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ABSTRACT

Constructivism as a theoretical basis in education is key, considering that this approach views
learning as an active process where students play a role in constructing their own knowledge.
Apart from that, the development of mobile and virtual technology is increasingly growing
in the educational environment. This research explores the effectiveness of this approach
in building constructivist thinking in learning electrical installation practices. The method
used in this research is the 4D Define, Design, Develop and Disseminate model. The research
instruments include an expert review validity questionnaire and an evaluation instru-
ment for students’ perceptions of the effectiveness of the Mobile Virtual Laboratory Based
on Project-Based Learning in building constructivism. The research results show that the
Mobile Virtual Laboratory is valid based on expert assessment, in addition there has been a
significant increase in students’ understanding of concepts and practical skills, with a high
level of satisfaction with the use of the Mobile Virtual Laboratory. So, it can be concluded
that the Mobile Virtual Laboratory based on Project-Based Learning can be an effective tool
to support constructivist learning in electrical measurement practice. The results of this
research open opportunities for further research on how Artificial Intelligence can build
constructive thinking.
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1  INTRODUCTION

Higher education today is required to continue to innovate and adapt to techno-
logical developments, especially in the context of learning electrical engineering [1].
Constructivist thinking, which emphasizes the active role of students in building their
knowledge, has become an important cornerstone in updating learning methods [2].
The emergence of the need to integrate constructivist approaches in the learning of
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electrical measurement practicum requires a good understanding of concepts and
practical skills [3].

The high demand for the use of mobile technology in the world of education. The
application of this concept can be enriched by technology integration, one of which
is through the development of a Mobile Virtual Laboratory based on Project-Based
Learning (PjBL). Electrical measurement practicum as an integral part of the elec-
trical engineering curriculum requires a learning approach that provides practical
experience, reflection, and active knowledge construction.

Several previous studies have described the success of Mobile Virtual Laboratory
in supporting active learning. Like research conducted by [4], this research shows
that the integration of the Virtual Laboratory significantly improves students’ under-
standing of electromagnetic concepts. The results illustrate that the use of mobile
technology facilitates active and exploratory learning, in line with the principles of
constructivism. Although not specifically focused on electrical engineering, these find-
ings provide a basis for further exploration in more specific contexts. In line with this,
[5] compared the application of the Project-Based Learning (PjBL) and paper-based
approaches in chemistry subjects. The results show an increase in students’ practical
skills and conceptual understanding. However, the shortcomings in the integration of
mobile technology and the lack of focus on practical electrical measurements make this
research a relevant starting point for more in-depth research. Likewise, the results of
research conducted by [6] provide insight into the use of virtual simulations in electrical
circuit practicum. Findings show that students tend to be more engaged and gain bet-
ter understanding through simulations. However, the lack of Project-Based Learning
aspects and the need for further mobility indicate the potential for developing a
PjBL-based Mobile Virtual Laboratory which could provide greater benefits.

From the results of previous research, it can be concluded that the combination
of Mobile Virtual Laboratory, Project-Based Learning, and a focus on electrical mea-
surement practicum has not been fully explored. Therefore, this research aims to fill
this gap by finding out how effective the PjBL-based Mobile Virtual Laboratory is in
increasing constructivist thinking in Electrical Installation Practicum learning?

2 LITERATURE REVIEW

The constructivist approach in education is very important, especially in learn-
ing that requires practical skills such as Electrical Installation Practicum, with an
emphasis on the active role of students in building their own knowledge. According
to constructivism theory, learning is an active construction process in which stu-
dents develop their understanding through interaction with learning materials and
personal experiences [7]. In the context of electrical engineering education, the inte-
gration of Mobile Virtual Laboratory (MVL) and Project-Based Learning (PjBL) is a
promising strategy for creating constructivist learning experiences.

A study highlights that Virtual Laboratory brings a new dimension to the learn-
ing process, allowing students to interact with practical learning concepts through
virtual simulations and experiments [8]. The implementation of Virtual Laboratory
not only enriches learning by visualizing complex concepts, but also provides oppor-
tunities for students to learn independently and exploratively. Similar research in
the context of educational learning confirms that Virtual Laboratory can improve
students’ understanding of learning material [9]. The findings show that students
are more involved and enthusiastic in understanding learning concepts through the
Virtual Laboratory.

International Journal of Interactive Mobile Technologies (iJIM) 41


https://online-journals.org/index.php/i-jim

Fadli et al.

42

Meanwhile, the PjBL approach was introduced as a strategy that supports con-
structivism in education [10] PjBL encourages student-centered learning, where they
engage in practical projects or assignments that reflect real-world situations [11].
PjBL can improve students’ critical thinking and problem-solving skills [12], which
is of course in line with the goal of constructivism in developing active thinking.
In the context of electrical engineering, this approach provides students with the
opportunity to apply their knowledge in a contextual and relevant context.

The integration of Virtual Laboratory and PjBL in the context of electrical engi-
neering learning is the focus of research to explore its potential effectiveness in
building students’ constructivist thinking. In the study, it was found that the PjBL-
based Virtual Laboratory was successful in improving students’ critical thinking
skills in language learning [13]. The results of this study indicate that students
involved in MVL-based projects show significant improvements in their analysis,
synthesis, and evaluation skills of electrical engineering concepts.

Other research highlights that the integration of Virtual Laboratory and PjBL
can create a more interesting and motivating learning experience [13]. The findings
show that students tend to be more involved and enthusiastic in completing Virtual
Laboratory-based projects than conventional learning. The interactive nature and
authenticity of learning provided by the PjBL-based Virtual Laboratory creates
an environment that supports constructivism, where students not only receive
information but also actively build their understanding.

In the context of this research, constructivism theory, supported by previous
research, provides a strong theoretical basis for the development and implementa-
tion of a Mobile Virtual Laboratory based on Project-Based Learning. This concept
provides an opportunity for students to engage in more active learning, allowing
them to build an understanding of electrical engineering concepts through explo-
ration, collaboration, and practical application. While constructivism theory pro-
vides a philosophical and pedagogical foundation, previous research shows that
the integration of Virtual Laboratory and PjBL provides an effective practical solu-
tion in achieving these goals. So, this research aims to determine the effectiveness
of the Mobile Virtual Laboratory Based on Project-Based Learning in increasing
constructivist thinking in Electrical Installation Practicum learning.

3 METHOD

The research design used in this study is based on the 4D model. The 4D Model,
also known as the Four-Dimensional Model of Research and Development, is a sys-
tematic framework commonly used in developmental studies. It consists of four
iterative phases, namely Define, Design, Develop, and Disseminate [14].

*Develop Stages
*Design Stages (Developing) cImplementation
(Planning) Stages

Disseminatin

*Define Stages
(Defining or
Analysing)

Fig. 1. Research procedure
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Define, During the Define stage, two primary tasks are executed, specifically
observing and evaluating the attributes of the research population. The purpose of
observation is to acquire a precise comprehension of real-life conditions, while the
assessment of population characteristics is crucial for identifying the research sam-
ple to be involved in the study. These tasks play a vital role in establishing clear
guidelines and defining the research scope, ensuring that the study remains focused
and pertinent to the specified objectives. Through comprehensive observations
and the scrutiny of population characteristics, the research can advance with an
informed approach aligned with the intended goals.

Design, In the Design stage, two crucial steps need to be undertaken. The initial
step involves crafting a prototype for the Mobile Virtual Laboratory that corresponds
to the electrical measurement practice syllabus. During this phase, the educational
content is tailored to align with the relevant syllabus material. Subsequently, the
focus shifts to constructing a Project-Based Learning (PjBL)-oriented Mobile Virtual
Laboratory. These sequential steps ensure a methodical approach that is in harmony
with the designated educational goals and syllabus criteria. Concurrently, in this
design stage, a research tool in the form of a questionnaire was developed. This
questionnaire will be used to assess the validity and effectiveness of the platform in
improving constructivist thinking.

Develop, During the Develop phase, several crucial tasks need to be executed.
Initially, researchers implemented a Mobile Virtual Laboratory grounded in Project-
Based Learning (PjBL) using a previously established framework. Subsequently,
the PjBL-based Mobile Virtual Laboratory underwent testing with a predetermined
group of students. The objective is to gather data and insights regarding the feasibil-
ity of the PjBL-based Mobile Virtual Laboratory in enhancing students’ proficiency
in electrical measurement practical exercises. The obtained data and feedback will
serve as the basis for evaluating the ongoing development of the PjBL-based Mobile
Virtual Laboratory and identifying potential enhancements for the subsequent
phase. Through this Develop stage, researchers can generate a PjBL-based Mobile
Virtual Laboratory that is both pertinent and efficacious, ultimately contributing to
improved student learning outcomes in electrical measurement practical courses.
Therefore, the Develop stage is a pivotal step in crafting learning solutions that cater
to the practical needs of students.

Disseminate, In the Dissemination phase, diverse actions are undertaken to
efficiently communicate research outcomes to pertinent stakeholders. Initially,
data was gathered through questionnaires distributed to a select group of students.
Subsequently, the acquired data undergoes descriptive analysis to derive meaning-
ful insights. Following this, the analysis results are interpreted and presented in a
comprehensive research report. Furthermore, researchers draft scientific articles
intended for publication in international journals. The primary aim of this stage is
to widely distribute and convey research findings within the scientific community
and among practitioners in the field of engineering education.

3.1 Population and sample
The population in this study were students of the electrical engineering edu-
cation study program, Faculty of Engineering, Padang State University, totaling

42 people. This research uses a total sampling technique, where the entire population
is sampled.

International Journal of Interactive Mobile Technologies (iJIM) 43


https://online-journals.org/index.php/i-jim

Fadli et al.

44

3.2 Instrument and data analisi

The instruments used in this research consisted of validity instruments and con-
structivism instruments. The validity instrument indicators can be seen in Table 1.
The following:

Table 1. Validity instrument indicators

Indicator No. Item

Curriculum Coherence 1,2,3
Operational 456,7
Performance 8,9,10,11,12
Security 13,14,15,16
Design 17,18,19,20

This questionnaire was given to experts in the field of electrical installation and
educational media to obtain input and assess validity. The validity assessment given
by the expert is analyzed using the Aiken’s V validity coefficient formula:

v=Ys/[n(c-1)] (1)

The PjBL-based Mobile Virtual Laboratory is declared valid if the assessments
from all experts have met the following criteria:

Table 2. Validity criteria

Criteria Category

>0.6 Valid
<0.6 Invalid

Next, constructivist instruments were used to evaluate the impact of using
the PjBL-based Mobile Virtual Laboratory. This questionnaire was designed by
considering several factors which can be seen in Table 3:

Table 3. Constructivism instrument indicators

Indicator No. Item

Active Participation 1,2,34,5
Contextual Understanding 6,7,8,9,10
Independent Problem Solving 11,12,13,14,15
Creativity and Flexibility of Thinking 16,17,18,19,20
Acceptance of Disadvantages 20,21,22,23,24,25

Students involved in research will be asked to fill out a constructivism ques-
tionnaire after using the PjBL-based Mobile Virtual Laboratory. Data from this
questionnaire will be analyzed using the following formula.

NA = ix100% (2)
M
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The level of effectiveness of the PjBL-based Mobile Virtual Laboratory in stu-
dents’ constructivist learning abilities is determined based on data analysis with the
following criteria:

Table 4. Categories of constructivism effectiveness level

Indicator No. Item

85-100 Very effective
75-84 Effective
60-74 Moderately effective
55-59 Less effective
0-54 Ineffective

Before giving the constructivist instrument to students, a validity examina-
tion is conducted using the product moment correlation. This involves comparing
the calculated “r” value with the critical “r” value from the table for degrees of
freedom (df) equal to n-2, where, in this instance, n represents the number of
samples in this study, specifically n = 42. Therefore, the df can be computed as
42-2 = 40. Given df = 40 and alpha set at 0.05, the critical “r” value from the table
is determined as 0.3932 (based on the two-sided test at df = 40). According to
the rule, if the calculated “r” value surpasses the critical “r” value (0.3932), then
the questions in the questionnaire can be deemed valid. The ensuing results were
as follows:

Table 5. Validity test results of the constructivism instrument

No. Item Rcount Rtable Category
1 0.348 0.3932 Valid
2 0.628 0.3932 Valid
3 0.676 0.3932 Valid
4 0.621 0.3932 Valid
5 0.645 0.3932 Valid
6 0.624 0.3932 Valid
7 0.592 0.3932 Valid
8 0.628 0.3932 Valid
9 0.655 0.3932 Valid
10 0.590 0.3932 Valid
11 0.681 0.3932 Valid
12 0.437 0.3932 Valid
13 0.603 0.3932 Valid
14 0.696 0.3932 Valid
15 0.593 0.3932 Valid
(Continued)
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Table 5. Validity test results of the constructivism Instrument (Continued)

No. Item Rcount Rtable Category
16 0.718 0.3932 Valid
17 0.613 0.3932 Valid
18 0.701 0.3932 Valid
19 0.534 0.3932 Valid
20 0.495 0.3932 Valid
21 0.534 0.3932 Valid
22 0.501 0.3932 Valid
23 0.465 0.3932 Valid
24 0.486 0.3932 Valid
25 0.482 0.3932 Valid

Based on the results of the validity test of the constructivist instrument, it was
found that 25 statement items were valid so that they could be used to measure the
effectiveness of the PjBL-based Mobile Virtual Laboratory in developing construc-
tivist thinking. Next, the instrument was tested for reliability with Cronbach’s Alpha,
the results were 0.830 > 0.60, so the instrument was declared reliable. The results
can be seen in Table 6 below:

Table 6. Validity test results of the constructivism instrument

Cronbach’s Alpha N of Item
0.830 25

4  RESULT

In the design phase of the PjBL-based Mobile Virtual Laboratory, we developed
learning content specifically designed to combine the PjBL approach with mobile
technology. This application is designed to include the six main steps of the PjBL
learning model, which consist of Problem Orientation tailored to the learning topic,
planning group activities, completing projects, making project reports, presenting
reports, and evaluation.

4.1 Intro

Displays the main title of the learning material “Electrical Measurement
Practicum”, along with related icons that represent each sub-material contained in
this educational media. The page includes two different buttons: a ‘continue’ button
that takes the user to the Home Page to select the desired learning material, and
an ‘exit’ button that allows the user to close the learning media interface. The initial
view can be seen in Figure 2 below.
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MEDIA PEMBELAJARAN

PRAKTIKUM PENGUKURAN
LISTRIK

0 Lnjien JRX vaowr

Fig. 2. Intro

4.2 Home page

Providing a variety of lecture materials allows students to select content based on
their academic needs. Each material selection button is accompanied by an icon rep-
resenting the corresponding sub-material, facilitating navigation of the chosen topic.
Additionally, the page features a laboratory menu guiding students to the virtual
laboratory for electrical installation practical exercises. The main page layout is
illustrated in Figure 3 below.

Materi 1 Materi 2

- @

. a9
Materi 3 Materi 4

.
Materi5  Laboratory

D E s

Fig. 3. Home page

a
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4.3 Material page

The learning content is showcased through textual information along with
instructional videos by professors. Additionally, animated videos are incorporated
to capture students’ interest and elucidate abstract concepts with more tangible
examples. Students have the flexibility to replay the videos based on their individ-
ual learning pace, enabling them to comprehensively grasp the material. The visual
representation of the material page is depicted in Figure 4 below.

Prinsip Kerja Alat
Ukur Listrik

A. Umum

Soporti tehab kita Ketabui pada kegatin belsjar 1 b sicem
peagekenan listik measgusakan suaty ala yuag dmcdat inswumen
pongukur. lnsruson pongakur inl alos bokorja apabia la dberd swata
inpat ialsh bessean listk ying akin divkur. Beana yuag disawukian
ke dalim insrumes pesguitur Krsol alas dipindabion (disnnfer)
menjuli st penjikkan, [Les) i imi dimyatakon scbogpai
hasil peogukeran ywg nibinye sama dogan besama yang diukur.
Pesawat yang mentrazsfer bisaran Estrik meajadi ssaes peosnjukkan is
merepikan alih satu tmasdeser. Pesawt bnd momponyal azas kerja
yang borbale-dods watera hin © azis koo bempana pater, basi patar,
ndaksi, dekiradinimis &n Z Tramsd merubah bosaran
Bsarik yuag tken diskur ioa, kecuali menjedi suata knaga mekanks Jsgn
menghasilkan tonsg tonmis, Tonsga sennis ini merupalas susty toasgs
yang marsgikan. Prholikan blok disgrem puds pesbar 2,1

ewne hesit
ey e Pourjubban

Gamdar 2.1 Bk Disgram Sistem Pongakurn

Karona aderys korugisn orsga yiog dilimballan olch pemas ini
maks pesunjeklan sk mengsd kwoang tepet. Disamping herugion
tonsgs yury Sscheblan olch tmbanya penss jogs umumsys knlspat

< O >

Fig. 4. Material page

4.4 Dashboard project

When students log in to the “Project Dashboard”, they will be greeted with a
“Project Description”. Here, students can deeply understand the goals, scope,
and expectations of the projects they work on. Next, “Work Steps” guide students
through each stage of working on a project. It’s like a road map outlining the steps
to take. Once the project is complete, students can easily upload their report via the
“Upload Report” feature. In the Final menu, to give students the opportunity to
present their work, there is a feature “Upload Presentation Project Video”. Here,
students can share videos of their presentations, showing teachers and classmates
the process and results of their projects. The project dashboard display can be seen
in Figure 5 below.
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Fig. 5. Dashboard project

4.5 Virtual laboratory

The simulation practicum page is a virtual laboratory that gives students the oppor-
tunity to carry out interactive and practical electrical measurement simulations.
In this environment, students can access a variety of accurately simulated electrical
measurement equipment and tools. They can design experiments, set parameters,
and view measurement results in real-time. The simulation lab page is designed to
create a learning experience like a physical laboratory, with advantages in flexibility
and accessibility. Students can run experiments without time constraints or physi-
cal equipment limitations, allowing them to repeat measurements and deepen their
understanding of electrical measurement concepts.

PRAKTIKUM PENGUKURAN
LISTRIK

|—§§—E

off @

< O >

Fig. 6. Virtual laboratory
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4.6 Discussion room

Specifically designed to make it easier for students to communicate and discuss
various aspects of the project they are working on. If students encounter certain
obstacles or problems while working on a project, they can open a new discussion
topic in this room, allowing their friends to provide points of view, suggestions, or
solutions. Apart from that, the Discussion Room also provides opportunities for
students to respond and interact with existing topics, enriching discussions with
various views and experiences. This creates a collaborative learning environment,
where each student can benefit from the expertise and experience of his or her
peers. Sometimes students need further guidance or clarification from the teacher.
Therefore, this application has a chat feature that allows students to communicate
directly with lecturers. Through this feature, students can get quick answers or addi-
tional guidance they may need. The appearance of the discussion room can be seen
in Figure 7 below.

RUANG DISKUSI

BUAT DISKUSI

DISKUSI TERSEDIA

CHAT

< O >

Fig. 7. Discussion room

4.7 Validity test

This development stage tests the validity of the product that has been created.
The validity test was carried out with the validity test process starting with a usage
test by 3 technology and education experts who are experienced in the field of elec-
trical measurement practical learning. The experts were then asked to evaluate the
content according to the questionnaire provided. During the evaluation process,
experts provide valuable inputs regarding potential improvements and enhance-
ments to the content. The assessments from the experts were analyzed to obtain the
following results.
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Fig. 8. Validity Result

The results of the validity test show that all aspects that are indicators in assess-
ing the validity of learning media, namely Curriculum Coherence, Operations,
Performance, Security and Design, were declared valid by the three validators
involved in the evaluation process. Based on the value from these results, it can be
concluded that the overall validity value of the indicators exceeds the minimum
validity limit of > 0.6. Therefore, based on the results of this validity test, the PjBL-
based Mobile Virtual Laboratory is declared valid. This indicates that the learn-
ing content in this application has been declared valid and relevant by experts in
the field.

4.8 Test the effectiveness of constructivism

The constructivism effectiveness test was given after students carried out
learning using PjBL-based Mobile Virtual Laboratory by 48 electrical engineer-
ing students at Padang State University in the electrical measurement practicum.
Respondents were asked to provide assessments and responses according to
the questionnaire given. The collected data was then analyzed to obtain the
following results.

Table 7. Constructivism effectiveness test results

Indicator Scor Category
Active Participation 85 Very effective
Contextual Understanding 78 Effective
Independent Problem Solving 82 Effective
Creativity and Flexibility of Thinking 80 Effective
Acceptance of Disadvantages 75 Effective

The results of the constructivism effectiveness test show that all aspects of the
indicators to be declared effective. This shows that users feel that using the PjBL-
based Mobile Virtual Laboratory can help them build understanding and creativity
actively based on learning experiences, which are the goals of constructivist thinking.
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This laboratory opens opportunities for further exploration in the development of
innovative learning technology that can integrate artificial intelligence to increase
the effectiveness of technology-based education.

5  DISCUSSION

The research results showing the validity of all aspects that are indicators pro-
vide a solid basis for believing that the research instruments used in measuring
constructivism have high accuracy and precision. With guaranteed validity, it can
be assumed that the instrument consistently measures the desired aspects and is
related to constructivist thinking. This is an important first step in ensuring the
reliability of research results. Furthermore, the results of the constructivism effec-
tiveness test, which show that all aspects used as indicators are declared effective
for developing constructivist thinking, provide confirmation that the use of these
instruments in the context of constructivist learning has a positive impact. This
effectiveness can be interpreted as the instrument’s ability to achieve the main
research objective, namely triggering, and developing constructivist thinking in
respondents. In other words, these results provide empirical support for the con-
cept and theory of constructivism as a philosophical and pedagogical foundation
in education. The high validity and effectiveness of research instruments provide a
strong basis for concluding that the implementation of constructivism in the context
of this research is not just a concept but can be measured and produced effectively
in learning practice.

Theresults of thisresearch are in line with previous research findings, which show
that the integration of Mobile Virtual Laboratory based on Project-Based Learning
(PjBL) in the education sector can make a positive contribution to students’ under-
standing of concepts and practical skills [15]. Like other research that emphasizes
the effectiveness of the Mobile Virtual Laboratory in improving critical thinking, this
research strengthens the argument that the approach can be applied successfully
in Geography Practicum [8]. Some of these findings confirm that the integration of
mobile technology in practical learning can facilitate constructivist learning expe-
riences, where students not only receive information but also actively engage in
exploration, collaboration, and practical application. The continuity of these results
with previous research provides a strong basis for further development in designing
electrical engineering learning approaches that are innovative and relevant to the
development of technology-based learning.

6  CONCLUSION

The Virtual Laboratory based on Project-Based Learning (PjBL) can be effective
as a medium for fostering students’ active role in building their knowledge through
interaction with learning materials and personal experiences, which are the basis
for constructivist thinking applied to electrical installation practical learning. By
applying this concept in the PjBL-based Mobile Virtual Laboratory, students can
engage in exploratory, collaborative, and contextual activities that allow them to
understand electrical installation practicum in depth. Constructivism emphasizes
learning as a process of knowledge construction that is unique to everyone, where
students not only receive information, but are also active in constructing their own
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understanding. Based on the research results, the use of the PjBL-based Mobile
Virtual Laboratory is not only a practical means for learning electrical engineering,
but also as a forum that encourages constructivist thinking, creativity and active
problem solving in the context of electrical measurement practicum.
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