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Abstract: Lack of teaching materials, time limitations, and uninteresting  Article History
materials are problems that need to be solved so that students can better ~ Received: 11-12-2024
understand learning at school. The researcher provides solutions to  Reviewed: 17-01-2025
develop E-modules that can be accessed on the internet. This research  Published: 27-01-2025
aims to develop E-module based on a microcontroller based on the Grove

Beginner Kit for Arduino as a teaching material for informatics subjects  Key Words :

and to determine the feasibility of e-modules in Arduino microcontroller ~ E-Module, Microcontroller,
material class X1 at SMA Negeri 10 Samarinda. This type of research is  Informatics, Book Creator
development using a 4-D model, consisting of Define, Design, Develop,

and Disseminate. Studies show that the results of E-module tests by

material experts result in an average percentage of 90%, with a very

decent category. The average percentage of media expert assessments is

92%, and the E-modules are feasible to implement. Overall, the combined

average of the due diligence by experts reached 91%, with the category

of very feasible. The results of student responses were obtained with an

average percentage of 81% with very feasible criteria. so it can be

concluded that the Grove Beginner Kit-based microcontroller e-module

for Arduino can be applied or disseminated at SMA Negeri 10

Samarinda. Further research is expected to be carried out on other

development models such as the borg and gaal models or the R2D2 model

(reflective, recursive design and development).

How to Cite: Ariza, R., R. Nirawana, |. & Rusdiana. (2025). Development of a Microcontroller E-Module Based
on Grove Beginner Kit for Arduino Informatics Subject. Jurnal Teknologi Pendidikan : Jurnal Penelitian dan
Pengembangan Pembelajaran, 10(1), 141-153. doi:https://doi.org/10.33394/jtp.v10i1.13899

d https://doi.org/10.33394/jtp.v10i1.13899 This is an open-access article under the CC-BY-SA License.

Introduction

Education is very important to determine the future of a nation. Education can empower
individuals to develop themselves and pursue a better life. Education is a deliberate and
structured effort to create an environment and learning process where students can actively
improve their abilities. This includes cultivating spiritual and religious strength, self-discipline,
character, intelligence, moral values, and skills necessary for personal, social, and national
progress. Therefore, it can be concluded that education significantly affects the progress of a
nation (Syawal, 2021)

SMA Negeri 10 Samarinda is a school located in Samarinda City using information and
communication technology-based learning. This information and communication technology-
based learning is an educational approach using the help of information and communication
technology into the learning process. This approach aims to utilize various information and

communication technology tools and resources, such as computers, internet, mobile devices,
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learning software and other devices, in order to improve the effectiveness and efficiency of
learning. SMA Negeri 10 Samarinda in the subject of informatics has been taught from class
X compulsorily in all classes, while class XI and elective. The change of the 2013 curriculum
to an independent curriculum will certainly affect various aspects. One of them is the readiness
of teachers in the teaching process. Teaching materials are one of the teaching processes that
need to be prepared by teachers.

While at school, the researcher found a problem, namely the lack of informatics
teaching materials that were in accordance with the material taught, one of which was material
about the Arduino microcontroller. Arduino is an open-source customizable electronic
prototyping platform based on microcontrollers. The hardware and software are user-friendly,
making it ideal for anyone interested in using a microcontroller in a practical and
straightforward way (Fitria, 2021). Seeing the problems that occur, teaching materials that can
be accessed anywhere and anytime are needed. Considering that in the classroom, teachers also
experience limited time in preparing structured modules because of the many hours spent
providing learning compared to the time spent developing modules or other teaching materials.
Efforts that can be made to overcome these problems are to prepare e-modules that are in
accordance with the condition of school facilities and infrastructure. E-modules integrate
module-based educational content with computer technology to facilitate student access and
support the learning process in the classroom (Marto, 2021). The development of E-modules
must be in accordance with the rules for making printed modules referring to self-instructional
teaching packages that contain one concept of learning materials (Yunus, 2019).

Relevant research as a reference is first, the development of Android-Based Mikrotik
Installation E-Module in the subject of Network Infrastructure Administration at SMK
(Mukhson & Untari, 2024), The results of this study state that the E-module is very effectively
used as a learning medium for microtic installations. Second, Development of DBUS-based e-
modules using book-creators to improve students' critical thinking skills (Rahayu & Ismawati,
2024), The result of the research is that E-modules using book creators can improve students'
critical thinking skills and can be used for the learning process. Third, the Effectiveness of E-
Module Interactive Learning Media Design (Jafnihirda et al., 2023), The result is that the
development of E-modules using 4D models is effectively used as an English learning medium.
With this relevant research, the researcher developed a microcontroller E-module as a learning
medium to provide understanding to students as well as be able to practice simply.

The purpose of this research is to develop a grove-based microcontroller E-module
beginner kit for informatics subjects. This is important to do considering that E-modules can
provide wider information and there are visualizations so that students can understand and
practice directly Step by Step programming Arduino using the Arduino IDE and a simple
assembly process. The existence of e-modules also allows students to learn it at home
independently. The Grove Beginner Kit for Arduino is a hardware package or kit designed to
help beginners in the world of microcontroller programming using the Arduino platform. To
create this e-module, the researcher uses Book creator as a medium for making e-modules.
Book Creator is a platform used to access e-books or e-modules in the form of a website (Hartati
et al., 2023). The platform is designed to make it easier for users, especially teachers and
students, to create and access e-books or e-modules that can contain text, images, audio, video,
and additional features (Juliana & Sulistyowati, 2023). So that by making e-modules using
book creators, it can make it easier for students to learn and understand materials related to
programming on Arduino microcontroller devices. E-modules have the advantage of being
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accessible anywhere and anytime with the help of smartphones and laptops that are generally
owned by every student. The existence of e-modules as teaching materials is expected to help
teachers in carrying out the teaching and learning process, especially in accordance with the
implementation of information and communication technology learning carried out by SMA
Negeri 10 Samarinda. This microcontroller e-module also contains C++ Language which is
used for learning program practice. The programming language can be used to create a system
according to the needs and uses of the sensors connecting to Arduino, it can be used in various
fields, one of which is education (Fajri et al., 2024). This E-Module is very helpful for students
and teachers in understanding learning about Arduino microcontrollers.

Research Method

This research was conducted at SMA Negeri 10 Samarinda, which is located on Jalan
PM. Noor, East Sempaja, North Samarinda District, Samarinda City, East Kalimantan
Province. The participants in this study are students from Class XI 7 and Class XI 8, with a
total of 70 students 35 in Class XI 7 and 35 in Class X1 8. The focus of the research is on the
teaching materials for the E-module Grove Beginner Kit for Arduino microcontroller.
Researchers use research and development methods, which are research methods that aim to
develop certain products and assess the feasibility of those products. The object developed by
the researcher is the development of a microcontroller E-module based on the Grove Beginner
Kit for Arduino as a teaching material that can be used in class X1 informatics subjects at SMA
Negeri 10 Samarinda. This research uses a development model based on the 4D development
model. The 4D Development Model is a framework for creating various types of general
learning media, suitable for developing various types of media and instructional materials
(Arkadiantika et al., 2020). This development model has 4 stages, namely Define, Design,
Develop, and Disemiminate. This model is particularly suitable for research focused on
creating educational tools, as it can help address learning challenges and can be used to develop
educational resources (Fitria, 2021). The 4-D development model, consists of four stages used,
including First, define, which is a development analysis involving the identification of product
development requirements that are aligned with user needs, along with a research and
development model that is appropriate for product manufacturing.

When creating instructional materials such as e-modules, the definition phase is carried
out through three methods, namely Initial analysis, Student analysis, and Curriculum analysis
(Adoe et al., 2022). In the initial analysis, the researcher examined the learning process in the
classroom, the use of technological tools, and the teaching materials used, especially those that
included microcontroller content. The initial analysis related to the learning process carried out
in the classroom, the use of technological facilities and the teaching materials used, especially
in the teaching materials containing microcontroller materials. The researcher conducted an
interview with one of the informatics teachers there with 9 related questions to determine the
basic problems faced in learning, especially in microcontroller materials.

Student analysis section, This activity is carried out to find out the views of students
related to the learning process carried out by teachers in the classroom such as the use of
methods and models carried out by teachers, the use of teaching materials, and the facilities
used when the teacher teaches. This is also used to find out the needs of students in the e-
modules developed. The researcher distributed a questionnaire using a google form containing
20 question items related to the learning process, the use of teaching materials, an
understanding of microcontroller materials and the availability of teaching materials, as well
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as what needs are needed to develop e-modules to 70 students of SMA Negeri 10 Samarinda,
namely class X1 7 as many as 35 people, and class XI 8 as many as 35 people. Then the
researcher also conducted interviews with student representatives according to the questions in
the student analysis questionnaire. In the curriculum analysis section, the researcher analyzed
the curriculum used in schools through the previous two stages through interviews with
informatics teachers and student analysis.

Second, the design involves three activities, including media selection, format
selection, and initial design (Hariyanto et al., 2022). Media Selection The researcher uses Book
Creator as a platform to access e-modules. This e-module is available on the official website
and can be accessed on a variety of devices, including smartphones, laptops, and computers.
Format Selection: At this stage, the researcher used Adobe Photoshop CC 2018 and Adobe
Photoshop CS 6 to create the design of the e-module. The design of this e-module in this
software researchers have determined the aspects of the color theme, paper dimensions, type
and size of letters to be used when making the design. Initial Design, this stage carries out the
initial preparation of the e-module product which refers to the design plan from the storyboard
that has been made. This e-module has a 3-part structure consisting of the Initial Section, the
Content Section, and the Final Section.

Development, to validate or evaluate the feasibility of product design. This process is
carried out by experts in their respective fields. In addition, product testing is carried out on the
actual target users. The development stage is the final form of learning media that is produced
and has been revised by material experts and media experts through product validation, and
product trials (Nardi Ardana, 2023). At this stage, after designing, a feasibility test is carried
out on the product that has been developed. This feasibility test was carried out by 2 media
expert validators and one material expert validator to find out the parts that are considered
lacking and need to be improved. This feasibility test activity with material experts was carried
out by one expert validator, namely an informatics subject teacher and the principal at SMA
Negeri 10 Samarinda. Validator Media experts are lecturers who are in accordance with the
field of media expertise.

The dissemination stage , distributing products made after conducting feasibility tests
and product trials. The purpose of this stage is to distribute teaching materials from the e-
modules that have been created in schools. This stage is the final stage after completing a
feasibility study from experts and having tested the product. The assessment of the feasibility
of the research is validated by media experts and subject matter experts. The instrument for
material experts contains the suitability of the e-module which is reviewed from 3 aspects,
namely the aspect of content eligibility, the aspect of presenting material containing Self
Instruction, Self Contained, Stand Alone, Adaptive, User Friendly which is presented in table
1 (Gusrianto & Rahmi, 2022).

Table 1. Material Expert Assessment Grid

No Aspects Indicator Item Number
1  Content Comepatibility with the curriculum 1,2
eligibility Accuracy of examples with the 3,4
material presented
Suitability of images/videos to study 5
the material
2 Self-study 6,7,8
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Presentation Complete 9
of material Not relying on other media 10
Adaptive 11
Friendly to use 12,13,14
3  Language Use of Language and Grammar 15,16,17
eligibility
Ease of reading the shape and size of 18,19,20

the letters in the content of the e-
module

Instruments for media experts can be reviewed from several aspects, namely media

Table 2. Media Rating Grid

suitability, organization, attractiveness, font shape and size, as well as space and overall
elements of the e-module presented in table 2 (Gusrianto & Rahmi, 2022)

No Aspects Indicator Item Number
1  Media Column format 1
Suitability Use of images 2
Use of icons 3
Script preparation 4
Text formatting 56
2 organization View table of contents 7
Systematics or order of 8,9,10
learning materials
Arrangement and flow 11
between chapters, between
units, between paragraphs
3 Compatibility  of  color
combinations, images, 12,13,14
Attraction illustrations, shapes and font
sizes on the cover
Providing pictures or
illustrations in the content of 15
the e-module
Benefits of using e-modules  16,17,18,19
4 Font shapes Ease of reading the shape and
and sizes size of the letters in the 20,21,22
content of the e-module
5 Overall Space  Whitespace 23
and Elements  Space between texts 24
E-Module Every elementof  the e- 25

module consistent.

The instrument for product trials is in the form of a questionnaire to see the response
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aspects, namely the material, graphics, and E-Module learning presented in Table 3 (Marisa &
Hakim, 2020)

Table 3. Product Trial Grid

No Aspects Indicator Item Number

1 Material Relevant e-module matter 1234
Language in the delivery of 5,6,7
material
Practice guestions or assignments 8,9,10

2  Graphics E-Module Cover Design 11,12,13
Use of Text 14,15,16,17
Use of Images 18,19
Color Composition 20,21

3 Learning Use in learning activities 22,23

E-Module  “nterest in E-Modules 24,25,26,27

The data collection process uses three methods namely observation, interviews, and
questionnaires. Furthermore, the data analysis stage involves processing and presenting the
collected data to assist the researcher in answering research questions. Data analysis is carried
out by categorizing the data into grades and comments for improvement. The results are then
used for revision and to assess the feasibility of the developed e-module product. The data is
calculated using the following formula:

Total Score

average score (%) = X 100% (Salsabella et al., 2023)

Maximum Score

Further data analysis for feasibility tests and trials of products, materials and product
designs developed are evaluated using 5 answer options based on the content of the questions.
This data is used to determine the feasibility level of the final product. Assessment scores are
presented in Table 1(Salsabella et al., 2023)

Table 4 Assessment Score for Answer Choices
Score Answer Choices
Strongly agree
Agree
Simply Agree
Don't agree
Strongly Disagree

PN WSO

Furthermore, the scores from the feasibility test and the assessment of the product trial
questionnaire are averaged and converted into questions to evaluate the feasibility of the
developed product. To interpret scores as bias statements, see Table 2 (Salsabella et al., 2023)
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Table 5 feasibility criteria

Percentage (%) Criteria
81%-100% Very Worth It
61%-80% Worthy
41%-60% Decent Enough
21%-40% Not Worth It

0%-20% Very Inadequate

Based on the feasibility criteria table 2, the assessment of the feasibility test and trial of
this e-module product is set with a minimum score of above 61%, namely "Feasible". If the
results of the feasibility test and product trial assessment have an average percentage above
61%, then the product for the development of e-module teaching materials is "Good" to be used
in learning.

Result and Discussion

This research develops e-module teaching materials on microcontroller materials and
determines students' responses to the e-modules that have been developed. The data from the
research and development of the e-module is described in the Define stage, namely first,
Conducting the initial analysis that has been carried out is that SMA Negeri 10 Samarinda has
used technology facilities such as projectors, labs, wifi, and other learning devices such as
arduino microcontroller devices. In schools, there is still a lack of informatics teaching
materials in accordance with the materials needed, such as teaching materials for
microcontroller materials. When conducting practical demonstrations using microcontrollers,
students are still difficult to understand what is being conveyed by teachers because of the lack
of references in schools, and some of the references used by teachers are taken from several
sources on the internet. Teachers also experience limited time in compiling ideal teaching
materials, because teachers do not only teach in informatics subjects. The researcher proposed
a solution by developing teaching materials in the form of e-modules that focus on
microcontroller content. This e-module is intended to serve as a resource for students to
improve their understanding of informatics subjects. The development of this e-module is also
carried out as an innovation to support and improve the learning experience in the classroom.

Second, analyzing students, as many as 61% of students agree and 37% of students
strongly agree that microcontroller material is difficult, and they do not understand
microcontroller material well. The learning process in the classroom rarely uses electronic
teaching materials compared to printed teaching materials based on the percentage obtained,
which is around 86% of students who give the answer that teachers rarely use electronic
teaching materials. Around 53% of students strongly agree and 44% of students agree that they
prefer the use of electronic teaching materials compared to printed teaching materials. Students
need a variety of teaching materials that are interesting and easy to understand based on
percentage, namely as many as 60% of students strongly agree and 39% of students agree that
interesting teaching materials can make them enthusiastic about learning. Based on needs, the
researcher provides a solution, namely the development of electronic teaching materials with
an easy-to-understand material explanation display starting from material presentation, writing
systematics, the use of images, material explanation videos, audio that contains several
materials and attractive designs. The presentation also uses the base of the grove beginner kit
for Arduino device which they use in the learning process including hardware and software.

Jurnal Teknologi Pendidikan Vol 10. No.1 (Januari 2025) Copyright© 2025 The Author(s) Rojian Ariza, et.al 147


https://e-journal.undikma.ac.id/index.php/jtp/index

Januari 2025. Vol. 10 No. 1
E-ISSN: 2656-1417
P-1SSN: 2503-0602

pp. 141-153

Jurnal Teknologi Pendidikan:
Jurnal Penelitian dan Pengembangan Pembelajaran
https://e-journal.undikma.ac.id/index.php/jtp/index

sl Teknoiop Pendidia

Third, analyzing the curriculum, SMA Negeri 10 Samarinda has used an independent
curriculum in the learning process. In this study, the researcher developed a microcontroller e-
module, therefore the researcher must first know what are the microcontroller materials taught
in the school, and know the microcontroller devices used in the school. Based on the Learning
Objectives Flow which contains elements of computational thinking, computer systems,
computer networks and the internet, programming algorithms, informatics social impact, and
cross-field practices. The design stage has been carried out by starting to create a storyboard
for the initial design of the e-module which is tested for feasibility by material experts and
media experts. The following are the results of the design before and after it is revised based
on input from material experts and media experts.

m x| el gy xes
BEFORE E. Saran dan Cara Penggunaan E - Modul @ AFTER

Untuk memperoleh hasi belajar secara maksimal, dalam menggunakan
‘e-modul ni maka langkahlangkah yang peru dizksanzkan antara lain

Untuk memperoleh hasil belajar secara maksimal,  dalam
menggunzkan e-modul ini maka langkah - langkah yang perlu

1. E-Modul ini bisa ciakses melalui book creator dengan cara mengkiik tautan dilaksanakan antara lain

‘atau berupa QR Code yang dibenkan oleh guru untuk mengakses e-modul
i

2. Bacalah dan pahami cengan seksama uraian-uraian mater yang aca pada
masing beiajer. Bl ada mater y g jeas, peserta
dick dapat bertanya paca guru alau pengaar

3. Didalam E-Hlodul terdagat juga video i seiep kegialan belaar mengenai
cara melakukan pemrograman di perangkat lunak arduino IDE, urtuk
memutat video tersebut peserta didk cukup mengklk 532 video tersebut
maka video akan beralan.

4. Didalam E-Modul tercapat juga latihan soal o setiap kegiatan beiajar, untuk
menjawab soabsoal lahan tersebut peseta didik diay
memahar

bisa

mencermat meter diselzp kegiatzn pembelajaren Karena
Jawaban cari soal lathan tersebus tidak terepas dari mater yang ada di
‘setiap kegiatan pembelajaran.

1. E - Modul ini bisa diakses melalui book creator dengan cara mengklik
tautan atau benipa barcode yang diberkan oleh pengajar untuk
mengakses e-modul in.

Bacalah dan pahami dengan seksama uraian - uraian materi yang
ada pada masing ~ masing kegiatn belajar. Bila ada materi yang

~

kurang elas, peserta didik dapat bertanya pada pengaiar.

3. Didelam e-modul terdapat juga video di setiap kegiatan elajar
mengenai cara melakukan pemrograman di perangkat lunak arduino
IDE. untuk memutar video tersebut peserta cidik cukup mengklik saja
video tersebut maka video akan berjalan.

. Didalam e — modul terdapat juga latihan soal atau quis untuk peserta
didik b disetiap
Karena jawaban dari latihan soal atai qiis tersebut tidak terlepas dari

»

materi yang ada di sgtiap kegiatan belsjar.

Figure 1. Changes in Suggested Design and Use of E-Modules

Figure 1 shows this page making design improvements which were initially plain,
shapes were added to the sub-heading, then audio was added that also contained voices about
suggestions and the use of e-modules. Figure 2 shows improving the spacing between texts and
spacing of each text that is far apart to make it neater and easier to read.

Figure 2. Changes in Sentences That Are Still Distant
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calam salu chip cimana prosesor, memon, KO lerinlogras) menjadi
set kesatusn sonfrol sistem sehingga mikrokorboler dapat
dikatakan
yang sesual.

JADS APARAH KALUAR
SLDAH PAHAM.
TENTANG MIKROKONTROLER ?

JADY APAKAH KALIAK
TEWTANG MIKROKOHTROLER ?

Figure 3 Design changes in the summary section
Figure 3 shows that a specific page in each learning activity has a summary page. On

the previous summary page, the sentence did not use left-right alignment, so that after the
revision of the page in the summary in each learning activity it was left-right alignment.

C. Proyek Buzzer Beeping C. Proyek Buzzer Beeping

Silahkan dengarkan audio
dibawah ini

programaya , bsa lan o0 video yang ada dbawah

T ——— |

Figure 4. Changes to Material Pages Containing Videos

Figure 4 shows the material page which was previously only a video, added audio to
give a more minimalist impression so that there are not too many sentences piled up, then the
correction of some images that were previously less interesting was replaced with other images
to make the reader more comfortable when reading the e-module.
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Figure 5. Changing the design of the material page to audio
Figure 5 shows that on a certain page, there are also some materials that were previously
sentences after being revised and converted into audio to make the e-module not too much
writing so that the e-module can not only read the material, but can also be heard. The results
of the assessment of subject matter experts by informatics teachers are presented in Figure 6.

suitability of media expert Expert Eligibility Chart
96% 959 Material
94% 93%

92% .

, 20% 100% .

90% 38% 96% 89%

% 87% 0 0
88% 90% 87%
84% 80%

82% Percentage
\* 0 ’\/Q’
*6\\ A <‘ < QQ’ .

IS N u Fill Eligibility @ hcsoniation of
R & 6&% & ¥
& S

< & Languange Eligibility

Figure 6. Qualification results by material experts and media experts

Based on the data in figure 6 of the feasibility test of media experts above, the
percentage of media suitability aspects was obtained by 93%, the attractiveness aspect by 95%,
organization by 88%, the shape and size of letters by 90%, and the space and overall e-module
obtained by 87%. Based on table 5 on the percentage criteria obtained between 81%-100%, the
E-module media is considered very feasible. For the assessment of material experts in terms of
the feasibility of the content, the percentage was 96%, then the presentation of the material was
89%, and the feasibility was 87%. Based on table 5 on the percentage criteria obtained between
81%-100%, the material in the E-module is considered very feasible.

Test the product to 70 students to find out their response. The process of testing this
product was carried out in the classroom, namely together with class X1 7 and class XI 8 at
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SMA Negeri 10 Samarinda. This trial is carried out with several initial stages, namely by first
explaining the purpose and objectives of the researcher conducting a trial of this product, then
continuing by explaining a little about the development that the researcher has made, after
which explaining some components that can be used by students in the e-module. Furthermore,
students are welcome to see the e-modules that have been developed, then after finishing the
researcher distributes the questionnaire that has been made on the google form to the students.

Graph of Trial Assessment
Aspects Product
81%

81% 81%

81%

80%

80%

B Material ™ Graphics W E-Module Learning

Figure 7. Product trials to students
The data in Figure 7 can be seen from the graph above for the material aspect obtained
a result of 81%, the graphic aspect of 81% and the learning aspect of the e-module with a total
of 80%. The average value of the percentage is 81% and is declared very decent. The
Dissemination Stage is the final stage after completing a feasibility study from experts and
testing the product. The E-module product that has been disseminated is presented in Figure 8.

Mari kita

jerajani

iebih datam L
tentang apa

itu Arduino

Figure 8. Products that have been disseminated.
Conclusion
Based on the results and discussions, the development of a grove-based microcontroller
E-module beginner kit for arduino based on a 4D model has been successfully developed and
declared feasible for use in informatics learning at SMA Negeri 10 Samarinda. The assessment
by material experts with a percentage of 90% of the criteria was very feasible, then the
feasibility test from two media experts also obtained a percentage of 92% with very feasible
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criteria. From the two results, the average results were summed up and a percentage of 91%
was obtained with very feasible criteria. The product trial was carried out to find out the
response from students related to the development of the e-module that had been made, and
the response from students was obtained by 81% with very feasible criteria. The e-module that
has been developed with a 4D model can be used as a teaching material at SMA Negeri 10
Samarinda. This is in accordance with one of the research on the development of E-modules
using a 4D model that is effectively used as an English learning medium (Jafnihirda et al.,
2023)

Recommendation

Sing a device base other than the Grove Beginner Kit for Arduino. In addition, for the
development of the next e-module, it is expected to be able to develop a microcontroller e-
module using other development models such as the borg and gaal models or the R2D2
(reflective, recursive design and development) model. In terms of content, simulations can be
used using software or hardware such as Raspberry Pi in order to enrich new information in
the e-module to add insight to students.
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