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ABSTRACT: The aim of software engineering education is to educate students in software technologies,
developments, procedures, and scientific practices to enable them to cope with industrial demands. However, the
implementation of software engineering education in traditional university classrooms is restricted by the
semester structure, making it difficult to achieve a proper learning balance between theory and practice. To
balance theoretical and practical learning, prior studies have indicated that flipped learning is a suitable
classroom setting for students and teachers. In a flipped learning environment, it is important to enhance and
capture students’ learning performance before the class to facilitate teachers and students in proceeding with in-
class instruction and learning. In this study, an e-book system named BookRoll was applied to support software
engineering education in a flipped learning setting. The proposed approach supports and facilitates out-of-class
and in-class learning by providing reading and learning analytic functions for teachers and students. To evaluate
the proposed approach, two classes of students were allocated to an experimental group and a control group to
participate in an experiment. In the flipped learning process, the experimental group was supported by the
BookRoll system, while the control group did not use the BookRoll system. The results revealed that the
proposed approach not only promoted students’ learning achievements in software engineering education but
also improved their learning motivation, attitude, and problem-solving ability. The reading behavior analysis
further indicated that reading time was a statistically significant predictor of learning achievement.

Keywords: Flipped classroom, Software engineering education, E-book system, Reading behaviors, Quality
education

1. Introduction

Software is an abstract object that is quite different from physical and digital artifacts. Before software is
compiled and successfully deployed, nobody can view, touch, or experience it. Therefore, during software
development processes, engineers may encounter unexpected or problems or uncertainty, increasing
development risks and costs. To reduce such risks and costs, it is important to apply scientific approaches to
design and develop software effectively and efficiently. The major aim of software engineering is to encourage
software engineers to apply scientific methodologies to efficiently and effectively develop high-quality software
(Cico et al., 2021). Therefore, software engineering education is necessary to teach students the relevant
knowledge and skills required for the whole software life cycle. Software engineering education has evolved
over the past 30 years, but addressing proper learning with theory and practice is still an open issue (Lin, 2021).
The reason is that the implementation of software engineering education in traditional university classrooms is
restricted by semester settings, making it difficult to balance theoretical and practical learning activities in
traditional university classes (Baker et al., 2005). This means there is scant opportunity to enable students to
thoroughly learn software engineering (Garousi et al., 2020).

To balance theoretical and practical learning, prior studies have indicated that flipped learning is a suitable
classroom setting for teachers and students (Lee et al., 2021). A flipped classroom is a student-centered
pedagogical approach that flips traditional in-class instruction and out-of-class homework. In traditional lecture-
based classrooms, students usually carry out lower-level cognitive learning in class, while they are required to
perform higher-level cognitive work outside class. In flipped classroom settings, students are usually asked to
participate in online learning to acquire knowledge before the class and then to further engage in practical and
interactive activities to learn higher-order thinking skills in class. The literature has indicated that in flipped
learning, students’ learning performance outside class is positively related to their learning performance in class
(Birgili et al., 2021; van Alten et al., 2020). Moreover, enhancing and capturing students’ learning performance
before the class is important to facilitate teachers and students in proceeding with in-class instructions. However,
the traditional flipped learning approach cannot support teachers and students conducting learning activities
outside the class since students cannot obtain effective learning tools and teachers cannot effectively capture
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students’ learning status. Thus, teachers and students may conduct in-class learning activities on faulty
foundations, which may further negatively affect students’ learning performance.

In this study, an e-book system named BookRoll was applied to support software engineering education in a
flipped classroom setting. The proposed approach supports and facilitates out-of-class and in-class learning by
providing reading and learning analytic functions for students and teachers. To explore the performance of the
proposed approach, an experiment was designed to investigate students’ learning motivation, learning attitude,
learning achievement, and problem-solving ability in software engineering education. In addition, students’
reading behaviors in the proposed approach were analyzed and discussed.

2. Literature review
2.1. Flipped classroom

Over the past decade, the flipped classroom has been applied at different education levels and in different
subjects (Esperanza et al., 2021; Gilboy et al., 2015; Zou, 2020). The flipped classroom was first proposed in
2007 (Roehl et al., 2013; Zengin, 2017). Moreover, numerous studies have presented and advocated the positive
effects of flipped learning approaches on students’ learning performance (Abdullah et al., 2019; Martinez-
Jiménez & Ruiz-Jiménez, 2020; Hwang & Chang, 2020). Furthermore, the literature has reported that students
expressed a preference for flipped classrooms over traditional classrooms (Lew, 2016; McNally et al., 2017).
Several studies have also indicated that students’ engagement is important for improving teaching and learning
effectiveness in flipped classrooms (Barkley, 2010; Coates, 2006). On the other hand, investigations have
claimed that inappropriate flipped learning settings have a negative effect on students’ engagement during the
learning process (Patanwala et al., 2017; DeRuisseau, 2016). Related works have concluded that flipped
classrooms benefited students’ learning performance because the students had enough time to engage in higher-
level cognitive learning in class (Lo et al., 2017; Chung et al., 2021). This finding is in accord with the results of
Bryson and Hand (2007), who found that students were more likely to engage in high-level cognitive activities
with teachers’ support.

Previous studies have also pointed out that technology-enhanced flipped classrooms can improve students’
learning achievement, facilitate their course participation and satisfaction, and enhance their confidence,
creativity and problem-solving ability (Akg¢ayir et al., 2018; Lin, 2016; Yang et al., 2021). Huang et al. (2022)
asked students to watch videos and teaching materials before class to understand specific content to be discussed
in class. The students in the control group learned with the flipped classroom learning strategy, while the
students in the experimental group learned with the flipped learning strategy assisted by business simulation
games. The results indicated that the technology-assisted flipped learning approach had a significant positive
impact on students’ engagement, higher-order thinking skills, and learning performance. Ye et al. (2019)
proposed a flipped learning system and used an interactive problem-posing guiding approach to facilitate
students’ learning before class. The results showed that students who used the approach of the preclass preview
had improved learning performance and self-efficacy. Huang et al. (2023) integrated an Al-enabled personalized
video recommendation system into a systems programming course in a flipped classroom setting. In the
proposed approach, learning videos were recommended according to each student’s learning process so that
students could learn before and after class. The results showed that the proposed approach improved students’
learning engagement and performance with a moderate motivation level.

In addition to the benefits mentioned above, some research issues regarding flipped classrooms remain open. A
major issue is the learning performance of students before class, as it affects how teachers and students conduct
learning activities in the classroom. In flipped classroom learning environments, students may spend more time
previewing before class than the time spent in class. Therefore, the results of previewing before class are very
important for learning performance. Most previous studies have focused on the design of classroom learning
activities and how to maintain students’ participation in preclass learning and improve their self-learning ability
(Bond, 2020; Lai et al., 2021; Rasheed et al., 2020). Another challenge is that teachers cannot effectively capture
students’ learning status before they attend the class. In this circumstance, students may not be able to follow the
coursework presented to them in class, or teachers may not proceed with the course as planned. Students with
faulty foundations could thus be at risk in taking on learning activities in class. Therefore, it is important to apply
an appropriate learning system to support students’ out-of-class learning and to assist teachers in capturing
students’ learning status in flipped classrooms (Hwang & Lai, 2017; Yang et al., 2021). There is a lack of
research that allows teachers to effectively understand students’ learning behaviors outside the classroom.
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2.2. E-book

In the past two decades, with the development and increasing popularity of computer and mobile technology, a
trend has emerged of developing e-book resources and technologies to aid students in more efficiently reading,
studying, and interacting with learning content. An e-book presents a document in digital form with digital
resources and services on certain content platforms, learning systems, or reading software using a computer or
mobile device. E-books present the advantages of reading with information technology, such as digitalized
bookmarks, annotations, notes, and queries. Moreover, e-books provide digitalization, interaction, and
individualization functions to help students read learning materials (Chen & Su, 2019). Several investigations
have indicated that these reading technologies can be helpful for students’ reading and learning performance (Lin
et al., 2013; Sung et al., 2022; Zhao et al., 2021). For instance, Connor et al. (2019) developed e-books to
improve primary school students’ reading and help them develop a better understanding of words. The results
indicated that e-books could enhance students’ learning performance and support their development of
metacognition. Furthermore, Ni’mah and Umamah (2020) applied e-books to improve students’ English skills.
The results showed that e-books helped the students improve their English skills and develop reading habits. In
addition, the study found that the students had positive perceptions while performing digital reading.

In addition to enhancing students’ learning performance, related studies have indicated that a significant amount
of logged reading data can be tracked by reading e-books, while those data are much more difficult to track when
reading paper-based books (Merkle et al., 2022; Lim et al., 2021). The literature has also shown that learning
behaviors and log data are positively related to students’ efforts, performances, and outcomes (Huang et al.,
2020; Al-Ahdal, 2020). Several studies have reported that the analysis of students’ reading behaviors can assist
teachers in designing learning materials or learning activities (Sutcliffe & Hart, 2016; Yin et al., 2019). Mouri et
al. (2018) proposed an e-book system to support the visualization and analysis of students’ reading logs to
improve language learning. Boticki et al. (2019) showed that e-books can support teachers in monitoring
students’ learning status during course delivery and identifying at-risk students early.

Several studies have reported a positive correlation with students’ learning performance in different courses by
adopting flipped classrooms with e-books (Mukhlisa et al., 2021; Siswanto, 2021; Palinussa et al., 2021). These
results have provided evidence that students who learn with e-books can achieve high learning performance in
flipped classrooms. The literature has also emphasized that students in flipped classroom settings who used e-
books exhibited significant engagement in preclass preparation (Fahmi et al., 2020; Dembedza & Chipurura,
2020). These findings supported flipped classrooms with e-books as a successful approach to improve students’
learning performance out of class. Based on the literature review, to promote software engineering education,
this study conducted software engineering courses in flipped learning settings. Moreover, an e-book system was
adopted to facilitate students’ learning in the flipped classroom.

2.3. The importance of learning motivation, learning attitude, and problem-solving ability to learning

Learning motivation refers to the psychological process of arousing students’ learning activities, maintaining
learning activities, and enabling students to move toward learning goals (Ng, 2018; Ryan & Deci, 2019).
Motivation affects students’ participation in classroom learning as well as their degree of hard work and
perseverance in completing tasks. Students with higher learning motivation will show higher participation in
courses and greater persistence in completing tasks. Learning motivation can drive students to study hard
automatically and spontaneously and then improve their learning performance. It is a very important factor in the
learning process (Wu & Wu, 2020). Therefore, improving learning motivation is very important for learning.

Learning attitude is composed of three components: cognitive, affective, and behavioral intentions, which are
embodied in students’ attitudes toward courses, teaching materials, teachers, and the school environment
(Svenningsson et al., 2022). The cognitive component refers to students’ knowledge and understanding of
learning activities or courses, which reflects their inner evaluation of learning and is the basis of their learning
attitude. The affective component is the emotions or emotional experiences that students produce through
cognition. It is the core component that affects learning attitude. The behavioral intention component refers to
students’ tendency to respond to learning, which is affected by cognitive and affective components, and then
engage in certain behaviors (Svenningsson et al., 2022).

Malik et al. (2022) indicated that in programming courses, in addition to focusing on the knowledge teaching of
programming logic, students should develop their problem-solving ability. Because the development of problem-
solving ability helps students understand the input, procedure, output and other requirements required by the
problem task, it has a positive impact on learning behavior and learning attitude. Matturro et al. (2019)
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mentioned that team members participating in software development projects become proficient not only in
programming skills, such as methods, tools and technologies, but also in problem-solving ability. Shanta and
Wells (2022) found that having good problem-solving ability can promote students’ understanding of
knowledge. Therefore, problem-solving ability is very important in improving students’ learning performance.

3. Methodology

To explore the effects of the proposed approach on students’ learning performance in software engineering
education, this study employed a nonequivalent-groups quasi-experimental design at a Taiwanese university. The
scope of software engineering education is related to the software life cycle, which covers system requirement
analysis, system design and implementation, system testing and validation, and system maintenance and
evolution.

3.1. Participants

The participants were third-year and fourth-year students (aged 20-22 years) from two software engineering
classes in the department of computer science at the university. All participants were assigned to two groups
according to their class. In all, 64 students were recruited. Twenty-seven students and 37 students were allocated
to the control group and experimental group, respectively. Students in the control group participated in software
engineering education supported by the flipped learning approach without the e-book system. Students in the
experimental group engaged in software engineering education supported by the flipped learning approach with
the e-book system. The students in both groups were taught by a teacher with more than 10 years of teaching
experience in software engineering education.

3.2. BookRoll E-book system

The BookRoll system was developed by the Ogata Laboratory at Kyoto University (Ogata et al., 2017; Ogata et
al., 2015). BookRoll is not only an e-book reading system but also a reading tracker. It has been applied in
several academic studies to address different educational issues (Chen et al., 2019; Mouri et al., 2018; Yang et
al., 2021). The system is a web application that allows teachers to manage digital learning resources (including e-
books and reading status) and enables students to use a web browser to read and mark the e-books anytime and
anywhere. Reading functions such as bookmarking, highlighting, e-notes, and searches are provided to support
students’ reading activities. During the reading process, students’ reading behaviors while using the system,
including notes, page movements, highlights, bookmarks, and reading progress, are captured and stored in the
system database. The e-book system also provides a dashboard to enable teachers to easily and systematically
capture aggregated information about students’ reading engagement and activity. Moreover, the system
integrates several analyzers and aggregators into the dashboard to display students’ reading behavior information
for teachers, including the number of notes, note contents, the number of red and yellow markers on each page,
the degree of reading completion, the contents of highlighted markers, page transition status, and event rate and
total numbers over a range of time.

3.3. Instruments

The research instruments used in this study were a learning motivation questionnaire, learning attitude
questionnaire, problem-solving ability questionnaire, prior knowledge test, and learning achievement test. In
addition, students’ reading behaviors collected by the e-book system were analyzed. The prior knowledge test
was used to measure students’ prior knowledge of software engineering before taking the course. The learning
achievement test was used to evaluate students’ learning achievement after completing the course. The two tests
were conducted as paper-and-pencil tests, and the highest possible score on the two tests was 100. The two tests
have been used to evaluate students’ knowledge level of software engineering in several software engineering
classes (Lin, 2019; Lin, 2021). The reliability, difficulty, and discrimination of the tests have been verified.

With regard to measuring students’ learning motivation, the scale of intrinsic value in the Motivated Strategies
for Learning Questionnaire (MSLQ) was used as the learning motivation questionnaire with nine items in this
study (Erturan llker et al., 2014; Lin & Cheng, 2022; Pintrich & De Groot, 1990). Each item was scored on a 7-
point Likert scale from 1 (strongly disagree) to 7 (strongly agree). For all students participating in this
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experiment, the Cronbach’s alpha values of the learning motivation questionnaire in the pretest and posttest were
0.919 and 0.948, respectively. The learning attitude questionnaire was proposed by Hwang and Chang (2011)
and has been used to survey students’ learning attitudes in several studies (Huang & Hwang, 2019; Lin et al.,
2018; Liu et al., 2021). It has seven items and uses a 4-point Likert scale ranging from 1 (strongly disagree) to 4
(strongly agree). The reliability values of the pretest and posttest learning attitude questionnaires were 0.849 and
0.922, respectively. To survey students’ problem-solving ability, 25 items were referenced and adopted in this
study (Lin, 2019; Lin, 2021). Each item was scored on a 5-point Likert scale ranging from 1 (totally disagree) to
5 (totally agree). The Cronbach’s alpha values of the problem-solving skills questionnaire in the pretest and
posttest were 0.856 and 0.845, respectively.

3.4. Experimental procedure

The experiment of the two groups had a length of ten weeks (27 hours), including eight weeks (24 hours) of
participating in the software engineering courses and two weeks of taking the pretests and posttests (3 hours). As
shown in Figure 1, during the first week, the students in both groups completed three prequestionnaires to survey
individual learning motivation learning attitude and problem-solving ability before participating in the formal
instruction. Then, all students were asked to complete a prior knowledge test to evaluate their software
engineering knowledge. The teacher then spent 30 minutes introducing the flipped learning approach to the
students. The students in the experimental group received an additional 20-minute introduction to learn the
operation of the e-book system.

Figure 1. The experimental process
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During the following eight weeks, the teacher assigned the same e-books and videos to the students in both
groups every week. Moreover, the teacher asked each student who had to read and watch the relevant e-books
and videos to learn the weekly knowledge prior to attending the class. For this reason, 10 e-books and 61 videos
(each approximately 5 to 8 minutes) were produced for this study to support the software engineering courses.
The students in the control group used a PDF reader and YouTube player to read and watch the e-books and
videos before the weekly class. In contrast, the students in the experimental group used the e-book system and
YouTube player to read and watch the e-books and videos before the weekly class. The students in the
experimental group were asked to use the bookmark, highlight, and e-note functions of the e-book system to read
the weekly e-books. By using the system, the students’ reading behaviors, including notes, page movements,
highlights, bookmarks, and reading progress, were captured and stored in the database. The teacher could use the
dashboard function of the e-book system to capture aggregated information about the students’ reading status,
such as highlights and notes on each page and reading completion. The teachers could then adjust in-class
learning activities according to the students’ reading status. In the classroom, the teacher arranged the students in
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the two groups to conduct discussions, case studies, and practices related to the scope of the software life cycle.
During the last week of the experiment, the students in both groups received three postquestionnaires and a
posttest to explore individual learning motivation, learning attitude, problem-solving ability, and learning
achievement after completing all learning activities.

4. Results
4.1. Learning achievement analysis

This analysis was conducted to investigate the difference between the two groups in terms of learning
achievement. To perform the analysis, the equivalent of the students’ software engineering prior knowledge was
first examined by an independent sample t-test. The mean value and standard deviation of the students in the
control group were 34.00 and 17.32, respectively. Those values of the students in the experimental group were
36.21 and 14.59, respectively. To confirm the normal distribution of the data, the Kolmogorov-Smirnov test (KS
test) was conducted because the number of samples in the analysis was larger than 50. The KS test result (F =
121, p > .05) indicated that the data were normal. Then, the homogeneity of variance was assessed by Levene’s
test, and the results showed that the within-group variances were equal (F = .868, p = .355 > .05). The results of
the independent sample t-test showed no significant difference between the two groups with regard to prior
knowledge of software engineering (t(1, 62) = .644, p = .589 > .05).

To check for the difference in learning achievement depending on the different flipped learning approaches
among the two groups, a one-way ANCOVA was employed after the impact of the students’ prior knowledge
was neutralized. The assumption of homogeneity of the regression slope (F = 1.038, p > .05) was not violated,
revealing that the ANCOVA was suitable. Table 1 tabulates the ANCOVA results for learning achievement for
the two groups. The average learning achievement score was significantly higher for the experimental group than
for the control group (F(1, 61) = 10.431, p =.002 < .05). The results show that in terms of learning achievement,
the flipped learning approach with the e-book system was better for students than the flipped learning approach
without the e-book system.

Table 1. ANCOVA results of learning achievement for the two groups

Group n Mean Standard  Adjusted Adjusted Standard F p-value
deviation mean deviation

Experimental group 37 89.18 14.01 88.99 2.33 10.431 .002"

Control group 27 76.80 15.19 77.09 2.84

Note. “p < .05.

4.2. Learning motivation analysis

In this analysis, one-way ANCOVA was used to determine whether students in the two flipped learning
approaches had significant differences in the learning motivation scores on the postquestionnaire. ANCOVA was
employed with the scores of the learning motivation prequestionnaire, the scores of the learning motivation
postquestionnaire, and the learning approach as the covariate, dependent variable, and independent variable,
respectively. The test of homogeneity showed that the assumption of regression homogeneity was not violated,
with F =1.127 and p = .293 > .05, indicating that ANCOVA can be used for learning motivation analysis.

Table 2 tabulates the ANCOVA results, which indicate that the post learning motivation scores of the two groups
were significantly different, with F(1, 61) = 4.140 and p = .046 < .05. That is, the students in the experimental
group had significantly higher learning motivation than those in the control group, indicating that the flipped
learning approach with the e-book system was beneficial to the students’ learning motivation in the software
engineering course.

Table 2. ANCOVA results of learning motivation for the two groups

Group n Mean Standard Adjusted  Adjusted Standard F p-value
deviation mean deviation

Experimental group 37 6.06 0.82 6.07 0.12 4.140 .046"

Control group 27 5.67 0.69 5.66 0.15

Note. “p < .05.
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4.3. Learning attitude analysis

This analysis was conducted to evaluate the effects of the proposed learning approach on students’ learning
attitudes toward software engineering education. ANCOVA was employed with the scores of the learning
attitude prequestionnaire, the scores of the learning attitude postquestionnaire, and the learning approach as the
covariate, dependent variable, and independent variable, respectively. The test of homogeneity showed that the
assumption of regression homogeneity was not violated, with F = .353 and p = .555 > .05, revealing that
ANCOVA can be used to analyze learning attitude scores.

Table 3 presents the ANCOVA results. The results show a significant difference between the two groups in the
learning attitude postquestionnaire (F(1, 61) = 7.524, p = .008 < .05). This means that the use of the flipped
learning approach with the e-book system positively affected the students’ learning attitude. More specifically,
students who engaged in the flipped learning approach with the e-book system significantly benefited in terms of
learning attitude compared to those who engaged in the flipped learning approach without the e-book system.

Table 3. ANCOVA results of learning attitude for the two groups

Group n Mean Standard Adjusted  Adjusted Standard F p-value
deviation mean deviation

Experimental group 37 3.54 44 3.55 .07 7.524 .008"

Control group 27 3.25 41 3.24 .08

Note. “p < .05.

4.4. Problem solving ability analysis

One-way ANCOVA was utilized to measure the students’ problem-solving ability using the scores of the
problem-solving ability prequestionnaire as covariate, the scores of the problem-solving ability postquestionnaire
as a dependent variable, and the learning approach as an independent variable. The test of homogeneity showed
that the assumption of regression homogeneity was not violated (F = .634, p > .05), indicating that ANCOVA
can be used to conduct problem-solving ability analysis.

Examination of the effectiveness of the flipped learning approach with the e-book system in terms of problem-
solving ability through ANCOVA showed that there was a significant difference between the experimental group
and the control group, with F = 4,755 (p = .033 < .05), as shown in Table 4. The results indicate that the
statistically significant effect (o = .05) on the problem-solving ability postquestionnaire was attributable to the
learning approach, as the students in the experimental group, who learned in the flipped learning approach with
the e-book system, performed better than their counterparts in the control group, who learned in the flipped
learning approach only.

4.5. Reading behavior analysis

This study further analyzed the reading behaviors of students in the experimental group using reading logs from
the e-book system. The reading logs covered reading time and reading completion. The reading time indicates
that a student spends a certain number of minutes reading the e-books during the learning process. The reading

completion is a student’s average reading completion of all e-books during the entire learning process.

Table 4. ANCOVA results of problem-solving ability for the two groups

Group n Mean Standard Adjusted  Adjusted Standard F p-value
deviation mean deviation

Experimental group 37 3.71 43 3.72 .06 4.755 .033"

Control group 27 3.50 21 3.49 .08

Note. “p < .05.

The simple linear regression analysis method was utilized to predict students’ learning achievement based on
their reading time and reading completion. Students’ learning achievement is the dependent variable. Students’
reading time and reading completion are independent variables. The regression coefficient values and analytic
results are presented in Table 5. The results indicate that there was a significant positive correlation between
reading time and learning achievement in this study. This means that as students’ reading time increased, their
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learning achievement also increased. It is noteworthy that reading completion did not significantly predict
student learning achievement.

Table 5. Analyzing correlations among reading behaviors and learning achievement by linear regression

Predictor R? Adjusted R? B t p
Reading time 578 313 104 4.002 .000"
Reading completion 281 .050 171 1.657 107
Note. "p < .05.

5. Discussion and conclusion

The proposed flipped learning approach provides students with better learning performance in acquiring software
engineering knowledge and better supports teachers in monitoring students’ learning status in a flipped learning
process. Furthermore, in terms of learning out of class, the students benefited more and were more motivated to
conduct the learning activities. The contribution of the proposed approach is twofold. First, it helps students
improve their software engineering learning performances through using the e-book system to efficiently
construct relevant knowledge out of class and further engage in mastering the knowledge during the in-class case
studies, discussions, and practices in the flipped learning setting. Second, this approach helps teachers improve
flipped learning instruction by using the dashboard of the e-book system to effectively and efficiently monitor
students’ learning status before the class. In this study, to monitor the students’ weekly learning status out of
class, the teacher first observed the reading rate of the e-books of the whole class from the system dashboard
before the students attended the class. Moreover, the teacher further observed the students’ notes and highlights
on each page of the e-books to capture what the students may not have understood. Furthermore, the average
reading time for each page in the e-books could be used by the teacher to judge whether the students had
encountered difficulties in learning the contents. By using various learning analytic functions provided by the e-
book system, teachers can effectively and efficiently capture students’ learning status before class and make
adjustments to learning activities in class in real time.

The experimental results support the positive impacts of the proposed approach on students’ learning motivation,
learning attitude, learning achievement, and problem-solving ability in software engineering education. The
results support the contention of Bergmann et al. that the application of appropriate technologies is a significant
element to positively motivate students’ learning and affect their attitude in flipped classrooms (Bergmann &
Sams, 2012; Lin, 2019; Oweis, 2018). This study used a web application (the e-book system) that provides
suitable reading functions to enable students to use a web browser to effectively and efficiently study course
materials anytime and anywhere. The increased motivation and attitude can also be attributed to flipped learning
programs that can be reinvented to satisfy the individual needs of students in a program (Lin, 2021). Horn (2011)
argued that a student’s interest is motivated when she or he can identify with the materials that are used in the
learning process. Regarding students’ learning achievement, the results of the proposed approach were
significantly better than those for students learning without the e-book system in a flipped classroom. This
discovery conforms to the study of Haghighi et al. (2019) where students who learned with appropriate tools
before class could enhance their engagement in class and further improve their learning achievement in a flipped
classroom. The argument also supports the results for students’ problem-solving ability found in this study. The
analysis showed that students learning with the proposed approach had higher problem-solving ability than those
learning with only the flipped learning setting. This discovery supports the studies of Chang and Hwang (2018)
and Kurnianto et al. (2019) in that when students build fundamental knowledge out of class in a flipped learning
environment, they are able to engage in in-class learning activities and better develop higher-order thinking
abilities, such as problem-solving ability. Students with good prior knowledge are able to better articulate
concepts, illustrate and construct interrelationships among concepts, and generate higher levels of thinking
(Alamri, 2019; Cai & Gu, 2022; Mamun et al., 2020).

Despite the valuable contributions of the research results, the present study also had some limitations that should
be acknowledged. First, as a result of university semester considerations, this study did not adopt random
selection to distribute the participants in the control and experimental groups. Second, the sample size was not
large, so the results cannot be generalized to possible learning performances in different contexts and
applications. In addition, this study was conducted in an Asian country. The research settings and results might
not be directly applicable to software engineering classes in other countries with different cultures, educational
policies, or learning environments. According to the literature review, most of the research related to flipped
classrooms still focuses on the learning performance of students before class. However, future research should
focus on what kind of instructional design framework to use to plan the entire flipped classroom approach rather
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than just emphasizing preclass learning (Lo & Hew, 2017). In other words, researchers can further design in-
class learning activities to teach students higher-level thinking ability based on the current research foundation of
flipped classrooms. For instance, in class, teachers can use problem-based learning approaches to guide students
to develop their problem-solving ability in combination with the development of their mental processes (Lin &
Lin, 2016).

Acknowledgement

This study is supported by the National Science and Technology Council, Taiwan, under grants NSTC 111-2410-
H-153-012, NSTC 110-2511-H-153-002-MY3, and NSTC 108-2511-H-153-006-MY2. This study is also
supported by the Ministry of Education, Taiwan, R.O.C. under grants MOE PEE1110245.

References

Abdullah, M. Y., Hussin, S. & Ismail, K. (2019). Investigating the effects of the flipped classroom model on Omani EFL
learners® motivation level in English speaking performance. Education and Information Technologies, 24, 2975-2995.
https://doi.org/10.1007/s10639-019-09911-5

Akgayir, G., & Akgayir, M. (2018). The Flipped classroom: A Review of its advantages and challenges. Computers &
Education, 126, 334-345. https://doi.org/10.1016/j.compedu.2018.07.021

Al-Ahdal, A. A. M. H. (2020). EBook interaction logs as a tool in predicting learner performance in reading. Asiatic: [IlUM
Journal of English Language and Literature, 14(1), 174-188.

Alamri, M. M. (2019). Students’ academic achievement performance and satisfaction in a flipped classroom in Saudi Arabia.
International Journal of Technology Enhanced Learning, 11(1), 103-119. https://doi.org/10.1504/1JTEL.2019.096786

Baker, A., Navarro, E. O., & van der Hoek, A. (2005). An Experimental card game for teaching software engineering
processes. Journal of Systems and Software, 75(1-2), 3-16. https://doi.org/10.1016/j.jss.2004.02.033

Barkley, E. (2010). Student engagement techniques: A Handbook for college faculty. Jossey-Bass.

Bergmann, J., & Sams, A. (2012). Flip your classroom: Reach every student in every class every day. International Society
for Technology in Education.

Birgili, B., Seggie, F. N., & Oguz, E. (2021). The Trends and outcomes of flipped learning research between 2012 and 2018:
A Descriptive content analysis. Journal of Computers in Education, 8, 365-394. https://doi.org/10.1007/s40692-021-00183-y

Bond, M. (2020). Facilitating student engagement through the flipped learning approach in K-12: A Systematic review.
Computers & Education, 151, 103819. https://doi.org/10.1016/j.compedu.2020.103819

Boticki, I., Ak¢apmar, G., & Ogata, H. (2019). E-book user modelling through learning analytics: The Case of learner
engagement and reading styles. Interactive Learning Environments, 27(5-6), 754-765.
https://doi.org/10.1080/10494820.2019.1610459

Bryson, C., & Hand, L. (2007). The Role of engagement in inspiring teaching and learning. Innovations in Education and
Teaching International, 44(4), 349-362. https://doi.org/10.1080/14703290701602748

Cai, H., & Gu, X. (2022). Factors that influence the different levels of individuals’ understanding after collaborative problem
solving: the effects of shared representational guidance and prior knowledge. Interactive Learning Environments, 30(4), 695-
706. https://doi.org/10.1080/10494820.2019.1679841

Chang, S. C., & Hwang, G. J. (2018). Impacts of an augmented reality-based flipped learning guiding approach on students’
scientific project performance and perceptions. Computers & Education, 125, 226-239.
https://doi.org/10.1016/j.compedu.2018.06.007

Chen, C. H., & Su, C. Y. (2019). Using the BookRoll e-book system to promote self-regulated learning, self-efficacy and
academic achievement for university students. Educational Technology & Society, 22(4), 33-46.

Chung, C. J., Lai, C. L., & Hwang, G. J. (2021). Roles and research trends of flipped classrooms in nursing education: a
review of academic publications from 2010 to 2017. Interactive Learning Environments, 29(6), 883-904.
https://doi.org/10.1080/10494820.2019.1619589

Cico, O., Jaccheri, L., Nguyen-Duc, A., & Zhang, H. (2021). Exploring the intersection between software industry and
software engineering education-A Systematic mapping of Software Engineering Trends. Journal of Systems and Software,
172, 110736. https://doi.org/10.1016/j.jss.2020.110736

Coates, H. (2006). Student engagement in campus-based and online education: University connections. Routledge.

198



Connor, C. M., Day, S. L., Zargar, E., Wood, T. S., Taylor, K. S., Jones, M. R., & Hwang, J. K. (2019). Building word
knowledge, learning strategies, and metacognition with the Word-Knowledge e-Book. Computers & Education, 128, 284-
311. https://doi.org/10.1016/j.compedu.2018.09.016

Dembedza, M.P., & Chipurura, B. (2020). Evaluating experiences and perceptions of undergraduate Zimbabwean nutrition
students on flipped-classroom learning: A Mixed methods approach. IOSR Journal of Research & Method in Education,
10(2), 1-7.

DeRuisseau, L. R. (2016). The Flipped classroom allows for more class time devoted to critical thinking. Advances in
Physiology Education, 40(4), 522-528. https://doi.org/10.1152/advan.00033.2016

Erturan llker, G., Arslan, Y., & Demirhan, G. (2014). A Validity and reliability study of the motivated strategies for learning
questionnaire. Educational Sciences: Theory and Practice, 14(3), 829-833.

Esperanza, P. J., Himang, C., Bongo, M., Selerio Jr., E., & Ocampo, L. (2021). The Utility of a flipped classroom in
secondary Mathematics education. International Journal of Mathematical Education in Science and Technology.
https://doi.org/10.1080/0020739X.2021.1957166

Fahmi, R., Friatin, L., & Irianti, L. (2020). The Use of flipped classroom model in reading comprehension. Journal of Applied
Linguistics and Literacy, 4(1), 77-94.

Garousi, V., Giray, G., Tuzun, E., Catal, C., & Felderer, M. (2020). Closing the gap between software engineering education
and industrial needs. IEEE Software, 37(2), 68-77. https://doi.org/10.1109/MS.2018.2880823

Gilboy, M. B., Heinerichs, S., & Pazzaglia, G. (2015). Enhancing student engagement using the flipped classroom. Journal of
Nutrition Education and Behavior, 47(1), 109-114. https://doi.org/10.1016/j.jneb.2014.08.008

Haghighi, H., Jafarigohar, M., Khoshsima, H., & Vahdany, F. (2019). Impact of flipped classroom on EFL learners’
appropriate use of refusal: achievement, participation, perception. Computer Assisted Language Learning, 32(3), 261-293.
https://doi.org/10.1080/09588221.2018.1504083

Horn, M. B., & Staker, H. (2011). The Rise of K-12 blended learning. Innosight Institute.

Huang, A. Y. Q. Lu, O. H. T., & Yang, S. J. H. (2023). Effects of artificial Intelligence—Enabled personalized
recommendations on learners’ learning engagement, motivation, and outcomes in a flipped classroom. Computers &
Education, 194, 104684. https://doi.org/10.1016/j.compedu.2022.104684

Huang, A. Y. Q., Lu, O. H. T,, Huang, J. C. H,, Yin, C. J, & Yang, S. J. H. (2020). Predicting students’ academic
performance by using educational big data and learning analytics: evaluation of classification methods and learning logs.
Interactive Learning Environments, 28(2), 206-230. https://doi.org/10.1080/10494820.2019.1636086

Huang, H., & Hwang, G. J. (2019). Facilitating inpatients’ family members to learn: A Learning engagement-promoting
model to develop interactive E-Book systems for patient education. Educational Technology & Society, 22 (3), 74-87.

Huang, Y. M, Silitonga, L. M., & Wu, T. T. (2022). Applying a business simulation game in a flipped classroom to enhance
engagement, learning achievement, and higher-order thinking skills. Computers & Education, 183, 104494,
https://doi.org/10.1016/j.compedu.2022.104494

Hwang, G. J., & Chang, C. Y. (2020). Facilitating decision-making performances in nursing treatments: A Contextual digital
game-based flipped learning approach. Interactive Learning Environments. https://doi.org/10.1080/10494820.2020.1765391

Hwang, G. J., & Chang, H. F. (2011). A Formative assessment-based mobile learning approach to improving the learning
attitudes and achievements of students. Computers & Education, 56(4), 1023-1031.
https://doi.org/10.1016/j.compedu.2010.12.002

Hwang, G. J., & Lai, C. L. (2017). Facilitating and bridging out-of-class and in-class learning: An Interactive e-book-based
flipped learning approach for math courses. Journal of Educational Technology & Society, 20(1), 184-197.

Kurnianto, B., Wiyanto, W., & Haryani, S. (2019). Critical thinking skills and learning outcomes by improving motivation in
the model of flipped classroom. Journal of Primary Education, 8(6), 282-291.

Lai, H. M., Hsieh, P. J., Uden, L., & Yang, C. H. (2021). A Multilevel investigation of factors influencing university
students’  behavioral engagement in  flipped classrooms. Computers &  Education, 175, 104318.
https://doi.org/10.1016/j.compedu.2021.104318

Lee, G. G., Jeon, Y. E., & Hong, H. G. (2021). The Effects of cooperative flipped learning on science achievement and
motivation in  high school students. International Journal of Science Education, 43(9), 1381-1407.
https://doi.org/10.1080/09500693.2021.1917788

Lew, E. K. (2016). Creating a contemporary clerkship curriculum: The Flipped classroom model in emergency medicine.
International journal of emergency medicine, 9(1), 25. https://doi.org/10.1186/s12245-016-0123-6

199



Lim, J., Whitehead, G. E. K., & Choi, Y. (2021). Interactive e-book reading vs. paper-based reading: Comparing the effects
of different mediums on middle school students’ reading comprehension.  System, 97, 102434.
https://doi.org/10.1016/j.system.2020.102434

Lin, Y. T. (2016). When mobile technology meets traditional classroom learning environment: How does it improve students’
learning performances? In K. Wallace (Ed.), Learning environments: Emerging theories, applications and future directions
(pp. 143-158). Nova Science Publishers, Inc.

Lin, Y. T. (2019). Impacts of a flipped classroom with a smart learning diagnosis system on students’ learning performance,
perception, and problem solving ability in a software engineering course. Computers in Human Behavior, 95, 187-196.
https://doi.org/10.1016/j.chb.2018.11.036

Lin, Y. T. (2021). Effects of flipped learning approaches on students’ learning performance in software engineering
education. Sustainability, 13(17), 9849. https://doi.org/10.3390/su13179849

Lin, Y. T., & Cheng, C. T. (2022). Effects of Technology-Enhanced Board Game in Primary Mathematics Education on
Students’ Learning Performance. Applied Sciences, 12(22), 11356. https://doi.org/10.3390/app122211356

Lin, Y. T., & Lin, Y. C. (2016). Effects of mental process integrated nursing training using mobile device on students’
cognitive load, learning attitudes, acceptance, and achievements. Computers in Human Behavior, 55, 1213-1221.
https://doi.org/10.1016/j.chb.2015.03.076

Lin, Y. T, Lin, Y. C, Huang, Y. M., & Cheng, S. C. (2013). A Wiki-based teaching material development environment with
enhanced particle swarm optimization. Educational Technology & Society, 16(2), 103-118.

Lin, Y. T., Tseng, Y. M., Lee, Y. S.,, Wang, T. C,, Tsai, S. I., & Yi, Y. J. (2018). Development of a SoLoMo game-based
application for supporting local cultural learning in Taiwan. Educational Technology & Society, 21(4), 115-128.

Liu, C., Wan, P, Tu, Y. F.,, Chen, K., & Wang, Y. (2021). A WSQ-based mobile peer assessment approach to enhancing
university students’ vocal music skills and learning perceptions. Australasian Journal of Educational Technology, 37(6), 1-
17. https://doi.org/10.14742/ajet.6832

Lo, C. K., & Hew, K. F. (2017). Using “first principles of instruction” to design secondary school mathematics flipped
classroom: The Findings of two exploratory studies. Educational Technology & Society, 20(1), 222-236.

Lo, C. K., Hew, K. F., & Chen, G. (2017). Toward a set of design principles for mathematics flipped classrooms: A Synthesis
of research in mathematics education. Educational Research Review, 22, 50-73. https://doi.org/10.1016/j.edurev.2017.08.002

Malik, S. I., Mathew, R., Al-Sideiri, A., Jabbar, J., Al-Nuaimi, R., & Tawafak, R. M. (2022). Enhancing problem-solving
skills of novice programmers in an introductory programming course. Computer Applications in Engineering Education,
30(1), 174-194. https://doi.org/10.1002/cae.22450

Mamun, M. A. A., Lawrie, G., & Wright, T. (2020). Instructional design of scaffolded online learning modules for self-
directed and inquiry-based learning environments. Computers & Education, 144, 103695.
https://doi.org/10.1016/j.compedu.2019.103695

Martinez-Jiménez, R., & Ruiz-Jiménez, M. C. (2020). Improving students’ satisfaction and learning performance using
flipped classroom. The International Journal of Management Education, 18(3), 100422.
https://doi.org/10.1016/j.ijme.2020.100422

Matturro, G., Raschetti, F., & Fontan, C. (2019). A Systematic mapping study on soft skills in software engineering. Journal
of Universal Computer Science, 25(1), 16-41. https://doi.org/10.3217/jucs-025-01-0016

McNally, B., Chipperfield, J., Dorsett, P., Del Fabbro, L., Frommolt, V., Goetz, S., Lewohl, J., Molineux, M., Pearson, A.,
Reddan, G., Roiko, A., & Rung, A. (2017). Flipped classroom experiences: student preferences and flip strategy in a higher
education context. Higher Education, 73(2), 281-298. https://doi.org/10.1007/s10734-016-0014-z

Merkle, A. C., Ferrell, L. K., Ferrell, O. C., & Hair, J. F. (2022). Evaluating e-book effectiveness and the impact on student
engagement. Journal of Marketing Education, 44(1), 54-71. https://doi.org/10.1177/02734753211035162

Mouri, K., Uosaki, N., & Ogata, H. (2018). Learning analytics for supporting seamless language learning using e-book with
ubiquitous learning system. Educational Technology & Society, 21(2), 150-163.

Mukhlisa, R., Gani, A., Winarni, S., Khaldun, 1., & Hanum, L. (2021). Independence of learning and achievement of learners’
cognitive abilities in thermochemical materials through the application of flipped classroom. Jurnal Penelitian Pendidikan
IPA, 7(4), 523-530. https://doi.org/10.29303/jppipa.v7i4.674

Ng, B. (2018). The Neuroscience of growth mindset and intrinsic motivation. Brain Sciences, 8(2), 20.
https://doi.org/10.3390/brainsci8020020

Ni’mah, D., & Umamah, A. (2020). Mobile-assisted on extensive reading: students’ voices. English Education: Journal of
English Teaching and Research, 5(1), 41-48. https://doi.org/10.29407/jetar.v5i1.14367

200



Ogata, H., Oi, M., Mohri, K., Okubo, F., Shimada, A., Yamada, M., Wang, J., & Hirokawa, S. (2017). Learning analytics for
ebook-based educational big data in higher education. In H. Yasuura, C. Kyung, Y. Liu, & Y. Lin (Eds.), Smart Sensors at
the 10T Frontier (pp. 327-350). Springer.

Ogata, H., Yin, C., Oi, M., Okubo, F., Shimada, A., Kojima, K., & Yamada, M. (2015). e-Book-based learning analytics in
university education. In H. Ogata, W. Chen, S. C. Kong, & F. Qiu (Eds.), Proceedings of the 23rd International Conference
on Computers in Education (pp. 401-406). Asia-Pacific Society for Computers in Education.

Oweis, T. I. (2018). Effects of using a blended learning method on students’ achievement and motivation to learn English in
Jordan: A Pilot case study. Education Research International, 2018. https://doi.org/10.1155/2018/7425924

Palinussa, A. L., Laamena, C., & Mananggel, M. B. (2021). Development of learning models flipped classroom to increase
the mathematical Higher Order Thinking Skills (HOTS) of students in high school. Technology Reports of Kansai University,
63(3), 7349-7355.

Patanwala, A. E., Erstad, B. L., & Murphy, J. E. (2017). Student use of flipped classroom videos in a therapeutics course.
Currents in Pharmacy Teaching and Learning, 9(1), 50-54. https://doi.org/10.1016/j.cptl.2016.08.043

Pintrich, P. R., & De Groot, E. V. (1990). Motivational and self-regulated learning components of classroom academic
performance. Journal of Educational Psychology, 82(1), 33-40. https://doi.org/10.1037/0022-0663.82.1.33

Rasheed, R. A., Kamsin, A., & Abdullah, N. A. (2020). Challenges in the online component of blended learning: A
Systematic review. Computers & Education, 144, 103701. https://doi.org/10.1016/j.compedu.2019.103701

Roehl, A., Reddy, S. L., & Shannon, G. J. (2013). The Flipped classroom: An Opportunity to engage millennial students
through active learning strategies. Journal of Family & Consumer Sciences, 105(2), 44-49.

Ryan, R. M., & Deci, E. L. (2019). Chapter Four - Brick by brick: The Origins, development, and future of self-determination
theory. In  A. J. Elliot (Ed), Advances in Motivation Science (Vol. 6, pp. 111-156). Elsevier.
https://doi.org/10.1016/bs.adms.2019.01.001

Shanta, S., & Wells, J. G. (2022). T/E design based learning: assessing student critical thinking and problem solving abilities.
International Journal of Technology and Design Education, 32, 267-285. https://doi.org/10.1007/s10798-020-09608-8

Siswanto, R. A. (2021). The Implementation of flipped classroom in improving students’ writing skills at the University of
Brawijaya. Jurnal Ilmu Pendidikan, 27(2), 58-63.

Sung, H. Y., Hwang, G. J., Chen, C. Y., & Liu, W. X. (2022). A Contextual learning model for developing interactive e-
books to improve students’ performances of learning the Analects of Confucius. Interactive Learning Environments, 30(3),
470-483. https://doi.org/10.1080/10494820.2019.1664595

Sutcliffe, A., & Hart, J. (2016). Analyzing the role of interactivity in user experience. International Journal of Human—
Computer Interaction, 33(3), 229-240. https://doi.org/10.1080/10447318.2016.1239797

Svenningsson, J., Host, G., Hultén, M. & Hallstrém, J. (2022). Students’ attitudes toward technology: Exploring the
relationship among affective, cognitive and behavioral components of the attitude construct. International Journal of
Technology and Design Education, 32, 1531-1551. https://doi.org/10.1007/s10798-021-09657-7

van Alten, D. C. D, Phielix, C., Janssen, J., & Kester, L. (2020). Self-regulated learning support in flipped learning videos
enhances learning outcomes. Computers & Education, 158, 104000. https://doi.org/10.1016/j.compedu.2020.104000

Wu, T. T. & Wu, Y. T. (2020). Applying project-based learning and SCAMPER teaching strategies in engineering education
to explore the influence of creativity on cognition, personal motivation, and personality traits. Thinking Skills and Creativity,
35, 100631. https://doi.org/10.1016/j.tsc.2020.100631

Yang, C. C. Y., Chen, I. Y. L., Akgapinar, G., Flanagan, B., & Ogata, H. (2021). using a summarized lecture material
recommendation system to enhance students’ preclass preparation in a flipped classroom. Educational Technology & Society,
24(2), 1-13.

Ye, X. D., Chang, Y. H., & Lai, C. L. (2019). An Interactive problem-posing guiding approach to bridging and facilitating
pre- and in-class learning for flipped classrooms. Interactive Learning Environments, 27(8), 1075-1092.
https://doi.org/10.1080/10494820.2018.1495651

Yin, C., Yamada, M., Oi, M., Shimada, A., Okubo, F., Kojima, K., & Ogata, H. (2019). Exploring the relationships between
reading behavior patterns and learning outcomes based on log data from e-books: A Human Factor Approach. International
Journal of Human—Computer Interaction, 35(4-5), 313-322. https://doi.org/10.1080/10447318.2018.1543077

Zengin, Y. (2017). Investigating the use of the Khan Academy and mathematics software with a flipped classroom approach
in mathematics teaching. Educational Technology & Society, 20(2), 89-100.

Zhao, J., Hwang, G. J., Chang, S. C,, Yang, Q. F., & Nokkaew, A. (2021). Effects of gamified interactive e-books on
students’ flipped learning performance, motivation, and meta-cognition tendency in a mathematics course. Educational
Technology Research and Development, 69, 3255-3280. https://doi.org/10.1007/s11423-021-10053-0

201



Zou, D. (2020). Gamified flipped EFL classroom for primary education: student and teacher perceptions. Journal of
Computers in Education, 7, 213-228. https://doi.org/10.1007/s40692-020-00153-w

202



	1. Introduction
	2. Literature review
	2.1. Flipped classroom
	2.2. E-book
	2.3. The importance of learning motivation, learning attitude, and problem-solving ability to learning

	3. Methodology
	3.1. Participants
	3.2. BookRoll E-book system
	3.3. Instruments
	3.4. Experimental procedure

	4. Results
	4.1. Learning achievement analysis
	4.2. Learning motivation analysis
	4.3. Learning attitude analysis
	4.4. Problem solving ability analysis
	4.5. Reading behavior analysis

	5. Discussion and conclusion
	Acknowledgement
	References

