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ARTICLEINFO ABSTRACT

Article history Biology is a scientific field those studies living things with a very
Received: 13 February 2025 broad subject matter, one of which is the coordination system
Revised: 18 March 2025 material that discusses the human sensory system. Effective and
Accepted: 25 March 2025 efficient Biology learning process requires the latest digital
Keywords: technology-based learning media such as Augmented Reality. The
AR-Senses objectives of this study are 1) to develop Augmented Reality-based
Development AR-Senses application for human sensory system material, 2) to
Human Sensory Systems test the feasibility of AR-Senses application as a learning media, 3)
Learning media to know the response of teachers and students to AR-Senses

application. AR-Senses is developed into a biology learning
application that can be run on Android smartphones with the main
feature of Augmented Reality and supported by animated video
features, short material, and practice quizzes. This research uses
the Research and Development (R&D) method with development
stages according to the ADDIE model. Data collection used a
feasibility validation questionnaire and a response questionnaire
to the AR-Senses application. The data analyzed were the results
of the feasibility assessment of the AR-Senses application from
media experts, material experts, and linguists, as well as the
results of responses from Biology teachers and students. The
results showed that the AR-Senses application received a media
feasibility score of 82%, material feasibility of 82%, language
feasibility of 85%, and with an average score of Biology teacher
and student trial results of 84.5%, so overall the AR-Senses
application received a very feasible category as a learning
medium.
© 2025 Universitas Negeri Jakarta. This is an open-access article under the CC-BY license
(https://creativecommons.org/licenses/by/4.0)
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INTRODUCTION

The linkages in the world of science comprehensively characterize the progress of the 21st
century, where the synergy of knowledge across scientific fields accelerates the development of
education (Girtltii et al., 2019; Sudarisman, 2015; Sunarno et al., 2023). An educator is required to be
professional and adaptive to the development of the times, so in order to advance education, teachers
must prepare learning media that adapt to the characteristics of students along with the development
of technology, because students usually tend to follow the progress of technology that is developing
(Abrianto et al,, 2024; Hamdjah et al., 2024; Muliana, 2024).

Biology is a field of science that studies life and has a very broad scope of subjects (Kose, 2024;
Reece et al,, 2014). Biology also includes systems that exist in living things, one of which is the human
sensory system. The human sensory system discusses the structure and function of the sensory organs,
the mechanisms of the sensory system, and disorders or diseases that occur in the human sensory
system (Refirman et al., 2016; Reiss & Tunnicliffe, 2001). Biology learning requires learning media that
can interpret Biology materials and is easy to use for teachers and students (Festiyed et al., 2019;
Nugraha, 2018; Rustaman et al.,, 2005).

The problem that is often seen in students today is the lack of motivation to learn, which is caused
by learning media that is not interesting enough and does not follow technological developments, even
though the characteristics of students in general always follow and like the technology that is currently
developing (Festiyed et al., 2019; Kumalasari et al., 2024; Kwon & Silva, 2019; Nursakinah et al., 2023).
The statement is in accordance with the results of the needs analysis that has been conducted on 47
students in four high schools in Jakarta, as well as on nine Biology teachers in six high schools in Jakarta.
The needs analysis was conducted as an initial step to determine the need for media development and
adjustment of the material to be achieved.

The results of the analysis of student needs show that the learning media often used in schools is
still not very interesting, in addition, students currently prefer learning applications with additional
interactive 3D image features (Festiyed et al., 2019; Nursakinah et al., 2023). The results of the needs
analysis of high school Biology teachers also show that in delivering human sensory system material,
learning media such as applications that are easy to use and have interesting learning features are
needed, because learning media in schools require the development of media that is more supportive
for delivering material concepts. Based on these problems, it is very important for an educator to
prepare a learning strategy that can solve various problems in learning (Ristanto et al., 2017). The right
solution to overcome this problem is one of them by implementing learning media that is appropriate
to the needs and characteristics of students (Nugraha, 2018; Nurseto, 2012; Sadiman et al., 2014).

Learning media is anything that can be used to convey messages in the form of learning materials
by the sender (educator) to the recipient (student) so that it can stimulate the thoughts, feelings,
attention, and interests and attention of students so that the learning process occurs (Isfaenietal., 2018;
Muliana, 2024; Sadiman et al., 2014). The material can be accepted by students if an educator can use
learning media that can stimulate students to learn (Reiser & Gagné, 1982). Learning media is a small
part of learning technology that needs to be created, designed, and developed, and managed (evaluated)
with the aim of achieving effectiveness and efficiency in the learning process (Arsyad, 2017; Nurseto,
2012; Wati, 2016).

The digital revolution and technological disruption in the industrial era 4.0 are marked by the
development of new technologies, which have given rise to many innovations that can be managed as
opportunities to advance education (Ghufron, 2018). Augmented Reality technology is a digital media
technology that is currently being developed. This technology provides one of the interesting features
that displays interactive 3D graphics (Arifiani et al.,, 2013). Augmented Reality has many benefits and
advantages for scientists (Pierdicca et al., 2015). Augmented Reality has also been used in the medical
field (Wardhono et al., 2015). business activities (Rifa’i et al., 2014) and tourism (Tahyudin et al., 2015),
and has also been widely developed as a learning medium (Mantasia & Jaya, 2016; Rini etal., 2022). The
advantages of Augmented Reality, which provides 3D and interactive features, are very interesting to be
developed into a superior feature for Biology learning applications, especially in the material on the
human sensory system, because this material contains objects of sensory organs that will be easier to
understand if visualized into three-dimensional objects (Annisa & Subiantoro, 2023). Support for video
mechanism features in learning media also allows students to better understand concepts (Rusdi et al.,
2018).
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This research aims to develop an Augmented Reality-based application as a Biology learning
medium on the human sensory system material. This media is designed into an AR-Senses application
developed on an Android smartphone, this application is supported by the Augmented Reality feature
and also has other features such as material menus and quizzes, plus animated videos of the human
sensory system mechanism which are expected to be a learning medium that makes it easier for
teachers to deliver material and makes it easier for students to learn the human sensory system. The
results of the media from this development are expected to be used as research material in the
implementation of learning, especially Biology subjects, so that the AR-Senses application can be useful
and widely implemented.

METHODS
Research Design

This research uses the research and development method or R&D (research and development).
In the field of education, R&D research is used as a process of developing learning media which is carried
out through a series of research with various methods in a cycle that goes through various stages (Ali &
Asrori, 2014). The ADDIE model is designed in a programmed manner with a systematic sequence of
activities in an effort to solve learning problems related to learning media that are appropriate to the
needs and characteristics of students (Tegeh & Kirna, 2013).

The development steps taken are based on the ADDIE development model.The ADDIE
development model consists of five stages as the name suggests, namely (1) analysis, (2) design, (3)
development, (4) implementation, (5) evaluation (Branch, 2009; Tsai & Chou, 2023).

Analysis
Implementation —){ Evaluation ) =) Design

Development

Figure 1. ADDIE model framework

1) Analyze
The analysis stage is the initial stage which aims to find out problems in Biology learning (Ristanto
et al., 2020), especially regarding the use of learning media in schools for human sensory system
material which is considered difficult by some students (Evriyani et al., 2018). The activities carried
out at this stage are compiling teacher and student needs analysis instruments to be distributed to
schools (Tegeh & Kirna, 2013). The teacher needs analysis instrument was distributed to six high
schools in Jakarta, and for the student needs analysis it was distributed to four high schools in Jakarta.
The data obtained was then analyzed and used as a reference in developing learning media that are in
accordance with the needs of teachers and students.
2) Design
Design is the stage where development planning is carried out after obtaining data from the
results of the needs analysis.Good design planning will help developers to save development time and
costs (Tegeh et al, 2014). At this stage, it consists of media layout design activities, content
adjustments, application feature design, trial strategy design, and research instrument design. Next, a
storyboard and product prototype are created to describe the AR-Senses application design that will
be developed (Ristanto et al., 2018).
3) Development
Development is the stage in which the application is created AR-Senses, which will then be
validated. Validation is an assessment of the product developed to determine the feasibility and quality
of AR-Senses learning media. The assessment criteria for validation are in terms of media, materials,
and language, each of which is validated by two experts in their fields, namely lecturers or teaching staff
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who have completed at least a master’s degree in education or biology and have experience conducting
research on learning media. After this learning media is declared valid, a product trial will be conducted
on Biology teachers and small group students.

In the development of Augmented Reality media, there are four components required, namely
hardware, software, scanner (scanning tool), and marker as a marker (Annisa & Subiantoro, 2023;
Arifitama, 2017). Some software that can be used to create Augmented Reality applications include
Unity-3D, Vuforia and Blender as programs to create three-dimensional models, and Photoshop or
CorelDraw as programs to create two-dimensional models.

4) Implementation

At this implementation stage, the AR-Senses application product was tested in large groups, which
was carried out on 90 students in class XI majoring in mathematics and natural sciences (MIPA) from
three classes in a high school. This activity is carried out by implementing learning using the AR-Senses
application, then distributing the analysis of student responses to the use of learning media with the
AR-Senses application.

5) Evaluation
Summative evaluation is the final stage which aims to improve the AR-Senses application product
based on the results of media response analysis (Sahertian & Muladi, 2013). After the improvements
were made, the AR-Senses application product was Feasible of being a learning medium and ready to be
used in Biology learning of human sensory system material.

Population and Samples

Media implementation was carried out in four classes of XI MIPA SMA with a population of 144
students, but the sample determined was 90 students from 3 classes for implementation through a
learning process using the AR-Senses application. Sample selection used purposive sampling, namely
based on the availability of communication tools (Android smartphones) in each class and the condition
of students who had never studied human sensory system material (Sugiyono, 2015).

Instrument

The research instruments used in the development of AR-Senses learning media include student
needs analysis instruments, teacher needs analysis instruments, material feasibility test instruments,
media feasibility test instruments, language feasibility test instruments, teacher trial instruments,
student trial instruments, and response analysis instruments for the results of using AR-Senses learning
media.

Table 1.
Data Collection Techniques and Instruments
Stage Technique Instrument Target
Analysis Needs analysis Questionnaire Students and teachers
(McKillip, 1987) y
Material feasibility test Questionnaire
Development ; IR ; .
Media suitability test Questionnaire Two experts each
(Muhsan, 2022; BSNP, ; ;
Language adequacy test Questionnaire
2014) . ; ;
Small group trials Questionnaire Teachers and Students
Implementation (Iba &
Wardhana, 2024; BSNP, Large group response analysis Questionnaire Learners
2014)
Procedure

The AR-Senses application was developed using the ADDIE model with the stages (1) analysis, (2)
design, (3) development, (4) implementation, (5) evaluation (Branch, 2009; Tegeh & Kirna, 2013). The
application feasibility validation process is carried out by media experts, material experts, and language
experts. Then, a trial process is carried out on Biology teachers, small group trials, and large group trials
to obtain the results of the response to the use of the AR-Senses application. The brief development
stage procedure can be seen in the following table:
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Table 2.
Research procedure flow
ADDIE Stages Procedures performed

Analyze 1) Student needs analysis
2) Learner analysis
3) Material analysis of the human sensory system

Design 1) Application storyboard design
2) Create research instruments
Development 1) Development of the AR-Senses application

2) Validation of feasibility by media, material and
language experts
3) Test the application on teachers and small groups

of students
Implementation Test the application on large groups of students
Evaluation Improvements of the AR-Senses application

Data Analysis Techniques
The results of validation and testing of AR-Senses learning media by experts will produce data
that will then be analyzed. The analysis technique used is a quantitative data analysis technique. The
percentage of data obtained is converted based on a scale assessment of 1-5, namely with a score of 1
indicating the criteria "very poor", a score of 2 indicating "poor", a score of 3 indicating "sufficient", a
score of 4 indicating "good", and a score of 5 indicating "very good".
The AR-Senses application eligibility quality score is obtained based on the following formula:

value obtained
Score = - X 100%
maximum value

Once the percentage value is obtained, the feasibility of the AR-Senses application can be
determined based on the interpretation of the feasibility test scores from BSNP (2014). The
presentation results in a range of 81%-100% interpreted as "very feasible", a range of 61%-80% is
"feasible", a range of 41%-60% is "quite feasible", a range of 21%-40% is "not feasible", and a range of
0%-20% is interpreted as "very not feasible".

RESULTS AND DISCUSSION
Design Plan

The design process produces a picture of the media content in the form of a storyboard, which
is used as a reference at the development stage (Nurseto, 2012; Tegeh et al., 2014). The creation of this
storyboard is made according to the content of the material on the learning device and visualized in a
storyboard design in a directed and systematic manner according to the researcher's idea, then depicted
into a design similar to the expected final appearance. At this stage, the iconic AR-Senses application
logo design was also created and illustrates the philosophy of learning the human sensory system. The
following is a logo and storyboard design made using CorelDRAW X7 and Photoshop CC.

This application has the logo AR-5enses (image a) which is a combination of the word "AR" which
means Augmented Reality, then the word "5enses" from the English word "Senses" which means Indra.
In the word 5enses, the number 5 is used in the first letter to replace the letter S which means that the
human sense organs consist of 5 organs. There are 5 icons of human sense organs above the letters
enses meaning eye-nose-skin-ear and -sense of taste (tongue). The appearance of a logo like this can
illustrate that this application is a learning media for the human sense system based on Augmented
Reality. In the layout display (image b) and menu display (image c).
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Figure 2. Storyboard design draft. a. AR-Senses logo, b. Augmented Reality Feature, c. AR-Senses menu display

Application Development

Media development is designed carefully to produce the final product in the form of an AR-Senses
application and also a marker that is made into an AR-Senses E-Book. The software used to create 2D
image designs is Core]DRAW X7 and Photoshop CC, while to create 3D images using Unity-3D software.
2D design is used to create a layout display in the application and also to create other 2D image objects
such as marker objects. While 3D design is used for Augmented Reality objects, namely images of 5
human sensory organs. After the 2D marker image and 3D sensory object have been created, the next
step is to configure the object using the Vuforia SDK software to become an Augmented Reality object
(Pamoedji etal., 2017).

Augmented Reality is the main feature in the AR-Senses application that can display human
sensory organ image objects in 3D and interactively, but this application also adds animated video
features for the mechanism of the sensory system, sensory system materials, and quizzes for practice.
These features are made according to the results of the needs analysis and design design to become an
effective and interesting learning media (Evriyani et al.,, 2018; M. Rusdi, 2018).

The final stage of application development is to change the application format so that it can be
displayed on an Android smartphone, the device specifications to be able to run AR-Senses are a
minimum Quadcore processor with a minimum version of Android 4.3.1, a minimum of 2 GB RAM, and
a minimum of 4 MP camera. Here are some images of the results of the AR-Senses application
development in Figure 3.
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Figure 3. AR-Senses Development Results Display. a. Main menu, b. Augmented Reality feature of the eye organ,
c. Video menu of the mechanism of the sensory system, d. Practice quiz feature, e. Menu of selected features of the
human sensory system material.

Application Feasibility Test

The feasibility test or validation is carried out to test the level of feasibility of the application, to
test this feasibility, an assessment of the application's feasibility test instrument is carried out in terms
of media, materials, and language by expert validation, then a trial is carried out on Biology teachers and
a trial on small group students.
1) Media Expert Validation Test

The feasibility test of the application in terms of media was carried out by assessing an instrument
consisting of 15 questions, making instrument questions based on the scope of aspects and several
indicators. Based on the results of the media feasibility test, the AR-Senses application received the
category "Very Feasible", with an average value of 82%. The following are the results of the media
feasibility test that have been tested by two expert validators.

Table 3.
Media Feasibility Test Results by Expert Validators
No Aspect Assessment Indicators Average Criteria
P ] ] General overview 75% Feasible
resentation o P
Completeness of AR-Senses application .
1  features in the featulz‘es PP 80% Feasible
application The appeal of interactivity 85% Very Feasible
5 Application General description 83% Very Feasible
eligibility Augmented Reality feature quality 85% Very Feasible
Average overall rating 82% Very Feasible
d
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2) Material Expert Validation Test

The content of the material displayed in the application is in the form of the main Augmented
Reality feature that displays sensory objects in 3D, a literacy material menu, a video of the mechanism
of the sensory system, and quiz content. The content containing the material is assessed with a material
feasibility test by a material expert validator. The material feasibility test instrument consists of 20
questions covering two aspects and seven assessment indicators. Based on the results of the material
feasibility test, this application received the category "Very Feasible" with an average score of 82%. The
following is a table of the results of the material feasibility test that has been tested by two expert
validators.

Table 4.

Material Feasibility Test Results by Expert Validator

Aspect Assessment Indicators Average Criteria

The suitability of Sqitabilit}./ of product content 76% Feasible

AR-Senses with curriculum

application Accur.acy of spbstance with 80% Feasible

content as a learning media

learning medium  Legibility 80% Feasible
General description 85% Very Feasible

Presentation of Effectlven-ess of material 90% Very Feasible

material related presentation

features Attraction and motivation 83% Very Feasible
Suitability to targets (students) 80% Feasible

Average overall rating 82% Very Feasible

3) Language Expert Validation Test

The language feasibility test was conducted to assess the suitability of the language contained in
the literacy material content; the assessment used a language validation instrument consisting of 10
questions based on six assessment indicators in the instrument grid. Based on the results of the language
assessment by expert validators, the AR-Senses application received the category "Very Feasible",
namely with a total average score of 85%. The following is a table of the results of the language feasibility
test by expert validators.

Table 5.
Language Eligibility Test Results by Expert Validators
No Assessment Indicators Average Criteria
1 ileli;c:ll:)irl)irtr}lfetr?tthe level of student 85% Very Feasible
2 Writing system 90% Very Feasible
3 Legibility 75% Feasible
4  C(Clarity of sentences 90% Very Feasible
5  Use of terms and symbols 90% Very Feasible
6  Giving motivation 80% Feasible
Average overall rating 85% Very Feasible

Based on the results of the application feasibility test in terms of media, material, and language by
expert validators, the overall average results were obtained, which can be seen in Figure 4.
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Figure 4. Graph of AR-Senses Application Feasibility Test Results by Expert Validator

83,3

Based on the graph above, the average score by expert validator I for testing media, materials, and
language got a score of 81.3%, while the results by expert validator II got an average score of 83.3%. So
the interpretation of the feasibility of the AR-Senses application from the expert validator shows that
the application is "Very Feasible" for use. However, the results of this test need to be tested further on
Biology teachers and small groups, so that they can be developed to be better. The following are details

of the results from each expert in the application feasibility test.
4) Trial by Biology Teacher

Testing the AR-Senses application after the validation test is feasible, then the application trial is
carried out on Biology teachers. This test uses an instrument containing 20 questions referring to three
aspects and several indicators. The test results obtained an average score of 81% with the category

"Very Eligible" (Table 6).

Table 6.
Biology Teacher Trial Results
No Aspect Assessment Indicators Average Category
1 Contents g:;;igllllﬁ}rln()f application content with 93% Very Feasible
Medl.a accuracy with the development 80% Feasible
of science and technology
Conceptual suitability 80% Feasible
Accur.acy of quizzes apd practice 80% Feasible
questions with material concepts
2 Appearance ge(:zﬂitslblhty of AR, video and image 80% Feasible
Compliance of graphic display and 80% Feasible
menu features
Ease of use 80% Feasible
Impressions on usage 80% Feasible
3 Benefit Providing motivation in learning 80% Feasible
Encouraging students to think critically 80% Feasible
Average overall rating 81% Very Feasible

5) Trial by small group students

The AR-Senses application trial was also tested on a small group using a media trial instrument
by students consisting of 10 questions according to the assessment indicators. The small group test was
conducted by 15 high school students. The results showed that AR-Senses was "Very Eligible" with a

total score of 87.7% (Table 9).
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Table 7.
Small Group Trial Results

No Aspect Assessment Indicators Average Category
1 Contents Features make it easier to master 89% Very Feasible
concepts
Conformity of content to material 91% Very Feasible
concept
Completeness of application 85% Very Feasible
features
2 Appearance  Layout fit, and AR images 81% Very Feasible
Image and Video Quality 88% Very Feasible
Ease of use and responsiveness 88% Very Feasible
Easy and attractive menu display 95% Very Feasible
View quiz features and materials 91% Very Feasible
3 Benefit Increase motivation in learning 83% Very Feasible
Helping students master 87% Very Feasible
concepts
Average overall rating 88% Very Feasible

6) Implementation by Large Group Students

The media implementation was carried out in four grade XI MIPA SMA through the human sensory
system learning process. A total of 144 student populations in four classes were used as many as 90
students from 3 classes as samples to be implemented through the learning process using the AR-Senses
application. After the learning process, a questionnaire was given to analyze the response to the use of
AR-Senses media to students. The questionnaire is an assessment instrument containing 10 questions
that refer to several aspects and indicators. The results obtained from the media implementation
process show that the AR-Senses application is "Very Eligible" to be used as a learning medium, namely
with an average total score of 86% (Table 10).

Table 8.

AR-Senses Application Implementation Results

Aspect Average Category
Contents 87% Very Feasible
Appearance 85% Very Feasible
Benefit 84% Very Feasible
Average overall rating 85% Very Feasible

Results and Summative Evaluation

The final stage of research design from media development is to conduct a summative evaluation,
which is the media refinement stage that refers to the overall results of validation, testing, and
implementation. The following is a graph of the overall AR-Senses application assessment results which
can be seen in Figure 5.
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Figure 5. AR-Senses Overall Assessment Results Graph.

Based on the results of the feasibility test, the results of the media trial, and the results of the
response at the implementation stage, input and suggestions were obtained regarding the product as
material for improvement, so that the media developed would be of higher quality (Ristanto et al., 2020;
Sahertian & Muladi, 2013). Some of the input and suggestions from expert validators are to improve the
layout display section and quiz questions, as well as adding some information about the application. The
average overall assessment result of the AR-Senses application got an average score of 84% with the
category "Very Eligible" and received good comments from most students, so the final improvement was
only by re-checking the appearance and features of the AR-Senses application, as well as increasing the
responsibility process for media improvement.

The AR-Senses application that has been developed as a Biology learning media for the human
sensory system material certainly has weaknesses and strengths. Based on a series of feasibility tests
and trials conducted, the weakness of the AR-Senses application is that the file size is relatively large for
mobile phones with low memory specifications, and this application has not been developed for the
iPhone, making it possible for some students to have difficulty installing the AR-Senses application.
However, the AR-Senses application has many advantages as a Biology learning medium, including AR-
Senses has the main feature of Augmented Reality which is the latest technology for displaying objects
in 3D and interactively and has its own interesting value for students, in addition the AR-Senses
application is also supported by other features such as video mechanisms, short materials, and quizzes
that encourage students to master the concept of the human sensory system.

The AR-Senses application with Augmented Reality features that can be run on Android is a
learning medium that is favored by students. Android applications provide convenience and can
improve learning activities, because they can be used anytime and anywhere. This shows that AR-Senses
is an interesting, interactive, and effective application as a learning medium in improving teaching and
learning activities. (Mustaqim & Kurniawan, 2017; Nurhasanah et al., 2019; Suryanda et al., 2018). The
AR-Senses application that has been developed will then be uploaded to Playstore and Appstore, with
the hope of becoming a biology learning media that can help high school students understand the
material on the human sensory system more easily.

CONCLUSION

The AR-Senses application that has been developed into a learning media through a research
and development process received an average score from the results of the feasibility test by expert
validators of 82.3%, a trial by Biology teachers of 81%, a trial by small group students of 88%, and the
results of the implementation response of large groups of 86%, so this application received an
assessment with a very feasible category to be used as a support for Biology learning on the material of
the human sensory system.
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