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Abstract. This study aims to find out: 1) how to Develop Remote Laboratory as a new tool
for online and realtime practicum learning in digital electronics; 2) how to use Remote
Lab that meets the valid, practical and effective criteria. This research is a type of research
and development (R&D) where the product can work effectively and be ready to use. The
development of hardware and software in the form of Remote Lab media is carried out with
an engineering approach. The use of Remote Lab can be applied at the Vocational School
by looking at the results of the development based on the validation of the material experts
(Content Aspect with very good category, and the Design Practicum aspect with a very
good category), validation of media experts (Aspect of Visual Display in the excellent
category, real-time aspects in the excellent category, programming aspects in the excellent
category), Analysis of the Effectiveness and Practicality of Using Remote Labs with the
category very effective, then Practical Assessment of Remote Lab products with a very
practical category. The creation of online and realtime distance learning practicum
systems that can facilitate students who are constrained by distance and inadequate school

facilities.

Keywords: Remote-lab, online, realtime, distance learning, practicum

INTRODUCTION

The use of hands-on laboratories can cause
students to experience psychological barriers in
carrying out practical work. In addition to being
expensive in procuring materials and operating
costs and less flexible, hands-on laboratories also
make students less comfortable at work, such as
the emergence of fear of damage to the
equipment to be used (J. Ma & J. V. Nickerson,
2006). Such conditions can cause a decrease in
student ivation in participating in practical
activities. “At present a variety of computer
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applications have been developed to support the
implementation of V-Labs which are believed by
education experts to increase flexibility in terms
of time allocation and place for practicing.
Practicum activities with V-Lab can provide an
efficient level of financing because it is based on
simulators created using computer programs.
Another demand of a practicum activity is
the existence of collaborative work among
students. Collaborative work in practical
activities is very important because it is able to
motivate individuals in group work, and is able as
a means for mutual learning between individuals
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(Kask, 2009). V-Lab can be implemented easily
and at low cost. The use of V-Lab also provides
a positive perception of the aspects of product
appearance and ease of operation and can
increase student motivation in carrying out
practigim (Muchlas, 2014).
irtual Laboratory is a computer software
that has the ability to do mathematical modeling
of computer gauipment that is presented through
a simulation™irtual laboratories are needed to
strengthen understanding of concepts in the
learning process. The Virtual Laboratory is not a
substitute but a part of the real Laboratory that is
used to complement and correct existing
weaknesses (Purwanti  Widhy, 2012). The
weakness of VLAB is that the Virtual Laboratory
does not provide real field experience (Hendra,
2013).
The Remote Lab (RL) concept is a
latively new concept built but the number is
ponentially increasing due to the latest

technological advancements and the agability
of tools to design it. Remote labs are®the best
alternative for working in a real laboratory
because if well designed they can offer students:
1) tele-presence in the laboratory (tele-presence);
2) Can experiment on real equipment; 3) can
collaborate; 4) Learning by trial and error; 5) can
cagigluct analysis on real experimental data; and
6)%Flexibility in choosing the time and place to
conduct experiments. The main advantages and
disadvantages of each type of laboratory are
summarized in Table 1.

From table 1 shows that the advantages of
"remote lab" can cover the shortcomings that
exist in real laboratories and virtual laboratories.
Thus the shortcomings of the "remote lab" are
only the presence in the laboratory and the initial
competence possessed to operate the equipment
must be relatively higher (having advanced
electronic capabilities).

Table 1. Comparison of Advantages and Disadvantages of Real Labs, Virtual Labs, and Remote Labs

(Zorica Nedic. 2003)

Laboratory Type Advantages Disadvantages

Real realistic data time and place restrictions
interaction with real equipment requires scheduling
collaborative work expensive
interaction with supervisor supervision required

Virtual good for concept explanation idealized data
no time and place restrictions lack of collaboration
interactive medium no interaction with real equipment
low cost

Remote interaction with real equipment only "virtual presence" in the lab
calibration
realistic data
no time and place reswictions
medium cost

After observing the Department of activity, training, or practical activity usually

Electronics Engineering FT UNM, it was found
that the competency possessed by FT UNM
Electronics students was still low. On the other
hand student interest to enter the Laboratory for
practical activities is also still low. Taking into
account the various demands of the
implementation of practicum in the electronics
field, it is necessary to develop Remote Labs that
can provide online and realtime collaborative
work facilities with more attractive devices so
that later they can facilitate students in the
practicum process so that they will be motivated,
thereby affecting their competence.

Practicum Learning. According Soemanto
(2003: 113) practical activities are included in
learning activities, so someone who carries out an

wants to achieve certain goals in order to develop
aspects or potentials that exist in him. Sege
(2005: 21) states that practical activities are the
implementation of work in accordance with the
job sheet provided by the instructor on subjects
taught to determine students’ mastery of cognitive
and psychomotor abilities. Jobsheet is carried out
to create a media that can support students'
independence in practicum activities and increase
the effectiveness of learning (Rini Widyastuti,
2018).

The process of teaching and learning
vocational practice, both laboratory and
workshop practices are characteristic of the
teaching and learning process in vocational
schools, in addition to the theory learning
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process. These practical teaching and learning
activities require abilities in the cognitive,
psychomotor, and affective domains. Orlich et al
(2007: 67-68) states, "the cognitive domain
encompasses objectives that deal with recall
recognition of knowledge and the development of
intellectual abilities and skills". With the
understanding that the cognitive domain includes
goals / ougsames related to memory or the
introductio knowledge and the development
of intellectual abilities and skills.

Larson's analysis in the fields of skills,
technology and acupation explains that teachers
must be able to manage the PBM stages in the
field of practical studies. The teacher can assess
students' skills, knowledge, and attitudes
according to their learning goals. Good practice
management learning is an ability that must be
possessed by every vocational school teacher in
skills, technology or occupation so that teaching
objectives can be achieved optimally.

To get understanding, knowledge, and

skills in a particular vocational field, a person
must experience, do, and cultivate the field in
other words, the teacher's ability in learning
practice is determined by the teacher's ability to
understand the material being taught. The success
of vocational and technology teachers in
practicum learning is determined by their
industry experience because vocational education
will prepare graduates to be ready to work in the
world of work and industry.
There are several practical learning methods that
can be used, among others, the demonstration
method, experimentation, performance,
programmed learning methods, and practicum
methods. According to Yamin (2005: 69), the use
of demonstration and experimental methods can
be applied provided that the teacher has the
expertise to demonstrate the use of tools or carry
out certain activities such as actual activities.

The Remote Laboratory concept. Remote
Lab is a tool or device designed to teach
collaborative work skills, because it offers an
interesting  perspective  for  social and
collaborative based learning. However, the
remote lab separates users (praktikan) from real
work tables and tools. Thus the teleoperating
method of remote lab equipment requires an
efficient level and interactivity and clarity to the
user to give the impression of truly being in a
laboratory.

Remote Lab can be a complementary
resource for practical learning that is useful for
laboratory activities on a "Hands-on", because it

allows for monitoring or monitoring experiments
that run remotely (online). Hands-on labs, where
students operate real equipment or manipulate
real objects when they are in direct contact with
tools and objects in the same room will remain
existential in technical education, because the
experience of learning in real life situations is not
only a major prerequisite for learn psychomotor
skills, but are also relevant for understanding
theoretical concepts (Dieter Miiller, 2007).

Researchers (Ma & Nickerson, 2006)
emphasize the effectiveness of using remote labs
in experiments and related technologies. Almost
all laboratories in the fields of science and
engineering have been mediated by computers.
As such, there are many lab devices today which
are operated through a computer-based interface.
Thus, the nature of accessing lab equipment may
not differ greatly, whether students make
physical contact or interact remotely through a
virtual interaction panel.

To find out the types of laboratories, the
first step distinguishes between activities that are
"Hands-on" and virtual (simulated), locally or
distributed, and single users or multi-users. The
following are the criteria that allow us to establish
initial orientations regardigg various laboratory
environments (Figure 1):¥) the nature of lab
equipment (physical or virtual); 2) access mode
for doing activities (local or remote access).

user

access

nature of local distant

equipment

physical hands-on
(real) lab

remote lab

virtual
(modelled)

distributed
virtual lab

virtual lab

Figure 1. Laboratory environments

In Figure 1 above it appears that the
Remote Lab plays a role in the physical
environment, allows "Hands-on lab", and can be
used remotely (online), so that psychomotor
skills can be fulfilled.

METHOD

The research Remote Laboratory as a New
Tool for Learning Practicum Online and
Realtime in Digital Practicum Subjects. The first
stage of research is a type of research
development (R&D). According to Gay (1990), a
research and development (R&D) approach, the
main goal is not to test theories, but to develop
and validate the tools used to work effectively
and be ready for use. The development of
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hardware and software in thgskorm of Information
Technology-based media is*Carried out with an
engineering approach where the stages are:
analysigadesign, implementation, and evaluation.

t each stage of this research and
development an analysis will be carried out in
accordance with the aims and objectives of the
stage. In general, the analysis used in this study is
descriptive analysis that will describe the results
of development, validator responses and the
results of trials. Analysis of software and
hardware is carried out by considering the
minimum specifications, with reference to
software development for the media, namely
efficiency and  effectiveness,  reliability,
maintainability, usability, accuracy of application
selection, compatibility, packaging,
documentation and reusability.

RESULTS AND DISCUSSION
Result
Development

Development and Implementation is
focused on the Practice of Digital Electronics
subjects. Digital Electronics is one of the Basic
subjects in Electronics Department curriculum.
In the audio video engineering department there
are competencies that students must master, one
of which is digital electronics compgsgence.
Digital electronics subjects consist of “3asic
Logic Gates (AND Gate, OR Gate, NAND Gate,
NOR Gate, NOT Gate, EX-OR Gate, EX-NOR
Gate). The Remote Lab development process
begins with several stages, namely the needs
analysis and preliminary studies to Evaluation. In
Figure 2 is the development process so that the
final prototype is obtained.
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Analog Practicum
Module

Digital Practicum
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Analysis, Revision and
Functional Test

Validation Practitioner, Media
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Development of Remote Laboratory that can access online and realtime practicum
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Figure 2. Remote Lab Development Procedure
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Remote-Lab Data Validation and Repair
The data obtained in this study are data

from Expert validation. Expert validation data
consists of three material experts, Programming
experts and media experts. Data obtained through
assessments, suggestions, and comments from
media experts, programming experts, and
material experts regarding the quality of the
Remote LAB developed in this study. Validation
data from media experts and material experts are
used as a reference for revising the initial product.

Material Expert Validation Data. Material
experts emphasize the evaluation of Remote
Laboratory on aspects of the material such as
aspects of the material / content, and aspects of
practical design. Based on expert assessment of
the material on the subjects developed integrated
into the Website has been eligible to be tested.

Content aspect. The content/ material aspect
consists of the quality of the material, and the
quality of the language. Material expert's
assessment of this aspect is shown in table 1. The
results of quantitative conversion to qualitative
data on a scale of 5 through media experts are
described in table 2.

Tabel 2. Evaluation of Remote-Lab Content /
Material Aspects by Material Experts

Total Score
Aspect Average Criteria
Score
Selection Method 4,4 very
good
Very
Average 4.4 good

Media Expert Validation Data. Media
experts who become validators in this
development product are composed of several
competent experts in their fields related to the
Remote Lab being developed. To study the
Remote Lab, 3 skills are required as follows: 1)
multimedia experts; 2) programming expert; 3)
visual communication expert. Media experts
focus on evaluating Remote Lab on aspects of
media such as aspects of appearance, aspects of
Real-Time, and aspects of programming. Based
on the media expert's assessment of the subjects
developed integrated into the website it is worth
testing further with a few minor improvements.
Details of the assessment results are described as
follows.

Display aspects (visual) consist of text
readability in the trainer, use of language in the
trainer, image quality in the trainer, harmony and
color accuracy in the trainer, layout techniques
(layout) in the trainer, placement and accuracy of
the button on the User Interface, and the quality
of the resolution Web Camera display. The
assessment of media experts on this aspect is
shown in table 4.

Tabel 4. Evaluation of Remote Lab (Visual)
Display Aspects by Media Experts

Total Score
Aspect Average Criteria
Score
Quality Of 44 Very
Materials ’ good
Quality of Very
4,5
Language good
Practical design aspects consist of

consistency with 15 indicators, practicum
strategy with 7 indicators, training and test with 4
indicators, method selection with 4 indicators,
and motivation with 2 indicators. Material expert
assessment of practicum design aspects is shown
in table 3.

Tabel 3. Evaluation of Remote Lab practicum
design aspects by Material Experts

Total Score
Aspect Average Criteria
Score

Consistency 4,5 Very
good

. Very
Practicum Strategy 4,4 good
Exercise Exercise And Very

4,3
Test good

Total score
Aspect Average Criteria
Score
Text On Trainer 4,48 Very good
Language in Trainers 4,60 Very good
Image on the Trainer 4,32 Very good
Color on the Trainer 4,43 Very good
Component Layout on
the Trainer 4,53 Very good
Button on the User
Interface 4,33 Very good
Web Camera Display
Resolution 4,60 Very good
Average 4.47 Very good

The real-time aspect consists of an
explanation of abstract and complex concepts
consisting of 5 indicators, real-time application
consisting of 5 indicators, practicum form
consists of 5 indicators, completeness of the
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facility consists of 4 indicators, Control
technique consists of 2 indicators, theoretical
proof consists of 1 indicator, and methodology
consists of 2 indicators. The assessment of media
experts on this aspect is shown in table 5.

Tabel 5. Assessment of the Real-Time Aspects
of Remote Lab by Media Experts

Total Score
Aspect
P Average Criteria
Score

Explanation of
Abstract and 4,40 Qery good
Complex Concepts
Real-time
application 4,52 Very good
Form of Practicum 4,60 Very good
Completeness 4,20 Good
Control Technique
(Controller) 4,60 WiEBeRl
Proof of Theory 4,80 Very good
Methodology 4,40 Very good

Average 4,5 Very good

Programming Aspects. The programming
aspect consists of programming, interaction,
navigation. The assessment of media experts on
this aspect is shown in Table 6.

Tabel 6. Evaluation of Remote Lab

Programming Aspects by Media
Experts
Total Score
Aspect Average Criteria
Score
Programming 459 Very
good
Interaction 4.63 Very
good
Navigation 451 Very
good
Average 457 Very
good

Analysis of the Effectiveness and Practical Use
of Remote Lab

One way to determine the effectiveness
and practicality of the model is through the
assessment of experts and practitioners based on
the mastery of the theory and the experience they
have stated that the Remote-Lab model can be
said to be effective or not. The results of the
questionnaire assessment regarding product
effectiveness are presented in Table 7.

Tabel 7. Remote Lab Effectiveness Assessment

Effectiveness Indicator Average Criteria
Score

Achieve increased

performance 4.2 Effective

(competence)

Improving student

performance for the 48 Very

completion of the ’ Effective

material

Average Overall Score Very
4,56 d

Effective

From Table 7 to assess the effectiveness
of the Remote Lab product, several indicators of
assessment regarding the achievement of work
gnprovement (competency) are given, averaging

score of 4.2 or being in the effective category.
Assessment of improviag the performance of
students for completingqe material obtained a
score of 4.8 or in very Effective category. Thus
the overall overall effectiveness of the product
obtained a mean score of 4.56 or is in the very
effective category. This means that the products
developed based on the responses of practical
subjects teachers in SMKs meet the requirements
for excellent product effectiveness.

Furthermore, to see the Remote Lab
products developed in this study had met the
practical  requirements  through  several
assessment indicators as presented in Table 7, the
average score of overall aspects was 4.9 in the
very practical category. Indicators stating
practicality are elaborated with four assessment
indicators as follows: First, Students can carry
out and complete practicum objectively
according to the flow and procedures in Remote-
Lab scores obtained by a mean of 4.8 or are in the
very practical category. This is very practical
when compared to practicum in a conventional
laboratory. One piece of equipment is practiced
by 4-5 students so that the completion of the
practicum does not run objectively because only
one person works and the others only watch, also
in a conventional laboratory only intelligent
students only can practice well. Second, the
teacher can directly conduct an assessment and
scoring of the results of student practicum stored
in the Remote-Lab program database obtained a
mean score of 5 or with a very practical category.
Unlike the case in conventional laboratories the
teacher must observe students one by one
carefully the course of the practicum carried out
by students. Third, Remote-Lab installed on
Smartphone Participants can be directly accessed
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to do the practicum obtained by a score of 5 with
a very practical category. Fourth, everything
needed in the Remote Lab has been provided
including tools and materials, measuring
instruments, and data sheet books obtained a
mean score of 4.8 with a very practical category.

Tabel 8. Practical Assessment of Remote Lab

products

Practicality Indicator R(ES'E;? Kategori
Students can carry out and
complete practicum @

U . angat
objectively according to the 4.8 Baik
flow and procedures in the
Remote Lab
Teachers can immediately
conduct assessments and
scoring of student 5 Sangat
practicum results stored in Baik
the Remote-Lab program
database
Remote-Lab installed on
the Smartphone Participants 5 Sangat
can be directly accessed to Baik
do the practicum
Everything needed in the
Remote Lab has been
provided including tools Sangat

. . 4.8 :
and materials, measuring Baik
instruments, and data sheet
books
Average Overall Score Sangat
4,9 s
Baik

Discussion

The Remote Lab model of Digital
Electronics is one form of interactive multimedia
that can support conventional practice in real
laboratories. From the needs analysis that has

Display of Signal

been carried out it is revealed that the VVocational
School still has limited equipment and is
inadequate for practical activities which is around
30% complete with facilities (Hendra, 2013),
further practicum activities in Remote Labs are
badly needed by students, virtual practicum plans
approve a lot. Furthermore, based on vocational
teacher interviews, that digital subjects are basic
subjects that require concepts and logic used in
many majors such as Communication
Electronics, TKJ, Audio Video, Mechatronics,
and Industrial Electronics. Completeness for
practicum in electronics subjects in vocational
schools is still lacking and requires equipment
while the existing equipment tools and materials
for digital electronics practice have been
damaged (David Lowe, 2011) and many of its
components are difficult to obtain because of
budget constraints and the components are no
longer produced. Next interview with one of the
subject matter teachers at SMKN 2 Depok
Sleman Yogyakarta in 2018 during a visit to
Yogyakarta that digital electronics is one of the
practical subjects that have a lot of sub topics but
limited time in carrying out the practicum, this is
the problem in streamlining digital electronics
subjects.

After seeing the conditions and needs regarding
the need for a learning strategy that is Distance
Learning through Remote Lab, the next step is to
search for models and designs that will be
developed. The Determination of the model is
intended to choose the right model and look for
references to the model to be developed. While
the design determination concerns the software
that will be used in developing Remote Lab-
based learning in this case using the Arduino
UNO Microcontroller, loT, Android
Applications, Interface Arrangements.

Real Equipment

Figure 3. Implementation of Remote Laboratory Digital Electronic Subjects
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Figure 4. Remote Lab Controlled View with Webcamera

In doing the practicum by using the
Remote lab. The device needs to be installed first.
Furthermore, this virtual remote can be used
online. to do a practicum measuring electric
current and voltage, students still use the module
as a guide in carrying out the practicum.
Furthermore, measuring current and voltage, and
waveforms with real devices are multimeters and
oscilloscopes, and it is possible to use other real
equipment. It was also expressed by Ingvar
Gustavson (2013) that online students make
circuits using real components and make real
measurements on the circuits made.

Some of the results of this research study
the advantages of the developed Remote Lab
products are as follows: 1) The creation of online
and realtime distance learning learning systems
that can facilitate students who are constrained by
distance and inadequate school facilities; 2) The
creation of a tele-presence in the laboratory (tele-
presence), students do not need to be present in a
real laboratory but carry out online practicum, so
that their online presence is considered the same
when present in the laboratory; 3) The creation of
practical processes by conducting experiments on
real equipment (not virtual); 4) The creation of
practical learning with the concept of
collaborative learning; 5) The creation of a
practicum process whereby students can analyze
real data with real experimental tools, and learn
by trial and error; 6) the creation of the concept
of flexibility in choosing the time and place to do
the practicum. Give freedom of creativity to
vocational students in carrying out practical
activities without having to follow the schedule
in the real laboratory; 7) limitations on resources

wned by teachers in vocational schools and
ace in real laboratories. This type of limitation
can cause delays in student learning activities in
Vocationgd Schools, which may be faced with
situationS<vhere they have to compete or wait for
the availability of resources provided, other facts
show that student experiments can be disrupted
before concluding the results of experiments in a
laboratory due to the need for shared tools; 8) the
possibility of sharing equipment in a vocational
school is usually very expensive.

CONCLUSION"AND SUGGESTION

Based on the explanatiogm presented
above, it can be concluded that: 1)*he use of
Remote Lab can be applied in VVocational Schools
by looking at the results of development based on
the validation of material experts (Content
Aspect of 4.45% with exgallent category, and the
Design Practicum aspect®btained a score of 4.4
with excellent category), validation of media
experts (Display Aspect Visually obtained a
score of 4.47 with a very good category, real-time
aspects obtained a score of 4.5 with a very good
category, programming aspects obtained a score
of 4.57 with a very good category), Analysis of
the Effectiveness and Practicality of Remote Lab
Use obtained a score of 4.56 with a very effective
category, then Practical Assessment of Remote
Lab products obtained a score of 4eR with a very
practical category; 2) The creatio online and
realtime distance learning practicum systems that
can facilitate students who are constrained by
distance and inadequate school facilities.
Practical equipment so that learning outcomes in
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practicums can be met according to their
competencies.
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