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Absiract = The limitations of 'Illmtur}' practice Tead
to graduoates” low competence. This stady aims to
develop a web-hased virlual laboratory application (o
overcome  the inability 1o implement  labaralory
practicoms doe to limited facilitics and regulations
related to the CERID-19 pandemic. The application
was built using the system development life cycle
(SDLC) model. The results Mom the LMS virtual fabs

test revealed the high suitability of the application for
wse, The Virtnal Labe module application o LMS
content was considered feasible and effective for use in
basic science and technology Baboratory practicwms.
The stmdy recommended the use of the virtual
luboratory application so that students conld perform
laboratory practicums virtually and independently as
if in @ real laboratory withoul being hindered by time,
laboratory Tacilities, and instructors.

Keywards — Virtual Labs, science and technology,
learning vulconws,

. Introduction

The development of scienee and technology requires
universities to prepare graduates according to the
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development of science, technology and stakeholder
demands. Students n the fields of seience and
tzchpology need sufficient lehorstory practicums (o
be competenl w then scientilic held. Te achieve this,
there are many determining factors, such as teaching
materials, learning facilities, and the leaming process
[1] In the felds of technology.
laboratory  practicums are needed to  provide
professional competence [2] In fact. @t was
discovered that swdert loboraiory practicums weiff)
not always conducted due to a lack of facilities. a
limited rumber of insouctors, and the ratio of
participants to the availability of pmacticum sessions
{3] This weakness bas mused studenis” competence
and learning outcomes to decrease.

Universitas  Negert Medmn  (Medan  State
University) has long been experiencing problems in
the mplementation of  hbomiory  pracucums,
especially . the Facolty of Fngiveenng Uinder
normal conditiens; laboratery practicums are always
defaved due o 8 lnck of faeilitics. o subsmntial
number of students using the laboratory, and limited
avallability of practicum sesswons [4]. The existence
of the COVID-19 pandemic has worsened the
condittons because actual laboratory practicums were
not allowed, Thus, nnovatve efforts are needed 10
avercome these problems.

[he main problem relates to the low competence of
students, eepecially studonits majoring in the fieles of
science and engineering, This problem is caused by
the lack of laboratory practicums, which has led to
students” competence and professional expertise
learming outcomes decreasing. Innovative efforts are
necessary o solve this problem so that the quality of
education does not decrease further. These effors
include addressing the ovoilsbility of practicum
sessions, materials and equipment wsed, practicum
mechanisms, amd evaluation of laberstory practicum
regulis.

sclence  and
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I.1. The Purpose and Urgency of the Smdy

This study cimed to build a viruol lahoratory
application system (Virmal Labs) that can be used by
students to conduct basic laboratory practicums
virtually. [ e prcticums are devoted w0 smdenis
majoring in the felds of science and technology
mcluding the =abjects of basic physics, basic
electronics and basic elecirical engineering. This
application was developed w be web-based so thar it
corld be accessed anline and in real time. The stages
of the research were as follows:

17 Analyze users” needs based on the curriculum
and developmerts in science and technology.

2) Design a worktlow that regulases the correlation
between vanables in the system.

3) Build a web-based e-leaming LMS by
gstablishing online leaming activity tfeatures,
tesching  maierel storage, discussion forums,
virtual practicum applicatons, and evaluations.

4) Test the performance ol the  web-based -
learning LMS according to standards.

i) Develop Virual Labs  application modules
covering besic concepts, multimedn animalions,
intzractive simulations, worksheets, and virtual
laboratory practicum simulations.

h) Test the teasihihity of the
application module  system
feasibility standard.

7] Test the effectiveness of the system as a virtual
labonalory,

Virmual Labs
based on  the

The results of this study were unique and novel.
I'he proposal is an movation in virtual laboratory
practicum learnmg that visualizes abstrct science
gvents and mukes them real, making them easily
understood by students. In addiwion, the wvirtual
laboralory was intended w0 solve problems that the
lahoratory practicums could not be conducted due to
various limitations. Therefore, laboratory practicums
needed w be performed virtually.

1.2, Theoretical Stuwdy

A virmal laborawry (Virwal Lab)y is a laboratory
consisting of interactive multimedia-based computer
soltware designed to simulate laboralory activities as
il the user was in an actual lwboratory [5) [6].
Virtual laboratories walize computer equipment and
applications based on e-leamirg rules and the use of
various media, such as videos, educational games,
amimations and simulations, to visualize laboratory
activities as they are performed m actoal lnboratories
[7]. [8]. [%]- The varous advantages of o wirtual
laboratory  practicum include wisualization or
simulacion  and  interaction  of  experimental
phenomena as i they occurred in an  acual
laboratory,
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Laboratory practicums cannot be performed for
seveml rensons, such o3 heing of high rsk oand
dangerous and hmited Facithtes and resources [10],
[11]. The existence of the COVID-19 pandemic has
made wvirtual laboratories an absolute must for
pracucum leaming because laboralory practicums are
not allowed. A virtual laboramory enables students (o
perform  practical work using  computer-aided
simulation applications combined with web-bascd
resources; nterachive . medi, eduestional  videos.,
animations, and simulations and educational pames
in online leaming environments [9].

Utilization of the ¥irwal Labs application makes
lzaming more interesting, ineractive, effective, and
¢fficient; and learming can oceur anywhere and
anytime and in real dme [12]. Virual Labs simplifies
complex processes nto simple processes. visualizes
abstract objects into reality, and reduces the risk of
Lanm i science and echoology perunents [4], [L1].
In addition, virmal laboratories with interactive
simulations  can  improve creative  thinking  and
problem solving skills, increase the meaning of what
is learned, and provide a real context for leaming
with real conditions [13]. [14]. (10}

The selection of Virwal Lebs as a solution 1o this
problem is based on the resulls of needs analysis and
a literature review providing research results and
previous best practices. Many studies have proven
that viduwal laboratories are ellective for pracocal
leaming in various subjects such as phvsics [5]; [15],
chemistry [10], biology [16]. magnetism [17], basic
clecironics  [7], computers [18]).  cngineenng
cducanon | 14], [19]. The results ol these studies have
proven  that  vidual laborstories  have  many
advantages, so it is considersd appropriate to solve
the problem of the absence of laboramry practicums
that resulted 1n students” low learning nulcomes.

2. Rescarch Methods

This rmesearch  was  condueted at the State
University of Medan — Indonesia in 2021 with the
aim of developing basic laboratory practicums in the
fields of setence and technolegy. The applicaton
progam  was  developed  using  the  system
develof@ent life cyecle (SDLC) method through
several stages. including (1) system investigation, (2}
sysiem analysis, (3) system design, and (4) system
implementation [200). The SDLC model was selected
because 1t uses a complete cvcle to dentify users’
necds. The framewerk of the Codelgniter software
and Pesonal Home Page (PHP) were used based on
the advantages ol thenr sounty syslems, practicalily
and access speed. The database uses MySQL and
PostgreSQIL due to their advantges and  the
fexibility of the table struciures [21].
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LMS Vinual Labs performance testing refers to a
life cyele procedure, namely, veritying thot(ghe
program meels sysiem requirements through stub
testing, unit testing, black-box testing, white-box
testing and mrtegration testing [20]. The feasibility
test of the Virtual Labs application m§ule includes 9
aspects ol the ted, namely, the subject matter,
auciliary  information, affective considerations,
miterface. navigation, pedagogy. invisible features,
robusiness, und supplementary matersal |22]. The
effectiveness of the virual lahoratory system (weh-
based LMS & Virtual Labs applicstion module) was
tested with the implementation of basic physics,
hasie elecrronies, and basie elecwical engineering
praoticurmes

1. Results and Discussion

Vitlual Labs was developead 1o the Tomm ol a web-
based learning LMS using the SDLC model. The
imvestigation  stage of the swstem suecceded in
ientifying the problems and system procedures:
compiling alternative solutions; and classifving the
svstem  development.  technical  feasihility  and
copnomic Teasibility. System analysis suceeeded in
classifying the data and system requirements and
designing a new systzm that is more effective and
efficient. easv (user-frendly) and logical. Swstem
design cludes the converston procedures Tor more
detailed system services. compiling data structurss,
mformation  display  criteria,  and  system

configuration. In the implementation swape, the
systemnchides improving the system design, westing
and stalling new program appheations and system
testing. The application system provides three access
groups: (4) administretors, (b) lectu@s or lab staif,
and (o] students. The system flow is shown in Figure
i

+
i | Sbeiziolh |_ 3| iryorete o
f *
1 1
T My p—

Figue {. Dt flow of the Viedua! Labu oystemn
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A, An administrator logs in and has access o (1)

nendemies to mannge course datn, leeture halls,
study programs. facultes, and wcademic vears, (2)
students to manage active participants during
lectures; (3) lecturers to manaopge caregivers and
class schedules; and (4) lectures to
lecturers” assipnments, scheduling and student
assessment management.

Hamage

B. A lecturer logs in and has access to facilitics

meluding (1) approval of lecture participants: (2)
lecture  management that consists of  lecture
contracts, teaching materials and the storage of
hyperlinks o YouTube, Google Drive, Dropbox
and practicnm assienments: and (3) assessmient,
mcluding test instruments, exam schedules, and
reporis,

C. A student Jogs in and has geeess o (1) practicum

registration; [2) downloaded teaching material
ducuinents, prescnlation  slides, videus,
animanong, and virmal practicum simulations;
and | 3) examination and report results.

Figure 2. and Figure 3. show some of the features

available in the Virtual Labs spplication program.

Figuire 2. Display of the Virtual Labs LMF
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Figure 3. Virtal experimeat af Divda

Progmun perfommnoe testing usirg SDLOC syntan

was performed on each program model unit 1o test
whether the performance was in zccordance with the
design, umit integmtion and eonncetion relinbility in
the system. The final resulis of the test based on all
aspectsfB the criteria group showed its feasibility,

and the results are shown in Table |,

TEM Jourmal = Volurme 11/ Number 1 /2022,
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Table | Feasihility af LMS Vieed Labs

M Aspects & Crileria | F:asilnhly| Averagps
Diesien & Construction BT.30
i lavaul system #3.67
b. program facilitics BR.00
€. navigalion G367
. hyperlink 95,010
1 | & interface B2.a7
[, wleractivities #5067
i, visualization 92.00
h. golor resolution B5.00
L operational system BO.00
User needs B1 89
2 | d ueeds representative 80,33
h. level of usapge #2.33
¢, help desk system /3,00
Reliahility 6,56
g[8 sabiliy B2.67
b. consistency R9.00
©. compatibility HEAH)
Security system RB4.67
4 [ & login syslem 9167
h. program scourity BO.00
¢, multiple layers #2123
Lase of use 3,33
5 |= usah'[]il}r AS.GT
b, ey B H
£, BUPPOLL Sy stem 23.13 _iid
Total mean 8548 |

Web-based LMS testing was executed several
times (o obtan ehaibility according to the established
standards. Design and construction obtained the
highest scoce of 87.3%,, as required, Fudhermore, the
user needs sspect. although feasible, needs to be
improved 10 meet user needs. The differences in
students” mitial abilities in mastering  the thiee
subjects caused differing needs that need Lo be
followed up with more specific acrivities for these
needs  to be  accommodated  into Vidval Labs
application content. The overall test results showed
that all aspeets of the LMS were confirmed to be
fensiblz with results greater thun 80%.

After the web-based lemrning LMS system was
coafirmed to be feasible, the next test was the
feasibility of the Viral Labs module application as
LMS content. Tesls were performed by validatons
who were experts in the fields of educational
technology, multimedia  leaming and  teaching
materials. Using the critena from Alessi and Trollip
[2001), the results of the feasibility test for the
Virtual Lahs madule application are shown in Figure
4.

TEM loumal = Volume 11/ Number 1/ 2022,
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Figure 4. Feasibility of the Virtual Labs module

The tests for the virtual laboratory medule were
conducted several times according to the feasibility
of each aspect. Some aspects, such as the pedagogy
and navigarion aspects, were found to be feasible
with very high eligibilicy criteria in the first test.
However, other aspects, namely, robusiness and
supplementary materials. were improved several
times umil they were found to be leasible. The
eligibility linut for the Virmal Lobs module wis set
at 1 mimmum of 80% to cnsure content validity.
although in its implementation. lecturers would
continue to develop the content on an ongoing basis
as needed.

The next test was the test of effectiveness of the
system through the mplementation of leclures using
the Virtual Labs system (web-based LMS & Virtual
Labs module application) for the basic physics, basic
clectronics and basic clectrical engimeering modules.
The measurement used a seale of 5 for groups of
students in three study programs. namely, informatics
technology  and  computer  educstion  (ITCE),
clectrical engineering  ¢ducation [I_EE]. clectrical
engineering ( L) and the results are shown in Table
2

Tahle 2. Mean score af effectiveness

No| Aspects ICTE | EEE | EE | Avemge
1 | Content relevanee 465 | 435 | 426 442
2 | Teaching moterials | 382 [ 374 | 374 L
3 | Concepi clarity 425 [ 428 | 412 421
4 | Fraatica 368 | 464 |46 | 423
application
5 | Simulation Media JBG | 452 | 3.88 4.09
Practical
il Wachartzm 464 458 | 4.35 452
7 | Datarecording 432 [ 425 | 4.61 439
# | Forchiment 64 [ 342 | 128 345
g, [Lome 462 | 468 435 | 455
compelences
D[ Acoeptabiity | 453 | 455 | 442 | 450
11 | Studentmotivation | 428 [ 456 | 452 445
[ | e 468 (435|436 | 446
salisfcthion
Total 425 | 433 | 419 426
393
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The results of the date enalyvsis showed that 10 of
the 12 aspocts obtined o mean score greater than
4.0, which was catcgorized as very high, Leaming
putcomes (LO) achieved the mzhest average score of
4.55, which was equivalent to 90.1%. Some of the
supporting  aspecis  of the  practicum  materials
developed in the application were very relevant, with
an average score of 4.42 (88.4%). The practicum
mechamsm achieved o score of 452 (90.4%), and the
availability of simulation media and data rccording
of practicum results was greater than 80%. Suppor
for these aspects was required by students to perform
the practicum correctly and effectively. The results of
this study agreed with those of previous relevant
studies conducted by Dhang et al |7), Gupm [LL1],
and Shopi and Eka [15].

Animaticn and simulation media also played a very
significant role n improving students” understanding
in virtual laboratory practicums. This was a result of
the process of prepanng ammation and simalation
media on the Virtual Labs application module that
paid auention w the prineiples of multimedia design,
as emphasized by Mayer [23]. In addition, cognitive
Inad reduction was also implemented to improve the
mfommation processing system so that information
could be received, understood, and stored in the brain
systenn as emphasized by Clark and Mayer [24]. In
the development of this virtual laboratory module,
the role of artificial intelligence in the form of
augmenied reality snd virtual reality was also very
substantial so that it could meet the students™ needs,
especiglly to answer the problem related to the
absence of real-timef@boratery practicum due Lo
various  obstacles.  The resalis of s study
strengthened  the findings of previous studies,
cspecielly the rescarch conducted by Nantsou ct al.
[12].

Regarding acceptability, an average score of 4.5
wis obtained, meaning that the accepiahility of the
Virtual Lab module application reached 90%
asccording  to users’  (student) expectations This
acceptance increased studemts' learning motivation,
which was classified as high (#9%) and ultimately
i Lo 89.2% satisTaction with using the Virtual Laba
application module. The improvement ot these
psychological  aspects was necessary  hecanse 1t
affected learning activities that would derermine the
pchievement of the swdenis” laboratory practicum
leaming outcomes, as evidenced i previous studies
[8]. [28] There were two aspects that still need o he
mproved, namely, the scope of the content malerial
and eorichment However, the results of the overall
gffectiveness analysis of the Virtual Labs apphcation
module were high, with a total mean score of 4.26
equivalent to 83 2%. Thus, the WYirtual Labs
application moedule proved to be feasible and
effective for use as a virtual laboratory practicum
model. The eligibility included web-based e-learning
as an LMS thot could be accessed onlineg and the
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Virtual Lubs application module as LMS conlent (o
support virtual laboratory practicums swith Q001%,
cffectiveness.

IT analvzed based on the respondent group, the
mean scores of the effectiveness of the three study
progrmms had differences, even though the mean
scores were still highe For this reason, comparative
statistical analvsis was executed using the ANOVA
technique. The results of the test of the homogeneity
of varianccs, which arc the requirements of the
analysis, oblained a P valee of 0,765, This means that
the three groups were affirmed to be homogeneous at
= 5%, Then, u comparisonfB&t was canducted using
one-way ANCOVA, and the resulls are shown in Table

o

Tubde 3 ANOWA
Effeet. Aspects
- Sum of | Mean 3
! | Sq.uurns_ o . Sguar: i Sng..
Between Groups| 124 |2 | 062 | 420 | 660
Within Groups | 4884  [33 | 148
Total | so0% |35

The ANOVA test results show a P value of (L66{,
which accepts Ho. These results proved that there
were no significant differences in the effectiveness of
using the Vinual Labs application module i the
three sample proups. The effectiveness of using the
Virtual Labe application in  the informatics
technology and computer education study program
reached an average score of 4.23, which means that
the prablem of low student competence due to the
limitations of laboratory practicum can be solved
with 83% cffectiveness through virual laboratory
practicum  using the Virtual Labs applicaton.
Likewise, the electrical engmeenng education and
clecirical  engineering  swudy  programs  meached
effec@enesses of 86.0% and B3.8%, respeetively,
The resulls of this dudy were in lne with the
research of Tatli and Ayas [10], which confirmed
that virtual laboratories could solve the issues of
basic chemistry practicumy; Murniza®s research [16],
in biology through the VLab-Dio appli@lon: and
Gupm's research [17], in the field of a virtual lab
muodule for coneepls ol elecine and magnetie Nelds,
Thus. the results of this study proved that Virmal
Labs could he a soltion o the problem of the
absence of basic laborgtory practicum in the fields of
setence and eehnology due o limited [acilines or
other obstacles, such as the COVID-19 pandemic.
Virtual laboratories are the nght solution that strive
1o inerease students” leaming ouwomes from virtual
laboratory practicumns without being limited by time,
place, facilities, instructors, lsboratory assistants and
ather limitations.

TEM Jpurmal = Volume 11 f Number 172022,
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4. Conclusion

Competence in the feki of studenl expertise 15
determined hy the lsbaratory practicum that has been
conducted. The limitations of laboratory facilities
and the COVID-1Y pandemic  have prevenied
lthoratory praciicums from beng performed, which
resulted in wvery low smudeat competence This
rescarch succceded in developing a virtual laboratory
pracieum model LMS web-bused e-learming was
considered feasihle through a series of tests; and the
Virtual Labs application medule for laboratory
practicurns in the fields of basic physics, basic
electronies. and hasic electrical engineering as LMS
content had @lso been found to achieve high
effectiveness,  Henceforth,  virtual  laboratory
praciieum  modules for other lelds need tw be
developed. The Wirtual Labs aspplication is an
wmevalive wethod W selve the problem of the low
compeience of students' skills due to the absence of
laboratory practicuoms The development of the weh-
based Wirtual Labs application as a result of this
research can be a solution to these problems and can
heused as a basis for the development in other fields
s needed.
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