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ABSTRACT 

 
The objectives of this study were (1) to produce a virtual laboratory application for vocational 

productive learning by applying Augmented Reality technology; (2) to examine the validity of the 
developed application from the aspects of media development and productive learning materials. The 
method used in this study was research and development with the waterfall model. The stages of 
development included needs analysis, design, implementation, and system testing. The result of the 
development was the learning application called AugWare operated using an Android smartphone. The 
application was equipped with the features of learning materials, simulation and evaluation. The results of 
validation by media experts through an assessment questionnaire consisting of 32 items revealed that the 
average final score was 84 categorized as very appropriate. In the assessment of material experts, the 
results of the validator's assessment through a questionnaire with the 30 items showed that the final score 
was very appropriate with the score of 89.  
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INTRODUCTION 

 
Vocational secondary education is one 

of education models in Indonesia that has 
special characteristics. It is realized in the 
form of a Vocational High School (VHS) 
education level. The purpose of vocational 
education is stated in the Indonesian 
Government Regulation No. 19 of 2005 
which explains the aims of vocational 
education is to provide students with the 
ability to do certain types of work. In its 
application, the development of vocational 
skills is carried out through productive 
learning, namely study groups that contain 
special expertise packages according to the 
majors selected by students in VHS. To 
achieve this expertise, a competency to be 
specifically taught is required. Mastery of 
competence for students is very important to 
prepare them face the industrial world. 
However, the teaching learning in the 
schools sometimes encounters obstacles 
along with the process, because students do 

not understand the materials delivered by the 
teachers [1]. 

Based on the observations in several 
Vocational High Schools in Pekanbaru City 
in the field of computer engineering and 
network expertise, there are several 
problems in the implementation of 
vocational productive learning including 
inadequate learning facilities, and poor 
learning management and monitoring in the 
laboratory. If productive learning is not 
effective, it will impact on the students’ 
achievement. 

Inadequate laboratory equipment for 
students to do productive learning which one 
of the problems identified was urgent to be 
solved. In general, laboratories in Vocational 
Schools located in Pekanbaru City do not 
accommodate each student with one unit of 
computers. This situation is a barrier for 
students in achieving vocational 
competencies. To overcome the problem, the 
solution of providing the students with new 
laboratories is not the answer since the 
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problem is not only caused by poor facilities 
and infrastructure but also poor management 
and monitoring of laboratory works [2]. The 
use of learning technology can be more 
suitable alternative solution for the problem. 
At present, everyone has the ability to access 
information through the digital world. In 
educational fields, this certainly makes it 
easy for students to find a variety of relevant 
and up-to-date learning resources[3][4]. 
Learning resources can be in the form of 
digital media, computer-based interactive 
multimedia to mobile-based learning media.  

Mobile-based learning media are 
learning media embedded in mobile 
telecommunications devices, especially 
those with smartphones. The forms of 
learning technology displayed in mobile 
devices can be e-books, games and 
simulations. Simulation-based learning 
media aims to bring students to be able to 
feel learning in accordance with the actual 
situation. A virtual laboratory is often 
associated with learning that uses 
Information and Communication 
Technology (ICT) based simulation media. 
Virtual laboratory media are used as a 
substitute for practical activities that cannot 
be conducted by students because of the 
limitations of laboratory equipment or 
difficult demonstrations. The type of virtual 
laboratory used in learning is virtual 
computer-based laboratory simulation. 
Studies related to optimizing the use of 
laboratory-based mobile learning by Arista 
& Kuswanto and Wachid & Majid [5][6] 
claimed that mobile-based learning can 
provide convenience for students to access 
learning outside the school hours and allow 
flexible practicum. The simulation can be 
made in the form of games, virtual 
laboratories, animation and augmented 
reality technology. 

Augmented Reality (AR) is the latest 
technology in the development of 
smartphone applications. It is an interactive 
experience of a real-world setting in which 
real-world objects are improved by 

computer-generated perceptual data, 
sometimes across various sensory 
modalities, including visual, auditory, 
haptic, somatosensory and olfactory [7]. 
Augmented Reality (AR) has the potential to 
be used in the learning and education 
process in schools [8]. The advantage of 
using augmented reality technology is the 
3D animation visualization feature. 3D 
visualization technology is used while the 
visualization of the effects of 
superimposition is real and virtual realities 
and students’ learning turn into the subject 
[9]. 

Augmented Reality (AR) certainly 
can be a solution in the implementation of 
interesting learning. However, no reference 
has been found related to the use of AR 
technology to support the learning process in 
vocational education in Indonesia. 
Therefore, with the different characteristics 
of vocational education with general 
education, it is necessary to develop an AR-
based learning technology that can be 
implemented for productive learning in 
vocational education. 

This study was carried out with the 
aim of producing a multimedia-based 
learning application product by applying 
augmented reality technology. The learning 
application developed was then tested for 
validity from the aspects of media 
development and vocational productive 
learning materials. The results of the study 
that have been carried out can be used as a 
reference for learning resources to overcome 
the problem of the low students’ 
achievement in vocational competencies in 
Indonesia. 

 
METHOD 

 
This study was research and 

development. It is a research method used to 
create products and test the effectiveness of 
products that have been developed. The 
expected result from the implementation of 
this study is a prototype of Augmented 
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Reality based learning technology that has 
been tested in the vocational learning 
process. 

In the development of learning media 
applications, the waterfall method was used. 
The waterfall method is considered relevant 
in achieving the goal of producing a reliable 
and effective application. The method used 
starts from analysis to application that can 
be used in a learning process [10]. The 
stages of development with the waterfall 
method is illustrated in Figure 1. 

 

 
 

Figure 1. The Stages of Waterfall Method  
 
In the stage of needs analysis, the 

activities carried out were observations 
related to the characteristics of AR media 
needed in accordance with the conditions 
and demands of the applicable educational 
curriculum. Data needs analysis were 
obtained through observation of the learning 
process and interviews with teachers related 
to the characteristics of required learning 
materials. In the stage of system design, 
system design in terms of appearance and 
flowchart was developed with reference to 
the results of needs analysis. Views in this 
case include interface design and color 
selection, display of 3D objects in the form 
of augmented reality. In the programming 
flowchart, other than the media 
programming algorithm developed, the 
design was done by modeling the system. 
The system model used in this study is the 
Unified Modeling Language (UML). In the 
implementation stage, the media was 
developed using supporting software 
presented in Table 1. 

Table 1. Supporting Software for Application 
Development 

No Software Function 
1 Unity Producing 3D animation 

2 Vuforia Generalizing augmented 
marker 

3 Android 
Studio 

Producing Smartphone-
based Media Application 

 
Testing was done by alpha and beta 

testing methods. Alpha testing was carried 
out by software experts, learning media, 
learning technology and curriculum experts. 
The development of this application took 
approximately 6 months. This media was 
developed with the characteristics of a 3D 
lab simulation on PC assembly productive 
material for the 10th grade students of 
Vocational High School. 

The data analysis used in this study is 
descriptive quantitative. Data that has been 
obtained through alpha and beta testing were 
analyzed using descriptive statistics. The 
quantitative data used in the questionnaires 
of media validation, material, software 
design experts and learners' responses are 
expressed in the Likert scale described in 
Table 2 [11]. The score data that has been 
obtained was then converted into the form of 
a scale of 4 which can then be interpreted in 
descriptive as in Table 3.  

 
Table 2. The Scale for the Questionnaires 

Score        Interpretation 
4 Very Feasible 
3 Feasible 
2 Infeasible 
1 Very Infeasible 
 
 

Table 3. Categories for the Feasible Scale  

Score Interval Category 

X > Mi +1.5(SDi) Very Feasible 

Mi<X<Mi+1.5(SDi) Feasible 

Mi-1.5(SDi)<X<Mi Infeasible 

X<Mi+1.5(SDi) Very  Infeasible 
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RESULTS AND DISCUSSION 
 
Augmented reality-based media 

simulation allows students to interact with 
learning material visually and in more detail 
[12], [13]. Independently, students can 
actually find various learning media based 
on augmented reality simulation through 
play stores if they want to use the mobile 
learning model. However, the students face 
some problems after downloading the media 
regarding the incompatibility of material 
content in the learning media with the 
guideline of the standard curriculum in 
VHS. Therefore, the learning media that 
meets the curriculum guidelines was 
designed. 

To achieve media in accordance with 
curriculum guidelines, needs analysis was 
carried out through the curriculum and 
teaching and learning process in the 
classroom. The results of needs analysis 
discovered that AR media required to be 
designed to achieve instructional goals in PC 
assembly materials. In addition to the 
achievement of instructional objectives, the 
media is designed to be used as a substitute 
for equipment that is not permitted to be 
taken home, thus the AR media needs to be 
designed to be able to display 3D animations 
and simulations of PC components and PC 
assembly procedures. 

In addition to simulation media, the 
media developed needs to be supplemented 
by exposure to materials and a collection of 
practice questions to support the 
independent learning process that can be 
carried out by students. To achieve these 
needs, the next design is the storyboard 
design of the AR media application. The 
purpose of storyboard design was to guide 
the game development flow [14], [15].  

After the storyboard was designed 
according to the needs analysis, the interface 
design was then carried out through the 
coding process and implementation in the 
form of digitization through computer 
devices. The device used to design the 

display of games in this study was 3D unity. 
It can also be used to design interfaces from 
the media applications. The appearance of 
the 3D animation display design process can 
be seen in Figure 2.  

After the application display was 
designed, the production of AR objects was 
carried out by applying the IEC algorithm. 
The IEC algorithm is an iteration of the 
development of 3D objects based on 
augmented reality through a pattern 
recognition process [9]. The algorithm in 
question can be seen in Figure 3. 

 

 
Figure 2. 3D Animation Design 

 

 
 

Figure 3. IEC Algorithm 
 
For the production phase through 

implementation through software, the 
development scheme was implemented by 
using Unity 3D. Furthermore, the object that 
has been produced in the form of animation 
was then generalized in the form of a marker 
using Vuforia. The scheme is presented in 
Figure 4.  

From the algorithm design applied, 
the next steps taken were the 
implementation of 3D animation production 
and the production of patterns or barcodes 
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that would be used as 3D animation 
visualization media. The 3D animation 
designed was then planted in the form of a 
card equipped with a barcode as a source of 
3D animated images that would be a source 
of learning. 

 

 
Figure 4. Production Stages of Augmented 

Reality Object 
 
The development of learning media 

applications was then carried out by 
applying the storyboard design results and 
the design of programming algorithms. The 
development for the implementation of the 
application was done in some stages. For 
basic media design, it was done by using 
Unity to produce 3D applications, 
homepage, platforms and animations that 
become augmented reality. Figure 5 explain 
the AR operational instruction. 

 

 
Figure 5. Augmented Reality Operational 

Instruction 
 
After the application has been 

designed and implemented, according to           
the procedures implemented, testing  of   the  

media was carried out. Testing was done by 
applying alpha and beta testing. At the alpha 
testing stage, testing was done by validating 
the applications that had been developed. 
The measurement of application validity is 
done to get data about the operation function 
and appearance of the application. The 
validated aspects in this application are 
aspects of media and materials. Validation 
was carried out by experts who have 
competencies in their respective fields. In 
media validation, the validators consisted 
two lecturers in the field of multimedia 
programming and design. In the material 
validation, the selected validators were one 
teacher in computer and network 
engineering and one lecturer in informatics 
education. 

Validation was carried out by experts 
by operating applications that have been 
developed and then providing an assessment 
through a questionnaire. From the validation 
results, revisions were made according to the 
suggestions from every validator. 

Analysis of data from the results of 
the validation that has been carried out is 
then categorized in the form of scores of 0 to 
100. The predetermined scores are further 
divided into 4 categories in Table 4. 

 
Table 4. Determined Score Category 

No Score Interval Category 
1 75.00 ≤ x ≤ 100 Very Feasible 
2 50.00 ≤ x ≤ 75 Feasible 
3 25.00 ≤ x ≤ 50 Infeasible 
4 0.00 ≤ x ≤ 25 Very  Infeasible 

 
Validation assessment from each 

expert is adjusted to the indicators contained 
in the assessment instrument. For 
assessment by media experts, the assessment 
indicator items consist of 32 items of 
statements. The details of each aspect are 
described in Table 5. The results of the final 
validation provided by media experts for 
each aspect can be seen in Table 6. 

 
 



199

 

that would be used as 3D animation 
visualization media. The 3D animation 
designed was then planted in the form of a 
card equipped with a barcode as a source of 
3D animated images that would be a source 
of learning. 

 

 
Figure 4. Production Stages of Augmented 

Reality Object 
 
The development of learning media 

applications was then carried out by 
applying the storyboard design results and 
the design of programming algorithms. The 
development for the implementation of the 
application was done in some stages. For 
basic media design, it was done by using 
Unity to produce 3D applications, 
homepage, platforms and animations that 
become augmented reality. Figure 5 explain 
the AR operational instruction. 

 

 
Figure 5. Augmented Reality Operational 

Instruction 
 
After the application has been 

designed and implemented, according to           
the procedures implemented, testing  of   the  

media was carried out. Testing was done by 
applying alpha and beta testing. At the alpha 
testing stage, testing was done by validating 
the applications that had been developed. 
The measurement of application validity is 
done to get data about the operation function 
and appearance of the application. The 
validated aspects in this application are 
aspects of media and materials. Validation 
was carried out by experts who have 
competencies in their respective fields. In 
media validation, the validators consisted 
two lecturers in the field of multimedia 
programming and design. In the material 
validation, the selected validators were one 
teacher in computer and network 
engineering and one lecturer in informatics 
education. 

Validation was carried out by experts 
by operating applications that have been 
developed and then providing an assessment 
through a questionnaire. From the validation 
results, revisions were made according to the 
suggestions from every validator. 

Analysis of data from the results of 
the validation that has been carried out is 
then categorized in the form of scores of 0 to 
100. The predetermined scores are further 
divided into 4 categories in Table 4. 

 
Table 4. Determined Score Category 

No Score Interval Category 
1 75.00 ≤ x ≤ 100 Very Feasible 
2 50.00 ≤ x ≤ 75 Feasible 
3 25.00 ≤ x ≤ 50 Infeasible 
4 0.00 ≤ x ≤ 25 Very  Infeasible 

 
Validation assessment from each 

expert is adjusted to the indicators contained 
in the assessment instrument. For 
assessment by media experts, the assessment 
indicator items consist of 32 items of 
statements. The details of each aspect are 
described in Table 5. The results of the final 
validation provided by media experts for 
each aspect can be seen in Table 6. 

 
 

 

Table 5. Aspects for Media Validation 

No Aspect Code 
Indicator 

Item 
1 Application Design A1 10 
2 Software Engineering A2 10 
3 Media Integrity A3 5 
4 Media Practicality A4 7 

 
Table 6. Results of Media Validation 

Code 
Aspect 

Media 
Expert Aver. Score Category 

1 2    

A1 32 34 33 82.5 Very 
Appropriate 

A2 30 32 31 77.5 Very 
Appropriate 

A3 18 16 17 85 Very 
Appropriate 

A4 25 26 25.5 91 Very 
Appropriate 

Average 84 Very 
Appropriate 

 
The validation process was done 

twice by revising the results of validation in 
the first stage. The comparison data from the 
results of validation conducted by media 
experts is presented in Figure 6. 

Figure 6. Comparison of the Result of Media 
Expert Validation 

 
Based on the data that has been 

analyzed, it can be described that as a whole, 
all aspects of the media validation process 
can be grouped in very suitable constructive 
categories. Partially it can be stated that the 
practical aspects of the media have the 
highest conversion score with a score of 91 
above the overall average of 84. 

For the Recognition of Prior Learning 
(RPL) aspect, the score is lower than the 

other aspects. Based on the validation data, 
the score on the RPL aspect is at the score of 
3 for 7 indicators and 4 for 2 indicators and 
2 for 1 indicator. The indicator from the 
aspect of RPL that gets score 2 is the display 
of animation that can be changed 
dynamically by the user. While those that 
get the score of 4 indicators are the novelty 
of programming techniques and the access 
speed of 3D animation display in augmented 
reality developed. For assessment by 
material experts, the assessment indicator 
items consist of 25 statement items. The 
details of each aspect can be described in 
Table 7. 

 
Table 7. Aspects for Materials Validation 

No Aspect Code Indicator 
Item 

1 Cognitive 
Content 

B1 7 

2 Vocational 
Competence 

B2 8 

3 Presentation of 
Information 

B3 5 

4 Evaluation 
Technique 

B4 5 

 
The final results of a total of two 

validation activities on the material design 
that have been carried out by media experts 
for each aspect can be seen in Table 8. 

 
Table 8. Result from Material Validation 

Code 
Aspect 

Learning 
Expert Aver. Score Category 

1 2 

B1 23 27 25 89.3 
Very 

Appropriate 

B2 29 29 29 90.6 
Very 

Appropriate 

B3 18 16 17 85 
Very 

Appropriate 

B4 17 19 18 90 
Very 

Appropriate 

Average 89 
Very 

Appropriate 

 

Herlandy et al., A Virtual Laboratory Application for Vocational Productive Learning Using Augmented Reality



200 Jurnal Pendidikan Teknologi dan Kejuruan, Vol. 25, No.2, October 2019
 

Figure 7 presents the comparative 
data from the results of validation carried 
out by experts in learning materials in stages 
1 and 2. 

 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 7. Comparation of the Result of Material 
Expert Validation 

 
If it is viewed from the graph, it 

appears that there are changes that tend to 
increase in every aspect of the learning 
material validation process. In the aspect of 
vocational competence, the validation score 
has a fairly high increase in the validation of 
the first stage to the second stage. The 
increase margin is 6 points, from 23 to 29.  
Based on the results of the tests and the 
review of the development of the media 
experts, it shows that the application is very 
appropriate. 

From the results of the validation by 
the learning material experts, it can be 
indicated that the presentation and 
development of learning materials are 
categorized as valid. In the development of a 
learning media application, the materials 
developed must be able to provide 
improvement of students’ enthusiasm [16]. 
Therefore, the displayed materials is not 
only text but it is also equipped with 
attractive images, videos and AR 
animations. The augmented reality 
animation displayed is designed to resemble 
the original model. Animation of augmented 
reality has the purpose that a real model can 
be displayed in a virtual form [17]. 

In addition to the display of materials, 
the aspects of learning presentation are 
expected to present an innovation. Learning 
with augmented reality-based media can 
provide added scores to the learning climate. 
These scores include the latest technology, 
cognitive challenges and managerial abilities 
in the learning process [18]. When compared 
with the results of validation and 
development, it can be seen that the learning 
aspect has a score of 25 of the maximum 
total score of 28. Besides the material and 
the learning process, the evaluation aspect is 
also presented in the learning application 
that has been developed. Evaluation is a part 
that must be fulfilled when designing a 
learning media through the evaluation menu. 

The vocational competence achieved 
by students at the vocational education level 
consists of conceptual competencies, 
procedural competencies and interpretation 
competencies [19]–[21]. Therefore, the 
application designed has been equipped with 
learning materials and features to achieve 
the expected profile of vocational 
competence. 

The derivative of the profile displayed 
in the application as in conceptual 
competence in the application. Media with 
the latest content and basic and applied 
knowledge of PC assembly materials was 
designed. In the realm of procedural 
competence, the expected result is students 
can understand the concept model of 
knowledge that has been given. The model 
can be displayed through AR animations for 
facilitating students understand the structure, 
characteristics and appearance of each part 
of the PC device that can be seen virtually 
from all sides. 

When a student has been able to 
combine conceptual competencies and 
procedural competencies, students are able 
to interpret the learned theory [22], [23]. 
Interpretation competence in vocational 
education is a competency construction that 
is required so that graduates from vocational 
education have skills in accordance with the 
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with augmented reality-based media can 
provide added scores to the learning climate. 
These scores include the latest technology, 
cognitive challenges and managerial abilities 
in the learning process [18]. When compared 
with the results of validation and 
development, it can be seen that the learning 
aspect has a score of 25 of the maximum 
total score of 28. Besides the material and 
the learning process, the evaluation aspect is 
also presented in the learning application 
that has been developed. Evaluation is a part 
that must be fulfilled when designing a 
learning media through the evaluation menu. 

The vocational competence achieved 
by students at the vocational education level 
consists of conceptual competencies, 
procedural competencies and interpretation 
competencies [19]–[21]. Therefore, the 
application designed has been equipped with 
learning materials and features to achieve 
the expected profile of vocational 
competence. 

The derivative of the profile displayed 
in the application as in conceptual 
competence in the application. Media with 
the latest content and basic and applied 
knowledge of PC assembly materials was 
designed. In the realm of procedural 
competence, the expected result is students 
can understand the concept model of 
knowledge that has been given. The model 
can be displayed through AR animations for 
facilitating students understand the structure, 
characteristics and appearance of each part 
of the PC device that can be seen virtually 
from all sides. 

When a student has been able to 
combine conceptual competencies and 
procedural competencies, students are able 
to interpret the learned theory [22], [23]. 
Interpretation competence in vocational 
education is a competency construction that 
is required so that graduates from vocational 
education have skills in accordance with the 

 

theories taught in the school. In the 
developed application, the interpretation 
construction of competencies is built 
through the presentation of materials and the 
appearance of the model of each PC device 
being studied in accordance with the 
curriculum. Then after going through the 
materials and 3D simulation, students can 
work on the practice questions contained in 
the application that has been developed. 

In terms of the presentation of 
learning, the presence of the developed 
application named AugWare can certainly 
support a learning model that can combine 
learning in the classroom with distance 
learning or the so-called blended learning. 
Blended learning is a learning model that 
combines classroom learning and computer-
assisted learning in the form of web-based 
learning or application based learning [24], 
[25]. The leading aspect of the AugWare 
application in presenting the blended 
learning model can be seen in the 
application ability to make students explore 
device forms in a PC through 3D animation 
models. 

Problems in the process of vocational 
learning activities related to the lack of 
infrastructure and time constraints can be 
overcome by the advantages possessed by 
the AugWare learning application that has 
been developed. In this application, students 
can learn in the process of recognizing, 
identifying and analyzing various PC 
devices through AR based simulations. 
Furthermore, students can learn about the 
PC assembly process through the virtual 
tutorial provided. The purpose of this AR 
technology is to solve the students’ 
problems regarding the limitations of 
devices that students may have and the short 
practicum time obtained by students at 
school. 

Augmented Reality (AR) technology 
has specificity from the didactic process 
presented. Didactics presented are the ability 
of this technology to connect the real 
appearance with virtual elements and display 

them in virtual forms [26]. Through AR 
technology, simulations that are presented 
become virtual and real in nature, not only in 
the form of 2D animation. Therefore, 
students can observe the PC assembly 
process from various sides simultaneously. 

 
CONCLUSION 

 
From the results of the development 

that has been described, it can be concluded 
that the technology of AR as the latest 
technology in the development of computer 
graphics can be developed to produce 3D 
animations that can support education. 
Augmented Reality (AR) technology can be 
integrated in a learning application that is 
equipped with materials and evaluation. The 
development of application to support 
productive learning on PC assembly 
materials can be developed using a 
combination of Unity, Blender and Vuforia 
software. The algorithm used to develop the 
3D augmented reality model used is IEC. 
Learning application that has been 
developed can be operated using an 
Android-based Smartphone. The application 
developed is then called AugWare. The 
validity test of the AugWare application is 
done on the aspects of developing media and 
learning materials. From the results of the 
validity test by media experts, all aspects are 
categorized as very appropriate or very high 
validity. For the validation results by 
material experts, it can be concluded that the 
overall aspects of developing learning 
materials are very suitable for the needs of 
productive learning. However, the 
development carried out has not yet been 
tested to the user to measure the 
effectiveness of its use. It is recommended 
for further research to measure the 
effectiveness of the media in the process of 
vocational productive learning. The method 
suggested in productive learning trials is a 
quasi-experimental method or classroom 
action research. The developed media can 
also be used as research materials to do 
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improvements related to the development of 
more recent materials and 3D display. 
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