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STEM Virtual Learning The purpose of this study was to develop a virtual learning
Module; Project Based module based on STEM projects to improve students'
,I&%?m;ng; High Level Thinking higher order thinking skills. This research is a Research

and Development research by following the steps of the
ADDIE model (Analysis, Design, Develop, Implementation
and Evaluation). The Analysis Phase is an analysis of the
initial study of the need for developing STEM-based
Virtual Learning Media. This stage is carried out through
survey research. The Design stage is the stage of designing
Virtual STEM learning, designing technology forms,
placing HOTS elements, STEM project design,
manufacturing techniques, and calculating the size and
aesthetics of the media. The Develop stage makes the
media into a media that is declared valid according to the
validator, where the validator consists of 2 material
experts, 3 media experts, 2 pedagogical experts, and 2
teachers. Implementation phase is a module testing phase
for students. The research instrument used was an expert
validation sheet and a trial assessment sheet. Data
analysis was carried out by tabulating the data from the
assessment results from the validator. The module draft
can be declared valid and practical if the average score of
all items is equal to or more than 3.00. The results
obtained are valid project-based STEM virtual learning
modules with an average assessment score of more than
3.00. And the results of testing the module on students
show that this module has been stated to be interesting,
useful, and easy to use. The next stage is a project-based
virtual STEM module that can be tested through
experimental research.

INTRODUCTION
The industrial revolution 4.0 is very influential in the world of education as a new millennium era in

the history of civilization, this is supported by increasingly developing information technology.
Education in Indonesia has experienced a transition from face-to-face learning to online system

145


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Validation and Testing of STEM Project-Based Virtual Learning Modules. ..
Y. Yennita, Z. Zulirfan, Neni Hermita, Lukman Hakim

learning since the outbreak of the disease 19. The teacher as an educator for students must review and
study the chasing media that has been used so far. Learning media is a tool that must exist to
complement formal education and provide interesting experiences for students [1] so that learning can
be carried out properly, both face-to-face and online learning. However, the teaching system, building
high-order thinking skills, scientific attitudes, and problem solving in the real world in science need to
be trained [2] instead of being preoccupied with problem solving activities and the ability to
remember. Unfortunately, the high-order thinking ability of Indonesian children is still low, as the
results of the 2018 TIMSS study and several other studies, the thinking ability of our students is only
at the low-order thinking skills stage [3]. Currently, most of our students experience boredom and
boredom due to the ineffectiveness of online learning, so the negative impact is that students become
stressed by tasks or homework that are not relevant to the nature of science itself [4].

Currently learning in Indonesia is carried out online, so an alternative experimental activity is carried
out using a virtual laboratory. A virtual laboratory is one of the media used for physics learning
activities on certain concepts, where there are limited tools for carrying out experiments [5] and helps
visualize various abstract physics concepts [6]. Virtual laboratories are effective because students can
actively do their experiments without the help of assistants or teachers [7]. Following the results of
research conducted by Dewa, that the application of learning using a virtual laboratory can make
students active in the learning process [8], this will provide opportunities for students to find
information on their own. STEM education is a learning strategy that can be done to support the
virtual laboratory activities, which are expected to improve students' higher-order thinking skills to
face the challenges of the 21st century [9].

According to Bryan, integration of STEM elements as defined by the National Research Council, US:
i. Science is the study of nature, including natural laws related to physics, chemistry and biology.
Treatment or application of facts, principles, concepts, related to science, ii. Technology consists of all
human and organizational systems, knowledge, processes and devices used to create and operate
technological artifacts, iii. Engineering is knowledge of the design and creation of products and
processes to solve problems, iv. Mathematic is the study of patterns and relationships between
numbers, numbers and shapes [10]. Metacognitive theory and social interaction can be built by STEM
integrated learning [11].

STEM learning that has been carried out at this time has encountered many obstacles, according to
Margot [12], reporting that there are obstacles in implementing STEM such as pedagogical challenges,
curriculum challenges, structural challenges, concerns about students, concerns about assessment, and
lack of teacher support. One of the ways to minimize obstacles in implementing STEM is by providing
a STEM virtual learning module. At present, many STEM projects have been carried out in direct
learning, but due to certain conditions online learning is an integral part of learning from classroom
learning. Then the presentation of a project-based virtual STEM project will be an option for
implementing STEM during a pandemic so that STEM learning can still be done.

The application of a virtual laboratory in experimental activities is assisted by a module that is useful
as a guide for experimental activities to run well. Student worksheets are sheets that contain
instructions for students to carry out real activities with the objects and problems being studied, so as
to increase the competence of students' knowledge, attitudes and skills. The collection of several
student worksheets will be organized into a module. This is in accordance with Daryanto's opinion in
2013 [13] ,that the module contains a set of learning experiences that are arranged systematically and
completely, so that it can help students master learning independently. Virtual laboratory worksheets
are considered to be very effective and efficient in the current online learning process [14].

The implementation of STEM in learning, especially science learning in Indonesia has not been
encouraging, this shows that the implementation of STEM in Pekanbaru is still very low [15].
Therefore, the application of the STEM approach must be developed. It is necessary to change the
paradigm of thinking, from STEM which is considered to be difficult to implement into a more
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flexible STEM so that it is easy to implement. Virtual lab application-based project learning is seen as
an option in applying the STEM approach to science learning. Furthermore, Alneyadi emphasized that
virtual lab applications are the best solutions that meet the needs of science education in situations of
unavailability of laboratory resources. In addition, virtual labs are seen to be able to minimize the use
of time in the science practice process [16]. Virtual lab technology provides several benefits for
students as well as teachers. Virtual STEM is flexible and provides students with the variability of
experimental projects that a greater number of students can undertake. Students can work
independently. This method also provides easy configuration and resistance to damage [17].

STEM education is better teaching than separate STEM subjects and STEM must be taught using an
integrative subject approach. Currently various countries provide professional development experience
to show teachers how to incorporate STEM into their teaching practice [18].

Based on this description, to train students' high-level thinking skills in independent learning during
the Covid-19 pandemic, it is necessary to develop a virtual laboratory-based physics learning module
that will contain activities that train high-level thinking skills. The developed module consists of
several student worksheets that are arranged chronologically which contains work procedures,
observations, and questions related to experimental activities that can help students find concepts, and
conclusions of the experiments carried out on the intended subject matter. So that virtual laboratory
student worksheets are considered to be very effective and efficient in the current online learning
process [14].

One of the applications used in virtual lab experiments is liveware. This application can be used for
free both online and offline. Liveware is a learning medium that plays various circuit components,
creates your own electrical circuits, and sees how they work in real time. This application can be
enjoyed for anyone who likes to do scientific experiments. For teachers this application is used to
demonstrate science experiments in class and for students to explore inside and outside the classroom.
The purpose of this research is to develop a virtual module based on a STEM project on Dynamic
Electricity material to increase high Order Thingking Skills (HOTYS).

METHOD

Research on the development of a project-based STEM virtual learning module on dynamic electricity
material will be carried out at the Physics Education Laboratory of the PMIPA Department, Riau
University. This development research design uses the ADDIE (Analysis, Design, Develop,
Implement, Evaluate) model according to Branch [19]. These stages are carried out as follows:

The Analysis stage is carried out to look for learning problems and filter teacher and student opinions
about learning patterns that are following the curriculum and do not burden students during this
pandemic. And planning solutions that are useful for determining appropriate learning patterns for
students and teachers, so that learning can run as it should. This study has been carried out and found
that there are time constraints in carrying out manual STEM projects, especially Dynamic Electricity
material [20].

The design stage is carried out by researchers to design the media needed by students and will be a
solution to the needs analysis that has been carried out. At this stage a cover format will be compiled,
the contents of the learning module are following the needs of students. on online learning which
consists of various components including a guide to the use of liveware applications, HOTS-based
Virtual Experiments, and STEM-based virtual projects.

The Development stage is the stage of developing the Virtual STEM Project module and evaluating
the module validation by material experts, media experts, pedagogies, and users (teachers).

Implementation stage, is the small-scale module trial stage conducted on 10 middle school students, to
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see whether the modules created can be used by students properly and also to filter student opinions
about the virtual STEM Project module. The data collection instrument used in this study was an
instrument in the form of expert validation sheets and also a virtual module test instrument. The
validation instrument was developed according to the validation aspect as shown in Table 1.

Table 1. Type of Validation, Aspects and number of items for expert judgment on Dynamic STEM
Virtual Electricity Project

Number of
No Validation Type Validation Aspecs Question

Items

Design Quality
Visual Appeal
1 Media Validation Interactive
Felxibility
Liveware Function
The Truth aspect of the concept
Aspects of the depth and breadth of the
material
Aspect of presenting the concept
Inherence to the curriculum
STEM integration
HOTS aspect
Liveware function
Coherence with curriculum
The link between STEM and learning
Virtual lab components
Aspects of learning media

2 Material VValidation

3 Pedagogic Validation

4 User Validation (Teacher)

WA NN WWWbhwW W HNOWWWWW

Aspects and questions for the virtual module test instrument can be seen in Table 2.

Table 2. Aspects and number of items of Virtual STEM module testing instruments

No Aspecs Guestion Items

1 Interest Cover display and module contents. Virtual STEM is interesting
The project in the Virtual STEM Module is of interest to me
The use of the Lifewire application in Modules is interesting
2 Usefulness Through this module | was trained to work on projects
Designing an electrical circuit as you wish
The STEM project has benefited me
The Virtual STEM module challenges me to be able to design
more complex projects
3 Ease of Module I can understand the goal of a virtual STEM project
The activity steps in the module are easy to understand
The Activity steps in the Module are easy to do
4 Ease of Application Tutorial using Lifewire helps me in learning to use Lifewire
Livewire application is easy for me to understand in no time
The Livewire application was easy for me to understand in no
time
Electrical circuits can be made faster
5 Interaction Virtual STEM projects | can do myself at home
Virtual STEM projects can also be done in groups with friends

The data analysis technique was carried out by tabulating the data from the assessment results from the
validator. Validation is complete, if all validators have assessed a minimum of 3.0 for each question
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item given. The index of validity and practicality of the draft module can be declared valid and
practical, if the average score of all items is stated as in Table 3.

Table 3. Criteria for the Validity and Practicality of the Module
Validation Indexs

No Aspecs Validitas Criteria
1 Validity Index >3,00 Valid
2 Practicality Index > 3,00 Practical

RESULTS AND DISCUSSIONS

Research on the development of the STEM Project virtual module was carried out by referring to the
following stages:

Analysis Stage

Through this analysis of needs, STEM learning is formulated which is carried out virtually using the
lifeware application on Dynamic Electricity material. In general, STEM has not been implemented
optimally in schools. Most of science teaching is still oriented towards content achievement through
knowledge transfer, and lack of training in thinking skills and limited time are the main obstacles in
implementing STEM projects in schools. Virtual laboratories can overcome obstacles related to
experiments [21]. Virtual Engineering Sciences Learning Lab can overcome the low level of female
participation in STEM and show high student interest and improve student learning experiences [22].

Design Stage

This research will be developed, of course starting with a prototype design that will be developed.
Even though the learning is virtual, the prototypes that will be used in the inventory first, for example,
are lamps, voltage sources, switches, cables, Ampermeter and Voltmeter. All equipment that will be
used in virtual learning is taken from the Livewire application.

The structure of the text plays an important role in ensuring the ease with which the reader
understands the teaching material. The effectiveness of learning is also ensured by the existence of a
clear text structure. To fulfill this purpose, the text structure of this virtual STEM module is built
following the format shown in Figure 1.

Virtual STEM
Project

About The Modul

Newton's Law
Application

Instructions for

Using the Module || Kirchooff.s Law

Application

Kind of Projects ‘_ Home F_]e-c_n-lcal
Installation

Fire Alarm

Guide For Teachers

— Simple Flood Alarm
Liveware Usage
Tutorial

Fig 1. Text structure of the Virtual STEM module

The project to be made is a virtual one, this project is carried out in a virtual world by students. The
success of this project will be declared a success, if the lights installed by the students are bright.
These projects can hone students' skills about circuit design and circuit shape. Even students can prove
whether the circuit they made can function properly.
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Development Stage

Virtual lab technology provides several benefits for students as well as teachers. This technology can
minimize the cost and time of carrying out experiments in the laboratory. Virtual laboratories can be
carried out by many people independently at the same time, are easy and have damage resistance [17].
Combining PjBL with STEM can increase effectiveness, generate meaning in learning and influence
student attitudes in pursuing future careers [23].

The development of the STEM module begins with making: a draft module, placing HOTS elements
in the module, virtual experiments and the types of projects to be implemented, can be seen in Figure
2, Figure 3 and Figure 4 below.

a. Cover the module and about the module

MM A~ | Tentang Modul

F IV 7 |
Modul ini disediakan sebagai pedoman bagl_siswa SMP
Pro yek STEM Virtual dalam mengaplikasikan Iu;ns:;l listrik dinamis dalam bentuk
proyek-proyek virtual. Proyek virtual yang dimaksud adalah
proyek rangkaian listrik yang dirancang secara manual oleh
siswa, kemudian dirakit dan diuji melalui apltkasi lab virtual
menggunakan computer atau laptop. Aplikast lab virtual
dalam modul int menggunakan software lifeware. Oleh
pr g karena itu, siswa harus mempelajari aplikasi lifeware terlebih
dahulu.

Dalam menyelesatkan proyek rangkaian listrik ini, siswa
bekerja menerapkan 4 disiplin ilmu sekaligus, yaitu:

S clence, siswa memahami menerapkan konsep-konsep
rangkaian listrik dalam proyek

Tethnology, siswa menggunakan computer dan aplikasi
lifewire untuk menyelesaikan proyek

Engineert 1g, siswa melakukan r gan skema dan

rekayasa rangkaian listrik dalam menghasilkan sebuah
proyek

Dr. Yennita, MSi

Dr. Zuliefon, M.Si

Dr. Neni Hermito, MPd

Lukmon Hokim Alhomd, SPd
Tim Peneliti STEM Virtuol Lab matematika dalam memprediksi besaran-besaran kelistrikan
Progrom Studi Magister Pendidikan IPA FKIP Universitas Riou dalam rangk dan menguji kel ya melalui aplikasi

Math(mnu‘(, siswa menggunakan perhitungan

Tohun 2020 lifewire

Fig 2. Module Cover Design and About the Module

Figure 2 shows the module cover design and the module design. The cover of the module is designed
to contain images that display STEM activities. The cover display is made as attractive as possible
with the use of images or graphics to attract students' attention and is also equipped with the overall
module title, material, and the identity of the module author. In addition, the design of the module
contains the purpose and use of the module, and there is also an explanation of the STEM that will be
applied in the module.

b. Examples of Virtual Experiments and HOTS Element Placement

There were 5 virtual experiments by including HOTS elements, namely the Invention of Ohm's Law,
Series Series, Parallel Circuits and Combined Circuits. An example of a HOTS-based Virtual STEM
experiment is shown in Figure 3.

Figure 3 shows an example of a virtual experiment, namely on Ohm's Law Discovery material. The
project content component in the module contains an introduction, activity objectives, tools and
materials, then there is a task description section which is an explanation of work steps. This work step
is made with the aim of directing students on how to carry out experimental activities in the project.
Furthermore, in the activities of carrying out projects containing STEM components and cognitive
processes. As shown in Figure 3, the stages of science engineering, science math, and technology are
shown.
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=2 Project 1. Penemuan Ohm . g : ;
1 TangKaian terseout menggunakan

. Simpan file deng

n nama Project 1.

Pendahuluan

SCIENCE, ENGINEERING

TECHNOLOGY
8]

SCIENCE, MATH
1

L

X< =< IS >
-
n

(create)

Fig 3. One example of virtual experiments and placement of HOTS elements

c. Example of a Virtual STEM Project
Independent project tasks are provided such as, Household installation, Fire alarm, Flood alarm. One
form of the project can be seen in Figure 4.

Project 3. Instalasi Listrik Rumah

Project 4. Alarm Kebakaran
Sederhana

Pendahuluan

Pendahuluan

to Sebelumnya kita sudah

M

R

[

Sebelumnya kamu sudah
mempelajari tentang arus,
dan saklar

Berikutnya kita akan
mempelajari bagaimana
aplikasi penggunaan saklar
dalam instalasi rumah
tangga kita sehari-hari

mempelajari tentang hukum ohm
dengan menggunakan resistor yang
nilai hambatannya tetap,
bagaimana cara menggunakan
resistor yang nilai berubah-ubah ?
Kali ini, kita menggunakan
Termistor (sensor panas/pengganti
resistor) yang hambatan berubah
nilainya dan dapat untuk
mendeteksi kehakaran

Fig 4. Example of a Virtual STEM Project

Figure 4 shows an example of a virtual STEM project, namely project 3 Simple Home Electrical
Installation and project 4 Fire Alarm. The virtual STEM project consists of an introduction that
contains an introduction related to the experiment to be carried out, then the objectives, tools and
materials, as well as activities to carry out the virtual STEM project which contains STEM
components.

Module Validation

After the module is developed, an expert assessment of the virtual STEM module is carried out as seen
from the overall assessment items by material experts, media experts and pedagogists on the STEM
virtual module. Each type of validation was assessed by 2 or 3 validators. The results of the validation
are presented as follows:

Material and media validation

Material validation was carried out by two material expert lecturers and media experts from PMIPA
FKIP Riau University lecturers, the questionnaire used was 10 questions for material experts and 15
guestions for media experts, with a range of questions 1 - 4.

Indicators of expert assessment of the material aspects contained in the STEM virtual module include
aspects of concept correctness, aspects of depth and breadth of concepts and aspects of presentation.
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While the media expert's assessment indicators on the media display aspects contained in the STEM
virtual module include 5 aspects, namely design quality, visual appeal, interactive, flexible, and
liveware functions. The assessment scores that have been obtained through a questionnaire can be seen
in Figure 5 and Figure 6.

Aspect of presenting J

the concept -

Aspects of the depth ]

and breadth of the... -

The Truth aspect of the J

concept -

3,0 3,5 4,0

Average M Validator 2 mValidator 1

Fig 5. Expert assessment of the material aspects contained in the virtual STEM module

Liveware Function d 3,7

Felxibility |
13,7

Interactive [ = —

_ -
Visual Appeal
33
- - z
Design Quality s

3,0 3,5 4,0

Average M Validator 3 mValidator 2 mValidator 1

Fig 6. Media expert's assessment of the media display aspects contained in the STEM virtual module

Pedagogic Validation and User Expert (teacher)

Indicators of expert assessment of the pedagogic aspects contained in the module include coherence
with the curriculum, STEM integration, aspects of improving HOTS, and livewire functions. And
indicators of expert assessment of user aspects contained in the module include coherence with the
curriculum, STEM linkages with learning, virtual lab components, and aspects of learning media.
Pedagogic validation and expert users can be seen in Figure 7 and Figure 8.

3,5
Liveware function ;

HoTs aspect [ i
STEM integration = 33
Inherence to the... _3‘6

3,0 35 4,0

Average M Validator 2 mValidator 1

Fig 7. Expert assessment of Pedagogic aspects contained in the virtual STEM module
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Aspects of learning...
Virtual lab components
The link between...

Coherence with...

i)

w

3,5 4

Average M Validator 2 M Validator 1

Fig 8. Expert assessment of User aspects contained in the virtual STEM module

From the validation results, it can be seen that the overall validation has exceeded a score of 3.0, this
means that the module made is valid and can be tested on students.

After completing the validation, there are product changes before and after validation. Among them

are:

1. Prior to validation, there were difficulties in placing lights on the puzzle house's ceiling, so repairs
were made to make it good and the lights could be placed on the puzzle house's ceiling.

2. Before validation, there were difficulties in assembling the puzzle, so improvements were made by
making the puzzle numbered on each piece, to make it easier to assemble.

3. Prior to the initial validation, the color of the puzzle pieces was clear (not like a greenhouse), so
improvements were made by giving the roof of the puzzle house a color, so that it really looked
like a mini house (like a greenhouse).

Implementation Stage

The indicators for student assessment of the STEM virtual module consist of aspects of interest,
benefits, ease of module, ease of application, and interaction. Student assessment of the module
through virtual experimental trials and the creation of virtual STEM projects received positive
responses from students and were very enthusiastic about making their own series according to their
wishes. Through project work students will get additional knowledge and skills [24]. The results of the
trials that have been carried out on 10 students have obtained the results as shown in Figure 9.

Interaction
Ease of Application
Ease of Module

Usefulness

Interest

33 3,4 3,5 3,6 3,7 3,8

Average Student Assessment Score

Fig 9. Student Assessment of the STEM virtual module

After the test data were analyzed, it was found that this module was practical and had ease of
operation, both ease of use of modules and ease of use of lifeware applications. Based on these
criteria, it shows that the module can be understood by students well, the design of the module is
attractive and the module is systematic, and interactive so that students can easily understand the
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contents of the module.

A school without access to science laboratories or equipment can use virtual simulations to offer
students experiences that are not currently available due to limited resources. In addition, simulations
are a safe place for students to study and practice effectively before they carry out research in the field.
Virtual lab technology can improve the quality of science learning for schools that are poorly
equipped. Students can collect data for their own use through their mobile devices. and can align their
findings by collaborating with researchers anywhere in the world [25].

In direct experiments, students are often preoccupied with handling equipment settings and taking
measurements, the effectiveness of laboratory activities is the only way to improve scientific
understanding. Virtual Lab can be an effective solution to this problem [26]. The difference between a
virtual laboratory and an ordinary laboratory is that when conducting direct experiments there are
obstacles in terms of preparing tools and materials, as well as costs, and it takes quite a long time so
that the experimental process carried out by students is less effective. The virtual laboratory makes the
concept of learning science easier and more effective in training students' thinking skills. According to
Asiksoy & Islek [22], The use of virtual laboratories in science education has increased student
achievement and satisfaction in conducting experiments.

Virtual labs make science concepts easier and faster to apply and positively influence student attitudes.
Besides that, Truchly, states that virtual and augmented reality applications, multimedia applications,
virtual labs, and real laboratories are new trends that can help students get involved in the STEM field,
and help them to imagine and understand difficult and abstract problems [17]. Implies that project-
based STEM in schools is more beneficial for students to reduce the achievement gap between
students [27].

The research conducted by the author uses a liveware application because this application is an
electronic simulation program (computer laboratory). This application is very suitable for use in
electrical installations because it is used to simulate electronic circuits. There are many electronic
components that can be used in this liveware application. So it is very suitable for use on Dynamic
Electrical materials taken in the virtual module of the STEM project that has been created.

Based on the research that has been done by the author, the resulting product in the form of a virtual
learning module based on STEM projects is valid and practical to use. This module is valid because
the overall validation results based on the assessment of material experts, media expert assessments,
pedagogic assessments, and user expert assessments (teachers) have exceeded a score of 3.0. A series
of these processes can be stated that the module is feasible to be used in science learning. Furthermore,
this module has been practical to use because based on the results of trials in limited use that have
been carried out, the overall score has exceeded 3.0. According to Alneyadi [16], dramatic changes
and advances in digital technology have begun to change the nature of practical work and replace it
with virtual laboratory applications. In fact, the importance of practical work is clearly seen in the
several research studies that have been carried out. This module has ease of operation, both ease of use
of the module and ease of use of lifeware applications, as well as getting a positive response from
students. The advantage of this module is that the design of the STEM virtual project module can train
students' higher-order thinking skills. In this module there is a STEM process with steps, namely
Science, Technology, Engineering, and Mathematics.

CONCLUSION AND SUGGESTION

This development study has produced a project-based Virtual STEM module, in which the module has
been declared valid by material experts, media experts, pedagogists, and user experts. And after being
tested on students, they get a positive response, and students state that the modules and applications
used have ease and practicality in their use. It is hoped that this module can be used by students as an
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alternative that is able to make students learn independently, offline and online, and can improve
students' higher-order thinking skills.

ACKNOWLEDGMENTS

Thank you, Directorate of Research and Community Service, Deputy for Research Strengthening and
Development of the Ministry of Research and Technology to the Institute for Research and
Community Service, University of Riau (LPPM UNRI) for funding this research.

REFERENCES

[1] Fisch, S. M. (2014). Children’s learning from educational television: Sesame Street and beyond.
Routledge.

[2] Lee, M. H,, Chai, C. S., & Hong, H. Y. (2019). STEM education in Asia Pacific: Challenges and
development. The Asia-Pacific Education Researcher, 28(1): 1-4.

[3] Murnawianto, S., Sarwanto, S., & Rahardjo, S. B. (2017). STEM-based science learning in junior
high school: Potency for training students’ thinking skill. Pancaran Pendidikan, 6(4).

[4] Muslim, M. (2020). Manajemen stress pada masa pandemi covid-19. ESENSI: Jurnal Manajemen
Bisnis, 23(2): 192-201.

[5] Auliyani, P., Ramli, R., & Kamus, Z. (2018). Penerapan LKS berbantuan Virtual Laboratory
dalam Pembelajaran Inquiry Terbimbing terhadap Pencapaian Kompetensi Siswa. Pillar of
Physics Education, 11(1).

[6] Gunawan, G., Harjono, A., Sahidu, H., & Herayanti, L. (2017). Virtual laboratory of electricity
concept to improve prospective physics teachers creativity. Jurnal Pendidikan Fisika Indonesia,
13(2): 102-111.

[7] Kurnia, W., Hidayati, H., & Ramli, R. (2017). Pengaruh Penerapan Virtual Lab Berbantuan
LKPD Menggunakan Model Pembelajaran Kooperatif Tipe Group Investigation Terhadap
Kompetensi Peserta Didik Kelas X1 SMAN 5 Padang. Pillar of Physics Education, 10(1).

[8] Dewa, E., Mukin, M. U. J., & Pandango, O. (2020). Pengaruh pembelajaran daring berbantuan
laboratorium virtual terhadap minat dan hasil belajar kognitif fisika. Jurnal Riset Teknologi dan
Inovasi Pendidikan (JARTIKA), 3(2): 351-359.

[9] Nugroho, O. F., Permanasari, A., & Firman, H. (2019). The movement of stem education in
Indonesia: Science teachersa€™ perspectives. Jurnal Pendidikan IPA Indonesia, 8(3): 417-425.

[10] Bryan, L. A., Moore, T. J., Johnson, C. C., & Roehrig, G. H. (2015). Integrated STEM education.
STEM road map: A framework for integrated STEM education, 23-37.

[11] Kelley, T. R., & Knowles, J. G. (2016). A conceptual framework for integrated STEM education.
International Journal of STEM education, 3(1): 1-11.

[12] Margot, K. C., & Kettler, T. (2019). Teachers’ perception of STEM integration and education: a
systematic literature review. International Journal of STEM education, 6(1): 1-16.

[13] Daryanto, D. (2013). Menyusun modul bahan ajar untuk persiapan guru dalam mengajar.
Yogyakarta: Gava Media.

[14] Oktaviani, Y., Masril, M., Darvina, Y., & Hidayati, H. (2019). Analisis uji efektivitas lkpd virtual
laboratory pada materi medan, induksi, dan gaya magnetik serta fenomena induksi
elektromagnetik kelas X1 SMAN 5 Padang. PILLAR OF PHYSICS EDUCATION, 12(2).

[15] Yennita, Y., Afni, N., Kazmi, T., Azizahwati, A., & Fakhruddin, F. (2019, November). The need
analysis developing STEM embeded project. In Proceedings of the UR International Conference
on Educational Sciences (pp. 569-576).

[16] Alneyadi, S. S. (2019). Virtual lab implementation in science literacy: Emirati science teachers’
perspectives. EURASIA Journal of Mathematics, Science and Technology Education, 15(12):
em1786.

[17] Truchly, P., Medvecky, M., Podhradsky, P., & El Mawas, N. (2019). STEM education supported
by virtual laboratory incorporated in self-directed learning process. Journal of Electrical

p-ISSN: 2477-5959 | e-ISSN: 2477-8451 155



Validation and Testing of STEM Project-Based Virtual Learning Modules. ..
Y. Yennita, Z. Zulirfan, Neni Hermita, Lukman Hakim

Engineering, 70(4): 332-344.

[18] Ritz, J. M., & Fan, S. C. (2015). STEM and technology education: International state-of-the-art.
International Journal of Technology and Design Education, 25(4): 429-451.

[19] Branch, R. M. (2009). Instructional design: The ADDIE approach (Vol. 722). Springer Science
& Business Media.

[20] Hakim, L., Yennita, Y., Zulirfan, Z., & Hermita, N. (2020, October). The Need Analysis in the
Development of Students’ Virtual STEM Project for Science Education. In Journal of Physics:
Conference Series (Vol. 1655, No. 1, p. 012061). IOP Publishing.

[21] Asiksoy, G., & Islek, D. (2017). The Impact of the Virtual Laboratory on Students' Attitudes in a
General Physics Laboratory. International Journal of Online Engineering, 13(4).

[22] August, S. E., Hammers, M. L., Murphy, D. B., Neyer, A., Gueye, P., & Thames, R. Q. (2015).
Virtual engineering sciences learning lab: Giving STEM education a second life. IEEE
Transactions on Learning Technologies, 9(1): 18-30.

[23] Tseng, K. H., Chang, C. C., Lou, S. J., & Chen, W. P. (2013). Attitudes towards science,
technology, engineering and mathematics (STEM) in a project-based learning (PjBL)
environment. International Journal of Technology and Design Education, 23(1): 87-102.

[24] Barak, M., & Assal, M. (2018). Robotics and STEM learning: Students’ achievements in
assignments according to the P3 Task Taxonomy—practice, problem solving, and projects.
International Journal of Technology and Design Education, 28(1): 121-144.

[25] Arshad, J., Zakaria, J., Sung, D., Chi, R., Cisneros, E., & Bouras, Z. (2014). A Cost Benefit
Analysis of Electric and Hybrid Electric Vehicles. no. January, 11.

[26] Sapriadil, S., Setiawan, A., Suhandi, A., Malik, A., Safitri, D., Lisdiani, S. A. S., & Hermita, N.
(2019, April). Effect of Higher Order Thinking Virtual Laboratory (HOTVL) in Electric Circuit
on Students’ Creative Thinking Skills. In Journal of Physics: Conference Series (Vol. 1204, No.
1, p. 012025). IOP Publishing.

[27] Han, S., Capraro, R., & Capraro, M. M. (2015). How science, technology, engineering, and
mathematics (STEM) project-based learning (PBL) affects high, middle, and low achievers
differently: The impact of student factors on achievement. International Journal of Science and
Mathematics Education, 13(5): 1089-1113.

DOI: 10.26737/jipf.v7i2.2420 156



