diana 2018). In
addition to forming the structure of
student knowledge concepts, science
process skills are also important to be
trained and developed as a provision for
students to face real problems in social
life (Rohman and Ain 2019). This study
uses indicators of science process skills,
including observing, formulating
hypotheses, carrying out experiments,
interpreting  and  analyzing  data,
communicating, and concluding. The
importance of achieving students' science
process skills is to innovate in
implementing online practicums to
improve students' science process skills
(Syazali, Rahmatih, and Nursaptini 2021).
The innovation that can be applied is to
integrate a virtual laboratory with a
scaffolding approach.

Scaffolding is a learning approach that
allows a person to solve problems, carry
out a task, and achieve a certain goal that
has been set (Wood, Bruner, and Ross
1976; Brian and Iris 2014). Scaffolding is
divided into three types, namely: one-to-
one scaffolding (scaffolding one on one),
computer-based scaffolding (computer-
based scaffolding), and peer scaffolding
(peet-to-peer  scaffolding). Computer-
based scaffolding is support or assistance
through computer devices for students to
acquire certain skills to complete tasks
beyond their abilities (Belland 2017).
There are three levels or levels in the
scaffolding approach. The three levels are
environmental ~ provision, explaining,
reviewing, restructuring, and developing
conceptual thinking (Dasilva et al. 2019).

The first level in the scaffolding approach
is the environmental provision. The
lecturer conditions and prepares a
learning  environment for students
(Dasilva et al. 2019). Lecturers prepare to
learn  resources, learning  media,
enthusiasm, and motivation for students.
The second level is explaining, reviewing,
restructuring, namely explaining,
reviewing, and restructuring (Dasilva et al.
2019). Explaining, the lecturer is involved
in direct interaction with students at this
stage. Reviewing, students are given the
opportunity to see, touch, and explain
concepts based on their perceptions. The
lecturer then assists in restructuring,
namely, interpreting the concepts put
forward by students and explaining them
in a better and orderly language. The third
level is developing conceptual thinking,
namely developing conceptual thinking
(Dasilva et al. 2019). Lecturers give more
abstract assignments to students. In this
activity, students also develop all
representational tools that have been
studied previously.

The scaffolding approach has also
improved science process skills (Haryati
et al. 2020; Lee, Heo, and Park 2019).
Students' science process skills can be
improved by integrating a scaffolding
approach to learning by optimizing virtual
laboratories. One of the familiar and
complete virtual laboratory media is
PhET simulation. PhET simulation can
be accessed easily and free of charge by
students not to burden students
financially. In addition, most of the basic
physics practicum titles are available in
the PhET simulation application.
Students also have experience in the
previous semester's practicum using
PhET simulation. Several studies have
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developed  subject-specific ~ pedagogy
(SSP) with a scaffolding approach in
PhET simulation (Utami et al. 2019;
Dasilva et al. 2019). Thus, PhET
simulation can be integrated with a
scaffolding approach to improving
students' science process skills.

This study describes the application of
computer-based scaffolding with the help
of PhET simulation and analysis of
students' science process skills. Science

process skills are closely related to
experimental and practical activities
(Lestari and Diana 2018; Zulacha,

Darmadi, and Werdhiana 2014). The
implementation of practicum during the
covid-19 pandemic and the new normal
era which is carried out online, is
considered less able to hone students'
science process skills. This study applies a
computer-based scaffolding approach to
answer the fulfillment of learning needs as
an adaptation of the development of
science and technology. Computer-based
scaffolding assisted by PhET simulation
is a solution to improve science process
skills in implementing online practicum
learning (Dasilva et al. 2019). The three
levels or levels of scaffolding are
integrated into learning with the
orientation of achieving science process
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skills, including observing, formulating
hypotheses, carrying out experiments,
interpreting and analyzing data, and
concluding. Thus, the online
implementation of  basic  physics
practicum learning can still be adequate
for developing and improving students'
science process skills. Computer-based
scaffolding assisted by PhET simulation
is applied to basic physics practicum
learning to improve students' science
process  skills in  electric-magnetic
practicum,  parallel-capacitor  series
practicum, and parallel-resistor series
circuit practicum.

Research Method

This research uses a descriptive
quantitative method. The sample in this
study was 14 physics students who took
basic physics practicum lectures. The
sample was determined using the
purposive sampling technique. Data
collection techniques used are interviews,
tests, and observations. The stages of the
research carried out are an introduction,
implementation, and evaluation. The
research was carried out for four months,
starting in January-May 2021. Figure 1
shows the stages of the research carried
out.
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Figure 1.

The flow of Introduction, Implementation, and Evaluation in Research

Interview with

Students
Low Student Science
Preface Process Skills
Interview with
Practicum Lecturer \ 4
Computer based scaffolding
assisted by PhET simulation
Implementation Implementation of Computer based Practical Sc.ience
scaffolding assisted by PhET Process Skills 1
simulation
Practical Science
Process Skills 2
Practical Science
Process Skills 3
: Analysis of Student
Evaluation Science Process Skill N-gain test »| Conclusion
Results
The preliminary stage is carried out by  practicum courses. At this stage,

conducting interviews. Interviews were
conducted on students who had carried
out online practicum learning and had
used PhET simulation. In addition to
conducting interviews with students who
have carried out practicum lessons online,
interviews wetre also conducted with
lecturers in charge of basic physics

problems were found in basic physics
practicum lectures. The problem in
implementing  fundamental  physics
practicum online is the low level of
students'  science  process  skills.
Furthermore, to solve these problems,
planning is carried out by implementing
computer-based scaffolding assisted by
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PhET simulation in Basic Physics 1I
Practicum lectures.

The implementation stage is computer-
based scaffolding assisted by PhET
simulation in the Basic Physics 1I
Practicum lecture. Data collection was
carried out on the achievement of science
process skills, including indicators:
observing,  formulating  hypotheses,
carrying out experiments, interpreting and
analyzing data, communicating, and
concluding. Science process skills were

Table 1.

measured three times in three practicum
titles. The implementation of computer-
based scaffolding assisted by PhET
simulation follows the matrix as shown in
Table 1. The titles of the practicums
carried out by students in succession are
electric-magnetic ~ practicum, parallel-
capacitor series circuit practicum, and
parallel resistor series circuit practicum.
The implementation of computer-based
scaffolding assisted by PhET simulation
was carried out for six meetings, namely
two meetings for each practicum title.

Matrix of Application of Computer Based Scaffolding assisted by PhET Simulation and Aspects of

Student Science Process Skills

Level Aspects of Science
Scaffolding Learning Activities/ Lecturer Assistance g Skill
rocess s
Approach
Meeting 1 1. The lecturer explains how to use the PhET observe
Level 1 simulation program
Environmental 2. The lecturer shows videos of practicum tools in
Provision the laboratory and explains their functions
3. Students observe and identify virtual laboratory
equipment based on real laboratory equipment
that the lectutrer has delivered
4. Lecturer shares LKM formulate a
5. Students independently formulate practical hypothesis
hypotheses
Level 2 6. The lecturer gives an example of assembling a
Explaining simple tool
Reviewing 7. Students manipulate tools and carry out practical carry out
work independently using PhET simulation experiments
8. Students analyze and interpret practicum data Data interpretation
and analysis
9. Students communicate the results of the communicate
practicum in the form of a practicum report
Meeting 2 10. The lecturer provides clarification and
Restructuring appreciation of student practicum results
11. The lecturer provides feedback on student
practicum reports
Level 3 12. Lecturers provide contextual problems related to  conclude
Developing everyday life
conceptual
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thinking

13. Students conclude the results of the practicum

and draw conclusions based on applications in

everyday life.

The evaluation was carried out by
analyzing data on the achievement of
students' science process skills indicators
for three practical activities. The
instrument used is a science process skills
test which is given after completing the
practicum. The results were averaged and
tested for improvement between the title
of practicum 1 to practicum 2, the title of
practicum 2 to practicum 3, and the
increase between the title of practicum 1
to the title of practicum three by using the
N-gain test. A more detailed analysis of
the data used can be seen in Table 2. The
normalized gain value categories are
divided into three categories, as presented
in Table 3. The final results obtained
conclusions regarding the application of
computer-based scaffolding assisted by
PhET simulation to improve students'
science process skills accompanied by
improvement analysis for each indicator.

Table 2.
Data Analysis of Science Process Skills

N-gain Data analysis

Practicum of 1-2

—_(KPS,) — (KPS,)

~ 100% — (KPS;)

97=100% — (KPS,)
_ (KPS3) — (KPS,)

97 = 100% — (KPS,)

(9)

Practicum of 1-2

Practicum of 1-2

Table 3.
Categories of Normalized Gain Values (Hake
1999)
Category Intervals
(9)=07 High
0,7>(g)=0,3 Middle
(g) <03 Low

Result and Discussion

This research results in increased
students' science process skills during the
application of computer-based
scaffolding assisted by PhET simulation
in the basic physics practicum course.
Students' science process skills increase
based on the results of the average
calculation of each indicator. The results
of this increase can be seen in Figure 2. In
more detail, the increase was tested based
on the N-gain from the title of practicum
1 (magnetic electricity) to the title of
practicum 2 (parallel capacitor series),
from the title of practicum 2 (parallel
capacitor series circuit) to the title
practicum 3 (parallel resistor series), and
practicum 1 (magnetic electricity) to
practicum 3 (parallel resistor series). The
results of the N-gain test can be seen in

Table 4.

The decline in science process skills only
occurs in the indicators of carrying out
experiments between the second (parallel
capacitor series) and third (parallel
resistor series) practicum. The decrease
was -0.02 in the low category. This
decrease is relatively small when
compared to the increase in the
achievement of indicators carrying out
experiments in the medium category
between the first practicum (magnetic
clectricity) and the second (parallel
capacitor series circuit) with a value of
0.41.
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Figure 2. Average Achievement of Science Process Skills Indicators
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Table 4.
N-Gain of Student Science Process S kills

. : Practicum 1
. : Practicum 2

: Practicum 3

Science Process

No . . Practicum 1 to 2 Practicum 2to3  Practicum1to 3
Skills Indicator

1 observe 0.13 0.42 0.49
Low Category Medium Category ~ Medium Category

2 formulate a hypothesis 0.09 0.28 0.34
Low Category Low Category Medium Category

3 carry out experiments 0.41 -0.02 0.39
Medium Category  Low Category Drop Medium Category

4 Data interpretation 0.28 0.20 0.42
and analysis Low Category Low Category Medium Category

5 communicate 0.17 0.19 0.33
Low Category Low Category Medium Category

6 conclude 0.16 0.16 0.29

Low Category Low Category Low Category

Science Process Skills Observing

There was an
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increase in students'

scientific process skills on the indicators
of observing with a low category in the

first practicum (magnetic electricity) to
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the second practicum (parallel capacitor
series circuit), the medium category in the
second practicum (parallel capacitor
series circuit) to the third practicum
(parallel resistor series circuit), and the
medium category when viewed from the
first practicum (magnetic electricity) to
the third practicum (parallel resistor series
circuit). In general, scaffolding can be
applied to improve observation skills
(Young and  Bender-Slack  2011).
However, observation is an initial step in
experimental activities so it needs to be
strengthened (Darmaji et al. 2018). The
initial level of providing scaffolding by
lecturers is environmental provision. In
this stage, the lecturer prepares various
learning  resources, learning media,
explains how to use PhET simulation,
and displays practical tools in real
laboratoties. This information is used to
allow students to observe real practical
tools and corresponding virtual practicum
tools. In the first practicum, observing
indicators can be low compared to the
achievement of the second and third
practicums. This is because students are
not used to interacting with PhET
simulation media.

Science Process Skills Formulating
Hypotheses

The indicator of hypothesis formulation
also increased with a low category from
the first practicum (magnetic electricity)
to the second practicum (parallel
capacitor series circuit). The low category
is from the second practicum (parallel
capacitor series circuit) to the third
(parallel capacitor series circuit). Series
resistor circuit), and its category, whereas
it viewed from the first practicum
(magnetic  electricity) to the third

practicum  (parallel resistor circuit).
Formulating hypotheses is an important
indicator because it involves students
thinking about the relationships and
interrelationships ~ between  variables
tested through practicum (Maison et al.,
2019). All sources, information, and data
provided by lecturers at level 1
environmental provision and level 2,
namely explaining, are used as provisions
processed in the thought process to
formulate hypotheses before carrying out
the practicum.

Science Process Skills Carrying Out
Experiments

The indicator for
experiments has increased with a
moderate category in practicum 1
(magnetic electricity) to practicum 2
(parallel capacitor series circuit). On the
other hand, the title of practicum 2
(parallel series of capacitors) to practicum
3 (series of parallel resistors of resistors)
has decreased in the low category. When
viewed from the title of practicum 1
(magnetic electricity) to practicum 3
(parallel resistor series), the indicators
carrying out experiments have increased
in the medium category. The decrease
that occurred was due to the higher level
of difficulty in the third practicum
(parallel resistor series) compared to the
first (magnetic electricity) and second
(parallel capacitor series) practicum. The
arrangement of the practicum sequence
from easy to difficult follows the principle
of Zone of Proximal Development
(ZPD) used as the basis for applying the
scaffolding approach. ZPD is the distance
between the ability to complete tasks
independently and the ability to complete
tasks with the help of others (McDevitt

carrying  out
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and Ormrod 2014). In the first and
second practicums, students did not
experience assembling components and
laboratory equipment used
independently. While in the third
practicum, students are required to
assemble components and practicum
tools independently.

Science Process Skills Data

Interpretation and Analysis

The title of practicum 1 (magnetic
electricity) to the title of practicum 2
(parallel series of capacitors) and the title
of practicum 2 (series of parallel
capacitors) to the title of practicum 3
(series of parallel resistors), indicators of
data interpretation and analysis have
increased in the low category. From the
first practicum (magnetic electricity) to
the third practicum (parallel resistor series
circuit), the interpretation and analysis of
the data have increased in the medium
category. Interpretation and analysis are
indicators of critical thinking skills
(Hunaepi et al. 2020; Farcis 2019). Thus,
increasing critical thinking skills also
affects improving skills on indicators of
interpretation and data analysis on
science process skills. The scaffolding
approach has improved critical thinking
skills in physics learning (Ferty et al. 2019;
Koes, Pradana, and Suwasono 2020).
Following the study results, namely,
improvement of data interpretation and
analysis indicators after learning with
computer-based scaffolding assisted by
PhET simulation. Level 2 restructuring is
the stage of feedback and confirmation
from the lecturer on the report results,
including interpretation and data analysis
that students have carried out.
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Science Process Skills
Communicating
Communicating indicators have

increased with a low category in the title
of practicum 1 (magnetic electricity) to
the title of practicum 2 (parallel capacitor
series), the low category in the title of
practicum 2 (parallel capacitor series) to
the title of practicum 3 (parallel resistor
series circuit), and medium category from
practicum title 1 (magnetic electricity) to
practicum title 3 (parallel resistor series
circuit). Communicating is conducted at
level 2 reviewing, namely at the
opportunity to see, touch, and explain
concepts based on practicum results
under student perceptions. The stage is
continued with restructuring which
consists of lecturer assistance in
confirmation and feedback on student
perceptions. This restructuring is the
location of the scaffolding given to
improve science process skills in
communicating indicators.
Communicating is manifested in the form
of writing a practicum report. Writing a
practicum report requires scientific
writing skills. Scaffolding is implemented
in learning to improve scientific writing
skills (Mardiani, Supeno, and Maryani
2018).

Concluding Science Process Skills

The indicator concludes an increase in the
low category in practicum 1 (magnetic
electricity) title to practicum 2 (parallel
capacitor circuit). The low category in
practicum 2 (parallel capacitor circuit)
becomes practicum 3 (parallel resistor
series). The lowest category is seen from
practicum 1 (magnetic electricity) to
practicum 3 (parallel resistor series). The
conclusion indicator is the only indicator
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that experienced a low increase when
viewed from the first practicum (magnetic
electricity) to the last practicum (parallel
resistor series circuit). The conclusion
indicator lies at the last level, namely
developing conceptual thinking. This
level is the highest in scaffolding, which
includes the stages of developing
students' conceptual thinking. Students
conclude the concept of physics based on
the results of the practicum carried out
and relate it to contextual phenomena in
everyday life. Scaffolding can improve
understanding of science concepts and
mastery of physics concepts (Isrokatun et
al., 2019; Jufriadi, Ayu, and Pratiw, 2019).

Computer-based scaffolding assisted
by PhET simulation to Improve
Science Process Skills

Computer-based scaffolding assisted by
PhET simulation was implemented for
six ~meetings with three different
practicum titles. The first practicum is
magnetic electricity, the second is a series-
parallel capacitor circuit, and the third is a
series-parallel ~ resistor circuit. Each
practicum title is carried out in two
meetings following the application matrix
of computer-based scaffolding assisted by

Figure 3.

PhET Simulation and aspects of student
science process skills in Table 1.
According to the Zone of Proximal
Development (ZPD) principle, practicum
titles are arranged from easy to difficult
level. Zone of Proximal Development
(ZPD) is the distance between students'
ability to  complete  assighments
independently and with the help of
lecturers (McDevitt and Ormrod 2014).
The position of the Zone of Proximal
Development (ZPD) see Figure 3.

The ability of students to complete
assignments independently is called the
Level of Actual Development. In
contrast, the ability of students to
complete assignments with assistance
from lecturers is called the Level of
Potential Development. The distance
between the two levels is the Zone of
Proximal Development (ZPD).
Scaffolding is implemented in this area to
assist students in completing tasks that
cannot be completed independently. This
pattern occurs gradually to complete the
task's difficulty level starting from the
easiest to the most complex level. The
level of scaffolding pattern given in
learning can be seen in Figure 4.

The Difficulty of the Tasks and the Location of the Zone of Proximal Development

Assignments that students
can do independently

(Level of Actual
Development)

Scaffolding
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Figure 4.
Scaffolding 1 evel Pattern in Learning

Level of Actual Development

Z.one of Proximal

Computer Based Scaffolding Level 1 Enviromental

Provision

Level of Potential

Level of Actual Development

e Observing
e  Formulate hypotheses

Zone of Proximal

Computer Based Scaffolding Level 2 Explaining,

Reviewing, Restructuring

Level of Potential

Level of Actual Development

e Carry out experiments
Data interpretation and
analysisMengkomunikasi
kan

Zone of Proximal

Computer Based Scaffolding Level 3 Developing

conceptual thinking

Level of Potential

Level 1 scaffolding is the environmental
provision, consisting of the provision of
media and learning resources. This level is
successful in developing students' science
process skills in observing and formulating
hypotheses. The lecturer explains the
PhET simulation program, features, and
menus that can be accessed in the
practicum title that will be practiced. In the
PhET simulation menu, lectutrers can also
provide introduction videos about various
tools in the natural laboratory. The use of
instructional video media affects science
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I_{ e  Summing up

process skills (Cahyono, Sutarto, and
Mahardika 2017). More specifically, the
provision of videos can improve the ability
to  process information  (Widiani,
Darmawan, and Ma'mur 2018). The ability
to process information is the main ability
needed during the observation stage and
formulating  hypotheses.  Thus, the
provision of media and learning resources
is an aid to students in the process of
observing and formulating hypotheses.
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Level 2 Explaining, Reviewing, and
Restructuring is carried out by explaining,
reviewing, and restructuring. This level
develops student skills in carrying out
experiments, interpreting and analyzing
data, and communicating (Dasilva et al.
2019). Explaining that lecturers are directly
interacting with students by providing
simple tutorials or simple examples of
assembling tools. Reviewing, students are
allowed to come into direct contact with
the virtual laboratory space. Students carry
out  practicum  independently by
assembling these tools independently.

Furthermore, students interpret and
analyze data based on the results of the
practicum obtained and communicate it in
a practicum report. This explaining and
reviewing stage serves as an aid to students
to improve their science process skills,
namely  carrying out  experiments,
interpreting and analyzing data, and
communicating. The lecturer carries out
restructuring by interpreting the concepts
put forward by students and explaining
them in a better and orderly language.

Level 3 is developing conceptual thinking,
namely, developing conceptual thinking.
This level is successful in improving
students' science process skills in
concluding indicators. Regarding the
previous level, restructuring coupled with
conceptual development carried out by
giving more abstract assignments to
students. The problems given are related to
everyday life. Students develop their
concepts based on the practicum results to
analyze solutions to problems given by the
lecturer. Concept understanding is closely
related to science process skills (Magfirah,
Hidayat, and Mahanal 2019). Summarizing
is one of the abilities that are part of high-

order thinking skills. The application of
android-based scaffolding can improve
high-order thinking skills (Dasilva and
Suparno 2019). Thus, computer-based
scaffolding assisted by PhET simulation
has been successfully implemented in the
Learning of Basic Physics II Practicum to
improve science process skills.

Implementing the scaffolding approach in
the practical implementation using PhET
simulation can gradually improve students'
science process skills. The increase that
occurs between one practicum activity to
the next is categorized as low. Although the
increase is relatively low, it is continuously
increasing. From the first practicum
activity to the last practicum activity, the
increase in science skills is categorized as
moderate. The provision of scaffolding
levels can train science process skills to
make students more skilled in carrying out
practicals. These skills include observing,
formulating hypotheses, carrying out
experiments, interpreting and analyzing
data, communicating, and drawing
conclusions. Computer-based scaffolding
assisted by PhET simulation can be used as
a solution in dealing with students' low
science process skills during online
learning.  Computer-based  scaffolding
assisted by PhET simulation can also
collaborate in offline learning with real
practical implementation in the laboratory.

Conclusion

The application of computer-based
scaffolding assisted by PhET simulation in
basic ~ physics  practicum
encourages student process skills. All
indicators experienced an increase in
students' science process skills, namely
observing 0.49 (medium category),

courses

33|Page



At-Tagqaddum
Vol. 13 No. 1 (2021) Pg. 21-38

formulating hypotheses 0.34 (medium
category), carrying out experiments 0.39
(medium category), data interpretation and
analysis ~ 0.42  (medium  category),
communicating 0.33 (medium category).
Category), and a conclusion of 0.29 (low
category). It is based on N-gain from the
first practicum to the third practicum.
Although there has been an increase in all
indicators of science process skills, there is
a challenge for further research, namely
how to improve science process skills in
the conclusion indicators to be equivalent
to improvements in other science process
skills indicators.
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