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ABSTRACT

Physical Chemistry II course in the Chemistry Education Study Program is one of the subjects with an
abstract nature, such as Electrochemistry materials. The abstract nature of Electrochemistry makes it
difficult for students to observe the processes occurring in Electrochemical systems directly. When
explained theoretically, these concepts are often challenging for students to understand. Therefore, teaching
Electrochemistry requires an e-book that incorporates chemical representations, particularly multiple
representations. To address this, it is deemed necessary to develop an Electrochemistry e-book based on
multiple representations using 3D PageFlip. This e-book integrates multiple representations, enabling
students to independently study and comprehend Electrochemistry materials while providing flexibility and
convenience. An Electrochemistry e-book with multiple representations, particularly in a computer-assisted
learning format, is a viable alternative to support student learning. This study aims to develop an
Electrochemistry e-book using 3D PageFlip based on multiple representations. This software allows the
creation of interactive and engaging educational resources. The resulting e-book aims to enhance students'
individual abilities and increase their interest and motivation, which in turn is expected to improve their
academic performance and learning outcomes. Moreover, this multimedia learning tool is intended to
address challenges related to students' limited comprehension during classroom learning processes,
accommodate individual characteristics, and offer alternative solutions to the low self-actualization of
students. Through this e-book, students can revisit and explore difficult concepts, facilitating deeper
understanding. The ultimate goal of this research is to produce an Electrochemistry e-book based on
multiple representations across macroscopic, microscopic, and symbolic levels using 3D PageFlip. This e-
book will align with the applicable curriculum and adhere to educational principles while incorporating
essential educational elements. By improving concept mastery in Electrochemistry, this resource is
expected to enhance students' cognitive abilities and overall learning outcomes.
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INTRODUCTION

Based on the curriculum of the Chemistry 1 supports other Science and
Chemistry Education Study Program at the Expertise Courses. Chemistry holds a
Faculty of Teacher Training and Education crucial position among other sciences as it
(FKIP), Jambi  University, Physical can explain macro phenomena at the micro
Chemistry I is a highly important course in (molecular) level. Furthermore, Physical
the undergraduate program (S1). It is part of Chemistry I makes significant and
the Science and Expertise Courses (MKK) meaningful contributions to the
group. As an MKK course, Physical development of applied sciences, such as

115


https://doi.org/10.22437/jisic.v16i2.37641

116 Journal of The Indonesian Society of Integrated Chemistry Volume 16 Number 2 - December 2024

agriculture, health, fisheries, and

technology.

Therefore, this course is essential.
However, many students lack enthusiasm
and interest in learning it, as evidenced by
the low learning outcomes they achieve.
This issue can be attributed to the course
material, which is dense with theories and
abstract concepts, requiring high reasoning
skills at macroscopic, microscopic, and
symbolic levels. To date, the teaching of
Physical Chemistry I, particularly on the
topic of Electrochemistry in the Chemistry
Education Study Program at FKIP Jambi
University, has been conducted using
cooperative learning models. However,
these efforts have not significantly improved
student learning outcomes.

Multiple representations are forms of
representation that integrate text, real
images, or graphics. Learning through
multiple representations is expected to
bridge students' understanding of chemical
concepts. Chemical representations are
developed sequentially, starting from
observable phenomena, chemical equations,
atomic and molecular models, and symbols.

Johnstone (2000) categorizes
chemical representations into three levels.
The macroscopic level is tangible and
involves visible and real chemical
substances. The submicroscopic level, while
also real, is not visible; it consists of
particulate levels that can be used to explain
the movement of electrons, molecules,
particles, or atoms. Lastly, the symbolic
level encompasses various types of
representations, including images and
algebraic symbols (Acree, 1995; Alessi,
2001; Bayraka, 2010; Elisa, E., Zurweni, Z.,
Wiratmaja, I. G., Nugraha, I. N. P., &
Widayana, G., 2022).

Multiple representations are forms of
representation that integrate text, real
images, or graphics. Learning through
multiple representations is expected to
bridge students' understanding of chemical
concepts. Chemical representations are
developed sequentially, starting from

observable phenomena, chemical equations,
atomic and molecular models, and symbols.

Johnstone (2000) categorizes
chemical representations into three levels.
The macroscopic level is tangible and
involves visible and real chemical
substances. The submicroscopic level, while
also real, is not visible; it consists of
particulate levels that can be used to explain
the movement of electrons, molecules,
particles, or atoms. Lastly, the symbolic
level encompasses various types of
representations, including images and
algebraic symbols (Acree, 1995; Alessi,
2001; Bayraka, 2010; Boyle, 1997).

The teaching of chemistry so far has
predominantly represented two phenomena:
macroscopic and symbolic or mathematical,
while the sub-microscopic level is hardly
addressed. The role of these three levels of
chemical phenomena in learning receives
insufficient attention, leading to difficulties
for students in transferring knowledge
through interconnections between levels. As
a result, students struggle to acquire the
conceptual knowledge needed to solve
problems. Conceptual knowledge is an
essential component that students must
possess when studying chemistry, as it
should be stored in long-term memory and
easily retrievable. For the knowledge
acquired by students to enter long-term
memory, they must be encouraged to use
their mental models to connect these three
levels of chemical phenomena
(Chandrasegaran, 2007; Chittleborough,
2007; Chittleborough, 2008).

Several previous studies have shown
that students consistently face difficulties in
explaining sub-microscopic representations
based on macroscopic and symbolic
representations. Students tend to focus more
on the transformation from the macroscopic
level to the symbolic level but fail to
transform from macroscopic and symbolic
levels to the sub-microscopic level
(Chandrasegaran, 2007; Chittleborough,
2007; Chittleborough, 2008; Sunyono,
2011). This is because the knowledge
acquired and stored in memory is difficult to
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retrieve or is challenging to encode into
long-term memory.

Students’ difficulties in transforming
between the macroscopic, symbolic, and
sub-microscopic  levels of chemical
phenomena often stem from a lack of
training in sub-microscopic representation.
Traditional Basic Chemistry courses tend to
separate these three levels, which hinders
students' ability to interpret sub-microscopic
structures of molecules, as highlighted by
Devetak et al. (2009). Integrating all three
levels in teaching can enhance conceptual
understanding and problem-solving abilities
(Acree, 1995; Alessi, 2001;
Chandrasegaran, 2007; Chittleborough,
2008; Sunyono, 2011). Leveraging ICT-
based learning tools, such as e-books with
computer-assisted learning, provides an
alternative approach to bridge these gaps.
These tools not only foster independent
learning but also address individual learning
challenges, enhancing students’ motivation
and academic performance (Susanto, G.R.E.,
Elisa, E., & Dantes, K.R., 2024).

METHODS

The research was conducted in the
Physical Chemistry Laboratory of UP-
MIPA, Jambi University; the Basic
Chemistry Laboratory of PMIPA FKIP,
Jambi University; and the Computer and
Programming Laboratory of the Chemistry
Education Study Program, FKIP, Jambi
University. The teaching of Physical
Chemistry I was carried out with third-
semester students of the Chemistry
Education Study Program during the even
semester of the 2020/2021 academic year.
The entire research process, from
preparation to report writing, involving the
research team, took approximately six
months. The study population consisted of
30 third-semester students enrolled in the
Chemistry Education Study Program, all of
whom were included as the sample.

The tools used in the study included
standard laboratory equipment, whiteboards,
markers, overhead projectors, transparency
sheets, digital cameras, handy cams, and

ICT-based e-books with features like
3D animations and virtual molecular models
(Computerized Molecular Modeling) enable
simultaneous visualization of molecular
representations and processes at the
molecular level. Such tools align with
Mayer's cognitive theory and situative
theory, supporting external symbolic
representation transformation into mental
models and  inquiry-based  learning
(Chandrasegaran, 2007; Chittleborough,
2008; Sunyono, 2011). This approach
improves  students' understanding of
macroscopic and microscopic concepts,
particularly in subjects like Physical
Chemistry I, with a focus on
Electrochemistry. The development of a
multiple-representation e-book tailored to
the current curriculum and educational
standards offers a practical solution to
enhance the professional competence of
future chemistry educators.

computers equipped with software such as
ISIS Draw, 3D Pageflip, ACD Laboratory,
Chem Office, and Flash. The materials
included common chemicals for laboratory
practices, course outlines for Physical
Chemistry I, textbooks, and teaching media
specifically developed for Electrochemistry
using computer-assisted learning
applications. The study adopted the ADDIE
development model due to its clear and
systematic approach suitable for designing
computer-based learning media. The
development process involved five stages:
analysis, design, development,
implementation, and evaluation. During the
analysis phase, the researchers identified
needs, student characteristics, course
materials, and appropriate educational
technology. The design phase included
drafting learning media, creating flowcharts,
and storyboarding to structure the media.
The development phase utilized 3D Pageflip
software to produce an interactive e-book
featuring visuals, animations, texts, and
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background music, which was validated
iteratively by media and content experts.
The implementation phase tested the
validated e-book with a small group of 10
students. Finally, the evaluation phase
involved formative assessments to refine the
product based on feedback from experts and
students.

The study collected both qualitative
and quantitative data. Qualitative data
included feedback from content and media

RESULTS AND DISCUSSION

In this study, the development model
used for the e-Book on Electrochemistry
Based on Multiple Representations Using
3D Pageflip is the ADDIE model, which
consists of the following stages: 1) Analysis,
i1) Design, 1) Development, 1iv)
Implementation, and v) Evaluation. Each
stage of the ADDIE model is further
elaborated in detail, specifically for the
phases of analysis, design, development,
implementation, and evaluation, and
presented in the form of a development
flowchart.

Examples of several e-Books on
Electrochemistry developed using 3D
Pageflip for Physical Chemistry II learning
can be seen in Figures 1 and 2.

@® Sel Elektrokimiaeoe®®
Elektrokimia adalah bidang ilmu yang mempelajari hubungan antara energi listrik dan
proses (reaksi) kimia. Secara histori, { diawali oleh 3 pakar sekitar
250 tahun lalu, yaitu Luigi Galvani, Michael Faroday, dan Allessandro Voita yang masing-

barang elektronik lainnya.
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Gambar 1. Prinsip operasi bateral ion lithium,

experts, as well as student responses, to
guide improvements in the learning media.
Quantitative data, gathered through Likert-
scale questionnaires, provided scores for
evaluating the media's effectiveness and

student  engagement. Data  analysis
combined descriptive approaches for
qualitative =~ data and  interval-scale

processing for quantitative data, ensuring

comprehensive evaluation of the

Pageflip-based Ideal Gas e-book as a

teaching tool.
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Figure 1. Book cover

Baterai adalah sel elektrokimia (juga dikenal sebagai sel Galvani] yang merubah energi
kimia menjadi energi listrik, yang terdiri atas anoda dan katoda yang dipisahkan oleh elektro-
lit. Elektrolit adalah penghantar ion yang berfungsi juga sebagai media pengisolasi elektron.
Jika dua terminal dihubungkan ke suatu motor kecil, elektran mengalir melalui motor dari
kutub negatif ke kutub positif dari sel. Dihasilkan kerja ke lingkungan dan reaksi kimia, reaksi
sel, berlangsung di dalam sel.
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Baterai ion litium adalah baterai berenergi tinggi di mana Li* tertanam ke dalam dan
keluar dari lempengan positif dan negatif saat pengisian dan pemakaian. Seperti yang diilus-
trasikan pada Gambar 2 di atas. Dari kiri ke kanan, baterai terdiri dari bahan aktif elektroda
positif, pengumpul arus katoda, elektrolit, pemisah, elektrolit, pengumpul arus anoda, dan
bahan aktif elektroda negatif, Lempengan bahan elektroda positif dan pengumpul arus kato-
da pada baterai lithium-ion adalah senyawa interkalasi lithium-ion, umumnya LiCoO,, LiNIO,,
LiMin 0O, LiFePD, dan LiNiCo, » nya. Negatif bahan elektroda atau peng-
umpul arus aneda umumnya Li.C,, Tis, V.0, sebagainya. Elektrolitnya pelarut organik
di mana termasuk garam litium, seperti LiPF,. LIBF,, LiClO,, LIASF,, dan sebagainya. Pelarut
terutama etilen karbonat (EC), propilena karbanat (PC), dimetil karbonat (DMC), klorin metil
karbonat (CIMC), dan sebagainya. Peran utama separator dalam baterai adalah untuk men-
gisolasi elektroda positif dan negatif, sambil memungkinkan transportasi dari ion.

Figure 2. Examples of the contents of the Electrochemistry e-Book.
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Data from the validation of content material aspect were rated as "very good,"
experts and the e-book using 3D Pageflip and the criteria for the e-book design aspect
consists of two aspects: the content/learning were also rated as "very good" by the expert
material aspect and the e-book design team.

aspect. The criteria for the content/learning

Table 1. Quality of the Prototype Model of the Electrochemistry e-Book Using 3D Pageflip (Second
Validation Results).

Skor .

Aspects Expert 1 Expert 2 Average Interpretation
Image and Color Aspects 4,48 4,48 4,48 Very good
Video and Animation Aspects 4,48 4,46 4,47 Very good
Average 4,48 4,47 4,475 Very good

Table 2. Quality of Materials in the Electrochemistry e-Book Using 3D Pageflip (Second Validation

Results)
Skor .
Aspects Average Intepretation
Expert 1 Expert 2
Learning Aspects 4,46 4,46 4,46 Very good
Content Aspects 4,44 4,44 4,44 Very good
Average 4,45 4,45 4,45 Very good

Overall, the subject matter experts
and e-book evaluators stated that as a new
teaching material, this e-book can assist
students in understanding Electrochemistry
topics, especially abstract concepts at the
microscopic level, while also making
learning time more efficient.

CONCLUSION

Learning with the Electrochemistry
e-book using 3D Pageflip can explore
students' individual abilities and create an
appeal, thereby motivating students to
improve their performance and learning
outcomes. Additionally, this
Electrochemistry e-book can bridge the
limitations in students' comprehension
abilities during classroom teaching and
learning processes. It helps to understand
and address the individual characteristics of
students. Moreover, with the aid of this
Electrochemistry e-book, it can overcome

After being validated by experts, it is
recommended that the Electrochemistry e-
book using 3D Pageflip be made clearer and
more detailed to facilitate its use by lecturers
and students in classroom learning.
Additionally, the cover design should be
made more attractive and focused.

issues related to low self-actualization
among students, allowing them to revisit and
explore topics that are less understood
through the e-book developed based on
multiple representations.

The result of this research is an
Electrochemistry e-book at the macroscopic,
microscopic, and symbolic levels using the
3D Pageflip application, which aligns with
the current curriculum, adheres to
educational principles, and incorporates
educational elements.
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