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Abstract—In this paper, a virtual laboratory is used for digital systems prac-
tice courses which are carried out online. The research step begins with designing
a virtual laboratory portal with Moodle E-Learning software to provide practice
management services. The trial was carried out by running an online collaborative
practice by applying the Breadboard simulator and the TeamViewer application.
The research subjects were 20 students of the Informatics Engineering study pro-
gram. The data collection instrument used a student perception questionnaire on
the instructional aspect and a student perception questionnaire on the appearance
of the learning model and ease of operation. Descriptive analysis was carried out
using perception level criteria. The results showed that the virtual laboratory-
based Digital System practice learning model had a positive perception of the in-
structor aspect, the learning model display aspect and ease of operation as well as
increasing student motivation in carrying out practical activities.

Keywords—virtual laboratory, digital system course, JavaBreadboard,
TeamViewer, collaborative online

1 Introduction

Practical work is learning that aims to test, apply theory, and scientific proof of a
course or part of a particular subject. Practical work is usually carried out in tradition-
al laboratories (hands-on) which have characteristics with several weaknesses, such as
(1) unable to meet the needs of distance learning; (2) making students feel uncomfort-
able during practice; (3) requires more time for instructors; (4) unable to provide
special needs for students; and (5) expensive equipment procurement and operations
[1]. This is also reinforced by the results of preliminary research [2] which revealed
that the practice equipment used had not accommodated all the material and the lim-
ited time so that it had not achieved the expected learning objectives.

Along with the development of science and technology, especially information and
communication technology, the concept of electronic laboratory (e-lab) has devel-
oped. In its implementation, e-lab can be realized in the form of a remote laboratory
(r-lab) and virtual laboratory (v-lab). As an alternative, virtual laboratories are very
interesting to implement because virtual laboratories are a good concept to understand
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theoretical topics better [3]. The main component of the v-lab is a simulator that pro-
vides simulation functions and phenomena that occur in practical activities.

Previous research has proven that simulators: (1) can improve students' under-
standing of the material [4][5]; (2) as effective as using real laboratories
[61[71[81[9][10]; (3) can be more efficient than real laboratories [11][12]; and (4)
provides high convenience and flexibility [13]; (5) allows to practice in real
systems[14], low cost, and has a better pedagogical aspect than other types of labora-
tories [15]; (6) increasing the number of lab sessions and the number of student
teams/groups per week [16]; (7) wide accessibility, because it can be accessed any-
where and anytime; (8) safer during experiments with hazardous substances
[17][18][19], and (9) promote a resilient, inclusive and sustainable approach to sup-
plement knowledge and training resources and common limitations to laboratory skill
training [20]. Based on these advantages, virtual laboratories can be applied to Digital
Systems courses when viewed from the characteristics of these courses.

In Digital Systems courses, practice usually uses breadboards to implement digital
circuits. Since 2010 Breadboard exists in a simulator version that runs on a desktop or
standalone computers containing digital devices such as chips or ICs and logic gates,
sequential circuits such as counters, registers, combinational circuits that are dis-
played in virtual/simulation form [21].

Simulation models provide several advantages, such as (1) providing experiences
that are difficult to experience in the real world; (2) increase safety when studying
interactions with physical objects or phenomena; (3) easy to set the activity time; (4)
turning rare events into ordinary events; (5) enabling the control of a more complex
learning environment; (6) enabling cost savings [19]; and (7) facilitate students to
learn independently and can practice repeatedly outside the practice class [22].

Practicing using virtual laboratories can be more flexible if this technique can be
applied with e-learning, even some have developed m-learning as was done by [23].
The online teaching model has been developed by [24] but has not been facilitated by
using online collaborative methods. The reason for using collaborative learning is
because it has advantages in four main categories namely: social, psychological, aca-
demic, and assessment such as helping to develop a social support system for stu-
dents; build an understanding of diversity among students and lecturers; build a posi-
tive atmosphere, practice collaboration, and develop a learning community [25].

This study uses the model [24] and the supporting instruments adopted from the
study [26]. The purpose of this study was to determine the application of a virtual
laboratory-based practice model for the Digital Systems course. This model is sup-
ported by several software such as e-learning Moodle, Breadboard simulator, and
TeamViewer.

1.1 E-learning moodle

Moodle e-learning is used to provide administrative services from practice with the
address of the virtual laboratory portal https://diexpressmulya.com/. An example of a
portal display like Figure 1.
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Fig. 1. Laboratory portal display

1.2  Breadboard simulator

The Breadboard Simulator was developed by a team from York University UK's
Department of Computer Science. This simulator is a desktop application program
created with a Java program and can be run on a local computer with a Windows
operating system. The breadboard simulator can run properly if hardware and soft-
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ware are available with the following specifications: (1) The available hardware can
be a desktop or laptop computer with standard specifications for operating desktop
applications such as Microsoft Office; (2) Windows family operating systems such as
Windows XP, Windows 7, or Windows 10; (3) Java Runtime Environment (JRE)
program must be installed. The breadboard simulator interface can be seen in Figure
2.

| £ Java BreadBoard Simulator
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Fig. 2. Breadboard simulator interface

1.3  TeamViewer

TeamViewer is software that is used to support online practice activities that can
provide a collaborative approach where there are remote control functions and online
meetings. TeamViewer can be used to (1) display the desktop for meetings, presenta-
tions, or collaborations; (2) meeting functions, for example for training sessions; (3)
meeting apps for Android and iOS to participate in meetings on the go; (4) provide
ad-hoc remote support to colleagues, friends or customers; (5) establish connections
between different computers and operating systems; (6) TeamViewer runs under
Windows, Mac OS or Linux. The application interface is shown in Figure 3.
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Fig. 3. TeamViewer application interface

1.4  Online Practice Model

The online practice model as shown in Figure 4 on the top left, describes an online
learning model with a collaborative approach. The existence of interaction between
students and students in synchronous, asynchronous, and general learning such as
online classes shows that there is an interaction between lecturers and students.
Meanwhile, on the top right, it shows an online independent learning model that
shows direct interaction between students and the material. The interaction of the
lecturer with the material on the lower right shows that the lecturer's activities are
focused on preparing the syllabus, learning materials, and planning learning activities.
Through this activity, lecturers can monitor, organize, and update materials and learn-
ing activities that will be carried out.

On the top left, the application of practice using an online collaboration approach
can be done. That is, the medium of communication between students and the materi-
al must be available; implementation using the Breadboard simulator can be imple-
mented. The interaction or relationship between students and lecturers and the interac-
tion or relationship between students and students must have a system. To make these
two interactions, we can use the remote control and online meeting features of the
TeamViewer application. The model developed by [24] can be used as the basis for
the online practice model which can be seen in Figure 4. Anderson explained that the
top left describes an online learning model with a collaborative approach that shows
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synchronous or asynchronous interactions between students and students, and general
learning such as online classes, which show interactions between lecturers and stu-
dents. While the picture on the right shows an online independent learning model, this
shows direct interaction between students and the material. The interaction of the
lecturer with the material on the right side of the picture shows that the lecturer's ac-
tivities are focused on preparing the syllabus, learning materials, and planning learn-
ing activities. Through these interactions, lecturers can monitor, compile, and update
materials and learning activities that will be carried out.

The interaction of materials and materials shown in the picture above is a new
model of interaction in the world of education that has emerged along with the rapid
development of information and communication technology. Through the online
learning model, learning materials can be programmed so that they automatically
interact with other sources of learning materials for enrichment and updating of their
contents. Meanwhile, interactions between lecturers and other lecturers are carried out
so that online learning can be guaranteed for lecturers with different materials.

SEARCH &
RETRIEVAL
ASYNCHRONOUS gy el g i <\NOWLEDGE/ nt - Content TUICIRIALY

OR CONTENT SIMULATIONS &
SYNCHRONOUS INTERFACE GAMES
VIRTUAL LABS

TEACHER

Fig. 4. Online practice model

2 Methods

This experimental research aims to determine the application of a virtual laborato-
ry-based Digital System practice. Experiments were carried out by designing a virtual
laboratory portal using Moodle e-learning software to provide administrative services
from practice with the address https://diexpressmulya.com/ then testing was carried
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out by conducting collaborative practice online by implementing Breadboard and
TeamViewer simulators.

The display of e-learning moodle for practice implementation management can be
seen in Figure 5.

m Experiment 1: BASIC LOGIC GATE CHARACTERISTICS

& Participants | Introductory Taske and Feedback Experiment 1
U Badges | Pre-Test

# Competencies = Experimental Practicum Module 1

EEF Grades ;5:& Experimental Practice Activities 1

- = Poot-Teot
[ General =
Experiment Report Task [
[0 Experiment 1: BASIC
LOGIC GATE
CHARACTERISTICS

EXPERIMENT 2: COMBINATION LOGIC DESIGN
[0 EXPERIMENT 2:
COMBINATION LOGIC &l Introductory Tacke and Experiment feedback 2
DESIGN

Fig. 5. Moodle e-learning display for practice implementation management

The following activities are carried out by students during practice learning, which
is described in the following Table 1.

Table 1. Student activities in practical learning in virtual laboratories

No Activity Time
1 Work on and submit preliminary assignments Before practice
2 Doing the pretest When practice
3 Carry out online practice When practice
4 Doing posttest When practice
5 Work on and send report assignments After practice

Then when the practice is carried out students access the breadboard simulator, be-
cause this practice activity emphasizes cooperation or collaboration between group
members in conducting experiments. The collaboration is done online synchronously,
so students must take advantage of all existing synchronous communication facilities
such as chat and video conferencing in the TeamViewer application. An example of
the display during the practice can be seen in Figure 6.
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Fig. 6. Display during online practice

The research sample was 20 students of the Informatics Engineering Study Pro-
gram who were participants in the Digital Systems Practice course. The instrument
used for data collection is a questionnaire, namely (1) students' perceptions of the
instructional aspects, (2) students' perceptions of the learning model and ease of oper-
ation.

Data on student perceptions of the instructional aspect contains the following com-
ponents: (1) clarity of basic competencies and objectives; (2) clarity of instructional
learning; (3) ease of understanding practical material; (4) the breadth and depth of the
material (5) the accuracy of the presentation sequence; (6) interactivity; (7) flexibility;
(8) evaluation accuracy [21].

Data on student perceptions about aspects of the learning model and ease of opera-
tion were obtained through a questionnaire containing the following components: (1)
clarity of instructions for use; (2) legibility; (3) the quality of the display of images
and animations; (4) color composition; (5) the quality of communication facilities;
and (6) ease of operation [21].

Determination of perceptual tendencies is done by using the percentage technique
using equation (1) as follows:

pP= (n1x1)+(n2x2)+(111V3;cs3)+(n4x4)+(n5x5) x100% (1)
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The explanation of the formula in equation (1) is P indicates the percentage of per-
ception, n,, n,, n3,ny, ng each is the number of choices for the score 1, 2, 3, 4, 5 for
choices STS (strongly disagree), TS (disagree), R (undecided), S (agree), SS (strongly
agree); and N indicates the number of questionnaire items.

The success of the implementation of the virtual laboratory-based digital system
practice learning model can be known based on the data collected and analyzed de-
scriptively and using the criteria for the level of student perception as in Table 2.

Table 2. Criteria for the level of students' perceptions about the learning model of virtual
laboratory-based digital system practices

Range Level
80% - 100% Very Good
66% - 79% Good
56% - 65% Poor
0% - 55% Very Poor

3 Results and Discussion

Testing of student perception data about the instructional aspects of the Digital
System Practice based on a digital laboratory can be seen in Table 3.

Table 3. Student perceptions about instructional aspects

Component Student Maximum Score
Score %

Clarity of basic competencies & objectives 496 70.86 700
Clarity of learning instructions 227 75.67 300
Ease of understanding material & running practices 280 70 400
The breadth and depth of the material 227 75.67 300
The accuracy of the order of presentation 304 76 400
Interactivity 147 73.50 200
Flexibility 146 73 200
Evaluation accuracy 385 77 500
Total 2212 3000
% average 73.73

The results of the analysis of student perceptions about the practical learning as-
pects of virtual laboratory-based digital systems are shown in Figure 7.
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Fig. 7. Student perceptions of instructional aspects

In the instructional aspect, the results showed that the average student had a good
perception of 70.86% on the aspect of clarity of basic competencies and goals. Based
on the items of the instruments used, these results show that the application of the
learning model includes basic competencies and learning objectives that must be
achieved by students, formulated in a simple, operational, and communicative lan-
guage. In this case, students also feel that the formulation of learning objectives listed
in the model can increase motivation in achievement and show clear stages towards
competency achievement, and have been known before the practice is carried out.

In the aspect of learning clarity, students also have a good perception at an average
level of 75.67%. This fact shows that the learning instructions contained in the model
set are online learning guidelines, simulator use guidelines, and Digital Systems Prac-
tice guidelines that are easy to learn.

A good perception is also given by students for ease of understanding the material
or carrying out practice with an average percentage value of 70%. These results indi-
cate that students feel that they have gained new knowledge after the implementation
of the practice. It also shows that students view the learning model as a communica-
tive language and contain material in practical activities so that it is easy to implement
and easy to learn. However, from this study, it was also found that students still had
difficulty doing online training activities with a perception level of 70%. The difficul-
ties that arise are mostly related to lecturers' constraints for the internet provided,
including the limited available bandwidth so that access to data is slowly related to
the application of the required online practice.

The perception of area and depth of material obtained is on average 75.67%. Based
on the average value obtained shows that students do not feel difficulties when prac-
ticing because the material found in the model that is applied is not too easy, but also
not too difficult and is still within the scope of students' abilities and aspects of the
breadth and depth of the material provide positive perception.

In terms of the presentation of practice material, students gave a good perception of the
presentation aspects with an average value of 76%. Students feel the presentation of mate-
rial has been done systematically so that it is interesting, easy to understand, and attention
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and shows the relationship between close practice topics, material that is provided in stag-
es is provided from simple to more complicated, or from abstract to concrete.

Furthermore, the interactivity aspect gained an average perception level of 73.5%.
Based on these values it can be interpreted that the applied learning model has pro-
vided tools that can encourage collaboration, enhance collaborative activities in
groups, and high interactions occur between students and the tools provided.

From this research, it was found that students see online practice learning com-
pared to practice using a real laboratory as more fun, a high level of flexibility in
terms of time, and a place of practice that can be done anywhere and anytime. This is
shown by a good level with a percentage of 73% of the aspects of flexibility.

Student perceptions about the accuracy of the evaluation reached a good level with
a percentage value of 77%. Based on these results shows that the application of the
model has met the requirements: (1) material questions by the concept of the material
provided in practical activities, (2) the level of difficulty of the questions given gradu-
ally from the easy level to the more difficult level, (3) provide pretest and posttest
questions that fit the learning objectives in each practice, (4) the questions given can
encourage students to think critically, systematically, logically, and analytically, and
(5) the questions presented can strengthen mastery of the material.

Based on the results of the analysis of the perception component on aspects of
learning that have been done, it can be concluded that students provide positive per-
ceptions with an average percentage of 73.73%. The data tests students' perceptions
about the appearance of a virtual laboratory-based learning interface in Table 4.

Table 4. Students' perceptions about the interface of the virtual laboratory-based practice
learning model

Component Student Maximum Score
Score %

Clarity of use instructions 456 76.50 600
Legibility 243 81 300
Image display quality 238 79.33 300
Color composition 245 81.67 300
Quality of communication facilities 279 69.75 400
Ease of operation 312 78 400
Total 1776 2300
% Average 77.22

An analysis of student perceptions about the interface of the virtual laboratory-
based practice learning model is shown in Figure 8.
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Students' perceptions about the appearance of virtual laboratory-based practical learning interfaces
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Fig. 8. Students' perceptions about the appearance of virtual laboratory-based practical learn-
ing interfaces

Figure 8 showed that students gave a good perception of the aspects of clarity of
instruction for use with an average perception level of 76.5%. This level of perception
illustrates that from the student's perspective, the applied model is equipped with
instructions for use that are easy to learn and easy to apply.

Table 3 also shows that product readability is felt very well by students as indicat-
ed by the value of the average perception level of 81%. These results illustrate that the
display of letters on (1) virtual laboratory portal as a way to manage online practice
administration (2) Breadboard simulator program as a means to replace real tools and
materials, and (3) TeamViewer program as a work tool online collaboration, easy to
read so that is very helpful for student understanding.

The image quality of the learning model applied is also considered good by stu-
dents. This is reflected in the value of the average perception level of 79.33%. This
shows that the images and illustrations listed on the product, especially those provided
by virtual laboratory portals, simulator programs, and online collaboration support
programs, are of good quality that attracts interest and motivates students to learn.

The color composition aspect gained very good perception by instructors and stu-
dents with an average level of 81.67%. These results indicate that in the subject's
perception, the color composition of the model and supporting devices have been
arranged to produce a good composition and pleasing to the eye.

In the aspect of communication quality, qualitative data obtained by several stu-
dents give a bad perception. This is because sometimes students experience unex-
pected technical obstacles such as limited internet connection speeds so that the com-
pleteness of online practices cannot be carried out normally. However, in general,
with an average perception level of 69.75%, students have given a good perception
about the aspects of communication facilities provided by the learning model. This
shows that communication facilities such as chat rooms, video conferencing, voice-
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over IP, and file transfers can be used easily and smoothly in supporting online prac-
tice activities.

While the aspect of ease of operation gained a 78% perception rate which indicates that
the product being developed, in the subject's perception, is easy to operate. The ease of
operation of this product is marked by the results of the subject assessment which shows
the menus provided by the learning tools are easily recognized, read, understood, and run.

Based on the results of the analysis of perceptions about the appearance of a virtual
laboratory-based learning interface as has been done above, it can be concluded that
from the perspective of students, the applied learning model has given a good perfor-
mance with an average perception level of 77.22%.

Practice Digital Systems that usually use real laboratories have several weaknesses.
So that the research is carried out using a virtual laboratory. The results obtained are
good perceptions from students in terms of the perception components on the instruc-
tional aspects and the appearance of the virtual laboratory model. These results are in
line with [7] which states that virtual laboratories are as effective as using real labora-
tories, can be done anywhere and anytime [2], and facilitate students to learn inde-
pendently and can practice repeatedly outside class [18].

This study proves that virtual laboratories have many advantages in line with re-
search results [22] which states that the use of virtual environments and student per-
formance has a positive relationship. The supporting application contained in the
virtual laboratory, namely the JavaBreadboard simulator, can be used to simulate and
prove concepts related to digital systems courses. This is in line with the results of
research [3][14] which states that simulators can improve students' understanding of
learning material. In a virtual laboratory, collaboration can also be done online
through a supporting application, namely TeamViewer, which provides a collabora-
tive approach in which there is an online meeting device.

4 Conclusion

Research conducted has shown that the work practice of Digital System course
based on virtual laboratory can be applied and this model obtains positive perceptions
from related subjects. This is related to aspects of the appearance of a virtual laborato-
ry-based learning interface, ease of operation, and increased student motivation in
conducting practical activities.

The model shows clear stages towards competency achievement, starting from be-
fore the practice, during the practice, and after the practice is carried out. A practical
Digital System based on a virtual laboratory is more fun when compared to a real
laboratory and high flexibility in terms of time and place can be done anywhere and
anytime. In virtual laboratories, collaboration can also be done online using support-
ing applications such as TeamViewer.

The online collaboration program provided by the application Team Viewer does
not provide a login history documentation facility so that it causes lecturers to not be
able to monitor student practical activities asynchronously, so it is advisable to devel-
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op this model at times will need to pay attention to the availability of the login history
facility its users.
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