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Effects of concept-mapping-based interactive e-books on active
and reflective-style students’ learning performances in junior high
school law courses
Gwo-Jen Hwang, Han-Yu Sung and Hsuan Chang

Graduate Institute of Digital Learning and Education, National Taiwan University of Science and Technology, Taipei
City, Taiwan

ABSTRACT
Researchers have pointed out that interactive e-books have rich content
and interactive features which can promote students’ learning interest.
However, researchers have also indicated the need to integrate effective
learning supports or tools to help students organize what they have
learned so as to increase their learning performance, in particular, for
abstract and complex learning content such as that in law courses. In
this study, a concept-mapping-based interactive e-book learning mode
was proposed. To understand the learning effects, a quasi-experimental
design was used to compare the learning achievement and motivation
of the students learning with the proposed approach (experimental
group) and those learning with conventional interactive e-books (control
group) in a junior high school fundamental law course. Meanwhile, the
learning achievement and motivation of the students with different
learning styles were also explored. The experimental results showed that
the proposed approach significantly improved the students’ learning
achievement, especially for the active-style students; moreover, it was
found that the lead-in of concept mapping did not affect the students’
learning motivation. Factors that might affect the students’ learning
achievement and motivation with the concept-mapping-based
interactive e-book approach are discussed accordingly.
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Introduction

Researchers have pointed out that students are generally less involved in traditional teacher-centered
instructional approaches than in student-centered learning (Lai & Hwang, 2014, 2015; Pivec, 2007). In
recent years, due to the increasing popularity of mobile devices such as smartphones and tablet com-
puters, interactive e-books are becoming a well-accepted form of learning material (Woody, Daniel, &
Baker, 2010). Previous studies have reported that interactive e-books can provide several features
that traditional textbooks do not offer, including recording, taking photos and various interactive
functions which are helpful for increasing students’ attention and motivation during the learning
process (Reiber, 1991; Shade, 1994; Shih, Chen, Cheng, Chen, & Chen, 2013). Besides, the way of pre-
senting multimedia-teaching materials in e-books, including pictures and video, can significantly
improve students’ reading comprehension (Ertem, 2010; Lai & Chang, 2011).

Researchers have, however, pointed out the need to integrate effective educational theories or
models in the development of digital learning systems and materials. They have indicated that,
without providing proper scaffoldings or learning support, students’ learning achievement could
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not be improved, no matter what kind of technologies are adopted (Lai & Hwang, 2015). In particular,
for those abstract learning contents with complex knowledge structure, it is necessary to provide
learning supports or tools to help students organize their knowledge in the student-centered learn-
ing process. Among the existing school curriculums, the terminology and knowledge of law are per-
ceived by many students as being boring and as having abstract learning content with a complex
structure (Boyle, 2002). While dealing with such learning content, traditional teaching could only
offer limited help. That is, students usually have difficulty understanding the law concepts and struc-
ture, not to mention developing the competence of applying the knowledge to daily life applications.

Concept mapping is a learning approach that assists students in organizing what they have
learned by representing their prior and new knowledge in a graph with concepts as nodes, and
relationships between concepts as links connecting the nodes (Hwang, Wang, & Lai, 2015; Pankratius,
1990; Ruiz-Primo, Schultz, Li, & Shavelson, 2001). It is an effective knowledge construction tool for
helping students enhance their metacognition (Hwang, Wu, & Kuo, 2013; Novak, Gowin, & Johansen,
1983). However, several studies have pointed out the challenges of applying concept mapping to
existing curriculums; for example, Charsky and Ressler (2011) warned that, without careful learning
design, embedding concept maps into learning content might be an interference rather than a
support to students during the learning process. In addition, researchers have indicated that learning
style might play an important role in digital learning content design. Korat and Shamir (2012) further
pointed out the importance of considering students’ learning styles when developing e-book
content.

Considering the above, in this study, the influence of students’ learning styles on their learning
performance is explored. Based on the needs of the course, two learning styles, active and reflective
styles, were taken into consideration in this study. Active-style learners tend to operate and experi-
ence learning by themselves, while reflective-style learners tend to think thoroughly and explore
repeatedly. Therefore, it was expected that the experimental results would not only demonstrate
the strategy of employing concept mapping in e-book-based learning and evaluate its effectiveness,
but would also provide a reference for researchers and teachers who intend to help students with
different learning styles learn better in the digital era.

Literature review

Interactive electronic books

Since the first appearance of e-books, there has been no specific definition of the term. Some scholars
state that e-books only digitalize the content in books and allow readers to read electronically
(Hawkins, 2000). Littman and Connaway (2004) defined e-books as a book or a series of books
that are published electronically to enable readers to read the learning content via difference
digital devices, such as tablets or computers. Through the advancement of computer technology,
there are more and more devices that can be used as e-book readers, such as smartphones and
tablet computers (Kang, Wang, & Lin, 2009).

Meanwhile, owing to the advancement of multimedia and wireless communication technologies,
the content of e-books is becoming increasingly diverse. Nowadays, an e-book might contain text,
pictures, images, videos, web links and even various interactive functions such as those that allow
learners to click on text, pictures and videos to derive additional information, or to jump to
another e-book page, functions that enable learners to take notes, record and search for information
on the Internet, as well as those that enable learners to answer or respond to the questions presented
in e-books. This leads to new aspects of e-books; that is, they not only provide learning content as
defined for traditional e-books, but also enable interaction between learning content and learners.
Thus, the term “interactive e-books” has been adopted to emphasize the provision of interactive func-
tions in e-books, such as annotation, highlighting, bookmarks, searching and assessment (Huang,
Liang, Su, & Chen, 2012).
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Mana, Mich, De Angeli, and Druin (2013) further indicated that an interactive e-book not only pre-
sents learning content in diverse and interesting forms, but also plays the role of a learning facilitator
by embedding the teaching strategies within the learning content. Researchers have also reported
that, in different courses, an interactive e-book can bring diverse learning experiences. For
example, in geography courses, the functions of Google Earth have been embedded in an interactive
e-book, and in natural science courses, interactive animation has been incorporated for students to
explore (Mana et al., 2013; Shih et al., 2013).

Although e-books have become a widely adopted form of learning content, few studies have been
conducted to investigate how to effectively integrate teaching strategies and learning materials, not
to mention the evaluation of the impacts of interactive e-books on students with different learning
styles. Some previous studies have pointed out that, without careful design, students’ learning pro-
cesses could be interrupted owing to the use of improper interactive functions (Trushell & Maitland,
2005). Therefore, in this study, an interactive e-book development approach is proposed and evalu-
ated to show how concept mapping can be effectively integrated into e-book content; moreover, the
impacts of the proposed approach on the learning achievement and motivation of the students with
different learning styles are evaluated as well.

Concept mapping

Concept mapping is a tool for representing visualized knowledge proposed by a research team in
Cornell University. Scholars have recognized the process of developing concept maps, that is,
concept mapping, as an effective teaching strategy for helping students organize and present con-
ceptual knowledge using their spatial visualization ability to promote learning (Gurlitt & Renkl, 2010;
Ruiz-Primo et al., 2001). Concept mapping plays the role of helping students connect their existing
concepts and newly gained knowledge by visualizing the relationships between the old and new
concepts, and hence engages students in meaningful learning (Novak & Musonda, 1991; Rebich &
Gautier, 2005).

Novak (2002) pointed out that concept mapping used in science teaching has been seen as a
knowledge construction tool to help students and experts find the connection between events,
promote creative thinking, and reinforce students’ knowledge structure. It has also been seen as
an effective learning tool that can improve students’ memorization and comprehension during the
learning process (Pankratius, 1990; Ruiz-Primo et al., 2001). It is also a learning tool that enables stu-
dents to clarify the connections between concepts (Özmen, DemİrcİoĞlu, & Coll, 2009; Wang, Cheung,
Lee, & Kwok, 2008; Zwaal & Otting, 2012) and improve their knowledge retention via the process of
identifying and presenting the relationships between concepts (Patrick, 2011). For example, in the
research conducted by Hwang, Yang, and Wang (2013), concept maps were embedded in a digital
game in natural science courses. They found that, with the approach, not only did students’ learning
achievement increase, but their cognitive load was also reduced, proving that it is beneficial for stu-
dents to connect what is learned to their prior knowledge.

Concept mapping can also serve as a stage for assessing students’ knowledge structure (Moreno,
Kota, Schoohs, & Whitehill, 2013). Teachers can ask students to develop concept maps based on a
specified topic, and then examine the correctness and completeness of the concept maps developed
by the students (Wehry, Monroe-Ossi, Cobb, & Fountain, 2012), allowing the teacher to identify stu-
dents’ incorrect concepts and correct them accordingly.

Liu and Lee (2013) applied a concept-mapping system to the learning activity of a biology course.
The experimental results found that concept mapping could promote the students’ learning motiv-
ation, delivery skills and learning attitudes. They also noted that if teachers do not understand stu-
dents’ knowledge construction processes, they would not be able to objectively assess their
learning performance or give them concrete suggestions. This implies the importance of properly
employing concept mapping in assessment and for the provision of feedback. It also reveals that
the success of using the concept-mapping approach is not obvious. In fact, it is challenging to
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properly integrate concept mapping with other learning strategies or tools (Hwang, Wu, & Ke, 2011).
For example, Charsky and Ressler (2011) attempted to facilitate game-based learning with concept
mapping, but it resulted in a decrease in the students’ learning motivation and learning performance.
The students indicated that developing concept mapping interrupted the gaming process, and so
was perceived as an interference rather than as a learning support. Therefore, it can be inferred
that different learning contents should coordinate with suitable learning strategies and technol-
ogy-assisted approaches to generate the expected learning effects.

From the literature review above, it can be known that using concept mapping in school settings
can help students build a complete and thorough knowledge structure. However, the use of the
concept-mapping approach needs to be carefully designed; otherwise, it could become an interfer-
ence in learning.

Learning styles

Keefe (1979, p. 1) defined learning styles as “the composite of characteristic cognitive, affective, and
physiological factors” which can be perceived as stable indicators of explaining how individual lear-
ners see and interact with the learning environment. That is, learning styles represent learners’ pre-
ferences or consistent behaviors in dealing with information or learning content during the learning
process. Educators have proposed various learning styles to represent and investigate learners’ infor-
mation-processing features and behaviors from different aspects. For example, Kolb (1984) defined
the accommodating, diverging, converging and assimilating learning styles, which are the combi-
nations of the informing processing preferences for doing (Active Experimentation – AE), watching
(Reflective Observation – RO), feeling (Concrete Experience – CE) and thinking (Abstract Conceptual-
ization – AC). More specifically, the four learning styles can be determined by CE+AE, CE+RO, AC+AE
and AC+RO, respectively.

Later, Felder and Silverman (1988) proposed learning styles from different perspectives, that is,
sensing/intuitive, visual/verbal, active/reflective and sequential/global. Sensing-style learners tend to
be concrete thinkers; they are practical and prefer to learn via facts and procedures. Intuitive-style lear-
ners tend to be abstract thinkers; they are innovative and prefer to learn with theories and underlying
meanings. Visual-style learners prefer visual representations of learningmaterial, while verbal-style lear-
ners prefer written or spoken content. Active-style learners prefer to learn by trying or doing, and enjoy
learning in groups, while reflective-style learners tend to learn by thinking in depth, and prefer to learn
alone. Sequential-style learners learn according to a linear thinking process with small incremental
steps, while global-style learners learn according to a holistic thinking process with large leaps.

In the past decades, many previous studies have reported the effectiveness of considering learning
styles in developing learning content and systems (Brown, Cristea, Stewart, & Brailsford, 2005; Chen &
Chiou, 2014). For example, in the study reported by Hwang, Sung, Hung, and Huang (2013), an adap-
tive learning system was developed by taking sequential and global learning styles into account. By
conducting an experiment, they found that the students learning with the learning style-fit approach
showed significantly better learning achievement than those learning with the non-fit design. They
thus concluded the potential of taking learning styles into consideration in system design.

Among various learning styles, the active/reflective style proposed by Felder and Silverman (1988)
was adopted in this study. As active-style learners tend to learn by trying or doing, they might have
less experience in organizing learning content than the reflective-style learners who tend to learn by
thinking in depth. Therefore, it was predicted that the lead-in of concept mapping might have differ-
ent effects on the students with these two styles.

Development of the e-book system based on fill-in-the-blank concept mapping

In this study, the interactive e-book system was implemented using SimMagic, a development
environment published by Hama Star Company. Figure 1 shows the structure of the e-book system,
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which consists of a student interface, an editing interface, a learning materials database, an item bank,
a concept-map database, a descriptive file database and several interactive modules. When students
attempt to read an e-book, the relevant descriptive file is interpreted by the student interface, and
relevant interactive modules are invoked. The interactive reading module responds to the statements
for presenting the learning materials in the form of text, images, videos or links, which could be a
“redirection” command to jump to another e-book page or a web address. The interactive practicing
module presents various types of test items, such as multiple-choice questions, fill-in-the-blank ques-
tions andmatching questions. The interactive concept-mappingmodule presents fill-in-the-blank con-
cepts to students and provides them with hints when they try to complete the concept maps.

There are seven units in the law course. For each unit, students need to read relevant learning
materials and do practice by answering a set of test items. Figure 2 shows two pages of learning
materials. The one on the left shows several links (i.e. the “+”) for accessing supplementary materials;
the one on the right shows the e-book page with an annotation.

Figure 3 shows illustrative examples of a fill-in-the-blank (left) and multiple answer (right) items.
For the fill-in-the-blank items, students need to move the candidate answers to the correct blanks.
For the multiple answer items, they need to point out all of the correct answers.

After finishing reading and practicing, the students were asked to complete a concept map by
moving the candidate concepts or relationships to the blank area of the concept map, as shown
in Figure 4.

Research design

Participants

A total of 71 eighth graders from two classes of a junior high school in northern Taiwan participated
in this study. The average age of the participants was 14 years. One class was assigned to be the

Figure 1. System structure of concept-mapping-based interactive e-books.
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Figure 2. Illustration of learning materials in the e-book.

Figure 3. Interface of the fill-in-the-blank and multiple answer items.

Figure 4. Interface of concept mapping in the interactive e-book.
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experimental group (17 males and 18 females), while the other class was the control group (19 males
and 17 females). The students in both groups were instructed by the same teacher who had more
than 15 years’ experience of teaching Social Studies courses.

Measuring tools

The pre-test was used to evaluate the students’ basic knowledge of law before the experiment. It con-
sisted of 20 multiple-choice items with a perfect score of 100. The learning achievement post-test con-
sisted of 10 yes-or-no items (20%), 20 multiple-choice items (40%), 5 fill-in-the-blank items (10%), and
3 essay question items (30%), with a perfect score of 100. The tests were developed by an experienced
teacher according to the curriculum outline and learning objectives of the social studies course.

The learningmotivation questionnaire was modified from themeasure developed by Hwang, Yang,
et al. (2013). It consisted of seven items with a five-point Likert rating scheme. A higher score means
higher learning motivation for the law course. The Cronbach’s α value of the questionnaire was 0.87.

The learning style measure adopted in this study originated from the Index of Learning Styles (ILS)
Questionnaire, developed by Soloman and Felder (2001) based on the learning styles theory pro-
posed by Felder and Silverman (1988). The original ILS consisted of four dimensions, each of which
contained 44 items. According to the needs of this study, only the 11 items of the “active/reflective”
dimension were selected. Active-style learners prefer to learn by trying or doing, implying that they
might not be able to organize knowledge and learning experience on their own; on the other hand,
reflective-style learners tend to learn by thinking in depth, meaning that they might have better
ability in interpreting and organizing what they have learned. Therefore, comparing the impacts of
concept mapping on the learning performances of the students with these two styles is meaningful
and important. Each item in the “active/reflective” dimension had two options: “a”means “inclining to
the active-style,” while “b”means “inclining to the reflective style.” Felder and Spurlin (2005) reported
that the internal consistency of the Active-Reflective dimension of the ILS questionnaire was 0.63.

Experimental procedure

The experimental procedure is presented in Figure 5. In the first week, the students were instructed
with the basic knowledge of law for 100 minutes. They then took the pre-test as well as completing
the learning motivation and learning-style questionnaires.

Figure 5. Experimental procedure of the experiment.
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In the second week, the students learned the advanced law concepts after receiving a 10-minute
orientation. The experimental group then learned with the concept-mapping-based interactive e-
bookwhile the control group learnedwith the conventional interactive e-book for 90 minutes. The learn-
ingmaterials in the two versions of the interactive e-bookwere identical. Theonly differencewas that the
learning sheets for the experimental groupwere presented in the formof fill-in-the-blank conceptmaps,
while those for the control group were in the form of a list of learning task statements.

After the learning activity, all of the students took the post-test and the post-questionnaire of
learning motivation.

Results

Learning achievements of the students with different learning styles

A two-way ANCOVA was employed using the pre-test scores of learning achievement as a covariate
and the post-test scores of learning achievement as the dependent variable. In order to meet the
basic assumption of ANCOVA, Levene’s test of homogeneity of variance was employed and no viola-
tion was found with F = 1.230 (p = .306 > .05).

As shown in Table 1, a significant difference was found for the interaction between learning strat-
egies and learning styles (F = 4.73, p = .033 < 0.05, Partial η2 = 0.067), and hence a simple main-effect
analysis was performed.

By employing the simple main-effect analysis, correlational effects between learning styles and
learning strategies in different situations were found, as shown in Table 2, while the descriptive stat-
istics of the two groups’ learning achievements are reported in Table 3. A significant difference in the
interactive e-book learning strategy (F = 10.11, p = .003 < .01) showed that, in the control group, the
students with a reflective learning style (Mean = 69.22) performed significantly better than those with
an active learning style (Mean = 53.35) in terms of learning achievement. In addition, a significant
difference was also observed for the active learning style (F = 21.06, p = .000 < .001), meaning that
the students with an active learning style (Mean = 70.14) in the experimental group performed
better than those (Mean = 53.35) in the control group.

Table 1. Results of two-way ANCOVA analysis on the learning achievement of the two groups of students with different learning
styles.

Source SS df MS F p Partial η2

Covariance 8829.52 1 8829.52 62.09*** .000 0.485
Learning strategies 1686.79 1 1686.79 11.86** .001 0.152
Learning styles 1160.37 1 1160.37 8.16** .006 0.110
Strategies × Styles 673.07 1 673.07 4.73* .033 0.067
Error 9385.84 66 142.21

Note: R2 = 0.625 (Adjusted R2 = 0.602).
*p < .05.
**p < .01.
***p < .001.

Table 2. The simple main-effect analysis of students’ learning achievement.

Variables SS df MS F p

Learning strategies
Concept mapping-based e-books 300.13 1 300.13 1.25 .271
Interactive e-books 3083.44 1 3083.44 10.11** .003

Learning styles
Reflective style 725.21 1 725.21 2.2 .148
Active style 4746.05 1 4746.05 21.06*** .000
Error 9385.84 66 142.21

**p < .01.
***p < .001.
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As shown in Figure 6, interaction was found between learning strategies and learning styles on
learning achievement. It was observed that, compared to the interactive e-book learning strategy,
it is more beneficial for the students with an active learning style to use the concept-mapping-
based interactive e-book learning strategy.

Learning motivation

The two-way ANCOVA was also invoked to analyze the post-questionnaire learning motivation
ratings of the active-style and reflective-style students who learned with the two e-book approaches
by excluding the effect of the pre-questionnaire ratings. As shown in Table 4, no significant difference
was found either in the interaction between learning strategies and learning styles (F = 1.04, p = .311,
Partial η2 = .016), or in the individual factors. This suggests that the use of different e-book
approaches (with or without concept mapping) did not affect the learning motivation of the students
with both learning styles.

Table 3. The descriptive data of the learning achievement post-test.

Dependent variable

Independent variables

Mean SD NLearning strategies
Learning
styles

Learning achievement post-
test

Concept-mapping-based interactive e-books learning
strategy

Reflective 72.26 3.50 20
Active 70.14 2.44 15

Interactive e-books learning strategy Reflective 68.22 2.67 12
Active 53.35 3.14 24

Figure 6. Interaction between the learning strategies and learning styles on the two groups’ learning achievements.

Table 4. Results of two-way ANCOVA analysis on the learning motivation of the two groups of students with different learning
styles.

Source SS df MS F p Partial η2

Learning strategies .001 1 .001 0.003 .956 0.000
Learning styles .068 1 .068 0.302 .585 0.005
Strategies × Styles .236 1 .236 1.042 .311 0.016
Error 14.927 66 .226

Note: R2 = 0.528 (Adjusted R2 = 0.499).
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Discussion and conclusions

In this study, a concept-mapping-based interactive e-book system was developed, and an exper-
iment was conducted to explore its impacts on students’ learning achievement and motivation in
law courses. Such a result is similar to the findings of Hwang, Yang, et al. (2013), who implemented
concept mapping in natural science digital-game-based learning, and reported that the students’
learning achievement was significantly improved. In terms of learning motivation, no difference
was found between the students who learned with the two e-book strategies and those with different
learning styles. It is inferred that the effects of concept mapping are mainly on the students’ learning
achievement rather than on their learning motivation. In addition, all of the students showed a high
level of interest in using the e-book to learn, no matter whether the concept-mapping strategy was
employed or not. This suggests that presenting learning content in interactive e-book form could be
an effective way of promoting students’ learning motivation.

In addition, the interaction between the e-book approach and the students’ learning styles was
investigated as well. The experimental results showed that there was a significant interaction
between the e-book approaches and learning styles on the students’ learning achievement, while
no difference was found in terms of their learning motivation. Furthermore, when using the
concept-mapping-based interactive e-book learning strategy, students with both active learning
style and reflective learning style performed better than those using the interactive e-book learning
strategy. It is inferred that, to deal with the knowledge with a complex structure, students’ learning
achievement can generally be promoted with the help of concept mapping, which enables them to
see the whole structure of the learning content. Moreover, the approach would benefit students
more if their personal factors, such as learning styles, knowledge levels or preferences, could be
taken into account.

Furthermore, for active-style students, it was found that the concept-mapping-based interactive e-
book learning strategy was more beneficial than the conventional interactive e-book learning strat-
egy in terms of learning achievement. On the other hand, for the reflective-style students, there was
no significant difference between their learning achievements when using the two learning strat-
egies. That is, the concept-mapping-based interactive e-book learning strategy benefited the
active style more than the reflective-style students. Based on the definition of learning styles by
Felder and Silverman (1988), active-style students prefer to learn via operating and experiencing
instead of thinking and organizing information. This implies that they may lack experience and
the ability to organize what they are learning. Therefore, it is inferred that the provision of knowledge
construction tools or strategies such as concept mapping could help them to organize the derived
information in an interactive process, which not only supplements their lack of knowledge organizing
experience, but also matches their preference for learning via operating and experiencing. On the
contrary, reflective-style students tend to think through the whole process and learn independently
by exploring the new information; that is, they could be experienced in organizing knowledge by
themselves. Therefore, the provision of knowledge construction tools or strategies could be less
helpful to them.

As there are different dimensions of perceiving students’ learning styles, such as global or sequen-
tial styles, it is worth investigating the effects of different e-book learning strategies on students with
other learning styles based on the features of the learning strategies or tools adopted. For example, e-
books could be designed to present learning content in a sequential order or in a knowledge map
structure providing direct links to every part of the learning content. Different e-book content
designs could benefit students with different learning styles, highlighting the possibility of conduct-
ing further studies in the future.
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