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Abstract: This study aims to design and develop learning media based on augmented reality 
on hydrocarbon material and its validity to determine the media's feasibility and increase 
students' multi-representation ability. This research is a type of development research using 
Design Research and Development (R&D). The product validity test phase was carried out 
by two material experts and three media experts. In addition, testing was carried out on the 
responses of the participating students. The implementation stage of learning was carried 
out by class X TKJ 2 SMK Gondang Pekalongan with a total of 32 students. The data analysis 
technique used a questionnaire instrument and the technical descriptive statistical analysis. 
The results of this study are: (1) the development of augmented reality-based learning media 
on hydrocarbon material in the form of an android application consisting of five main menus, 
namely basic competencies and indicators, materials, AR camera, practice questions, and the 
identity of the researcher, as well as seven molecular cards of the structure chemical 
compound molecules; (2) validity assessment by material experts with an average score of 
85% in the "very valid" category and the validity assessment by media experts with an 
average score of 94% in the "very valid" category; (3) the feasibility test results for using 
media in the implementation of learning obtained an average student response score of 78%, 
with the "feasible" category used as learning media. The increase in multi-representation 
abilities is shown by increasing student learning outcomes using multi-representation 
questions, including macroscopic, submicroscopic, and symbolic levels. The macroscopic 
level increased by 27.50%, the submicroscopic increased by 36.70%, and the symbolic level 
increased by 33.30%. The results of this study indicate that augmented reality-based learning 
media on hydrocarbons is very suitable for use in chemistry learning and has been proven 
to increase students' multi-representation abilities. 
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Introduction  
 

In the era of digital learning, it is important to 
equip students with various digital literacy that can 
support learning success. Appropriate learning media 
can stimulate various representations of students about 
the subject matter they understand, especially in 
learning chemistry. Students need to be equipped with 
multi-representation abilities, so they are expected to 

solve a problem in various forms of representation. 
(Ekayani, 2017; Siswanto, 2020). Currently, many 
schools are still implementing conventional learning, 
both in terms of the learning system, the use of media, 
and the delivery of information to students. 
Understanding the concept of material in students is 
related to how the information can be received so that 
the learning objectives can be achieved. The 
effectiveness of a learning and learning process is 
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determined by the interaction between students and 
educators, lesson materials, delivery methods, learning 
strategies, media, and learning resources (Pane & 
Dasopang, 2017). 

Chemistry is one of the lessons given at the 
Vocational High School level. Chemistry studies matter, 
its properties, structure, changes or reactions, and the 
energy is accompanying these changes. Chemistry also 
studies understanding the properties and interactions of 
individual atoms to apply that knowledge at a 
macroscopic level (Rajmah, et al., 2017). Chemistry must 
also be studied in a certain order because chemical 
substances are related to one another. In addition, 
chemistry questions consisting of numbers are an 
important part of studying chemistry. However, 
participants must also learn descriptions such as facts, 
rules, terminology, etc. These characteristics cause 
chemistry subject matter to contain many concepts that 
are quite difficult for students to understand (Desyana, 
et al., 2014). 

Based on a survey questionnaire, out of 210 
students in SMK, only 41.4% like to study chemistry, and 
as many as 50.5% do not have LCD facilities in schools 
that can support chemistry learning. They think that 
chemistry studies study abstract material that is difficult 
to understand and uninteresting. Characteristics of 
chemical materials include abstract concepts, 
mathematical calculations, graphs and involve daily life 
applications that require multi-representation abilities 
for problem-solving (Larasati, et al., 2019; Musya’idah, 
et al., 2016). Reinforced by the research (Desyana, et al., 
2014), chemistry learning theories and findings of 
chemical science can be reflected by macroscopic, 
submicroscopic, and symbolic representations or 
referred to as multi-representation abilities. This 
reflection aims to facilitate the explanation of these 
abstract chemical concepts. Students also need Multi-
representation abilities to be able to solve problems with 
various representations. 

One of the chemical materials for class X SMK that 
is quite important to learn is hydrocarbons. 
Hydrocarbons study the compounds between hydrogen 
and carbon elements, which can form alkanes, alkenes, 
and alkynes. The introduction of hydrocarbon 
compound molecules in the form of three-dimensional 
or augmented reality models has been proven to 
increase students' interest in learning (Buchori & 
Rahmawati, 2018). A good understanding of molecular 
structure will help students learn the next material 
related to hydrocarbon compounds, for example, 
petroleum and polymer chemistry. 

The use of technology-based learning media is 
growing rapidly because technology is considered 
appropriate in establishing two-way communication 
between teachers and students, especially in the era of 

online learning during the Covid-19 pandemic. One of 
the learning media that is growing rapidly is augmented 
reality (AR). AR media in android applications, e-books, 
modules, student worksheets, and AR-based learning 
books have been widely developed and used in the 
education (Larasati, et al., 2019). AR media also provides 
meaningful learning for students in various lessons that 
require a deeper level of understanding of three-
dimensional objects such as the digestive system in 
biology learning, molecular bonds in chemistry learning, 
as well as learning in virtual laboratories both physics 
and chemistry (Adami & Budihartanti, 2016; Arslan, et 
al., 2020; Setiahadi, et al., 2017; Supriono & Rozi, 2018; 
Thees, et al., 2020). 

Augmented Reality is defined as a technology 
that can combine two or three-dimensional virtual 
objects into a natural environment or the real world with 
a virtual world as if there is no boundary between the 
two which then raises or projects it in real-time 
(Arifitama, 2015; Setyawan, et al., 2019; Susanto & 
Basuki, 2016). According to Aliyu, et al. (2020), AR is a 
computer-based technology where digital information, 
content, and graphics are combined with education 4.0 
as a reflection of industry 4.0. Then, these virtual objects 
are projected in real-time directly through media in the 
form of markers or markers directed at the camera. 
Using this technology, students can see an accurate 
visualization of chemistry learning applied to Android 
mobile devices. This technology can serve as a pathway 
to realize education and industry 4.0. by integrating 
augmented reality in chemistry teaching, which is 
expected to improve 21st-century critical thinking skills, 
problem-solving, creativity, and collaboration (Aliyu & 
Talib, 2020). 

The Multi-representation ability of students is 
needed in problem-solving, especially problem-solving 
in chemistry learning. Multi-representation is 
considered the key to successfully understanding a 
particular discipline. There are two motivations to 
consider in terms of multi-representation-based 
learning; (1) how students use multi-representation to 
solve problems, and (2) what are the best techniques to 
help students understand problem solving using multi-
representation (Huda, et al., 2016). This research was 
reaffirming to improve students' multi-representation 
abilities, especially in learning chemistry related to 
hydrocarbon materials using augmented reality.  

In the research of Widianingtyas, et al. (2015), the 
multi-representation approach provides five benefits, 
namely 1) Accommodating different intelligence 
abilities; 2) Visualization for the brain; 3) Help construct 
other forms of representation; 4) Multiple 
representations are useful for qualitative reasoning, and 
5) Abstract mathematical representation is used for 
quantitative reasoning. Various learning systems 
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applied in schools, both processes, strategies, teaching 
materials, and learning media, can affect students' multi-
representation abilities (Puspaningrum, et al., 2015; 
Tima & Sutrisno, 2020). 

Based on the initial study and the description 
above, improving students' multi-representation 
abilities related to chemistry is important, namely 
hydrocarbons, using augmented reality-based media. 
This learning media is made using a molecular shape 
card integrated with the android application on the 
student's gadget. 

 

Method  
 

This study used the development method to 
develop learning media for three-dimensional molecular 
models of Android-based augmented reality 
applications on hydrocarbon materials. This study uses 
a Research and Development (R&D) design with the 
ADDIE model (Analysis, Design, Development, 
Implementation, and Evaluation). The ADDIE model is 
used to describe a systematic approach to the 
development of learning media.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 1. AR-Based Media Development Design (Rani R, 
2018) 

 

In the analysis stage, a preliminary study and 
literature study were conducted. Preliminary studies are 
used to obtain initial information about the 
characteristics of students and school needs regarding 
learning media, especially chemistry. Preliminary 
studies in teacher interview data, student 
questionnaires, and PTS value data in semester 2. The 
design stage is to design the required molecular card 
design and the android application made. The process of 
making AR-based learning media entered the 

development stage, which then the results were 
validated by media and material experts.   

The research instruments used were media expert 
validation sheets, material expert validation sheets, 
multi-representation-based pretest-posttest test 
questions, and teacher and student response 
questionnaires. Implementation of AR-based learning 
media applied to class X TKJ 2 SMK Gondang, with a 
total of 32 students. The AR media produced were then 
evaluated using pretest-posttest questions and teacher 
and student response questionnaires. 
  

Result and Discussion 
 
Development of Augmented Reality-Based Learning Media on 
Hydrocarbon Material 

Augmented reality-based learning media 
development is expected to produce excellent and 
practical chemistry learning media in the learning 
process. The development stage starts from the analysis 
stage by conducting observations and interviews as 
analysis needed in research. The results of observations 
and interviews In doing so, the researcher analyzes 
conceptually based on his curiosity about science, 
technology and applies procedural knowledge in a 
specific field of study according to his talents and 
interests to solve problems with essential competencies 
in analyzing the structure and properties of 
hydrocarbon compounds based on the specificity of the 
carbon atom and its classification. 

Analysis of the learning needs of students, it was 
found that the students of class X TKJ SMK Gondang 
Pekalongan generally showed disinterest in learning 
chemistry. Another problem obtained is the learning 
outcomes of participants students in chemistry lessons 
are still low, and the use of gadgets by students who are 
less effective during the learning process. So that with 
the development of augmented reality-based learning 
media can improve learning outcomes and 
understanding of students' concepts. Learning analysis 
is adjusted to the fundamental competencies listed in the 
2013 curriculum that applies at SMK Gondang 
Pekalongan regarding Chemistry subjects, the subject 
matter of hydrocarbon compounds. Concept analysis, 
identify subject matter by arranging sub-materials of 
hydrocarbon compounds. Next, formulate learning 
objectives according to the needs and curriculum 
currently applied. 

In the design phase, the researcher first designed 
the AR media to be made, which consisted of a physical 
form in the form of a molecular card. After that, then 
design a three-dimensional visualization application 
based on augmented reality consisting of design 
application, application button design, image markers, 

Learning material 
planning 

The collection of materials 
used in making AR models 
includes: 
1. Adobe ilustrator 

2. Adobe Photoshop 

3. Unity 3D 

4. Vuforia 

 

Media component creation: 
1. 3D model 

2. layout 

Making 3D models of learning 
media based on Android 
applications 

Testing according to the 
storyboard 

testing 
X 
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and three-dimensional images. After design at the 
design stage is complete, then the media is made 
according to the procedure specified in the design. In the 
design of making molecular card media and printing, it 
is done by the researcher himself, while in making the 
application, the researcher is assisted by the 
programmer. 

The development stage is carried out to determine 
the validity of AR media; this stage is carried out by 
conducting an assessment of learning media based on 
augmented reality hydrocarbon material. Five experts 
assessed that three media experts from the UNNES 
Chemistry Department Lecturer, certified SMK IT 
teachers, and AR learning media practitioners, as well as 
two material experts from Lecturers Department of 
Chemistry, FMIPA UNNES, and certified SMK 
chemistry teachers. Validators provide assessments and 
suggestions for improvement. AR-based learning media 
that have been declared valid/feasible to use are 
implemented, in-class students. XI TKJ SMK Gondang 
Pekalongan for a limited trial. This trial aims to 
determine the initial response and effectiveness of the 
media that has been developed. 

The number of subjects for this trial was 16 
students. The results obtained at this stage are that 
students feel happy learning because it makes it easier to 
find their concepts and theories. Moreover, they can see 
the two-dimensional image on the molecular card into 
three dimensions using the application. They do not 
have to imagine the available images but see the 
molecules that exist. 

The following procedure carried out after the 
limited trial stage is a large-scale trial. This trial aims to 
determine the effectiveness of the AR media developed 
by looking at the increase in its multi-representation 
capabilities. The number of research subjects is 32 
participants, class X TKJ SMK Gondang Pekalongan. At 
this stage, students seem very interested in learning 
chemistry during learning. This can be seen from the 
responses of students obtained when learning to use. 
They have augmented reality-based chemistry learning 
media. 

Implementation of AR media on classroom 
learning is carried out for see the effectiveness of the 
media so that expected to be used for improve student 
learning outcomes Class X is mainly on the material of 
hydrocarbon compounds. So that students can improve 
their learning outcomes with an indication of an increase 
in multi-representation abilities. Therefore, researchers 
measure the results learn by collecting and 
recapitulating posttest scores on multi-representational 
questions after using AR media. An analysis was also 
carried out to improve multi-representation abilities 
covering macroscopic, submicroscopic, and symbolic 
aspects. 

Development research results use augmented 
reality accordingly with research conducted by Reski 
Ramadani, (2019) explains that through augmented 
reality, teachers can create learning media that are fun, 
interactive, and easy to use. Augmented reality can also 
replace learning media that is not yet in school in virtual 
form or virtual. Students can see and use media in 
virtual form. 
 
Characteristics of AR Media Development Results (Products). 
a. The Validity of AR-Based Learning Media on 

Hydrocarbon Material 

Before field testing and being used in learning, the 
developed product was validated by a material expert. 
Validation by material experts aims to obtain 
information, criticism, and suggestions so that the media 
developed by researchers becomes a quality product. 
Aspects of material assessment include material 
components, material presentation components, and 
benefits components. The results of data analysis 
obtained from material validation are shown in Table 1. 
 
Table 1. Analysis of Material Validation Results in Each 
Aspect 

Aspect Validator I Validator II Max. Score 

Material 
components 

19 23 24 

Material 
presentation 

18 27 28 

Benefit 
components 

7 8 8 

Total score 44 58 60 
Percent 73.33% 96.67% 100% 
Score average 51 (85%)          very valid criteria 

  
Based on Table. it can be seen that the results of 

augmented reality-based chemistry learning media on 
hydrocarbon material by material experts show that for 
the material component, an average score of 21 is 
obtained, the material presentation component has an 
average score of 22.5, and the benefit component has an 
average score of 7.5. As for the overall material 
assessment, experts covering all components obtained 
an average score of 51 with 85%. So if it is categorized 
based on the validity category, then the average score is 
included in the very valid category. 

 In addition to material expert assessment, 
Suggestions and inputs are also given media 
development. Based on data obtained in the form of 
suggestions and comments from material experts that 
have been obtained before then, follow up in the form of 
revisions or improvements to the media augmented 
based chemistry learning the reality of hydrocarbon 
compound material. According to Validator I, the results 
of material validation, learning indicators must 
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emphasize students' understanding, and hydrocarbon 
material must be contextual. In hydrocarbon learning, 
researchers apply only indicators that can be achieved 
using AR media listed on the android application. 
Validator II provides suggestions that the molecular 
images of the material applied are more varied and 
colorful. This aims to make students interested in 
reading and understanding the material contained in AR 
learning media. 

Media experts assess AR-based learning media on 
hydrocarbon materials based on three aspects of media 
assessment. Aspect media design that attracts students' 
attention, including color suitability in application 
layouts and molecular cards. Aspect readability and 
appropriate text layout in AR media applications, clarity 
of 3D images molecules with an attractive image design 
on the molecular card or application, and the appearance 
and layout of the buttons on the application that are easy 
to access. In terms of software (software), AR-based 
learning media has met the indicators: compatibility, 
usability, reusable, and maintainability.  

AR learning media also fulfills the benefits aspect 
of media assessment; namely, it can help students 
understand abstract material that is generally invisible 
but can be seen in the form of 3D molecules. The media 
aspect shows the usefulness of the developed 
application, the quality of the design, and the ease of 
operation. Then the data obtained from the validation 
can be seen in Table 2. 
 
Table 2. Media Expert Assessment Analysis on Every 
Aspect 

Aspect Indicator Max. Score Total Score 

Media 
Design 

Media 
suitability 

12 11 

Design view 48 43 
Text 36 33 
Image quality 48 45 
Navigation key 48 47 

Percentage 93.23% (very valid criteria) 
Software Compability 12 12 

Usability 24 23 
Reusable 12 11 
Maintenable 12 11 

Percentage 95% (very valid criteria) 
Benefits Use of AR 12 12 

Usefulness 24 23 
AR in learning 24 23 

Percentage 96.67% (very valid criteria) 

 
The validity of AR-based learning media on 

hydrocarbon material uses a media assessment 
instrument. The instrument used is a media validation 
sheet based on the media assessment reference 
(Novitasari, 2020), adapted to AR media. The media 
assessment aspect consists of 3 aspects: the media design 

aspect, the software aspect, and the benefit aspect. The 
design aspect consists of 15 statements, the software 
aspect consists of 5 statements, and the benefit aspect 
includes five statements.  

Based on Figure 1. it can be seen that the results of 
the media assessment are equipped with an augmented-
based three-dimensional visualization application. The 
reality of hydrocarbon material by media experts shows 
that an average score of 93.23 is obtained for the media 
design aspect, the software aspect is an average score of 
95, and the media benefits aspect is an average score of 
96.67. So if the scores of all elements are categorized 
based on the validity category, then the average score is 
included in the very valid category 

Furthermore, based on the assessment of the three 
media validation experts, if it is converted based on the 
validity criteria table, then the average score is included 
in the very high category. This means that the validity of 
AR media is included in the very high sort (very valid). 
In addition to the assessment, suggestions, and 
comments were also obtained from media experts, 
followed up in the form of revisions or improvements to 
augmented reality-based media. AR-based learning 
media on hydrocarbon material has been validated by 
three experts who are competent in learning media with 
a very valid score of 94. It can be seen in Table 3. as 
follows: 
 
Table 3. Learning Media Expert Validation Results 

Evaluation 
Validation 
Result Score 

Criteria 

Validator 1 88 Very valid 
Validator 2 98 Very valid 
Validator 3 97 Very valid 
Average 94 Very valid 

  

According to media expert 1, the validation 
results are the need for additional audio and rotation 
features so that AR media can achieve learning 
indicators by increasing students' understanding. 
According to media experts, learning media can be 
improved by changing the scene of the practice 
questions to be more interactive by displaying the 
correct answers. While the validation results, according 
to media experts three, where it is necessary to add an 
AR molecular card so that learning using AR cameras 
becomes more dominant. 

Based on input from the validator, AR-based 
learning media products are obtained on valid 
hydrocarbon materials used in learning. AR-based 
learning media consists of 8 AR molecular cards and one 
android application. Based on the results of the 
validation and response to use, AR-based learning 
media on the material has the following characteristics: 
(1) Media applications on android of 35.7 MB can be run 
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on lollipop gadgets and above with a minimum of 1 GB 
of RAM; (2) This application consists of 4 main menus: 
basic competencies & indicators, materials, AR camera, 
and practice questions; (3) The application has an 
additional menu in the form of a developer identity 
button and an exit button; (34) The indicators listed in 
the application are learning indicators that can be 
achieved using AR-based learning media; (5) The 
hydrocarbon material in the application is presented 
briefly and contextually by displaying colorful 2D 
molecular images; (6) The practice questions in the 
application are made interactively to find out the correct 
answer directly; (7) The AR camera menu is integrated 
with nine molecular cards with colorful and attractive 
displays to provide an augmented reality-based 3D view 
of molecules; (8) The molecular card consists of a cover 
card, methane, carbon-chain, 2-methyl butane, cyclic 
butane, ethane, benzene, 1-propane, and 2-butene; (9) 
The 3D molecular display on the AR camera has features 
to achieve the expected competence, namely the suitable 
rotation feature to see molecules from various angles 
and audio elements to explain the molecules displayed 
according to the required indicators. 

 
b. Data on Teacher and Student Responses to AR  Media 

Learning media that are declared valid based on 
validation tests carried out by material expert validators 
and media experts can already be used in the learning 
process. However, an analysis of the response to media 
use is carried out to produce media that meets the needs 
and is more perfect. This response questionnaire was 
filled out two times during small-scale trials, then 
revised and implemented large-scale learning. Students 
and chemistry teachers filled out response 
questionnaires. The teacher's response questionnaire 
score was 92.5 with excellent criteria, while the student 
response was 78 with good standards. 

The questionnaire for the feasibility test of 
augmented reality-based learning media was conducted 
on teachers and students. This feasibility test was 
conducted with 32 students and two chemistry teachers. 
The results of the teacher's response questionnaire are 
shown in table 4 and picture 1. 
 

Table 4. Results of the Chemistry Teacher's 
Questionnaire on AR. Media 

Aspect Score Max score Persent (%) Criteria 

Material 
components 

20 20 100 Very good 

Media 
components 

29 32 91 Very good 

Effectiveness 
component 

27 28 97 Very good  

 
Figure 2. Graph of Teacher Response Analysis on AR Media 

 
Based on the results of the teacher's response 

questionnaire above, the percentage score of each aspect 
with excellent criteria was obtained. Augmented reality-
based learning media on hydrocarbon material had 
excellent material, media, and effectiveness 
components. Interpretation of the results of the analysis 
of student responses obtained an average score 
presentation of 79 with good criteria.  

The following shows the data analysis diagram in 
a statement no 5, namely, learning using AR media can 
help students get the concept of hydrocarbon chemistry 
by their understanding. 

 

 
Figure 3. Graphics of Concept Understanding Using AR 

Media 

   
A total of 32 students stated that their 

understanding of the concept of material using AR 
media was in a good category, meaning that it could be 
understood thoroughly according to the indicators to be 
achieved. 2 students stated that they were outstanding 
in understanding the concept, meaning that they could 
fully understand the hydrocarbon material contained in 
AR media. In contrast, the rest stated that they had a 
pretty good understanding of the concept. 
 
c. Data on the Effectiveness of Chemistry-Based Learning 

Media Augmented Reality Hydrocarbon Compound 

Material 

The effectiveness of the developed media can be 
seen from the result data learn students. Data on student 
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learning outcomes were obtained using a posttest that 
students carried out after carrying out learning. Post-test 
aims to determine students' level of understanding 
about the material of hydrocarbon compounds after 
studying using AR-based learning media. Students' 
multi-representation abilities at the macroscopic, 
submicroscopic, and symbolic levels can also be 
analyzed based on the students' pretest and posttest 
results. The results of the descriptive analysis of the 
pretest and posttest scores are shown in Table 5. 
 

Table 5. Descriptive Analysis Table of Pretest and 
Posttest Scores 

Variable Pretest Score Posttest Score 

Subject 32 32 
Ideal score 100 100 
KKM 75 75 
Max. score 66 90 
Min. score 22 70 
Average 47 79 
Finished - 24 
Unfinished 32 8 

  
Based on posttest data using multi-

representation-based essay questions consisting of 10 
questions on hydrocarbon compounds obtained from 32 
students of class X TKJ 2 SMK Gondang Pekalongan, 24 
students met the minimum completeness criteria 
(KKM), so the percentage of completeness grade is 75%. 
Based on the percentage of completeness, it can be seen 
that the augmented-based chemistry is learning media 
reality of hydrocarbon compound material, practical for 
use in the learning process.  

The effectiveness of using AR media was also 
analyzed using the N-Gain Score. Based on the analysis 
of the pretest and posttest scores, an N-gain score of 0.58 
was obtained. This score was included in the 
moderate/enough criteria. The AR-based learning 
media is quite effective in learning the chemistry of 
hydrocarbon materials. These results are not in line with 
the researchers' expectations. Several factors can cause 
some students to not complete their grades in studying 
hydrocarbon compounds, including: (1) Some students 
cannot install AR media due to the limited specifications 
of their android; (2) Limited learning conditions caused 
by the covid-19 pandemic; (3) Very minimal learning 
time in the classroom so that the use of media has not 
been maximized. 

The increase in multi-representation ability at 
each level was also analyzed based on the pretest and 
posttest scores. The results of the analysis and 
comparison of pretest-posttest values can be seen in the 
graph in Figure 3. 

 

 
Figure 4. Pretest-Posttest Data on level representation 

 
Students need Multi-representation abilities to be 

able to solve problems in all forms of presentation. 
Students' representation ability can be improved by 
implementing technology in learning media  (Siregar, et 
al., 2019). In chemistry, students must be able to relate 
the three levels of representation, namely macroscopic, 
submicroscopic, and symbolic, to understand the overall 
chemical material (Desyana, et al., 2014).  Macroscopic 
representation includes all processes observed with the 
five senses directly, which are experienced in everyday 
life. At the macroscopic level, students have no difficulty 
answering because they are used to observing the 
process of burning paper. 

At the symbolic level, representation is used to 
describe the shape of the molecule, the symbol of the 
element, the shape of the compound, the structure of the 
chemical molecule, and so on. Based on the results of the 
analysis of pretest and posttest scores using multi-
representation questions on hydrocarbon material, there 
was an increase in multi-representation abilities. At the 
macroscopic level, there was an increase of 27.50%; the 
submicroscopic rate increased by 36.70%, and the 
symbolic level increased by 33.30%. 
 
The advantages and disadvantages of hydrocarbon-based AR-
based learning media 

Chemistry learning carried out at Gondang 
Vocational School is usually focused on teacher 
handbooks, information from the internet, and lecture or 
PPT material displayed by the teacher. So to provide a 
good understanding of the concept of chemistry is very 
lacking. Practical activities are also rarely carried out by 
teachers and students; this also causes students not to 
understand the material contextually. The development 
of augmented reality-based learning media can provide 
solutions in chemistry learning, especially on 
hydrocarbon materials. 

AR media developed by researchers has 
differences from other developers. Several studies have 
developed AR modules (Agussalim, 2021; Ramadani, et 
al., 2020), AR books, and worksheets that are difficult to 
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carry everywhere, in contrast to molecular cards, which 
can practically be carried easily. Some AR development 
studies only provide the appearance of fewer molecules 
(Althea, et al., 2016; Supriono & Rozi, 2018), in contrast 
to the AR media developed by researchers. More 
molecules that can be displayed in 3D AR are expected 
to provide experience and knowledge about 3D 
technology that can be used in learning. An example of 
the shape of a molecule in a molecule card and the AR 
camera display is shown in Figure 5. 

 
 
 
 
 
 
 
 
 

Figure 5. Methana Molecule in Molecule Card and the Shape 
of Camera AR in Media Application 

 
From the results of the study, obtained several 

advantages of AR-based media that were developed 
compared to other media, including: (1) Applications on 
Android from AR-based learning media require about 
35.7Mb of space, making it easy to install using gadgets 
with a minimum specification of lollipop 5 with a 
minimum of 1GB RAM; (2) As long as it is used in 
learning, this application does not experience problems 
such as hangs, lags, or crashes to smooth the learning 
process; (3) Molecular card designs and interesting 
applications by displaying 3D chemical molecular 
structures on the AR camera with rotate and audio 
features to make it easier for students to understand the 
material; (4) Development research that produces AR 
media can improve students' multi-representation 
abilities on hydrocarbon material; (5) The drawback of 
the developed AR media is that the application cannot 
be run for android specifications with RAM below 1GB, 
so it cannot reach all SMK Gondang students' multi-
representation abilities on hydrocarbon material. 

 

Conclusion  
 

Based on the results of research, data analysis, and 
discussion, it can be concluded that the validity of 
augmented reality-based learning media on 
hydrocarbon material is in an excellent category. 
Augmented reality-based learning media can improve 
the multi-representation ability of students with 
sufficient criteria. The response of teachers and students 
to augmented reality-based learning media is in the 
excellent category, so it is good for use in learning 
hydrocarbon chemistry. 

Based on the conclusions above, there are 
limitations to the study, namely, some things that the 
teacher cannot cover using the AR-based learning 
media. This restriction occurred due to the Covid-19 
pandemic causing several stages of research to be carried 
out online. So that suggestions for the development of 
learning media in the future can be made AR 
applications that can be used on all types of Android 
phones so that online learning can be done and 
developed for learning other materials. 
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