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ABSTRACT

The successful use of digital textbooks (DTs) in schools requires the development of various teaching and learning methods that are
appropriate for DTs. However, recent DT studies have focused mainly on the implementation of DT features and formats. The
objective of this study was to investigate a problem-based learning instructional model appropriate to DTs and to present the
experimental results using the problem-based DT to demonstrate its educational effectiveness. Two learning-achievements tests were
conducted to analyze the learning experience and effectiveness of the problem-based DT after it had been used in a high school for a
certain period. The experimental results indicated that the students who used the DT, especially lower-level students, exhibited
improved problem-solving ability and demonstrated a better practical understanding of the subject than students who used printed

textbooks.
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1. INTRODUCTION

Digital textbooks (DTs) could help change the future of
education through the use of state-of-the-art information
technology (IT) services including multimedia, Web 2.0, and
cloud computing. DTs also present new possibilities for
innovation in educational content, teaching and learning
methods, and evaluation to empower students and create a
smart educational environment. In such DT environments,
students can learn continuously via any device connected
through a wired or wireless network without time and space
limitations, while saving their DTs and learning data online [1].
In 2011, the South Korean government announced its Smart
Educational Strategy Action Plan to shift from the current
printed textbooks (PTs) used in elementary and secondary
schools to DTs by 2015, with the aim of creating a cloud-based
educational service environment for future schools [2]. In line
with this plan, the Korean government developed prototype
DTs for the five major subjects taught in elementary schools.
These DTs are now being tested in 132 schools before eventual
distribution to all elementary and secondary schools across the
country by 2015 [2], [3], [4]- Recent DT research has focused
mainly on the implementation of DT features and formats as
replacements for PTs, taking advantage of digital media.
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However, successful use of DTs in modern schools requires the
development of appropriate innovative and creative teaching
and learning methodologies [2].

For this reason, we defined a problem-based learning (PBL)
instructional model suitable for DTs, and developed a DT that
supports PBL based on this model for teaching general
computing in commercial high schools in South Korea [5], [6].
Our objective was to investigate more diversified learning
methods appropriate to DTs to enhance student learning and
achievement in self-directed and differentiated learning
environments. We used our proposed system experimentally in
a high-school class and herein present the results of its use to
demonstrate its educational effectiveness.

The remainder of this paper is organized as follows. Section 2
provides an overview of the PBL DT, and Section 3 presents
the prototype DT used in a high-school computing class.
Section 4 presents the experimental results from two learning-
achievement tests (LATs) carried out after using our proposed
system. Section 5 concludes the paper with a summary of the
experimental results and directions for future research.

2. THE PROPOSED PBL DT

PBL is a student-centered instructional method that
emphasizes learning instead of teaching [7], [8]. It aims to help
students to develop flexible knowledge, problem-solving skills,
and self-directed learning skills in the direction of experiential
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learning [9]. In this approach, students first receive a practical
problem and then learn while solving it using self-directed and
cooperative approaches. Figure 1 illustrates the overall PBL
concept.
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Fig. 1. The conceptual model of integral imaging

Following the basic PBL concepts and referring to the PBL
learning cycles presented by Barrow [10] and Hmelo-Silver [9],
we defined a six-phase instructional PBL model for DTs in a
previous paper [5]. Figure 2 shows the PBL instructional model
for DTs.
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Fig. 2. Proposed PBL instructional model for DTs

Focusing on the features that can support the PBL process
with the basic functions of traditional DTs, we defined the
features of the proposed PBL DT by dividing them into three
categories as shown in Table 1.

Table 1. Features of the proposed PBL DT

bulletin board, chatting, specific websites,
blogs)

Learning |Assessment [-Support internal and external assessment
Management | Tools [tools for evaluating students’ problem-solving
Feature results and determining students’
understanding level for supplementary and
enrichment learning
Learning |-Manage each student’s understanding level

Management |-Manage e-portfolios

Authoring |-Create/edit/print  problem content and
Tools  |problem-solving results using authoring tools
(e.g., edit text, pictures, music, videos)

Feature Details Explanation
Basic Features |[-Provide the functions of traditional PTs (e.g.,

Learning as writing, memos and notes, underlining and

Feature |a textbook |highlighting, bookmarks, page turning,
moving to a particular page by previous or
next buttons, page navigator, table of contents,
index)

Learning |Multimedia |-Provide various multimedia features and

Support Function |objects (e.g., images, sounds, graphics,

Feature animations, videos, virtual reality)

References |-Provide various outside learning resources
and materials

Glossaries |-Provide glossaries and dictionaries needed
for learning

Search
Function

-Find information related to problem solving
within the DT or in outside learning resources
hyperlinked to the DT

Hyperlinks [-Hyperlinks to a variety of learning materials
and resources to stimulate self-directed
learning and differentiated learning

Interaction |-Interactions between the teacher and
S students, with the DT and communicate with
each other for problem solving (e.g., e-mail,

3. USE OF THE PROPOSED PBL DT IN A GENERAL
COMPUTING CLASS

We developed a DT for a general computing course taught in
commercial high schools to verify its educational effectiveness.
The DT was designed to support PBL based on the instructional
model shown in Figure 2.

In this instructional approach, teachers first introduce the
learning method and organize learning groups if necessary.
Then they start the class by showing a video or three-
dimensional moving graphics that are provided in the DT to
motivate the students and introduce the learning objectives.
Then they present a problem along with information about the
learning materials and resources needed to solve the problem.
Finally, they direct students to solve the problem individually
or in groups; that is, the problem can be solved by individual
learning or cooperative learning depending on the subject
matter.

In the first stage, students analyze and identify key issues
and facts relevant to the problem, and think about possible
ways to solve it. Then they identify what they already know
and what they need to know that is relevant to the problem at
hand. They acquire the knowledge required to solve the
problem by referring to various learning materials and
resources supported by the DT through self-directed and/or
cooperative learning. The students formulate possible solutions
to the problem by applying the new knowledge they have
acquired, and evaluate and refine their solutions if necessary.
Then they generate their final solutions on the learning activity
sheets in the DT using authoring tools that allow users to create
and edit text, graphics, and audio. The final solutions are
submitted and posted on a bulletin board in the DT for cross-
referencing. After submitting the final reports, the students can
engage in supplementary or enrichment learning depending on
their level of understanding. In the final stage of the PBL
instructional model, the students present their solutions in class
and the teacher provides feedback.

Figure 3 shows examples of a motivational video about
learning (left), a problem (middle), and a learning process
associated with problem solving (right).
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Fig. 3. Examples of a motivational video about learning (left),
a problem (middle), and a learning process to acquire
knowledge required to solve the problem (right)

4. EXPERIMENTS
4.1 Experimental Design

For the experiment, the PBL DT we implemented was used
in actual classrooms at a commercial high school. We selected
three classes of second-year high school students as the
experimental group (i.e., classes that used the DT) and three
other classes as the control group (i.e., classes that used a
traditional PT) for a comparative study. Then, one teacher
conducted the PBL lessons four times each in the experimental
and control groups. To minimize the Hawthorne effect, we did
not inform the students that they were participating in an
experiment.

To verify the educational effectiveness of our proposed
system, two LATs were administered after conducting the PBL
lessons in each group. The first LAT was conducted with a
theory-based exam, and the second was conducted with a
problem-based exam; i.e., the students were given a practical
problem to solve. To ensure the reliability of this assessment,
three teachers scored the exam based on 15 evaluation criteria,
and averaged their scores. We used the scores from the final
exam conducted right before using the DT (i.e., pre-test) for a
comparison of learning achievement. The comparison subjects
were limited to 180 students by selecting 90 students from each
treatment group who participated in all of the classes, learning
activities, and surveys during the experiment. The LAT results
were compared to the pre-test scores and classified into four
performance groups based on score: 0~24.9%, 25~49.9%, 50~
74.9% and 75~100%.

We also conducted a survey on user satisfaction (attention,
relevance, confidence, and satisfaction), usability, and
understanding about the DT using a 47-item questionnaire that
is not included here due to space limitations.

4.2 Experimental Results

Table 2 shows the average scores of the two treatment groups
for the pre-test. The mean score of the experimental group was
76.74 with a standard deviation (SD) of 17.08, while that of the
control group was 69.92 (SD = 14.83). The results of the
independent t-test for homogeneity of variance between the two
treatment groups indicated that no significant difference existed
between the two groups (t =0.911, p = 0.059, p > 0.05)
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Table 2. Average pre-test scores of the two treatment groups

Experimental| Control
Treatment group Gfoup o5 | @mmEn Total
Average(SD) | Average(SD) | Average(SD)
Performance group Number Number Number
Group 1 45.28(7.67) | 50.46(8.88) | 47.87(8.61)
(0~24.9%) n=23 n=23 n=46
Group 2 61.93(4.59) | 65.70(2.46) | 63.73(4.15)
(25~49.9%) n=22 n=20 n=42
Group 3 75.70(3.78) | 75.44(3.04) | 75.56(3.38)
(50~74.9%) n=23 n=25 n=48
Group 4 88.73(4.49) | 87.81(5.48) | 88.27(4.97)
(75~100%) n=22 n=22 n=44
Total 67.74(17.08) | 69.92(14.83) | 68.83(15.99)
n=90 n=90 n=180

Table 3 shows the results of the first LAT. An analysis of

variance (ANOVA) was performed to confirm whether
significant differences existed between the experimental and
control groups for learning achievement. There was no
significant relation between the treatment and performance
groups (f = 1.161, p > 0.05) as can be seen in Table 4. In
addition, the results of the independent t-test revealed no
statistically significant differences between the two treatment
groups (t = 0.487, p = 0.627, p > 0.05), whereas some effect
appeared in the performance groups (p = 0.000, p < 0.05).
However, this had no direct relation with learning effectiveness
because this was due to each student’s own learning ability.
These data indicate that the PBL DT did not impede the
theoretical understanding of the subject, even if the DT was
centered on problem sets.

Table 3. Mean percentile scores of the treatment and
performance groups for the first LAT (theory-based exam)

Experimental| Control
Treatment group Gfoup Py i Total
Average(SD) | Average(SD) | Average(SD)
Performance group Number Number Number
Group 1 55.22(10.39) | 55.65(10.80) | 55.43(10.48)
(0~24.9%) n=23 n=23 n=46
Group 2 55.90(4.59) | 60.00(2.46) | 57.86(4.70)
(25~49.9%) n=22 n=20 n=42
Group 3 72.17(5.18) | 70.80(2.77) | 71.46(4.12)
(50~74.9%) n=23 n=25 n=48
Group 4 89.55(6.53) | 90.00(7.56) | 89.77(6.98)
(75~100%) n=22 n=22 n=44
Total 68.11(15.71) | 69.22(14.85) | 68.67(15.25)
n=90 n=90 n=180

Table 4. Analysis of variance for the theory-based exam

. Sum of |Degreeof| Mean
Variance F p-value
Squares | Freedom | Squares
Treatment
Groups (T) 36.451 1 36.451 734 393
Performance| 43 768 3 | 10947.923(220.453| .000
Groups (P)
Txp 172.913 3 57.638| 1.161| .326
Groups
Error 8541.708 172 49.661 - -
Total 890400.000 180 - - -
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Table 5 shows the results of the second LAT (problem-based
exam). Figure 4 shows graphically the results in Table 3 (left)
and Table 5 (right). Unlike the results of the first LAT (theory-
based exam), the experimental groups (those who used the DT)
demonstrated higher learning achievement than the control
groups (those who used PT). That is, significant differences
were observed between the DT and PT usage groups. The
results of the independent t-test also highlighted a significant
difference in learning achievement between the two treatment
groups (t=-2.027, p = 0.044, p < 0.05). Similarly, the ANOVA
results demonstrated a significant difference between the
treatment and performance groups, as shown in Table 6 (p =
0.008 and p = 0.000, p < 0.05). In particular, the average scores
of the lower-level student groups (i.e., performance groups 1
and 2) were higher than those of the corresponding PT usage
groups. A possible explanation for this is that the teacher can
guide and monitor the students according to each student’s
individual level of understanding through the PBL process
using the DT, with special attention to the lower-level students.
This may also be due to the support provided by various
learning materials and references, in addition to the various
interactive features of the DT. Thus, the proposed PBL DT not
only motivated students (especially lower-level ones) but also
helped them to develop problem-solving skills and abilities,
resulting in improved learning achievement. Hence, our
proposed system positively influences students and results in
better educational effectiveness.

Table 5. Mean percentile scores of the treatment and
performance groups for the second LAT (problem-based exam)

Treatment group Eé fg;;}n}eDn;?I Gl%%rgr(ng) Total
Average(SD) | Average(SD) | Average(SD)
Performance group Number Number Number
Group 1 72.57(11.88) | 65.61(9.60) | 69.04(11.26)
(0~24.9%) n=23 n=23 n=46
Group 2 75.26(9.63) | 69.93(6.93) | 72.72(8.78)
(25~49.9%) n=22 n=20 n=42
Group 3 80.99(10.34) | 79.52(5.93) | 80.22(8.28)
(50~74.9%) n=23 n=25 n=48
Group 4 85.85(4.64) | 85.93(6.48) | 85.89(5.57)
(75~100%) n=22 n=22 n=44
Total 78.63(10.72) | 75.37(10.80) | 77.00(5.57)
n=90 n=90 n=180

Table 6. Analysis of variance for problem-based exam

. Sum of Degree Mean
Variance Sauares of Squares F p-value
q Freedom q
Treatment
Groups (T) 532.911 1 36.451 734 | .393
Performance| ;7. 759 3 |10047.923 220453 | .000
Groups (P)
TxP
370.709 3 57.638 1.161| .326
Groups
Error 12529.202 172 49.661 - -
Total 1088292.750 180 - - -

Fig. 4. Results for learning achievement in the first (left) and
second (right) LATs
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5. CONCLUSION

We developed a PBL DT for a general computing course
given at a high school in South Korea. The main focus of the
DT was to support self-directed and differentiated learning to
enhance overall learning achievement. For the experiment, the
DT was used in an actual classroom, and two LATs were
administered after conducting the PBL lessons using the DT for
a certain period to verify the DT’s educational effectiveness.
The first LAT was a theoretical knowledge exam and the
second LAT was a problem-based practical exam. The scores of
the final exam that took place right before using the DT were
used for a comparison of learning achievement.

The DT students acquired the theoretical knowledge of the
subject as well as the PT class students, even though the DT
was centered on problem sets. However, in the problem-based
practical exam, DT students, especially lower-level students,
performed slightly better than corresponding PT students. That
is, the students in the DT classes improved their problem-
solving abilities and demonstrated a better practical
understanding of the subject than those in the PT classes.

Finally, feedback about the system was generally positive
and the overall level of user satisfaction was high (average: 78),
although there were some suggestions for improvements such
as increasing search performance and enhancing note-taking
features. Future studies should investigate learning parameters
that may influence the effectiveness of learning via the
proposed PBL DT through a wider range of practical case
studies.
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