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Abstract

The complexity of thermochemistry and its abstract nature is often difficult for students to study. To address this
issue, we designed an Android-based application using Kvisoft FlipBook Maker and AppsGeyser to help their
study process. This research focuses on improving students' understanding of thermochemistry through digital
learning tools. Using the ADDIE (Analyze, Design, Develop, Implement, and Evaluate) development model, we
created an interactive learning module in the form of an android application. The reason for using an android
application is because there is no longer a risk that the learning module will be hidden or forgotten with other
files, the application can also be accessed easily as long as it has an android device. Previous research has also
indicated that a digital teaching tool can improve the understanding of chemistry learning due to attractive
visualization and self-learning opportunities. This study involved validation from media and material experts, as
well as assessment from chemistry teachers and students of SMA Muhammadiyah 7 Yogyakarta. The final product
received high validation scores, with 97.8% from media experts, 93.3% from material experts, and 90.3% from
chemistry teachers. In addition, 95.8% of students responded positively to the app. These findings suggest that
the developed application is highly effective for independent student learning and can enhance engagement with
thermochemistry concepts.
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INTRODUCTION

Thermochemistry is a part of chemistry with the object of study that discusses heat energy
(heat) and changes associated with physics-chemical reactions (Subagiyo, 2019).
Thermochemistry material contains a system environment with exotherm-endotherm reactions,
enthalpy changes, calorimeters, Hess' law, and bond energy. Thermochemical material requires
a deep understanding of the concepts of reaction equations and the concept of moles. A deep
understanding is needed to master thermochemistry. The reaction equation and mole concept
are the basic concepts in studying thermochemistry (Chen et al., 2018). If students do not
understand the structure of atoms, molecules, physicochemical changes, and chemical bonds,
they may have difficulties learning the whole of thermochemical material (Zakiyah et al.,
2018). Based on the author's observations at SMA Muhammadiyah 7 Yogyakarta and
interviews with chemistry teachers at the school show that chemistry is a subject that is often
avoided by students, and thermochemical material is one of the challenges that come when
students often avoid thermochemistry because of its complexity. It was also found that all
students in the school have mobile devices. Based on these observations, this research focuses
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on making digital materials to make learning thermochemistry easier. The teaching material
developed is in the form of an Android application; the reason for its selection is that, with the
Android application, there is no worry that the learning material will be forgotten or buried
with other files (Nechypurenko et al., 2018). The application can be accessed anytime and
anywhere if the learner has an Android device. Teaching materials are much cheaper than
printing costs. Also, digital teaching materials provide a much more engaging visual
experience, such as videos, interactive animations, feedback, simulations, sound, and
interactive quizzes that increase learner interest.

The digital era also develops continuously. The community wants all aspects to be more
practical and efficient, giving rise to a relentless digital era (Yoga, 2019). Based on this
situation, the development of teaching materials from printed books to electronic media is very
relevant and acceptable to the public (Dietrich et al., 2020). Kvisoft FlipBook Maker is an
application that converts PDF files into a content-based flipbook file format (Diani & Hartati,
2018). This software can support the presentation of learner support books in an attractive
virtual format (Yulaika et al., 2020). His software can insert animation, images, videos, etc.
(Wibowo, 2018). Appsgeyser is an online software service that can convert website content
into an Android app (Appsgeyser: Free App Maker | Create an App Without Code, 2022).
Appsgeyser allows users to create Android apps from their web content. Videos, images, audio,
and animations can be used as content in the application.

There are previous studies (Astuti et al., 2018) that developed interactive multimedia on
chemical periodic table material and also research (Andani & Yulian, 2018) that developed
products in the form of electronic books on basic chemical law material, but only a few
specifically created android-based chemistry learning modules. Compared to electronic books
and web-based interactive multimedia, products in the form of android applications provide
easier accessibility because they are not buried with other files, can be accessed anytime
anywhere only with an android device and provide a more interesting use experience (Kartini
& Putra, 2020). This research aims to develop and validate Android-based thermochemical
learning modules and evaluate their effectiveness in high school education.

Digital learning media, especially those designed for science education, can significantly
improve conceptual understanding by reducing cognitive load. According to Constructivism
Theory, learning is an active process in which students construct new knowledge based on their
previous experiences (Muzakki, 2021). Constructivism prioritizes that learning should be
relevant to the daily context and the times, as the knowledge gained should be directly
applicable in real life. This theory supports the use of Android apps in this study, as they allow
students to learn interactively and flexibly according to their needs and the times (Muhajirah,
2020). This allows students to continuously adapt and update their knowledge according to the
latest developments, so that learning becomes more relevant and contextual as well because
the app allows students to learn interactively and flexibly according to the needs and
development of the era.

METHOD

This research is a type of Research and Development (R&D). R&D is research with a
method that produces a particular product (Zakariah et al., 2020). The ADDIE model was
selected for this research due to its structured and systematic approach, which includes five
clear phases: Analyze, Design, Develop, Implement, and Evaluate (University of Washington
Bothell, 2025). The reason for using this model because the ADDIE facilitates interactive
design and continuous improvement, ensuring that the final product is both effective and valid.
ADDIE's flexibility allows it to be applied to various educational projects, making it
particularly suitable for developing digital-based educational materials (Cahyadi, 2019).
Additionally, its emphasis on involving stakeholders such as media experts, material experts,
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teachers, and students in the evaluation process helps ensure that the developed application is
relevant, beneficial, and user-friendly.

The data for the assessment instrument consists of senior lecturers in chemistry education
and media experts who are highly competent in their fields (Jailani, 2023). The chemistry
education experts were selected based on their extensive experience and expertise in chemistry
education, ensuring that the educational content is accurate and effective. The media experts
were chosen for their deep understanding of engaging media design, including selecting
appealing images and appropriate elements, fonts, and colors. The rating by competent
teachers, specifically high school chemistry teachers, is carried out to assess the extent to which
the product is feasible in real learning scenarios based on their direct teaching experience
(Hidayat & Sukitman, 2020). In the ADDIE research model, the validator's assessment is
considered sufficient as a reference in stating the validity of a development product (Astuti et
al., 2018).

The research subjects were high school students in grades X1 who had received chemistry
lessons on thermochemical material. Participants were selected using cluster sampling,
focusing on students who had previously struggled with thermochemistry to ensure the
relevance and effectiveness of the developed application. The study involved two groups: an
experimental group (class XI IPA 1) where the module was implemented, and a control group
(class X1 IPA 2) which continued with traditional learning methods. The research subjects were
high school students in grades XI and XII who had received chemistry lessons on
thermochemical material. Participants were selected using cluster sampling, with class XI IPA
1 as the experimental group where the module was implemented, and class XI IPA 2 as the
control group which continued with traditional learning methods. Cluster sampling is a
technique where the population is divided into smaller groups, or clusters, and entire clusters
are randomly selected to be part of the sample (Sumargo, 2020). This method was chosen
because it allows the inclusion of entire classes, making it practical and efficient for educational
settings where classes are naturally divided into groups. This approach ensures that the research
can be conducted within a real classroom environment, providing more accurate and
generalizable results.
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Figure 1. ADDIE flow used
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The data analysis technique used is descriptive analysis (Loeb et al., 2017). Based on
data obtained from media and material expert validation (Desnylasari et al., 2016). As well as
product feasibility based on teacher assessments and responses of high school students
majoring in science. Then, the data obtained in quantitative form is converted to qualitative
data according to the table (Arda, 2016; Sidel et al., 2018). Quantitative analysis using the
category in Table 1.

Table 1. Conversion formula of quantitative data to qualitative data

Score Category
X>x+1.8 x SBi Very Good (A)
x+0.6 SBi<X<x+1.8SBi Good (B)
X-0.6 SBi<X<x+0.6 SBi Enough/Fair (C)
Xx-1.8SBi<X<x+0.6 SBi Less (D)
X <x-1.8Shi Very Less (E)
Explanation:
X = % x (highest score + lowest score)
SBi :% x (highest score - lowest score)
X = average score

Reliability analysis was conducted using Cronbach's alpha to ensure the consistency of
the questionnaire responses from 35 students. Cronbach's alpha is a measure of internal
consistency, indicating how closely related a set of items are as a group (Barbera et al., 2021).
A Cronbach's alpha value of 0.85 was obtained, which is considered acceptable, as a value of
0.70 or higher indicates good reliability (Taber, 2018). This result demonstrates that the
questionnaire items reliably measure the intended constructs, ensuring the data collected are
consistent and dependable.

For the evaluations conducted by media and material experts, Cronbach's alpha was not
utilized due to the small number of experts involved. Statistical reliability analysis like
Cronbach's alpha requires a larger sample size to produce meaningful results (Forero, 2023).
Instead, the reliability of their assessments was ensured qualitatively by considering their
extensive expertise and qualifications in their respective fields. Expert evaluators are carefully
selected based on their credentials and experience, their judgments can be considered reliable
even without statistical measures of reliability (Colson & Cooke, 2018). This approach is
appropriate in research contexts where the number of experts is limited but their expertise is
profound.

RESULTS AND DISCUSSION

The results of this study is an Android application that contains learning on
thermochemistry material for grade X1 students. The results of the study can be described as
follows.

Analyze

In the initial stage, the author carried out three stages of analysis: analysis of student
characteristics, needs analysis, and material analysis (T. D. Kurnia et al., 2019). Needs analysis,
thermochemistry is one of the chapters in the chemistry subject taught to grade XI high school
students. Practical teaching materials are needed, namely, those that can be accessed anytime
and anywhere (Safitri & Nurkamilah, 2020). Attractive and easy-to-use study materials are
needed by students to facilitate the understanding process. Digital-based teaching materials
have advantages that print media do not have, such as easy access, a more attractive visual
experience, and low production costs (Iswara et al., 2020).
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Curriculum analysis, an analysis of the curriculum used in SMA Muhammadiyah 7
Yogyakarta, was conducted. The author chose the 2013 curriculum as a reference for the
curriculum used with Basic Competencies. The curriculum is chosen because the learning
media must be adjusted to the curriculum standards applicable in SMA Muhammadiyah 7
Yogyakarta.

Student Characteristics. Analysis refers to when the author conducted an Introduction to
Educational Fields and interviews with chemistry teachers at SMA Muhammadiyah 7
Yogyakarta on September 26 - November 26, 2022, it was found that students had difficulty in
learning chemistry lessons in the thermochemistry chapter because of its complexity. This is
based on research conducted by Mulia in 2021, which results in the learning process on
geometric transformation material using an application that increases students' reading interest
(Mulia, 2021). Students at SMA Muhammadiyah all have gadgets. Considering that printed
books are insufficient for video visualization, this study seeks to utilize technology to create
more interactive and engaging digital teaching materials (Zainudin & Pambudi, 2019).

The results consist of the research findings, including descriptions of the data collected,
data analysis, and interpretation of the data using relevant theories. The results of the research
should be written clearly and concisely. The discussion should explore the significance of the
research results, not rewrite the results. Avoid extensive citations and discussions of published
literature.

Design

The author designs the selection of reference materials, software selection, and creation
of validation instruments. In creating modules and creating chapter indicators that will be used
in thermochemistry material are 1) Definition of thermochemistry, 2) Systems and
Environment, 3) Exothermic and Endothermic, 4) Enthalpy changes, 5) Calculation of reaction
enthalpy consisting of calorimetry, Hess's law, bond energy and formation enthalpy data
(Sriyanto, 2020). This ensures that all important aspects of thermochemistry are covered
thoroughly and presented using the proper method to facilitate student understanding.

The learning module is designed using design software such as CoreIDRAW, Adobe
Illustrator, and Canva. CorelDRAW and Adobe Illustrator are graphic design software based
on vectors, illustrations, and CAD ( Computer Aided Design ) used to design various things.
While Canva has the same meaning, it is online-based. ( About Canva, 2023) . The graphic
design software was chosen because it is the most popular, so many tutorials can help you use
it when you are confused. The instrument was created to assess the quality of the product being
developed (Harmurni, 2019). The validation instrument will be submitted to material experts,
media experts, educator assessments, and student responses.

Development
At the development stage, the author begins to develop the product based on the
indicators determined at the design stage. The results of this stage can be described as follows.

Product Display Design

The product display is created through several stages: 1) selecting a color theme, 2)
selecting a font, and 3) selecting elements/images. The primary color red was chosen because
it powerfully depicts thermochemistry, which comes from the Greek Oepuoc thermos, which
means heat. The author chooses a combination of white background color with a red theme and
its derivatives, such as orange, yellow, brown, variations of red, etc. The choice of color is
critical because it can determine the reader's mood (Majidah et al., 2019). The choice of red is
considered very appropriate for the material and aesthetics of art.
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Figure 2. Selection of colors used (variations of red, orange, and yellow)

The typeface used is a sans-serif style. The reason for using this font is because this style
can symbolize simplicity, efficiency, and modernity and has high readability. It is proven that
many parties use this font because of these properties (Bowles, 2019). Companies like Google,
Spotify, and Gojek changed their logos to a sans-serif style.
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Figure 4. Selection of sans-serif style fonts
used

The selection of elements used when making modules adds to the variety of colors and
uniqueness, and it will increase reading interest (Listya, 2019). Meanwhile, the images used
when making modules can increase the level of understanding of readers while adding color
variations and uniqueness that will increase reading interest (Mirnawati, 2020).
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Figure 5. Selection of images and elements used
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Application Development

After the module creation is complete, the module is converted into a flipbook using
Kvisoft Flipbook Maker in PDF format to HTML5 format, like a book but in a digital form
that can be converted into an application. In making the product display, several stages are
carried out, namely.
a. Download Module: After the module has been created using the graphic design
software, the module is downloaded in PDF format.

Jenis file

Ej PDF Standar (DISARANKAN

Ratakan PDF ®
Sertakan catatan

Pilih halaman
Semua halaman (38)
Simpan pengaturan pengunduhan

Unduh

Modul Termokimia
Adobe Acrobat Document
11,9 MB

’

Figure 6. PDF module download and formatting process

b. Flipbook Creation The module has been downloaded in PDF format, and the next step is to
convert it into a flipbook form. The last step in making a flipbook is exporting on the
"export” menu; in this step, make sure the Flipbook is converted to HTML5 format to be
converted into an Android application.

vd34

0 b B piti

B ot

s Mk thesmagazne upport moble devie

himpe ”

Home Page: http:/iwww.kvisoft. com
Copyright @ 2015 Kvisoft Co., Ltd. All rights reserved.

£j Progress ey

Rewriting project

J inder Fepsh  |C\sesotytm rcmensie Pk ek

(TR | e i

Figure 7. Flipbook maker view and conversion  Figure 8. Convert Flipbook to HTML5
process to Flipbook form
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C. Making apps after the module is converted into a flipbook, an Android application is
made using the app geyser to convert content from HTML5 format into an Android application.
So that the product to be produced can be opened on an Android system. Making applications
is carried out in the following steps:

1) Open the app geyser website

2) Select the "create app" menu and choose "individual."

3) Scroll down until you find the HTML template

4) Select the HTMLS5 file that will be converted into an Android app

5) Wait for the process, then download

After the application creation is complete and downloaded, the application can be installed

on an Android-based device and is ready for use. The application can be downloaded on the

page https://bit.ly/3rSu3Ag.

'] appsgeyser.com
nips:Hiappageyses.com
AppsGeyser: Free App Maker | Create an App Without Code
Whi vith Mobile App Creator. It takes 30 seconds

Messenger with
Live Streams

POPULAR Create apps to monetize and generate -

BUSINESS puieinium o it has ‘.nQ;,f.»(nV.;li'

[Choose File | No file chosen

VPN Premium Chat Al NEXT

Figure 9 Website view Figure 10 Convert HTMLS file to Android
apps
< Info aplikasi
7]

Modul Termokimia

0] AN

UNINSTAL PAKSA
BERHENTI

Notifikasi
~0 notifikasi per minggu

Penyimpanan & cache
48,35 MB digunakan di penyimpanan internal

Figure 11 Application information display

Implement
The products are validated by expert lecturers, namely media and material experts. After
being validated, several things need to be improved. Revision is reviewing and improving on
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aresult (F. Zhang et al., 2017). Revisions must be made to make the final product more perfect
with the required standards.

The validated product was then implemented at at SMA Muhammadiyah 7 Yogyakarta
on July 31, 2023. with four teacher assessment respondents and all students in class XI IPA 1
(35 respondents) as an experimental class and X1 IPA 2 (35 respondents) as control class. To
evaluate the application's effectiveness compared to traditional methods, both classes were
given thermochemistry exam papers and the results obtained were that the experimental class
with used the Android application got an average score 82. While the control class with used
printed modules got an average score of 70. The experimental class showed a 17%
improvement over the control class, demonstrating that the Android application significantly
enhances student learning outcomes compared to traditional methods. Content with animated
images and videos provides more comfort for learning (Fitri & Pahlevi, 2020)

Figure 12. Classroom learning activities

Evaluate

The results of the media expert validator assessment obtained a score of 41 with a
percentage of 97.62% (Very Good). These results show that digital-based learning media is
very flexible and relevant to use at this time (Wibowo & Pratiwi, 2018). such as providing a
fun learning experience with attractive designs and features, there are interactive quizzes that
can provide real-time feedback on students’ understanding (Nurdiyanti et al., 2022). The results
of the media expert validation received a very high score because it met the writing and design
aspects. In the writing aspect, the font type, letter size, color selection and writing layout are
proportional and comfortable to look at. In the design aspect, it has the right theme with
thermochemistry, attractive images and icon elements, clear image display quality.

The material expert validator assessment results obtained a score of 42 with a percentage
of 93.33% (Very Good). These results show that the material contained in the module is based
on curriculum developments. Relevant and up-to-date material can affect the quality of the
module developed (Anggina, 2020). Content containing evaluation sheets can assess how far
students understand the material learned so that instant feedback is needed (L. D. Kurnia et al.,
2022). The results of the validation of material experts received very high scores because they
met the aspects of material content and presentation and language. In terms of material content,
it is in accordance with student characteristics, scientific truth and material depth, there are
examples in real life, there are instructions for using the application and ease of access.

The results of the educator's assessment obtained a score of 419 with a percentage of
90.33% (Very Good). These results show that the developed module can be used in classroom
learning. The application has an attractive visual display with images, includes example
questions, and is easy to use even for senior teachers.

The response results of 35 students obtained a score of 998 with a percentage of 95.05%
(Very Good). These results show that students can use the developed module for independent
learning. Learning media by utilizing technology such as Android applications is very suitable
for the current generation of students (Novaliendry et al., 2020). The education sector that
utilizes technology has become a new norm for students and teachers since the COVID-19
pandemic, which forced learning online (L. Zhang et al., 2022) The application is relevant for
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students who frequently use smartphones. The content covers thermochemistry aspects
thoroughly, is easy to access, and includes interactive quizzes and videos accessible via QR
codes or links.

While the application shows promising results, it has limitations. The app can only be
accessed on Android OS devices, specifically Android version 10 and above, with testing
conducted up to Android 12. Potential challenges include device compatibility issues, requiring
further testing on different Android versions and screen sizes. Additionally, technical issues or
digital literacy barriers may affect usability, which needs to be addressed through support and
guidance.

To determine whether the learning improvements are sustained over time, we conducted
a follow-up during the semester chemistry exam, which included four topics: acid-base
solutions, buffer solutions, colloid systems, and thermochemistry. Students still remembered
the thermochemistry material and reported that it was easy to relearn because they could access
it via their smartphones. This indicates that the application not only enhances immediate
learning outcomes but also supports long-term knowledge retention.

The feasibility of the final product in the form of learning applications shows promising
results. This can be proven by the value of thermochemistry in classes that use application
products, which is superior to other classes that use printed modules. The learning application
also shows higher enthusiasm from students compared to printed modules, this can be proven
during practicum, students are much more active, come early, and are excited compared to
classes that use printed modules.

CONCLUSIONS

The development of an Android-based thermochemistry module using the ADDIE model
has resulted in an effective learning tool that aligns with the 2013 curriculum. The application
covers essential topics such as the understanding of thermochemistry, systems and
surroundings, exothermic and endothermic reactions, enthalpy changes, calculation of reaction
enthalpy including calorimetry, Hess's law, bond energy, and enthalpy of formation data and
includes evaluation questions with answer keys.

The findings confirm that the Android-based application is a highly effective and
engaging tool for thermochemistry learning. Positive feedback from media and material
experts, educators, and students highlights its potential to enhance understanding and retention
of complex concepts. The application significantly improved student learning outcomes
compared to traditional methods, demonstrating its value as a modern educational resource.

RECOMMENDATION
To further enhance the effectiveness and accessibility of the application, future research

and development should focus on the following areas:

1. Expand Usability Testing
Future research should expand usability testing to include different school settings and a
more diverse student population. This will help evaluate the application's effectiveness in
various educational environments and ensure it meets the needs of a broader audience.

2. Develop Cross-Platform Compatibility
Developing an iOS version of the application is crucial to broaden accessibility and allow
students using different operating systems to benefit from the learning tool.

3. Integrate Advanced Technologies
Future research should explore the integration of augmented reality (AR) features to
enhance interactive learning experiences and increase student engagement through
immersive technology.

4. Compare Effectiveness with Alternative Digital Learning Methods
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Conduct comparative studies with other digital learning tools such as virtual reality (VR)
applications or interactive simulations to assess the relative effectiveness of different
digital methodologies in teaching thermochemistry concepts.
5. Continuous Content Updates
It is essential to regularly update the content to align with the latest curriculum
developments. This ensures that the material remains current, accurate, and relevant to
ongoing educational standards.
Addressing these areas, the application can be further refined to meet evolving
technological advances and educational needs, ultimately contributing to improved learning
outcomes in thermochemistry.
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