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The purpose of this research was to develop a multi-representation based e-book
on the concept of intermolecular forces that is valid and feasible for use. The form
of research used was Research and Development (R&D), which refers to the
ADDIE development model consisting of five stages, namely analysis, design,
development, implementation and evaluation. Data collection tools at the analysis
stage were broken down to interview guidelines and observation sheets. At the
development stage, the data collection tools used were content validation sheets
(Content Validity) and views (Face Validity). At the implementation stage, the data
collection tool utilized was an test of understanding on the concept of
intermolecular forces. The results of content validation indicated that the
developed e-book was valid. The face validity results showed that the
correspondents were in agreement that the e-book had writing style and fonts that
were easy to read, material explanations and videos that were easy to understand
and images that were corresponding to the contents of the material. Overall, the e-
book was found to be easily utilised and the material related to daily life. The e-
book obtained learning outcomes that were to be highly mastered by the students.
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INTRODUCTION

The concept of chemistry is widely defined as the explanation of an occurrence of a
natural phenomenon based on experimental results (Philip et al., 2014). The explanation
of chemical phenomena is presented in various methods of representation which
includes the occurrence of phenomena that are directly observable or macroscopically,
microscopic explanation of the phenomenon and symbolised (Guzel & Adadan, 2013;
Siew Li & Arshad, 2014; Harst & Savec, 2017). Chemical concepts can be formed when
they can connect chemical phenomena with microscopic visualisations or images (Yayla
& Eyceyurt, 2011). Thus, the concept of chemistry can be understood in its entirety if it
can relate macroscopic, microscopic and symbolic aspects; this is referred to as multi-
representation.
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Intermolecular forces (IMFs) are one of the concepts in chemistry that require linking
skills between aspects of multi-representation. Macroscopic representations of IMFs are
related to the form of substances in liquid or solid form, symbolic representations are
related to the chemical formula of the constituent particles and microscopic
representations are related to interactions that occur between the constituent particles of
substances. In addition, IMFs are the basis for learning other chemical concepts. Hence,
if students fail to master it, they may be inhibited from learning other chemical concepts
(Lawrie et al., 2013). For example, the concept of IMFs is used in predicting the
solubility of a substance based on the principle of "like dissolved like" and the boiling
point of organic compounds (Rantih et al., 2019).

The facts show that most students fail to link macroscopic, microscopic and symbolic
aspects in IMFs. Students have the correct understanding of the definition of hydrogen
bonds and the dipole-dipole force but fail to describe the process of the formation of
forces between molecules microscopically or at the molecular level (Cooper et al.,
2015). Students also fail to predict the types of IMFs that occur based on their molecular
structure. Also, students can predict the solubility of ion compounds with polar solvents
but fail to describe the dissociation process (Malkoc, 2017). It was also found that the
students can write the chemical formula of the constituent particles of matter but failed
to describe the process of interaction between these particles (Musawwa et al., 2018).
There is still an assumption that IMFs of hydrogen bonds are a force that arise from
bonds between O and H atoms in one molecule, not between molecules (Schmidt et al.,
2009; Widarti et al., 2019).

The main reason for the lack of skills in linking the relationship between aspects of
multi-representation is due to the lack of the availability of books that emphasise
macroscopic and symbolic aspects rather than microscopic aspects (Pande &
Chandrasekharan, 2017; Al-Balushi, 2013; Aydin et al., 2014; Gkitzia et al., 2011;
Demirdogen, 2017). Rantih, et al. (2019) analysed five textbooks discussing IMFs. The
results obtained were that the five books explained the concept of the IMFs clearly but
three of the five books emphasised the macroscopic and symbolic aspects rather than the
microscopic aspects. There was also the tendency to explain microscopic aspects in the
form of explanatory words that could lead to misinterpretation. The impact arising from
the use of these textbook could lead to the assumption that chemistry is abstract and can
form misconceptions (Sunyono, 2015; Parpageorgiou et al., 2016; Zang & Linn, 2011).

Considering the importance of understanding the concept of IMFs, multi-representation
based textbooks are needed. These textbooks would make it easy for prospective
chemistry teachers and students to gain a complete understanding of both macroscopic,
microscopic and symbolic aspects — using the FlipPDFProEdition software. The
practicality of the software can include text, images, audio, and dynamic visualisation in
the form of video or animation and internet site links so that it enriches the type of book
display (Linda et al., 2018). The advantages of dynamic visualisation that exist in e-
books have an impact on a complete understanding of the concepts being studied
because dynamic visualisation can provide an expository display, describe the process
of movement directly and appear relevant to actual reality (Hwang et al., 2012; Kumar
et al., 2016; Bhatti et al., 2017; Rusli et al., 2017). Thus, the purpose of this research is
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to develop a multi-representation based e-book using FlipPDFProEdition software by
integrating images, text, and dynamic visualisation. Through this e-book; it is hoped that
prospective teachers and students can gain independent learning and a complete
understanding of the concepts of IMFs and their relationship to macroscopic,
microscopic and symbolic aspects.

Several studies have shown the effectiveness of using e-books in learning. Ebied &
Rahman (2015) found that students who were taught using e-books were better at
achieving learning outcomes than using printed books, with an effect size of 0.43 in the
medium category. Yasa et al. (2018) has developed an e-module by combining text,
audio, animation, photos or images and sounds with different combinations of
elementary school thematic learning and the results obtained showed that students are
more motivated to learn and their learning achievements improved. Raihan et al. (2018)
also developed e-books by integrating text, images, audio, video and animation which
allows students to understand the material correctly. Biranvand & Khasseh (2014)
observed that using e-books caused significant improvements in academic ability,
variety, flexibility and effectiveness in learning compared to students who learned using
printed books.

LITERATURE REVIEW

The concept of IMFs is a basic concept that must be mastered because its application is
quite extensive in studying other aspects of chemistry. The concept of IMFs is used in
explaining the physical properties of compounds such as boiling points, freezing points,
and solubility of inorganic and organic compounds (Schmidt et al., 2009; Cooper et al.,
2015). The concept of IMFs is strongly influenced by the structure of the molecule,
more specifically whether the molecule is polar or nonpolar. The dipole-dipole force
will be formed for polar molecules that interact with the same or different polar
molecules. Nonpolar molecules interact with the same or different nonpolar molecules
so that the London force will form. Nonpolar molecules that interact with polar
molecules will form induced dipole-dipole forces. Polar molecules that interact with
ions will form the ion-dipole force. Nonpolar molecules that interact with polar or ion
molecules will form an induced ion / dipole-dipole force.

Understanding the concept of IMFs must be done from various aspects of
representation. This can be achieved by translating macroscopic aspects into
microscopic and symbolic aspects or vice versa (Guzel & Adadan, 2013). Macroscopic
aspects of IMFs can be observed in several chemical phenomena that can be observed
by the plain eye such as the form of substances, boiling points, the ability to intervene
between two kinds of liquid and the solubility of solids in solution (Cooper et al., 2015).
The symbolic aspect in IMFs is the symbol of the molecular composition of substances,
molecular polarity and molecular movements which are usually marked with arrows and
dashed lines (Rantih et al., 2019). Microscopic aspects in IMFs are related to the
description of the process of interaction between particles of matter at the molecular
level (Barbosa et al., 2015).

Learning the concepts of IMFs can be done by giving the right attention and material
porportion between the three aspects of multi-representation. This was done by adding
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visualisations that can explain the events that appear macroscopically and symbolically
to the molecular or microscopic level (Tasker & Dalton, 2006; Skamp, 2009; Sunyono
et al., 2017). Research by Scalco et al. (2018) shows results that students who are given
visualisation images along with explanatory texts can explain a phenomenon in more
detail and clearer than students who are only given visualisation in images or just text.
Barbosa et al. (2015) developed an IMF concept software that combines phenomena,
short text descriptions, molecular images and is equipped with video and animation to
make it easier for users to understand and this can help independent learning.

METHOD
Research Design

The purpose of this study was to develop a multi-representation based e-book on IMFs
concepts through the research design of Research and Development (R&D). From this
research, there was a valid and legitimate e-book developed that would be able to assist
the students in understanding the concepts of IMF.

Development Procedure

The development step referred to ADDIE development model (Branch, 2009). The steps
for developing were made up of analyse, design, development, implementation and
evaluation.

Analyze

At this stage, an analysis of the potential problems that exist in learning chemistry
between IMFs concepts was done. Potential analysis was carried out to assess the
expectations and goals of teaching the concept of IMFs. The analysis of the problems
was then carried out, namely the constraints and obstacles encountered in learning the
concept of IMFs that hinder the achievement of goals. Constraints and obstacles were
known from observations and interviews with lecturers and students.

Design

At this stage, an analysis was conducted to determine the learning outcomes of the IMFs
material, concept or content limitation and indicators that would be achieved. This stage
also searched for sources or materials to be used in developing electronic books such as
reference books, animation, video and sound related to the IMFs concept.

Develop

At this stage, a draft of a multi-representation based e-book on the concept of
intermolecular forces was produced. After the draft was produced, the next step was to
validate it. Validation consists of two forms, namely content validation and face validity.
Content validity was done by asking seven experts to assess the validity of the e-book
that was developed. Face validity was done by asking 30 students who have studied the
concept of IMFs to provide responses to the e-books developed.

Implementation

The product implementation was conducted by applying it to a basic chemistry course
on IMF material. The population in the implementation stage was made up of students
from the Chemistry Education Study Program consisting of three classes. One class was
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then chosen to be the subject of implementation. The consideration of subject selection
was based on the first-year college students that take the class and who have not
received IMFs material. From three classes, the Regular Class A-1 that consists of 27
students was chosen.

Evaluation

At this stage, there was an evaluation of the results from the implementation stage of the
draft e-book on the IMF concept. The main focus at the evaluation stage was to
determine the obstacles that appeared during the application of the developed draft
electronic teaching material. The next step revised the electronic teaching material on
the concept of IMFs based on a final multi-representation.

Data Collection Tools

In the analysing stage, the data collection tools used were interview guidelines and
observation sheets. The interview guidelines were conducted to find out the obstacles
faced by lecturers and students in learning IMFs concepts. Observation sheets were used
to observe the learning implementation in a basic chemistry course especially in regards
to material on IMFs. From the results of the interviews and observations, the problems
that appeared in basic chemistry lectures especially on IMFs concept were determined.
At the development stage, the conducted data collection tools were content validity and
face validity. At the implementation stage, the data collection tool was a comprehension
test on the IMFs concept.

Content validity

Content Validity contained four aspects that were assessed, including aspects of physical
appearance, linguistics, concepts or content and writing approach. On the physical
aspect, the validator assessed the format consistency, clarity of writing and the
appropriateness of the image. In the linguistic aspect, the validator assessed the language
styles that were interactive, unambiguous and easy to understand. In the concept or
content aspect, the validator assessed the truth, depth, sequence and renewal of the
presented concepts. In the writing approach aspect, the validator assessed the
appropriateness of the material and learning objectives, the material’s relevancy to daily
life and association with macroscopic, microscopic and symbolic aspects. The scale
conducted in the assessment ranged from 1-4 with scores 1, 2, 3 and 4 being irrelevant,
less relevant, relevant and highly relevant respectively.

Face validity

Face Validity contains an assessment of the e-book on aspects of writing that was easy
to read, explanations of the material were easy to understand, easy to use, images were
appropriate with the contents of the material, videos were easy to understand and the
material related to the daily lives of students who have learned the IMFs concept. The
students assessed the e-book by giving an approval or disapproval on each item.

Comprehension test on IMFs concept

The comprehension test on IMFs concept contained the conceptual questions that were
related to the learning objectives to be achieved after using the developed e-books in the
learning process. The answers given by students were adjusted to the assessment rubric.
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The range of rubric was 1 - 5. Students get a score of five if they had a firm command of
basic concepts, a score of four if he or she showed nearly complete understanding of
basic concepts, a score of three only had a tentative grasp of concepts, a score of two
lacked command of most of the important concepts and a score of one showed no
understanding of basic concepts or did not provide answers (Kubiszyn & Borich, 2003).

Analysis Data Technique

The conducted data from content validity results were then determined by the value of
the Validation Content Index (VCI) of each item assessed by dividing the number of
validators who provided the relevant statements (scores 3 and 4) divided by the total
number of validators. E-books were valid if they obtained a minimum CVI score of 0.8
(Wai Lam et al., 2018; Lau Chuan et al., 2019). The conducted data from the Face
Validity results determined the percentage of approval of each item by dividing the
number of students who gave approval divided by the total number of students involved
in the Face Validity test.

Data from the implementation stage was determined by the mean score of students from
the tested learning achievement indicator. Moreover, the classification of concepts of
each item was conducted by the categories of understanding, almost understanding,
merely understanding, less understanding and no understanding. The length of the
category range (p) was determined by reducing the maximum score of each item i.e. the
minimum score divided by the number of categories and the p-value was 0.8. The
average category (X) for each item can be seen in Table 1.

Table 1
Average Range Category of Student Understanding Concepts
No Average Range Category
1 1,0<X<1,8 No understanding of the concept
2 1,8<X<2,6 Less understanding of the concept
3 2,6<X<34 Mere understanding of the concept
4 34<X<42 Almost understanding the concept
5 42<X<50 Full understanding of the concept
FINDINGS
Analyze

This stage was conducted by analysing the potential problems faced by prospective
Chemistry teachers in understanding the IMFs concepts. The preliminary study that was
conducted on third-year students in the Chemistry Education Study Program, the Faculty
of Teacher Training and Education and Tanjungpura University found that they had
difficulty in describing IMFs processes that occurred in the same or different
compounds. The difficulty was caused by the limited information they obtained, both
from the lecture materials and available textbooks. Based on the results of the
preliminary study, teaching material that could facilitate the communication between
students and teachers in describing the process of IMFs was needed. This is necessary
because IMFs is a basic concept that provides the foundation in learning other concepts,
especially in organic chemistry, such as the principle of "like dissolved like" or the
solubility of organic compounds and predicting boiling and freezing points observed
from the strength of IMFs.
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Design

The first step in the design stage was to determine the general learning outcomes related
to IMFs concepts, content analysis or material needed in learning IMFs concepts and
indicators of the learning outcomes (Table 2). Based on these results, it was found that
learning IMFs concepts required prerequisite material such as the nature of macroscopic
and material microscopic, ionic compounds and polarity of covalent molecules. This is
related to Rompayom et al. (2011) who found that students had difficulty in solving
IMFs concept problems because of the lack of comprehension of differences in IMFs
(chemical bonds), the polarity of covalent compounds and the ability of ionic
compounds to form ions if dissolved in solvents.

Table 2

The Relationship of Learning Achievements, Inter Molecular Style Concepts and
Achievement Indicators

;ii::rg)lrr:\% Concept Analysis Achievement Indicators
Describe 1. The material form o Comparing the strength of forces between particles of solid, liquid and
the process and constituent gas.
of the particles including o Describing solid, liquid or gas forms macroscopically.
occurrence the nature of o Explaining microscopically about the difference in density, shape in a
of IMFs macroscopic and container, compressibility or thermal expansion of solid, liquid and gas
b_etvyeen mgterlal _ forms.
Z'inf;:;gn?nd microscopic. e Explain the difference in kinetic energy and attractive forces between
molecules i particles for solid, liquid and gas forms.
" 2. Molecules and its o Differentiate ionic and covalent compounds based on the chemical
classifications: formula of a molecule.
a. lonic Compounds o Determine the polarity of a covalent molecule based on its structural
b. Polar and Nonpolar formula.
Covalent o Predict the direction of movement of covalent molecules in liquid form
Compounds when brought near a charged field.
3. Intermolecular o Describe the process of the London Force or dispersion between
forces consists of: nonpolar molecules.
a. London Force o Describe the process of dipole-dipole force between polar molecules.
b. Dipole-Dipole Force - pegeribe the process of hydrogen bonding between molecules that are
¢. Hydrogen Bonds similar or different.
d. lon-Dipole Force o Describe the process of ion-dipole force between ions and polar
e. In_duced lon/Dipole- molecules.
Dipole Force o Describe the process of inter-ion or dipole forces with nonpolar
molecules.
Develop

The next stage was development which included developing and validating the
developed e-book. The development of a draft of the e-book utilized a multi-
representation approach by presenting macroscopic, microscopic and symbolic aspects
in appropriate portions. The draft e-book started with the guide consisting of the
preface, brief description, relevancy and learning outcomes of each chapter, introduction
to multi-representation aspects, the relationship between the studied chemical concepts
with the environment and health along with the format of sample problems accompanied
by systematic completion steps (Figure 1). Providing a guide in using the e-book gave
the reader knowledge about what they would encounter in the concept discussion of
each chapter in the e-book.
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Figure 1
Preliminaries Consisting of Preface, Instructions in Using the E-Book and the Table of
Contents

The explanation in the e-book provided a macroscopic, microscopic and symbolic
description to help the reader comprehend the studied concepts. Related images were
given in the macroscopic aspect, while the video was added in the microscopic aspect to
ease the readers’ comprehension of the conveyed explanation. The symbolic aspect was
made as easy as possible through an explanation of a basic theory, for example,
determination of the polarity of the covalent molecule was symbolised as a man being
pulled by a rope and the difference in electronegativity was symbolised by the force of
attraction (Figure 2).

Figure 2
Contents in Multi-Representation based E-Book
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After the e-book draft had been developed, the next step was to get it validated by an
expert. The results of content validity (Table 3) got an average CVI value of 0.95 and
hence, it was valid. From these results, all validators stated that it had clarity in terms of
writing; the language used was clear and it did not lead to ambiguous and double
meanings. Furthermore, the concepts presented in the e-book were correct and had depth
and was appropriate for the tertiary level. It was further observed that starting from the
prerequisite concept, the presented concepts were sequential and some examples or
illustrations were given based on relativeness to daily life.

Table 3

Content Validity Index of E-Book based on Multi-Representation by Validator (n = 7)
Relevant (score  Not relevant

Aspect Description 3and 4) (score 2 and 1) Cvi Category
Physical Format consistency 7 0 1,00 Valid
Appearance  Writing 6 1 0,86 Valid
Image suitability 7 0 1,00 Valid
Linguistic Interactive 6 1 0,86 Valid
Unambiguous 7 0 1,00 Valid
Easy to understand 6 1 0,86 Valid
Concepts Concept truth 7 0 1,00 Valid
Concept depth 7 0 1,00 Valid
Order of concept 7 0 1,00 Valid
Renewal 6 1 0,86 Valid
Writing Material suitability with 7 0 1,00 Valid
approach learning outcomes
Relevant to everyday 7 0 1,00 Valid
reality
Relations of macro, micro 6 1 0,86 Valid

and symbolic aspects in
the explanation
Average 0,95 Valid

Face validity was determined by involving 30 third-year students from the Chemistry
Education Study Program, the Faculty of Teacher Training and Education and
Tanjungpura University who have studied the IMFs. The results of Face Validity
(Figure 3) noted that the level of approval had a score from 80% to 100% for each
aspect. Based on these results, it could be concluded that the developed e-book could be
accepted by students for their use in learning the IMFs concept.

J 920
understandable video content b+ 86,67

———— 86,87
easy to use 100

i 83,34
readable writing 93,34

75 80 85 20 95 100 105
percentage

Figure 3
Correspondents’ Approval Level at Face Validity
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Implementation

The use of the product was conducted in two meetings. Before the learning process
began, students were asked to read the product that has been developed and summarised
it into presentation slides. A week later, the first meeting started and students were asked
to present their summary. The presentation was conducted in three parts. The first part
was to present the concept of material form and its constituents. The second part was to
present molecules classification into ionic compounds, polar and nonpolar covalent
molecules. The third part was to present the IMFs concept. The time allocation in the
first, second and third parts were 30 minutes, 60 minutes and 60 minutes respectively.
The students who were to present for each section were selected by a lottery draw. At
the second meeting, students were asked conceptual questions that were related to the
learning outcomes and were asked to answer these questions by using the developed
product.

The results in Table 4 below shows that the mean score of all items was in the
understanding category. Based on the results, it indicated that the students could solve
conceptual questions. Thus, it can be concluded that the developed e-book could help
students learn independently and assist them in understanding the contents of the
presented material in the e-book.

Table 4
Student Achievement Value in Working on Learning Outcomes Questions for the
Developed Product

No Learning Outcomes ég/;::ge Category

1 Compare the strength of forces between particles in solid, liquid and 4,63 Understand
gas forms.

2 Explain the form of solid, liquid or gas macroscopically. 4,71 Understand

3 Explain the difference in density, shape in a container, compressibility ~ 4,32 Understand
or thermal expansion of solid, liquid and gas forms microscopically.

4 Explain differences in kinetic energy and attractive forces between 4,61 Understand
particles for solid, liquid and gas forms.

5 Differentiate ionic and covalent compounds based on the chemical 4,81 Understand
formula of a molecule.

6 Determine the polarity of a covalent molecule based on its structural 4,42 Understand
formula.

7 Predict the movement direction of covalent molecules in liquid form 4,42 Understand
when brought near a charged field.

8 Describe the process of London Force or dispersion between nonpolar 4,14 Almost
molecules. Understand

9 Describe the process of occurrence of dipole-dipole forces between 4,62 Understand
polar molecules.

10 Describe the process of hydrogen bonding between molecules that are 4,32 Understand
similar or different.

11 Describe the process of ion-dipole forces between ions and polar 4,56 Understand
molecules.

12 Describes the process of force of ion/dipole and nonpolar molecules. 4.16 Almost

Understand
Average 4,50 Understand
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Evaluation

This stage was conducted to evaluate the results obtained at the implementation stage
and flaws that were corrected in the developed e-book. Based on the results from the
implementation stage, two learning outcomes had not shown the expected results. These
outcomes were describing the process of London Force and the occurrence of forces
between ions or dipoles with nonpolar molecules. From the answers obtained by the
students, it showed that the students were still having difficulty comprehending the
process of forming induced dipole from nonpolar molecules. Therefore, there were some
small revisions done in the e-book by adding pictures that made it easier for students to
comprehend the process of forming induced dipoles from nonpolar molecules.

After the small revisions, the developed e-book was distributed to the Chemistry
students through a Google Drive link (http://bit.ly/Gaya_Antar_Molekul) and could be
downloaded for free by the students.

DISCUSSION

This study aims to find out the level of students achievement when using multimedia
The purpose of this research was to produce a multi-representation based e-book on
intermolecular forces that was valid and suitable for use. In this study, the validity of e-
books was seen from the construct validity and face validity. The construct validation is
intended to assess the accuracy of the e-book and get feedback from the appropriate
experts (Ahmad et al., 2011; Setambah et al., 2017). Based on Table 3, it is known that
the e-book developed was valid. These results illustrate that the e-book used clear
language (in Indonesian), did not give the user multiple meanings and made it easier for
students to understand the content conveyed in the e-book. In addition, the concepts
presented by e-books were correct, sequential, contained current values and was up to
the tertiary level. The most important outcome from the e-book was that the student
could link macroscopic, microscopic and symbolic aspects in conveying the concept of
IMFs. The macroscopic aspects in e-books related to phenomena that appear in
everyday life which are related to the concept of IMFs such as the solid, liquid and gas
forms of a substance. The symbolic aspect in the e-book was presented with images
accompanied by an explanation in words. For example, writing molecular formulas and
determining the polarity of a molecule. Microscopic aspects in the e-book were
presented through dynamic visualisation in the form of videos that made it easier for
students to understand the process of forming forces between particles, including the
London Force, dipoles, hydrogen bonds, ion-dipoles and ionised/dipole with induced-
dipole.

Face Validity in this study was used to analyse the responses of prospective e-book
users and observe whether there was a gap between expert judgment and prospective
users (Goel et al., 2012). Figure 3 shows that potential users showed a high level of
interest in the e-book that was developed. The high interest in e-books can help them
learn independently so that it has an impact on the quality of their learning (Paolini,
2015; Cheng, 2016). Prospective users gave a very high interest in aspects such as
relevancy with real life, ease of use and readable writing with a percentage equal to or
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higher than 90%. Linking concepts with real life can motivate students to learn with the
emergence of the notion that the concepts learned are important to master because they
have a direct link in their lives (Tenaw, 2015). High interest was also shown by potential
users in the understandable aspects of video content, image appropriateness and concept
explanation with a percentage above 80%. This illustrates that the conceptual
explanation of e-books visually in the form of videos and pictures can help students
obtain complete information compared to just explanations in text form (Bobek &
Tversky, 2016).

The results of implementing e-books in the learning process showed that students could
understand the concept of IMFs (illustrated in Table 4). The results obtained illustrated
that the e-book developed made it easier for students to learn and grasps the concepts
easily. The reasons for such were the concept of the IMFs in the e-book was presented
in clear and unambiguous language, the compatibility between the pictures and
explanations, the concepts were presented correctly and the direct relation to daily life.
On the microscopic aspect, e-books present dynamic visualisation in the form of videos
that relate to the concept of the IMFs, especially for indicators describing the process of
the London Force, dipole-dipole, hydrogen bonds, ion-dipole and ion / dipole-dipole-
induced. Measurements after learning by using an e-book for the indicators described
the process of the London Force, dipoles, hydrogen bonds, ion-dipole and ion / dipole-
dipole induced were in the category of almost understanding, understanding,
comprehending, understanding and almost understand respectively. Thus, it can be said
that the provision of moving visualisations in the form of videos made it easier for
students to understand the concept of IMFs, especially in the microscopic aspect.
Several other studies have shown that providing dynamic visualisation can assist
students understand concepts taught microscopically. Barbosa et al. (2015) found that
the provision of dynamic visualisation in the form of IMF concept animation software
contributed to the formation of concepts by student which was seen from an increase in
scores during diagnostic tests and final tests by 65.2%. VVenkataraman, B (2009) showed
that providing interactive visualisation at the molecular level can help students explain
the chemical phenomenon at the molecular level marked through the results of an
average final score of 84. Thus, the e-book developed was feasible for use because it
was proven to make students understand the concept of IMFs better when applied in the
learning process.

CONCLUSION

The e-book developed is valid and appropriate for use in the learning process. It can
facilitate students in learning the concepts of intermolecular forces. The validity of e-
books is concluded from the results of content validation and face validity. The results
of content validation (Content Validity) in this study obtained a VCI value of 0.95 and
was hence, categorised as valid. The results of the Face Validity for the e-book was that
the writing style was easy to read, the explanation of the material and the videos were
easy to understand and comprehend and the images were corresponding to the contents.
Overall, the e-book was easy to understand by the user and the material was
satisfactorily associated with daily life with the percentages in a row being 93.34%,
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83.34%, 100%, 86.67%, 86.67% and 90%. The e-book was found to be appropriate if
the implementation phase can help the students understand the concept of IMFs. The
results of this study for the implementation of e-books in learning process was that the
use of the e-book obtained learning outcomes and was mastered by students with an
overall average score of 4.50. Hence, the e-book developed was suitable for use in the
learning process.

SUGGESTIONS

At the development stage, validation was the determining aspect of whether the
developed e-book can be implemented in the learning process. Validation involves two
forms, namely content validation and face validity. In order for the validation activities
to work well, a Focus Group Discussion is strongly recommended for these activities.
The goal is to create a common perception between researchers, experts as assessors of
content validation and prospective users as assessors of face validity on the aspects to be
measured. In addition, at the implementation stage, it is necessary to consider
approaches, methods or models that are appropriate for the characteristics of students.
Group discussions are strongly recommended in the use of this e-book. With group
discussions, the students involved in the learning process can interact and exchange
opinions about the concepts they learn.
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