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ABSTRACT

E-learning systems have been developed since 1960s, and with ubiquitous learning
more easily available with the Internet and smartphones, they have become part of usual learning
processes. However, most of them are related to repetition and memorization in language learning,
arithmetic calculations, and other simple knowledge-based subjects. On the other hand,
21st-century skills have been advocated, where more abstract level skills are expected to be learned.
Among them is thinking skills. Thinking skills are further categorized into several types, but one
of the common basic skills is the inferential skill with which learners successfully employ their
existing knowledge to find hidden relations, possible outcomes, prospective implications, etc. Thus,
e-learning systems to foster the inferential skill are expected. In this research, I develop
a prototypical web-based e-learning system to foster the inferential skill. The system employs story
boards in the form of four-panel cartoons where learners are supposed to fill a blank using their
inferential skills, and their mastery is measured to expose them to similar but different situational
story boards. The effectiveness of this method and system is experimentally measured. The results
from the experiments demonstrated a change for the better after the learners learned through
an e-learning system. This system can be used as a guide for developing learning media that

promotes inference skills in other situations.
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CHAPTER 1

INTRODUCTION

1.1 Statement of the Problem

In the 21st century, e-learning systems are playing more important roles in
“learning anywhere anytime” (Hussain, ef al., 2013). The Internet has been more widely available
to more people, and more e-learning systems are offered online through the Internet. E-learning
systems for individual learning have mainly been developed for simple tasks like memorization
and exercise repetitions to absorb the simpler part of knowledge in a subject, but they are more
expected to provide learners with opportunities for new, diverse learning environments (Yaghoubi
and Malekmohammadi, 2008). In particular, 21st century skills have recently been advocated
(DiCerbo, 2014). Though there are variations among researchers and advocators as to what to be
included in the 21st century skills, common among them is the recognition of the importance of various
thinking skills, as shown in Figure 1.1. Some e-learning systems have been designed for collaborative
learning, including some typical learning management systems such as Moodle (Martinez, 2008)
and Smart Sparrowl.

Such systems have been designed to enhance thinking skills through discussion
and collaborations among learners, mostly based on social constructivism, but few have been
successfully designed to foster thinking skills in the form of individual e-learning.

Thinking skills consist of many different skills, including the problem definition
skill, observation skill, inferential skill, prediction skill, etc. (King, et al., 1998). Among them,

however, I focus on the inferential skill that is considered to be part of common basics for a variety

' Cited from: https://www.smartsparrow.com/



of thinking and communication skills. The inferential skill is the skill with which a person connects
his knowledge and experience to a new situation and infers plausible causes, reasons, results,
implications, etc. Thus, the inferential skill is essential in every aspect of our daily life where we
are supposed to correctly interpret a given situation and infer what happens next or why it happens.

In this research, I pursue a new possibility of e-learning for thinking skills,
in particular, the inferential skill to be employed in daily situations. As a specific example situation,
though the concept of my study is not limited to it, I take various traffic situations, where quick
observations of road situations must lead to an appropriate driving action, with the help of the
driver’s knowledge and experience. In other words, learners of my e-learning system are presented

with different traffic situations to practice the exercise of their inferential skill for better driving.

‘ 215" CENTURY SKILLS I

WAYS OF THINKING | ‘ WAYS OF WORKING

1. Creativity and Innovation 1. Communication

Think creatively Competency in written and oral language

Work creatively with others Open minded and preparedness to listen

Implerment innovations Sensitivity to cultural differences when communicating
2. Critical Thinking, Problem Solving and Decision Making 2. Collaboration and Tearnwork

Reason effectively and evaluate evidence Interact effectively with others

Solve problems Work effectively in diverse teams

Articulate findings Prioritises, plan and manage projects

3. Learning to Learn and Metacognition
Self-motivation
Positive appreciation of learning
Adaptability and flexibility

TOOLS FOR WORKING LIVES IN THE WORLD

1. Information Literacy 1. Citizenship - global and local

Access and evaluate information Awareness and understanding of rights and

Use and manage information responsibilities as a global citizen

Apply technology effectively Preparedness to participate in community activities
2. ICT Literacy Respect the values and privacy of others

Open to new ideas, information, tools and ways 2. Personal and Social Responsibility

of thinking Communicate constructively in different social situations

Use ICT accurately, creatively, ethically and legally Understand different viewpoints and perspectives

Be aware of cultural and social differences 3. Life and Career

Apply technolegy appropriately and effectively Adapt to change

Manage goals and time
Be a self-directed learner
Interact effectively with others

Figure 1.1 21st century skills framework (Adapted from: http:/www.gwsc.vic.edu.au/21st-century-

skills-framework, 13 November 2015)



For this purpose, there will be a variety of ways to present a specific situation to
the learner, from textual descriptions to videos or CGs, and I adopt the idea of story boards to
balance the cost and the effects. The story board is a set of simple illustrations with dialogs to offer
a simple presentation of a story. In particular, I adopt the four-panel cartoon system for story board
presentation. The four-panel cartoon is one of the simplest methods to present a story where each
panel shows a given situation, a story expansion, a puzzling development, and a conclusion. The
adoption of four-panel cartoons has two reasons: they are appropriate for training the inferential
skill because it will contain a puzzling situation whose adequate interpretation requires inference,
and they can be implemented easily and at a lower cost, compared to full animations or movies.

With the concept mentioned above, I develop a prototypical e-learning system for
the inferential skill in the traffic situations. The system has all the basic features of user
authentication, user activity logging, learning materials both for training and testing, and it is also
planned for learning to deliver cost effective, easily accessible and ubiquitous education to all ages
and social backgrounds, regardless of time and space. The system to be implemented is a web-based
one, which is easily accessible from both smartphones and PCs.

One of the most difficult parts in developing such an e-learning system is how to
prepare different degrees of answers. Unlike a simple arithmetic quiz, inference may not have the
only one correct answer; rather, there are a variety of plausible, possible, and rare answers.
However, if the course designer tries to prepare all those different answers, his/her thinking
tendency will bias the choices, or will miss some plausible choices. In order to prepare more
appropriate choice sets for each question, I propose a dual questionnaire survey method with which
the first group of subjects is asked to answer freely and the second group of more experienced
subjects is asked to rate the answers of the first group. With this method, it is easy to obtain
a variety of answer choices that learners are likely to think up of, and such realistic choices are
appropriately ranked according to the result of the second questionnaire survey. The effectiveness

of this method is confirmed with experiments.



The effectiveness of this system is also measured both from the learning effects
and usability. The learning effects are evaluated with the comparison between the control and
experimental groups with this system, and the usability of this system is also evaluated from

learner’s satisfaction with questionnaire surveys by subjects when they finish their learning.

1.2 Objectives

1) Develop a prototypical e-learning system to foster the inferential skill.
2) Establish evaluation methods for the inferential skill with the use of the

prototypical e-learning system.

1.3 Scope

The scope of this research is how to foster thinking skills, in particular, the
inferential skill with an e-learning system that can be helped the subjects to access easily without
installing a system on device, and established how to evaluate the improvement of thinking skills

using this e-learning system.

1.4 Expected Outcome

To establish an e-learning system and evaluation method using story board or

four-panel cartoons that are expected to be used in a variety of learning.



The rest of this master’s thesis is organized as follows. In chapter 2 gives an
overview of literature and theory of other work and research areas that related to this thesis.
Chapter 3 describes the methodology. Chapter 4 describes how to create the contents. Chapter 5
describes how to create answer choices by the dual questionnaire survey method. Chapter 6
describes the detail of the e-learning system. Chapter 7 then explains the evaluation of the system

and explains results and discussion. Finally, Chapter 8 presents my conclusions.



CHAPTER 2

LITERATURE AND THEORY REVIEW

2.1 Introduction of Literature and Theory Review

Learning is obviously necessary and important to gain knowledge for our survival
and better living. Learning can be done both in and out of the classroom, and in particular, due to
the prevalence of the Internet and smartphones, e-learning systems have more important roles for
ubiquitous learning, or “learning anywhere, anytime”. There are a variety of learning objects to be
learnt, but a greater focus has recently been put on thinking skills and other more abstract skills,
instead of simple memorization of fragmented knowledge. Such e-learning systems must be based
on the solid backgrounds from concept to implementation to practice, since the target learning
objects are not so simple and obvious, the learning process is not perfectly known yet, and the
learning and system evaluations are not straight-forward.

In this chapter, as a literature survey, a variety of different but related topics in
learning and education are introduced, among which are learning theory, e-learning theory, the 21st

century skills, instructional design, as well as more directly related concepts such as story boards.



2.2 Learning Theory

2.2.1 The Definition of Learning

Learning always involves changes in the mind of the learner, such as an
acquisition of new habits, new knowledge, new attitudes, based on learning experiences, often
leading to the learner’s social adjustments to a variety of topics and issues in our society. Since the
concept of change is inherent in the concept of learning, any change in behavior means that learning
is taking place. Learning that occurs during the process of change can be referred to as the learning
process. Learning is a change in the individual triggered by the interaction between the learner and
a specific environment, and learning will fill the gaps between the learner and the environment, in
order to act properly and to solve problems in the given environment. Another definition of learning
by Cronbach tells that “Learning is shown by a change in behavior as a result of experience”.
However, Harris and Schwahn go on to distinguish among of learning: (1) learning as product which
emphasizes the outcome of the learning, (2) learning as a process which emphasizes what happens
during the course or learning, and (3) learning as a function which emphasizes certain critical aspects
of learning, such as motivation, retention, and transfer, which is assumed to make behavioral

changes in human learning possible (Knowles, 1973).

2.2.2 Bloom’s Taxonomy

Learning is involved in different levels of understanding. For example, when we
try to learn a word in a foreign language, the first step will be to recognize the meaning of the word
when we read or hear it; the second step will be to be able to use the word in a limited condition
when we write or speak; and a later step will be to be able to make full use of the word. To clarify
different levels of understanding, Bloom proposed a taxonomy for learning and understanding,
which divides understanding into six different levels (Driscoll and Driscoll, 2005).

1) Remember is the ability to retrieve, recognize, and classify prior knowledge

and experience from long-term memory correctly and precisely.



2) Understand is the ability to identify the main idea or construct the meaning
from instructional messages with translating, interpreting, exemplifying,
classifying, summarizing, inferring, comparing, explaining, etc.

3) Apply is the ability to carry out or use a rule or a procedure in a given situation
and can implement something based on guidelines and methods for the
specific situation.

4) Analyze is the ability to separate materials into its constituent parts and
determine how those parts are composed into the whole with interactive
relations among them for a specific purpose to be solved.

5) Evaluate is the ability to make predictions or judgments based on criteria
and standards (including checking, and criticizing).

6) Create is the ability to put elements together to form a joint or the functional
whole and reorganize elements into a new pattern or structure (including
generating, planning, and producing).

It is obvious that the higher the level is, the more necessary various thinking skills

are. In other words, when constructing an e-learning system, it is important to set its goal in terms

of these levels and to provide appropriate contents, instructions, and assistance for the learner.

2.2.3 Three Views of Learning: Behaviorist, Cognitivist, and Constructivist Views
When designing an e-learning system, it is essential to know the learning process,
but as the actual learning process occurs in our brain, which cannot be directly investigated, many
different theories have been proposed on the learning process. In the field of education, educational
pedagogy, and education technology, there have been three influential theories: behaviorist,
cognitivist and constructivist theories. (Ertmer and Newby, 1993).
2.2.3.1 Behaviorist Theory
The behaviorist theory assumes that learners look like a blank slate and
lecturers must provide experiences for learners. The instructions or stimuli from the environment,
including lecturers, will be presented or introduced to the learners and effectively show symptoms

that respond to stimuli. The correct response to something important depends on the reinforcement



required to provide the new desirable behavior form. Thus, the learning process contains enough
repetition in order to make such a response almost an automatic behavior. In other words, all
learnings are assumed to be empirical and thus to be based on patterns in which the correct pairs of
stimuli and response are described.

The behaviorist view is based on behavioral psychology, which was
dominant in 1950s, and affected the basic structure of e-learning systems in 1960s, which was then
called Computer Assisted Instructions, in which the learning objects were categorized into patterns
and each pattern was expected to be learnt through practicing many similar exercises to the level
that the pattern was printed in the brain. Although the typical, or extreme, implementation of the
behaviorist view is considered to be obsolete, modest types of pattern practice are still often used
in e-learning systems for language learning and others.

2.2.3.2 Cognitivist Theory

The cognitivist theory focuses more on the learning process itself in the
learner’s brain. It is assumed that cognition is roughly divided into two parts, cognition and
meta-cognition. Cognition is the part directly related to the targeted action and behavior while
meta-cognition is the part that monitors and controls cognition, action, and behavior. When
meta-cognition works well, the learner can obtain feedbacks from cognition and modify his/her
action and behavior appropriately, which is supposed to contribute to the quality of learning. Thus,
among others, education is expected to improve the role of meta-cognition, as well as to provide
the learning objects in a way that cognition and meta-cognition work easily. At the same time, the
cognitivist theory of learning pays much attention to other psychological aspects that may affect
the quality of learning. Among others, motivation and self-regulation are considered to play
important roles in learning.

The cognitivist theory is based on cognitive psychology, which was
dominant in 1970s. Importantly, the cognitivist theory of learning naturally assumes that learning
is the process solely done in one’s own brain, ignoring all social aspects of learning, which was

severely criticized by social constructivists in 1980s.
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2.2.3.3 Constructivist Theory

The constructivist theory is a theory of knowledge based on the assumption
that I construct our own perspective, knowledge, and wisdom through individual and social
experiences. From behaviorist and cognitivist views, the learning objects are assumed to exist
without the learner; and the learner is expected to obtain, acquire, and master them. From the
constructivist view, on the other hand, all knowledge and skills are constructed through learning,
and according to the simple fact that much of the knowledge is shared among people, they are
considered to be constructed through social interactions. Under this perspective, the constructivist
theory focuses on preparing the learner to solve problem in unclear situations, assuming that
“Learners construct their own reality or at least interpret it based upon their perceptions of
experiences”, and an individual's knowledge is derived from one's prior experiences, knowledge,
and beliefs that are used to interpret situations (Agrawal, 2007). Put it simply, the constructivist
theory has the following assumptions:

1) Knowledge is constructed from experience.

2) Learning is an active process in which meaning is developed on the
basis of experience.

3) Conceptual growth comes from the discussion, the sharing of multiple
perspectives, and the changing of internal opinion through collaborative
learning.

4) Testing should be integrated with the lesson and should not separate activity.

2.2.3.4 Learning Theories and Instructional Strategies

Learning theories have a direct influence on instructional strategies and thus

the actual learning processes with a particular instructional strategy. In the previous subsection,
three influential theories on learning are introduced, and each has its own focus on a specific
learning aspects: first, the behaviorist theory assumes that the learning objects have patterns and
learners are supposed to acquire those patterns; second, the cognitivist theory assumes that the
learner is bound to their learning capacity in brain, and learners are supposed to control his own
learning, as well as the learning objects being presented in an appropriate way; and third, the

constructivist theory assumes that learning is the creation or re-construction of the learning objects
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and thus the presentation of the learning objects is supposed to trigger the creation process, instead
of just presenting the correct answer. Some instructional strategies and e-learning systems adopt
one of these three assumptions while others adopt more than one of them according to the contents
and learning stages. In my research, I take the latter approach simply because it is more realistic
considering many different parts in an e-learning system.

In particular, this thesis focuses on two aspects: (1) the learning objects are
presented as story boards, which are expected to be efficient in learning and effective in cost, mostly
from the cognitivist viewpoint, and (2) the presentation of the learning objects is designed to let the
learner think of the situation by themselves and reach a valid conclusion using their own prior
knowledge and experience and create a new piece of knowledge, mostly from the constructivist

viewpoint.

2.3 The 21st Century Skills

Recently, the 21st century skills have been advocated, which are often
summarized as Seven C’s of the 21st century lifelong skills (Trilling, 2007) as show in Table 2.1.
This is based on the assumption that the 21st century requires people to cope with issues that have
no existing solutions and should be solved cooperating with other people because many issues are
related to many different fields that cannot be covered appropriately by one person. As Table 2.1
shows, the most important among them is critical thinking-and-doing because the other skills are
more or less dependent on it. In particular, general inference is regarded as one of the core thinking
skills. General inference is related to how we make a reasonable guess on what will likely happen

next to a given situation, what a probable reason is, and what is likely related (Salpeter, 2003).
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Table 2.1 Seven Cs of the 21st century lifelong skill

Seven Cs Component Skills

Critical Thinking-and-Doing Problem-solving, Research, Analysis and General Inference.

Creativity New Knowledge Creation, “Best Fit” Design Solutions, Artful
Storytelling.

Collaboration Cooperation, Compromise, Consensus, Community-building.

Cross-cultural Understanding Across Diverse Ethnic, Knowledge and Organizational
Cultures

Communication Crafting Messages and Using Media Effectively

Computing/ICT Literacy Effective Use of Electronic Information and Knowledge Tools

Career & Learning Self-reliance = Managing Change, Lifelong Learning and Career Redefinition

2.3.1 Critical Thinking Skills

As seen in the previous subsection, the critical thinking skill is the most important
skill in the Seven Cs of the 21 st century lifelong skill, and thus it should be regarded as one of the
most important targets of learning in the current age. Every day, people proceed thinking, evaluate
opinions of others, make decisions, draw conclusions, etc., and it goes without saying that critical
thinking is an important skill to foster in learners engaged in the learning process for their
professionals (Saadé, ef al., 2012). However, it is not always true that they employ the critical
thinking skill properly. On the contrary, people generally tend to perceive what they want and
disregard facts or evidence that do not relate to their way of perceiving. The main purpose of critical
thinking in evaluation is to evaluate everything including his own knowledge and experiences
logically and critically to find important problems underlying the thinking object for the purpose
of leading to a balanced, sound conclusion and/or solution (Akyiiz and Samsa, 2009). Critical
thinking, as well as problem-solving, research, creative idea generation, and team-building skills,
are the skills that learners are expected to acquire through learning and eventually take them into
their careers. Critical thinking is usually considered to consist of analysis, evaluation, inference,

and interpretation to obtain a solution to a problem (Noll and Wilkins, 2002).
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From the viewpoint of fostering thinking skills, the aim of all instructions and the
learning environment to be provided is to lead the learner to think by themselves and to take their
responsibility for their learning, which is also the important assumption in the cognitivist and
constructivist theories. In the case of e-learning systems, with which the learner becomes free of
the restriction of learning spaces such as classrooms or schools, the system design should provide
clear instructions and contents to help foster thinking skills and should keep motivation of the
learner, the latter of which is out of the scope of this study. As regards the former, there are more
constraints on the development of critical thinking in virtual environments compared to the
traditional classroom settings due to lack of understanding of how to integrate creative instructional
strategies as well as a frequent lack of interactions between the instructor and the learner and among
learners. Some researchers suggest, however, that online learning can indeed help to give learners
opportunities for a better learning mastery at their own pace without time constraint, and MOOC
and other platforms also provide interactions between the instructor and the learner and among
learners. Burgess found that the employment of WebCT improved reading engagement and critical
thinking skills (Burgess, 2009) and Thomas and Morin found that critical thinking was supported
by online case study instruction (Thomas and Morin, 2010). Therefore, it is considered that the
development of an e-learning system for thinking skills are indeed possible but more research is
needed on various aspects of it.

There are some inherent difficulties in the development of such an e-learning
system. First, assessment on the development of critical thinking in virtual environments is not
straightforwardly easy compared to a system for simple knowledge acquisition. For the later,
learning assessment is based solely on how much knowledge the learner has acquired. In the case
of simple skill mastery, learning assessment can also be based on whether the learner can do some
task that needs the skill. In other words, knowledge acquisition and simple skill mastery are directly
related to whether the learner can remember or do the learning objects. On the other hand, thinking
skills are more indirectly related to the learning materials. It is often the case with the learner that
he/she just remembers the specific learning materials, instead of trying to understand and acquire
what kind of thinking is needed and exercised. From the viewpoint of constructivists, in particular,

thinking skills as a true learning object are to be constructed through learning, and learning
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materials to be presented to the learner serves as example situations in which the learner is expected
to exercise a particular type of thinking skills. This discrepancy between the learning objects
(e.g., thinking skills) and the learning materials (problems and situations that require thinking
skills) makes assessment of mastery of thinking skills more difficult.

More consideration on this point is out of the scope of this thesis, and I chose
a simple approach, though it is expected to be valid for the particular topic of my e-learning system.
First, in order to avoid assessing a mere remembrance, learning assessment is conducted with
totally different questions from the learning materials presented in their learning phase. It may
contain a totally different materials from the learning materials, but in my case, the target topic is
the prediction of what will happen next when driving a car using general inferential skills. In this
case, although there are innumerable possible situations, inference is simple because what the
learner should learn is to predict a danger according to a given situation limited to traffic situations.
Second, the contents selection for the learning and testing phase is simple as above, the e-learning
system to be developed also records part of learning activities, in particular how much they take to
reach their answer. Together with the first condition that the learning and testing phases employ
totally different questions, it is expected that a better mastery of inferential skills in terms of driving
will reduce the time to reach an answer.

There are also many different ways to present problems and possible answer
choices. Psychological research suggests that three item formats are useful in measuring skills:
(1) selection, which includes multiple-choices, matching, and ranking; (2) generation, which includes
short answers by the learner; and (3) explanation, which involves giving reasons for the selection
(King, et al., 1998). As a prototypical system, the e-learning system to be developed adopts selection,

because it is better to keep the system and assessment simple.

2.3.2 Inferential Skills

Critical thinking skill consists of many different thinking skills such as problem-
solving, research, analysis and general inference. In this thesis, I focus on general inference.
Inference is a mental activity in which a person guesses the reason, plausible outcomes, hidden

implications, etc., from a given situation where they are not directly available, usually based on
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a person’s prior knowledge and experiences that also may not give him a direct answer. In most of
the cases, we do not do exactly the same thing as before because a given situation may well contain
something different. In this sense, the proper inferential skill is essential for our daily life as well
as for our professional work.

In the past research, the inferential skill has often been focused on in the education
of reading (Clark, 2003 and Kispal, 2008 ) because reading activities contain different inferential skills:
to infer the meaning of the word they do not know, the antecedent of pronominal expressions, and
implied or hidden relations among sentences. The clue in reading tasks that will help the learner to
infer an appropriate answer in each given situation is shown in Table 2.2. Most of them are specific
to reading tasks, but example-illustration, contrast, and logic are also generally used. In the case of
driving situations, each actual situation is an example-illustration of some type of the possible
situations. Thus, the e-learning system developed in this thesis employs four-panel cartoons, which
is described in 4.2, provides a story described as a cartoon to make it easier for the learner to imagine
the given situation. Contrast is also an important clue in driving. For example, if we are driving a car
along a two-lane road and our lane is smooth while the other lane is congested, what may happen?
Thus, it is important to be aware of a contrastive situation in the traffic to predict what will happen
next. This should be included in the contents. Logic is also important but is usually supported with
our past experiences. In other words, logic in Table 2.2 with our past experiences is what general

inference is, which is the main target of this thesis.



16

Table 2.2 Clue to infer an answer in reading tasks

Clue Description

Definition Readers use the definition presented in the sentence to understand the

unknown word.

Example-Illustration =~ Readers use an example or illustration to understand the unknown word.

Contrast Readers understand the unknown word because it is compared or

contrasted with another word in the sentence.

Logic Readers think about the rest of the sentence to understand the unknown
word.

Root Words and Readers use their knowledge of root words and affixes to figure out the

Affixes unknown word.

Grammar Readers use the word’s function in the sentence or its part of speech to

figure out the unknown word.

2.4 E-learning

E-learning is an alternative or compensatory way of traditional learning.
It combines various facets of learning with information and communication technology to produce
a higher value of learning. Various e-learning systems have been developed and they have been
influenced by a particular learning theory that was popular then. In the 1960s, most of the e-learning
system was the type called Computer-Based Training (CBT), based on the idea of the behaviorist
theory that more pattern practices will let the learner acquire a specific knowledge and skill. In the
1970s and 1980s, e-learning started to become more interactive and focused on learning at a distance
thanks to the development of computer and networking technologies, but most of them were based
on the cognitivist theory that the control and facilitation of the learning process was the key element

in instructional strategies.
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Since the 1990s, the rapid prevalence of the Internet and smartphones has made
e-learning much more easily accessible regardless of where the learner is at a remarkably low cost.
In other words, e-learning makes it possible now for most people to have more learning chance
anywhere anytime (Mayes and Freitas, 2004).

Many e-learning systems developed since the 1990s have been based on either the
behaviorist theory or the cognitivist theory, but many more have been based on the constructivist
theory that learning is the creation or re-creation of knowledge both by a single person and among
people. Some of them are course management systems that can contain many courses in a school
or in public, providing a discussion space, and some others are collaborative learning platforms
where the learners are expected to make learning collaborations on a PBT or OJT basis.

From a technological viewpoint, the Internet and smartphones have been playing
decisive roles in the change of learning processes, particularly since the 2000s. Computer-Based
Training (CBT), Technology-Based Training (TBT) and Web-Based Instruction (WBI) includes
the features of updating contents, collecting the learner information, and communication through
the Internet. The rapid popularity of smartphone since 2006 finally has opened an easy gateway to
learn anywhere anytime, which also requires more responsive Web platforms that can be optimized
to any environment. The improvement in speed of the learning device, whether it is a PC or
a smartphone, and the Internet has also made various multimedia learning materials easily available,
although the rapid growth of multimedia contents constantly requires further improvement of
learning devices and the Internet.

E-learning consists of “E” and “learning”. “E” mainly refers to “how” the course
is digitized and delivered. “Learning” mainly refers to “what” the course includes: not only about
the learning materials but also about the learning environment that enables interactions and
collaborations. It is also related to “why” people learn (Clark, 2003). On the on hand, e-learning has
made education available outside of school and thus people can learn anything as part of their
life-long learning. On the other hand, the inherent optionality of most e-learning systems requires
a higher motivation of the learner. Both sides changed “why” people learn from a passive learning
attitude of learning what they are given in a course to a positive learning attitude of learning what

they want or need to learn for a specific purpose that they have.
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Typical current e-learning has the following features in common (Pasha, 2005):

1) Contents are organized as relevant to specific learning objectives.

2) Instructions are more refined to facilitate learning.

3) Videos and pictures are widely used to appeal the learner.

4) Systems are designed for synchronous e-learning that is combined with an
traditional course delivered in classroom or for asynchronous e-learning that
is designed for self-paced individual study (asynchronous e-learning), or for
both.

5) Leaning objects, whether they are new knowledge or skills, are designed to link
with individual learner’s goals and needs.

New instructional methods unique to e-learning have also been proposed. Among
others are the following four methods, according to (Clark and Mayer, 2016). First, contents and
feedbacks can be automatically customized according to the learner’s learning activities and results,
together with more prompt interactions with instructors when it is designed. Second, interactions
and collaborations with other learners are combined with individual learning. Third, more
entertaining features such as games and simulations are employed to keep the motivation and
interest of the learner. Fourth, a gigantic number, sometimes more than 10,000, of learners are
targeted. The last is the most unique to e-learning, and MOOCs such as EdX, Coursera, and
Udacity, Khan Academy, and Udemy are such examples. They are designed as an alternative to
traditional classroom courses and the main contents of their courses are video lectures. Though
the accomplishment rate of learning is still low, more universities and companies are launching
more courses on various topics, and some traditonal classroom courses use these online courses
as supplementary or even as their main contents.

From an economic perspective, e-learning is expected to reduce the cost of
teaching and learning. As regards teaching, the cost of developing one online course is obviously
much higher, but once completed, small revision may survive the course longer. As regards
learning, many casual tutorials posted on various websites and YouTube are available for free, and
more systematically developed courses and e-learning applications are also available for free or at

a low cost, together with the reduction of additional costs of studentship and others.
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A typical e-learning system these days is implemented as a web-based system,
which enables the educational side to collect learning data much more easily than before, together
with reducing the cost of system development (Boller, 2016 and Pappas, 2017).

There has been much discussion on the potential effects of e-learning, and below
are some of them that are usually considered to be important (Nayak and Kalyankar, 2010):

1) Focus on learning according to the learner-centered model: To help the learners

to set goals or purpose and explore the demand to learn by themselves.

2) Ubiquitous learning environment: With e-learning, learners can study anywhere
anytime. In particularly an online-based e-learning system on the Internet
provides easy access.

3) More possibility of quantitative evaluation of learning: With learning logs, which
may vary among e-learning systems, a more variety of information on learning
can be collected to enable a better quantitative evaluation.

4) More communication channels: E-learning systems can offer various
communication channels between instructors and among learners, both for
self-study and group- study.

5) Learner adaptation: E-learning system will offer a more adaptive way offer the
learning materials for learners who will have different learning environments,
requirements, and attitudes.

6) Cost reduction in learning: E-learning systems are expected to reduce educational

costs.

Thus e-learning is already everywhere. From a research viewpoint, however, it
needs further research. It is partly because learning consists of various factors and they are often
difficult to isolate from the others, and system development and operations are still heavily
dependent on human wisdom based on experiences. In this thesis, I focus mainly on two points:
one is how to prepare answer choices whose question has more than one plausible answers more
objectively and efficiently, and the other is to evaluate the effect of e-learning system in terms of

fostering general inference particularly in the case of driving.
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2.5 Instructional Design for E-learning System Development

The development of an e-learning system is usually much more difficult than the
development of teaching/learning contents for classrooms in that any errors in design and contents
are difficult to compensate with face-to-face interactivity. E-learning is usually not forced to conduct,
unlike taking a course at school, and thus poor contents and/or poor encouragement let the learner
leave. Furthermore, the development of an e-learning system is usually conducted by many different
groups: instructors, system developers, marketing staffs and so on. Therefore, the development of an
e-learning system needs to be much more systematized than usual course designs. Instructional design
is the systematized practice or guideline to create better instructional and hence learning, experiences
with which teaching and learning is expected to be more efficient, effective, and encouraging. Several
different models of instructional design has been proposed, and one of the most influential models is
the ADDIE model. The ADDIE model divides the course development process into five phases:
Analysis, Design, Development, Implementation, and Evaluation. Each phase in ADDIE model is

related to and interacts with each other (Aldobie, 2015).

Design Implement
* Needs Assessment ® Profotype * Surveys
» Situational Factors © Objectives « Course shell and * Teach ® Data Analysis
Faculty and . ASS_ES.SI_IICDE content * Engage *® Reflection
Student needs * Ac.twm:sl(_oment ® Technology * Promote community
o Alignment
Analysis Develop Evaluate

Continuous Revision and Redesign

Figure 2.1 ADDIE model (Adapted from: http://eclipse.mu.ac.in/mod/forum/view.php?id=2484,

4 March 2016)
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For each phase, the ADDIE model provides a set of critical points that need
consideration and the decision by the developer. The original ADDIE model is rather simple, but
many researchers and practitioners refined and elaborated it not only for traditional course designs
but also for the design of an e-learning system. Thus, I designed and developed my e-learning

system by following the ADDIE model. In this section, details of each phrase are introduced.

2.5.1 Analysis Phase

Analysis is the starting phase where the developer tries to understand the goal, the
target learner, the needs both in contents and system features, etc., or put it simply, the phase to
understand the instructional problems. Typically, Analysis in the ADDIE model poses following
questions, though not limited to them:

1) Who are the target groups?

2) How are target group features?

3) What is a new expected behavior with learners?

4) What is learning limitations?

5) What is alternative for learning?

6) Which pedagogical principles are adopted?

7) How should learning be evaluated?

8) What is the schedule of system development?

9) How much is the budget?

10) How should the system and service be maintained?

It is recommended to take more time to consider each question in a greater detail
at this phase before going on to other phases. (1) - (4) are about the target learners. They can be
further divided into more specific questions: for example, “How old are the learners?”, “What
nationality are they?”, “What background do they have related to the learning object of the
e-learning system to be developed?”, “What goal will the learners have or expect?”, “What in
contents and learning methods may be new to them?” and “How long will the learner learn with the
e-learning system?”. Considering these questions will give the system designer a clearer view of

who the target learners are and what contents and features will be necessary for the e-learning system.
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If appropriate, surveys interviews, preliminary testing, and contents presentation
to potential target learners or related people are recommended, as well as investigating other similar
systems. Through investigating these questions, the goals of the e-learning system should be set
from a realistic perspective. It is also recommended to consider the possibility that unexpected
learners want to use the e-learning system.

(5) - (7) are about the system design, including how to cope with the emergency
like in the case that some contents are not available through the Internet. (8) - (10) are about the
schedule and budget.

Importantly, the ADDIE Model is not regarded as something similar to the
waterfall model in software engineering. Though it is recommended to take a good time for
Analysis, it does not mean that the system designer should not come back to this phase later. It is

rather recommended to come back if necessary.

2.5.2 Design Phase

The next phrase, Design, is the phrase where contents, instructions, and the
system, services, and maintenance are designed in detail. It includes not only the learning materials
but also various evaluation methods to measure the learner’s achievements. Typical steps to take
in this phrase is as follows:

1) To categorize the learning objects according to the desirable media.

2) To define instructional strategy in accordance with the expected behavior of each

group in terms of cognitive, affective, and psychomotor, as pointed in 2.2.2.

3) To create story boards for all video lectures and other teaching materials.

4) To design the user interface.

5) To create a prototype.

If Analysis is conducted, Design will be more straightforward, but in the case of
an e-learning system, much of the time for development will be spent preparing the contents, which

is different from most other IT system.
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2.5.3 Development Phase
Development phase consists not only of the system development but also of the
contents. Importantly this phase is usually conducted by other team members than the instructional

designer, which is also why Design phase should be in detail.

2.5.4 Implementation Phase

Implementation phase is the actual operations of the learning/teaching
experiences with the e-learning system. During this phrase, various user and system analyses should
be done systematically to detect problems. If the human instructors are involved, their training is

also included here, as well as some necessary preparations on the learners’ side.

2.5.5 Evaluation Phase

Evaluation phase is the final process in the ADDIE model. It is essentially
important to evaluate each step to make sure that the instructional designer achieves the goals to
meet the learner needs, and to know what improvements will be necessary. Evaluation has two
types: formative evaluation and summative evaluation. First, formative evaluation is a continuing
evaluative process through the ADDIE phases. The other is summative evaluation in which the
learning outcomes are evaluated and the whole system and operations are evaluated accordingly.
Usability questionnaire surveys, interviews, and other available sources of evaluation should be
employed. In particular, detailed surveys related to the contents and instructions should be done in

order to improve them.

2.5.6 Instructional Design is Learner-Centered

All these guidelines in the ADDIE Model, or Instructional design in general, are
based on the learner-centered approach in which the learner is regarded as the main character who
conducts learning and all the others including the learning materials and the instructors are regarded
as means to assist their learning. Thus, any Instructional design principles and guidelines warns
against the temptation to adopt something just because it is easier for the instructors or the system

developer.
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A learner-centered approach also emphasizes the importance to assign the
maximum time to the learner’s activities instead of delivering lectures from the instructor, and thus
active learning is a good instance of learner-centered approaches.

The ADDIE model is regarded as a good guideline to follow when developing and
operating an e-learning system, and thus the following chapters will also refer to the ADDIE model

to make certain that my research process is on the right track.

2.6 Web-Based Instruction (WBI)

Nowadays, most e-learning systems are implemented as Web-Based Systems,
which is often called a Web-Based Instruction (WBI) (Boller, 2016 and Pappas, 2017). Web-Based
Instruction is also called Web-Based Learning, Web-Based Training, Internet-Based Training,
Internet-Based Instruction, WWW-Based Training and WWW-Based Instruction. (Olson and
Wisher, 2002) said that WBI is a good example of the combination between technology and
instructional design which provides a good opportunity to bring education to the underprivileged,
to provide new tools for promoting and facilitating learning regardless of time and space.
(Mathew and Dohery-Poirier, 2000) defined that WBI is the whole process or part of the process of
teaching with the World Wide Web (WWW) as a medium to convey knowledge and exchange
information between each other. The WWW is regarded as a realistically convenient mechanism
to convey information in different formats such as text, images, animations, and sounds.
(Khan, 1997) also defined WBI as an instructional environment through the WWW. Considering
the popularity of the WWW as the main medium of information exchange and delivery over the
Internet, WBI is a natural employment of the WWW to learning and education.

Any e-learning contents delivery can be called WBI. Even a website with tutorial
text-based documents or a tutorial video on YouTube can be regarded as part of WBI. However,

a typical WBI should consist of at least three factors (An and Williams, 2010):
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1) Presentation: the website will consist of text, images, animations, and sounds.

2) Communication: there should be communicative channels between the

instructor and the learner and/or among learners.

3) Dynamic Interaction: not only communication but also links to other information

resources on the WWW should be implemented.

Thus, WBI is a realistically accessible way to the learning objects via the WWW
that is expected to make good use of WWW features such as multimedia availability, hyperlinks to
other related websites, and interactivities among users. From the perspective of e-learning system
development, WBI is a cost effectiveness model as well as the least effort model in system
development.

WBI can be in many different forms: some construct their own web application
over the WWW, others prepare their contents on an existing WW W-based e-learning platform such
as Moodle and MOOC, and more others put their contents on a more usual website. However,
regardless of their implementation, they are much less costly compared to developing an e-learning
system in other ways. WBI is also the least effort model in system development simply because
WBI is accessible from any devices connected to the Internet, whether it is a PC, a smartphone, or
a tablet. A well responsive website is automatically optimized to the devices with which the learner
accesses to it.

Thus, I develop an e-learning system as WBI with cartoons as its main contents.
It is designed as partly responsive, but considering its prototypical nature, communication and

dynamic interaction are not included because they are outside of the scope of this study.
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2.7 Story Boards and Four-Panel Cartoons

Contents are undoubtedly the most important part of any e-learning system except
in the case of an e-learning system as a collaboration tool. As already noted in previous sections,
the importance of contents should be evaluated from two viewpoints: how good the contents are
and how good their presentation is, or what media is used to convey the contents.

An e-learning system as a WBI can cope with different media such as text, images,
videos, sounds, etc., and different media costs differently. Thus, we should choose the media best
balanced between its cost and how suitable it is to convey a particular type of contents.

The target topic of the e-learning system developed in this thesis is predictive
inference when driving. In this case, most of the learning and testing contents should present
various driving situation and let the learner predict what will happen next using their general
inferential skills. In other words, the typical contents in my e-learning system is a short story related
with a traffic situation in which something happens in a given context and the learner predicts what
will happen next. Thus, the media to be adopted should be appropriate to show situational stories.
Videos and animations are good candidates but highly costly to develop, and this thesis adopts four
panel cartoons as a presentation format of story boards.

Story boards have originally been used in movie production in which visual
representations of various scenes in film-making are necessary to tell actors and actresses to act their
roles, for example.

A typical story board consists of simple drawings with dialogues and minimum
contextual descriptions. In other words, typical story boards try to capture a situation or context
from the viewpoint of humans in it. This is exactly desirable for my purpose because all driving
situations are to be described from the driver’s viewpoint. Its implementation varies, but its primary
value is considered that it forces a learner to infer a reason for/and a consistent approach to, the

task he does (Hassan, et al., 2008).
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There are some types and forms for story boards, and what this study chose is the
type called Four panel cartoons, or Yonkoma manga in J apanesez. As in Figure 2.2, it is a comic-strip
generally consisting of four panels of equal size, each placed from the top to the bottom.

The first panel forms the basis of the story, or it sets the initial situation. The
second panel shows a story development next to the first panel, which usually describes a typical
action or feeling of the main character. The third panel describes an unexpected event, and the last
fourth panel explains what the event is or why it happens.

The style of four panel cartoons, or Yonkoma manga, was elaborated in Japan,
but it has also been popular in other countries like the United States where the Peanuts series by
Charles M. Schulz’ has long been popular. The details of four panel cartoons will be introduced in

Chapter 4 and Appendix A.

Panel 1

Panel 2

Panel 3

Panel 4

Figure 2.2 Traditional Yonkoma layout

: https://en.wikipedia.org/wiki/Y onkoma

3 https://en.wikipedia.org/wiki/Peanuts
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2.8 Concluding Remarks

In this chapter, some basic concepts and related works are introduced. First the
definition of “learning,” Bloom’s taxonomy of understanding, and the 21st century skills are
introduced to introduce general inferential skills which is the main target of this thesis. Then three
influential learning theories, the behaviorist, cognitivist, and constructivist theories are briefly
discussed, because each theory focuses on different aspects of learning and emphasizes a particular
teaching/learning method, and so it is important to know which perspective should be adopted when
preparing various learning contents. In section 2.5, the ADDIE model, as the typical instructional
design guidelines is explained. The ADDIE model is an instructional guideline to develop
an e-learning system or other learning/teaching materials.

I will employ the ADDIE model to make certain that the following chapter
discusses all important points to be considered. In 2.6, the idea of WEB-Based Instruction is
introduced as a basis for the discussion of system development. Finally, the concept of story boards
and four panel cartoons, which are the main media of contents in my e-learning system, is briefly

introduced.
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CHAPTER 3

METHODOLOGY

3.1 Overview of the Research Methodology

The goal of this thesis is (1) to develop a prototypical e-learning system to foster
the inferential skill and (2) to establish evaluation methods for the inferential skill with the use of
the prototypical e-learning system. As a topic to learn, the prediction of traffic changes using
inference in terms of safe driving is chosen.

The overview of the prototypical e-learning system to develop is shown in Figure
3.1. The e-learning system to develop is a web-based system. The main contents are a set of four
panel cartoons with answer choices of possible outcomes from the described situation, the details
of which will be discussed in Chapter 4 and 5. In particular, I propose the dual questionnaire survey
method to prepare appropriate answer choices in Chapter 5, whose overview is shown in Figure
3.2. This method is proposed because it is difficult and often inappropriate to prepare plausible
answer choices for the problems that will have more than one correct answers, which is the case
with e-learning systems for thinking skills.

Learning with this e-learning system proceeds by looking into the first three
panels to understand the situation and predicting the outcome that should be described in the final

fourth panel. Learning consists of the training phrase and the testing phase.
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Figure 3.1 Overview of the e-learning system and learning

To evaluate learning and the e-learning system, three quizzes are prepared: Pretest,
Posttest, and Quiz. Pretest and Posttest will be use before and after the learning phrase, respectively,
and Quiz will be done one week later to check how well the learning outcome remains. The
evaluation experiment is conducted using the control and the experimental groups of thirty subjects
each, the details of which will be discussed in Chapter 7. A questionnaire survey on usability is also

conducted, which will also be discussed in Chapter 7.
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In this chapter, the design of the e-learning system to be developed is discussed
according to the ADDIE Model, introduced in 2.5. The ADDIE Model consists of five phases with
necessary points to discuss and decide.

1) Analysis Phase

2) Design Phase

3) Development Phase

4) Implementation Phase

5) Evaluation Phase

Thus, the organization of this chapter follows each phase above.
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3.2 Analysis Phase

As discussed in Chapter 1 and 2, various thinking skills are important to cope with
new problems that we will face. This is not just about business. Even in our daily life, we almost always
face many problems. As each situation and context is different, an appropriate solution to each problem
will not be the same. More importantly, we have to predict the next situation which inherently have
many possibilities. We have to choose the most plausible prediction to make our action, and such
a plausible answer will be chosen according to our analysis of the current situation and our knowledge
and previous experiences. It is what the inferential skill is employed for. Inference in an academic
context or others may require strict logics, but most problems we will face in our daily life will not be
compatible with strict logics, since evidence enough for strict logical inference may usually not
available. General inference, or inference in daily life, is thus heavily dependent on the comparison
between the current situation and our knowledge and previous experiences to lead to what action we
should take next.

General inference is employed almost in every part of our daily life, but one of the
important genres requiring general inference is driving. When we drive a car or a motorcycle, we
constantly face a variety of possible dangers and situational changes against which we have to take some
appropriate actions. Safe driving is one of the biggest topics in Thailand, considering the high rate of
traffic accidents in Thailand. According to “Global Status Report on Road Safety 2015, the road
fatalities per 100,000 inhabitants per year is 36.2, which is the second worst in the world. The high rate
of traffic accidents is caused by many reasons including poor road conditions, heavy traffic jams, a large
number of fragile motorcycles, but drivers are the most critical factor. Drunken driving, reckless driving,
and careless driving are the main cases of traffic accidents. Reckless and careless driving is expected to
be reduced if drivers employ their general inferential skill for driving situations (World Health
Organization, 2015).

Thus, as the topic of the prototypical e-learning system to be developed, driving

situations are chosen.
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According to the ADDIE model, we should consider the following points, but not
limited to:

1) What is a learning objective?

2) Who are the target groups?

3) What is the instructional problem?

4) What is the new expected behavior of learners?

5) What is learning limitations?

The learning objective of this e-learning system is to be able to employ their inferential
skill for better driving more effectively in real situations. For this objective, the main contents, or
learning materials should introduce and describe various traffic situations in which the learner practice
predicting what will happen next and finally taking appropriate actions.

Questions (2) - (5) above are roughly classified into types: the characteristics of possible
learners to use the e-learning system and the characteristics of contents.

By default, the target learners are Thai people, and thus the Thai language is
chosen for the language of the e-learning system. As a prototypical system, the more specific target
learners are high school and university students, many of whom already have a driver’s license or
are likely to obtain it, and 60 university students are chosen for evaluative experiments.

Considering their age, most of them are categorized as inexperienced drivers,
whose training is expected to be effective to reduce the number of traffic accidents. As the target
learner is basically inexperienced, so the learning materials should contain more frequently seen
traffic situations.

As the learning topic is not an academic one, so the target learners may be
reluctant to learn sitting at class or in front of a PC, so the e-learning system should be compatible
not only with a PC but also with a smartphone or a tablet, which is why the e-learning system is
designed as a Web-based system, which is easily compatible with many different devices.

Contents, or the learning materials, are undoubtedly the most important part in
any e-learning system. As my target is road conditions, I consulted a couple of handbooks about

.. J = Y Aa o < = a
driving manners (1A59M35USIATUATUMTATNINGITNTANLALLONIFU NTLNTNANBITNST, 2513
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uathﬁmmﬂmnuﬁﬁ'umgumﬁﬁ%'mﬁ%qmmw, 2553) and chose sample situations to be implemented
as story boards, which is described more in detail in the next chapter.

As the learning contents are about various traffic situations, so the presentation of
the learning materials should be in a more visual format like videos, animations, or pictures.
Considering the balance of the effect and the necessary cost, video shooting as well as animation
have difficulty in cost while simple textual presentations should be avoided. So, story boards with
pictures and short texts, specifically in the form of four panel cartoon, are selected, the details of

which are discussed in the next chapter.

3.3 Design Phase

The design phase consists of learning purpose creation, evaluation measure
decision as well as details of contents and system designs. In this study, a variety of contents is
prepared as four-panel cartoons, with answer choices that should be selected by the learner. The

overview of the processes is already shown in 3.1, part of which is shown in Figure 3.2 again.
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Figure 3.3 The overview of the research program
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The contents design and system design should be done in a systematic manner for
smooth and effective learning. Instructional design tells that the content creation should be based
on extensive observations of related materials, and I consulted handbooks of driving and traffic
manners (1A5IMITUTIAAUAT UM A3 1NTHITITANLALILIBY NTENTNANITMS, 2513 wazdninau
ﬂaw;luﬁﬁuﬁuumiﬁ%}wuﬁ%wqmmw, 2553) and chose a variety of situations to be included as my
contents. For the preparation of answer choices, I will discuss more in Chapter 5. For the system
design, it is a prototypical system and thus we design as a simple Web-based system, which will
be discussed in Chapter 6.

As for the target learners of this system, 60 subjects are chosen from the undergrad
level, as already mentioned. Some of them already have a driver’s license of car or motorcycle,
though some of the others have a driving experience without a driver’s license. Most of them have
less than a few years of driving experiences, which is why they are considered to be inexperienced
drivers. In fact, there have been many traffic accidents involving students in Prince of Songkla
University Phuket Campus (PSU Phuket) annually. Thus, the necessity to learn how to drive better
with the inferential skill is obvious, and to make learning easier with low cost, I chose story boards
to present traffic situations effectively.

The story boards are presented in form of the four-panel cartoons as in Figure 3.1.
The contents are separated into four parts: Pretest materials, Training materials, Posttest materials,
and Quiz materials, for an experimental reason.

With these contents as the core, the e-learning system should have the following
functions:

1) sign-in and login in

2) databases of contents and learner information

3) contents presentation with multiple-choice answering

4) time recording during learning

5) relevant information presentation

As for the contents presentation with multiple choice answering, the same

presentation style is used for Pretest, Training, Posttest, and Quiz.
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The time for each answering was recorded in order to evaluate the effect of
learning. Relevant information such as system usage, organization, and other information is
presented as simple webpages in the system.

Evaluation consists of two types: learning evaluation and system evaluation.
Learning evaluation is based on the results of Pretest, Posttest, and Quiz. System evaluation is
based on the comparison of the results of the control and experimental groups, as well as

a questionnaire survey on usability.

3.4 Development Phase

The development of the e-learning system and the whole research process were
done according to Analysis and Design phases described in 3.2 and 3.3 respectively.

The e-learning system was developed on an internal web server in PSU Phuket,
and the system is written in PHP5 with MySQL as the database management. All the functions
described in 3.3 were implemented, and 30 four-panel cartoons were chosen for experimental
purposes as learning materials. In addition, a simple form of questionnaire survey was also
implemented to conduct a survey on usability. Development of contents and experiments are

discussed in Chapter 4 and 6, respectively.

3.5 Implementation Phase

Implementation Phase in this thesis consists of the experiments and questionnaire
surveys. The dual questionnaire survey for answer choice ranking was conducted in July, 2016,

which is the basis of contents creation.



37

The main experiment using the e-learning system was conducted in February to
July, 2017, with 60 undergraduate students that were divided into 2 groups of 30 people.
As both the dual questionnaire survey and the main experiment have obvious

purposes directly related to their contents, so the blind trial method was not adopted.

3.6 Evaluation Phase

Evaluation Phase in the ADDIE Model consists of two types: formative and
summative evaluation. The former is to evaluate how well all the process followed the ADDIE
Model, which will not be discussed here, and the latter is to evaluate the effect of learning or
teaching as numerically as possible, which is discussed in Chapter 7. For the questionnaire survey

on usability, a free description style was included as well as multiple choice styles.

3.7 Concluding Remarks

This chapter described the overview of the research methodology in this thesis.
The overall picture is given in 3.1, and the relevant discussions are described according to the five
phases in the ADDIE Model from 3.2 to 3.6, respectively. In the following chapters, more details
are described and discussed on contents in Chapter 4 and Appendix A, the dual questionnaire
survey method in Chapter 5, the e-learning system details in Chapter 6, and the experiment in

Chapter 7.
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CHAPTER 4

CONTENTS CREATIONS

4.1 Introduction

When presenting to the learner, any learning contents are represented or expressed
in a specific format using a specific type of media, including lectures, exercises, etc. from a larger
viewpoint, or texts, pictures, animations, etc. from a smaller viewpoint. Let I call the representations
of learning contents “learning materials”.

In the e-learning system developed here, the learning target is how to appropriately
predict what will happen next in a given traffic situation, and 30 situations were prepared. Each
situation is then expressed as a four-panel cartoon, and is followed by a set of four answer choices
that describes plausible or implausible outcomes of the given situation. Therefore, each pair of
four-panel cartoons and four answer choices is a learning material. In this thesis, all the learning
materials used in Pretest, Training, Posttest, and Quiz, have this same format.

In this chapter, the creation of four panel cartoons is discussed, and the preparation

of four answer choices is discussed in the next chapter.
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4.2 Story Choice

There are numerous possible traffic situations that may contain a possible danger
that causes a traffic accident or incident, and some of them are easy to create by anyone who have
good experience on driving. However, such a way of contents creation will lead to a heavily biased
choice of possible contents. It should be done more systematically with evaluation.

In this thesis, all the learning contents were picked up from published handbooks
about safe driving (TﬂNmsimsaﬁdaLﬁ?uﬂ15ﬁ%ﬁﬁﬁﬂfﬂimigﬁﬂuamnw ﬂi:maqﬁﬂm%mi, 2513
sazdninaunesuainayumsasuasugunw, 2553). In terms of selection, 30 learning contents
are chosen from different sections of the handbooks above on condition that the same or similar
contents were included in all handbooks in order to guarantee that the chosen contents are typical
and important to learn. Each chosen item was represented as a short story in the Thai language. All
the short stories were then re-represented as four panel cartoons that contain both four pictures and

short texts. All the four-panel cartoons were then reviewed by experts to evaluate contents validity.

4.3 Creating Story Boards with Four-Panel Cartoons

As mentioned in the previous section, 30 traffic situations were picked up as the
learning contents and were represented as a short story in the Thai language. Based on the short
stories, 30 four-panel cartoons were created. As discussed in Chapter 2, the format of four panel
cartoons is adopted as a suitable representation of story boards in this thesis. The aim is to create
visual learning materials that are expected to be effective both in learning and in cost.

A four-panel cartoon is indeed suitable as a representation of a short story about
a particular traffic situation. When describing a particular traffic situation, the background situation

such as whether it is in daytime or nighttime, and whether it is on a highway or on a local street
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must be given. Then a change happens which suggests a possible danger. Finally, a plausible
outcome is told. This transition in a story is represented appropriately in a four-panel cartoon.

A four-panel cartoon usually consists of the following four panels:

1) The first panel guides the situation in general and what elements there are in
the situation. (Overall background)

2) The second panel shows more details focusing on some specific point or points
in the first panel. (Specific background)

3) The third panel points out a change in traffic that may cause an accident.
In other words, the third panel provides the learner with a trigger to make
inference.

4) The fourth panel shows a possible outcome or result. In the e-learning system
here, this fourth panel is the part that the learner answers as a result of
inferential prediction.

In this way, a four-panel cartoon can easily describe a short story on a traffic

situation, which is the main reason to choose this format as a representation of the learning contents.
An example of four-panel cartoons in shown in Figure 4.1. The other cartoons created and

included in the system are in APPENDIX A.
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Figure 4.1 An example of four-panel cartoons

4.4 The Validity of Learning Materials

The validity of learning materials is important but difficult to measure. The
validity of materials includes not only the validity of contents in terms of the goal of the e-learning
system, but also the validity of presentation of the contents such as whether a learning material is
a correct representation of the corresponding content.

(Turner, et al., 2002), proposed a simple method to evaluate the content validity,
called ‘Index of Item Objective Congruence (IOC)’. It evaluates the content validity by consulting
three or more experts, using the list of items each of which is a measurement on a particular aspect
of the contents. Each expert is asked to score each item with three scales: +1 as “certain that

the contents is appropriate in terms of the item,” 0 as “uncertain that the contents is appropriate or
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not in terms of the item,” and -1 as “certain that the contents are not appropriate in terms of the

item”. The value of IOC is a simple means for each check points:
R
10C =) 3 4.1)

Z R Sum of scores checked by at least three experts

N  Number of experts

According to Turner, if the value of IOC is higher than 0.5, the test is acceptable
due to its suitability between the test and objectives and content, but if it is lower than 0.5, the test
is unacceptable because of the lack of suitable.

In this thesis, 11 items about contents validity were prepared, my advisor and two
persons who have a long experience of driving are chosen as experts. They were asked to check all
the prepared learning materials in terms of 11 items. The actual questionnaire is shown in
APPENDIX B.

The results of content validity evaluation are shown in Table 4.1. The evaluation
results show that all 11 measures have the value higher than 0.5, indicating that the contents

implementation is appropriate.
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List of Question Expert1 Expert2 Expert3 10C

1) Employed situations are clear and easy to

1 1 1 1.00
understand.
2) Employed situations are consistent with the

1 1 1 1.00
situation of road conditions.
3) Various road conditions are covered. 1 1 1 1.00
4) Diverse situations are prepared. 1 1 1 1.00
5) Employed situations give triggers for inferential

1 1 1 1.00
skills for finding the answer.
6) Number of situations sufficient to be used as

1 1 1 1.00
content within the e-learning system.
7) The suitability of situation will lead to create

1 1 1 1.00
the four-panel cartoons.
8) The suitability of pictures in four-panel cartoons. 1 1 1 1.00
9) The suitability of font size in four-panel cartoons. 0 1 1 0.67
10) The suitability of the language used in

1 1 1 1.00
four-panel cartoons.
11) The four-panel cartoons are consistent with

1 1 1 1.00

the situations that are prepared.
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CHAPTER S

DUAL QUESTIONNAIRE SURVEY METHOD

FOR ANSWER CHOICE CREATION

5.1 Introduction

As discussed in previous chapters, the main learning contents in the e-learning
system here are four-panel cartoons describing various traffic situations with four answer choices
describing plausible or implausible outcomes. Preparing these answer choices is not trivial at all.

The first issue is how to prepare possible answers. Indeed, this is one of the most
important issues in constructing an e-learning system to foster thinking skills, because there will
be more than one answer to each question in most cases. If the contents designer, or even the team
of contents designers, try to create those possible answers, it may well be that those answers are
biased, or are created just from the teacher’s point of view. In particular, the learning objects in this
thesis is traffic situations, which almost always have more than one possible outcomes, and if the
contents designer as an experienced driver tried to create a variety of plausible and implausible
answers to choose, they might not cover what inexperienced learners may think up of.

The second issue is how to rank those answers from the viewpoint of plausibility.
It is also important because having more than one plausible answers means that answer choices
should be ranked. It is almost impossible for a single person to make this kind of ranking without
biases.

To cope with these issues, this thesis proposes a dual questionnaire survey
method, whose overview is shown in Figure 3.2, repeated here as Figure 5.1. In this chapter, this

method is described and evaluated.
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Figure 5.1 Overview of the dual questionnaire survey method

5.2 Dual Questionnaire Survey Method

The dual questionnaire survey method that I propose in this chapter is a simple
method to create a variety of answer choices that will be thought up of by learners and to rank them
in terms of plausibility.

The dual questionnaire survey method consists of two questionnaire surveys. The
first questionnaire survey asks a group of people who are similar to the actual learner group of the
e-learning system to write their answer to a set of questions as a free description or as open-ended
(Zuell, et al., 2015). In this way, I will obtain a variety of answers that the group similar to the
learner group actually create. The obtained answers are ranked according to the number of the
persons who wrote the same answer, and # most frequent answers are chosen.

The second questionnaire survey uses the same set of questions with a set of

answers chosen from the first questionnaire survey. The second group is asked to choose the most
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plausible answer from answer choices, or as closed-ended (Zuell, et al., 2015). According to the
number of the persons who chose the same answer choice, the ranking among answer choices of a
question was obtained.

This method assumes that a more popular answer be more plausible, which is also
often assumed in the constructivist theory. It is not always correct, particularly when judgment
requires a specific type of advanced knowledge, or when the interpretation of questions tend to be
biased with ideological backgrounds. However, both are not the cases with traffic situations.

A possible danger of the first step is to miss some importantly plausible answers
because they are difficult to think up of by the learner group, and it will be true in some topics.
However, there were not such cases in my questionnaire surveys.

In this thesis, this dual questionnaire survey was done in July 2016, using an
analysis tool called ATLAS.ti, a computer assisted qualitative data analysis software (Smit, 2002).
The first questionnaire survey was conducted with 31 high school students, and the second
questionnaire survey with 18 graduate students in Prince of Songkla University, Phuket Campus.
There were 30 questions on traffic situations, which were all used as learning contents in the
e-learning system. The result of the first questionnaire survey was manually checked to make the
lists of freely described answers, simply because subjects wrote the same or similar answer with
different expressions. From the lists of answers of the first questionnaire surveys, the most popular
four answers were selected as answer choices for the second questionnaire survey. The result is

shown and analyzed in the next section.
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5.3 Result and Discussion of the Dual Questionnaire Survey Method

5.3.1 An Interpretation of the result

The result of the dual questionnaire survey introduced in the previous section was
analyzed from several perspectives. First, | made a comparative analysis between the first group
and the second group in terms of the popularity of each choice. For example, let us see the result

of Question 22, which is shown in Table 5.1.

Table 5.1 Question 22 in the first and the second surveys

Question 22: Duke is looking for a parking space along the street. However, the only place he
found is between two cars, and another car is also approaching to park at the same space. What

will happen with these two cars?

Choice Answer #1 #2
A The car crashes between two cars. 55% 11%
B There was a scramble for parking between two cars. 19% 55%
C Nothing happens with these two cars. 10% 28%
D An accident occurs with these two cars. 7% 6%
E There may be a dispute between the two cars. 3% -
F Duke looks for a new parking. 3% -
G Another car looks for a new parking. 3% -
Total - 100% 100%

In this example, the first group created seven different answer choices, and the
most popular four choices were used as answer choices for the second questionnaire. As the result
shows, the popularity of the answer choices differs between the first and the second groups. This
difference captures the difference in inference between the learner and the experienced. In other

words, the original purpose of the dual questionnaire survey method is to obtain a variety of ranked
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answer choices, but the result also tells which questions are more difficult or confusing to the
learner compared to the experienced. The full list of this comparison is shown in Appendix C.
Thus, it is almost obvious that the dual questionnaire survey method produces

useful and interesting results.

5.3.2 The Reliability of the Situations with Answer Choice Evaluation

The first questionnaire survey is originally designed to obtain a realistic variety of
answer choices, while the second questionnaire survey is to rank among answer choices.

A Question is how reliable the result of the second questionnaire is. Reliability for
a test refers to how well the test is measuring what we want to measure, or how consistent the
results from the test are. There are several different measurements, but by considering the most
popular answer choice in the second questionnaire to be the correct answer, the Kuder-Richardson
method was applied. The result of the second questionnaire survey is first transformed with 1 for
the correct answer choice and 0 for the other choices, as shown in Table 5.2. With these results, the

Kuder-Richardson 21 is defined as follows:

r = L{l — i(n_zi)} (5.1)

It The KR-21
n The number of items
X The test mean on the sum of the number right

The test variance based sum of the number right
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Table 5.2 Transformed result of the second questionnaire survey for reliability

Subjects  Total scores (X) X
1 20 400
2 21 441
3 20 400
4 21 441
5 19 361
6 10 100
7 21 441
8 16 256
9 13 169
10 17 289
11 13 169
12 12 144
13 13 169
14 17 289
15 16 256
16 21 441
17 17 289
18 22 484

Sum. 309 5539

The KR-21 result of reliability was 0.803. As the satisfactory reliability is between
0.6 and 1.0, so it can be concluded that the second questionnaire survey and its answer choices are

reliable enough.
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5.3.3 Difficulty of Each Question

It is also important to know which questions are more difficult, because as the
learning contents, a variety of questions at different difficulties should be included in a balanced
manner. Difficulty is simply defined as the proportion of the number of the subjects who answered

correctly to the total number of the subjects (Hingorjo and Jaleel, 2012):

(5.2)

=~
Il
Z|=

The difficulty
R Number of learners answer like the most appropriate answer

Number of all of the learners

The result of the second questionnaire survey is employed. The result is shown in
Table 5.3 for a summary and in Table 5.4 for each question. Difficulty of each item distributes
between 0.2 - 0.8, suggesting that the higher value suggests easiness. As in Table 5.3, 30 questions

are well distributed.

Table 5.3 Summary of difficulty

Difficulty Number of questions
Easy (0.6 <P <0.8) 11 (36.7%)
Intermediate (0.4 <P <0.6) 13 (43.3%)

Difficult (0.2 < P < 0.4) 6 (20%)




Table 5.4 Difficulty of each situation

Number of Question Difficulty Index
1 0.44
2 0.61
3 0.55
4 0.67
5 0.5
6 0.78
7 0.33
8 0.72
9 0.56
10 0.39
11 0.78
12 0.78
13 0.78
14 0.80
15 0.39
16 0.78
17 0.61
18 0.67
19 0.56
20 0.5
21 0.5
22 0.56
23 0.44
24 0.33
25 0.39
26 0.56
27 0.67
28 0.39
29 0.5
30 0.56

51
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5.3.4 Accuracy of Content

Evaluation on accuracy of content is about how appropriate the contents are. This
is already checked in 4.4 as validity of contents, but it was just about the validity of questions. In
this subsection, not only the questions but also the answer choices and the result of the second
questionnaire survey are considered by a couple of other researchers.

This measurement was conducted as the form of questionnaire survey with all the
relevant information attached. The actual questionnaire survey format is shown in Appendix D.

There are three criteria: content usage, content format, and content value. Content
usage is how well the contents are prepared including the content itself, story-telling,
appropriateness of expressions. Content format is how well organized and formatted the contents
are in the manner that the characters, scenes, stories, and relations in the story are easily to
understand. Content value is about how important and useful the contents are for the objective of
the e-learning system. Each questionnaire item is scaled from 1 (Very poor) to 5 (Very good), and
the result is shown in Table 5.5. As the average of item values of each criterion is more than 4,
which suggests that the content of accuracy of the learning contents with answer choices and the
second questionnaire result is satisfactory enough to employ them as the final contents in the

e-learning system.

Table 5.5 The result of evaluation content accuracy

List of question

Content clarity Content format Content value

X 4.17 4.39 4.28

S.D. 0.5 0.49 0.65

Level of accuracy Good Good Good




53

CHAPTER 6

DETAIL OF THE SYSTEM

6.1 Introduction

In this chapter, details of the e-learning system in this thesis is described,
particularly focusing on actual user interfaces. In 6.2, I describe the e-learning system development,
and in 6.3, I describe user interface of the e-learning system: system information in 6.3.1, system

navigation in 6.3.2, the contents in the e-learning system in 6.3.3.

6.2 The E-learning System Development

As already discussed in Chapter 3 and 4, the e-learning system here was designed
and developed based on the ADDIE Model. It is a Web-based system developed with PHP 5.0 and
MySQL. The system was installed at an internal web server in PSU Phuket, whose URL is
http://masterict.te.psu.ac.th/apichaya/.

After the careful analysis, functional and nonfunctional requirements were set, and
major requirements are summarized in Table 6.1. All the requirements were properly implemented in
the system. The learning contents are basically divided into two phases: training and testing phases.
However, the testing phases is further divided into three phases for evaluation: Pretest, which is to be
done before the training phase; Posttest, which is to be done right after the training phase; and Quiz,

which is to be done a week later in order to check how much the learning effect remains.
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Table 6.1 Major Functional and Nonfunctional Requirements

System requirement

Description

Functional requirement (Basics functions as a website is skipped)

Registration Initial stage to access into the system, the user must have
an account. The user enters personal information: username, email
and password. If the email is already used, the user will need
a new email to register.

Login The users need to log in to use the system. The e-mail address is

used as an account and an automatically created password is given

to each user.

Databases (MySQL)

Two databases: contents database and user database.

The contents database stores the contents: four-panel cartoons
with the question, answer choices, and the correct answer.

The user database stores the basic user information, their answer
to each question with the time needed to reach it, and the scores of

each menu.

Four-panel cartoons

The four-panel cartoons are separated to allow learners to learn
each panel using the previous and next buttons to navigate. When
learning all of four panels, the learners will be able to choose the

most appropriate answer to any questions.

Time recording

When the learner uses the contents, the starting and ending time of
each question is recorded, and the consumed time is stored in the user

database.

Nonfunctional requirement

Accessibility from both

smartphones and PCs.

The e-learning system could access from both smartphones and

PCs.
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6.3 The User Interface of the E-learning System

The e-learning system in this research is proposed as a web-based system, and
thus it supports both smartphones and PCs with responsive design, to give a good accessibility to
the user. This e-learning system consists of three parts: (1) system information, (2) system
navigation, and (3) the contents in the e-learning system. All the user interface is in the Thai

language, simply because the supposed target learners are Thai people.

6.3.1 System Information

The learners will receive four types of information about the system before they
log in into the system.

The first page, as shown in Figure 6.1, describes the objective of this system. The
information is roughly as follows: “E-learning system to foster inferential skills using story boards.
The objective of the research with this system is to stimulate the learners to employ thinking skills,
inferential skills in particular, by practicing choosing an appropriate answer for each given
situation. The contents in the e-learning system are about safety driving”.

The second page, as shown in Figure 6.2, describes what inference or the
inferential skill is. The information is roughly as follows: “Inference is the skill with which a person
tries to obtain a hidden outcome, reason, or effects by analyzing the given situation using his
knowledge and previous experiences under the condition that the given situation may not contain
the complete information to reach the correct answer. In other words, the learner is expected to
reach a most plausible or probable answer with a limited amount of information. In order to do this
task more appropriately, the learner is expected to employ his or her knowledge and past
experiences in a systematic, organized way to compensate for lack of information”.

The third page, as shown in Figure 6.3, is the main menu of the e-learning system,
consisting of four menus: Pretest, Lesson, Posttest, and Quiz.

The fourth page, as shown in Figure 6.4, explains the contents of this e-learning

system.
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6.3.2 System Navigation

After looking into the pages of information, the learner proceeds to register and
login to access into the system, as shown in Figure 6.5 and 6.6, respectively. When logged in, the
learners see the main menu to choose Pretest, Lesson, Posttest, or Quiz, as shown in Figure 6.7.
However, as these menus are ordered according to each step of the learning activity, the learner has
to take each in order, though the control group only uses Pretest and Quiz.

When the learner chooses a menu to start the learning activity, a brief explanation
about how to use the learning materials is shown as in Figure 6.8.

All the menus contain the same format of four panel cartoons, as shown in Figure
6.9 - 6.12: a four-panel cartoon is shown with each panel at a time on the left hand of the window,
with the question and the answer choices on the right hand of the window. Each cartoon is
numbered to let the learner know which cartoon is now shown.

After choosing the answer, the learner clicks the "Send Answer" button. When the
learner finishes all the questions in a menu, he/she gets the grade level of the inference skills level,
as shown in Figure 6.13.

The number of the question in each menu is: 5 for Pretest, 10 for Training, 5 for
Posttest, and 10 for Quiz.

When all the learning activities are finished, the learner is invited to answer a

questionnaire survey on usability.
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6.3.3 The Contents in the E-learning System

A four-panel cartoon shows a simple skeleton of a story that contains some
surprising, contradicting, and/or easily misunderstood elements. Usually, the first or second panel
contains an important piece of information for appropriate inference. Thus, the third or fourth panel
can be a blank, or can contain a blank utterance, and learners are urged to make an inference fill
the blank.

A four-panel cartoon consists of four panels as follows:

1) The first panel is situational introduction panel. It gives learners the basic
information about the situation like when, where, and who. Usually, one or two characters are
involved. A highly artistic cartoon may present that information in a figurative, symbolic way, but
it varies according to the purpose. For an e-learning system like the one proposed here may well
have the first panel that is easy to understand as shown in Figure 6.9.

2) The second panel is information panel. This panel is usually used to show what
problem is going on in the situation given in the first panel. In other words, the first and second

panels produce an event going on as shown in Figure 6.10.
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3) The third panel is puzzling or confusing remark. The third panel is important
to foster inferential skills to learners. That is the puzzling or confusing remark panel presented with
a puzzle to solve using inference. In most cases, the puzzle presented in this panel will have its clue
in the first and/or second panel as shown in Figure 6.11.

4) The fourth panel is conclusion. The fourth, last panel present the result or
conclusion of the situation. Typical comical four-panel cartoons have surprising results that makes

readers giggle. When used educationally, the last panel may present the answer as shown in Figure

6.12.
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CHAPTER 7

EVALUATION OF LEARNING AND THE SYSTEM

7.1 Introduction

In this chapter, evaluation of learning and the e-learning system here was
discussed. Any e-learning system should be evaluated from different viewpoints. In particular, the
effectiveness of the learning materials, which is the main factor of learning is by far the most
important aspect, but usability is also an important aspect because usability may directly relate to
the motivation of the learner to learn through the system. Thus, I conducted a comparative
experiment to measure the effectiveness of the learning materials, which is described in 7.2, and

a questionnaire survey to measure the usability of the system, which is described in 7.3.

7.2 E-learning System Evaluation with a Comparative Experiment

7.2.1 Objective of the Experiment

The objective of the experiment is to evaluate the effectiveness of the e-learning
system on learning. In particular, the effectiveness of the learning materials is focused. Therefore,
the experiment is designed to compare the experimental group that learn all the contents of the
e-learning system and the control group that do not.

As described in Chapter 3 and 6, the e-learning system here contains four steps:
Pretest, Training, Posttest, and Quiz. As a prototypical study, the experimental group takes the first

three steps in a day, and takes the last step a week later. Thus, Posttest is designed as a measurement
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to check the outcome immediately after learning while Quiz as a measurement to check how well

the outcome is kept after a while. In this case, Posttest may not be an appropriate outcome

measurement to compare the experimental and control groups, because the period between Pretest

and Posttest is too short. Therefore, the control group takes Pretest and Quiz at a week interval.

The research hypotheses are thus made as follows:

Research Hypothesis: The e-learning system has a positive effect on learning.

This research hypothesis is statistically tested to check whether H, is rejected or not.

Ho:py = 1
Hytpg # 1y

The mean of the two groups has no significant difference.

The mean of the two groups are significantly different.

The significance level alpha value (@) is set to 0.05. Statistical variables below

are used hereafter:

SD.

Sig.

%I

151
M2

Sample size

Standard deviation

The attained level of significance
t-test value

Mean of sample

Mean value of experimental group

Mean value of control group
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Table 7.1 The details of both experiments

Menu Satisfaction
Group of experiment
Pretest Training  Posttest Quiz questionnaire
Experimental group v v v v v
Control group v v v

7.2.2 The Experiment Condition

The experiment was conducted from 6th to 17th in February, 2017. The whole
number of the experimental subjects was set to 60 undergraduate students, who were randomly
selected in two courses at Prince of Songkla University, Phuket Campus (Boxill, et al., 1997).
These 60 students were randomly divided into two groups: 30 students into the experimental group
and the other 30 students into the control group. Thus, it is assumed that the initial condition of
both groups on the learning target before the experiment be the same.

As the learning contents are directly related to the objective of the e-learning

system, so a blind test trial method was not employed.

7.2.3 Experiment Procedures

7.2.3.1 Overview of the Whole Procedure

As summarized in Table 7.1, the experimental group takes all four steps:
Pretest, Training, Posttest, and Quiz. On the other hand, the control group takes only two steps
Pretest and Quiz. Pretest, Training, and Posttest were done in the same day by the experimental
group, and Quiz was done a week later after Pretest by both the experimental and control groups.
The rests were analyzed using the Independent Two-sample t Test with IBM SPSS Statistics
version 22 (Larson-Hall, 2015).

After Quiz, a questionnaire survey on usability was conducted to both

groups, which is discussed in 7.3.
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Table 7.2 The number of questions in Pretest, Training, Posttest and Quiz

Menu Number of Questions
Pretest 5
Training 10
Posttest 5

Quiz 10

7.2.3.2. Materials for the Experiment

As already mentioned, the learning materials in the e-learning system were
grouped as Pretest, Training, Posttest, and Quiz. The number of questions in each is summarized
in Table 7.2.

7.2.3.3 Rating of Inferential Skill Level

By the score that learner obtained in each menu, each subject was classified
as one of the five classes with regard to the inferential skill level.

The interval size is calculated with (7.1):

Range

(7.1

Class Interval Size (h) = Number of Classes

Range is the interval of the scores. In the case of this experiment, the result
of Quiz is compared between the experimental and control groups. Quiz has 10 questions, and for
each question, there are four answer choices, each of which has a score between 1 and 4 according
to the plausibility defined by the result of the dual questionnaire survey discussed in Chapter 5.
Therefore, the rating of the inferential skill is summarized as in Table 7.3. This rating is used both
to show the learner their result of Pretest, Posttest, and Quiz, and to show the results in the

subsequent sections.
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Table 7.3 Rating of inferential skill level

Score Meaning

33-40 The scores of learners are at an excellent inferential skill level.
25-32 The scores of learners are at a good inferential skill level.
17-24 The scores of learners are at a moderate inferential skill level.
9-16 The scores of learners are at a low inferential skill level.

1-8 The scores of learners are at the lowest inferential skill level.

7.2.4 Results of E-learning System Evaluation by Experiments

Under the assumption that the initial condition on inferential skills between the
experimental and control groups are the same, as mentioned in 7.2.2, the result of Quiz of both
groups is compared. The results of Pretest of both groups and Posttest of the experimental group

are summarized in APPENDIX E.

7.2.4.1 Experimental Group

The result of Quiz in the experimental group is summarized in Table 7.4.
From the rating criteria, 86.67% of the learners were evaluated as at a good inferential skill, and
the mean and SD values tells that this result basically obeys a normal distribution.

The e-learning system also record the time spent to reach the answer for

each question, and the average answer time was 40 seconds.
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Table 7.4 Result of experimental group

Learner Learner

Level Min. Max. X SD. Time(s).
(n=30) (%)
Excellent (33 -40) 4 13.33
Good (25-32) 26 86.67
30.3
Moderate (17 - 24) 0 00.00 27 37 2.12 40
(Good)
Low 9-16) 0 00.00
Lowest (1-8) 0 00.00

7.2.4.2 Control Group

The result of Quiz in the control group is summarized in Table 7.5. From
the rating criteria, only 40.00% of the learners as at a good inferential skill, and 56.67% as a
moderate inferential skill. The mean and SD values tells that this result basically obeys a normal
distribution.

The average answer time of the control group was 38 seconds, which was
a little shorter than the average answer time of the experimental group, which implies that the
learner of the control group did not spend time for inference and relied more on their ungrounded

intuition.

Table 7.5 Result of the Control Group

Learner Learner

Level Min. Max. X SD. Time(s).
(n=30) (%)
Excellent (33 -40) 1 3.33
Good (25-32) 12 40.00
24 .87
Moderate (17 -24) 17 56.67 20 33 3.58 38
(Moderate)
Low (9-16) 0 00.00

Lowest (1-8) 0 00.00
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7.2.4.3 Comparison between the Experimental and Control Groups
The hypothesis of this experiment is that the e-learning system has
a positive effect on learning. In order to statistically test this hypothesis, two competing hypothesis

Hy and H; was set as follows:

Ho: iy = Wy The mean of the two groups has no significant difference.

Hijpy # 1y The mean of the two groups are significantly different.

If the Hy is rejected according to the significance value alpha (&), which is
set to 0.05, the research hypothesis is to be adopted. The result of the statistical testing on this
regard is calculated with Independent Two-sample t Test, and the obtained significance value is
0.02, which is smaller than alpha () as shown in Table 7.6. Thus, the competing hypothesis Hy is
rejected at 95% of confidence. The result shown in 7.2.4.1 and 7.2.4.2 obviously tells that the
experimental group obtained better results compared to the control group. Therefore, it is concluded
that, as expected, the e-learning system in this thesis can be considered to be significantly effective

for fostering inferential skills with regard to safe driving.

Table 7.6 The comparison of both experiments

>

Groups of Experiment n SD. t Sig.

Experimental 30 30.30 2.12

5.141 .002
Control 30 24.87 3.58
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7.3 The E-learning System Evaluation with the Learner Satisfaction

As mentioned before, a questionnaire survey on usability was also conducted after
Quiz for both the experimental and control group to evaluate the system in terms of usability. The
questionnaire form used is shown in APPENDIX F. This questionnaire survey is a common survey
to evaluate e-learning system. It is divided into three sections: in terms of the web system, in terms
of the contents, and in terms of the design, which is rated with five Likert scales (Wade, 2006).
More specifically, I basically adopted the survey items related to my e-learning system from the
questionnaire survey format used at Thai cyber university on topics (Aua3s adredav, 2554). The
proposed questionnaire survey format was approved by my advisor. The questionnaire form also
contains a free description in order to obtain opinions and suggestions not limited to the items
prepared.

As the rating is with five Likert scales, so the meaning of the result is interpreted

according to the categorization shown in Table 7.7.

Table 7.7 Rating of learner satisfaction

Score Meaning

4.21-5.00 Very satisfied

3.41-4.20 Satisfied

2.61-3.40 Neither satisfied nor dissatisfied

1.81-2.60 Dissatisfied

1.00-1.80 Very dissatisfied

The result of the questionnaire survey on usability is summarized in Table 7.9.
Considering the nature of the questionnaire survey, no comparison between the experimental and
control group was made. To guarantee the reliability of the results, Cronbach’s Alpha is employed.

If the value of Cronbach’s Alpha is more than 0.7, it is decided to be reliable (Boxill, et al., 1997).
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As in Table 7.8, the result of Cronbach’s Alpha evaluation, all the survey items

are between 0.916 - 0.926. Thus, it is concluded that these results are reliable.

Table 7.8 The comparison of learner satisfaction

Level of Cronbach’s

>

No. List of question
satisfaction Alpha

Format

The website has an appropriate and attractive
1 4.28  Very satisfied 919
presentation format.

2 The website layout has a right position. 4.12 Satisfied 918

The website has an appropriate content format for
3 4.33 Satisfied 920
each page.

The website has the right format and layout of
4 423 Very satisfied 919
appropriate and easy to understand content.

Content

The content is consistent and comprehensive

5 4.27  Very satisfied 919
based on objective.

6 Content topics are divided properly. 4.35  Very satisfied 921
The content is continuously organized and easily

7 4.32  Very satisfied 923
understand.

8 The content of each menu is interrelated. 4.32  Very satisfied 917
The content is appropriate with the level of learner

9 4.25  Very satisfied 926
knowledge.
Proper, clear, and accurate language used and

10 can communicate with the learner accessed to 4.27  Very satisfied 921

instructional media.

The content is useful for further to learn and give
11 4.08 Satisfied 921
broad knowledge.
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_ Level of Cronbach’s
No. List of question X
satisfaction Alpha
Design

12 Font style is easy to read, suitable, and harmonious. 4.42  Very satisfied 918
The illustrations convey exactly the objective of

13 4.33  Very satisfied 918
the content.
Using harmonious color on every page and give

14 4.47  Very satisfied 918
meaning clearly.
Use buttons and icons are clearly defined and

15 4.10 Satisfied 924
placed in the suitable places.
The overall composition is harmonious with a

16 4.27  Very satisfied 919
clear identity.

17 Internal data linking is appropriate. 4.27  Very satisfied 916

As the result shows, the learners had satisfaction in terms of all the survey items.

Most of the learners evaluated my e-learning system as very satisfactory or satisfactory. It implies

that the e-learning system developed here had good usability enough to let the learners learn with

it smoothly.
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Turning our eye onto the free descriptions, some suggestions for improvement

were contained. The result is shown in Table 7.9.

Table 7.9 Optional users’ suggestions in the satisfaction survey

Users’ suggestions

- The e-learning is in the form of web-based application. It is a simple one and easy to use.

- Content presented in the form of four-panel cartoons is very easy to understand.

- Password reset function is needed. I often forget my password.

- Some answers in each situation are ambiguous. This makes each situation could have more
than one answer.

- The system should be more responsive to make it easier to use.

- The system should have animations as contents in future.

7.4 Discussion

The e-learning system developed here was designed to foster inferential skills for
safe driving, and story boards in the form of four panel cartoons are employed as the learning
contents representations to show the learning contents effectively from the perspective to balance
effect and cost. It was developed as a Web-based system to achieve necessary usability efficiently.
Based on the results shown in 7.3 and 7.4, the e-learning system developed here, though it is
a prototypical one, is confirmed that (1) it is effective for fostering inferential skills in terms of safe
driving; (2) story boards in the form of four panel cartoons are satisfactory enough; and (3) the
usability of the system as a whole is satisfactory enough.

In particular, as reported in 7.2.4.3, the outcome measured with Quiz, which was
conducted a week later from Pretest, had a meaningfully big different between the experimental

and control groups. With the assumption with random sampling of the groups that both groups had
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the same initial condition in terms of inference for safe driving, this e-learning system achieved
a satisfactory effect on fostering inferential skills.

From another point of view, the quantity of the contents in this e-learning system
is not large and the training time is within a day, which might look insufficient. However, the
evaluation of the effect was tested with Quiz, which was conducted a week after Pretest and
training, and it is suggested that this e-learning system is effective even with a small quantity of
learning materials. The effect with more learning materials with a longer learning period will be
a future task.

It is also interesting that the control group spent a little less time in answering than
the experimental group, as pointed out in 7.2.4.2. The average time spent in answering was 40
seconds in the experimental group and 38 seconds in the control group. This time consists of
looking into three cartoon panels, reading the question, and reading the four answer choices to
choose. Though it is not possible to estimate how many seconds are exactly spent for inferential
thinking to reach the answer, nearly 30 seconds were usually spent looking into three cartoon panels
and reading the question, according to my observations. Thus, the two seconds of difference,
though it is small, suggests that the experimental group tried to spend more time making reasonable
inference while the control group tended to reach an answer more with their ungrounded intuitions.
If this interpretation is on the right track, this e-learning system indeed let the learners in the
experimental group be more keen and careful finding clues from the given situation as well as their
knowledge and previous experiences, which is why the experimental group took more time on

average than the control group.
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CHAPTER 8

CONCLUSIONS

8.1 Conclusion

This thesis proposed an e-learning system to foster inferential skills for safe
driving. The features developed were (1) story boards in the form of four panel cartoons were
adopted as the representations of learning contents, judging from the balance of effect and cost; (2)
the dual questionnaire survey method was proposed to prepare realistic answer choices based on
the free creation of answer choices at learners’ level, ranked and checked at an experienced level;
and (3) a Web-based implementation is adopted to enable the system more easily accessible at a
lower development cost. These three features are expected to contribute to the first research
objective, “develop a prototypical e-learning system to foster the inferential skill”. The
experimental result and questionnaire survey result discussed in Chapter 7, as well as validity
evaluation discussed in 4.4 and 5.3, concludes that these features indeed contributed.

The other research objective of this thesis is “establish evaluation methods for the
inferential skill with the use of the prototypical e-learning system”. First, during the development
of the system, as mentioned above, the system, the contents, and the answer choices were all tested
for validity and appropriateness before the release of the system. Second, the effect was evaluated
by a comparative experiment in which the outcome scores and the time spent reaching an answer
were considered. Thus, this thesis proposed a systematic evaluation method adapted both in
development and implementation phases in the sense of the ADDIE Model, which seems contribute

to the result of the first objective.
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8.2 Future Work

As my e-learning system is a prototypical one, the preparation of more contents
in order to cover more about various traffic conditions and driving manners is the first priority.
Second, I did not consider it an important predetermined factor whether the learner has a driver’s
license or not because a preliminary investigation did not find noticeable differences between the
group with a driver’s license and the group without it. Realistically speaking, however, there are
some people who drive without a driver’s license particularly in the case of a motorbike. In other
words, the current Thailand situation makes it difficult to assume that people with a driver’s license
are supposed to have a better knowledge and experience than people without it. Though it is a
sensitive issue, more investigations should be done on the effects of their past driving experiences
and their driver’s license holding.

In terms of the system construction, the usability survey that I conducted tells that
most of the learners had a positive impression on my system, but there were also several suggestions
for improvements, including more clarifications in contents presentation, the potential use of
animations instead of four panel cartoons, a more responsive design, and other functions to be
implemented.

From a more academic perspective, the dual questionnaire survey method to
prepare a better variety of answer choices describe in chapter 5 did not contain the professional
review of the result of the first survey, and thus if an appropriate answer is accidentally missing in
it, the second survey whose answer choices are selected from the first survey does not include it.
In this thesis, such an error did not happen because the contents are rather basic and general.
However, such errors are likely to happen when more contents are prepared. In this respect, the
professional review of the result of the first survey will be needed, although my proposal itself is

still useful.
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APPENDIX A: Prepared Four Panel Cartoons
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Result of Pretest menu in experimental group

Learner Learner _
Level Min. Max. X SD. Time(s).
(n=30) (%)
Excellent (17 -20) 19 63.33
Good (13-16) 11 36.67
16.8
Moderate (9 - 12) 0 0.00 13 19 1.66 52.4
(Good)
Low (5-98) 0 0.00
Lowest (1-4) 0 0.00
Result of Posttest menu in experimental group
Learner Learner _
Level Min. Max. X SD. Time(s).
(n=30) (%)
Excellent (17 - 20) 22 73.77
Good (13-16) 8 26.67
17.27
Moderate (9 - 12) 0 0.00 15 19 1.26 35.3
(Excellent)
Low (5-9) 0 0.00
Lowest (1-4) 0 0.00
Result of Pretest menu in control group
Learner Learner _
Level Min. Max. X SD. Time(s).
(n=30) (%)
Excellent (17 -20) 12 40
Good (13-16) 16 53.33
15.67
Moderate (9 - 12) 2 6.67 12 19 2.14 51
(Good)
Low (5-8) 0 0.00
Lowest (1-4) 0 0.00
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