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Abstract

This study aimed to explore the impact of age and adaptive design on
elementary students’ reading of e-books. This study was a two-way
experimental design where the first factor was learner age (4th and 5th grade)
and the second factor was e-book adaptive design (adaptive, non-adaptive
visual, non-adaptive verbal). The e-books used in this study targeted six
major classes of nutrients as content. This study was guided by the following
question: Is there any interaction between age and e-book adaptive design on
learning achievement (recall and transfer) and learning motivation (attention,
relevance and confidence)? A sample of one hundred 4th and 5th graders
participated in the study, and participants were randomly assigned into one of
three groups. They were asked to do a pre-test first, and then they read their
assigned e-books for twenty minutes. After they finished reading, they were
given a post-test. The results showed significant interactions between age and
the e-book adaptive design. For the 4th graders, the adaptive e-book group
worked best in recall, transfer and attention scores. For the 5th graders, there
was no significant difference among these three e-book designs. This revealed
that the adaptive design is more critical for younger children. This study hoped
to broaden theories on multimedia learning for young learners and serve as a
reference for elementary school teachers and e-book designers.

Keywords: E-book; Adaptive design; Elementary education; Human-computer
interface

SUMMARY
Introduction

With the progress of technology, instructional multimedia allows the
equipment of adaptive mechanism and creates learner-controlled options to
support the user’s learning preferences (Wolf, 2002). This adaptive environment
is built around a central learner model, which stores information about the learner.
It usually contains personal information about the learner information to improve
human-computer interactions and performance-related information such as test
history, current work and future objectives (Wolf, 2002). The main goal of
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adaptive multimedia is to match instructional material to learner preference for
better learning effectiveness.

This study was conducted to broaden the understanding of the design of
adaptive multimedia. This study selected one unit from an elementary children’s
health education textbook, Six Major Classes of Nutrients, and reorganized the
content into an e-book. This study chose e-book as the form for content delivery
because e-books have become increasingly popular across a range of subject areas
and education levels. Studies show that the multimedia features in e-books help
children improve their reading comprehension skills. This study aims to compare
learning performance using e-books with different adaptive approaches (non-
adaptive: verbal, non-adaptive: visual, and adaptive) in health education for 4th
and 5th graders, and to consider how children’s ages influenced on e-book reading
behaviors. This research question is: Is there any interaction between age and
e-book adaptive design on learning achievement and learning motivation?

Before diving into the experimental design for researching these questions, a
brief background is presented in the following section.

Literature Review

Adaptive educational media refers to instructional media with learner-
controlled options to support the user’s learning preferences (Wolf, 2002). The
term “learning preferences” here refers to people’s information-processing
habits, and it reflects stable attitudes, dominant or preferred modes of perceiving,
remembering, thinking, and problem-solving (Green & Schroeder, 1990; Messick,
1994). An important category of learning preferences is the distinction between
visualizers and verbalizers. This concept is based on Pavio and Baddeley’s
model which argues people’s information processing was through two separated
channels: verbal/phonological and visual/spatial channels dealing with words
and pictures respectively (Pavio, 1971; Baddeley, 1986). People who prefer
to process information via the verbal channel are called verbalizers. They
learn best from words (speech or written text). People who prefer to process
information via the visual channel are called visualizers. They learn best from
pictures, demonstrations, and displays. Massa and Mayer (2006) found some
supporting evidence in a multimedia learning environment regarding electronics
for the verbalizer-visualizer hypothesis: students who preferred visual modes
of presentation tended to select pictorial help screens whereas students who
preferred verbal models of presentation tended to select verbal help screens.

The visualizer-verbalizer hypothesis was the basis of many adaptive
educational media, and it worked for most systems where adult learners were
the main participants. However, the visualizer-verbalizer hypothesis has some
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controversial issues. First, though this hypothesis shows the learners’ tendency
of help-seeking in a multimedia environment, it is unclear if the learning
performance will be enhanced if content is delivered in the learners’ preferred
style (Brusilovsky, 2001; Wolf, 2002; Gilbert & Han, 1999). In addition, whether
the childhood learning is best characterized by this hypothesis is arguable.
Children, restricted by an underdeveloped cognitive system, may not have the
same reactions to adaptive multimedia as adults do. Due to children’s cognitive
limitations, their responses to adaptive educational media will be different from
that of older learners or adults. We need more concrete evidence to understand
whether children depend more on the adaptive mechanism or less, as compared
with older learners or adults. It is necessary to understand the relationship among
young learners’ cognitive development status, learning preference and their
impact on learning for better design of adaptive multimedia in the future.

Method

This research aimed to understand how learner age and e-book adaptive
design influence learning outcomes. The first independent variable was age in
two levels: 1) 4th grade, and 2) 5th grade. The second independent variable
was e-book adaptive design in three levels: 1) non-adaptive e-book: verbal,
2) non-adaptive e-book: visual, and 3) adaptive e-book: verbal or visual
based on children’s preference. The dependent variables include: 1) learning
achievement (recall and transfer), and 2) learning motivation (attention, relevance,
and confidence). The research questions in this study were: 1) Is there any
interaction between learner age and e-book adaptive design in children’s learning
achievement (recall and transfer)? 2) Is there any interaction between learner
age and e-book adaptive design in children’s learning motivation (attention,
confidence, and relevance)?

The data collection was conducted in the 2012 fall semester. Participants
were recruited from one elementary school in southern Taiwan, from five different
classes and students were randomly assigned to one of the three treatment groups.
There were one-hundred valid participants in this study. Fifty-two were 4th
graders and forty-eight were 5th graders. The paper-based pre-test was given two
weeks before the experiment. During the experiment, students were randomly
assigned to one of the three levels of the e-book program and were asked to read it
individually. All students performed the experiment in a computer lab. Students
were given twenty minutes to finish the reading task. After they finished reading,
they were asked to do a paper-based post-test as well as the motivation survey.
Data was analyzed using 2-way ANOVA.



288 Journal of Educational Media & Library Sciences 51 : 2 (Winter 2013)

Results and Discussion

The first research question was about the adaptive design on children’s
reading achievement of the e-book. The findings showed that the adaptive
e-book worked better in enhancing recall and transfer scores for the 4th graders,
but not for the 5th graders. It seemed that the adaptive e-book had a significant
impact only on younger students’ abilities recall and transfer. This result can
be explained that younger children may not have fully developed the linking of
these channels together and may only get used to learning with one certain type
of channel. If instructors force children to process information by one limited
channel, the learning achievement might decrease. It would be better to assign
children who are well-developed in channel integration to a combined version of
e-book, and to assign children who are not well-developed to a verbal version of
the e-book to reduce the cognitive load. This might be why the adaptive e-book
worked better for the 4th graders.

The results can also be explained from the developmental psychological
dimension. The mean age of the 4th graders was 10.5 years old, in the concrete
operational stage in Piaget’s theory, a stage at in which children tend to think
very concretely and specifically. Children may not have developed good
reasoning and problem-solving abilities in this stage, and may have difficulties in
information linking and causation while reading e-books with diverse sources of
multimedia. Once learners were provided with some material far from matching
their capacities and preferences, they might not have been able to go through it.
The mean age for the 5th graders was 11.5 years old, which was approaching the
formal operational stage (adolescence and into adulthood). Children’s cognitive
development at this stage is becoming stable and the individual difference may
get smaller compared with the 4th graders. The presentation format of material
might not be that critical because learners at this stage have some capability to do
hypothetical reasoning and problem-solving. The children had more cognitive
ability to integrate information from different presentation formats even though
the presentation style did not match their learning preferences.

The second research question was about with the effect of the adaptive
design on children’s learning motivation of the e-book. The findings showed that
the adaptive e-book worked better in drawing attention from the 4th graders, but
not for the 5th graders. This result is similar to the result in question 1. For the
4th graders, the adaptive e-book easily held younger learners’ attention, perhaps
because it provided a version that matched their learning preference. Learners in
the other two groups might have been forced to read a book that did not matched
their capacity and preference; consequently they lost the attention for reading the
e-books thoroughly. The fact that the adaptive design did not impact 5th graders’
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attention might be due to their stable ability in integrating information in different
formats.

Conclusion

The results showed significant interactions between age and e-book adaptive
design. For the 4th graders, the adaptive e-book group worked best in recall,
transfer and attention. For the 5th graders, there was no significant difference
among these three e-book designs. This study suggests that the adaptive design is
much more critical for younger children.

Several limitations need to be acknowledged in the interpretation of these
results. First of all, this research was conducted in a laboratory setting rather than
in a real classroom situation; thus students may have had different motivations
and may have exhibited different behaviors than those experienced during an
actual class. Second, this research was restricted to the learning of six major
classes of nutrients for elementary students. Students may have had different
responses if this particular unit and content subject had been exchanged for
another one. Due to these limitations, the generalization of this study might
be conservative. Though limitations existed, this study aimed to contribute to
more empirical studies and to share the experiences of developing an adaptive
e-book for elementary learning and the attempts to explore the adaptive e-book
affordances and constraints.
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