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Abstract—In this paper, a virtual laboratory is used for digj
tice courses which are carried out online. The research step b
a virtual laboratory portal with Moodle E-Learning so
management services. The trial was carried out by runna

the instructional aspect and a student perc
of the learning model and ease of operati
using perception level criteria. The resul ual laboratory-
based Digital System practice legaing mod

f operation as well as
ivities.

ubject. Practical work is usually carried out in tradition-
hich have characteristics with several weaknesses, such as
eeds of distance learning; (2) making students feel uncomfort-
(3) requires more time for instructors; (4) unable to provide

ng 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 g

circuits. Since 2010 Breadboard exists in a simulato
standalone computers containing digital devices

played in virtual/simulation form [21].
Simulation models provide several adva
that are difficult to experience in the safety when studying
interactions with physical objects set the activity time; (4)
turning rare events into ordinary eveg g j e control of a more complex
learning environment; (6)

oviding experiences

side the practice class [22].
ore flexible if this technique can be

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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often takes place under the guidance of others, buig
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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

File Edit Insert Wire Simulation Trace Tools Help
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1.3  TeamViewer

TeamViewer is

1) display the desktop for meetings, presenta-
functions, for example for training sessions; (3)
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" asynchronous, and general learning such as
an interaction between lecturers and students.

on the lower right shows that the lecturer's activities are
syllabus, learning materials, and planning learning activities.
lecturers can monitor, organize, and update materials and learn-
ill be carried out.

e available; implementation using the Breadboard simulator can be imple-
. 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 abg€ i

contents. Meanwhile, interactions between lecturers and
so that online learning can be guaranteed for lecturers

SEARCH &
RETRIEVAL
ASYNCHRONOUS ‘@ X K. WLEDGr TUTORIALS
OR ¢ NTEN SIMULATIONS &
SYNCHRONOUS INCERF .CE GAMES
VIRTUAL LABS

—————— TEACHER EEiate

Fig. 4. Online practice model

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.

Experiment 1: BASIC LOGIC GATE CHARACTERISTICS

& Participants el Introductory Tacke and Feedback Experimen
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[0 Experiment 1: BASIC
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[ EXPERIMENT 2:
COMBINATION LOGIC | Introduct
DESIGN i

Fig. 5. Moodle e-learning display for

practice learning, which

ng in virtual laboratories

Time
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When practice
After practice
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The research s gfthe Informatics Engineering Study Pro-
gram who were ici the Digj#al Systems Practice course. The instrument
used for dat jon i stigffnaire, namely (1) students' perceptions of the
i i ' gerceptions of the learning model and ease of oper-

nt perceptighS of the instructional aspect contains the following com-
i bggfc competencies and objectives; (2) clarity of instructional
glerstanding practical material; (4) the breadth and depth of the
acy of the presentation sequence; (6) interactivity; (7) flexibility;
racy [21].
fent perceptions about aspects of the learning model and ease of opera-
ere ghtained through a questionnaire containing the following components: (1)
g instructions for use; (2) legibility; (3) the quality of the display of images
and ahimations; (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 modg
laboratory-based digital system practices

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

3 Results and Discussion

Testing of student perception data about§kle instruci®na
System Practice based on a digital |

Maximum Score

700
300
400
300
400
200
200
500
3000

pects g virtual laboratory-based digital systems are shown in Figure 7.
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Student Perceptions of Instructional Aspects

Clarity of basic competencies & objectives 7085

Ease of understanding raterial & running practices Fa

FE5.67

The breadth and depth of the material
The accuracy of the order of presentation 7a

Interactivity

Flexibility
Accuracy of ewaluation

B Average

In the instructional aspect, the results showed th
perception of 70.86% on the aspect of clarity of pasi
on the items of the instruments used, these ication of the
learning model includes basic competenci jecifles that must be
achieved by students, formulated in a sim
guage. In this case, students also feel that the
in the model can increase motivati i
competency achievement, and have

rning objectives listed
ow clear stages towards

In the aspect of learning clarity, st a good perception at an average
level of 75.67%. This faci# nstructions contained in the model
set are online learning i guidelines, and Digital Systems Prac-
tice guidelines that

A good perc ents for ease of understanding the material
or carrying o e percentage value of 70%. These results indi-
cate that gained new knowledge after the implementation

of the students view the learning model as a communica-

erage value obtained shows that students do not feel difficulties when prac-
ecause 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 flexdigiiiic in

provided in practical activities, (2) the level of difficulty
ally from the easy level to the more difficult level,
questions that fit the learning objectives in each pr
encourage students to think critically, systemati

Based on the results of the analysis of
learning that have been done, it can be con
ceptions with an average percentage of 73.7

% Maximum Score
76.50 600
81 300
79.33 300
81.67 300
69.75 400
78 400
2300
77.22
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Students' perceptions about the appearance of virtual laboratory-based practical learning interfaces

Clarity of use instructions Fa.5
Legibility &1
Image display quality 7933

Color cormposition

Quality of comrmunication facilities
Ease of operation

b Average

Figure 8 showed that students gave a go
instruction for use with an average perceptio
illustrates that from the student's parspectiv odel is equipped with
instructions for use that are easy to )

Table 3 also shows that product re
ed by the value of the averag

display of letters on (1 S a way to manage online practice
administration (2) Bre m as a means to replace real tools and
materials, and (3) a work tool online collaboration, easy to
read so that is

The ima ning’model applied is also considered good by stu-

of the average perception level of 79.33%. This

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 conc

mance with an average perception level of 77.22%.
Practice Digital Systems that usually use real laboratories have

line with [7] which states that virtual laboratories are
tories, can be done anywhere and anytime [2], an
pendently and can practice repeatedly outside cl

This study proves that virtual laboratorie
search results [22] which states that the use i i and student per-
formance has a positive relationship. The i i n contained in the

ewer, which provides a collabora-
device.

anytiffe. 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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