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ABSTRACT

Nowadays, mobile phones technologies are being utilized in the education field as a
new electronic learning (e-learning) in transferring the knowledge to the learners. The
combination of mobile phones technologies’ elements has influenced the way students
learn, increase their performance and change the study environment. Mobile learning
(m-learning) can overcome the limitation of the locations and times taken place for
learners’ learning activities. This study aims to fulfil three main objectives; to design
a suitable model that can be used to develop mobile learning course content
application as a revision tool; to develop mobile learning course content application as
a revision tool for System Analysis and Design (SAD) course called Mobile System
Analysis and Design (MOSAD); to evaluate the effectiveness and usability of the
developed application. The development of MOSAD application has taken several
aspects into considerations such as learning theories, elements of mobile technologies
and mobile learning development principles. This will ease the learners in using the
developed application and giving the learners understanding of the topic discussed in
the application. The developed application adopted ADDIE methodology into the
MOSAD Life Cycle, as the Instructional Design Method. The MOSAD application
has been developed using Java JCreator LE, Sun Java Wireless Toolkit version 2.5.2
and Microsoft Paint. The application contains several sections which include
Objectives, Introduction, Course Contents, Summary, Quiz, References and Help. The
MOSAD application is developed as a tool for second year Business and Information
System (BIS) students of Universiti Teknologi PETRONAS (UTP) to do the revision
as a preparation for any assessments such as tests and examinations. Quasi
Experimental Design was conducted to 116 second year UTP BIS SAD course
students. Various instruments such as heuristic evaluation, post test, questionnaires
and observation have been designed to measure the effectiveness and usability of the
developed application. The effectiveness and usability of the application were

evaluated based on qualitative and quantitative analysis wusing SPSS
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software. Overall, the results show that MOSAD application is effective as a revision

tool for SAD students and it fulfilled the usability needs.
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ABSTRAK

Pada masa ini, teknologi telefon bimbit telah digunakan dalam bidang pendidikan
sebagai medium baru bagi pembelajaran elektronik (e-learning) untuk menyebarkan
pengetahuan kepada pelajar. Kombinasi unsur teknologi telefon bimbit telah
mempengaruhi kaedah pembelajaran pelajar, meningkatkan prestasi mereka dan
menukar persekitaran pembelajaran. Pembelajaran mobile (m-learning) dapat
mengatasi keterbatasan tempat dan masa yang digunakan pelajar untuk kegiatan
pembelajaran. Penyelidikan ini bertujuan untuk memenuhi tiga objektif utama; untuk
merekabentuk model yang sesuai yang boleh digunakan untuk membangunkan
kandungan pelajaran bagi aplikasi m-learning; untuk membangunkan kandungan
pelajaran bagi aplikasi m-learning sebagai alat ulangkaji matapelajaran System
Analysis and Design (SAD) yang dinamakan sebagai Mobile System Analysis and
Design (MOSAD); untuk menilai keberkesanan dan kebolehgunaan aplikasi yang
telah dibangunkan. Pembangunan aplikasi MOSAD mempertimbangkan beberapa
aspek termasuk teori pembelajaran, unsur-unsur teknologi telefon bimbit dan prinsip-
prinsip pembangunan teknologi pembelajaran mobile. Hal ini akan memudahkan
pelajar dalam menggunakan aplikasi yang dibangunkan dan memberikan pemahaman
kepada pelajar tentang topik yang dibincangkan di dalam aplikasi. Aplikasi yangg
dibina telah mengadaptasikan metodologi ADDIE ke dalam Kitaran Hidup MOSAD
yang mana ianya berperanan sebagai model Instructional Design. Aplikasi MOSAD
telah dibangunkan menggunakan Java JCreator LE, Sun Java Wireless Toolkit versi
2.5.2 dan Microsoft Paint. Aplikasi ini mengandungi beberapa bahagian yang meliputi
Objektif, Pengenalan, Kandungan Topik, Rumusan, Kuiz, Rujukan dan Bantuan.
Aplikasi MOSAD dibangunkan sebagai alat yang boleh digunakan oleh para pelajar
tahun kedua jurusan Perniagaan dan Sistem Maklumat (BIS) di Universiti Teknologi
PETRONAS (UTP) untuk melakukan ulangkaji sebagai persiapan bagi menghadapi
penilaian-penilaian seperti peperiksaan. Eksperimen Quasi dilakukan melibatkan 116
pelajar tahun kedua yang mempelajari SAD dalam bidang BIS di UTP. Pelbagai

instrumen seperti penilaian heuristik, pasca ujian, soal selidik dan pemerhatian telah
vii



digunakan untuk menilai keberkesanan dan kebolehgunaan aplikasi yang
dibangunkan. Keberkesanan dan kebolehgunaan aplikasi dinilai berdasarkan analisis
kualitatif dan kuantitatif menggunakan aplikasi SPSS. Secara keseluruhannya, analisis
menunjukkan aplikasi MOSAD berkesan sebagai alat mengulangkaji untuk pelajar

dan memenuhi kehendak kebolehgunaan.
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CHAPTER I
INTRODUCTION

1.1 Background of Study

The field of education has been significantly impacted by the revolution of
Information and Communication Technology (ICT). The conduct of distance learning
in particular, has been transformed by the technology from independent study with
once in a while face-to-face contact of learners with their educators to convenient
anytime online learning or better known as electronic or e-learning. The concept of
distance education which has been adopted around the world began to shift to the
electronic learning in the 1980’s which also marked as the beginning of a personal
computer usage era. With the rapid development of technology such as the World
Wide Web (WWW) and the Internet around the 1990's, online learning is becoming
even more attractive due to the ample amount of learning resources available online

(Demiray, 2011).

Recently, the development of communication technologies in the form of
mobile technology and wireless technology has further provided the opportunity to
introduce a new mode of learning into the education system. As a result, mobile
learning method has been introduced to the society. Mobile learning is a step forward
in the development of electronic learning. With the production of mobile
communication devices, educational experts try to take the initiative to utilize the
tools for the teaching and learning processes. Some mobile learning researchers such
as (Siraj, 2004) said that mobile devices allow the students to share the information,
coordinate their tasks efficiently and to function more effectively in the situations that
require cooperation among them. Based on the above statement it can be said that
mobile learning is not meant to replace e-learning but rather it can be used to
complement the process of learning especially in situations where collaboration is

highly needed.



Besides developing mobile learning applications for the acquirement of
knowledge, mobile learning application can also be used as an effective revision tool
for the students. According to ("Encarta® World English Dictionary," 2009), revision
is a study that involves looking at over notes and other course materials in preparation
for a test, assessment or examination. Currently, the conventional revision style is
pretty much still dependant on books and notes. Students need to read the thick books
and flip through their lecture notes in order to get prepared for an assessment.
However, this method consumes more time for students who are given only a short
period of time for revision. For examples, most universities provide only one week for
study week before sitting for the final examination. Of course, during the one week
period, the students will need to revise multiple subjects with multiple books and
notes. For the smart students, they will come out with short notes based on the studied
topics as the revision method. This approach reduces the time used for the students to
do the revision as the purpose of the revision which is to refresh the student’s memory
on the studied topics. However, this approach does have its fallback. Like any other
paper-based methods, there is a tendency for the students to lose the revision materials
due to the unorganized way of keeping the materials themselves. Hence, the
introduced electronic learning can overcome this problem in which the learning
materials are kept in the system’s database. However, there is still a limitation to
electronic learning. Students need to find a location which is equipped with the
Internet access in order to get the revision materials. Due to this limitation, mobile
learning application which supports “at anytime and anyplace” mode of learning will
be a better solution. Students only need to bring their mobile phones in order to
perform the revision activities. Due to the mobility of a mobile learning application, it
gives bigger freedom for the students to do the revision at any location and at

anytime.

As mentioned before, revision is used to refresh the student’s memory on the
studied topics. For descriptive type of courses which deal with many concepts that
need to be understood by the students throughout the topics learned (Hashim, Ahmad,
& Ahmad, 2010b), students need to read the whole content of a concept before they
can grasp and understand its major ideas. This issue becomes a big challenge to the
mobile learning developers. This is due to the physical limitations of the targeted

2



devices themselves such as small screen size and limited storage space which make it
hard to almost impossible to insert all information into the mobile learning
applications. Thus, this research is aimed to propose a method for developing an
effective mobile application content for revision of descriptive type courses. For the
purpose of proving that the method works, a mobile application was developed for the
System Analysis and Design (SAD) course. The course is one of the descriptive
courses which are currently taught to second year Business and Information System
(BIS) students in Universiti Teknologi PETRONAS (UTP). This course requires the
students to understand the concepts that are related to the analysis of a system and the
various system designs available. To further narrow down the focus of the work, the
topic of Project Initiation which is taught during the early semester was chosen to be
the content of the application. The choice was made due to the topic being a
fundamental topic for the course. It involves many basic concepts that act as platforms

for other topics throughout the semester.

1.2 Problem Statement

As the focus of this research is to look into the revision component of mobile learning
application, few existing loopholes or problems have been identified to support the
worthiness of the research. The identified problems can be divided into two issues
which are the lack of research in terms of investigating the effectiveness of revision
using mobile learning applications and the lack of learning theories and mobile
usability guideline incorporation during the development of mobile learning

applications. Details of the two problems are elaborated below.

1.2.1 Study on Effectiveness of Revision in Mobile Learning Applications

Effectiveness has been one of the metrics besides efficiency and usability
which is often used by researchers and application developers to evaluate an
application software (Seffah, Donyaee, Kline, & Padda, 2006) . Thus,
effectiveness is often measured by giving application users some tasks to be
completed by using the application evaluated. In other words, performance of

users is an indicator of the effectiveness of an application. Similarly, for
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learning applications, many published works can be found to have measured
the effectiveness of certain applications (Ahmad, 2004; Baharom, 2000;
Masri, 2009). All of them developed the learning applications for Mathematics
and Literature courses. After completing the research, they found out that
developed multimedia learning applications were more effective learning
approach as compared to the conventional approaches. However, there is very
limited evidence that a study on effectiveness had been conducted specifically
on a component of the application which is the revision component. For
learning applications which are developed for desktops or any other big
display devices, putting all course contents for students to read will not be a
problem. Hence, the function of the revision component will not be of glaring
importance. However, for mobile devices, in particular the mobile phones,
due to their limited screen size, the contents to be disseminated must be
properly chosen and presented. Thus, this somewhat mimics what students are
doing when they do revision (Evans, 2008; Hashim, Ahmad, & Ahmad, 2011).
Readers might argue, if the above is the case, then why mobile learning
application is needed in the first place. This can be answered by stating the
advantages of mobile learning. Among others, it overcomes the barriers of
time and place for learning (Siraj, 2004; Stansbury, 2009). To further support
the above, a preliminary study (Hashim et al., 2010b) has been conducted
early in this research to 82 students of Universiti Teknologi PETRONAS’s
(UTP) System Analysis and Design (SAD) course on students’ perceptions
about mobile learning utilization in higher education especially in UTP (see
Appendix A). One of the objectives of this study is to get the students’
opinions on mobile learning utilization as compared to the current learning
practices in six pre-determined aspects which are freedom in learning
activities, effective way of learning, time to get learning materials, revision for
examination preparation, remove formality and study group practices
encouragement. The results of the survey showed that mobile learning was
highly perceived by the students to be an advantage to them as compared to
the current learning practices. The average response for each question for
mobile learning utilization is rated 4.2175 as compared to the response to the

same questions for current learning practices, 3.3544. The detailed result is
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presented in Appendix B. The result implies that the students believed mobile
learning utilization can overcome the current learning practices limitations in
the stated six pre-determined aspects especially for revision purposes.
Therefore, a proper study is worthy to be conducted to really look into the

right way of developing a mobile learning application for revision purposes.

1.2.2. Incorporation of Learning Theories and Mobile Usability
Guidelines in Mobile Application Development

In line with the issue discussed in 1.2.1, development of mobile learning
application for revision purposes will need to embed relevant learning theories
as well as follow certain mobile usability guidelines so that an effective and
usable application can be produced. Currently, as reviewed from existing
published works, significant weakness which can be found in most developed
mobile application is long text content with scrolling navigation. Some mobile
learning applications provide long texts for the learners to read and they need
to scroll either up, down, left or right in accessing the whole contents of the
application (Hashim, Ahmad, & Ahmad, 2010a; Seong, 2006). The literature
studies (Donnelly & Walsh, 2009) that have been conducted found that the
long texts with scrolling way of navigation will make the learners very hard to
read and searching the key points of the contents due to small screen size of
mobile phones. Smaller screens will slow down the reading speed (Uther,
2002) by disrupting the eye movements’ normal pattern (Kaikkonen & Laarni,

2002).

Furthermore, existing mobile learning applications are also found to be
a bit complex for learners to use. Learners especially those who are not too
familiar with the technology used in the application found it difficult to use
such application (Grasso & Roselli, 2005; Seong, 2006). Complex mobile
learning application here refers to the hard time taken by the learners to
understand how to operate the application in doing their studies. It includes the
complexity in terms of navigation, content and structure of application,
content management and others (Donnelly & Walsh, 2009). The development
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of complex mobile learning application can be avoided by taking the user
factors into considerations (Seong, 2006). The developers should know the
users’ level of mobile application familiarity. Besides, different education
level of studies also will have different experiences in using mobile
application technologies (Sajjad, 2010). In making mobile learning application
as an effective learning and revision tool, the developers need to ensure that
the learners spend more time in understanding the learning content of the
application rather than taking much time in assessing how the application
works due to the developed complex mobile learning application (Goth,

Frohberg, & Schwabe, 2006).

In developing mobile learning application as a revision tool, the
developed application needs to help the students in doing revision in a simpler
way as compared to the conventional revision method. Thus, the long text
learning content with scrolling navigation and other complexities will need to
be avoided. The stated problem can be overcome by taking the adoption of
learning theories and mobile application usability practices into account

(Seong, 2006).

1.3 Objective of Study

Based on the indentified problems that have been discussed in section 1.2, this
research aims to study on mobile learning course content to assist the students in
doing revision as preparation for the assessments such as examinations and tests.

There are three specific objectives to be achieved at the completion of the study:

1. To propose a conceptual framework for development of mobile learning

course content as a revision tool.

2. To develop mobile learning course content application as a revision tool by
incorporating two elements which are learning theories and mobile application

development guidelines.



3. To evaluate the mobile learning application as a revision tool in terms of

effectiveness and usability.

1.4 Research Question

Due to the limited timeframe of the research, not all of the topics in SAD will be
implemented in MOSAD. Rather, only one topic, the Project Initiation was chosen as
the case study. The Project Initiation topic is one of the topics included in the syllabus
of the SAD course taken by BIS students at UTP. As mentioned earlier in the
Introduction, the reason for choosing this topic is due to its being the foundation of all
the other topics of the course. Hence, understanding of the topic will be crucial for the
students to proceed smoothly in the course. The application that will be developed is
called Mobile System Analysis and Design (MOSAD). There are several research
questions that have been created in order to realize the research objectives. The
questions can be categorized according to three main questions, each with its own sub

research questions as follows:

i. How can a framework for mobile learning course content development be

designed as an effective revision tool?

In order to design a suitable framework for mobile learning course content as
a revision tool, two elements need to be studied and will be integrated in
designing the model. The elements that will be investigated include learning

theories and mobile learning development principles.

ii.  How can the usability of the mobile learning course content as a revision tool

be evaluated?

The wusability will be measured in terms of consistency, flexibility,
learnability, minimal action and minimal memory load of the application. The

sub research questions are stated as follows:
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e Do the usability elements in MOSAD application help students in

doing the revision through mobile phones?

e Do the students agree with the usability elements in MOSAD

application?

iii.  How can the effectiveness of the mobile learning course content as a revision

tool be evaluated?

The effectiveness of mobile learning course content application will also be
measured. The evaluation of the effectiveness of MOSAD application

requires the answer to two sub research questions as follows:

e Does the MOSAD application increase the understanding of the
Project Initiation topic among the second year BIS students of UTP as

compared to the conventional revision methods?

e [s the MOSAD application is an effective tool for students to do

revision?

1.5 Hypothesis

In measuring the effectiveness of MOSAD application as a revision tool, a post test
will be conducted to two groups of participants namely control (X;) and experimental
(X3) group. The X; will use the conventional revision methods while X, will use the
MOSAD application to do the revision. The setup of the post test will be further
explained in section 3.4.1 and 3.4.4.2. Finally, the result of this test will determine

either to accept or reject the constructed null hypothesis below:

Null hypothesis, (Ho): There is no significant difference between the post test mean
score of control (X;) and experimental (X;) group.



1.6 Scope of Study

The scope of this study is outlined as follows:

The scope of study is focused on the Project Initiation topic of System

Analysis and Design (SAD) course.

The development of MOSAD application will focus on the revision aspect of
course content. Content, structure and navigation mechanisms will be the

elements to be investigated.

For the effective mobile learning application development, the mobile learning
development principles and learning theories have been adopted into the
application. The adopted mobile learning development principles include
content, natural usage, navigation, consistency and flexibility. Meanwhile, the
learning theories that have been adopted in the MOSAD development are drill
and feedback concept of behaviourism learning theory, short-term and long-
term concept of cognitivism learning theory, learner-centered approach of
humanism learning theory and, chunking and short-term memory capacity

concept of information processing learning theory.

This study is also concentrate to three types of tests which include heuristic

evaluation, usability test and effectiveness test.

1.7 Research Framework

Before the research work starts, a research framework as shown in Figure 1.1 was

outlined to guide the nature and scope of work the research will be focusing upon.

Basically, three major outputs are expected to be produced by the research which is

the conceptual framework for MOSAD, the prototype of MOSAD and the evaluation

results of MOSAD. In order to achieve the targeted outputs, the development of

MOSAD will take into considerations the instructional design, mobile technology,

device technology as well as user and content requirements. And while doing all the

above, each component must be aligned to the mobile environment.
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Approach

Instructional Design
(ID)

Learning Theories

Technology

Mobile Technology

Mobile
Environment

MOSAD Prototype

Mobile Guidelines

MOSAD Conceptual
Framework

Device Technology

Requirements

User Requirements

Content Requirements

A 4

MOSAD Evaluation

1.8 Organization of Thesis

Figure 1.1: Research Framework

This thesis is divided into five chapters. Chapter 1 discusses the background of the

study, the context in which the research problems is studied, objectives and the

research questions. Chapter 2 presents a review of the literature related to the topic

under study. It examines various literatures on the definition of mobile learning,

learning theories and mobile learning development principles that can be adapted. It

also presents some of the previous work done by the developers on mobile learning

application and its application usage. Chapter 3 presents the research design and
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methods used in the study. In Chapter 4, development of the prototype, results and
analysis of the tests conducted derived from the conceptual framework are reported.
Chapter 5 concludes this study by summarizing the results of the research question
identified in Chapter 1, emphasizing the contributions of the study and recommends

some areas for future works.
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CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

This chapter presents the literature review on fundamental study of mobile learning
(m-learning) utilization in the education sector. Some of the basic concepts that have
been implemented in the reviewed research works are discussed in detail in this
chapter which include definition and evolution of learning and learning styles, m-
learning, in particular its definition and description, advantages and some samples of
learning components supported, examples of existing m-learning applications, current
issues in m-learning application practices and development, learning theories that can
be adopted in m-learning course content application and m-learning course content

application development principles.

2.2 Learning and Learning Approaches Evolution

Wirth & Perkins (2008) mentioned that learning is a constructive and unreceptive
process of acquiring the knowledge and information. This learning definition holds
that understanding comes through experiences and the surroundings interaction, and
that the learner utilizes a previous knowledge foundation build a new understanding.
Consequently, the learner has primary responsibility for constructing knowledge and

understanding.

There have been many learning approaches being introduced by the academic
practitioners and the technologists; and, the evolution of these learning approaches
often time was impacted by the advancement in technology (Naidu, 2006). Figure 2.1
shows the changes of learning approaches from the very basic approach to the most

advance and current, approaches of learning.



Conventional
Learning

> Multimedia
Courseware

Learning

Electronic Learning

—

Mobile
Learning

Figure 2.1: Changes in Learning Approaches

As mentioned by Al-Jabr (2006), conventional learning approach performs
learning activities within the limitations of classroom and lecture hall. Classes were
pre-scheduled, and the students need to attend them accordingly. Besides that, the
learning approach effectiveness is usually measured by conducting written
examinations for the students at specified dates and times. Other than that, oral
examinations might sometimes be given to the students in order to assess their
performance. Moreover, in this learning approach, instructor or teacher and the book
are the main sources of information and hence, this learning approach is also known
as teacher-centered and book-centered approach of learning. Students heavily rely on
teachers and books, or otherwise, they cannot perform their studies. Thus, the limited

sources for learning become the major weakness of this type of learning approach.

Due to the weakness of the conventional learning approach mentioned
previously, the role of teachers was redefined. Teachers are no longer seen as only the
source in learning, but their tasks are more of an instructor, manager and motivator in
the teaching and learning process. Hence, with the new role, other sources for
supporting learning were investigated. This has brought the implementation of
computer and multimedia technology into education. As mentioned by Masri (2009),

many academic practitioners and educators nowadays decided to utilize the computer
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and multimedia technology as learning tools in order to increase the students’
performance in the process of learning. Thus, multimedia courseware is one of these
tools. Multimedia courseware is educational software that involves the combination of
graphics, images, audio, texts and video. By implementing the interactivity concepts,
learning activities using multimedia courseware become more interesting and able to
achieve the expected education goal (Cereijo, 2010). The main advantage of
multimedia courseware learning approach is it can overcome the students’ sole
dependencies on their teachers. Students can learn independently in an interactive
surrounding and in a meaningful way. Moreover, in some cases, as stated by Andrade
et al. (2008), multimedia courseware can help students in understanding information
better than the conventional classroom learning. However, this learning approach also
has some weaknesses such as it lacks interactions among the students as well as

between a student and the teacher.

From the two learning approaches above, learning approach has further
evolved into the electronic learning (e-learning). A simple way to define e-learning
would be the use of networked information and communication technology in
learning activities. The other terms that are often used to describe this kind of learning
are online learning, virtual learning, distributed learning, network and web-based
learning (Naidu, 2006). The fast growth in the Internet and the World Wide Web
(WWW) technology influenced the utilization of e-learning in the current learning
practices (Tutunea, Rus, & Toader, 2009). The main advantage of e-learning approach
is it provides the flexibility in getting the learning materials and sources, and saves the
costs of getting the sources as long as the Internet connection is available (Foppoli,
2010). However, like any other learning approaches, e-learning also has it
weaknesses. One of it is its dependency on the Internet connection. Unavailability of

the Internet network connection will disturb the learners’ learning activities.

The above has brought along another new learning tool which is the m-
learning. M-learning is one of the latest learning tools from e-learning approach that
have been introduced to the education field nowadays. M-learning is a learning
method in which a learner is given an opportunity to do learning activities using
mobile devices such as cellular and smart phones (Geddes, 2004). The basic benefit of
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m-learning is the freedom, power and choice. By using m-learning, learner can decide
when, where and how the studies can be performed. On top of that, learning no longer
needs to rely upon a fixed network connection to the Internet. The mobile
technological advancement such as Wireless Application Protocol (WAP), Wireless
Fidelity (WiFi) and General Packet Radio Service (GPRS) influenced the m-learning
utilization in educational sector nowadays (Upadhyay, 2006). Due to the benefits of
the learning approach, this research will focus on this learning approach in supporting
learning activities. Hence, further discussions on concepts and issues related to the m-

learning will be discussed in details in the next sections.

As a conclusion to this section, even though the learning approaches depicted
in Figure 2.1 are shown to have changed from one stage to another, it does not mean
the previous stages have been completely obsolete. Rather, the loops drawn at every
stage means the technological-based learning approaches (multimedia courseware
learning, e-learning and m-learning) are still being improved respectively until today

in line with the emergence of new and more advance technologies.

2.3 M-Learning

As the definition given by Geddes (2004), m-learning is a learning approach whereby
learners are given freedom to do the learning activities using the applications provided
by mobile devices such as cellular and smartphones. Traxler (2009) and Quinn (2000)
gave similar definition of m-learning as ‘mobile e-learning’ instead of ‘m-learning’
which means for access to the learning materials located at a remote site, mobile
devices such as PDAs, palmtops, handhelds or smartphones or mobile phones will
need to be used. The other m-learning definition is any kind of learning activities that
occur when the students can do the learning activities at any locations, or learning that
occurs when the students take the mobile technologies as the opportunities of another

learning medium (O’Malley et al., 2003).

Walsh (2009) discussed five characteristics of m-learning applications. The
characteristics include ubiquitous, bite sized, on demand, typically blended and can be
collaborative. The term ubiquitous means m-learning content can be accessed at any
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location due to the increasing coverage by mobile networks providers. Besides, m-
learning also needs to be short application so that there will be no interruption in
getting the application and in accessing the content of the application. Basically, m-
learning applications are always on demand or pull-based. Usually, mobile devices
provide access based on demand from the learners. When a specific m-learning
application is needed by a learner, the application server will deliver it to the user.
Other than that, the developed m-learning application needs to always blend with the
existing common approach. For example, tutoring support, preparing quizzes,
provides lecture materials and others must be supported like in other learning
approaches. The last characteristic is that the developed m-learning application should
always utilize the communication function provided by mobile devices. This
characteristic allows users to communicate and discuss about learning either among

the students or the teachers.

The main factor that influences the implementation of m-learning approach in
the education sector is the rapid growth of mobile devices usage and its technologies
in the world. United Nations (UN) (2009) reported that 60% of the world’s population
used mobile phones at the subscription rate of 4.1 billion per year, which showed an
increase of 1 billion in number of mobile phones users since 2002. In term of
technology, in 2008, 95% of new mobile phones had been found to have web
browsers features (Zambonini, 2009). The other factor that has influenced the m-
learning implementation is the current learning environment (Nasiri & Deng, 2009).
Nowadays learning environment is changing from teacher-centered and book-centered
learning to student-centered and active learning. In supporting this new trend of
learning, developers have come out with the idea to develop m-learning instead of

only relying on the e-learning.

2.3.1 Advantages of M-Learning

As stated earlier, the availability of mobile devices nowadays really encourages the
implementation of m-learning applications. Besides that, the advantages of the
learning approach also play a role in its acceptance in the education world. In a study,
Siraj (2004) found out that m-learning implementation can reduce illiteracy in
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developing countries. For countries that have huge number of citizens and poor,
development of education requires high costs especially in infrastructure
development, learning facilities and salary payment for educators. She argued that
since mobile devices to be used in learning are much cheaper, this learning approach

1s more suitable to be applied in order to help reduce the illiteracy.

Moreover, another advantage of m-learning is its ability in supporting life time
learning. Since m-learning applications can be used at anytime and anywhere, the
users of m-learning applications can always use the applications to do whatever
learning activity that needs to be done at their convenience. For example, tourists can
use m-learning application like dictionary to search the meaning of certain words
during traveling at foreign countries. Other than that, users can also use m-learning
application to search for any information that they might come across while
conducting their daily chores (Siraj, 2004; Stansbury, 2009). This also means there is
no restrictions in terms of the place and time where and when learners need to do the
learning activities (Siraj, 2004). This facility allows learners to have learning
activities during free time such as while waiting for the bus or traveling or in many
other different situations. Furthermore, by having no time and space restrictions
problems such as lecturers need to come to class and deliver the course contents,
specific period to deliver the course contents and limited contents presentation to
limited number of students can be solved (Siraj, 2004). Knowledge acquirement and

retention can also be improved using m-learning as stated by Jacob and Issac (2007).

Other advantage of m-learning is it can remove some of the formality from the
learning experience. By implementing m-learning, learners can reduce the
dependencies to the formal class period and dependencies to the lecturers. By
reducing these dependencies, students can be given more freedom in choosing the
way of studies. By giving freedom to students, self-esteem and confidence of the

students can be increased (Attewell, 2004).

Besides that, m-learning also supports collaborative learning. Collaborative
learning is an educational approach to teaching and learning that involves groups of
learners working together to solve a problem, complete a task, or create a product.
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Collaborative learning is based on the idea that learning is a naturally social act in
which the participants communicate among themselves. It is through the
communications that learning occurs (Srinivas, 2009). Quality Improvement Agency
(2009) explained that collaborative learning allows learners to do the learning
activities in group whereby it provides to the learners with the communication
channels so that learners can discuss and share certain information during the learning

activities.

Jacob and Issac (2007) stated four aspects of m-learning advantages. The
aspects include easy access, options for self-study, evaluation and feedback, and
access of online repository. Usually, the information is always on-demand basis. By
updating the information via m-learning application, learner can always get easy
access in getting updated knowledge. Besides, by implementing m-learning, students
can take the opportunity to learn at their own time and pace as compared to personal
computer (PC) access. As a result, it will increase the students’ information or
knowledge retention. Furthermore, by using m-learning, it also can provide an
assessment tools to monitor students’ progress or performance and come out with the
reports. These reports will act as a feedback to the teachers and students. Besides that,
m-learning also can be used as online repository of knowledge. Instructor can put the
content of knowledge into the database and by using the application; students can

always access it at anytime.

Naismith et al. (2004) also have similar point of views regarding advantages
of m-learning with previous stated authors. However, Naismith et al. added that m-
learning utilization will enhance the students’ thinking development. By
implementing m-learning, the users will not be rigid only to the developed m-learning
application itself. The users always can do further studies by searching to the other
wide sources. The introduced mobile network technologies of Wireless Fidelity
(WiFi), General Packet Radio Services (GPRS) and Wireless Application Protocol
(WAP) influenced the Internet utilization through mobile phones whereby it can help
the users in accessing whatever information for the learning purposes (Upadhyay,
2006). By having this kind of learning process, students’ thinking ability can be
improved due to many sources of information that can be reached.
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Many benefits and advantages can be grabbed from the introduction of m-
learning technology in today’s education world. Not only learners and teachers that
can use this new learning approach, other people also can maximize the mobile
phones utilization by getting the desired information in supporting the life-long
learning in the society. Advanced and knowledgeable society can be produced as a

result of m-learning utilization.

2.3.2 M-Learning in Education Sector

The education sector has been known to be the sector that benefits most from the
utilization of m-learning. For example, in the higher education environment, m-
learning has been utilized in several fields of study including medical, geosciences,
traditional and culture, and many others. Generally, m-learning utilization has been
practiced as a medium to spread the knowledge regarding these fields. Basically, most
components of learning such as presenting lecture materials, giving quizzes and some
other form of assessments, providing a platform for discussions can be supported by

m-learning.

As an example, in the medical education field, Zolfo et al. (2009) introduced
a mid-term evaluation of innovative approach to the healthcare workers’ training with
utilization of mobile technology as personal learning environment in the field of HIV
and AIDS care in Peru. The training workers are given updated information on the
issues of HIV and AIDS through mobile phones. It is to aid them in managing patients
who get the HIV and AIDS diseases. During mid-term evaluation, the workers will be
given the quizzes in order to assess the workers’ understanding on the HIV and AIDS
information given during training. By having this kind of continuous learning in
medical education field, the students, workers and trainees will always updated with

the latest medical information and knowledge.

In the geosciences field, an m-learning application called TuGeoWiki has been
developed recently (Safran, Ebner, Garcia-Barrios, & Kappe, 2009). The application
presents geotagged information on mobile devices. Using the application, students can
get the coordinates of current location and existing places in TuGeoWiki. The
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background information regarding the location will be compiled by the teacher.
During the study of the subject, students can use the information compiled to better
understand the relations of a location to the concepts or other locations. TuGeoWiki
works as a tool in helping the teachers getting the information that can be used during

students’ learning sessions (Safran et al., 2009).

In the traditional and culture field, an example of m-learning applications that
has been developed would be M-Tik (Ariffin & Muthan, 2010). M-Tik has been a
medium of transferring information on the design of Batik in Malaysia. Basically,
most of the learning Batik materials are only available in certain locations such as art
gallery, library and chosen stores. The limited resource on this matter hinders the
learning of Batik and also caused this field to be less appreciated by many. By having
M-Tik, the Batik students and learners can learn the Batik development without going
to specific places in getting the knowledge of creating Batik. As a result, m-learning
application can retain the traditional and culture education so that it would not be

forgotten because of the rapid modernization of today’s world.

Besides for disseminating knowledge, m-learning applications can also be as
one of the effective revision approaches in preparing the students for examinations. It
prepares a revision space whereby users are given opportunity to get the learning
materials in understanding the course and doing the quizzes in order to assess the
understanding of particular course. It will be a great medium for the students to be
success in the education. Evans (2008) conducted the study on the effectiveness of m-
learning in the form of podcast revision lectures in higher education. Podcasting
involves a series of audio or video files that can be watched or listened over and over
again as a preparation before the examination. In the study, 200 first-level students
were given a revision podcasts after completing a course in Information and
Communications Technology as examination preparation. After using the podcasts,
students were instructed to answer the survey questions. After the research conducted,
students believe that podcasts are more effective learning tools than previous revision
approach which using textbooks and notes. Podcast is one of the new mobile
technologies that give the students an opportunity to do the systematic revision for the
success during the examination.
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Besides that, Bitesize Mobile developer (Bitesize, 2010) introduced a Java m-
learning quiz application for secondary school students. The application prepares with
two modes of usage which are online and offline. For online users, users can access
through certain URL and for offline mode, the application is prepared with Java-
enabled download whereby students can do the quizzes after completing the
installation into the mobile phones. This application also covers three courses which
are English, Mathematics and Science. Students can utilize this kind of m-learning

quiz application as a preparation before sitting for the examinations.

In conclusion, m-learning can enhance the education sector through various
functions. M-learning utilization is not the replacement of previous learning
approaches such as computer-aided learning and e-learning. Rather, it functions as a
complement of previous learning approaches whereby it is a medium that can solve

the weaknesses from the previous learning approaches.

2.4 Examples of M-Learning Implementation

Recent years, many m-learning applications have been developed in order to provide
students with new medium of learning. In this section, six m-learning applications
will be discussed so that it produces the basic ideas of m-learning implementation
usages in today’s learning paradigm. The summary of m-learning applications
examples are presented in Table 2.1. The explanations of the applications are describe

using five parameters; usage, description, mode, the advantages and the weaknesses.
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In conclusion to this section, the m-learning applications presented above are
just a few of the many other existed m-learning applications which main purpose is to
contribute to the education sector with new technology of learning that can help the
learners and instructors in undergoing the daily learning processes and activities using

more effective and easy ways.

2.5 Issues in M-Learning

After literature studies have been conducted, it can be concluded that the idea of m-
learning utilization in today’s education field raised many issues. The issues include
the aspects of technology, usage and the effectiveness of the application. In this
section, the detail explanation will be discussed regarding the issues of availability
and accessibility of the application, technological advancement, focus and

pedagogical effectiveness those been adopted in the m-learning implementation.

2.5.1 Availability and Accessibility

In computer science, availability means the readiness of the developed technologies
used by the target users. Usually, the availability concept is used together with
accessibility concept whereby it means that the developed technologies can be used

by the users through various kind of medium (Sharp, Rogers, & Preece, 2007).

M-learning implementation gives the users the opportunity to learn anytime
anywhere. In accessing the learning materials at anytime and any location, users need
to ensure the mobile coverage or wireless connection at the place is available or
otherwise the learning activities cannot be performed. The limited mobile coverage
areas and wireless connection will affect unavailability of an m-learning application
(Traxler, 2009). Therefore, instead of having the m-learning application online, the
developers need to consider developing an offline m-learning application. Users can
get the learning materials by downloading either through mobile phones or personal
computers (PC) and install it into the users’ mobile phones. Thus, users can access the
materials at any place without worrying the unavailability of mobile coverage and

wireless connection at the current location.



2.5.2 Technological Advancement

Nowadays, the technologies are improving rapidly. In mobile application, the network
and communication technologies are changing from Infrared, General Packet Radio
Service (GPRS), 2G, 3G, 4G, Wireless Fidelity (WiFi), Global Positioning System
(GPS) and Global System for Mobile-Telephones (GSM) (Wagner, 2005). Basically,
technological advancement will give the users with more facilities in getting the
information easily. However, not all mobile users are up-to-date with the latest
technologies. Some of the users cannot afford to have mobile phones with all the
advance facilities. Hence, it will give the users difficulties in getting the learning
information since it only can be accessed using the latest communication technology
of mobile phones. Because of that, it is necessary for the m-learning developers to get
the target users’ background before designing any application. The background might
contain the types of mobile phones used by the users, the equipped communication
technologies and the basic knowledge of mobile phones technologies. This
information is very important so that the developed m-learning application will
become useful to the target users and it can be used as a tool or medium in improving

the learning activities (Bennett, 2010).

2.5.3 Focus

The basic issues when implementing m-learning include navigation, slow connection,
eye strain, data transferring, storage memory, security issues and many more (Traxler,
2009). Fortunately, all the issues according to Traxler (2009) can be solved by using

more advance technology of the mobile phones.

However, Goth et al. (2006) have the views regarding the usage of more
advance mobile devices. Goth et al. came out with a research entitled The Focus
Problem in Mobile Learning. From this research, many m-learning applications
nowadays focus more on application rather than focus on the surrounding
environment. The complexity of application will lead to the scenario whereby users
need to use more times in studying and interacting with the application. As a result,
the users will give less concentration to the surrounding. There were two
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recommendations given by the author in order to decrease the focus on the application
and increase the focus on the surrounding environment. The first recommendation is
to focus more on Human Computer Interaction (HCI) concepts of mobile phones so
that the users of the application can minimize the time used to interact with the
application. The second recommendation is to avoid more advance mobile devices
used for m-learning application. For example, PDAs basically are used with stylus
pen. By using stylus pen, it is actually increases the focus to the application rather
than the surrounding environment. In order to decrease the focus to the application,

the usage of stylus needs to be avoided (Goth et al., 2006).

2.5.4 Pedagogical Effectiveness

There are two basic requirements that need to be considered for the adoption of new
technology in educational systems. One of the requirements is the technology needs to
be pedagogically effective and viewed as an improvement to the current technologies
used (Robson, 2003). Some of the developers not even concern about the pedagogical
adoption in m-learning application development. Without considering pedagogical
perspectives in the development, the users will not be able to use the developed
application effectively since the application is very much different from the existing

developed technologies that adopted various types of pedagogies inside them.

2.6 Learning Theories

Many theories of learning pedagogy have not been implemented to support the
utilization of m-learning. It happens because the developers assume that the learning
theories introduced can only be implemented in the classroom environment. However,
there are many learning theories that can be adopted in m-learning application
development. The article of The Pedagogical Perspectives of Mobile Learning (Nie,
2006) explained five learning activities that can be utilized in m-learning. The
theories are behaviorism learning, constructivism learning, situated learning,
sociocultural learning and informal or life-long learning. There are also other theories
that can be adopted such as cognitivism learning theory, humanism learning theory
and information processing learning theory (Hashim et al., 2010a).
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2.6.1 Behaviorism Learning Theory

In behaviorism learning theory, learning is coordinated via the support of a
connection between a stimulus and a response or also known as drill and feedback.
The implementation of this learning theory in mobile learning can be illustrated as
presenting course contents’ for specific question, obtain responses from the learners
by answering the questions given and providing required feedbacks to the students.
Presenting specific question is called stimulus, whereas obtaining responses from the
learners is called response and providing feedback is called reinforcement (Naismith
et al., 2004) According to Baharom (2000), reinforcement aspect will influence the
learners in repeating the response on learning with the technique that gives
satisfaction to the learners themselves. An example of mobile learning application that

adopts this learning theory is mobile quizzes (Yuen & Wang, 2004).

2.6.2 Cognitivism Learning Theory

Cognitivism learning theory takes the ways human memory operates in term of short-
term and long-term memory into consideration in promoting and supporting the
learning processes. The most important aspect in the cognitive learning theory is to
determine and identify what is the information the learner already knows (Grant &
Gale, 1989). By counting this, the developer can develop the m-learning application
that works as a new revision approach for the learners based on the past learners’

achievement.

2.6.3 Humanism Learning Theory

Today, many academic practitioners consider more on learner factors or so called
learner-centered. The advance educational-based technology nowadays is also
implementing this learning approach rather than the system-centered approach. By
utilizing this concept, the learning activities will be more effective since the learning
materials are prepared to suit the learners’ current ways of study (Hulse, 1992). The

developed m-learning application needs to fulfill the lesson requirement, learners’
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environment and learners’ requirement in order to give satisfaction to the learners in

helping them undergo the learning processes.

2.6.4 Information Processing Learning Theory

Miller (1956) introduced this type of learning theory. There are two concepts
introduced which are chunking and the capacity of short-term memory. Actually, both
theories are related to each other. Generally, human short-term memory is very
limited. In order to cater this situation, the academic practitioners should always give
the lessons by parts. By practicing these concepts, teachers or instructors can reduce
the learners’ cognitive load and overcome the weaknesses of students’ short-time
memory. Not only the lessons itself, the developers are also advised to design
application content in chunks so that it gives to the students full control and

understanding of what is being presented in the contents.

In developing m-learning course content application, all studied learning
theories that have been discussed in this section will be implemented. The theories
include behaviorism, cognitivism, humanism and information processing theory of

learning.

2.7 M-Learning Course Content Development Principles

Besides taking into concerns some of the learning theories presented above when
developing an m-learning application, there are also several principles that need to be
taken into considerations when developing the content itself. This is important so that
the application will be useful to the users. Grasso and Roselli (2005), and Seong
(2006) categorized the principles into two categories which are users and usability.
Both categories are depending to each other in providing the usable and suitable

applications to the users.
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2.7.1 Users

Before the developers start developing the application, the developers need to analyze
users’ background. Users’ backgrounds are including age, level of studies and
familiarity with mobile technologies (Seong, 2006). Many methods can be used in
order to get the users’ information and the most famous one is questionnaire method.
Developers can conduct a survey in order to know target users’ information. The
information will help the developers in developing the application that is suitable for

the target users (Hashim et al., 2010a).

2.7.1.1 Age

Age is one of the users’ backgrounds that need to be taken into consideration by the
m-learning application developers. Users of different group of age usually have
different interests. For example, children love to play games as compared to teenagers
and adults (Olson, 2010). Therefore, the developed application should suit with the
children’s interest. For example, the game-based m-learning application would be
suitable for them. It is different to the teenagers whereby the interest is more to
friendship and relationship. Teenagers love to communicate each other through social
website such as MySpace and Facebook (Boyd, 2008). In order to cater to the
teenagers’ interest, it 1is suitable to equip the m-learning application with
communication and conversation medium so that the teenagers can discuss about the

education through the application.

2.7.1.2 Level of Studies

Same as age, level of studies is also one of the users’ backgrounds that developers
need to know. In Malaysian education sector, there are three levels which include
primary school level, secondary school level and tertiary level. The level of studies
has close relation with age whereby different level of study will implement different
approach of learning. For primary school level, the approach is more to the

introduction to new things and the basic knowledge of it. The syllabus is also very
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objective and straight forward. The upper level which is secondary school level, the
Malaysian Education Ministry put several elements of critical thinking in the syllabus
and the syllabus is also little bit subjective as compared to primary school level. The
highest level which is tertiary level, most of the courses require very critical thinking
rather that just knowing and understanding of the basic concepts (Sajjad, 2010).
Because of that, the developed applications need to be suitable with users’ current
level of studies so that the application helps the students in undergoing the learning

processes and activities.

2.7.1.3 Familiarity with Mobile Technologies

The developed m-learning application should be an easy and simple application that
helps students in understanding the taught course. The complex and advance
applications will make the users suffer (Seong, 2006). Because of that, it is necessary
for the developers to know users’ familiarity with mobile technologies. This
information will give the idea to the developers of what types of technologies that can
be used in developing the application and purposely to help the users learn faster. In
every application development, users play very big role in determining whether the
applications achieve the target or not. The most important thing that needs to be
considered when developing the application is to fulfill the users’ requirements

(Dennis, Wixom, & Tegarden, 2005).

2.7.2 Usability

Usability is an application quality measuring technique that experienced by the users
during interface interaction (Nielsen, 1993). The advantages of usability concepts are
including improve users’ productivity, enhance users’ quality of work, increase user
satisfaction and reduce the costs for support and training program (UsabilityNet,
2006). Hence, some general design principles will need to be followed so that the m-

learning application can be of acceptable usability level.
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2.7.3 Mobile Usability

The mobile devices’ user interfaces are often simple, but every developer comes out
with the different interfaces. Current thinking suggests that elements of user-centered
and usage context in mobile learning will lead to the better usability level of mobile
learning applications. User-centered design means specifying the different usage
contexts and the different users’ requirements which include the instructors and the

learners (Pehkonen & Turunen, 2003).

Another approach to improve the mobile learning usability is to make the user
interface or content adaptable to the learners. Making learning content valuable to the
target users in a given context, as suggested in the MOBIlearn guideline (O’Malley et
al., 2003), is one way of adapting to the user. The understanding of mobile user
interface limitations is vital. The limitations include small screens, limited input
methods and limited battery life. Because of that, the developers need to design the
user interface that meet the user’s requirements without putting much complexity,
slow processing and large amount of power consuming (Parsons, Ryu, & Cranshaw,
2007). All mobile phones’ limitations should be considered in developing the m-
learning application. The mobile usability aspects that need to be focused in designing
m-learning application are including content, natural usage, navigation, consistency

and flexibility.

2.7.3.1 Content

In term of the m-learning content, it is advisable for the developers to organize the
content in chunks or by parts. By managing the contents in chunks, it can minimize
the cognitive load of the users (Donnelly & Walsh, 2009). Usually, smaller screens
will slow down the reading speed by disrupting the eye movements’ normal pattern
(Kaikkonen & Laarni, 2002). By designing the contents into parts, it can minimize the
long texts to be put in one page screen and it will ease the users in reading the
contents of the application. It also advised to find the best mechanisms in providing
the learners the way to go through the content and move to the preferred page
whenever learners click on it (Kaikkonen & Laarni, 2002).
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Besides that, it is also necessary to avoid unneeded or unnecessary information
to be put in the contents (Parsons et al., 2007). Basically, the unnecessary information
will make the novice users confuse in finding the important point of the contents.
Furthermore, it is also will slow down the experts’ learning pace (Uther, 2002).
Hence, it is advised to the developer to implement less is more rules in ensuring the
contents accurate and solid (Grasso & Roselli, 2005; Kaikkonen & Laarni, 2002;
Uther, 2002).

2.7.3.2 Natural Usage

The developed m-learning application must always be user friendly to the users. User-
friendliness can be measured when the users just need few minutes to understand how
the application works (Grasso & Roselli, 2005). In other words, when users are
executing the application, they should be able to understand or become familiar with
the application in only few seconds and they should know what is going to happen if
certain actions are done. For example, users will always know if the “Exit” command
is clicked, the application will either be closed or exit to the main page of the
application. Thus, it is advisable for the developers to use the usual set of commands
in the application so that users or learners will already aware of what is going to
happen when the commands are clicked. The user friendliness is very important for
the users in ensuring the focus is more to the contents learning rather than studying

how the application operated.

2.7.3.3 Navigation

Navigation is a mechanism that is developed in helping the users move from a page or
section to the desired pages or sections. In term of navigation, it is advised to avoid
from using the complex navigation (Donnelly & Walsh, 2009). Complex navigation
will give difficulties to the users in accessing the application. Besides, navigation
must always be consistent at every page of the application (Donnelly & Walsh, 2009;
Uther, 2002). Buchanan et al. (2001) found that consistent navigation will maintain
the learner’s pace and retaining users’ learning interest, and it can also minimize the
number of keystrokes in performing a task.
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Donnelly and Walsh (2009) also gave the advice for navigation aspect
whereby the designed application should avoid the users from scrolling frequently.
Generally, by implementing scrolling mechanism into the mobile application will
slow down the time for users in accessing and reading the content. Users need to
scroll many times in the reading period and sometimes users need to scroll slowly to
find only one key point from the contents. It really will reduce the users’ learning
speed. Therefore, it is advisable to find other mechanism in replacing the scrolling

mechanism.

2.7.3.4 Consistency

Consistency is the most basic characteristic in usability interface design principles
(Nielsen, 1993). In ensuring the consistency of the application, similar information
and action need to be inserted in the similar position. Basically, consistency of the
application will enhance the user friendliness of the application. It happens when the
users already know that every page provides similar sets of actions. Because of that,
the users can access the application from any pages or sections easily. Users need
lesser time in studying the application and the focus can be used more on studying

prepared learning content.

2.7.3.5 Flexibility

Flexible actions can help the users in navigating the application. Some applications
provided several actions that perform the similar tasks. It is to give the users more
than one method or way in accessing the application. Donnelly and Walsh (2009)
defined flexibility as preparing the alternative displays to perform the same function
and that additional displays can work as the shortcut functions. For example, m-
learning application provides the main menu list for the users to choose the section
that need to be studied. After studying that section, users need to exit to main menu
list and choose another section, and then users can continue the study. By inserting the
shortcut menu list in each section, it will help the users in navigating to the desired
section without exiting to the main menu list. Besides, it is also can minimize
keystrokes in performing one task.
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In m-learning course content development, all principles that were identified

above will be adopted in producing a usable application for the users.

2.8 Conclusion

The studies on m-learning and its advantages, examples of developed m-learning
applications, issues in m-learning, learning theories, and development principles of m-
learning course content application have been discussed in detail. All topics in this
chapter will be taken into considerations and some of them will be adopted in the next

study where the methodology and the development of m-learning will begin.

In developing m-learning course content application, four learning theories
that have been discussed in this chapter will be implemented. The theories include
behaviorism, cognitive, humanism and information processing theory of learning. In
term of m-learning development principles, all identified principles will be utilized in
the development process of m-learning course content prototype. In the following
chapter, the implementation of the identified theories and principles in the

development of m-learning course content will be discussed further.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

Due to the research is product-based in nature, this chapter will elaborate on the
methodology followed during the development and evaluation of the revision aspect
of mobile learning course content, MOSAD. This chapter discusses the life cycle
model of MOSAD development, software and tools used, and methodology of
usability study adopted in the study.

3.2 Mobile System Analysis & Design (MOSAD) Life Cycle

The development of Mobile System Analysis & Design (MOSAD) application will be
interpreted according to the MOSAD Life Cycle. Basically, the cycle was adopted
from ADDIE methodology model. The MOSAD Life Cycle consists of Analysis,
Design, Development, Implementation and Evaluation phases. Figure 3.1 illustrates

the interdependency of these phases in MOSAD Life Cycle.



Analysis Design

Problem Identification = Improvements - Learning Theories
- Requirements - Mobile Application
- Content of Application Guidelines - Prototype > - ID model
- Tools Selection - Requirements Design - Flowchart

- Contents

Evaluation

Analyze data from:

- Post Test
- Usability Test

Implementation Development

- Setting for test - Compile the Application Design
- Conduct Heuristic Test (Usability) - Finalized Full Application

- Conduct Post-Test - Application Validation

- Conduct Usability Test

Figure 3.1: General MOSAD Life Cycle

3.2.1 Analysis Phase

Analysis is a very thorough and careful assessment of procedure in order to
understand a particular topic ("Longman Dictionary of Contemporary English: The
Complete Guide to Written and Spoken English," 1995). In this research, the analysis
for MOSAD development has been made in accordance to suitable mobile phones
technologies, students’ background and the requirements of MOSAD application

development. The process flow of the analysis phase is demonstrated in Figure 3.2.

For the input to the analysis phase, a survey was carried out. The survey
questions as shown in Appendix A was conducted among 82 students from System
Analysis and Design (SAD) course which is offered to first year first semester
students at Universiti Teknologi PETRONAS (UTP). Besides collecting basic
information of the students, the mobile devices which are used by them, the students’

opinions on current learning practices and also their opinions regarding the m-
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learning implementation in the current learning practices especially in the SAD course

were identified.

L

/Analysis Phase
—
S SR
Content
Target Group Specification
@ Types of Learning Tools
Weaknesses in Mobile Phones
Current Learning Technologies Application
Used
Style Requirements
JL aly —
Types of
SProbIem |::> Mobile Phones
tatements
Used

Development

Implementation

Q@I@.@a@

Figure 3.2: Analysis Phase in MOSAD Life Cycle

Getting the demographic information of the students as well as the mobile
devices they use was necessary for this phase. Like other learning application, it is
very important to know who are the users of the application in the first place. By
getting the information, the developer can know the level of users’ familiarity with
mobile technologies (Seong, 2006). It is to ensure that the developed MOSAD
application can be a very helpful tool for students to do the revision and not to get the

students into trouble while using the application.

Similarly, information regarding students’ mobile phones also needs to be

taken into considerations when developing MOSAD. The brand of mobile phones
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used by students, the features equipped by the devices and the devices operating
system (OS) are all very important information. These information needs to be
collected in order to develop the mobile learning application that can suit the students’
mobile phones. Advance application will be useless if the students’ mobile phones are

not equipped with necessary tools and equipments.

Besides that, the survey also was conducted in order to get the students’
opinions on current learning practices and the effects of learning if mobile learning is
implemented in the current learning practices. Appendix A shows the survey
questions. Here, current learning practices include the conventional learning
approach, e-learning implementation, Computer-Aided Learning (CAL) and others.
For this case study, students need to rate the given aspects of learning from scale one
(1) to five (5) (1= strongly disagree, 2=disagree, 3=neutral, 4=agree, S5=strongly
agree). The questions include current learning practices and mobile learning

implementation:
e @Give freedom in learning activities.
e Provide more effective way of learning.
e Require less time to get learning materials.
e Helps students in doing revision as a preparation for examination.
e Remove formality of current educational system.

e Encourage study group practices.

After the survey was conducted, the problems regarding current learning practices can
be identified. It is very important in order to develop the application that can

overcome the problems in current learning practices.

Based on the survey, it can be concluded that there are five aspects need to be
analyzed before proceeding with the design and development of MOSAD application.

The aspects include target group of users, weaknesses in current learning practices,
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problem statements, types of mobile phones used and types of mobile phones
technologies equipped. All aspects were analyzed and the outputs are: the content of
the  application, selected learning tools and requirements for MOSAD application.

These outputs were used for the next phase of MOSAD Life Cycle.

3.2.2 Design Phase

The design phase is the second phase in ADDIE methodology. From the evaluation of
the results obtained in the analysis phase of MOSAD Life Cycle, the SAD syllabus
and the content of Project Initiation topic are determined. These are used for structure,
interface and prototype design, which will become the input for the MOSAD design
during the designing phase. Figure 3.3 presents the flowchart of the design phase in
MOSAD Life Cycle.

3.2.2.1 Input to Mobile Learning Course Content Design

There were four designs have been created during the design phase. It includes the

content, structure, interface and prototype designs.

a. Content Design

The syllabus is designed according to the sub topics in the Project Initiation
chapter. It includes System Request, Feasibility Analysis and Project Selection. In
order to give the students better understanding regarding the topic, the application
also includes Introduction and Summary sub topic. In testing the students’
understanding, several quiz questions were prepared in the application. However,
the focus of this project is only the contents of the course rather than quiz. The
content was separated according to the sub topics provided. It is a way for

students to understand the topic by partial.
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o Logical Flow

Logical flow is a method of showing the relation between the content of a sub
topic to another sub topic. For example, students need to explore and learn the
first sub topic before going to the next sub topic. However, for MOSAD
application, students can move to any desired sub topic to learn at one time. It
is aimed to give the students the flexibility in accessing the contents of the

application.
. Content Specification

Contents are created according to the content classifications. Contents were
separated according to the sub topics in Project Initiation topic of System
Analysis and Design course. Hence, the integration between sub topics is

needed in the logical flow sequence.

Structure Design

After content design, the second step in the design phase is the Structure
Design. Structure Design involves logical flow and content specification. The
logical flow and module specification is the same as in the Content Design.
However, module structure is about organizing the content based on the
students’ capabilities, the technologies, the requirements and others. For
instance, the content should be structured so that it can suit the students by
considering the variation of learning approaches among students, and scope of

learning method that is relevant to the students.
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C.

Interface Design

Designs of the mobile graphical user interface (GUI) are different from normal

computer screen size GUIL. However, there are several similar aspects that

have been adopted into the mobile GUI. A good application is the application

that is easy to use, attractive and adaptability (Hobart, 1995). Masson and Reid

(2010) identified eighteen principles of good mobile GUI:

The mobile pages need to have headers or titles. However, if the page
does not have the title or header, the page needs to be designed so that

it is understandable and unambiguous (P1).

Titles need to be in capital letters. This convention visually separates

content from headers (P2).
Screen layout should work either with or without graphics.

In a screen, avoid more than two consecutive blank lines; because the

users will think that it is at the end of that page (P3).

Lists form need to be implemented rather than table form. By using
lists for page layout, it gives the designer a bit more control over text

scrolling and wrapping behavior (P4).

In mobile GUI, the font used is more restricted as compared to desktop
devices. Usually for desktop devices, there over 100 types of fonts as

compared to mobile devices with only two types of fonts.

The color contrast needs to be high for fonts. The font colors and
background must always be contrast. It is to ease the users in reading

the content of the screen (P5).

Different colors need to be used in stressing the different use.
Sometimes, in mobile application content, there are several points or
sentences that need to be highlighted. Therefore, different colors of
font can represent the different degree of accentuation of each sentence

(P6).

44



Avoid unnecessary words. It is to avoid from frequently scrolling and

minimizing the memory usage of mobile application (P7).
Avoid redundancies.

Avoid from breaking long character strings with dashes, commas, or

other traditional separators (P8).
Put the most important content first.

Restrict command labels to 6 characters when the command may be
displayed on a button or soft key. Command labels may be displayed

in a menu, in which case they can be much longer.

Whole words are better than abbreviations, and standard abbreviations

are better than non-standard (P9).

Images need to be in high contrast (P10).
Avoid images with the text inside (P11).
Use only images appropriate for users (P12).

Use 11 items or fewer on a select list.

Out of eighteen principles guided in the mobile GUI principles as suggested by

Masson and Reid (2010), twelve principles that labeled as P1 until P12 have been

adopted into this research study. The adoption the principles are presented in

section 4.3.3.

d. Prototype Design

All eighteen principles guided in the mobile GUI principles have been adapted

into this research study. For prototype design, MOSAD application has been

designed based on the flow design, module selection and navigation mechanisms.

e Flow Design

In the MOSAD prototype, it involves many user interface designs. The

interfaces need to be organized according to the priority of the flow
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design. The flow is very vital in order to help users in navigating from an

interface to the other interface.

e Modules Selection

As discussed in the Content Design and Structure Design, the modules are
selected according to the sub topics of the application. The application is
developed in modules in order to avoid the users from mixing up the

information from the application.

e Navigation Mechanisms

The most important part of usability concept is the navigation. Navigation
mechanisms are used to help the users in accessing the application. It eases
the users in moving from the interface to the other interface. For this
project, there are two types of navigation mechanism used. The
mechanisms are “Next” and “Back” navigation, and number key-pressed

navigation.

3.2.2.2 Output from the Design Phase

The output from the design phase includes the conceptual framework called
Instructional Design Model (IDM) and the application flowchart which produced
from the design of logical flow and flow specification. Figure 3.4 discusses the IDM
of the Mobile Learning Application for System Analysis and Design Course Content
(MOSAD).

The IDM involves six elements that work as the reference for the development
phase. The elements are objective, source, perpetual navigation, learning approach,

pedagogical approach and interactivity.
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Figure 3.4: ID Model

a. Objectives

The main objective of the MOSAD development is for students to be able to
use the application as a new revision tools in understanding the topic taught in

the class. The other objectives include:

e MOSAD can utilize and adapt the elements of pedagogical approaches

and learning theories during the development.

e MOSAD can be the alternative interactive learning way for students,

inline with the technological advancement in nowadays.
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b. Source

As mentioned in the previous phase, mobile application has many restrictions
as compared to the desktop-size applications. Therefore, the source or learning
medium is also limited. In the MOSAD application, there are only two
learning sources which are text and graphics. In most of the contents in pages
of the MOSAD application, texts are used to give the explanation regarding
the topic. However, the texts are also limited due to the mobile phones’ screen
size. Therefore, the content of the application has to be designed so that it is
enough to be a revision tool in giving the understanding to the users. In term
of graphics, it is put as a medium to help the users in understanding the
concepts explained in the application. There is also a limitation in terms of the
inserted graphics. Therefore, the format of graphics that only supported by the
application is in Portable Network Graphics (PNG) format.

c. Perpetual Navigation

Masri (2009) defined perpetual as continuous mode. Navigation mechanism in
MOSAD prototype is designed to be a free continuous navigation. Free
continuous means there is a dynamic navigation whereby users can freely
jump from a section to other desired section and at the same time the
application retains the usage of continuous set of navigation in performing a
task. Masri (2009) also stated that, by using this kind of navigation, it

encourages the learner-centered environment in learning process.

Learner-centered environment is vital to enhance students’
concentration to control the learning activities based on the capabilities and
need. Learner-centered application is better than learner-centered by the
instructors since the developed application is a tool that is not controlled by

the instructors (Baharom, 2000). Therefore, perpetual navigation will play the

48



very big roles in providing the learner-centered application environment to the

uscers.

Learning Approach

The learning approach that has been applied in the MOSAD development is
learning through experience. In the development, MOSAD application will be
used as a revision method outside the class. It means the users have already
learnt the details of the topic during lecture hours. Therefore, users already
have the experience regarding the topic discussed in the application. The
MOSAD application is just used to refresh the experience (learning) during

the lecture hours.

Pedagogical Approach

As discussed on section 2.6, there are four pedagogical or learning theories
implemented in the MOSAD application development. The theories are drill
and feedback concept of behaviorism learning theory, short-term and long-
term concept of cognitivism learning theory, learner-centered approach of
humanism learning theory and, chunk and short-term memory capacity

concept of information processing learning theory.

Interactivity

The interactivity of a normal desktop-size of application involves dragging,
clicking, typing, up and down the mouse and so on (Masri, 2009). It is
different from a mobile size application interactivity whereby it involves only
keypad pressed. Nowadays, there are more advanced technologies introduced
in order to interact with mobile phones such as stylus pen which is used to
interact with PDA. However, based on the section 2.5.3 it is not encouraged to

use the stylus pen since it will require more users’ attention and time in
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interacting with the application. Because of that, the Human Computer
Interaction (HCI) characteristics need to be emphasized in designing the
interface so that the application does not require external devices to interact

with the application.

3.2.3 Development Phase
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Figure 3.5: Development Phase in MOSAD Life Cycle
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The step in the development phase applies the outcome from the design phase. The
Instructional Design Model (IDM) and the system flowchart are used for the planning
stage of the MOSAD prototype development. The IDM and system flowchart that
have been designed was compiled and the system was designed based on that
compiled information. After all parts of the application programmed, it will be
compiled again to become a complete MOSAD prototype. The tools and equipments
used in developing the MOSAD application will be discussed in the section 3.3. Then,
the complete prototype will be validated based on the determined requirements, IDM
and system flowchart. If the prototype does not fulfill all the aspects, the
modifications and correction need to be done. Lastly, the finalized prototype can be
produce and ready for the implementation phase which will be discussed in next

chapter. Figure 3.5 illustrates the development phase of MOSAD Life Cycle.

3.2.4 Implementation Phase

The implementation process is presented in Figure 3.6. The process of this phase
starts with Prototype Implementation Guidelines (PIG). PIG involves two groups of
participants which are lecturers and students. For lecturers, it involves the work of
choosing five lecturers, scheduling slot and venue and, notifying the confirmation to
the chosen lecturers. Then, lecturers will proceed with the pilot testing on the
prototype. The lecturers will be given sometime to go through the application and
then, they are required to give comments, feedbacks or recommendations based on the
identified criteria which are stated in the questionnaire in order to enhance the
MOSAD prototype. The improvement of MOSAD prototype was done before the
testing was performed by the students. Furthermore, for students, the tasks involve
checking the lecture timetable, scheduling the slots and venues, notifying the

confirmation of slot and venues, and selecting the control and experimental groups.
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Figure 3.6: Implementation Phase in MOSAD Life Cycle

After the prototype was evaluated by the lecturers and the improvements were
done for the prototype, 116 System Analysis and Design (SAD) course students will
perform the post testing. The students were divided into two groups which are control
and experimental groups. There are 50 students in control group and 66 students in
experimental group. Table 3.1 shows the composition of each group that has
participated in the experiment. As MOSAD application is used for the revision tool
for students, all 116 students have already learned the Project Initiation topic in the

lecture. The same quiz questions based on the topic were given to all students. The
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control group will answer the questions based on any current revision tools such as
getting the materials from the Internet or reading the book. Meanwhile, the
experimental group will answer the question using MOSAD application as the
revision tool. For the experimental group, a set of questions on the usability was been

given and it will be explained in section 3.4.

Table 3.1: Sample Number for Testing

Type of group Number of Students
Control Group (X)) 50
Experimental Group (X3) 66
Total: 116

3.2.5 Evaluation Phase

At the evaluation phase, all data from the implementation stage were being analyzed.
Data of post test were evaluated for the effectiveness and usability of the MOSAD
application. The results will be discussed in detail in section 4.3. Figure 3.7 illustrates

the evaluation phase of MOSAD Life Cycle.
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Figure 3.7: Evaluation Phase in MOSAD Life Cycle

3.3 Software and Tools for Development

The development phase of MOSAD Life Cycle involves the use of three related
software equipments. Based on the preliminary study which is related to section 3.2.1,
the equipped wireless communication devices and mobile operating system (OS) in
the students’ mobile phones influence the selection of software and the tools used in
developing the application. Figure 3.8 presents the type of wireless communication
devices equipped in the students’ mobile phones. From the figure, top three wireless
communication devices equipped are General Packet Radio Service (GPRS)

(92.68%), Bluetooth (78.05%) and third generation (3G) (53.66%).
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Figure 3.9 shows the type of operating system supported by the students’
mobile phones. From the figure, it shows that 91.46% of students’ mobile phones can

support Java OS and 18.29 % supports the Windows Mobile OS.

Mobile Operating System
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Figure 3.9: Supported Operating System (OS)

Based on the results, the suitable software and tools were chosen in order to
develop the application which will suit the students’ phones. The software and
equipments used includes Java JCreator LE, Sun Java Wireless Toolkit version 2.5.2
and Microsoft Paint. The selection of Java programming language as a programming
software was due to the survey result that showed 91.46% of students’ mobile phones

supported this kind of OS platform. Besides that, the MOSAD application also was
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developed as offline mode application whereby users can use it without Internet. It is
due to the result that shows the top three wireless communication devices equipped

which are GPRS, Bluetooth and 3G.

3.3.1 JAVA JCreator LE

The MOSAD application was developed using JAVA programming language. JAVA
programming language allows the programmers to implement object-oriented
programming whereby it eases the programmers in doing necessary modification
without modifying the whole codes. Other than that, it also allows the programmers to
reuse the methods or functions those were already programmed for the application.
By that case, JAVA JCreator LE was chosen in order to compose the codes in
developing the prototype. The screen shot of the software is presented in the Figure

3.10.
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Figure 3.10: Screenshot of JAVA JCreator LE
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3.3.2 Sun JAVA Wireless Toolkit Version 2.5.2

After the functions are well-coded, the programs need to be compiled. The
compilation must success before the programs can be run. In compiling and running
the programs, Sun JAVA Wireless Toolkit Version 2.5.2 was chosen since the
program was written in JAVA programming language. Figure 3.11 shows the screen

shot of the JAVA Wireless Toolkit application.

After the compilation process was success, the run button is clicked in order to
see the working MOSAD application. When the run button was clicked, the Sun
JAVA mobile phone emulator will appear and functioning application can be

demonstrated. Figure 3.12 shows the Sun JAVA mobile phone emulator.
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Figure 3.11: Screenshot of JAVA Wireless Toolkit Version 2.5.2
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3.4 Methodology for Usability Study

Usability is a technique of measuring the quality that users experience during
interface interaction (Nielsen, 1993). The advantages of usability concepts are
including; improve productivity, enhance quality of work, increase user satisfaction
and reduce support and training costs (UsabilityNet, 2006). Hence, some general
design principles will need to be followed so that an m-learning application can be of

acceptable usability level.

Since mobile applications have the many limitations including small screen
size, slow processing, limited memory load and others, there are some modifications
done in usability aspects. Therefore, the usability aspects evaluated for MOSAD
application was adopted from Purdue Usability Testing. The testing includes
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consistency, flexibility, learnability or user-friendliness, minimal action and user’s

memory load (Lin, Choong, & Salvendy, 1997).

Consistency: is measured based on the similar information and action are

inserted in the similar position in the interfaces (Nielsen, 1993).

Flexibility: is measured based on the preparation of more than one display to

perform the same function (Donnelly & Walsh, 2009).

Learnability / User-friendliness: is measured based on the ease of using the

application and performing the tasks of the application (Masri, 2009).

Minimal Action: is measured based on the number of keystrokes needed in
performing a task. A good system design requires at most three keystrokes in

performing a function (Nielsen, 1993).

User’s memory load: is used to measure the minimal usage of users’ memory

load in understanding the contents of the application.

The usability of MOSAD application involves testing the application on

mobile phones screens. Thus, GUI principles were applied to measure the

effectiveness of the developed MOSAD application interfaces.

Furthermore, there are two techniques of usability testing conducted which are

pilot testing and survey questionnaire.

e Pilot study.

This study is conducted to get the initial feedbacks regarding the MOSAD
prototype based on the usability concepts and its contents. There are five UTP
lecturers involved in this study. All five lecturers have a background on
Human Computer Interaction (HCI), meanwhile, two of them are teaching
System Analysis and Design (SAD) course. The purpose of the pilot study is
to get the lecturers’ comments on the developed MOSAD application in both
aspects which are usability and the course content of the application. After
getting all comments from the lecturers, the improvements were done before

the testing is conducted to the students.
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¢ Questionnaire.

Questionnaire is the technique used to conduct the usability testing to the end
users which are students. This technique is a type of testing that provides

chance to gather more usability comments during the testing sessions.

e Observation

Observation is another quantitative method to conduct the usability testing.
The purpose of using this method is to support the quantitative data from

usability test questionnaire result.

3.4.1 Design for Usability Study

The usability study for MOSAD application involves the Quasi Experimental Design
by having only post test with experimental and control groups (Sekaran, 2000). This
experimental design was used since the MOSAD application only works as the
revision tools for the students. Before conducting the testing, the control group will go
through the topic of Project Initiation using current revision method while the
experimental group will use the MOSAD application to perform the revision. Because
of that, there is no need to conduct the pretest since the study is just to measure the
effectiveness of the mobile learning application as a revision tool compared to the
current revision approaches. However, there is a threat that will decrease the validity
of the results. If the two groups are not matched and randomly assigned, selection
biases could infect the results. The differential selection of the persons making up the

two groups would confound the cause and effect relationship (Sekaran, 2000).

Quasi Experimental Design involves two groups of participants which are
control and experimental group. The process of implementing the Quasi design in
MOSAD begins by choosing the control group (X;) and experimental group (X»).
Both groups were already learnt the topic during the lecture hours. After a couple
weeks, the control group will perform the test whereby the students were given the
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choices of the revision tools that will be used. After 30 minutes of revision, the
control group is given ten multiple choice quiz questions based on the topic within 15
minutes. For experimental group, two slots of students were chosen to do the test.
Students need to use the MOSAD application as a treatment in doing the revision.
After 30 minutes of revision, students need to answer the same 10 multiple choice
quiz questions in 15 minutes. After completing the quiz, the experimental group was
asked to evaluate the usability testing questionnaire form for the MOSAD application.

Table 3.2 illustrates the summary of post test Quasi Experimental Design.

Table 3.2: Summary of Post Test Quasi Experimental Design

Group Treatment | Outcome
Control Group (X;) T O,
Experimental Group (X3) 0O,

3.4.2 Sample of Study

The post test Quasi Experimental Design involves two groups of students namely
control and experimental groups. Both groups are students from Business Information
who are currently taking System Analysis and Design (SAD) course. Besides, both
groups also have already learnt the Project Initiation topic during the lecture slots.
There are fifty students in control group and sixty six students in experimental groups.
The numbers of students were decided based on the number of students registered the
tutorial sessions for the SAD course. Table 3.1 shows the composition of each group

that has participated in the testing.

The decided number of participants in each group is suitable based on several

suggestions made by previous researchers. Nielsen (2000) stated that for sample of 5
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participants in a study, about 75% of usability problems can be determined during the
heuristic evaluation. Therefore, by choosing five lecturers for pilot testing, it is
enough to get the valid data of the usability problems in MOSAD application. For
usability testing among the experimental group, Ahmad (2004) has conducted the
testing within 31 samples whereas Norizah (@ Norazah in Ahmad (2004) has
conducted the usability testing among only 27 samples. Therefore, within the decided
number of samples in MOSAD application usability testing, it is more than sufficient

as compared to the previous researchers’ studies in getting the valid data.

3.4.3 Tools for Testing Process

In this project, there are three tools used for the testing including Pilot Testing,

Usability Questionnaire and post test.

e Pilot Testing — Experts Evaluation

Pilot testing was conducted in order to get the comments of the developed
MOSAD application in terms of usability and the contents of the application.
Five lecturers were selected to do the test. All five lecturers have Human
Computer Interaction (HCI) background. All lecturers were shown the
MOSAD application and usability comments were given by the lecturers
regarding the application for the application improvement. In addition, from
five lecturers, two of them are teaching System Analysis and Design (SAD)
course. Based on the prototype, the comments regarding the application
contents were given by the SAD lecturers. All comments were compiled and
the improvements were done before the Usability Questionnaire distributed

among the students. The comments are explained in details in section 4.4.1.

e Usability Questionnaire

Usability questionnaire was conducted in getting the usability data from the
end users. The data will show whether the MOSAD prototype is usable to the
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users or not. The questionnaire is attached in the Appendix C (Section A). The
survey questionnaire was distributed to sixty-six experimental group of
students. In the questionnaire, there are five aspects involved. The aspects
include consistency, flexibility, learnability or user friendly, minimal action
and user’s memory load. In each aspect, there are five questions presented.
The users need to rate each question using a scale from 1 to 5 (I=strongly
disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree). Once the data
was gathered, it will be analyzed in order to see the MOSAD prototype

usability level.

e Usability Observation

Usability observation was conducted to get the data that supports the usability
questionnaire result data. The observation was conducted to twelve students
from second year System Analysis and Design (SAD) course. The chosen
number of test participants is more than reliable according to Nielsen (2000) in
which five testers are enough to conduct usability test. It is a quantitative
method in which it measures the steps of actions and time taken by the users in
performing the given tasks using the MOSAD prototype. All tasks performed
by the students have been recorded. The parameters that have been measured

include:
% Time taken to understand how the MOSAD application works.
% Time taken to complete the revision using MOSAD application.
% Number of key-presses used to move from page to other page.
% Number of key-presses used to move from section to other section.
% Number of key-presses to exit from the section.

% Frequencies of using shortcut key to move from section to other

section.

% Frequencies of using main menu list to move from section to other

section.
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The value of each parameter has been measured by taking the average from
twelve students. Finally, the observation and questionnaire usability data has
been compared to proof that both data are match each other in terms of
usability. The parameters and the results of usability observation will be

discussed further in section 4.5.2.

e Post test

Post test is a test from Quasi Experimental Design where it is conducted in
order to check the effectiveness of MOSAD prototype as a revision tool as
compared to other existing revision tools. For post test, there are two groups of
participants involves which are control and experimental. Both groups have
already learnt the Project Initiation topic as the topic will be tested in post test.
The number of 50 students in control group did the revision using existing
revision methods while 66 students in experimental group did the revision
using MOSAD application. Both groups were given a set of ten multiple
choice quiz questions on the topic of Project Initiation. The quiz questions are
attached in the Appendix C (Section B). Students were given 15 minutes to
complete the quiz. After getting all the quiz results, the effectiveness of

MOSAD prototype will be analyzed.

3.4.4 Usability Data Analysis

There are two types of data that have been gathered for this project which is
quantitative and qualitative data. The quantitative data were analyzed using the
Parametric Statistic which was divided into two styles of calculation which are
descriptive and inferential statistic. In quantitative analysis, the calculation was done
using Statistical Package for Social Science (SPSS) version 11.5 (Sekaran, 2000).
Meanwhile, the data were analyzed from the pilot studies done to the five lecturers.

Details of the collected data are explained in details in the section 4.4.1 and 4.4.2.
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3.4.4.1 Qualitative Analysis

Data from the pilot studies are categorized as the qualitative data. These data will be

analyzed using descriptive approach to explain the data in descriptive structure.

3.4.4.2 Quantitative Analysis

Quantitative Analysis was performed according to the hypothesis determined

previously. The hypothesis is:

Null hypothesis (Ho): There is no significant different in the post test mean scores

between the Control and Experimental Group.

The Parametric Statistic technique has been utilized in analyzing the data as
Descriptive and Inferential on the 50 samples of control group and 66 samples of
experimental group. The descriptive statistics is used to describe the structure of the
data whereby it involves four types of calculation including Mean, Variance,

Frequency and Percentage.

Meanwhile, Inferential Statistic is used to summarize the relationship between
the samples that have been used in the experiment. In performing the Inferential
Statistics, Independent t-test is used to see the difference between the means of
experimental and control groups (Sekaran, 2000). For MOSAD application testing,
the Independent t-test had been chosen since there are two different samples which
are control and experimental group. The formula of calculating the difference of

control and experimental means is shown below:
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X, is the mean of the experimental group

X, is the mean of the control group

S? is the variance or standard deviation square
n; is a sample size of the experimental group

n, is a sample size of the control group

3.5 Conclusion

This chapter has discussed on the details methodology of Mobile System Analysis and
Design (MOSAD) application. The MOSAD Life Cycle is designed based on the
ADDIE methodology which includes Analysis, Design, Development,
Implementation and Evaluation. After going through all phases, the MOSAD

application was completed and the testing was done in evaluation phase.

In evaluation phase there are two types of data collected which are qualitative
and quantitative data. Qualitative data gathered through the pilot testing done among
five lecturers whereas quantitative data collected from survey questionnaire and
observation which were conducted to the students during the testing of the
application. The phase also involves the post test among the experimental group of
students in order to identify the effectiveness of MOSAD application as a revision
tool as compared to other current revision tools. The next chapter will present the
results and the analysis of the MOSAD application development and the tests which

were conducted during the evaluation phase.
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CHAPTER 4
RESULTS AND ANALYSIS

4.1 Introduction

This research had been conducted to achieve the three main objectives as stated in the
first chapter which are: to propose a conceptual framework that can be used for the
development of the course content for mobile learning as a revision tool application,
to develop a mobile learning as a revision tool application prototype for System
Analysis and Design (SAD) course based on the proposed conceptual framework, and
to evaluate the mobile learning application prototype as a revision tool in terms of
effectiveness and usability. Thus, in this chapter the results of the research will be

presented according to the three objectives mentioned.

4.2 Mobile System Analysis and Design (MOSAD) Conceptual Framework

In developing the MOSAD application, four components have been incorporated in
the framework so that the application will become an effective revision tool. The
components include ADDIE methodology as an Instructional Design (ID) model, the
technology, requirements and learning theories. All components were selected
according to the preliminary (Hashim et al., 2010b) and the literature studies that have
been performed. Figure 4.1 illustrates the detail conceptual framework for MOSAD

development.

Based on section 3.2, the ADDIE methodology consists of five phases;
Analysis, Design, Development, Implementation and Evaluation phases which
functioning as the life cycle in developing the MOSAD prototype. In chapter 3, each

phase has been discussed in detail.
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Figure 4.1 MOSAD Conceptual Framework

In technology component, it consists of three elements; mobile technology,
mobile guidelines and device technology. Based on the preliminary study (Hashim et

al., 2010b) that has been done, the highest three of wireless networks equipped in the
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students’ mobile phones are GPRS, Bluetooth and 3G. Based on this study, the
MOSAD application has been developed in such a way that it can access using these
three types of wireless networks. For mobile guidelines, the literature studies have
been conducted to identify the best mobile guidelines for the prototype development.

The guidelines include:

e Practicing the short chunks of sentences in each screen.

e Implementing number key-pressed navigation rather than “Next” and “Back”
key-pressed in navigating the contents of the MOSAD application.

¢ Avoiding the unnecessary information to be put in the screen.

e Ensuring the navigation is always consistent in each screen.

e Using the mobile familiar terms to ease the users in understanding how the
application works.

e Ensuring the consistency of screen displays.

¢ Preparing the shortcut key.

e Implementing “Next” and “Back” commands key-pressed navigation for Quiz

section.

All guidelines have been followed in developing the prototype so that the produced
application will be effective to help the users doing their revision. The final element
of technology component, device technology involves the keypad-based and coloured
mobile phones. According to Goth et al. (2006), it was encouraged to use the keypad-
based mobile phones as compared to the touch screen mobile phones. It is due to the
time taken to interact with the application. Based on the research done by Goth et al.
(2006) the time taken to interact with the application in doing a single task using
touch screen mobile phones are longer than keypad-based mobile phones. Hence, the
keypad-based mobile phones are suitable to be used for accessing the MOSAD
application as it can be used at any leisure time even a while as the time taken to
interact when performing a single task is much shorter. For the second element which
is coloured mobile phones, the MOSAD application has been developed for coloured-

platform mobile phones as it will become me more interactive to the users in using it.
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For the requirement component, the user and content requirements were
taken into considerations in developing the prototype. In user requirements, the
demographic information that include age, level of studies and familiarity with mobile
technologies are taken into account so that the developed application will suit the
target users. For this research, second year first semester Universiti Teknologi
PETRONAS (UTP) Business and Information System (BIS) students were selected as
the target users since the application was developed to them as they were currently
taking System Analysis and Design (SAD) course. Most of them are twenty years old
and very familiar with the mobile technologies. In term of content requirement, the
content was decided based on the current syllabus of Project Initiation topic and some
additional sections that has been chosen according to the studies that has been done.
The additional sections were created in helping the students in undergoing their
revision smoothly. The original syllabus includes introduction and the main contents
which include system request, feasibility analysis, project selection and summary. The
additional section includes menu, objective, references, quiz and help. Each content

and additional section will be discussed further in this chapter.

For final component which is learning theories, the MOSAD application
development has adopted four learning theories; behaviourism, cognitivism,
humanism and information processing learning theory. Utilization of each learning

theory will be elaborated in detail in section 4.3.

4.3 Development of Mobile System Analysis and Design (MOSAD) Prototype

The development of MOSAD prototype consists of many processes starting from
planning until the evaluation of the prototype as discussed in section 3.2. MOSAD
prototype development started with preliminary study in which to get the information
on target users’ mobile phones. The information includes brands, equipped wireless
communication devices and supported operation system (OS). The elements of
MOSAD prototype development include user interface design, course content

structure design, learning theories and usability principles utilization.
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4.3.1 User Interface Design

Section 2.4 discussed six examples of mobile learning applications. From the
reviewed examples, it was found that, the interfaces of these applications were
divided into several parts. For example, Mobile Museum Tours (Naismith & Smith,
2006) were divided into three parts namely title at the top, content in the middle and
navigation mechanism at the bottom. Same goes to Epocrates Mobile CME
application (Crane, 2010), where it implemented the same way of user interface
design. This type of user interface design is very simple and it is the most suitable
design due to the limitations of mobile phones’ screen sizes. Figure 4.2 illustrates the

user interface design for MOSAD application.
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Figure 4.2: MOSAD User Interface Design

Section 3.2.2.1 (c) discussed eighteen principles of graphical user interface (GUI)
design whereby it stated that background colour and font colour need to be contrast.
Here, soft green colour was selected as the background for every MOSAD application
pages. Then, the selection of font colours like blue and black was chosen since they
contrast with the background colour. There are other principles pointed out such as
the need of title name of the pages, avoid inserting image with text inside and

emphasizing the level of sentences (Masson & Reid, 2010) were implemented in the
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MOSAD interface design. In order to stress the level of sentences, MOSAD interface

design implemented the use of different bullets.

4.3.2 Course Content Structure Design

MOSAD application was designed to a topic of System Analysis and Design (SAD)
course which is Project Initiation. Therefore, the structure of the application course
content was design based on the elements taught in the topic. The elements include
objectives, introduction, system request, feasibility analysis, project selection,
summary and quiz. However, there are three additional structure added in order to
ease the students in understanding how to use the developed application. The
additional elements include main content list, help section and reference section.

Figure 4.3 shows the content structure of MOSAD prototype.
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Figure 4.3: MOSAD Application Course Content Structure

In relation to the MOSAD course content structure, Figure 4.4 presents the
flowchart of the application. It shows the sequence of the prepared sections of the
application. It starts with the main content list whereby the users can select the section
that want to be studied. Before coming to the quiz section, user needs to completely
reading the learning materials from the Objective until the Reference section.

Meanwhile, user can access the Help section whenever they want.
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Figure 4.4: Flowchart of the MOSAD Application
4.3.3 Learning Theories and Usability Principles Utilization in MOSAD
Figure 4.5 until Figure 4.16 show the screen shots of the MOSAD application. In this
section, each screen shot will be explained how the mobile GUI principles listed by

Masson and Reid (2010), learning theories and mobile usability principles have been

adopted in the application design.
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Referring to section 3.2.2.1 (c), there are twelve out of eighteen mobile GUI
principles that have been adopted in the MOSAD development. The principles are
listed in Table 4.1.

Table 4.1: The Adopted Mobile GUI Principles

No. | Mobile GUI Principle Lab
el
1 The mobile pages need to have headers or titles. Pl
2 Titles need to be in capital letters. P2
3 In a screen, avoid more than two consecutive blank lines. P3
4 Lists form need to be implemented rather than table form. P4
5 The color contrast needs to be high for fonts. The font colors and | P5
background must always be contrast.
6 Different colors need to be used in stressing the different use. P6
7 Avoid unnecessary words. P7

8 Avoid from breaking long character strings with dashes, commas, or | P8

other traditional separators.

9 Whole words are better than abbreviations, and standard abbreviations | P9

are better than non-standard.

10 | Images need to be in high contrast. P10
11 | Avoid images with the text inside. P11
12 | Use only images appropriate for users. P12

In designing the application also, four learning theories were adopted which
include drill and feedback of behaviorism, long-term and short-term memory capacity
concept of cognitivism, learner-centered approach of humanism and, chunk and short-

term memory capacity concept of information processing learning theory.
Finally, development of the application also has adopted eight mobile usability

principles which were identified during the literature studies. The utilized usability

principles are presented in Table 4.2.
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Table 4.2: The Adopted Mobile Usability Principles

No | Mobile Usability Principles Label
1 Short sentences with point form Ul
2 Chunking U2
3 Short chunks U3
4 | Flexibility U4
5 | Shortcut key us
6 Simple Navigation U6
7 | Natural Usage u7
8 | Consistency Us

In the Figure 4.5 until Figure 4.16, the adopted mobile GUI and usability principles
are labeled as P1 until P12 and U1 until US.

In general, MOSAD application supported behaviourism learning theory
whereby both course content and short quiz were prepared. In the application,
students are given the revision materials in refreshing their memories of what they
were already learnt during lecture periods. After doing the revision (drill), set of
multiple choice questions was prepared in testing their understanding of the concepts
discussed in the application which functioning as feedback. Figure 4.5 shows the short

quiz prepared in the application.
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Besides, the course contents that have been learnt by the students were
summarized in short sentences point form. Figure 4.6 illustrates the point form usage
in the MOSAD application. By implementing this method, students will use the
application in order to refresh the studied topic before coming to either test,
examination or other assessment. Besides, this method also can overcome students’
short-term memory limitations whereby the application provides only the important
points of the topic to be revised. This situation fulfills the cognitive learning theory

requirements.

Other than that, humanism learning theory emphasizes more on learner-
centered type of learning in the application. In order to provide the students with the
learner-centered approach, the MOSAD application was designed so that it is easy to
be used by the students. The application was very simple in term of language usage
which is very straight forward English. The sentences in the course content also can
be considered short and easy to understand. Besides, the application was also prepared
with simple navigation mechanism in which the students can move from a page to
other pages and from section to other sections easily. Figure 4.2 shows the navigation
mechanism that was implemented in the application. Finally, Help section was
prepared to the students in order to guide them on how to use the application in
supporting the learner-centered approach as indicated by Hulse (1992). Figure 4.7

illustrates the Help section screen of the application.
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For information processing learning theory, there are two concepts introduced
which are chunking and the capacity of short-term memory. By organizing the
application course contents in short chunks, it can enhance the learners’ short-term
memory (Miller, 1956). These concepts were utilized in the MOSAD application
development whereby short chunks of information were inserted in every page of the
application. Besides, the sub topics of the discussed topic also were divided into
different sections so that it gives the students with a systematic way of doing revision.
Figure 4.8 shows the sections or contents of the application. Users can press the up or
down key pad in choosing the sections that they want to study. In addition, this
section will give an overview to the users about the elements covered in the discussed

topic.

Section 2.7.2 discussed five usability issues need to be taken into
considerations when developing the mobile learning applications. Usability concepts
are very important in providing to the users with easy and simple application in which
the application will be very helpful tool in doing learning activities. The usability
concepts utilized in the MOSAD application development include content, natural

usage, navigation, consistency and flexibility.

As discussed in the section 2.7.2.1, the contents of MOSAD application was
organized in short chunks due to advantage of enhancing learners’ short-term memory
and easiness in reading and understanding the inserted information. Short chunks
contents also can overcome the mobile phones’ screen size problems in which it can
retain the users’ reading pace as indicated by Kaikkonen and Laarni (2002). Besides,
the less 1s more rule was implemented whereby only important information was put in
the content in point form. It will ease the learners in finding the important key
concepts of the topic to be studied. Figure 4.9 illustrates the implementation of short

chunk principle in the application.
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Natural usage or user-friendly is an important concept when developing a
mobile learning application. By accounting this concept, the well-known mobile
commands were implemented in the application. The commands include “Menu”,
“Next”, “Back” and “Exit” will operate the same of the other developed mobile
applications. Figure 4.10 illustrates the use of well-known commands in the

application.
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The structure of MOSAD application also was very simple whereby the users took
only several times in understanding the operation of the application. Section 4.4 will
discuss this issue in details. By having the user-friendly application, it will help the
users in focusing more on the contents of MOSAD application as the aim of this
application development is to provide the learners with the effective revision tool

rather than analyzing on how to use the application.
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Figure 4.11: MOSAD Navigation Mechanisms

Besides, navigation mechanism is also one of the important elements in
mobile applications development. As discussed in the chapter 2.7.2.3, the researchers
avoid the scrolling as a way to access the information since it will disturb the learners’
reading pace. Researchers also advised to the developers to find out the best
mechanism to be used in the mobile learning application. Figure 4.11 presents the
navigation mechanism used in MOSAD. For MOSAD application, the number key-
press was chosen as navigation mechanism rather than using “Next” and “Back”
navigation in accessing the course contents. User can move to the desired page from
the current page only with single press. For example, student is reading page one and
wants to move to page four. By pressing number four, the page four will appear and

ready to be read. As compared to “Next” and “Back” command, user needs to press
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“Next” command three times before arriving to page four. Therefore, the
implementation of number key-press can minimize the number key-press in accessing
the content. However, for quiz section, the “Next” and “Back” commands navigation
were chosen in order to move from the question to other questions. This navigation
was chosen due to the normal mobile quiz operations whereby the users need to

complete the previous question before moving to the next question.

Other than that, consistency concepts were utilized in MOSAD application in
three elements. The elements include content structure, navigation and sentences level
organization. In every page, the same content structure was implemented. It includes
title, contents and navigation mechanism. Besides, the navigation was also put at the
same place in every page. Finally, the sentences of the contents were consistently
organized in bullet form and important points were emphasized using different font
styles. The consistency is very important in ensuring the user-friendliness application.
The users will take only several times in studying the application’s operation due to
the same content structure, navigation and sentences level of organization at every

page and every section.

Finally, flexible actions can help the users in navigating the application. Some
applications provided several actions that perform the similar tasks. It is to give the
users options of methods to access the application. MOSAD application provided the
main menu list for the users to choose the section that need to be studied. After
studying that section, users need to exit to main menu list and choose another section
in order to continue the study. Figure 4.8 shows the MOSAD main menu list screen
shot. By inserting the shortcut menu list in each page, it will help the users in
navigating to the desired section without exiting to the main menu list. Besides, it is
also can minimize the number of keystrokes in performing one task. Figure 4.12

illustrates the shortcut menu list that can be used by the users.
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In addition, there are four additional sections that were designed in making

MOSAD as an effective tool for revision. The sections include Objectives,

Introduction, Summary and References. The Objectives section presents the listed

objectives that need to be achieved by the users or learners after completing the

revision of the discussed topic. Figure 4.13 shows the screenshot of Objectives

section.
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Introduction section was prepared to give the basic idea of the whole discussed
topic in the application. Figure 4.14 presents the Introduction section of the
application. This section contains the definition of several keywords that were used
throughout of the topic. By defining the necessary keywords, it will ease the users in

understanding the topic.

Other than that, the Summary section also has been prepared to give the final
overview of the whole topic. This section will give the users an opportunity to refresh
the discussed topic that has been revised before the revision end. Figure 4.15

illustrates the Summary section.
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As for final additional section which is References, this section lists out all the
references that need to be found by the users when they feel there is a need of further
reading to the discussed topic. Figure 4.16 shows the References section of the

application.
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4.4 Effectiveness Evaluation on MOSAD

As mentioned in chapter 1.4, an evaluation on the MOSAD prototype should be
conducted to determine the effectiveness towards improving students’ understanding
on discussed topic as a preparation for examination, test or other assessments. The
evaluation was done using Quasi Experimental Design by comparing the performance
from two groups which using the application for the revision and not using the

application.

As discussed in chapter 3.4.1, the Quasi experiment has been designed to
include post test on the selected samples, which consists of fifty students in control
group (X;) and 66 students for experimental group (X;). Table 3.1 shows the
composition of each group that has participated in the experiment. This section also
presents two types of tests which related to post test Quasi experiment. It includes the
hypothesis testing for effectiveness evaluation and independent T-Test on the
developed application. According to Gribbons and Herman (1997), post test Quasi
experimental design without pre-test can be conducted when the two groups (X; and
X»,) are equivalent in term of characteristics which can affect the observed differences
in post test scores. This concept was applied in the MOSAD testing whereby both
students in X; and X, group have already learnt the Project Initiation topic which will
be tested during the testing. Since both groups had equivalence knowledge and
experience regarding the topic, post test scores will indicate the effectiveness of
MOSAD application as a revision tool which will be used by X, as compared to the
X, that does not use the application as the revision tool. To support the above
argument given by Gribbons and Herman (1997), Saint-Germain (2001) gave similar
opinion whereby post test only can be conducted when the test participants have
already been exposed to the treatment that is basically conducted in pre test. So, this
concept has been applied in this study since, both X; and X, already been exposed to
the conventional class treatment which has been conducted during lecture period.
Moreover, the post test only Quasi experiment has been conducted since the
conducted study used the random samples for both X; and X, groups. As stated by
Trochim (2006), both two groups can be assumed as probabilistically equivalent when
the samples of the groups are selected randomly, thus, the pre test is not required.
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4.4.1 Post Test Analysis for Effectiveness Evaluation on MOSAD

Table 4.3 illustrates the statistical analysis of post test marks for control (X;) and
experimental (X;) groups. Based on the table, majority of students in X; (64%)
obtained 4-5 marks out of 10 where as the highest percentage of students in X, got 8-9
marks. Besides, Table 4.3 also shows that the number of students obtained lowest
marks (1-3) was 4 students for X; whereas no student obtained that range of marks in
X5. Only one student from X, obtained full mark as compared to X,, 3. Besides that,
the mean mark for X, group is also higher than X; which is 7.7576 as compared to

5.160.

Table 4.3: Statistical Analysis of Post Test Marks for X; and X,

Mark X, Group X, Group Total
Frequency | Percent Frequency | Percent Frequency | Percent
0-3 4 8 0 0 4 3.45
4-5 32 64 1 1.51 33 28.45
6-7 8 16 22 33.33 30 25.86
8-9 5 10 40 60.61 45 38.79
10 1 2 3 4.55 4 3.45
Total 50 100 66 100 116 100

Based on this produced statistics, it can be concluded that, the X, group of students
who used the MOSAD as a revision tool obtained better marks as compared to X.
Thus, MOSAD application can be said as an effective revision tool that can be used

by the students.

4.4.2 Hypothesis Testing for Effectiveness Evaluation on MOSAD

Apart from post test evaluation, hypothesis testing to evaluate the effectiveness of the
MOSAD application has been identified. Hypothesis is a logical relationship between
two or more variables presented in the form of statement (Sekaran, 2000). The
variables are tested to examine whether the relationship that have been stated does in

fact, got true. The hypothesis for this study is:
84



Hypothesis (Hy): There is no significant difference in the post test mean scores

between the Control and Experimental group.

The result from this hypothesis is given in Table 4.4. The mean score of the post test
for the control group (X;) is 5.160 with standard deviation of 1.6704 while the mean
score (X;) for the experimental group is 7.7576 with standard deviation of 0.9456.
This comparison shows that group X, achieved significantly higher in the post test as
compared to the control group. The significant (2-tailed) value which was generated
by SPSS software, p = 0.019, is less than a = 0.05. According to Masri (2009) and
Ahmad (2004), p value is less than a value, (p< a) implies that the null hypothesis

(Hp) is rejected.
Table 4.4: MOSAD Hypothesis Test Results
Variable Mean SD t-value Sig.(2-tailed)
X 5.160 1.6704
8.400 0.019
X 7.7576 0.9456

This result shows that there is significant difference in the post test mean scores
between the Control and Experimental group. Thus, it can be concluded that MOSAD
application is an effective revision tool as compared to the other conventional learning

methods.

4.5 Usability Evaluation on MOSAD

The usability testing is conducted to measure the quality that users experience during
interface interaction. In conducting usability testing, this project chose two types of

analysis which is qualitative and quantitative analysis.

4.5.1 Qualitative Analysis on Usability in MOSAD

For qualitative analysis, a heuristic test involving five lecturers in the area of Human

Computer Interaction (HCI) was conducted after the first version of MOSAD was
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completed to strengthen its functionality and usability. The purpose of this test was to

get the feedbacks in term of MOSAD application usability and functionality that can

be corrected and enhanced. Two of the lecturers have had experienced in teaching the

SAD course. The role of these lecturers was to assess and give comments regarding

the contents of the MOSAD application through heuristic testing of the application.

Table 4.5 presents the qualitative results of the heuristic testing among five lecturers.

Table 4.5: Qualitative Heuristic Test Results

Lecturer | Comments
1 |- It is recommended to add shortcut keys in every page for better
understanding and faster learning of the application.
2 | - Embed the sounds as it may increase the users’ understanding.
- Improve the font size and type.
- Text colour should be differentiated with the background colour.
- Propose the links as the references in helping students to the further
reading.
3 | - Differentiate the different levels or importance of the contents via
different text sizes and text colours.
- Put the Help section in giving information to the users of how to use
the application.
- The whole application is very well-structured.
4 | - Next and back button should also be able to use in addition to number
key-pressed as navigation mechanism.
5 | - Use standard or normal bullet points.
- “I do not need any help at the second time of using the application
since it is familiar.”
- Appropriate pictures or images used.
- The use of text in red may be very wrong for a computer display but it
could be acceptable for a smaller display since it can be read clearly in
this application.
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Based on the given comments by the lecturers, many improvements had been made.
However, there are two feedbacks that cannot be entertained. For example,
embedding sound into the application. This improvement cannot be done due to the
limitations of the software used in developing MOSAD application. Besides, “Next”
and “Back” keys also cannot be implemented in addition to number key-pressed as
navigation mechanism since the soft keys are already used as shortcut key. Actually,
it is possible to insert “Next” and “Back” button to the soft keys. However, the
addition of the buttons will make the navigation more complex as it requires more
keystrokes in order to perform that task which violates one of the guidelines

mentioned earlier. Figure 4.17 illustrates the discussed issue.
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From the identified comments given by the lecturers, the MOSAD application
was been improved before the effectiveness and usability tests being conducted to the

end users which are students.

4.5.2 Quantitative Analysis on Usability in MOSAD

As discussed in section 3.4, the usability evaluation for MOSAD application will be

on the consistency, learnability, minimal action, minimal memory load and flexibility,
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which have been used to test the capability of the application as a revision tool for the
students. 66 students from experimental group involved in this test. In addition, these
five usability factors were chosen because they can potentially influence students’
achievement. For example, during the learning process, if students are satisfied with
the application in terms of flexibility and consistency, the learning will become easier
and more interesting. The result for quantitative analysis from the students of five
usability factors are presented in Appendix D. Figure 4.18 then illustrates the mean

score of each tested usability factor.
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Figure 4.18: Mean of Tested Usability Factors

As shown in Figure 4.18, the feedbacks from the usability test conducted to
the experimental group (X,) have shown that the flexibility factor has gained the
highest mean score (4.0727) when compared to the other four factors. Flexibility was
measured based on the use of several mechanisms in performing similar tasks. The
second highest mean score is consistency whereby the mean is 4.003. This means that
the students find that the developed application implemented the same displays at
every page of the application. Whereas, the mean score for learnability factor is 3.933,
which indicates that the application is fairly easy to operate. Besides, the mean score
for the evaluation on the minimal action and minimal memory load factors are also

considerably high which are 3.7667 and 3.7303 respectively. The results thus indicate
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that majority of the students agreed that the developed MOSAD application has met

the requirement of usability elements as the revision tool.

In order to proof the reliability of usability questionnaire result, an observation
method of usability study has been conducted. As stated before, there are five
usability factors need to be measured which are consistency, flexibility, learnability,
minimal action and minimal memory load. The observation method can only be
conducted to three of the five factors which are flexibility, learnability and minimal
action. Even though the consistency and minimal memory load factors cannot be
measured using this method, the learnability factor is very much dependant to both
factors and there are related to each other (see Appendix C). As stated by Su et al.
(2007), the consistency of contents and displays of mobile application interfaces will
make the mobile application users learn the operations of the application much faster.
Hence, this parameter can be measured under learnability factor. Same goes to the
minimal memory load factor whereby the elements include the short application,
usage of short sentences, utilization of point form and different text colours and the
images (see Appendix C). All stated elements will improve the users’ memory load
(Donnelly & Walsh, 2009; Grasso & Roselli, 2005; Kaikkonen & Laarni, 2002;
Parsons et al., 2007; Uther, 2002). In this case, learnability factor is also very much
related to the minimal memory load factor in which the users will take shorter time to
study the contents of the application since the application content provides all

elements stated under the minimal memory load factor (see Appendix C).

The usability observation has been conducted to twelve second year Business
and Information System students of UTP. Appendix E presents the detail statistical
results of the observation. This study covers three usability factors which include
flexibility, learnability and minimal memory load. Table 4.6 shows the results of

elements covered in each factor.
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Table 4.6: Results of Usability Factors Using Observation Method

No | Usability Studied Element Result
Factor
1 | Flexibility | Frequencies of using shortcut key 5.8333 = 6 times

menu list to move from section to
other section.

Frequencies of using main menu list to | 3.1667 = 3 times
move from section to other section.

2 | Learnability | Time taken to understand how the 1 minute 34 seconds
application works.
Time taken to complete the revision 6 minutes 41 seconds
using the application.
3 | Minimal Average number of key-presses to 2.713 =3 key-
Action move from section to other section. presses
Average number of key-presses to 1 key-press

move from page to other page

Average number of key-presses to exit | 1 key-press
from the section.

MOSAD application contains nine sections which include Objective,
Introduction, System Request, Feasibility Analysis, Project Selection, Summary,
Quiz, Reference and Help. For flexibility factor, in average, the students used the
shortcut key menu list to move from section to other section for six times as compared
to the use of main menu list which only three times. This result shows that the users
really use the prepared flexible function to navigate the application and it became the

most preferable choice in easing them to move from section to the other section.

In terms of learnability, there are two elements that have been measured which
are time taken to understand the application works and time taken to complete the
revision using MOSAD application. The average time taken by the students to
understand how the MOSAD application operates is 1 minute and 34 seconds,
whereas the average time taken by the students to complete the revision using the
application is 6 minutes and 41 seconds. Based on both times taken, it can be
concluded that, the students just took few minutes to study on how the application
works and to complete the revision as stated in Colazzo (2003), Bevan (2001) and
Collura (2006), as compared to do revision using other conventional methods. This

scenario was happened due to the utilization of the measured elements identified in
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the consistency and minimal memory load usability factors which is stated in

Appendix C.

Finally, for minimal action usability factor, the average number of key-presses
by the students to move from section to other section is almost three, whereas the
average number of key-press to move from page to other page and to exit from the
section is only one. According to Nielsen(1993) and Sharp et al.(2007), the usable and
acceptable maximum number of keystrokes in performing one task in an application is
three. Thus, the MOSAD application can be considered as usable in terms of key-
presses since the average number of key-presses used by the students throughout

using the application is less than 3.

In conclusion, the presented results of usability observation have supported the
validity of usability questionnaire results. Thus, it indicates that MOSAD application

has met the requirement of mobile usability factors as a revision tool.

4.6 Conclusion

This chapter has presented the results for the Mobile System Analysis and Design
(MOSAD) prototype. The application has been successfully developed according to
the design and the adoption of principles and theories. The prototype is evaluated for
the effectiveness and usability. For the effectiveness evaluation, it was proven that
MOSAD application is an effective tool for students to the revision as the preparation
for examination, test or assessment. In addition, the evaluation on MOSAD usability
showed positive results when the total average score is higher than the Likert scale
mean score which is 2.50. This result of has been supported by the conducted
usability observation. Heuristic test also achieved the objective to find out the
usability problems in the application. Each identified problems was corrected and
enhanced in improving the developed MOSAD application. Therefore, the evaluation
has been analyzed via quantitative and quantitative analysis. The following chapter

will discuss on the conclusion for the whole research study.
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CHAPTER 5
CONCLUSION

5.1 Introduction

This chapter summarizes the whole study and concludes the findings. A review on
how the research objectives have been accomplished at the five phases is also
presented. This chapter also discusses on the comparison between this research
findings with other findings. The future research will be proposed and finally, this
chapter will highlight the contributions of the study.

5.2 Discussions

Three main objectives were identified prior to conducting this study that aims to
develop a Mobile System Analysis and Design (SAD) prototype as a revision tool.
The study has been carried out to meet the first objective before proceeding to the

next and so on.

As compared to the other studies, this research produced a simple framework
for mobile learning course content application by integrating four elements inside.
The elements include ADDIE methodology as an Instructional Design (ID) model, the
technology, requirements and learning theories. The framework utilizes ADDIE
methodology as a MOSAD life cycle. Furthermore, the Instructional Design (ID)
model which is one of the contributions from this research has been produced in the
design phase of the life cycle. The elements of ID model include the mobile phones
technology elements, instructional strategy, perpetual navigation, learning approach
and pedagogical approach. Under pedagogical approach element, the sub elements
including level of learners, interactivity and response trough the application were

identified. In developing MOSAD application, the important sections for the



application were identified. It includes the objectives, introduction, contents,
summary, quiz, references and help. The conceptual framework, ID model and
MOSAD Life Cycle have been designed as the guidelines for the application

development.

A Mobile System Analysis and Design (MOSAD) application that
incorporates two components which are learning theories and mobile learning
application principles has been successfully developed. The learning theories adopted
are behaviourism, cognitivism, humanism and information processing learning theory.
In addition, the principles of mobile learning application development include
content, natural usage, navigation, consistency and flexibility. Hence, with the
development of the MOSAD application, the second objective is achieved. The
adoption of learning theories have overcame the weaknesses of the identified mobile
learning application examples in section 2.4. The most common weakness of the
previous applications was the use of long texts. By adopting the cognitivism and
information processing learning theories, and the content usability principle, the long

texts problems have been solved as mentioned in section 4.3.3.

The results of the post test that was used to measure the effectiveness of
MOSAD application have been discussed. According to the results, students who used
the MOSAD application as a revision tool obtained better marks as compared to the
students who did not used the application. Independent T-Test was also performed to
evaluate the hypothesis that has been constructed. According to the hypothesis,
significance difference is observed in the post test between the control and
experimental group. This result matches with the other findings such as Zolfo et al.
(2009), Safran et al. (2009), Ariffin & Muthan (2010) and Evans (2008) in which the
developed applications gave more benefits to the education sector by preparing more

effective way of learning.

The evaluation on the application usability used five evaluation criteria which
include consistency, flexibility, learnability, minimal action and minimal memory
load. The data were gathered using the heuristic evaluation, questionnaire distribution
and observation to the experimental group. Several usability problems were identified
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by five lecturers who conducted the heuristic evaluation. The application
improvements were done and questionnaire was distributed to experimental group in
getting the quantitative data. The evaluation results show that among the five criteria,
flexibility has been given the highest rank followed by consistency, learnability,
minimal action and minimal memory load. Additionally, each element showed a
higher mean score than the Likert scale mean score. In supporting, the usability
questionnaire result, the usability observation has been conducted and it showed that
the usability questionnaire and usability observation results are inline. Thus, the
MOSAD application has fulfilled the usability needs, which has rendered the
MOSAD as suitable for full implementation. Hence, this research has met the third

objective.

The common method used by the researchers to conduct a usability test is
questionnaire. The use of questionnaire for usability test is not sufficient since the
data might not reliable due to the bias. Because of that, for this study, three research
methods have been used for usability test which are interview (qualitative),
questionnaire (quantitative) and observation (quantitative). The combination of these
three methods produced more valid and accurate usability data. Thus, this usability
test setup differs from other conducted usability tests which only involve two methods

which are interview (qualitative) and questionnaire (quantitative).

From these section discussions, the contributions of this study can be

summarized as in Figure 5.1.

Development Usability

* Instructional
Design Model

- Setup of
usability and
effectiveness
tests

- MOSAD
application
prototype

» Conceptual
Framework

* MOSAD Life
Cycle

Figure 5.1: Research Contributions
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5.3 Future Research

For this research, it focused more on development and usability study of MOSAD
application as a revision tool. This project still can be expanded by adding several
elements inside. There are two future works that can enhance the developed MOSAD
prototype which are integrating dynamic database management system and designing
the algorithm that can limit number of words or sentences which can be put in one

page (Hashim et al., 2011).

By integrating dynamic database management system with the application, the
application contents will be more efficient since the information can be stored in the
database and user interface will work as a medium of presenting the information.
However, by only integrating the application with dynamic database, there is still a
limitation that will make the contents per page look messy when the long sentences
from the database inserted into the page. Consequently, the usability level of the
application will reduce as it makes the users difficult in reading the contents of the

application.

In order to overcome this problem, an algorithm needs to be identified in
limiting the number of words or sentences in a page. By setting the number of words
or sentences per page, the application will automatically generate new page when the
sentences or words of information in the database exceed the set limit identified in the

algorithm.

5.4 Conclusion

In conclusion, the research on The Development and Usability Study of Mobile
Learning Course Content Application as a Revision Tool has been successfully
completed and the objectives have been met. Evaluation on the application was
performed and the results show that it has been beneficial and effective to the students
as a revision tool in preparing for the assessments. It prepares to the students with the
medium in which, students can bring use the application as long as the students bring
the mobile phones.
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The MOSAD application is an interactive learning application whereby
students can access it using the mobile phones technologies. It is hoped that the
MOSAD Life Cycle, Conceptual Framework and the Instructional Design Model
(IDM) that have been designed will motivate other researchers in education and
mobile learning technologies area. Besides, it is also hoped that the concept of
MOSAD application which integrated with the learning theories and mobile learning
application principles can be used by other higher education students to assist them in
performing the revision. Finally, it is hoped that the idea of MOSAD application will
encourage the learners in fully utilizing the mobile learning applications for better

good in education sector.
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APPENDIX A
PRELIMINARY STUDY

UNIVERSITI
TEKNOLOGI
PETRONAS

SURVEY FORM
Objective:

The objective of this survey is to get the information regarding mobile phones used by undergraduate
students especially students in System Analysis and Design (SAD) course. The information will
include operation system, wireless devices or technologies and types of wireless Internet protocol
supported. Besides, this survey also is conducted to get opinions regarding mobile learning
implementation in current educational system especially for SAD course.

Background Information 5. Wireless device(s) or technology(s) that
1. Gender: your mobile phone(s) provide:
0 2G/3G/3.5G /4G (choose and circle)
o Male o 802.11 (WiFi)
o Bluetooth
o Female . .
o General Packet Radio Service (GPRS)
2. Year: o Global System for Mobile-Phones
« (GSM)
o 1" Year o Global Positioning System (GPS)
o 2™ Year o Others:
6. Your mobile phone(s) operating system(s)
o 3" Year (0S):
th o Symbian
© 47 Year o Linux / Palm
3. Programme of study: o Windows Mobile
o Others:

o Information Technology 7. Wireless Internet protocol supported by

o Information Systems your mobile phone(s):

o JAVA
Mobile Phones Used General Information o WAP
4. Mobile phone(s) used (specify the models): o Others:

o Nokia:
o Sony Ericsson:
o Samsung:

o Others:
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8. Give your opinions regarding mobile learning implementation into the current learning practices.
You need to rate the criteria given below. Please circle (1=disagree at all, 2=disagree, 3=neutral,
4=agree, S=totally agree).

1 | Mobile learning implementation can give you freedom in your 1 2 3 4
learning activities (SAD context).

2 | Mobile learning implementation can provide you more effective way | 1 2 3 4
of learning (SAD context).

3 | Mobile learning implementation will reduce your time to get learning | 1 2 3 4
materials (SAD context).

4 | Mobile learning implementation will help you in doing revision for 1 2 3 4
the examinations preparation (SAD context).
5 | Mobile learning implementation can remove formality of current 1 2 3 4

educational system.

6 | Mobile learning implementation will encourage study group practices | 1 2 3 4
(SAD context).

Your own opinions:

9. Give your opinions regarding current learning practices implemented in SAD course. You need to
rate the criteria given below. Please circle (1=disagree at all, 2=disagree, 3=neutral, 4=agree,
S5=totally agree).

1 | Current learning practices gave freedom in your learning activities. 1 2 3 4

2 | Current learning practices provided you effective way of learning. 1 2 3 4 5

3 | Current learning practices reduced your time to get learning 1 2 3 4
materials.

4 | Current learning practices helped you in doing revision for the 1 2 3 4
examinations preparation.

5 | Current learning practices removed formality of current educational 1 2 3 4
system (e-learning utilization).

6 | Current learning practices encouraged study group practices. 1 2 3 4

Your own opinions:

- Thank You -
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APPENDIX B

PRELIMINARY STUDY RESULT

1. Number of mobile phones types used by students of second year Business and
Information System (BIS), July 2009 semester, Universiti Teknologi
PETRONAS.

%~ Mobile Phones Used

50

40

30

m no of students
20

10

. | = B

Nokia Sony Ericsson Samsung Others

2. Types of Wireless Network Technologies Equipped in mobile phones used by
students of second year Business and Information System (BIS), July 2009
semester, Universiti Teknologi PETRONAS.

Wireless Devices
20 76
70 [o¥il
60
50 + 39
10 79
30 A
50 | m no of mobile phones

10
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3. Types of Mobile Operating System supported by students’ mobile phones of
second year Business and Information System (BIS), July 2009 semester,
Universiti Teknologi PETRONAS.

Mobile Operating System

80 v
70 +
60 - P
50 4 ~

40 - m no. of mobile phones
30 4
20 +
10 A

lava Windows Mobile

4. Second year Business and Information System (BIS), July 2009 semester,
Universiti Teknologi PETRONAS (UTP) perceptions on the current learning
practices and mobile learning utilization in UTP.

Questions Mean
Current Learning Mobile Learning
Practices Utilization
Give me freedom in my learning activities. | 3.3048 4.0122
Provide me more effective way of 3.2439 4.8293
learning.
Reduce my time to get learning materials. | 3.9146 4.6585
Help me in doing revision for the 3.1146 3.7927
examinations preparation.
Remove formality of current educational 3.3170 4.6220
system.
Encourage study group practices. 3.2317 3.3902
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APPENDIX C

USABILITY QUESTIONNAIRE

UNIVERSITI
TEKNOLOGI
PETRONAS

The objective of this survey is to get the users’ feedback regarding the developed
mobile learning course content prototype called Mobile System Analysis & Design
(MOSAD). The evaluation criteria prepared for the users’ is based on the usability
evaluation approach. This survey contains of two (2) sections: Section A and Section
B. For Section A, please tick it accordingly and rate it:

1=strongly disagree, 2=disagree, 3=fair, 4=agree, S=strongly agree

SECTION A
STUDENT’S INFORMATION
1 | Gender Male () Female(D)
2 | Year of study 150 2040 32 (0 4 O
3 | Please state whether you already took or currently taking SAD course. Alrenilylnkeno Currenly taking O
4 | The developed m-learning application is compatible with my mobile phone (s). Yes("} Mo ()
If no, please state the
model of your mobile
phone:
5. CONSISTENCY
a. | The text content format is consistent in every page. 10 20 30 40 50
b. | The navigation is consistent in every page. 10 20 30 40 50
c. | The soft keys usage is consistent in every page. 10 20 30 40 50
d. | The bullets and numbering utilization are consistent in every section. 10 QO 30 40 50
e. | The usage of different colours, sizes and font types of texts with its utilization is consistent. 10 QO 30 40 50
6. FLEXIBILITY
a. | Prepared shortcut menu list in each page gives me the flexibility in navigating from section 10 QO 30 40 50
to the other section.
b. | Prepared key number-pressed gives me more flexibility in navigating from page to the other 10 QO 30 40 50
page.
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Prepared main menu list allows me to move to my desired sections.

10

Prepared exit command in every page gives me flexibility to exit from the application at
anytime.

10

The developed application provides flexible sequence control.

10

. LEARNABILITY / USER FRIENDLY

1 just took few minutes to study the developed application.

10

I am familiar with each displays displayed in the application screen.

10

I knew what the results are if I press the key to perform in order to perform a task.

10

I am familiar with the wording used in the application.

10

The operation of the developed application is very simple.

10

. MINIMAL ACTION

I need at most two (2) key pressed in navigating from current page to my desired page.

10

I need at most three (3) key pressed in navigating from current section to my desired section.

10

I can exit from the application just on one (1) key pressed.

10

Consistent navigation requires me with only minimal effort in accessing the application.

10

The utilization of point form in the application requires me with only minimal effort in
finding the key points of the course content.

10

. MEMORY LOAD

The developed application is considered as short application and it can optimize my
memory load.

10

Each page of the application provides me with the short sentences of information. Short
sentences of information will give me better understanding.

10

The utilization of point form, text colour differences and text sizes differences will ease me
in understanding the key ideas.

10

The inserted images in the application pages give me additional help in memorizing the key
ideas.

10

The main menu list gives me an overview of what is the application all about and it prepares
my memory before accessing the full content of the application.

10
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SECTION B

1. Below are key elements of system request EXCEPT
A. Project Champion.
B. Project Sponsor.
C. Constraints.
D. Business Needs.
2. What are the common techniques of feasibility analysis?
1. Cultural Feasibility.
II. Technical Feasibility.
III. Political Feasibility.
IV. Economical Feasibility.
A. Tand Il
B. ITand III
C. Iland IV
D. Illand IV
3. The elements of technical feasibility in feasibility analysis are INCLUDING
1. Project size
II. Familiarity with business application
III. Familiarity with technology.
IV. Compatibility.
A. I ITand I
B. L Iland IV
C. II, Il and IV
D. All above
4. Below shows the steps of performing economic feasibility. Which steps below is the WRONG sequence?
A. Identify cost benefit, assign values, and determine cash flow.
B. Determine cash flow, determine ROI and determine NPV.
C. Determine ROI, calculate break-event point and graph break-event point.
D. Assign value, determine NPV and determine ROI.
5. Which person does not involve in stakeholder analysis?
A. Project Sponsor.
B. Project Champion.
C. Organizational Management.
D. System users.
6. Given interest rate of 0.03. What is the Net Present Value (NPV) of RM 791, 727 total benefits after 5 years?
A. RM 682,951
B. RM 692,951
C. RM 750,293
D. RM 760,593
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7. Given total benefit RM 791, 727 and total cost RM 2, 716, 819. What is the value of Return on Investment (ROI)?
A. 2915%
B. 29.15%
C. 2914 %
D. 29.14 %
8. Wh

o

is a project sponsor?
A. Person that initiates the project and serving as the primary point of contact for the project.
B. Person who initiates the project, promotes the project, allocate the time project and provides resources.

C. Person who knows about the project, budget enough money for the project and encourages users to use the
system.

D. Person who makes decisions that influence the project, perform hands-on activities for the project and ultimately
determine whether the project is successful by using or not using the system.

9. Who is an organizational management?
A. Person that initiates the project and serving as the primary point of contact for the project.
B. Person who initiates the project, promotes the project, allocate the time project and provides resources.

C. Person who knows about the project, budget enough money for the project and encourages users to use the
system.

D. Person who makes decisions that influence the project, perform hands-on activities for the project and ultimately
determine whether the project is successful by using or not using the system.

10. Who is a system user?
A. Person that initiates the project and serving as the primary point of contact for the project.
B. Person who initiates the project, promotes the project, allocate the time project and provides resources.

C. Person who knows about the project, budget enough money for the project and encourages users to use the
system.

D. Person who makes decisions that influence the project, perform hands-on activities for the project and ultimately
determine whether the project is successful by using or not using the system.

-THANK YOU -
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USABILITY QUESTIONNAIRE RESULT

APPENDIX D

Mobile Learning Usability Factor

Student | Consistency | Flexibility | Learnability | Minimal | Minimal
/ User Action Memory
Friendly Load

1 3 3 3 3 3
2 3 3 3 3 3
3 4.2 3.4 3.2 2.4 3
4 3 3.2 3 2.8 3
5 3.4 3.6 2.2 3.2 3.2
6 3.6 4 3.6 3.2 3.2
7 3 3 3 3 3
8 2.6 3.4 3.4 3 3
9 4 4 3.6 3.6 3.4
10 3.8 3.4 3.8 3.8 3.4
11 4.2 4 3.8 4.6 3
12 5 5 5 4.6 5
13 3.6 3.2 3.6 4 3.8
14 4.2 4 4 4 4
15 4 4 4.2 3.4 3.2
16 3.6 3.8 4 4.4 3.6
17 4 4 3.8 3.6 3.8
18 4.4 4 3 3 3
19 5 5 3.4 4.2 3.4
20 3.8 3.4 4.6 3.2 3.8
21 4.8 4.6 3.8 4.4 4
22 4 3.8 4.4 4.4 3.6
23 4.4 4 4.8 3.8 4.2
24 5 5 4.6 4.2 4.6
25 4 4 4 3.4 4
26 5 4.6 5 4.8 4.6
27 4 4.2 4.4 4.4 4.4
28 4 4.4 4 4 4.4
29 3.4 5 4 4.2 3
30 4.2 4.2 4.4 4.6 4
31 4.2 4.4 4.4 4.4 4.6
32 4.2 4.4 4.2 3.8 4.2
33 5 5 4.4 4 4
34 3.8 5 4 4.4 3.8

117




Student | Consistency | Flexibility | Learnability | Minimal | Minimal
/ User Action Memory
Friendly Load

35 5 5 5 5 4.6
36 3.2 4 3.2 32 3.6
37 4.8 5 3.8 4.2 3.4
38 4.8 4.6 3.8 3.6 3
39 3.8 4 4 3.8 4
40 3.4 4.4 3.8 3.4 4.2
41 3.6 3.6 3.8 3.4 4.2
42 4 4 4.2 3.6 3
43 4.8 4.6 4.8 + 3.8
44 4 4.6 4.2 3.6 4.2
45 3.6 3.8 3.6 2.8 4.2
46 4.4 3.8 4.2 4 4.4
47 3.8 3.6 4.2 3.8 3.6
48 3.8 3.8 3.8 3.8 4.2
49 3.6 3.6 3.6 3.6 3.2
50 4.4 4.8 4.8 4.4 4.4
51 4 4.4 4 4 4
52 3 3.6 4.2 3.8 3.8
53 3.6 4 4 3.4 3
54 3.6 3.8 2.6 3.4 3
55 3.8 3.8 3.6 3.6 3.6
56 4.6 5 3.8 4.4 4.4
57 4.8 4.8 5 4.4 4
58 4 4 3.6 3.6 3
59 4 4.4 4 3.8 3
60 3.8 3.4 3.2 2.8 3.6
6l 4.4 4.8 4.4 3.4 4
62 4 4 4 4 4
63 4.4 4.4 3.8 3.8 5
64 4 2.6 4 3.6 2.8
65 3.8 3.6 4 3.6 3.6
66 4 4 5 4 4.2
Average | 4.00303 4.072727 | 3.933333 | 3.766667 | 3.730303
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