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Abstract
This research was the analysis phase of  the first step in the research on the develop-
ment of  an integrated augmented reality e-module. The purpose of  this study was to 
analyze the needs of  students and to find out the responses of  students and teachers 
if  an integrated augmented reality e-module was developed in science learning. The 
method used in this analytical research was a survey method using questionnaires 
and interviews. Respondents were 32 junior high school students and 17 science 
teachers in Riau Province. Based on the result of  data analysis, it was known that 
56.3% of  students consider the subject of  particles, atoms, ions, molecules as diffi-
cult subjects because they were abstract and used many terms. Meanwhile, the result 
of  interviews with science teachers showed that respondents only used government 
books as a source of  student learning. The survey results showed 81.3% of  students 
need learning resources in the form of  e-modules that could be accessed from their 
Android so that it helped understand abstract concepts. Teachers who are willing to 
implement augmented reality integrated e-modules reached 100%. In conclusion, 
this analytical research needs to be continued to the design, development, imple-
mentation and evaluation stages based on research and development procedures, us-
ing the ADDIE model to develop an augmented reality integrated e-module about 
particles in science learning.  
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that demands of  the revolution industry 4.0 mo-
ment this  enter trend  internet of  things that is 
presenting object via the internet (Gamil, 2020). 
Plus characters of  generation in that era who 
with easy absorb various information from the 
internet. So teachers should have competence in 
the field of  information technology by integra-
ting it in the manufacture of  teaching materials, 
not only converting printed modules into electro-
nic modules (e-modules) but by adding innova-
tions in the form of  video, sound, animation, 3D 
models and augmented reality (AR) models on 
e-module. E-module is form presentation source 
study self  organized by systematic to in the lear-
ning unit certain, presented in electronic format, 
make students becomes more interactive with the 
program, equipped with presentation of  video 
tutorials, animations, and audio for enrich expe-
rience study (Directorate High School Develop-
ment, 2017).

Urgency from this study is ensure that stu-
dents and teachers need media or source learn 
what you can visualize draft science abstract so 
that easy understood. Content learning science 
like draft about atoms, ions and molecules, is 
concept that is abstract and difficult understood 
without the existence of  adequate learning me-
dia. Based on characteristics that, very suitable 
if  use technology augmented reality, that is with 
presents 3D models of  atoms, ions and molecules 
virtually, however impressed real in front student 
because could projected on walls, floors, tables 
and objects others around of  students, so student 
could observing the 3D model from various side. 
Augmented reality is technology that projecting 3D 
models on the real world. Elements displayed in 
the real world the targeted use camera in multi-
media forms such as text, images, videos and 3D 
animation. With use augmented reality as if  object 
3D animation, animals, plants or atomic model 
really be in front us, even could our set our put 
it on the table, wall or floor in front us (Saadon 
, 2020).

According to research previously related 
with learning media augmented reality, show that 
augmented reality can working as promising stra-
tegy for motivate student in study the chemical 
theory not only effect by direct but influence pe-
riod long (Chen & Liu, 2020). Study similar has 
been done by Cagdas Erbas and Veysel Demirer 
(2019) which has been applying augmented reali-
ty to the classroom biology course and have state 
that with using augmented reality as a learning 
medium so learning will more fun and partici-
pant educate will more motivated (Erbas & De-
mirer, 2019).

INTRODUCTION

Background behind from study this is 
source learning developed by teachers at SMP 
Negeri 2 Kandis has not yet integrate technology 
information as 21st century education paradigm. 
Curriculum education in Indonesia today this has 
adapt paradigm education 21st century where 
one _ features is information and resources study 
could obtained participant educate through vario-
us sources , from anywhere and anytime just even 
by computing with use internet network. Techno-
logy give big impact  on Education ( Benesova 
& Tupa , 2017). Even the rapid development of  
technology and its impact on the way we live, 
work and learn (Voogt & Roblin, 2010). Skills 
the 21st century including the ability solving 
problems, creativity and imagination ( Erstad & 
Voogt, 2018), ability think critical thinking, col-
laboration and communication (van Laar, van 
Deursen, van Dijk, & de Haan, 2019). Learning 
is also directed for practice ability collaborate and 
communicate by effective use various media. Pa-
radigm this the more strengthened with applied 
method Learning distance far by in network con-
sequence The Covid-19 pandemic that has hit the 
world since end year 2019 to now . Learning dis-
tance far This can lead to academic setbacks such 
as loss of  knowledge and skills of  students which 
is often referred to as learning loss ( Andriani, 
2021). Learning loss was experienced by 7 out 
of  8 students during the COVID-19 pandemic 
(Donnelly & Patrinos, 2021). condition the could 
give impact negative, namely students find it diffi-
cult to catch up with lessons, decrease in learning 
outcomes, psychological health and loss of  moti-
vation to learn. Even the learning motivation of  
students can be lower if  the learning media used 
by the teacher in distance learning is not innova-
tive and does not match the characteristics of  the 
learning material presented. In learning, motiva-
tion becomes a lighter for students in attracting 
attention to a material. Students with high moti-
vation will have self-confidence and a great desire 
to learn, and vice versa (Sidiq, 2020)

Based on results Interview with two teach-
ers teaching eye science lessons at SMP Negeri 2 
Kandis, shows that respondents only using work 
sheet or learning materials in the form of  the mo-
dule typed in the Microsoft word application then 
sent in pdf  format and beyond printed for student 
who chooses study offline and sent through app-
lication google classroom for student who chooses 
study online. The work sheet without accompa-
nied media modification in the form of  video, 
sound , 3D images and animation. Temporary 
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Novelty value from this reserch is what ma-
kes the difference from research previously is aug-
mented reality as a learning medium integrated 
in e-module so that the learning media the could 
accessed together with source study through 
their respective androids students. On the plan-
ned the e-module there are pictures visualization 
concepts science that when scanned will display 
augmented reality Based on this background, we 
have developed a preliminary study in an analy-
tical research format, namely the first step of  the 
research and development phase of  the ADDIE 
model (analysis, design, development, imple-
mentation and evaluation). The purpose of  this 
study was to analyze students’ needs for learning 
resources and to find out the responses of  stu-
dents and teachers if  an integrated augmented 
reality e-module was developed in science lear-
ning about particles, atoms, ions and molecules.

METHOD

This research is an analytical research 
which is the first stage of  a series of  processes 
in the research and development of  the ADDIE 
model. The stages in research and development 
based on the ADDIE model include analysis, 
design, development, implementation and evalu-
ation (Rusdi, 2019). Needs analysis in learning 
is an analysis of  the gap between what students 
have and what is expected, including analysis 
of  material that is considered difficult by stu-
dents and requires media assistance and which 
sense stimuli are needed (Cahyadi, 2019). The 
analysis we do is in the form of  an analysis of  
students’ difficulties in studying atoms, ions and 
molecules, the availability of  teaching materials 
that they have received so far, students’ needs 
for teaching materials and learning media. In 
addition, we also analyze the response of  sci-
ence teachers if  an integrated augmented real-
ity e-module is developed. The method used is a 
survey using interviews and questionnaires. The 
steps in this analytical research can be presented 
in Figure 2. Respondents in this study were two 
science teachers with educational background in 
science teachers and 32 students at SMP Negeri 2 
Kandis and 15 science teachers who were mem-
bers of  MGMP Rayon 5, Siak district. Data from 
interviews and questionnaires were analyzed and 
then categorized to obtain conclusions. This re-
search was conducted in January 2022.

 
Figure 1. Research procedure

RESULT AND DISCUSSION

The research data that we have obtained 
are (1) data from interviews with teachers, (2) 
questionnaire data on teacher needs and (3) ques-
tionnaire data on teacher needs. Table 1 is data 
from interviews with science teachers at SMP 
Negeri 2 Kandis, which has been strengthened by 
the data in Table 2 regarding the teacher needs 
questionnaire in a wider scope, namely MGMP 
IPA Rayon 5 Siak district. Meanwhile, the stu-
dent needs questionnaire data has been presented 
in Table 3.

Based on the results of  interviews, respon-
dents used student books and teacher books sour-
ced from the Ministry of  Education and Culture 
and for certain themes supported by modules. 
The types of  modules used are printed modules 
for students who study offline and electronic mo-
dules for students who study online. The types of  
applications used to display the electronic modu-
le are Microsoft word and pdf  files. It can be seen 
from these data that teachers have not innovated 
on e-modules used in distance learning.

Researchers have wanted to have obtained 
data on teaching materials or learning media used 
by other teachers in a wider scope, namely Rayon 
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5, Siak district (Minas and Kandis sub-districts). 
The summary of  the results of  the questionnaire 
analysis can be seen further in Table 2.

In the questionnaire data on teacher needs 
that have been filled out via google form, it has 
shown that only 37.5% of  teachers in this digi-
tal era have used electronic modules. Among the 
teachers who have used the module, only 12.5% 
have integrated augmented reality. Even 56.2% 
of  teachers do not know about augmented re-
ality. Meanwhile, the teacher’s response to the 
augmented reality integrated e-module is very 
good, it is proven that 100% of  the respondents 
are willing to implement it in the classroom if  an 
augmented reality integrated e-module is devel-
oped. This has provided an opportunity for the 
development of  teaching materials or integrated 
augmented reality e-modules. Knowledge and 
teacher responses about augmented reality can be 
seen in the questionnaire data in Figure 2.

a

b
Figure 2. a) Teacher knowledge about augmented 
reality, b) teacher willingness to apply e- module 
integrated augmented reality

The learning and teaching process will 
run effectively if  using the right learning meth-
ods and media (Jalmur, 2016). The selection of  
certain methods in learning will certainly affect 
the selection of  the right learning media as well. 
On the other hand, each learning media is suit-
able for use in certain learning methods, so that 
learning objectives are achieved. Learning media 
is of  course also greatly influenced by the devel-
opment of  the current era which has entered the 
era of  the industrial revolution 4.0 that we have 
faced nowadays has triggered the development of  
digital and cyber technology which will affect all 
aspects of  human life, including educational as-

Table 1. Summary of  interviews with science teachers at SMP Negeri 2 Kandis

Question Interview Answer respondent

What teaching materials is it that long ? this used for 
science learning ?

Ministry of  Education and Culture’s stu-
dent Book 
Ministry of  Education and Culture’s 
Book
Module

Type of  Module used Print and electronic modules

Type Electronic Module Applications used by teachers Pdf  and Microsoft word

Were included video or 3D images for support concept 
that is abstract ?

No.

Teacher Knowledge About Augmented Reality know , but not yet use in learning

Teacher ‘s willingness to implement in class, if  an inte-
grated augmented reality e-module was developed

Ready use

Table 2. Summary of  the results of  the questionnaire on teacher needs in Rayon 5, Siak district

Statement on the Use of  E-modules and AR

1 Type of  module used 93.8% Printed module 37.5% Electronic module

2 Types of  electronic 
module applications 
used by teachers

87% Powerpoint
56% word document
56% pdf  files

18.8% video - integrated flipbook
12.5 AR terintegrasi integrated flipbook

3 Teacher knowledge 
About augmented real-
ity

43.8% already know
12.5% already use AR

56.2% not yet know
87.5% Not yet use

4 Willingness for use module AR integrated 100% Ready
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pect teaching (Herman, Dareng, & Bakri, 2020).
There are many kinds of  learning media 

that can be used according to the character of  
the subject, the character of  the learning mate-
rial, the method used and the learning experience 
you want to train. Based on the form of  infor-
mation used by the media, we can group them 
into 5 types, namely: silent visual media, motion 
visual media, audio media, silent audio-visual 
media and motion audio-visual media (Riyana, 
2021). Augmented Reality is a media display that 
combines text, graphics, images and sound media 
in a movement activity. Animations are created 
using computer software to create the images or 
characters that are displayed. The use of  this ani-
mation is to describe a process or phenomenon 
that video cannot do. For example, the animation 
of  the motion of  electrons around the nucleus of  
an atom. This allows for the combination of  digi-
tal and physical information in real time through 
various forms of  technology such as tablets or 
smartphones to create new realities (Cabero-Al-
menara, Fernández-Batanero, & Barroso-Osuna, 
2019).

The advantages of  using augmented reality 
as a learning medium have been proven through 
several studies, including an increase in achieve-
ment and positive attitudes in science learning 
(Sahin & Yilmaz, 2020). Another advantage is 
that Augmented reality technology provides a 
better means for students learning in an inter-
active environment. It allows students interact 
while enabling social communication. It enhanc-

es the effectiveness and attractiveness of  learning 
environment in a real world scenario (Weng, Bee, 
Yew, and Hsia, 2016)

There are several things that must be con-
sidered in the selection of  media and learning re-
sources, including the learning context, the char-
acteristics of  students and the expected response 
from students (Jalmur, 2016). Therefore, we have 
continued the survey on a questionnaire on the 
needs and responses of  students via Google Form 
and obtained the results as shown in Table 3.

Based on the questionnaire, 81.3% of  
respondents have considered the subject matter 
of  the particles that make up objects and living 
things which contains the concepts of  atoms, ions 
and molecules and the nature of  materials as dif-
ficult subject matter. 

Figure 3. Material particles , atoms, ions and 
molecules considered difficult by 81.3% of  re-
spondents

Many students perceive school science 

Table 3. Summary of  the results of  the student needs analysis questionnaire

Statement Answer

The matter of  particles, atoms, ions and 
molecules was a difficult subject to learn

81.3% Yes
18.7% No

The reason that has made the lesson dif-
ficult to learn

56.3% Many terms are not understandable and abstract
21.9 % Counts
12.5% How teachers teach not enough interesting
9.3% A lot of  memorization

Learning resources have been used during 
science learning activities

0% electronic module
65.7% Printed module and or worksheet

Learning Media that has been used by 
teachers (according to students)

96.9% whiteboard
3.4% infocus and computer

Students’ knowledge of  Augmented Real-
ity

78.1 don’t know
21.9 already know

Student needs for science learning re-
sources in the form of  e-modules that can 
be accessed from each Android or school 
computer so that it helps understand the 
concept of  particles making up objects 
and living things

81.3 : need
18.7 : no
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as difficult. In science, there are many complex 
and abstract concepts to be learned, which puts 
high demands on students’ abstraction capability 
(Swensen, 2016). Actually, this learning difficul-
ty is in accordance with the character of  scien-
ce learning material which includes abstract and 
concrete concepts, theories, facts, discoveries and 
their application in the surrounding environment 
(Handayani, 2021). Based on the questionnaire 
distributed by the researchers, the reasons that 
caused the material to be considered difficult by 
students included: 9.4% memorized a lot, 12.5% 
teachers taught less interestingly, 21.9% counted 
a lot and 56.3% because the material contained a 
lot of  terms and abstract. The data is clarified by 
the diagram in Figure 4 below.

Figure 4. The reason the subject matter of  atoms, 
ions and molecules is a difficult subject.

Based on students’ learning difficulties in 
science learning, especially the concepts of  par-
ticles, atoms, ions and molecules, the majority 
because the learning material is abstract and has 
a lot of  memorization, it is necessary to have an 
appropriate solution, including the development 
of  an integrated augmented reality e-module. 
The selection of  e-modules as a solution to the 
problem of  learning difficulties is in accordance 
with the opinion of  Fausih and Danang in their 
research which explains that e-modules are elec-
tronic media that are effective, efficient, and prio-
ritize students’ independence in carrying out lear-
ning activities that contain one unit of  teaching 
materials to help students. solve problems with 
their own abilities (Fausih & Danang, 2015). E-
module is a learning resource that implements IT 
in its assembly and use. The advantages of  imple-
mentation of  IT in a field of  learning is believed 
to be able to improve student’s learning abilities 
(Ramdhani & Wulan, 2012). In addition, the 
Learning process by implementing IT will pro-
vide the learning materials using various media 
which will affect the student’s learning achieve-
ment in a positive way (Ramdhani, & Muham-
madiyah, 2015). And in the end, learning using 

multimedia has a positive effect on students’ lear-
ning outcomes (Farida, Liliasari, Widyantoro, & 
Sopandi, 2009). Interactive e-module is a form 
of  multimedia. Using multimedia can minimize 
the number of  intrinsic and extrinsic cognitive 
burden so that it can facilitate the externalization 
of  information thinking, memorizing and proces-
sing. Learning content becomes more dynamic, 
effective and enjoyable (Irwansyah, Lubab, Fari-
da, & Ramdhani, 2017).

Meanwhile, the solution to the need for 
visualizing abstract concepts can be used aug-
mented reality, because our augmented reality 
can be used for visualizing models of  a system 
and process, presenting details about complex 
objects and visualizing abstract objects (Kravtsov 
and Pulinets, 2020). Augmented reality (AR) is 
a technology that shows potential in regard to 
help students with among others things abstrac-
tion of  science concepts. AR expand/ modify 
the user’s perception of  reality (Swensen, 2016). 
AR affords greater ability to visualize details and 
hidden information to help students learn the 
science (Yoon, Anderson, Lin, & Elinich, 2017). 
In addition, the reason for using augmented rea-
lity is based on the opinion that the attractiveness 
of  AR as a teaching tool is its ability to deliver a 
blended learning experience created from the mi-
xing of  the virtual and real environments or ma-
terials in the classroom (Barrow, Sands, O’Hare). 
, & Hurst, 2019). The AR experience helped 
the students in visualizing the abstract concepts 
and enhanced their understanding (Faridi, Tuli, 
Mantri, Singh, & Gargrish, 2021)

We have combined the two solutions, na-
mely e-modules and augmented reality in a de-
sign of  teaching materials, namely augmented 
reality integrated e-modules. With the augmented 
reality integrated e-module, students will be able 
to learn independently whenever and wherever 
through their smartphones and they will be able 
to scan QR markers that have been linked to the 
images on the e-module to obtain augmented rea-
lity visualizations of  particles, atoms and mole-
cules as well as processes. related chemistry.

The idea of  ​​developing an e-module was 
positively welcomed by respondents, it was pro-
ven that 81.3% of  respondents needed an e-mo-
dule that could be accessed from their smartpho-
ne while at the same time being able to visualize 
abstract concepts of  particles, atoms, ions and 
molecules so that it seemed real and easy to un-
derstand. 
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Figure 5. Student needs for e-modules that can be 
accessed from their respective androids.

Based on the data analysis of  the needs of  
students and teachers as well as their responses 
to the development of  an integrated augmented 
reality e-module, it can be concluded that this 
analytical research can proceed to the design, de-
velopment, implementation and evaluation sta-
ges to test the feasibility of  an augmented reality 
integrated e-module in science learning.

CONCLUSION

Based on the results of  data analysis and 
related references, it can be concluded that 81.3% 
of  respondents have considered the concept of  
particles, atoms, ions and molecules as well as 
material properties as difficult subject matter, 
for several reasons including 9.4% memorized a 
lot, 12.5 % of  teachers teaching less interesting, 
21.9% counting a lot and 56.3% because the ma-
terial contains many terms and is abstract. Based 
on the results of  data analysis, it has also been 
obtained that 81.3% of  students need learning 
resources in the form of  e-modules that can be ac-
cessed from their Androids as well as help under-
stand abstract concepts. Teachers who have been 
willing to implement augmented reality integra-
ted e-modules reached 100%. In conclusion, this 
analytical research needs to be continued to the 
design, development, implementation and evalu-
ation stages based on research procedures and the 
development of  the ADDIE model to develop an 
augmented reality integrated e-module in science 
learning on the subject of  particles making up ob-
jects and living things.
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