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Abstract

Due to the lack of practical tools for supporting Basic Physics lecture activities, lecturers have turned to PhET
Interactive Simulations. However, there is currently no guide to help lecturers and students conduct practical
activities using these simulations. This research aimed to develop a guidebook for Basic Physics practicum
activities utilizing PhET, evaluated by experts and small-scale users for feasibility. The research followed Borg
and Gall’s R&D model, consisting of: (1) data collection, (2) planning, (3) product development, (4) product
validation, (5) product revision, and (6) product trials. Data were gathered through observation, interviews, and
questionnaires. Product validation was carried out by three experts—one each in material, media, and language.
A small-scale product trial involved five randomly-selected students from the 2024/2025 Academic Year.
Validation and trial data were analyzed by comparing scores to the maximum possible per question. The resulting
product was a basic physics practicum guide using PhET for kinematics and dynamics. Expert validation
indicated: (1) very worthy (3.88) by the material expert; (2) worthy (3.12) by the media expert; and (3) very worthy
(3.80) by the language expert. The small-scale trial produced an average feasibility score of 3.33. Further
research should include large-scale trials of the guide.

Keywords: practical guide; PhET interactive simulation; kinematics and dynamics; Borg and Gall development
design.
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INTRODUCTION

The basic physics course in the Computer Systems study program has a total of 3 credits. These
3 credits are divided into 2 credits of theory and 1 credit of practicum. The basic physics practicum
lectures follow the contract and semester lecture plan. They cover the topics of kinematics and dynamics.
Kinematics is a branch of physics that studies the motion of particles or objects but does not discuss the
causes of this motion. Dynamics is a branch of physics that studies the motion of an object as well as the
things that cause it to move. Students must carry out five practicum activities: (1) vectors; (2) straight
motion; (3) parabolic motion; (4) force and displacement; and (5) momentum and impulse. The practicum
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lecture activities are conducted in groups, and students are required to collect a practicum report
independently. Results from interviews and observations with lecturers and students in the Computer
Systems study program indicate that no laboratory or practicum equipment to support these activities.
Previous practical activities used a few tools that the lecturer provided independently. This approach was
not optimal. Only one tool was available for each activity, so students had to take turns. Some practical
topics were not aligned with kinematics and dynamics. For example, the calorimeter practical for
calculating the specific heat of materials, was included only because the lecturer owned the tool. This
situation happened due to limited equipment, so practicals continued using whatever was available.

Current technological advances allow students to carry out practical activities without using real
tools. Virtual labs make this possible. One virtual lab for basic physics practical activities is the PhET
Interactive Simulation. It is available at https://phet.colorado.edu/. PhET stands for Physics Education
and Technology, and it was developed by the University of Colorado. Students can use the PhET
simulation through applications and websites. It contains many simulations, especially for mathematics
and natural sciences (Perkins et al., 2006). Many studies have shown the benefits of PhET in learning.
First, PhET has proved effective in online learning for electrical measuring instruments (Sidik et al., 2020;
Syamsudin et al., 2023). Second, PhET simulations help improve learning outcomes for electrical circuits
(Kurniawan et al., 2024). Third, PhET simulations improve students' practical skills in the conservation of
mechanical energy (Rasyidi et al., 2024). Fourth, PhET simulations can increase students' interest and
mastery of quantum physics concepts (Saregar, 2016). Fifth, using PhET simulations in basic physics
practicums improves students' cognitive and psychomotor abilities (Muflihah et al., 2023). These benefits
show that using PhET simulations in basic physics practicums is appropriate. They can help maximize
activities. Previous research with Computer Systems students in basic physics courses shows that
students’ cognitive abilities at the C4 (analysis) level and their understanding of concepts, especially
drawing conclusions, are still lacking (Puspitasari & Febrinita, 2019, 2020). Another issue that arises with
the implementation of PhET in practical classes is that students lack knowledge of how to use it. This is
because they have never used PhET in practical activities. Therefore, to facilitate the implementation of
Basic Physics practicals using PhET Interactive Simulation, a practical guide is needed.

A practicum guide is a material that contains how to carry out practicum activities in a course and
will be able to assist students in their implementation. In addition, previous studies have shown that the
use of guides in practicum activities provides several benefits. First, practicum guides have been proven
to improve practical skills in practicum lectures (Zakiya & Falamy, 2024). Second, the application of
practicum guides improves students' scientific work abilities (Widyaningrum & Wijayanti, 2019). Third,
students' critical thinking skills can improve after the implementation of practicum guides in lectures
(Koiriah et al., 2022). Other studies have stated that students give a positive response to practicum guides
used during lectures (Darmaiji et al., 2019). The results of these studies indicate that the presence of
practicum guides has a positive impact on student abilities and the quality of lectures. In addition, the
results of previous research conducted on students of the Computer Systems study program showed that
students' critical thinking skills were still low (Puspitasari et al., 2023). Based on this, because in the
Computer Systems study program, especially the basic physics course, there is no guide for practicums,
the research on developing this practicum guide will complement the practicum activities for the basic
physics course in the Computer Systems study program.

The importance of developing a practical guide using PhET Interactive Simulation is also supported
by the results of previous studies. The first study was the development of a practical guide using a PhET
virtual laboratory on acid-base materials. The results of this study provided a highly valid and practical
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guide, based on the input of material experts, media experts, and practitioners, with a score of over 85%.
In addition, the practical guide also received a very interesting category in user testing with a score of
more than 81% (Kholilah & Susainti, 2023). The second study was the development of a virtual PhET
Simulation practical e-module on dynamic electricity. The results showed that the e-module was
categorized as 'very good' and was suitable for use in learning, with a total average score of 90%
(Octafianus et al., 2022). The third study was the development of a PhET Simulation-assisted learning
module on Elasticity. The results of this study were a learning module that received a good category from
material and media experts, with scores of 4.03 and 4.18, respectively. Furthermore, teacher and student
questionnaires indicated that PhET-assisted learning modules were highly acceptable for use as teaching
materials (Rafika & Pasaribu, 2024). Three previous studies on the development of PhET-assisted
modules or practical guides indicated the need for practical guides for practical activities in the Basic
Physics course of the Computer Systems Study Program.

The developed practicum guide will contain the title, objectives, theoretical basis, tools and
materials, steps for implementing the practicum, practicum data, and necessary analyses. The practicum
guide is specifically for Computer Systems students. This practicum guide focuses on the topic of
kinematics and dynamics in accordance with the CPMK of the Basic Physics course. The CPMK of this
course includes: (1) determining the uncertainty of the measurement results independently and in groups;
(2) calculating the magnitude of the resultant vector graphically and analytically independently; (3)
calculating the magnitude of linear, parabolic, and circular motion independently; (4) analyzing the causes
of a moving object using the concept of Newton's First, Second, and Third Laws independently and in
groups; (5) applying the law of conservation of energy to determine the final velocity of an object moving
in a conservative system independently; (6) determining the location of the center of gravity of several
flat shapes independently; and (7) determining the pressure on moving and non-moving fluids
independently.

The research problems are (1) the lack of Basic Physics practicum tools; (2) Computer Systems
Study Program students have never known and used the PhET Interactive Simulation website; and (3)
there is no guide for practicums with PhET Interactive Simulation. Based on the research problems and
previous theoretical studies, it is necessary to develop a practicum guide with PhET that can be used for
practicum activities in the Basic Physics Course. This practicum guide will be tested for feasibility with
three experts and users on a small scale. The novelty of this is (1) a practicum guide with the help of
PhET for basic physics courses that have never been developed before in the Computer Systems Study
Program; and (2) the topic of kinematics and dynamics practicums. This guide is used in practicum
activities for basic physics courses that use a virtual lab, namely PhET Interactive Simulation. The guide
was created to help students in practical activities, whether in groups or independently. Another benefit
expected from this guide is that students have a better understanding of the concepts in basic physics
courses, especially the topics of kinematics and dynamics.

METHODS

Research on the development of a basic physics practicum guide using PhET Interactive
Simulation on the topic of kinematics and dynamics was conducted using the Research and Development
(R&D) method. The development research design used was the 10-stage Borg and Gall model. However,
in this study, only six stages will be used to accommodate the research timeframe. Figure 1 below shows
the six stages in this study (Kartika et al., 2019).
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Figure 1. Six Stages of Borg and Gall's Development Research

The first stage is data collection using interview and observation techniques. Interviews were
conducted with lecturers teaching the Basic Physics course and students of the Computer Systems Study
Program who have taken the Basic Physics course. The purpose of the interviews was to obtain problems
faced by lecturers and students in the practicum activities of the Basic Physics lectures. Interviews were
also used to collect data related to initial knowledge about PhET. The interview technique in this study
was an unstructured interview. Interview data was obtained through open-ended questions, so there was
no interview guide. Meanwhile, observations were conducted during the implementation of basic physics
practicum lectures. The purpose of interviews and observations was to collect information related to
problems that exist in the implementation of basic physics practicums in the Computer Systems study
program. Data mining through observation using unstructured techniques is carried out by recording all
information during observations when students carry out practicums. After that, a literature review was
conducted to determine solutions to the problems that had been found. The second stage was planning
for the practicum guide to be developed. At this stage, the content components of the guide and the
practicum topics were determined according to the Basic Physics CPMK. The third stage was the
development of the basic physics practicum guide according to the predetermined components and
topics. The fourth stage is product validation, conducted with material, media, and language experts. At
this stage, the practical guide is provided directly to the validators, and then an assessment is conducted
by completing a questionnaire. Table 1 below shows the assessment indicators in the questionnaire for
each expert.

Table 1. Assessment Indicators for Material, Media, and Language Experts

Expert Validator Assessment Indicators

Material 1. The lab module aligns with the Basic Physics Course's Core Competency Standards
(CPMK).

The virtual lab link listed in the module aligns with the lab to be conducted.

The lab module title aligns with the lab objectives.

The theoretical basis in the lab module can assist students in learning the material.
The lab module is equipped with work procedures that use imperative verbs.

The work procedures in the lab module are presented coherently and systematically.
The lab results data table aligns with the lab objectives.

The questions in the data analysis points align with the lab objectives.

The lab guide conforms to ISO standards, A4 size (210 mm x 297 mm).

The font type (typeface and numbers) in the lab guide is appropriate.

The font size (size of letters and numbers) in the lab guide is appropriate.

Media

W=~ 0N RE WD
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Expert Validator Assessment Indicators

Language

4. The lab guide cover design is attractive.

5. The lab guide title is highlighted more prominently than the cover background color.

6. The composition of layout elements (title, author's name, the design (identity of the

study program and university, as well as illustrations) is balanced and has a pattern

that matches the layout of the contents of the practicum guide.

The front cover layout (text and image layout) in the practicum guide is proportional.

The practicum guide is equipped with appropriate images.

The sentences used in the practicum guide are clear.

The sentences used in the practicum guide comply with good and correct Indonesian

language rules.

3. The sentences used in the practicum guide do not contain elements of ethnicity,
religion, race, and intergroup relations (SARA).

4. The language used in the practicum guide is effective and efficient.

5. The practicum guide uses language that is easy to understand.

N~ N

The fifth stage is product revision based on the validation results from material, media, and
language experts. The final stage is a small-scale product trial. The research subjects were 26 Computer
Systems students who had taken the Basic Physics course. However, in the small-scale trial, 5 (five)
students were selected using a simple random sampling technique. The method used was to assign
sequential numbers 1 to 26, then randomly select five students with the identities in Table 2 below.

Table 2. Student Identities in the Small-Scale Trial

Student Student’s Name NIM
1 Anggara Putra 23104420025
2 Ega Sandya Adinata 24104420012
3 Ananda Citra Novia 24104420009
4 Muhamad Habib Satria Erangga 24104420003
5 Naufal Zidan Khansa Agila 24104420008

The data collection process for the small-scale trial involved students conducting practical activities using
the developed guide. Afterward, students were asked to complete a questionnaire with the indicators in

Table 3 below.
Table 3. Product Trial Assessment Indicators
Number Assessment Indicators
1 The practical guidebook is very interesting to read and has honed my skills
2 The illustrations in the practical guidebook motivate me to learn.
3 This practical guidebook made it easier for me to understand the material.
4 The illustrations in the guide made it easier for me to understand the lab activities.
5 The practical guide helped me learn physics.
6 The practical guidebook covered the material clearly and coherently, making it easy to
understand.
7 The content in the practical guidebook is supplemented with illustrations relevant to the material.
8 | can use the practical guidebook repeatedly.
9 The practical guidebook broadens my knowledge of kinematics and dynamics.
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Data collection at the product validation and product trial stages is carried out by providing an
assessment sheet with a Likert scale, namely:

1 = not good/not appropriate

2 = not good/not suitable

3 = good/appropriate

4 = very good/very appropriate

The assessment score based on the expert validation results will be calculated using the equation below.

(total score)
assessment score = , X 4 (1
(maximum score)

Based on these calculations, the items will be categorized into four categories, adapting the
research entitled "Four Common Misuses of the Likert Scale" (Pornel & Saldafia, 2013). The following is
the categorization used in developing the basic physics lab guide.

Table 4. Assessment Sheet Categories

Figure 2. Research Stages for Developing a Basic Physics Practical Guide with PhET Interactive Simulation on
the Topic of Kinematics and Dynamics.
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Based on Table 4, the resulting product, namely the basic physics practical guide, is declared to
have been successfully developed if the validation results achieve a minimum score of 2.50 or within a
worthy range.

The stages of research and development of this basic physics practical guide are shown in more
detail in Figure 2. Figure 2 above shows the stages of this research, which are grouped into three stages:
initial, core, and final. The initial stage is the stage carried out to explore the research problem and gather
information to produce a product that is appropriate to the problem at hand. The core stage is the stage
of product development up to the product trial in small groups. At this stage, after the product has been
developed, validation testing is first carried out by experts. The product that has gone through the expert
revision stage will be tested on three (3) computer systems study program students who have taken basic
physics courses. The final stage is the stage for analyzing the results of the product trial and summarizing
all the results that have been obtained and describing them in a research article. In addition, conclusions
are also drawn from the results of the research that has been carried out.

RESULTS AND DISCUSSION

The research on the development of a basic physics practicum guide was carried out using the
Borg and Gall development design and consisted of 6 (six) stages, namely data collection, planning,
product development, product validation, product revision, and product testing (Kartika et al., 2019). The
results of the data collection stage were research problems, namely (1) the lack of practicum tools that
support basic physics lectures, and (2) the absence of a practicum guide that supports the implementation
of basic physics practicum lectures. The results of the planning stage were solutions to the research
problems, namely (1) the implementation of a virtual laboratory with PhET Interactive Simulation as a
substitute for the limited practicum tools and (2) the development of a practicum guide for a virtual
laboratory in accordance with the CPMK of the Basic Physics course for the topic of kinematics and
dynamics. After finding a solution to the research problem, the third research stage was carried out,
namely development, and the results of this stage were a basic physics practicum guide book with PhET
Interactive Simulation on the topic of kinematics and dynamics. In detail, the contents of this guidebook
are the cover page, table of contents, chapter I: Introduction, chapter II: Writing Practical Reports, chapter
III: Basic Physics Practical Instructions, bibliography, and appendices.
The next stage was product validation with three experts, namely media, materials, and language.
The results from the three validators are shown in Table 5.

Table 5. Results of Expert Validation by Material, Media, and Language

Expert Rating Scale Total Maximum Assessment
1 2 3 4 Score Score Score
Material - 1 7 31 32 3.88
Media - - 7 1 25 32 3.12
Language 1 4 19 20 3.80
Average 3.60

Based on Table 5, the total score, maximum score, and assessment score were obtained. Calculating
the assessment score using the equation resulted in a score of 3.88 for the material expert, 3.12 for the
media expert, and 3.80 for the language expert 3,80. The average score for the three experts was 3.60.
The results of the calculation of the assessment scores from these experts will be categorized according
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to Table 4, and the results will be shown in Table 6.

Table 6. Results for the Categories of Material, Media, and Language Experts

Assessment

Expert Score Categori
Material 3.88 Very Worthy

Media 3.12 Worthy
Language 3.80 Very Worthy
Average 3.60 Very Worthy

The results of each validator's decision, along with their suggestions for the basic physics lab guide using
PhET interactive simulation on the topic of kinematics and dynamics, are shown in Table 7.

Table 7. Validation Decision Results and Suggestions from Material, Media, and Language Experts

Expert Decision Suggestion
Material Suitable for use Basic Physics practical guide is suitable for use
without revision
Media Suitable for use with  Some things that could be improved:
revision 1. On the cover, itis best to include "Study Program”, so that it is

written: Computer Systems Study Program, Faculty of Engineering
and Informatics

2. The author's writing on the cover is not proportional and there is
excessive punctuation.

3. The image on the cover should match the title. For example, use
an image of a practical activity, either in class or in a laboratory, to
ensure the image and title are more in sync.

4. There is an inconsistency in the writing of letters as variables/units.

5. There are some margins and spaces that still need to be
readjusted so that the appearance of each page is more
proportional and consistent.

6. The chapter break page is not proportional in terms of layout, and
it would be better to add a suitable image so that the appearance
is more attractive and maximizes the space on one page.

Language Suitable for use The practical guide is seen from the grammar that it is good and
without revision suitable for use.

The validation results shown in Table 7 above indicate that two experts, namely material and
language, stated that the practicum guide was valid without revision. Meanwhile, based on the media
expert, the practicum guide was declared valid with revision. The results of this expert validation served
as a reference for the fifth stage of the research, namely product revision. Revisions prioritized the display
design according to suggestions and input from media experts. A comparison of the practicum guide
before and after revision is shown in Table 8.
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Table 8. Comparison of Practical Guidelines Before and After Revision
Part Before After

wi Puspitasari, S.Pd., M.Pd
Febrinita, S.Pd., M.Pd..

Sistem Komputer
Fakultas Teknik dan Informatika

Chapter | Bag1
Layout

Matakuliah Fisika Dasar di program studi Sistem Komputer merupakan PENDAHULUAN
salah satu matakuliah wajib dengan beban sks 3 yang terdirl atas 2 sks teorl
dan 1 sks praktik. Berlkut adalah CPMK darl matakuliah inl.

Tabel 1. CPMK Matakuiiah Fisika Dasar Matakullah Fisika Dasar di program studi Sistem Komputer
Kode Pk merupakan salah satu matakuliah wajib dengan beban sks 3 yang terdirl

M1 | Menentukan ketidakpastian dari hasil pengukuran besaran secara mandiri dan atas 2 sks teori dan 1 sks praktik. Berikut adalah CPMK dari matakuliah ini.
berkelompok (53, 56, KU1, KU2 P, KT, KUE)

M2 | Menghitung dan mengukur besar resultan vekior dengan cara grafis dan analits secara

mandiri (KU1, KU2, KUS, S6, 59, PS) Tabel . CPMK Matakuliah Fisika Dasar
M3 | Menghitung dan mengukur besaran-besaran pada gerak lurus. parabola, dan melingkar Lo T
e M1 Menentukan ketidakpastian dar hasi pengukuran besaran secars mandii dan
M4 | Mengukur dan sebuah benda konsep Hukum . I, berkelompok (53, 56, KU, KUZ P5, K7, KUS)
lan I Newton secara mancindan kelompok (59,56, KU, KU PS, KK7. KUB) W2 | Moot den ek b e ekt denn crs s e car
WIS | Winerapkan ks Eseaan arers ik menenfukon besr ecepatin st s T e b o ok . parabolt. o
bend yang bergerak dalam sistem konservatif secara mandi (56, KU, KUZ. PS, KK7. KUS) e 58 s 1 xe)
MG | Menentukan letak titk berat beberapa bangun dalar secara berkelompak (53, KU1, KU2, P5, W4 Skt o gt nepers s et b bergerak Gen Worsep ks
7. KUB) 11, dn 1 Neveton secara mancirican kelompok (59, S6 KUY, K2 PS KK, KUB)
M7 | Mengukur dan ih masa dan kecepatan M5 Menerapkan hukum kekekalan energi untuk menentukan besar kecepatan akhir sebuah
secara mandir dan berkelompok (56 KU, KU2, PS, KT, KUS) bencia yang bargerak dalam sistem konsarvatf secara mandir (56, KUY, KUZ, 95, KK,
)
Untuk perkuliahan praktikum sesu lengan CPMK di Tabel 1 adalah 5 M6 Menentulean latak titik berat beberapa bangun datar secara berkelompok (S9, KU1, KU2,
sub poke bahasan yang akan dilaksanakan. Berikut adalah materi dan D5 7 VLB

M7 | Mengukur dan i kecepatan benda
cecara mandiri dan berkelompok (6, KUY, KU2, PS, KK7, KUS)

tujuan dari kegiatan praktikum.

Tabel 2. Materi dan Tujuan Praktikum Untuk perkuliahan praktikum sesuai dengan CPMK di Tabel 1 adalah 5
Materi Tujuan Praktilkum sub poko bahasan yang akan dilaksanckan. Berikut adalah materi dan
Gerak Luus «  Mengukur kecepatan dan jarak benda yang bergerak dengan Tabel 2. Materi dan Tujuan Praktikum
percepatan konstan Materi Tujuan Praktikum
erak Parsbela = Menyelidiki pengaruh kecepatan awal terhadap ketinggian Gossk Luns recepatar an
Momentum dan Impuls | Menentukan hubungan antara momenturm, kecepatan, dan massa benda Gerek Parabola maksimum dan jarak tempuh maksimum benda
PANDUAN PRAKTIKUM FISIKA DASAR 1
Layout
PENULISAN LAPORAN PRAKTIKUM BAB 2
Chapter Il S ——— PENULISAN LAPORAN PRAKTIKUM
laporan resmi. Tata tulls laporan secara umum adalah:

1. Isl laporan ditulls tangan dengan tinta warna hitam secara mandirl

2. Loporan ditulls dalam lembar kertas HVS ukuran Ad

3. Untuk halaman judul boleh i ketik dna di print atau teteap Penulisan laporan praktikum terbagl atas laporan sementara dan
mematal tullsan tangan laperan resmi. Tata tuls laperan secara umum adlah:

Isl laporan ditulls tangan dengan tinta warna hitam secara mandirl

Isi dari penulisan laporan sementara terdirl atas: 2. Laporan ditulls dalam lembar kertas HVS ukuran A4
1. Identitas 3. Untuk halaman judul boleh di ketik dan di print atau tetap memakal
2. Judul praktikum tullsan tangan
3. Tujuan praktikum
4. Data hasil praktikum A. ISILAPORAN SEMENTARA
5. Laporan sementara diperbanyak n+l dengan n adalah jumigh
1. Identitas
anggota praktikum. . -
6. Format laporan sementara dapat dilihat pada lampiran 1. udul praktikum
3. Tujuan praktikum
Isi dari penulisan Laporan resmi terdiri atas: ; Data hasil praktikum

1 Cover Loporan sementara diperbanyak n+1 dengan n adalah jumiah
ta praktik
2. Isi yang meliput: :"990: praktikum. v sooot it o i
a. Judul praktikum ‘ormat laporan sementara dapat dilihat pada lampiran

o

b Tujuan praktikum

B. 1SILAPORAN RESMI
c. Dasarteorl
d. Alat dan bahan

L Cover
&. Langkah prakiikum [
f. Datahasil praktium SRS IS

. Judul proktikum  c. Dasar teorl & Langkah praktikum

g Analisis data

b. Tujuan proktikum  d. Alatdanbohan T, Data asi praktium
Lampiran (laporan sementara)

Laporan resmi dikerjakan secara mandiri tidak berkelompok

Cover dar laporan praktikum boleh diketik atau dituls dengan tangan
Untuk susunan dari cover bisa dillhat pada lampiran 2

3. Llampiran (laporan sementara)

4. Laporan resmi dikerjakan secara mandiri tidak berkelompok

5. Cover darl laporan praktikum boleh diketik atau ditulis dengan
tangan. Untuk susunan dari cover bisa dilihat pada lampiran 2.

@ s w

~3n PANDUAN PRAKTIKUM FISIKA DASAR 3
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Part Before After
Layout BAB3
Chapter Il BAB 3 PETUNJUK PRAKTIKUM FISIKA DASAR
PETUNJUK PRAKTIKUM
FISIKA DASAR
Practical PRAKTIKUM -1 PRAKTIKUM = 1
. VEKTOR PERPINDAHAN
Instructions VEKTOR PERPINDAHAN
Layout B enyel bosarrosutan vektor perpindnan ssuan benda

B. DASARTEORI :
Vektor adalah besaran yang memiliki nilal dana arah. Gontoh besaran
h: kecepatan, gaya, momentum, dil. Ada dua cara dalam

A. TUJUAN PRAKTIKUM
Menyelidiki besar resultan vektor perpindahan sebuah benda

B. DASAR TEORI

yang menmiliki Contoh besaran
vektor adalah: kecepatan, gaya, momentum, dil. Ada dua cara dalam
penulisan vektor

1. Ditulis dengan ditebalkan vektor 4 = 4

2. Diberi anak panah di atas huruf vektor 4 = 4

Sebuah vektor direpresentasikan dengan sebuah anak panah. Misal
vektor 4 atau 4 digambarkan

Vektor satuan adaloh penentu arah yang besamya satu satuan.
Ditullskan dengan huruf kecil. Misal: vektor satuan untuk sumbu x adalal
t

1z adalah k atau

ilai Vektor juga memiliki arah, penjumiahan vektor dan
penerapan operasi-operasi aljabar lainya menmiliki aturan  tertentu.
Penjumianan vektor dapat dilakukan dengan beberapa metode, yaitu:

PEDOMAN FRAXTIKUM FISKA DASAR 5

Based on Table 8, the first revision was made to the cover or cover page, namely by correcting
the font size in the title, replacing the image, and changing the color of the study program and faculty
writing from black to white. Next, changes were made to the overall layout by changing the color and
highlighting the chapter titles and subtitles. In addition, an image was added to Chapter IIl. The results of
the revision to the practicum guide were used in the product trial stage. The product trial stage was carried
out with the assistance of 5 (five) computer systems study program students who had taken basic physics
courses and had participated in practicums with PhET interactive simulation. Each student was given a
practicum guide and then asked to fill out an assessment questionnaire. Table 9 below shows the results
of the product trial for the 5 (five) students.

Table 9. Product Trial Results

Student Rating Scale Total  Maximum  Assessment
1 2 3 Score Score Score
1 : 1 5 29 36 322
2 - 2 6 26 36 2.89
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Student Rating Scale Total  Maximum  Assessment
1 2 3 4 Score Score Score
3 : : 1 8 3% 36 3.89
4 - - 7 2 29 36 322
5 5 4 31 36 344
Average 3.33

Table 9 shows the results of the questionnaire in the small-scale product trial. The completed
assessment scale ranges from 2 to 4. The five students had different opinions regarding the practicum
guide, as indicated by the varying assessment scores. The lowest assessment score obtained was 2.89,
and the highest was 3.89. At the lowest score, the practicum guide received a score of 2 for two
statements and a score of 4 for one statement. For the highest score, it received a score of 3 for one
statement and a score of 4 for eight statements. After calculating the average assessment score of the
five students, the product trial result was 3.33. Furthermore, the results of the assessment score
calculation will be categorized using Table 4, and the results indicate that the lab guide falls into the
"worthy" category.

This research has gone through all the planned stages of Borg and Gall to produce a product,
namely a practical guide for a virtual lab that helps in the implementation of Basic Physics practical
activities with PhET interactive Simulation, and has been declared worthwhile by experts and users.
There are three experts who have assessed the guidebook, namely, material, media, and language
experts. Based on Table 5, the assessment score of the material expert is 3.88, the media expert is 3.12,
and the expert is 3.80. The conclusion for each expert, based on Table 4, is that two experts, namely
material and language experts, stated that the practical guide is suitable for use without revision. While
the media expert concluded that the practical guide is suitable for use with revision. Revisions that need
to be made are the completeness of the identity, images, and typos on the cover. Another thing is the
writing of the content and layout. The lowest score for the three experts was obtained from the media
expert, and the average assessment score from the three experts was 3.60, with the assessment
category being very worthy (Pornel & Saldafia, 2013).

The revised and valid practicum guide was given to users, namely, 5 (five) computer systems study
program students. The average assessment score from the results of the product trial to users was 3.33
and was included in the high category (Pornel & Saldafia, 2013). Although it was categorized as
"adequate," a deficiency was found, as seen in Table 5. Two students gave a score of 2 for the statement,
"The lab guide made it easier for me to understand the material during the lab, the practicum guide guided
me in learning basic physics, and the practicum guidebook has a clear and coherent coverage of material
so it is easy to understand”. Based on these results, it shows that users in this case are students who
assess that the guideline is still not appropriate in making it easier to understand and guide in learning
physics, and the material is not coherent and clear. These findings can be used as a reference for further
research on the basic physics practicum guide, namely by revising the preparation of the theoretical basis
that underlies each activity.

Furthermore, assessment scores of 3 and 4 were given for the questionnaire statement "the
practicum guidebook is very interesting to read and is able to hone my skills. The pictures in the practicum
guidebook motivate me to learn, the pictures in the guidebook make it easier for me to understand the
implementation of practicum activities, the contents of the practicum guidebook are equipped with
pictures that are appropriate to the material, the practicum guide can be used repeatedly, and the
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practicum guide increases my insight into the material of kinematics and dynamics". These results
indicate that students stated that the practicum guide is suitable for use in assisting practicum activities.
In addition, students also assessed that the practicum guide can increase knowledge of the material of
dynamics and kinematics. This result is an advantage of the basic physics practicum guide using PhET
Interactive Simulation on the topic of kinematics and dynamics. This is because no student gave an
assessment score of 1 on the questionnaire. Based on the results of this product trial, students assessed
that the developed guide was helpful in carrying out practicum activities. The overall results of the
research are also consistent with several previous studies listed in the background (Darmaiji et al., 2019;
Widyaningrum & Wijayanti, 2019; Zakiya & Falamy, 2024).

Based on previous research, the results can be used as a reference for developing guidelines for
subsequent topics if further research has been conducted to revise them based on the results of small-
scale product trials and large-scale product trials (Kholilah & Susainti, 2023; Octafianus et al., 2022;
Rafika & Pasaribu, 2024). Furthermore, this practicum guide will be more effective if further development
is carried out by presenting it in the form of an Android-based e-module. This is because e-modules have
proven to be more practical and effective for independent learning and can improve physics skills
(Fauziah et al., 2022; Yusuf et al., 2024).

CONCLUSION

The research has been successfully conducted and produced a Basic Physics practicum guide
with PhET Interactive Simulation on the topic of kinematics and dynamics. This practicum guide has been
declared worth by three experts, namely material experts 3.88, media experts 3.12, and language experts
3.80, and the average of the three is 3.60, which indicates the assessment category is very worth.
Furthermore, based on small-scale product trials, the results obtained for this practicum guide are in
accordance with the average assessment score of 3.33. Based on these two assessments, the developed
practicum guide is worth pursuing and can be subjected to further research, namely, large-scale product
testing. This aims to obtain a practicum guide that can be used as a reference in developing practicum
guides for other topics. In addition, it can also improve the quality of the practicum guide so that it can be
proven effective in helping students understand basic physics concepts.
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