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ABSTRACT

Students find it challenging to understand motion concept or mechanics in physics learning and often experi-
ence misconceptions. There is also a lack of  teaching materials that promote conceptual understanding. This 
study aims to produce a valid, practical, and effective e-book based on cognitive conflict to enhance conceptual 
understanding. This research used explanatory sequential mixed methods. The effectiveness test was carried out 
through an experimental method with a pretest-posttest control group design. Using the cluster random sampling, 
61 science students performed as the samples. The research instruments used were interview guides, observation 
sheets, questionnaires, and two-level multiple-choice concept tests. The data were analyzed qualitatively and 
quantitatively using Aiken’s V formula, the percentage technique, and the Mann-Whitney hypothesis test. This 
study produced an e-book according to the four syntaxes of  the cognitive conflict-based learning model (CCBL). 
Real experiment video analysis was integrated into the third syntax. The e-book is valid in content, construct, 
language, and graphics, with an average of  0.83 in the high category. This e-book is practical in terms of  user 
convenience, attractiveness, and benefits, with an average of  79.6 in the strong category. This e-book is effective, 
with a significant effect of  0.001 < 0.05 on conceptual understanding and misconceptions. We concluded that the 
cognitive conflict-based e-book with real experiment video analysis integration is valid, practical, and effective in 
enhancing students’ conceptual understanding of  motion kinematics. 
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INTRODUCTION
 
The rapid growth of  technology, infor-

mation, and communication (ICT) and global 
competition has resulted in numerous significant 
developments in education in the 21st century 
(Mufit et al., 2020b; Puspitasari et al., 2021). Due 
to this circumstance, both students and teachers 
must possess 21st-century skills like collaborati-
on, communication, and critical thinking (Asri-
zal et al., 2018; Reaves, 2019; Dhanil & Mufit, 
2021; Heldina & Alberida, 2021). These skills can 

be built through the integration of  ICT in lear-
ning, such as the use of  IT-based learning media 
(Liesa-Orús et al., 2020; Oguguo et al., 2020). It 
makes teachers more creative in preparing lear-
ning tools and creating diverse learning media 
(Alobaid, 2021; Ziden et al., 2022). This integ-
ration will enable a more efficient and enjoyable 
learning process (Gaol & Sitepu, 2020; Hasin & 
Nasir, 2021) to increase conceptual understan-
ding and reduce misconceptions in learning (Ka-
rakaya et al., 2021). 

However, in reality, misconceptions are 
a problem that often occurs in physics learning 
(Mufit et al., 2018). The reason is that physics is a 
conceptual and abstract science field (Urey, 2018; 
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Akanbi et al., 2021). For example, motion kine-
matics material has a rather complicated concept 
and equations and requires solving analysis (Ar-
redondo & Valdés, 2022). Kizilcik et al. (2021) 
found that misconceptions occur in frictional 
material, where friction is often thought to hin-
der motion. Another example of  misconception 
is the research by Mufit and Syamsidar (2022), 
which showed that misconceptions often occur in 
motion material when students’ intuition, which 
frequently conflicts with scientific ideas, allows 
them to understand the concept of  motion.

This problem is that teachers’ use of  lec-
ture methods and teacher-centered learning is 
dominant (Mufit et al., 2020b; Ivánková et al., 
2022), allowing misconceptions. The use of  con-
cepts that do not correspond to those of  experts 
or scientists is known as misconceptions (Chen et 
al., 2020; Kurtuluş & Tatar, 2021; Capriconia & 
Mufit, 2022). Suparno (2013) stated that building 
students’ knowledge from scratch is more mana-
geable than changing knowledge; it is a misun-
derstanding (Taufiq et al., 2020). In the material 
of  straight motion, there are many misconcep-
tions about distance and displacement. Students 
believe that when the velocity is constant, the 
object’s acceleration is also constant (Liu & Fang, 
2019). Many studies revealed misconceptions in 
mechanics, including in the concept of  motion 
kinematics.

Preliminary research was conducted on 
31 superior-grade students and three physics te-
achers at Padang Pariaman Senior High School 
to reveal conceptual understanding and learning 
conditions (Puspitasari et al., 2021). FCI (Force 
Concept Inventory) test instruments and ques-
tionnaires were given to students and teachers. 
The FCI instrument is a standardized multiple-
choice test to reveal the levels of  students’ con-
ceptual understanding of  motion and force. In 
this preliminary study, FCI tests were modified 
into 20 two-tier multiple-choice questions by ad-
ding a tier about self-confidence in answering and 
reasons. Despite having studied the subject, the 
results indicated that 36% of  students had mis-
conceptions, 34% did not understand the con-
cept, and only 30% did so. It means that 70% of  
students have problems understanding the con-
cept of  motion in the category of  misconceptions 
and do not understand the concept (low concep-
tual understanding). A solution is needed to en-
hance students’ conceptual understanding. In ad-
dition, problems were also found in the learning 
process. Teachers rarely carry out activities to 
identify students’ misconceptions, and the lecture 
method is still dominantly used. They also rarely 
conduct experimental activities, discussions, and 

presentations to construct students’ knowledge 
about the concept of  motion. Even so, there is a 
lack of  IT-based teaching materials that promo-
te conceptual understanding (Puspitasari et al., 
2021). Therefore, the problem of  low conceptual 
understanding, misconceptions, teacher-centered 
learning, and the lack of  ICT integration are gaps 
that need to be solved, especially in the concept 
of  motion kinematics

One alternative solution is to apply real ex-
periment video analysis in cognitive conflict lear-
ning. Researchers or educators have widely used 
cognitive conflict learning to enhance the quali-
ty of  science learning since 1990 (Başer, 2006; 
Madu & Orji, 2015; Mufit et al., 2020a). Rese-
archers stated that cognitive conflict learning in-
volves models, approaches, strategies, or learning 
methods, with different learning stages (Mufit et 
al., 2020a). Applying cognitive conflict strategies 
can change the concept of  proper learning (Ra-
him et al., 2015). In addition, cognitive conflict 
strategies can train students’ communication and 
social skills, reduce misconceptions, and enhance 
their mathematical problem-solving skills (Par-
wati & Suharta, 2020). The cognitive conflict ap-
proach also enhances students’ critical thinking 
skills and conceptual understanding (Makhrus & 
Hidayatullah, 2021). The statement is in line with 
the opinion of  Sadia (2014) that the cognitive 
conflict model changes students’ misconceptions 
into scientific concepts. Cognitive conflict stra-
tegies stimulate or direct students to change and 
enhance concepts (Mufit & Fauzan, 2019; Achor 
& Abuh, 2020). 

One cognitive conflict-based learning de-
signed to stimulate or direct students to change 
and enhance concepts is the Cognitive Conflict-
based Learning Model (CCBL) (Mufit et al., 
2019). The application of  the CCBL model in 
learning is one suitable alternative for construc-
ting students’ concepts through learning activi-
ties. The syntax of  the CCBL model in this study 
consisted of  four stages: (1) activation of  precon-
ceptions and misconceptions, (2) presentation of  
cognitive conflicts, (3) discovery of  concepts and 
similarities, and (4) reflection (Mufit et al., 2018;  
Mufit & Fauzan, 2019; Mufit et al., 2020b). The 
CCBL model can be implemented well in lear-
ning if  there are teaching materials as a support 
system. 

Cognitive conflict-based e-books are IT-
based teaching materials designed to support the 
CCBL model. The e-book is structured according 
to the four CCBL model syntaxes. The first syntax 
is the activation of  preconceptions and miscon-
ceptions to identify students’ initial concepts and 
misconceptions. The second syntax is the presen-
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tation of  cognitive conflict, which aims to bring 
up conflicts and students’ thoughts by display-
ing anomalous phenomena that often become 
misconceptions for students. The third syntax is 
the discovery of  concepts and equations, which 
is done through discussion and experimentation. 
The fourth syntax is reflection, which attempts 
to evaluate how well students have progressed 
in their conceptual understanding after having 
completed the previous three stages.

In the third syntax, real experiment video 
analysis is integrated. It is an experiment that 
displays motion traces of  objects through video 
recording analysis (Mufit et al., 2019). Students 
are led systematically through this experiment 
as they look for ideas and equations related to 
moving objects, such as kinematic motion. Stu-
dents relate ideas to kinematic physical motion 
parameters, which are displayed graphically and 
include displacement, velocity, acceleration, mo-
mentum, and energy (Mufit et al., 2019). Real 
experiment video analysis can increase students’ 
confidence in actual concepts compared to virtu-
al simulations (Ventura et al., 2017; Hochberg et 
al., 2020). Real experiment video analysis can be 
performed using tracker software.

The Java Open-Source Physics (OSP) fra-
mework was used to create the free video mo-
deling application known as “Tracker.” It has 
characteristics that allow it to track the positions 
of  objects. Many studies have revealed the ad-
vantages of  using tracker software in learning, 
especially displaying motion profiles for students’ 
conceptual understanding. In addition, it displays 
velocity and acceleration graphs, special effects 
filters, calibration points, line profile displays for 
spectrum and interference pattern analysis, and 
dynamic particle models (Oktova, 2019; Marty-
niuk et al., 2020). Students can acquire a broad 
set of  educational skills through the tracker soft-
ware by discussing technical issues, discovering 
scientific concepts, and gaining experience (Chi-
riacescu et al., 2020). A tracker software can pro-
duce more accurate motion parameter data on 
kinematic motion, parabolic motion, and circular 
motion.

Tracker software is an innovation for te-
achers in conducting experiments on motion, 
which has been difficult to do so far. Some te-
achers only demonstrate motion material, so stu-
dents only observe without experimenting to find 
the concept of  kinematic motion. Video analysis 
guides students to conduct experiments on kine-
matic motion material that can be carried out ef-
ficiently, and the data obtained is more accurate 
(Jesus & Sasaki, 2018). Another thing is that if  we 

analyze the kinematic motion of  objects with the 
naked eye, it will not be easy to detect. Real ex-
periment video analysis is integrated into e-books 
to optimize this.

E-Books are books converted into electro-
nic form. These e-books can be supplemented 
with text, graphics, images, animations, simu-
lations, and videos (Sezgin & Ulus, 2017; Liao 
et al., 2018). It has many advantages: practical, 
durable, easy to carry, not easily weathered, and 
easy to publish (Qazi et al., 2018; Asrowi et al., 
2019; Al-Jarf, 2021). E-books are more accessible 
to produce than regular printed books (Çetİn et 
al., 2016). E-Books provide easy access advanta-
ges and effectively support learning (Tang, 2021). 
In addition, e-books can make it easier for stu-
dents to find additional information about lear-
ning materials anywhere and anytime (Hwang & 
Lai, 2017). Many libraries provide e-book access 
because they are accessible with smartphones, 
computers, and laptops (Majid et al., 2019). 

E-books can be developed using profes-
sional page flip software. This software can con-
vert teaching materials from PDF, OpenOffice, 
Microsoft Office, and images into an e-book (Ca-
hyanti et al., 2021). The structure of  the e-book 
developed refers to the guidelines for teaching 
materials from the Ministry of  Education of  the 
Republic of  Indonesia, which consists of  titles, 
competencies, learning materials, practice ques-
tions, and assessments. This study aims to desc-
ribe the design characteristics and determine the 
validity of  the cognitive conflict-based e-book by 
integrating video analysis of  real experiments to 
enhance students’ conceptual understanding of  
the kinematics motion material.

This research has several advantages and 
differences from previous studies. First, the te-
aching materials developed are in the form of  
e-books, which can be used online or offline. Se-
cond, an e-book was developed using a cognitive 
conflict-based learning model, whose syntax can 
increase conceptual understanding and remediate 
misconceptions. Third, this e-book integrates real 
experiment video analysis, which facilitates stu-
dents to understand the motion concept through 
real experiments with a combination of  video 
and Tracker software.

To address the issue of  poor conceptual 
understanding and misconceptions in motion 
kinematics, this research is crucial. In addition, 
it also overcomes the problem of  the lack of  
availability of  interesting IT-based teaching ma-
terials and specifically can increase conceptual 
understanding of  kinematics motion. The syntax 
of  the CCBL model in the e-book is designed to 
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lead students to identify their initial concepts and 
misconceptions and make conceptual changes. 
Integrating real experiment video analysis into e-
books is an effort to change students’ conceptual 
thinking by correctly constructing the concept of  
motion kinematics. To avoid the dominance of  
the teacher in using the lecture method. Cogni-
tive conflict-based e-book products that integrate 
real video analysis experiments are a solution to 
overcome these problems. This e-book is an inno-
vation that supports 21st-century science learning 
so that students understand concepts through real 
experiments using technological facilities. This 
study aims to produce cognitive conflict-based 
e-books integrated with valid, practical, and ef-
fective real-experiment video analysis to enhance 
students’ conceptual understanding.

METHODS

The research used a mixed method and an 
explanatory sequential design (Creswell, 2014). 
Explanatory sequential design is a combination 
method that is carried out sequentially. This rese-
arch was conducted qualitatively and continued 
quantitatively. The research procedure consists 
of  three stages: 1) Preliminary research to collect 
qualitative data and the prototyping phase and 
assessment phase to collect quantitative data; 2) 
Preliminary research to find problems and propo-
se solutions to solve problems; 3) Preliminary re-
search has been carried out previously in the form 
of  needs analysis and literature review (Puspita-
sari et al., 2021). A solution design was carried 
out in the prototyping and assessment phases, 
and the solution was tested. In the prototyping 
phase, validity and practicality tests were car-
ried out in several stages: self-evaluation, expert 
review, one-to-one evaluation, and small group 
evaluation. An effectiveness test (field test) was 
conducted in the assessment phase through expe-
rimental research with a pretest-posttest control 
group design (Sugiyono, 2014). The series of  va-
lidity, practicality, and effectiveness tests refer to 
the Tessmer diagram in Figure 1.

Figure 1. Tessmer Diagram (Plomp, 2013)

The researchers self-evaluated by checking 
for errors in the e-book prototype design. The 
expert review was carried out by five validators 
who are physics lecturers at Universitas Negeri 
Padang.  Three low, medium, and high-ability 
students participated in the one-to-one evaluati-
on. Nine students divided into three groups with 
low, medium, and high ability levels participated 
in a small group evaluation. At the field test stage, 
experimental research was carried out in tenth-
grade science classes, with a total sample of  61 
high school students. Two sample classes (control 
and experimental classes) were selected using the 
cluster random sampling technique. Practicality 
and effectiveness tests had high school students in 
Padang Pariaman as the subjects. The data in this 
study consisted of  the results of  validity, practi-
cality, and effectiveness. There were two instru-
ments used: a questionnaire with a Likert scale 
to test the validity and practicality of  the product 
and a pretest and posttest to test its effectiveness. 
The questions given are in the two-tier multiple-
choice with answers to reasons, which consist of  
10 valid and reliable questions about the concept 
of  circular motion.

The data analysis technique in the validi-
ty test uses Aiken’s V formula, which is guided 
by three categories: low validity (V < 0.4), mo-
derate validity (0.4 ≤ V ≤ 0.8), and high validi-
ty (V> 0.8). Practicality test data were analyzed 
using the percentage technique, with practicality 
criteria:  very weak (0-20), weak (21-40), enough 
(41-60),  strong (61-81), very strong (81-100) 
(Riduwan, 2012). The effectiveness test began 
with analyzing the concept test results with co-
ding techniques. Three categories of  students’ 
conceptual understanding levels were obtained 
based on objective answers, confidence levels, 
and the reasons for the concept test instrument. 
The three categories are understanding concepts 
(U), misconceptions (M), and not understanding 
concepts (NU), referring to Mufit et al. (2020b). 
The conceptual understanding level codes were 
converted into numbers and analyzed using the 
Kolmogorov-Smirnov and Mann-Whitney Rank 
tests. The formulation for each test at the effecti-
veness stage is as follows:

First, Kolmogorov-Smirnov Test. This test 
is a requirement for the similarity test of  two ave-
rages. This requirement test consists of  the nor-
mality test and the homogeneity test. This requi-
rement test was analyzed by SPSS 21 using the 
Kolmogorov-Smirnov test with a significance le-
vel of  5% or 0.05. The basis for decision-making 
is in Table 1.
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Table 1. Provisions for Normality/Homogeneity Test

Significance Criteria

Sig > 0.05 Normal/Homogeneous

Sig < 0.05 Abnormal/Inhomogeneous

Second, Mann-Whitney Test. This test is a 
test of  the similarity of  two non-parametric me-
ans used to test the hypothesis. This test is also 
known as the U test to analyze the significance of  
the effect of  e-books based on cognitive conflict 
with real experiment video analysis integration 

to enhance students’ conceptual understanding 
of  motion. This hypothesis test was analyzed by 
SPSS 21 using the Mann-Whitney Rank with a 
significance level of  5% or 0.05. The basis for 
decision-making is in Table 2.

Table 2. Mann-Whitney Rank Test Terms

Significance Criteria

Sig > 0.05 Ho is accepted, and Ha is rejected

Sig < 0.05 Ho is rejected, and Ha is accepted
Description of  the Ho and Ha Hypotheses.
Ho: There is no significant effect of  cognitive conflict-based e-books on students’ conceptual under-
standing.
Ha: There is a significant effect of  cognitive conflict-based e-books on students’ conceptual under-
standing

RESULTS AND DISCUSSION

The e-book product was created to solve the 
issues found in the preliminary research. The four 
syntaxes of the cognitive conflict-based learning mo-

del (CCBL model) are the foundation for the e-book. 
Real experiment video analysis was integrated into 
the CCBL model’s third syntax. Figure 2 displays the 
results of the product design. 

Figure 2. E-book Design based on Cognitive Conflict Model

Figure 2 presents the design of  the four 
syntaxes of  the CCBL model for e-books. The 
first syntax is the activation of  preconceptions 
and misconceptions. Questions about the con-
cept of  motion that students meet in daily life 
are provided to the class. This stage aims to de-
termine students’ initial knowledge about the 
kinematic motion before learning begins. The 
question begins by giving a physical phenome-
non and is given five statements about the pheno-
menon. Students can respond to statements by 

ticking columns B (true), S (false), and T (do not 
know). Students who answer all statements cor-
rectly are categorized as having understood the 
concept. Students who answer only part of  the 
statement correctly are categorized as misconcep-
tions because of  incomplete students’ conceptual 
understandings. Students who answer all state-
ments with ‘do not know’ are categorized as not 
understanding the concepts of  the given motion 
phenomenon. Through this syntax, teachers can 
find initial knowledge or concepts and identify 
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students’ misconceptions about the kinematics 
of  straight, parabolic, and circular motions pre-
sented in the e-book. 

The second syntax design presents a cog-
nitive conflict by providing kinematic motion 
phenomena that can trigger students’ cognitive 
conflicts. Students are triggered to think pro-
foundly and answer hypotheses on a given pheno-
menon. The kinematics of  two objects with diffe-
rent masses falling from the same height becomes 
the choice of  this second syntax design because 
this phenomenon often leads to a misconception 
for students.

The design in the third syntax, the dis-
covery of  concepts and equations, aims to find 
answers to students’ hypotheses. In this syntax, 
a real experiment video analysis step is designed. 
Students experiment by recording the kinematic 
motion of  two balls with different masses falling 
simultaneously from the same height (Figure 
3a). The video recording results are then analy-

zed using Tracker software. There are three ex-
perimental designs in the e-book: kinematics of  
straight motion, parabolic motion, and circular 
motion (Figure 3). The results of  the analysis are 
presented in the form of  tables and graphs for 
students to discuss. In the e-book, students are 
guided to find concepts and equations about the 
kinematics of  motion. 

In the design of  the fourth syntax, reflec-
tion, students are invited to review their answers 
in the first syntax and their hypotheses in the se-
cond syntax. After carrying out the concept and 
equation discovery activities, students were given 
questions about the kinematic motion to determi-
ne how far their understanding progressed. The 
questions are designed in essay form, consisting 
of  questions about the concept of  motion and its 
application using the kinematics equation of  mo-
tion. The real experiment video analysis design 
on straight, parabolic, and circular motions is in 
Figure 3.

Figure 3. Design of  Real Experiment Video Analysis on E-books
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Cognitive conflict-based e-book products 
are then self-evaluated before the expert review. 
The researchers themselves did a self-evaluation 
to see obvious errors. This stage evaluates, checks 
completeness, and revises the product. The self-
evaluation instrument has a checklist sheet with a 
Likert scale. There are five indicators in self-eva-
luation: the completeness of  the structure of  the 

e-book according to the guidelines of  the Indo-
nesian Ministry of  Education, the completeness 
of  the CCBL model syntax on the e-book, the 
suitability of  the analysis of  real experiment vi-
deos integrated into the e-book, the suitability of  
language, and the suitability of  the display of  the 
e-book. The results of  the self-evaluation analysis 
are in Figure 4.

Based on Figure 4, the five indicators of  
the self-evaluation assessment are in a very high 
category. The e-book has fully integrated real ex-
periment video analysis for straight, parabolic, 
and circular motions. Language and appearance, 
in general, are also good. The completeness of  
the e-book structure and the syntax of  the cog-
nitive conflict-based learning model are also in 
the good category. However, there is a revision 
in the evaluation/reflection section. The overall 

Figure 4. Self-Evaluation Results

self-evaluation assessment obtained an average of  
97.08, with a very high category. Thus, the e-book 
was tested for validity through an expert review.

The validity test results based on the expert 
review consist of  four aspects of  the assessment: 
content validity, construct validity, language va-
lidity, and e-book appearance validity. The ana-
lysis results of  evaluating the validity of  the four 
cognitive conflict-based e-books are presented in 
Table 3.

Table 3. Results of  E-Book Validity Analysis

Assessment Indicators Aiken’s V Description

Content Validity 0.80 High

Construct Validity 0.85 High

Language Validity 0.82 High

Display Validity 0.83 High

Average 0.83 High

Table 3 explains the results of  the analysis 
of  the validity of  the cognitive conflict-based e-
book. The e-book validity of  various indicators 
is in the range of  values from 0.80 to 0.85. The 
average validity value is 0.83 and is categorized 
as high. Thus, the cognitive conflict-based e-book 
is valid.

Cognitive conflict-based e-books were then 
tested for practicality in the following stages. 

One-to-one and small-group evaluations were 
conducted on tenth-grade high school students. 
A one-to-one evaluation was conducted on three 
students with high, medium, and low abilities. 
Three aspects of  the practicality of  e-book pro-
ducts are seen: the usability aspect, the attractive-
ness aspect, and the benefit aspect. The results of  
the one-to-one evaluation practical test analysis 
are presented in Table 4. 
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Table 4. Results of  One-to-One Evaluation Analysis

Assessment Indicators Average Description

Usability 67.86 Strong

Attractiveness 62.50 Strong

Benefit 66.67 Strong

Average 65.68 Strong

Table 4 describes the practical analysis of  
e-books on one-to-one evaluation. The values 
from the three indicators range from 62.50 to 
67.86. The average value of  the practicality of  the 
e-book in the one-to-one evaluation was 65.68 
and categorized as strong. It shows that the use 
of  e-books in one-to-one evaluation has a strong 
practicality, meaning that the prototype is prac-
tical.

Next, a practical test was conducted on 
a small group evaluation of  nine students. The 
nine people consisted of  three people with high 
abilities, three with moderate abilities, and three 
with low abilities. Three aspects of  practicality in 
the analyzed small group evaluation are usabili-
ty, attractiveness, and benefits. The results of  the 
practical analysis of  the small group evaluation 
are in Table 5. 

Table 5. Results of  the Small Group Evaluation Analysis

Assessment Indicators Average Description

Usability 78.97 Strong

Attractiveness 76.39 Strong

Benefit 83.33 Strong

Average 79.56 Strong

Table 5 shows the results of  the practical 
analysis of  e-books on the small group evaluati-
on. The values from the three indicators range 
from 76.39 to 83.33. The average value of  the 
practicality of  the e-book in the small group 
evaluation was 79.56 and categorized as strong. 
It shows that using e-books in small groups has 
strong practicality. Therefore, cognitive conflict-
based e-books with real experiment video analy-
sis integration are practical to use in learning.

Furthermore, e-book products based on 
cognitive conflict were tested for effectiveness 
using experimental research. The effectiveness 
of  the e-book is seen in the increase in students’ 
conceptual understanding. The level of  students’ 
conceptual understanding is divided into three 
levels: understanding concepts (U), misconcep-
tions (M), and not understanding concepts (NU). 
The effectiveness of  the e-book was analyzed 
from the pretest and posttest gain scores. The sta-
tistical test was the Mann-Whitney test because 
the data in the two sample classes were not nor-
mally distributed, and the second variant was not 
homogeneous in the three categories, U, M, and 
NU. The analysis results of  the effectiveness of  
cognitive conflict-based e-book are in Table 6.

Table 6 describes the effectiveness of  the 
cognitive conflict-based e-book. From the data, 

the gain value of  the experimental class was 
higher than the control class. From the data, stu-
dents who understand the concept gained 157 in 
the experimental class and 55 in the control class. 
These data showed a drastic increase in students’ 
conceptual understanding in the experimental 
class after using an e-book based on cognitive 
conflict with real experiment video analysis integ-
ration. In the students’ misconception data, the 
experimental class gain was 65, more significant 
than the gain in the control class, which was 18. 
It means there was a drastic decrease in students’ 
misconceptions in the experimental class because 
it used an e-book based on the cognitive conflict 
with real experiment video analysis integration. 
Using this cognitive conflict-based e-book can 
also reduce students’ lack of  conceptual under-
standing in the experimental class. It was proven 
by the experimental class gain (139) higher than 
the control class (120). Thus, cognitive conflict-
based e-books can encourage students to under-
stand concepts and reduce misconceptions and 
lack of  understanding of  physics concepts.

The gain was then analyzed using statisti-
cal tests to see the significance of  the effectiveness 
of  the e-book on the levels of  students’ conceptu-
al understanding. Before that, normality and ho-
mogeneity tests were carried out first. The results 
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of  data analysis showed that students’ conceptual 
understanding at the three levels had data that 
were not normally distributed and not homoge-
neous. For this reason, doing a non-parametric 
test with the Mann-Whitney test was necessary. 
The Mann-Whitney test result analysis showed 

that cognitive conflict-based e-books significant-
ly influenced students’ conceptual understanding 
and misconceptions (Table 6). Thus, cognitive 
conflict-based e-books with real experiment video 
analysis integration effectively enhance students’ 
conceptual understanding.  

Table 6. Analysis of  Effectiveness Test Using Cognitive Conflict-based E-book

Level of Concept 
Understanding

Test used Experimental class  Control class

Understand the con-
cept (U)

Pretest 33 40

Posttest 190 95

Gain 157 55

Normality Test & Homogeneity Test

Sig <0.05

Description Not normally distributed & not homogeneous

Mann-Whitney Test

Asymp.Sig .001

Sig <0.05

Description There is an influence

Misconception (M)

Pretest 120 77

Posttest 55 59

Gain 65 18

Normality Test & Homogeneity Test

Sig <0.05

Description Not normally distributed & not homogeneous

Mann-Whitney Test

Asymp. Sig .001

Sig <0.05

Description There is an influence

Do not understand 
the concept (NU)

Pretest 190 215

Posttest 51 95

Gain 139 120

Normality Test & Homogeneity Test

Sig <0.05

Description Not normally distributed & not homogeneous

Mann-Whitney Test

Asymp.Sig .110

Sig >0.05

Description There is no influence

Based on a series of  studies, the cognitive 
conflict-based e-book with real experiment video 
analysis integration is valid, practical, and effecti-
ve in enhancing students’ conceptual understan-
ding. The e-book is valid in content, construction, 

language, and appearance. Regarding content, 
the e-book integrated real experiment video 
analysis with a cognitive conflict-based learning 
model that follows the characteristics of  21st-
century learning (Mufit et al., 2019). In terms 
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of  constructs, this e-book is designed to enhance 
students’ conceptual understanding of  motion ki-
nematics and train students’ 4C skills through the 
four syntaxes of  the CCBL model (Santi et al., 
2019; Verawati et al., 2019; Septiyanti & Fajriah, 
2021). Regarding language, e-books follow good 
and correct Indonesian writing rules (Tharmar 
& Kalidasan, 2019; Nurhasnah et al., 2020). In 
terms of  appearance, the e-book has clear navi-
gation buttons and exciting animations to create 
an interactive and engaging learning atmosphe-
re (Jannah et al., 2020). This validity study are 
supported by the results of  many previous rese-
archers (Arifin et al., 2021; Delvia et al., 2021; 
Dhanil & Mufit, 2021; Saputri et al., 2021). 
Dhanil and Mufit (2021)  showed that interactive 
multimedia is designed with four CCBL syntax 
models to enhance students’ understanding of  
4C concepts and skills in the high validity cate-
gory. In the third syntax of  the CCBL model, 
experiments can also be integrated into a virtual 
laboratory form (Delvia et al., 2021; Saputri et 
al., 2021). However, the integration of  real expe-
riment video analysis is superior in providing real 
experiences for students. In addition, Arifin et al. 
(2021) also explained that interactive multimedia 
based on cognitive conflict is integrated with stu-
dents’ new literacy, which is also valid and prac-
tical. Thus, the e-book based on cognitive conflict 
integrated with real experiment video analysis in 
this study is valid.

 The e-book is practical in terms of  usa-
bility, attractiveness, and benefits. As in several 
previous studies, practical teaching materials are 
needed in learning activities (Septiana, 2018; Far-
dani et al., 2019; Arifin et al., 2021). The cogniti-
ve conflict-based e-book in this study is practical 
because it contains instructions and straightfor-
ward-presented materials that students easily 
understand. The syntax of  the cognitive conflict 
learning model is clear so that students easily un-
derstand it, and there is a real experiment video 
analysis that can make it easier for students to 
find physics concepts (Sutopo, 2014; Fardani et 
al., 2019; Mufit et al., 2019). This e-book also has 
the appeal to make students interested in studying 
physics. The right color combination, moving 
animations, audio, exciting pictures, and videos 
to explain abstract concepts can be considered 
interesting (Septiana, 2018). Besides being easy 
to use and attractive, this e-book also benefits its 
users. The benefits of  using e-books are that it 
makes it easier for students to find physics con-
cepts independently and minimize time. It can 
also be used anywhere and anytime and can build 
students’ conceptual understanding (A’yun et al., 
2020; Setiawan & Razak, 2020). Thus, the cogni-

tive conflict-based e-book is practical because it 
fulfills three practicality aspects: usability, attrac-
tiveness, and benefits.

The cognitive conflict-based e-book in this 
study effectively increases students’ conceptual 
understanding, as it is also relevant to several pre-
vious researchers. E-books are said to be effective 
if  they can enhance students’ learning outcomes, 
including conceptual understanding (Asrowi et 
al., 2019; Sun & Pan, 2021). This e-book contains 
a cognitive conflict model. This model contains 
meaningful information, challenges students to 
form concepts, and provides motivation to solve 
problems to enhance students’ conceptual under-
standing (Bedford et al., 2018). This model can 
also help students to remediate misconceptions 
(Akmam et al., 2022). It is in line with Rahim 
et al. (2015), who showed that cognitive conflict 
learning can reduce students’ misconceptions in 
physics lessons. 

Low conceptual understanding and mis-
conceptions about motion kinematics have been 
resolved by this research. The results of  data ana-
lysis on the effectiveness test show the significan-
ce of  cognitive conflict-based e-books in increa-
sing conceptual understanding and remediating 
students’ misconceptions about motion kinema-
tics. The syntax of  the cognitive conflict model 
in e-books can make learning more meaningful 
and clarify physics concepts to reduce miscon-
ceptions.  

The novelty of  this research is the E-book 
design which uses the four CCBL model syn-
tax and integrates real experiment video ana-
lysis. The integration of  real video analysis can 
form a real understanding of  students’ concepts 
(Michalsky, 2020; Sun & Pan, 2021). It is becau-
se real video analysis contains experiment videos 
to analyze motion videos. The integration of  real 
video analysis will be more accurate if  it is made 
with the help of  a software tracker (Eadkhong et 
al., 2012; Nurfadilah et al., 2020). Using tracker 
software, it is possible to know the position of  
objects, object speed, object acceleration, XY 
coordinates, and the time it takes for the object 
to move (MacLachlan, 2005; Janwadkar et al., 
2017; Saho, 2018). Data analyzed with the naked 
eye will be difficult to detect, so it can cause mis-
conceptions, especially in motion material (Liu 
& Fang, 2019; Nurfadilah et al., 2020; Liu et al., 
2022). It is because motion is one of  the materials 
with many concepts and equations that the naked 
eye can detect. Therefore, real experiment video 
analysis with the help of  tracker software needs 
to be integrated into the development of  cognitive 
conflict-based e-books.
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Real experiment video analysis has been 
used by previous researchers on the concepts of  
viscosity, kinematics, dynamics, and pendulum 
oscillation motion (Ondruš & Hockicko, 2015;  
Mariati et al., 2017; Trocaru et al., 2020; Islami 
et al., 2021). With video analysis using Tracker 
software, students become motivated to explo-
re high-quality material, even using ordinary 
smartphones (Khan et al., 2019; Becker et al., 
2020; Trocaru et al., 2020). The use of  video re-
cording and tracker analysis software can enhan-
ce students’ cognition and metacognition by pro-
viding authentic experiences for students (Wee et 
al., 2015; Mariati et al., 2017). In addition, the 
CCBL model syntax assisted by experiment vi-
deo analysis can make learning more meaningful 
and fun. The findings in this study are that there 
is innovation in producing e-books with the four 
CCBL syntax models and the integration of  real 
experiment video analysis, which has significant-
ly enhanced students’ conceptual understanding.

CONCLUSION

This research has produced a cognitive 
conflict-based e-book with real experiment video 
analysis integration, which is valid, practical, 
and effective in enhancing students’ conceptu-
al understanding. The e-book is valid regarding 
content, construct, language, and appearance. It 
is practical in terms of  usability, attractiveness, 
and benefits. The main finding in this study is 
that the cognitive conflict-based e-book with real 
experiment video analysis integration is effective 
and significantly enhances students’ conceptual 
understanding and reduces their misconceptions. 
This study implies that the cognitive conflict-
based e-book with real experiment video analysis 
integration can be used as teaching materials to 
enhance conceptual understanding of  motion ki-
nematics. It is suggested that educators use this 
e-book as an IT-based 21st-century physics teach-
ing material.
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