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Introduction

The fact that e-books offer their users many opportunities, such as low cost (Swanson, Austin,
Stewart, & Scammacca, 2020), access (Hwang & Lai, 2017), portability (Li et al., 2020), navigation
(Casselden & Pears, 2020), has been instrumental in replacing printed books in recent years (Boticki,
Akcapinar, & Ogata, 2019). With the development of technology, interactive e-books have come to the
fore with features such as audio, video, image gallery, interaction, slide shows (Almekhlafi, 2021;
Swanson et al., 2020), animations (Lim, Liu, & Hou, 2020), simulations (Hadaya & Hanif, 2019), log
recordings (Boticki et al., 2019; Umarji et al., 2020; Yang, Zargar, Adams, Day, & Connor, 2020; Zarzour,
Bendjaballah, & Harirche, 2020). Thanks to these features, interactive e-books improve students'
learning outcomes, such as academic achievement, motivation, and critical thinking (Casselden & Pears,
2020; Yorganci, 2022).

Researchers state that careful thinking and planning are essential in interactive e-book designs
(Eitel, Bender, & Renkl, 2019; Schneider, Wirzberger, & Rey, 2019). It states that when the instructional
process is not sufficiently developed, an extraneous cognitive load may occupy students' limited
working memory, preventing them from understanding the subject (Mayer, 2014; Paas & Sweller, 2014).
Rockinson-Szapkiw, Courduff, Carter, and Bennett (2013) state that it is essential to use appropriate
learning methods when developing interactive e-books to create any difference in cognitive processes
and learning achievements between interactive e-books and traditional textbooks. Pabrua Batoon,
Victoria, Glasserman Morales, and Yanez Figueroa (2018) declare that an interactive e-book based on a
learning method can help guide students' learning process and lead to better results. Liu, Chou, and
Lee (2020) assert that using a teaching method as a basis helps the interactive e-book better structure its
content and interactive features. For this reason, researchers note that interactive e-books developed
without integrating with appropriate learning methods cannot meet learning expectations (Peng et al.,
2009) and may be insufficient to support students’ cognitive processes (Pabrua Batoon et al., 2018; Sung,
Hwang, & Chen, 2019). It is also emphasized that well-designed interactive e-books can support
students' cognitive processes (Bozkurt & Bozkaya, 2015).

It is asserted that student-centered interactive e-books should include appropriate learning
methods to guide learning (Sung et al., 2019). Saripudin, Fauzi, and Nugraha (2022) recommend that
interactive e-books be based on learning methods so teachers and students can interact effectively.
Mana, Mich, De Angeli, and Druin (2013) also explained that interactive e-books present learning
content in various exciting forms and play the role of a learning facilitator by embedding the teaching
strategies within the learning content. In addition, using effective learning methods and digital
technologies has become essential for students to achieve determined learning outcomes in online
learning environments, especially after the pandemic (Lieung, Rahayu, & Yampap, 2021). Teachers are
expected to use technology-supported, more practical, student-centered, flexible learning
environments. Interactive e-books can meet the demands (Arifah, 2017; Pramana, Jampel, & Pudjawan,
2020).

Thanks to the flexibility offered by the interaction feature, interactive e-books have started to be
developed based on different learning methods and strategies. (Hwang & Lai, 2017; Hwang, Tu, &
Wang, 2018; Kao, Chiang, & Foulsham, 2019; Li et al., 2020; Sung et al., 2019; Tsuei, Huang, & Cheng,
2020). Besides, such interactive e-books effectively lower the students’ surface strategy in learning,
reduce the recitation of answers, and prevent them from only thinking about tests (Sung et al., 2019). In
the literature, there are interactive e-book studies developed based on pedagogical methods such as
guided learning (Sung et al., 2019), inquiry learning (Ormanct & Cepni, 2020), individual learning,
project-based learning, game-based learning, cooperative learning (Chen, Hwang, Majumdar,
Toyokawa, & Ogata, 2021), cognitive conflict model (Mufit, Asrizal, & Puspitasari, 2022), situational
learning (Li et al., 2020; Sung, Hwang, Chen, & Liu, 2022), gamified flipped learning (Zhao, Hwang,
Chang, Yang, & Nokkaew, 2021), flipped learning (Hwang & Lai, 2017). However, interactive e-book
studies based on Prediction, Observation, Explanation (POE) method are limited.
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Prediction, Observation, Explanation (POE) Method

POE is known as a three-phase teaching method. During the prediction phase, students must
make predictions about an experiment, demonstration, or event presented for the learning outcomes
(Pujiwati & Susilaningsih, 2020). At the observation phase, students are required to make observations
for their predictions. At the end of the observation phase, the discrepancy between the predictions in
the prediction phase and the observations should be determined (Sumilah & Sulistyaningrum, 2021;
Yulianti, Suhandi, & Sopandi, 2020). The critical thing in this step is for the students to observe the event
or situation comfortably and to create a contradiction in their minds (Tomara, Tselfes, & Gouscos, 2017).
Students are expected to reach an explanation by comparing their predictions and observations during
the explanation phase. At the end of the explanation phase, the teacher summarizes the explanations
about the learning outcome. POE requires students to observe the presented situation and explain the
situation by detecting the difference between their predictions and observations (Yuenyong &
Yuenyong, 2021). This method, frequently used in science teaching, is effective in teaching concepts and
identifying and eliminating misconceptions (Banawi, Sopandi, Kadarohman, & Solehuddin, 2019;
Fuadi, Sopandi, Priscylio, Hamdu, & Mustikasari, 2020; Latifah et al, 2019; Nalkiran &
Karamustafaoglu, 2020; Pujiwati & Susilaningsih, 2020; Zakiyah, Widodo, & Tukiran, 2019). However,
the method has been used in case studies, usually in the environments where experiments were
conducted, and students have been asked to specify their prediction observations and explanations on
paper (Cengiz, 2018; Pujiwati & Susilaningsih, 2020).

Limited studies have used the POE method in a technology-supported way. Hong, Hwang, Tai,
and Tsai (2017) used, through an app called "WhyWhy," a multiple-choice question at the prediction
phase, an animated presentation at the observation phase, and a multiple-choice question at the
explanation phase. Akpiar (2014) investigated the effect of interactive animation throughout POE on
students' understanding of concepts about static electricity. Alfiyanti and Jatmiko (2020) studied
students' critical thinking skills using PhET simulations throughout POE. It is thought that the POE
method can be applied more effectively when students interact with various multimedia elements in
interactive e-books. With the animations, pictures, videos, and concept cartoons in interactive e-books,
students' prior knowledge can be revealed, they can be encouraged to make observations regarding the
predictions they have made based on their prior knowledge, and their evaluation of the results they
have obtained can be supported. In this way, students' misconceptions can be identified and eliminated.
With the multimedia materials included in interactive e-books based on the POE method, students can
engage cognitively by reflecting on their prior knowledge, comparing it with new knowledge, and
observing evaluation results. With this method, self-regulated learning can be indirectly supported as
students evaluate, organize, and renew their existing knowledge. In addition, if the student realizes that
he or she has a misconception, re-examining the multimedia materials in the interactive book, checking
the explanations, repeating the observations, or referring to new sources can also support self-regulated
learning. In this regard, this study aims to examine how an interactive e-book based on POE supports
high school students' eliminating misconceptions, cognitive engagement, and self-regulated learning.

There is a lack of interactive science teaching materials in our country (Ormanci & Cepni, 2020).
Researchers also emphasize that interactive e-books should be spread at all levels of learning, especially
in science and mathematics (Almekhlafi, 2021). In this sense, the interactive e-book developed will meet
this need. Suppose how the POE-based interactive e-book supports cognitive engagement, self-
regulated learning, and eliminating misconceptions is determined. In that case, recommendations can
be made on better design adjustments to support these variables in interactive e-books. Suggestions can
be made about what activities should be included to engage students more cognitively or what
arrangements should be made in multimedia elements. Accordingly, this study seeks to answer the
following research questions;
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1. Is there a significant difference between high school students' misconceptions, cognitive
engagement, and self-regulated learning levels before and after using POE-based interactive e-
books on heat and temperature?

2. According to high school students, how do the features of the POE-based interactive e-book on
heat and temperature support eliminating misconceptions, cognitive engagement, and self-
regulated learning?

Literature Review

Interactive e-books in education

E-books are digital books that can be read easily through electronic devices. They consist of
papers containing text or images similar to printed books regarding function and content (Firdausy &
Prasetyo, 2020; Swanson et al., 2020). E-books also contain search abilities, text highlighting, and the
ability to make notations and bookmark pages (Lim et al., 2020). Interactive e-books provide an interface
that combines multimedia features such as videos, games, animated texts, and simulations to enhance
learning and achieve learning outcomes such as academic achievement, motivation, critical thinking,
and reading comprehension (Firdausy & Prasetyo, 2020; Yorganci, 2022). Interactive e-books are
materials created by providing interaction features to multimedia elements in e-books to give students
learning tasks, guidance, and feedback (Sung et al., 2019; Sung et al., 2022).

Studies on interactive e-books have often focused on reading comprehension as a topic (Boticki
et al., 2019; Lee, 2017; Sung & Wu, 2017; Umarji et al., 2020; Wu, 2016; Zarzour et al., 2020). Also, the
researchers investigated the effects of interactive e-books on reading behaviors (Hsieh & Huang, 2020;
Lee, 2017; Yang et al., 2020), reading comprehension (Lim, Whitehead, & Choi, 2021; Tsuei et al., 2020;
Umariji et al., 2020; Yohannes, Chen, & Chang, 2023), learning behaviors (Wu, 2016; Yin et al., 2019;
Zarzour et al., 2020), academic achievement (Almekhlafi, 2021; Hadaya & Hanif, 2019; Hwang, & Lai,
2017; Hwang et al., 2018; Saripudin et al., 2022; Wang, Shimada, Oi, Ogata, & Tabata, 2020), motivation
(Kao etal., 2019; Lin, Huang, & Chen, 2018; Sung & Wu, 2017), learning performance (Huang & Hwang,
2019; Wang et al., 2020), listening comprehension (Hsieh & Huang, 2020), spatial ability (Yorgancdi,
2022), attitude (Asi, Retnoningsih, & Irsadi, 2021) and language development (Korat & Falk, 2019).
Cognitive engagement, self-regulated learning, and eliminating misconceptions were examined in
limited studies.

Various technologies such as log records (Boticki et al., 2019; Umarji et al., 2020; Yang et al.,
2020; Zarzour et al., 2020) kept in interactive e-books, interaction features of e-books (Lee, 2017, 2020;
Yang et al., 2020; Yin et al., 2019; Zarzour et al., 2020), augmented reality (Lin et al., 2018), digital games
(Wang et al., 2020), content-related multimedia applications (Hsieh & Huang, 2020) integrated into
interactive e-books were used to examine these variables in detail and from different views. As a sample,
generally, university students (Almekhlafi, 2021; Kao et al., 2019; Lim et al., 2020; Wang et al., 2020),
preschool (Li et al., 2020; Mouri, Uosaki, & Ogata, 2018; Sung & Wu, 2017; Wu, 2016; Yin et al., 2019),
primary school students (Hwang & Lai, 2017; Hwang et al., 2018; Lee, 2017; Sung et al., 2019; Tsuei et
al.,, 2020; Umarji et al., 2020; Yang et al., 2020), middle school students (Hadaya & Hanif, 2019; Lim et
al,, 2021; Ormanci & Cepni, 2020; Yohannes et al., 2023) high school students (Saripudin et al., 2022),
teachers (Ormanct & Cepni, 2020) were studied. Studies on physics with high school students are
limited (Adam & Suprapto, 2019; Adawiyah, Harjono, Gunawan, & Hermansyah, 2019; Afriwardani,
Jumadi, & Pribadi, 2023; Hasan, Suyatna, & Suana, 2018; Harjono, Gunawan, Adawiyah, & Herayanti,
2020; Mufit et al., 2022; Perwita & Fauzi, 2021; Septikasari, Maison, & Nazarudin, 2021).

Interactive e-books and misconceptions

Students' explanations of concepts in different ways from their scientific definitions are known
as misconceptions (Sa'adah & Haryadi, 2020). The fact that many concepts in physics are abstract causes
students to have many misconceptions about this field (Bozzi et al., 2019; Fenditasari & Istiyono, 2020;
Oktavianty, Haratua, & Anuru, 2018; Soeharto, Csapd, Sarimanah, Dewi, & Sabri, 2019). Concepts are
the building blocks of knowledge, and if the misconception is determined and corrected as soon as
possible, incorrect associations and incorrect learning can occur (Fenditasari & Istiyono, 2020).
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The literature suggests that POE effectively eliminates misconceptions (Pujiwati &
Susilaningsih, 2020). POE has steps to ensure conceptual change as it allows students to doubt their
previous knowledge, strive to eliminate this doubt, and redefine the concept by comparing their old
knowledge and reviewing their knowledge of understanding. In the prediction phase, a situation or an
event that may involve a misconception is presented, ensuring that students focus on comprehension,
while cognitive contradiction is also created. During the observation phase, students are offered
opportunities to test their predictions and to have experience in structuring concepts. In the explanation
phase, students are provided with explanations for the correct configuration of the concepts.

It is indicated in some previous studies that the images, videos, animations, and sounds
contained in interactive e-books make it easier for students to understand (Kao et al., 2019; Sung et al,,
2022) and embody concepts (Hasan et al., 2018; Harjono et al., 2020). The features of interactive e-books
can help students visualize abstract concepts or processes more efficiently than other forms of textual
presentation (Lee & Osman, 2012; Liu et al.,, 2020). It is stated in the literature that concepts that are
abstract by their nature should be embodied as much as possible by using visual materials (Bozan &
Savas, 2019). E-books support comprehension by exposing diverse stimuli, such as carefully designed
animations and sound effects (Shamir, Korat, & Shlafer, 2011). It is emphasized that using digital
technologies in organizing learning activities attracts more attention from students in concept teaching
(Fenditasari & Istiyono, 2020). Septikasari et al. (2021) and Afriwardani et al. (2023) determined that
interactive e-books effectively teach concepts and eliminate misconceptions.

Interactive e-books and self-regulated learning

Self-regulated learning is the student's upper cognitive, motivational, and behavioral active
participation in the learning process (Zimmerman, 1989). In the self-regulated learning process, students
follow their learning strategies and make changes in the strategies when necessary (Cheng, 2011). In the
self-regulated learning process, students must set learning goals, make learning plans, choose learning
strategies, monitor learning processes, and evaluate learning outcomes (Cheng, 2011; Zimmerman,
1989). This means that students must be aware of their abilities and weaknesses (Chen & Su, 2019).
Students with high self-regulated learning skills can self-direct themselves to acquire knowledge and
skills without needing guidance from family, teachers, or others (Winne, 2017). Dabbagh and Kitsantas
(2005) posited that web-based pedagogical tools like interactive e-books were most effective in
supporting student engagement in different self-regulated learning processes while completing course
assignments. Chen and Su (2019) declared that there is a need to utilize interactive e-books to help
students better understand, manage, or adjust their learning. They indicated that the self-regulated
learning scores of the students who used the interactive e-book system integrated with Moodle were
better able to internalize their self-regulated learning strategies than those who used only Moodle.
Researchers found that interactive e-books can potentially support students' self-regulation in digital
learning (Ainulluluah, Boeriswati, Rahmawati, & Setiawan, 2022; Churiyah et al., 2023; Hidajat, 2023;
Lestari, Suwarma, & Suhendi, 2024; Rahmawati & Muchtarom, 2023; Susantini, Puspitawati, Raharjo, &
Suaidah, 2021). Yang and Ogata (2023) state that the note-taking strategies in interactive e-books allow
students to monitor their learning processes and receive personalized feedback on improving their
cognitive and metacognitive strategies for self-regulation abilities.

Interactive e-books and cognitive engagement

According to Boekaerts (2016), engagement refers to "the basic processing operations that
describe how students react to and interact with the learning materials and environments" (p. 81).
Cognitive engagement involves willingness and mental concentration while striving to learn and solve
problems (Li et al., 2020). Cognitive engagement is the desire and effort of students to meet learning
requirements and overcome challenges (Connell & Wellborn, 1991). For this reason, it is noted that
cognitive engagement includes abilities such as focus, concentration, and effort (Skinner & Pitzer, 2012).
In addition, Merkle, Ferrell, Ferrell, and Hair (2022) state that cognitive engagement also includes
students' efforts to understand a learning material.

125



Education and Science 2025, Vol 50, No 221, 121-142 N. Cirakoglu, I Reisoglu, & S. Eryilmaz Toksoy

Interactive e-books have good potential to provide information transmission through visual and
verbal channels and increase student engagement with interactive features that allow the student to
make decisions or choices (Hwang & Lai, 2017; Shernoff, Csikszentmihalyi, Schneider, & Shernoff,
2014). With interactive multimedia elements (sound, animation, simulation, video) included in
interactive e-books, students' engagement can be supported by interacting with the learning content
instead of just reading it (Bikowski & Casal, 2018; Yohannes et al., 2023). Xu, Yau, and Reich (2021)
suggest that the interaction elements in interactive books can affect engagement. It is argued that
learning activities and tests in interactive e-books also encourage students to engage (Almekhlafi, 2021).
Weng, Otanga, Weng, and Cox (2018) found that interactive e-books can improve students' cognitive
learning outcomes. Lim et al. (2021) stated that interactive e-books with interactive multimedia features
allow readers to engage in various ways with electronic text. It is claimed that e-books based on a
learning approach or model can support students' engagement more easily (Huang & Hwang, 2019).
Richter and Courage (2017) found that children were more engaged in interactive e-books than paper
books. Reich et al. (2019) found that preschool students showed equivalent emotional and behavioral
engagement during the story when read by an e-book or a person. Merkle et al. (2022) found that the
effectiveness of interactive e-books is highly correlated with student cognitive engagement.

Method

In this study, the explanatory mixed method was used to find answers to the research questions.
The explanatory mixed method consists of two stages. In the first stage, the researcher collects
quantitative data, followed by qualitative data with data collection tools such as observation or
interview (Kettles, Creswell, & Zhang, 2011). Qualitative data are used to explain, improve, and analyze
quantitative results (Ivankova & Creswell, 2009). The results obtained from the two stages are
interpreted together and mixed (Clark & Ivankova, 2015). In this study, while the role of the POE-based
interactive e-book in the changes before and after the application was determined with the quantitative
data collected through scales and tests, it was tried to explain which features of the interactive e-book
affected this change with the qualitative data collected through focus group interviews. Thus,
comprehensive data was collected on which features of the POE-based interactive e-book supported
students' misconceptions, self-regulated learning, and cognitive engagement.

Sample

The research sample consists of 31 students (10 girls and 21 boys) studying in the 9t grade of
high school. Twenty students have 4-6 years of experience using the web, while 6 have experience of
more than seven years and 4 have 1-3 years of experience. The ages of the students range from 13 to 16
(Mean=14.70, SD=0.643). Focus group interviews were conducted with 12 of these students. Four
students, each with high, medium, and low scores from the scales applied in the posttest, were allowed
to participate in the interviews.

Interactive Heat and Temperature E-Book Based on the POE Method

One of the physics topics students often have misconceptions about is heat and temperature
(Bozan & Savas, 2019; Fenditasari & Istiyono, 2020). For this reason, before the e-book was developed,
the “Heat and Temperature” unit in the 9t-grade physics course curriculum implemented in Turkey
(Ministry of National Education, 2018) was examined. Activities that can be performed at the POE
phases were prepared based on the topics and learning outcomes contained in the unit: heat and
temperature, specific heat and heat capacity, thermal balance, change of state, energy transmission
ways, energy transmission ways of solids, global warming, and expansion. While preparing the
activities, 9th-grade textbooks and field experts' views were benefited.

During the prediction phase, students' misconceptions were determined using concept cartoons
involving dialogues of people expressing their views on a contradictory situation and comparing
questions (Figure 1 (a)). During the observation phase, animations in which the predicted situation is
narrated, concept cartoons, and simultaneously drawn graphics in learning outcomes related to the laws
of physics were included (Figure 1(b)). At this phase, students were asked to watch the presented
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animation or the drawn graphic carefully, as much as they wanted, and to answer the questions about
the observations. During the explanation phase, a brief and concise explanation of the learning
outcomes in the curriculum was visualized and tried to be presented to the students (Figure 1(c)). After
the explanation phase, multiple-choice evaluation questions were included. Thus, it was ensured that
the differences between the students' predictions and observations, if any, were eliminated, and the
scientific knowledge was transferred.
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Figure 1. The interface of the POE based interactive e-book for heat and temperature
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Opinions were received from 3 physics and 3 instructional technology design experts about the
visuals, dialogues, animations, and concept cartoons created for each prepared event regarding
scientific accuracy, student-level compliance, intelligibility, and message design. Researchers developed
an interactive e-book in line with their opinions. The opinions of the same experts have consulted over
again the developed e-book. After the arrangements were made, 20 students were allowed to use the
book, and it was determined that there were no problems with using the book.

Data Collection Tools

Misconception detection test

One of the reliable methods that can be used to determine students' misconceptions is a two-
stage test (Soeharto et al., 2019). In a two-stage test, students only mark the correct option in the first
stage and explain the reason for the answer in the second stage (Soeharto & Csapo, 2021). In this study,
researchers developed a misconception detection test with 26 two-stage questions for the learning
outcomes of the "heat and temperature” unit in the 9t-grade physics curriculum. In each question in the
test, students are presented with situations that include examples from daily life on the subject of heat
and temperature, as well as dialogues with different perspectives on these situations. In the first stage,
students must indicate which of the views they agree with in the form of dialogue, and in the second
stage, they must express why they agree with that view.

Before the test was developed, students' misconceptions about heat and temperature were
determined by examining the literature. Dialogues that deal with events or situations from daily life
that may cause misconceptions determined by two physicist experts were created. Misconceptions that
students could have were presented in the form of ideas in those dialogues. Dialogues were supported
with appropriate concept cartoons to make the questions more understandable. The 26 questions
created were submitted to three physics experts for their opinions. The questions were corrected based
on expert views and administered to 20 students in 9th grade, and opinions were received from the
students about the clarity of the questions. Options that can create clues have been arranged. A more
understandable language was used in the question stems. The time of the test application was
determined to be 35 minutes.

Self-Regulated learning scale

The study used the self-regulation scale developed by Haslaman (2011), consisting of 59 items
and four factors, to measure students’ self-regulation skills. The scale items are in a 10-point Likert
format. The scale includes 17 items under the prediction phase factor, 21 under the control/regulation
factor, 11 under the monitoring factor, and 10 under the evaluation phase factor. The Cronbach’s alpha
coefficients of the factors vary between 0.90 and 0.91. The Cronbach’s alpha coefficient for the entire
scale of 59 items is 0.97.

Cognitive engagement scale

The study used the cognitive engagement scale, initially developed by Agarwal and Karahanna
(2000) and adapted to Turkish by Usluel Kogak and Vural (2009), to measure the students' cognitive
engagement. The scale consists of four factors and 17 items, all in a 10-point Likert format. The scale
factors are time, curiosity, the focus of interest, and pleasure. Five items are under the time factor, and
four are under the other factors.

Usluel Kogak and Vural (2009) developed the scale based on university students. In the present
study, explanatory factor analysis (EFA) was applied to data collected from 125 high school students to
determine the scale's suitability for the high school student level. As a result of the analysis, four factors
were found to explain 79.817% of the total variance. After performing the rotation, it was understood
that the factor load values were higher than .616. Across the scale, the Cronbach's alpha reliability
coefficient was found to be .952. After AFA analysis, confirmatory factor analysis (CFA) was applied to
data from 702 high school students to assess the structural validity of the resulting model (Kline, 2005).
The good fit indices for the model were found as follows: X2/df=4.280 (p=.000); RMSEA=.068; GF1=.929;
AGFI=.901; CFI=.956; NFI=.944; TLI=.945; SRMR=.0456.
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Focus group interviews

After completing the activities, semi-structured focus group interviews were conducted with 12
students, forming groups of four. Focus group interviews were preferred because they effectively
revealed an interactive and holistic perspective (Gibbs, 2012). Questions about which features of the
POE-based interactive e-book affected eliminating misconceptions, self-regulated learning, and
cognitive engagement were used in the interviews. During the interviews, students were asked: "Is there
any information about heat and temperature that you misunderstood in your daily life but realized after
using an interactive e-book? "Can you explain by giving an example?" "How effective was the interactive
e-book in learning the subject?" "Which features do you find more effective at this point?" "Were there
any features in the environment that attracted you?" "Animations, videos, images, etc., included in the
interactive e-book. What do you think about it?" "How do you evaluate the interactive electronic book
providing information about heat and temperature?" "Which features do you find more effective at this
point?" "How did you use the interactive e-book during the application?" "While using the interactive
e-book, did you think about how you could benefit from it to achieve your learning goals more
effectively? If so, what kind of ways did you try?". Before the focus group interviews, a pilot study was
conducted with a student to review and edit the interview questions. Each interview lasted about 1
hour.

Data Collection Process

In order to carry out the study, permission numbered 2021/51 was obtained from the Social and
Human Sciences Ethics Committee of Recep Tayyip Erdogan University on 02.03.2021. Then, the
necessary permissions were obtained to research in schools affiliated with the Ministry of National
Education. Parents of the students were also informed about the study, and a parental consent form was
filled out for each student. All participants were informed about the research process and voluntarily
participated. Before starting the practice with the interactive e-book, the misconception detection test,
self-regulated learning scale, and cognitive engagement scale were administered to the students. Then,
2 hours of lessons were taught by the teacher each week so that the entire application was completed in
4 weeks. Activities with e-books were limited to the lesson hours. After the content coverage in all parts
was completed, the misconception detection test, self-regulated learning scale, and cognitive
engagement scale were administered to the students. Finally, focus group interviews were conducted
with 12 students. The entire process was completed in a total of 6 weeks.

Data Analysis

To analyze the misconception test data, the answers given to the first stage of the test were
classified as true and false, and the answers given to the second stage were classified as true, partially
true, or false. Students' scores on the test were determined using the scoring recommended by Karatas,
Kose, and Costu (2003). In the first stage, those who stated the correct opinion were 1, and those who
stated the wrong opinion were 0; in the second stage, those who explained the opinion as scientifically
correct were digitized as 2, and those who partially explained the correct opinion were digitized as 1
point. Those who presented their opinion with incorrect explanations received a score of 0. Accordingly,
those who express the correct opinion and explain the reason correctly receive 3 points, those who
partially explain the right receive 2 points, and those who explain the wrong end up with 1 point. Those
who stated the wrong opinion and explained the reason correctly received 2 points, those who explained
partially correct got 1 point, and those who explained the wrong got 0 points. Since the data obtained
from the misconception detection test scores, self-regulated learning, and cognitive engagement scales
did not show normal distribution, the Wilcoxon signed-rank test was applied to the scores obtained by
the high school students from these tests and scales before and after practice.

Data from focus group interviews were subjected to descriptive analysis. Accordingly, focus
group interviews were transcribed first. After that, the data were read repeatedly, and the participants'
ideas and thoughts on how interactive e-books develop for eliminating misconceptions, self-regulated
learning, and cognitive engagement were coded. Code names were used in descriptions, and direct
quotes from the students were included in this study.
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Findings
The findings obtained from the data analysis are presented below in parallel with the research

questions.

The Interactive E-Book Based on the POE Method and Misconceptions

To determine how the interactive e-book based on the POE method changed students'
misconceptions before and after the application, the scores obtained from the misconception detection
test were analyzed with the Wilcoxon signed-rank test (Table 1).

Table 1. The difference between students' misconceptions before and after the application

Pre-tests

Post-tests N Mean Rank  Sum of Ranks z P r
Misconceptions ~ Negative Ranks 6 6.33 38

Positive Ranks 25 18.32 458 4118 0007 740

Equal 0

Total 31

#p<.001

As a result of the Wilcoxon signed-rank test, a significant difference was found in the students’
misconception test scores after the practice (Mean=27.77, SD=8.88) compared to (Mean=16.81, SD=4.12)
the pre-practice results (z=-4.118, p<.001, r=-0.740). Students' misconceptions in the post-test were less
than in the pre-test. The effect size of the analysis is also high.

Focus group interviews were conducted to determine which features of the interactive e-book
were effective in reducing misconceptions. In the focus group interviews, students mentioned that the
video, animation, and concept cartoons contained in the interactive e-book were prepared based on
everyday life examples, allowing them to understand the concepts and the differences between them
easily. In particular, it was determined that the contradictory situations used at the prediction phase of
the POE were helpful for the students to evaluate their previous knowledge of concepts. In contrast, the
observation phase helped students see the results of the predicted situation related to concepts and
understand the differences between concepts through concrete examples. The simplicity of the
interactive e-book content and the use of natural language make it easier to learn the concepts. The high
number of interactions, such as drag-and-drop, animations, and commenting on the events observed in
the videos in the POE stages, also supported the students' learning of the concepts. The opportunity to
watch videos and animations over and over again, to stop and replay parts that are not understood, also
had a positive effect on concept learning. Some of the student views on this are as follows:

"The concept cartoons were beautiful. From the concept cartoons, the difference in specific heat
was obvious. One burns less; one burns more. It highlights even the small difference. It shows
every difference very well. I also observed them very well in the videos.”

"l was having fun going through the activities in the material. I was intrigued, and I understood
the concepts. Having examples from daily life attracted my attention more. When I compared it
to daily life, some things made me wonder if they were like that.”

"We always studied with a school book. I needed to understand more about the topics covered by
the school book. In this book, it was like a colorful life. Moreover, I understood the issues better.
For example, after watching the videos, we solved sample questions, and I understood better by
solving them. It was better because it was visually weighted."
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The Interactive E-Book Based on the POE Method and Self-Regulated Learning

The scores obtained from the self-regulated learning scale were analyzed to determine how the
interactive e-book based on the POE method affected the students' self-regulated learning before and
after the application. The scores obtained from the self-regulated learning scale were analyzed with the
Wilcoxon signed-rank test (Table 2).

Table 2. The difference between students' self regulated learning before and after the application

Pre-tests

Post-tests N Mean Rank Sum of Ranks z p r
Prediction Negative Ranks 4 12.,63 50.50
Positive Ranks 27 16.50 445.50 3872 000 695
Equal 0
Total 31
Control/ Negative Ranks 5 7.60 38.00
Regulation Positive Ranks 25 17.08 427.00 4001 0007 719
Equal 1
Total 31
Monitoring Negative Ranks 4 8.63 34.50
Positive Ranks 27 17.09 461.50 4185 000%* 750
Equal 0
Total 31
Evaluation Negative Ranks 6 7.67 46.00
Positive Ranks 25 18.00 450.00 3961 000"+ 711
Equal 0
Total 31
Self-regulated  Negative Ranks 3 11.67 35.00
1 . - ' '
earning Positive Ranks 28 16.46 461.00 4174 000"** 750
Equal 0
Total 31

<001

As a result of the Wilcoxon signed-rank test, a significant difference was found in the students’
self-regulated learning scores after the practice (Mean=392.096, SD=57.701) compared to the pre-practice
results (Mean=313.774, SD=42.204) (z=-4.174, p<.001, r=-0.750). In addition, it was determined that the
scores of the prediction phase (Meateeore=93.258, SDeetore=17.191, Meanafier=114.258, SDafter=18.040, z=-3.872,
p<.001, r=-0.695), control/regulation (Meanveore=109.161, SDuefore=15.195, Meanaser=138.323 SDafrer=22.811, z=-
4.001, p<.001, r=-0.719), monitoring (Meanuyore=56.968, SDuore=8.317, Meanafier=72.355, SDufe=12.645, z=-
4.185, p<.001, r=-0.752), and evaluation phase (Meanvefore=54.387, SDuefore=9.715, Meanape=67.161, SDafter
=9.637, z=-3.961, p<.001, r=-0.711), which were the sub-factors of the self-regulated learning post-test,
differed significantly from the pre-test scores. The effect size of the analysis is also high.

In the focus group interviews, the students mentioned that through activities during the
prediction and observation phases, they could notice their wrong information and correct that
information with the texts, videos, and animations in the observation and explanation sections. In the
interactive e-book based on the POE method, students could identify their missing and incorrect
learning in the prediction and observation stages. Students stated that moving according to their
learning speed, without being dependent on others, allowed them to manage the learning process. They
suggested that the questions and activities contained in the interactive e-book were helpful in terms of
allowing them to self-evaluate and see their progress. The ability to repeat the parts they did not
understand during the prediction, observation, and explanation stages, watch them again, and navigate
the e-book as they wished made them feel they were in control of the learning process. Dividing the
heat temperature unit into subheadings facilitated access to the content and enabled step-by-step
progress. Some of the student views on this are as follows:
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“First of all, topics are very complicated in the textbook. Here the sections are separated from
each other. I understood better because the separation of subjects was very good. I managed the
process better when 1 was learning on my own. Going step by step is clearer and not confusing.”

“By logging into the system on my own, seeing my mistakes and where I made mistakes,
evaluating it, I learned the right thing, and I think it will add more to me. I gave my own answers
in the system and found out easily from the e-book whether it was true or not.”

“I watched and repeated it more and more, concentrating and watching it over and over again
when 1 was studying for the exam. That was its biggest contribution when I was studying for
the exam. I watched the parts again that I didn't understand, repeated the stuff that I didn't
understand, and learned.”

“While answering the questions in the interactive book, I identified what I had previously
thought was wrong and learned the truth in the e-book.”

The Interactive E-Book Based on the POE Method and Cognitive Engagement

The scores obtained from the cognitive engagement scale were analyzed to determine how the
interactive e-book based on the POE method affected the students' cognitive engagement level before
and after the application. The scores obtained from the self-regulated learning scale were analyzed with
the Wilcoxon signed-rank test (Table 3).

Table 3. The difference between students' cognitive engagement before and after the application

Pre-tests
Post-tests N Mean Rank Sum of Ranks z p r
Time Negative Ranks 4 14.88 59.50
Positive Ranks 26 15.60 405.50 3562 000" 640
Equal 1
Total 31
Focus of Negative Ranks 10 10.70 107.00
interest Positive Ranks 20 17.90 358.00 584 000 464
Equal 1
Total 31
Pleasure Negative Ranks 6 417 25.00
Positive Ranks 24 18.33 440.00 4075 000" 768
Equal 1
Total 31
Curiosity Negative Ranks 5 6.20 31.00
Positive Ranks 25 17.36 434.00 4147 000+ 745
Equal 1
Total 31
Cognitive Negative Ranks 4 5.00 20.00
t iti . .
engagement Positive Ranks 25 16.50 415.00 4071 000 767
Equal 2
Total 31

<001

As a result of the Wilcoxon signed-rank test, a significant difference was found in the students’
cognitive engagement scores after the practice (Mean=127.451, SD=28.864) compared to the pre-practice
results (Mean=99.419, SD=28.380) (z=-4.271, p<.001, r=-0.767). In addition, it was determined that the
scores obtained from the sub-factors of the cognitive engagement post-test including time
(Meanvefore=27.838, SDuefore=8.714, Meanape=33.613, SDafte=9.959, z=-3.562, p<.001, r=-0.640), focus of interest
(Meanveore=22.290, SDuefor=8.145, Meanase=26.709, SDafir=6.739, z=-2.584, p<.001, r=-0.464), pleasure
(Meanvefore=24.419, SDuefore=7.906, Meanasier=33.581, SDape=6.999, z=-4.275, p<.001, r=-0.768), and curiosity
(Meanvefore=24.871, SDwefore=7.907, Meanape=33.548, SDafte=8.090, z=-4.147, p<.001, r=-0.745) differed
significantly from the pre-test scores. The effect size of the analysis is also high.
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In the focus group interviews, the students stated that animations, videos, cartoons, examples
from daily life, and guessing and observing made the lessons more fun, allowing time to pass quickly
in the lesson, enabling them to gather their attention and actively participate in the lesson, and making
them feel happy when learning new information. It was determined that the contradictory situations
presented, especially in interactive videos, concept cartoons, and animations, make students curious
about the observation and evaluation stages of the interactive e-book. Some of these statements are as
follows:

“The cartoons were nice. We had much fun discussing concept cartoons. We saw more clearly
while watching the videos, which made it more memorable. We did not realize how time had
passed.”

" Animations and cartoons were fun. The lesson was more fun. I paid more attention to the
activities.”

“1 was having fun. I was interested and felt that I was making sense of the concepts. I'm more
interested in examples in everyday life. There were things in everyday life that I didn’t know
when I compared them.”

“I was curious about the high temperature and low temperature phenomenon in the cartoons
and tried it myself. I tried olive oil and water myself to see how it works.”

Conclusions and Discussions

As a result of the study, it was understood that the POE-based interactive e-book effectively
eliminated students' misconceptions before and after the application. It was understood that the concept
cartoons, animations, drag-and-drop activities, and educational videos in the POE-based interactive e-
book are designed and prepared based on examples from daily life, helping students easily understand
the concepts related to heat and temperature units and their differences. It was determined that the
simple content of the developed e-book and the use of natural language make it easier to learn the
concepts. It was revealed that including interactive activities with the content in the prediction and
observation stages supports students' learning of concepts. It was identified that the contradictory
situations used in the prediction stage of POE help reveal students' prior knowledge about concepts,
and in the observation stage, seeing the results of prediction situations related to concepts and
understanding the differences between concepts through concrete examples. It was understood that
having the opportunity to watch videos and animations repeatedly, to stop and replay parts that need
to be understood, positively affects concept learning. The opportunity for students to learn at their own
pace enabled them to understand the concepts and their relationships better. Studies show that the
applications and multimedia materials included in interactive e-books effectively help students
understand concepts (Firdausy & Prasetyo, 2020; Harjono et al., 2020; Hikmaturrosyidah & Racmadiarti,
2022; Kao et al., 2019). It is argued that including activities that will create cognitive contradictions in
interactive e-books and simply presenting the content make it easier for students to understand the
concepts (Afriwardani et al., 2023; Mufit et al., 2022; Ormanci & Cepni, 2020). Animations, simulations,
videos, and visuals in interactive e-books facilitate learning abstract concepts by visualizing physics-
related concepts (Hasan et al., 2018) and effectively presenting details about physics concepts
(Adawiyah et al., 2019). It is claimed that bridges should be built between interactive e-books and real-
life learning to increase students' learning opportunities (Harjono et al., 2020; Mouri et al., 2018). In this
regard, interactive e-books include activities that allow students to make predictions about
contradictory situations related to concepts and observe the results of their predictions, include videos,
animations, and concept cartoons developed based on examples related to daily life, and allow students
to progress at their pace, will help students understand the concepts. It is effective in eliminating
misconceptions. In this study, the student's answers to questions about the content of the videos and
animations in the interactive e-book provided interactions with the content. In future studies, more
interaction with the content can be achieved, especially by adding simulations to e-books. Interactive
videos can be developed by adding open-ended, multiple-choice questions to the videos.
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It was understood that when using POE-based interactive e-books, students' ability to work
individually and identify their mislearning during the prediction and observation stages is beneficial
for self-regulated learning. The POE-based interactive e-book was determined to keep students active
throughout the learning process. Providing access to the e-book's contents at any time and place
supports students' ability to work on their goals actively. Since students could access the videos,
animations, visuals, and texts in the interactive e-book repeatedly throughout the process, they had
additional study opportunities suitable for them. They eliminated their subject deficiencies through the
e-book. The questions and activities in the POE-based interactive e-book were helpful for students to
self-evaluate and see their development. In the literature, Chen and Su (2019) noted that increasing the
bounds of the self-regulation environment to a certain extent can give students more autonomy to
regulate their learning by themselves, such as monitoring and managing their thinking, learning, and
assessment by themselves in order to achieve an academic goal. It is argued that including activities
that will create cognitive contradictions in interactive e-books and simply presenting the content make
it easier for students to understand their wrongs (Afriwardani et al., 2023; Mufit et al., 2022; Ormanc1 &
Cepni, 2020). Susantini et al. (2021) suggest that providing students with opportunities to monitor,
evaluate, and reflect on themselves in interactive e-books is necessary for self-regulated learning.
Ainulluluah et al. (2022) argue that interactive e-books are essential in ensuring students' learning
independence (the opportunity to start studying the subjects they want, navigation) and creating their
own rules and principles regarding the learning processes. Accordingly, it can be stated that interactive
e-books involving activities containing different multimedia elements that will allow students to notice
and correct their misinformation, monitor their learning processes, and evaluate themselves can support
self-regulated learning. Yang and Ogata (2023) argue that providing students with note-taking tools on
the topics they study in interactive e-books and providing feedback on the notes taken will support self-
regulation. Lestari et al. (2024) found that providing tips to students in interactive e-books to help them
complete the tasks and giving feedback on their performance supports self-regulation. In this regard,
adding tools for feedback, study strategies, and note-taking strategies to interactive e-books in future
studies can support self-regulated learning.

The study detected that the animations, videos, and concept cartoons contained in the
interactive e-book are associated with daily life and that prediction and observation activities support
cognitive engagement by making lessons more fun, making the time pass quickly in the lesson, and
enabling students to gather their attention and actively participate in the lesson. It was determined that
the contradictory situations presented, especially in interactive videos, concept cartoons, and
animations, make students curious about the content of the interactive e-book. Previous studies also
report that the interaction elements and dynamic elements contained in interactive e-books are effective
in ensuring student engagement (Chen, Yohannes, & Chang, 2023; Chesser, 2011). Roskos, Brueck, and
Lenhart (2017) found that interactive e-books can attract students' attention, motivate them, and enable
them to pay attention significantly when enriched with multimedia (animation, music, sound,
spotlight). Huang and Hwang (2019) argue that videos in interactive e-books, activities that encourage
deep thinking associated with everyday life, and reflections ensure student engagement. Lim et al.
(2020) found that animations are practical and helpful in attracting and directing students' attention.
Yohannes et al. (2023) stated that the interactive features of e-books increased curiosity and created an
opportunity for a better understanding of the content. Accordingly, interactive e-books, including
activities such as POE, inquiry, and problem-based learning that support students' cognitive
engagement and applications associated with daily life, and exciting animations, videos, and concept
cartoons related to content, can support students' cognitive engagement. Chen, Jamiat, and Mao (2023)
determined that gamification components in interactive e-books increased students' engagement. In this
sense, gamification elements can be added to activities in future studies.
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Limitations and Suggestions for Future Researches

This study was conducted with 31 high school students based on explanatory mixed-method
research. Scales and focus group interviews were used as data collection tools. However, the study has
some limitations. These are based on heat and temperature, which is the subject of high school as content
in the interactive e-book, and POE as the method. Future studies on interactive e-books can address
different topics and learning methods. Another limitation is that the number of samples is 31. However,
since it is based on the mixed research method, the reasons for the results obtained from quantitative
data were tried to be explained by qualitative data. In order to generalize in future studies, experimental
studies with larger samples will be more beneficial in order to see the effect of the method and
interactive e-book features on students' learning outcomes more clearly. The third limitation is the use
of scales and focus group interviews as a means of data collection. In future studies, including log
records that hold students ' behavior in the e-book can provide more detailed information about the
variables discussed.
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