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Abstract—This paper presents the experience of Arab Open
University; AOU for short; on using WAP technology in
mobile learning; m-Learning. The goal is to enhance e-
Learning aspects of the existing learning management sys-
tems (LMS); e.g. Moodle. In addition to presenting technical
aspects of the WAP, we also introduce the advantages and
disadvantages of using WAP technology in the learning
process. Furthermore, a description of AOU’s learning
management system with the outcomes of the tutors and
students is introduced. This paper discusses also the suit-
ability and feasibility of using WAP technology devices for
distance learning in real-time.

Index Terms—e-Learning, m-Learning, WAP, CMC, LMS,
Open source.

I. INTRODUCTION

As technology rapidly advances, new ideas for learning
will also emerge. Computer-mediated communication
(CMC) facilitates the development of such learning com-
munities. In the broadest sense, CMC refers to any com-
munication via computers; common applications include
e-mail, online bulletin board, and online chat. The most
important educational affordance of CMC lies in its con-
nectivity: it connects learners at different geographical
locations beyond the boundaries of classrooms; allows
learners to exchange information within a short period of
time synchronously or asynchronously; and provides the
flexibility for one-to-one, one-to-many and many-to-many
communication. Connectivity among learners is critical
for a learning community, without which social construc-
tion of collective knowledge would be greatly impeded.

The growth of Internet-based technology have brought
new opportunities and methodologies to education and
teaching representing in e-learning, online learning, dis-
tance learning, and open learning. These approaches are
typically use in place of traditional methods and mean that
students deliver their knowledge though the web rather
than face-to-face tutoring.

e-Learning is a new trend of education system, where
students deliver their materials through the web. e-
Learning is the "use of internet technology for the crea-
tion, management, making available, security, selection
and use of educational content to store information about
those who learn and to monitor those who learn, and to
make communication and cooperation possible." [1].

Kevin [2] addressed the benefits of e-learning for both
parties: organization and learners. Advantages of organiz-
ers are reducing the cost in terms of money and time.
Learning time reduced as well, the retention is increased,
and the contents are delivered consistently. On another
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hand, learners are able to find the materials online regard-
less of the time and the place; it reduces the stress for slow
or quick learners and increases users' satisfaction; in-
creases learners' confidence; and more encourages stu-
dents' participations.

New technologies such as Wireless Application Proto-
col (WAP), General Packet Radio Service (GPRS) and 3G
(3rd Generation) technologies further augment the educa-
tional potential of CMC by allowing learners and tutors
access to the Internet, anywhere and anytime, via the mi-
cro browser equipped mobile phone.

WAP technology and the concept of e-learning is an
evolving trend in education at all levels. Even classrooms
with younger children are benefiting from the use of hand-
held mobiles and laptop computers.

Recent advancement in mobile and wireless technology
as basic requirements of WAP applications has helped to
improve commerce [3, 4, 5, and 6] and services [7, §].
Mobile technology is strategic to many organizations and
activities [9, 10]. Education is no exception! The use of
mobile technology has not only extended desktop-based
online learning environment into the mobile and wireless
channel but also enabled education to take place anytime,
anywhere [11]. Educational materials can be delivered to
students through mobile devices. Mobile technology can
also be integrated into learning management system to
improve interactivity in the classroom and also in distance
learning.

Research into new WAP technologies that enhance in-
structional activities will continue to support the educa-
tional community as it embraces the idea of anytime,
anywhere learning. E-learning is not just about readily
accessible information; it opens up the possibility for the
delivery of multimedia information, interactive learning
and assessment, and real-time distance collaboration.

Applications of WAP technology in education can pro-
vide benefits to both students and educators. WAP tech-
nology provides greater flexibility in student learning.
Students can have access to educational materials through
their WAP enabled mobile devices, which enable them to
learn as and when the need arises and when the time is
right for them, no matter where they are, even when they
are on the move. With mobile devices, educational mate-
rials are not only readily available to students but they can
also be delivered to students based on their needs and
preferences [12, 13].

Sharma and Kitchens stated that M- learning offers a
unique opportunity for teachers and students in different
kinds of learning environment settings. The unique feature
of this mode of learning is that it enhances flexibility for
students; however, it demands new pedagogies, and new
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approaches to deliver a course. If appropriately facilitated,
m-learning helps learners in a great way by providing vir-
tual classrooms on their mobile devices. Teachers will
ultimately spend more time for course-delivery and fol-
low-up as compared to traditional classroom method. In
addition, teachers will have to provide a rich learning re-
source and environment, which in turn, contributes to the
quality of learning [14].

In this paper, the technical overview of WAP technol-
ogy is presented in section two. A full description of the
Arab Open University (AOU) LMS is presented in section
three. Sections four and five present the using of WAP
technology including its requirements and benefits. Sec-
tions 6 concludes this paper and section 7 presents the
future work.

II. TECHNICAL OVERVIEW

Wireless Application Protocol (WAP) is a secure speci-
fication that allows users to access information instantly
via handheld wireless devices such as mobile phones,
pagers, two-way radios, Smart phone and communicators.

WAP is designed to be user-friendly and innovative
data applications for mobile phones easily. There are three
types of terminals have been defined:

o Feature phones, which offer high voice quality with
the capability of text messaging and Internet brows-
ing;

e Smart phones, with similar functionality but with lar-
ger display.

e The communicator, which is an advanced terminal
designed with the mobile professional in mind, simi-
lar in size to a palm-top with a large display.

WAPs that use displays and access the Internet run
what are called micro browsers; browsers with small file
sizes that can accommodate the low memory constraints
of handheld devices and the low-bandwidth constraints of
a wireless-handheld network.

WAP uses Wireless Markup Language (WML), which
includes the Handheld Device Markup Language (HDML)
developed by Phone.com. WML can also trace its roots to
eXtensible Markup Language (XML). A markup language
is a way of adding information to your content that tells
the device receiving the content and what to do with it.
The best known markup language is Hypertext Markup
Language (HTML). Unlike HTML, WML is considered a
Meta language. Basically, this means that in addition to
providing predefined tags, WML lets you design your own
markup language components. WAP also allows the use
of standard Internet protocols such as UDP, IP and XML.

Although WAP supports HTML and XML, the WML
language (an XML application) is specifically devised for
small screens and one-hand navigation without a key-
board. WML is scalable from two-line text displays up
through graphic screens found on items such as smart
phones and communicators.

WAP also supports WML Script. It is similar to
JavaScript, but makes minimal demands on memory and
CPU power because it does not contain many of the un-
necessary functions found in other scripting languages.
Because WAP is fairly new, it is not a formal standard yet.
It is still an initiative that was started by Unwired Planet,
Motorola, Nokia, and Ericsson.

iJIM — Volume 3, Issue 3, July 2009

Markup language migration

i ™ P .
i‘ HTML ,.{/ c-HTML, | I -
L —_\_\\ _____ _d 9// h-\.
3 XHTML |
i -
| @
OEXMER (R
\‘ ‘// A | \__7 . 7__1/
_WAP2.0
Figure 1. Migration of Markup language

Web
Server /
Gateway
HTTP
Server
WML
pages

Figure 2. 'WAP Technology Infrastructure

-‘-“--..
=
-.._L:__*V‘_r‘

-\J('

There are three main reasons why wireless Internet
needs the Wireless Application Protocol:

o Transfer speed: most cell phones and Web-enabled
PDAs have data transfer rates of 14.4 Kbps or less.
Compare this to a typical modem, a cable modem or
a DSL connection. Most Web pages today are full of
graphics that would take an unbearably long time to
download at 14.4 Kbps. In order to minimize this
problem, wireless Internet content is typically text-
based in most cases.

o Size and readability: the relatively small size of the
LCD on a cell phone or PDA presents another chal-
lenge. Most Web pages are designed for a resolution
of 640x480 pixels, which is fine if you are reading on
a desktop or a laptop. The page simply does not fit on
a wireless device's display, which might be 150x150
pixels. Also, the majority of wireless devices use
monochrome screens. Pages are harder to read when
font and background colors become similar shades of
gray.

e Navigation: navigation is another issue. You make
your way through a Web page with points and clicks
using a mouse; but if you are using a wireless device,
you often use one hand to scroll keys.

WAP takes each of these limitations into account and
provides a way to work with a typical wireless device.

Here's what happens when you access a Web site using
a WAP-enabled device:

¢ You turn on the device and open the mini-browser.

e The device sends out a radio signal, searching for
service.

e A connection is made with your service provider.
e You select a Web site that you wish to view.
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e A request is sent to a gateway server using WAP.

e The gateway server retrieves the information via
HTTP from the Web site.

e The gateway server encodes the HTTP data as WML.
o The WML-encoded data is sent to your device.

e You see the wireless Internet version of the Web
page you selected.

Although WML is well suited to most mundane content
delivery tasks, it falls short of being useful for database
integration or extremely dynamic content. PHP fills this
gap quite nicely-integrating into most databases and other
Web structures and languages. It's possible to "cross-
breed" mime types in Apache to enable PHP to deliver
WML content. WML pages are often called "decks". A
deck contains a set of cards. A card element can contain
text, markup, links, input-fields, tasks, images and more.
Cards can be related to each other with links.

When a WML page is accessed from a mobile phone,
all the cards in the page are downloaded from the WAP
server. Navigation between the cards is done by the phone
computer (inside the phone) without any extra access
communications to the server.

III. THE E-LEARNING PLATFORM OF THE AOU

Arab Open University was established in 2002 in the
Arabic region, and adopted the open learning approach.
AOU has partnerships with the United Kingdom Open
University (UKOU) and other national educational insti-
tutes, such as MoHE, and international institutions, in-
cluding UNISCO, to help ensure a high quality of teach-
ing.

An open learning system is defined as "a program offer-
ing access to individuals without the traditional constraints
related to location, timetabling, entry qualifications." [15].

The aim of AOU is to attract large number of students
who can not attend traditional universities because of
work, age, financial reasons and other circumstances. The
"open" terminology in this context means the freedom
from many restrictions or constraints imposed by regular
higher education institutions which include the time, space
and content delivery methods.

Freed et al. [16] claimed that the "interaction between
instructors and students and students to students remained
as the biggest barrier to the success of educational media".
The amount of interaction plays a great role in course ef-
fectiveness [17]. For this purpose and to reduce the gap
between distance learning and regular learning, the AOU
requires student to attend weekly tutorials. Some may
argue that it is not open in this sense; however the amount
of attendance is relatively low in comparison with regular
institutions. For example, 3 hours modules which require
48 hours attendance in regular universities, is reduced to
12 hours attendance in the AOU.

At the beginning the AOU used the FirstClass system
as a computer mediated communication (CMC) tool to
achieve a good quality of interaction. The FirstClass tool
provides email, newsgroups and conferences as possible
mediums of communication between tutors, tutors and
their students, and finally between students themselves.
The most important reason behind using FirstClass was
the tutor marked assignment (TMA) handling services that
FirstClass provided. However, the main servers are lo-
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cated in the UKOU which influences the control process,
causes delays, and totally depends on the support in
UKOU for batch feeds to the FirstClass system [18].

To overcome these problems, AOU use Moodle nowa-
days as an electronic platform. Moodle is an open-source
course management system (CMS) and learning manage-
ment system (LMS) used by educational institutes, busi-
ness, and even individual instructors to facilitate web
technology to their courses. A course management system
is "often internet-based, software allowing instructors to
manage materials distribution, assignments, communica-
tions and other aspects of instructions for their
courses."[19]. CMS and LMS or virtual learning environ-
ments (VLE), are web applications, meaning they run on a
server and are accessed by using a web browser. Both
students and tutors can access the system from anywhere
with an Internet connection. Moodle provides many learn-
ing tools and activities such as forums, chats, quizzes,
surveys, gather and review assignments, and recording
grades as components of its LMS.

Main Menu -
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Student Attendance

Semester Grades
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Figure 3. AOU-LMS integrated tools
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Figure 4. The unified image of the AOU e-learning systems

http://www.i-jim.org


http://computer.howstuffworks.com/framed.htm?parent=wireless-internet.htm&url=http://webopedia.internet.com/TERM/g/gateway.html�
http://computer.howstuffworks.com/framed.htm?parent=wireless-internet.htm&url=http://searchsystemsmanagement.techtarget.com/sDefinition/0,,sid20_gci214004,00.html�

M-LEARNING: THE USAGE OF WAP TECHNOLOGY IN E-LEARNING

Moodle was used in AOU mainly to design a well
formed learning management system which facilitates the
interaction among all parties in the teaching process, stu-
dents and tutors, and more over to integrate the LMS with
the student information system (SIS).

In addition that Moodle is easy to learn and use, and
that it is popular with large user community and develop-
ment bodies. Moodle is flexible in terms of:

e Multi-language interface,
o Customization (site, profiles),
e Separate group features, and pedagogy.

The unified image of the e-learning platform of the
AOU from the starting web page shown in Fig. 4, the us-
ers will be able to:

e Connect to the SIS, where they could do online regis-
tration, seeing their grades and averages.

e Perform learning activities through the LMS, such as
submitting assignments, do online quizzes, etc.

e Retrieve resources through AOU digital library sub-
scriptions.

To fit the AOU requirements and specification, a num-
ber of modifications and customizations were made (see
Fig. 4), including:

e Log records. Logs are replicated into other isolated
tables, to increase performance, and to keep track re-
cords for long period, while removing these log re-
cords from original tables.

e Some facilities and activities are added.

e Student’s attendance and absences sheets are pro-
vided.

e Grades customizations (fractions) excel sheets are
available.

e Randomly captured assignments for quality assur-
ances purposes.

o WAP (wireless application protocol) services
(grades, schedule, financial issues, and news) are
presented.

IV. WAP TECHNOLOGY USED IN AOU-LMS

AOU has a pioneer experience of developing and inte-
grating the well known learning management system
Moodle.

One of our recent integrations of our LMS is the use of
WAP technology to mediate the system learning tools
such as forums, chat rooms, and announcements. In the
next paragraph, we will discuss integration opportunities
and limitations of WAP technology for supporting a learn-
ing community. Recently, El-Seoud et al. [20] presented a
framework for a mobile interface for moodle which utilize
proper moodle activities over mobiles.

The main goal is to widen the usage of technology in
education to make is reachable, feasible, and reachable to
the students anytime, and anywhere. Lee [21] explored
the potential of WAP technology as an effective online
communicating tool when coupled with other tools.

As a component tool of AOU-LMS courses websites,
students have the opportunity of using the integrating in-
structional technology effectively into their classroom
practices. There are approximately 25% of face-to-face
tutorial lessons for each course and the remainder of 75%
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of the course time is delivered using online e-learning
activities. AOU has adopted Moodle, an online learning
delivery and management system that allows students to
learn independently and tutors to customize the online
learning package according to their students’ needs. Stu-
dents are equipped with WAP enabled mobile phones to
participate in the e-learning activities.

A mobile telecommunication service provider provides
the mobile phones and the WAP services subscriptions.
Students have the choice of using the e-learning tools via
Moodle from their personal computers or via their WAP
enabled mobiles using the WAP technology. All e-
discussions took place at the class level, consisting of stu-
dents and a tutor. In-house software developers developed
a WAP-based e-discussion application to allow the stu-
dents in the study to access the e-discussion forums via
their WAP-enabled phones.

In this application, the tutor was able to do the adminis-
trative function, namely to manage the forums and his
group, and to carry the discussion with his students via the
WAP-enabled phones. Students logged on to the e-
discussion via their phones to discuss with other class-
mates and the tutor. They created new threads, viewed
threads, replied to and deleted messages. There are at least
three forums for each course; extra forums can be added
as required. One forum of a particular course is on case
studies.

During a study of the WAP services, it was observed
that students experienced difficulties in using the WAP-
enabled phones as a result of slow transmission speed,
navigational problems and short battery life. On the other
hand, WAP technology offers opportunities for e-
discussions in a learning community. It has been observed
that WAP technology had helped to build a learning
community. We believe that WAP technology have medi-
ated the formation of a closely-knit group where everyone
is able to participate and learn from one another. Its mo-
bility is offering the tutor and students anytime-anywhere
participation in the e-discussion forums. This opportunity
for anytime-anywhere participation might motivate stu-
dents to participate in the e-discussion forums.

The main limitation of WAP technology is the technical
problems of using the WAP-enabled phones. These prob-
lems include:

o Short life span of the phone battery,
o Difficulties in logging into the WAP-based forums,

o Slow transmission, failure to send and the need to re-
send messages,

e Navigational problems, it is difficult to read and
browse the messages on the small screen of the
phone.

o Difficulties to key in messages using the WAP-
enabled phones.

Technical problems are not the most critical, but the
first, hurdle that must be crossed. Improving the technical
capabilities of the WAP-enabled phones would encourage
more participation in the WAP-based forums, and might
even enhance the quality of WAP-based messages.

When comparing the mobile network to the fixed net-
work there seems to be many limitations, as already dis-
cussed. The mobile network also provides unique advan-
tages or features such as the position or location of the
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device and personalization (both user preferences and
device capabilities). The WAP language supports these
features of Positioning and Personalization. A WAP lan-
guage component supports User Profiles which contains
information on the user preferences and the device capa-
bilities.

Furthermore, current WAP technology makes it best
suited to particular aspects of e-learning courses, such as:

o Quick reminders and alerts

e Communication with peers and managers

e Multiple-choice quizzes with immediate feedback
e Daily tips

o Glossary information

e Browsing e-learning course material

e Searching for specific information within a topic
o Links to WAP sites

e Course registration

Tutors and students interact via forums as shown in
Fig.5. There are mainly four types of forums as follows:

e News forum is used to announce important dates,
such as final exams time table, and other news re-
lated to AOU.

e Course forum, is used by the tutor to send lecture
notes to all students who are registered in a specific
module.

e The tutor group forum as shown in Fig. 5 is used as
an interacting media between tutors and students.
Any message send by the tutor in the tutor forum
could be accessed by all students registered in this
module with this tutor. At the same time, if student
send a message to the tutor or to another student, this
message could be read by all.

e Dialogue forum, is used to add some privacy in stu-
dent/tutor relationship, in which messages in these
case will be not be accessed by all, only between
both parties.

The new activity to be added is to ask a student if
he/she wants to receive the tutor group forum messages
through their mobile devices, if yes, then the sent mes-
sages will be delivered to the system as well as the stu-
dents’ mobiles.

In the same manner, the chatting is done through the
website; it could be done using the mobile.

Moreover, any announcement via the LMS can be di-
rectly transmitted to the intended receivers' mobiles to
guarantee a full awareness of such announcements.

V. REQUIREMENTS AND BENEFITS OF ADOPTING WAP
TECHNOLOGY IN EDUCATION

Computer-based learning environments are increasingly
becoming commonplace at colleges and universities.
Myers and Talley [22] classify the computer-based tech-
nologies into two categories:

1. Online course management systems and specialized
collaborative environments that allow electronic
communication of classroom instruction materials to
students, among students and between student and
instructor;
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2. Wireless network systems that allow faculty and stu-
dents with mobile computers to communicate with
their campus networks.

Mobile and wireless technology has been served in
many domains such as commerce, and education. Mobile
learning "m-Learning" is e-learning delivered through
mobile computational devices. So mobile learning can
provide online learners with capabilities to get instant no-
tification on e-mail, access learning sites, report data from
the field, and collaborate with learning colleagues. [1].

M-learning does not replace traditional learning; it just
represents another way of learning. Siau and Nah [9]
listed the usefulness of mobile technology for both stu-
dents and tutors. The students' benefits are:

1. The education materials are available for students re-
gardless of where they are;

2. Education materials can be delivered to students
based on their needs and preferences.

3. Students can communicate and interact with pee stu-
dents and educators in real time.

The benefits for tutors are presented by providing a new
means of education delivery as well as adding a new di-
mension for student-tutor interaction. For example, wire-
less classroom response systems can be integrated into
classroom instructions to gather students' responses and
provide instantaneous feedback to students on their per-
formance. This could improve classroom interactivity,
enhance teaching effectiveness, and promote student
learning.
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The attributes of mobile devices are operating system,
large graphical display, touch screens, connectivity, mem-
ory, programmability, and personal information manager
(PIM) functionality [23]. Recent evolutions on laptop
computing have led to what is called TabletPCs, which is
digital pen-based mobile PCs that use digital ink enabled
software, and it is used in teaching [24], the general struc-
ture of enhancing the mobile technology with e-learning is
shown in Fig. 7.

However, the availability, mobility, and performance of
wireless technology depend on five major areas [25]:

4. Platform, the majority of PDAs and cellular phones
being produced have embedded in them some type of
Web browsing technology.

5. Connectivity, the true wireless connectivity is wire-
less Radio Frequency (RF). The wireless communi-
cation categories are Wireless Local Area Network
(WLAN), and Wireless Wide Area Network
(WWW). Training sites at corporations and students
at universities use wireless connectivity to facilitate
access to information, information exchanges and
learning [26].

6. Wireless Middleware, provides services specific to
the world of wireless and handheld computing. Wire-
less middleware services are secure communication
management, synchronization, message processing
and management tools [23].

7. Back-End System, handheld and wireless computing
extends the reach of corporate data and corporate
transaction engines. The data stored on a Web site,
mainframe, UNIX server, or an Oracle database.

8. Security, in a wireless world, security includes com-
munication links, integrity of the channel, and accu-
racy of transactions.

VI. CONCLUSION

This paper has explored the opportunities and limita-
tions of WAP technology in mediating e-learning tools to
build a learning community. To make WAP-based discus-
sions more successful online communication technology
for education, we must continuously refine our research
plans and explore future areas of research. More studies
may be conducted to explore the possible ways to make
WAP technology a successful social and cognitive tool for
facilitating individual learning and enhancing the social
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construction of knowledge. The technical aspects of the
WAP-enabled mobiles may also need to be considered
seriously in the future development of WAP technology
with respect to e-discussions and/or learning.

In conclusion, WAP is suitable for the creation of mo-
bile learning training course material. The optimization of
WAP and the handling of the design challenges make it
feasible to use mobile handheld devices for distance learn-
ing in real-time. The application developer must always be
aware of the user and take into account the usability issues
if the application is to be a success. The experience of
AOU on enhancing its LMS with WAP technology for a
move toward m-learning has been introduced.

VII. FUTURE WORK

Our future trends are to keep enhancing our m-learning
system and its integration with other online system used in
the educational institutes. We will also do a complete
comparison of infrastructure technologies used as a back-
bone of m-learning including WAP, 3G, and GPRS. Fur-
thermore, we will do a performance analysis to measure
the suitability of using m-learning in education and com-
pare it with other learning technological platforms.
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