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Abstract

Attempts have been made at bridging the digital divide in schools using desktop PC sys-
tems without much success. As a result many computer laboratories sit empty. There are
many reasons for these failures. Often there are incompatibilities of software applications
for the PC and its operating systems. In other cases non existent infrastructure such as
networking support for the operations.. This paper describes a project aimed at achieving
a more successful school educational environment by using students’ mobile devices, desk-
top computer and open source applications. The project therefore, looks forward to a time
when schools no longer have to purchase computers for their students but rather utilize
mobile devices already owned by students. The paper presents results of an evaluation
study on the interaction of students’ mobile devices with course material and teachers
using open source applications in a teaching environment. The pilot project was under-
taken by Schoolnet in Namibia. The results presented show that although there were

constraints on such devices the educational benefits far outweigh the physical limitations.
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Chapter 1

Introduction

Various attempts to bridge the digital divide have been met with little success. Efforts
to equip telecentres with desktop computers have had their misgivings. These centres
remain unutilized. The reasons for the cases vary, but many would agree that resources
necessary for success like networking, skills and maintenance to name but a few are of
major concern|[[?7?77727]].

On the contrary the mobile computing arena offers unprecedented growth, a staggering
growth rate of 65% in Africa. In South Africa, it is estimated that more than 50% of the
populace own a cellular handset [?]. This trend is universal in most developing countries.
The handset’'s power has been increasing steadily and in the future they are expected to
have tremendous computing power. The ease of use and direct access to the desktop and
internet is an invaluable asset that can be harnessed to bridge the digital divide, however,
the desktop interface and feel is still intimidating to most new users in developing countries
(?7]. Tt still requires overcoming by new users which is not the case with mobile devices
whose interface. look and feel is all too familiar. The solution offered here is thus to look
forward to a time when schools and parents won't need to purchase desktop computers
for their students. The mobile devices already owned by the students shall be sufficient.
There is still a need to get ways of harnessing this power of mobile devices to unleash it’s

potential.



1.1 OSMS Model

This rescarch presents a new Open Source Model for Schools (OSMS?!) that harnesses
the power of the student’s mobile devices. The model comprises in part PDAs, open
source applications. students mobile devices and bluetooth technology. It has a great
potential for providing students with a tool that can support learning in various contexts,
e.g in flield work to record and share data, in libraries and museums. and at home, in the
classtoom. as well as useful lifelong learning tools. The model allows access to learning
resources anvtime and anyvwhere and could enable students to make more effective use of
time while away from home or school environment.

The rescarch thus develops the model that incorporates teacher/student interaction
with the desktop computers. It explores ways to incorporate open source applications on
mobile devices to archive the above goals. The OSAIS model enables interaction of course
material using a desktop computer and wireless communication with the students” mobiles
devices. The interaction involve various tasks like downloading lecture material. quizzes
and interactions of students and teachers. For the success of such a model, both mobile
devices and desktop computers need to have similar applications. In a current school
computing environment, there are drawbacks as these systems lack ability to support
the latest applications in the marketplace. Open source offers the ideal solution as its
applications can be supported by both older systems and new mobile devices. Recently,
the increasing functionality of mobile computing has led several authors to argue that
palmtop computers could be usefully exploited as learning tools [?].

Studies investigating the potential use of mobile computers as learning tools have pri-
marily been conducted within school settings. Wayvcott et al [?] speak of a 'paradigm
shift” towards portable computing in education, likening it to the historic shift from read-
ing as an activity that took place only in centres of learning to an activity that became an
integral part of evervday life. There is great potential for palmtop computers to provide
students with a tool that can support learning in various contexts. Mobile computers can
be used. for example, in field work to record and share data, in libraries and muscums,
and at home. as well as in the classroom. They could also be used as lifelong learning
tools. Such tools could accompany learners throughout their lives, and be used to input

data and access intformation whenever the learner feels it is necessary. In this way, these
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devices would becone lifelong learning tools that release the learner from the situational
constraints imposed by desktop computers. Similarly, portable computing technologies
could be valuable for supporting open and distance education. Distance education stu-
dents typically have to fit their self-managed learning activities around other tasks, such
as work and family commitments. Providing access to learning resources anytime and
anywhere. palintop computers could enable students to make more effective use of time
while away from the home or office environment[?]. The OSMS model presented in this
research can be made available freely and promoted for use in developing countries.

The rest of this dissertation is arranged as follows;

Chapter 2 documents the background and literature review while Chapter 3 presents the
educational model. Chapter 4 deals with the test environment that was used to evaluate
the OSMS model. Chapter 5 deals with the evaluation of the rescarch. Presented are
the methodology that were taken to evaluate the OSNS model Results of the evaluation
of the OSMS model along with the findings follow in Chapter 6 and finally Chapter 7
concludes the dissertation with a summary of interesting outcomes and discusses the way

forward for furure work.



Chapter 2

Background

2.1 Introduction

Educators constantly seek new channels, methods. and technologies to reach and intrigue
students. The hope is to first capture their interest, then maximize their understanding
and retention of the material, and finally encourage their own independent creative work.
Throughout this process. they try to teach skills that can he applied in the real world.
The breadth of the field and the variety of pedagogical approaches make this process very
difficult. The OSMS model presented in this research and open source software (OSS)
can serve as a channel, method, and technology for teaching and learning. OSMS has
the potential to expand group work beyond the classroom to include much larger projects
and more distributed learning. OSS can also be used to introduce students to a larger
education community and to the practice of peer-review. OSMIS can often provide free or
lower-cost technology in the classroom, permitting the use of technology that the students
might otherwise be unable to afford[?].

Evervday desktop computer users have mixed feelings when it comes to the use of open
source softwarc. Although stability and security are of importance to some, and others
value freedom of choice. convenience and usability win the day. Users are only concerned
about what thev can do and how quickly and effectively it can be done. Until open
source software hecomes user friendly and intuitive enough to appeal to a mass audience,
it will remain an ideal which many users find admirable, but are unwilling to adopt[?].
Although that may be the case, some open source applications such as OpenOffice.org (a

Microsoft Office replacement) and Morzilla have made important advances in usability in



the last fow vears. and have become available to both Windows and Linux users[?]. "Open
source” attempts to front the increased reliability that results from large communities of
users being given access to source code (a benefit that relates to the Open Source dictum,
with enough eves. all bugs are shallow) while free software attempts to highlight how, in
contemporary culture. software frequently structures how people act and communicate[?].

What of the future of open source? It could range anywhere from the inevitable future
of the software ficld to its only good for operating systems. nothing more to it is in all
probability a passing fad. Incvitable future or passing fad? No matter how one views it,
the notion of open source software has certainly livened up the software scene[?].

Accordingly. the basic idea behind open source is simple: When users can read, redis-
tribute, and modify the source code for a picce of software, the software evolves|?]. Oune
set of issues concerns the use of open source software in teaching and the use of open
source development models. Some basic questions that arise include “Should use of open
source (and possible contributions to it) be the subject of classroom environment?” and
“Should open source software be used?”[?7]

In the OSNS model presented in this research. users are associated with varying
geographic locations, and their mobility modelled together with the potential interactions
as theyv access the wireless network during school time. However, rather than choosing
user locations. speeds, and directions using random distributions. instead access and
interaction patterns of students are used. The evolutionary network topology of OSMS is
used to perform evaluation of the model in a realistic secondary school educational setting.
On the contrary ad hoc routing models have been popular research topics for some time,
and many models have been proposed and evaluated in the literature (e.g., [ [?777]]).
Surprisingly. however, very few have been evaluated in realistic user settings [?] under
realistic interaction models as is the case with the OSMS model. Recently, two efforts have
evaluated ad hoc implementations in a small conference setting [?] and random synthetic
outdoor environment [?], but neither explore the impact of interaction. As a result, little
is known about the tradeoffs and applicability of expected interaction situations. Since
groups of users with hand-held PDAs have often been used as a motivating setting for
mobile networking. the OSMS model uses the same to perform evaluation of access and
interaction patterns of students using their mobile devices and open source applications

in an cducational setting.



2.2 Literature Review

2.2.1 Open source software and education

Open source models and open source licensing.

The Open Source Initiatives definition of open source software is: “software that must
be distributed under a license that guarantees the right to read, redistribute, modify,
and use the software freely.” [?]. The software goes through a type of natural evolution
resulting in rapid development, increased reliability, and decreased cost. It is envisaged
that the OSMNS model presented in this research will go through a similar process. When
marketing the "open source” approach, often the pragmatic properties of the open source
code are relied upon. For instance, we may cite the software’s reliability and high quality
due to the peer review and rapid evolution of the source code [?]. The disparitics lie in
exactly who gets access to this source code, and why they have access to it.

Open source software can be released under a variety of different licenses. As of
February 2002. the Open Source Initiative has approved 30 open source software licenses
[?]. The GNU' (GNUs Not Unix) General Public License (GPL) is a very common open
source license. This license assures any derived work of a GPL program will remain GPL,
thus assuring the freedom for future users/developers to access, modify. and redistribute
the source code. The OSMS model released under this license as in many other OSS
models is copylefted. " Copylefted software is free software whose distribution terms do
not let redistriburors add any additional restrictions when they redistribute or modify
the software.” [?]. The Copyleft mechanism of the OSMS model provides incentive for
developing and improving free software.

Regardless of a license. releasing OSMS model under an open source license allows
others to find bugs. improve the algorithms, write documentation, or port the software to
other hardware and software configurations.

Many groups have been established to develop and promote open source software as a
viable technological solution for educational uses. By using open source software, schools
can free themselves of licensing costs and put their (often scarce) resources to other uses.

As one might expect. the focus is on Linux, and tools that work on Linux platforms. Red

GNU was founded by Richard Stallman and was the original focus of the Free Software Foundation
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Hat. a company best known for its commercial support of GNU/Linux. has developed
the Open Source Now project. [15] Open Source Now is an advocacy group designed to
advance the use of OSS in both education and public policy. For educators, they provide
an introduction to OSS in education, a discussion list, and links to a wide variety of other
0SS in education sites. Simple End User Linux - Education is a discussion list about
all aspects of educational uses of Linux. [16] The site also provides a database of case
studies. and links to current projects and a wide variety of software from astronomy to
social studies. The OSMS model presented here allows a school to take advantage of
outdated hardware they may already own, as well as save moneyv by reducing the software
licenses the schools must purchase. They claim to cut a lab’s hardware and software costs
by more than a third. OSMS model is not limited to low-cost computer labs in primary
and secondary schools, but can also be actively used and developed by higher education
institutions. Relyving on the flexibility, low-cost, standards compliance, and stability of
OSS to strengthen its credibility as an educational solution, it is possible to recognize the
factors that inhibit its widespread acceptance. Today’s schools are very Windows reliant,
possibly due to historical vested interests, a steep learning curve. or masterful marketing.
Open source software and education
Open source software offers tremendous benefits to the education community. By using
OSS. educators and students can develop (or further the development of existing) software
that can be used and improved upon by an international community. This not only
provides the student with a world-size laboratory and support staff. but also gives them
experience in large-scale software collaboration and development. Distributed software
collaboration has proven itselt effective in the educational setting through the use of
Internet-driven collaboration tools such as web pages and email lists [?]. These Internet-
driven collaboration tools are the same as those that power open source development.
Thus. we can look to the open source community to expose our students to large-scale
distributed software development. By using the OSMS model, not only is the student
participating in a large distributed software community, but is also interacting with large,
real environment. Just as we look to conferences and journals for peer-review of our
ideas. we can look to the open source community for the same tvpe of scrutiny concerning
the OSAS model presented in this research. By taking advantage of the open source

development model we extend the methodology by which we learn. apply. and teach, to
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include peer-review [?].

2.2.2 Mobile devices and Open Source Software in education

In this section. previous studies of wireless network user hehavior are looked at and a
discussion on the various mobility models that have been proposed and studied in the
literature is presented. Note that related studies of 802.11 wireless networks typically use
access point associations to track user interaction. In the OSMS model presented in the
rescarch. bluctooth technologies are employed.

Other studies have characterized wireless networks in different settings, large confer-
ence venues and corporate wireless LANs. [?] captured and analyzed a workload from
a wireless LAN at the 2001 ACM SIGCOMNDMI conference. Their goal was to character-
ize user behavior in this setting to facilitate the planning and deployment of wireless
networks. Since the network was confined to a large auditorium for the conference, the
interaction characteristics of the users were very limited. 7 analyzed a corporate wireless
LAN workload of 1366 users across 177 access points. Again, they collected data using
SNMP? to periodically poll all access points involved. In their study, Balazinska and
Castro compare their results with results from the previous studies to distinguish user
behavior among the various user groups and identify factors which contribute to these
differences. Finally. two recent studies investigated the performance of implementations
of popular ad hoc routing models deployed 802.11 ad hoc networks. 7 developed a dis-
tributed architecture for monitoring multi-hop mobile networks called DANMON, and used
this architecture to monitor an ad hoc network at the 58th IETF meeting at the end of
2003. The study focused on the experience of using the AODV routing protocol in the
network. however. and the number of users (seven) and trace duration (12 minutes) did
not make mobility characterization interesting. 7 compare the performance of four ad
hoc routing algorithms in an outdoor deplovment of 33 nodes. Nodes were stationary
and therefore did not incorporate mobility into the algorithm evaluation, but they found
that (1) the choice of algorithm had a significant impact on packet delivery, and (2) some
algorithms that performed well indoors did not perform well outdoors, and vice versa.

Numerous interaction models have been proposed for use in simulation and evaluation

2The simple network management protocol (SNMP) forms part of the internet protocol suite as defined

by the Internet Engineering Task Force (IETF).



of ad hoc routing protocols. A recent survey presents a number of these models divided
into entity and group mobility models [?]. The survey also presents simulation results
from these models to emphasize the importance of properly choosing a mobility model
for research simulations. They show that the choice of mobility model greatly impacts
the performance of various ad hoc routing protocols. Perhaps the most widely used mo-
bility model has been the random waypoint model [?]. In this model, each node begins
a simulation stationary for pause time scconds, then randomly chooses a destination in
the simulation space and moves to that location with a speed between speedmin and
speediax (chosen from a uniform distribution). Once a node reaches its destination, the
process repeats. Aside from being far from realistic user behavior in most settings {7],
randomn waypoint creates non-uniform [?] and fluctuating [?] node densities within the
simulation arca. as well as decreases the average nodal speed over time [?7]. Recently,
there have been a number of mobility models proposed as alternatives to the standard
randon wavpoint model (c.g., [7?777777?]). In general. the goal of these models is to
increase the realism of random waypoint in particular settings. For example, 7 proposc a
group mobility model called Reference Point Group Mobility (RPGAL). RPGM calculates
node velocity vectors as the sum of a group center velocity vector and a random motion
vector for cach node. Such a model could be used for group movement in disaster recovery
where teans work and move together throughout a disaster area. or to model movement
of convention atrendees moving from room to room hetween project demounstrations. 7
propose three movement models: conference, event coverage. and disaster area (a commion
theme. but with many differing models). New to these models was the incorporation of
obstacles through which neither users nor radio signals could pass. 7 proposes a mobility
model with smooth. rather than sudden, changes in both velocity and direction. However.
7 propose " Freeway” and TManhattan” mobility models. These models restrict move-
ment to paths defined prior to simulation. In addition. node movement depends upon the
nodes previous velocity and the velocity of nearby nodes considered to be in the same. ?
show that any mobility model in which speed and destination are chosen independently
suffers from average speed decay. They propose a framework in which any given mobility
model can be transtormed to climinate variations in average node speed as simulation
time progresses. Finally, 7 propose a mobility model that incorporates both obstacles

and paths. Node movement is not only restricted to paths. but follows a shortest path



route to the nodes randomly chosen destination. In addition, node transmissions do not
pass through obstacles. This framework was used to model student movement hetween
buildings on a college campus. Each of the above mentioned works test various ad hoc
protocols using their mobility models. Although protocol performance results vary from
model to model, results indicate that a few key characteristics of the mobility models play
major roles in the effectiveness of the ad hoe protocol under study.

Until now, these synthetic models have been the only means of specifying user move-
ment and interaction testing. The OSMS model presented here in the rescarch thus
provides much needed data to complement, as well as validate, the varying models in use

today.

2.2.3 Motivation for model

The main contribution of the OSMS model is the design and implementation of an ed-
ucational model. an open source supporting infrastructure for educational environments
access over very siall devices. This work departs from other open source solution systems
by proposing a ditferent style of interaction, the educational model, that is more appropri-
ate for very small devices than the desktop computer’s setting model. The current design
supports this existing model and also breaks new ground by combining characteristics of

search engines. desktop web browsers, and countent transducers.

2.2.4 Chapter conclusion

The use of open source software, and GNU/Linux in particular, is on the increase. Rang-
ing in application from the embedded world to corporate infrastructure, open source
software also gives cducators a type of flexibility and intellectual freedom often absent
from software. The OSMS model can scerve as a channel. method, and technology to
teach and learn. As a channel. OSMS model can expand teamwork past the classroom
to include much larger projects and more distributed teams. As a method. OSMS model
can be used to introduce our students to the larger community and to the practice of
peer review. Finallv. acting as a technology, OSMS model can provide free or lower-cost
technology in the classroom that might otherwise be unable to afford. The students mo-
bile devices used in this model and Palmtop computers, (also known as Personal Digital

Assistants (PDAs)). are personal computing appliances, which can be carried around and
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used anyvtime. anvwhere. They can be used for a variety of functions: for example, to
manage work or study schedules, to record and store data. and to access and disseminate
information. In addition, the availability of e-book reading and editing software for most
PDAs means they can also be used to read and interact with electronic text. Students
or any user can now use hand held computers as electronic books. Recently, this increas-
ing functionality of palmtop computers has led several authors to argue that palmtop
computers could be usefully exploited as learning tools [?]. Studies investigating the po-
tential use of palmtop computers as learning tools have primarily been conducted within
school settings. Waycott et al[?] speak of a paradigm shift towards portable computing
in education. likening it to the historic shift from reading as an activity that took place
only in centres of learning to an activity that became an integral part of everyday life.
There is great potential for palmtop computers to provide students with a tool that can
support learning in various contexts. Palmtop computers can be used, for example, in
ficld work to record and share data, in libraries and museums, and at home, as well as in
the classroom. Palmtop computers could also be useful lifelong learning tools. Such tools
could accompany learners throughout their lives, and be used to input data and access
information whenever the learner feels it is necessary. In this way. portable devices would
become lifelong learning tools that release the learner from situational constraints imposed
by desktop computers. Similarly, portable computing technologies could be valuable for
supporting open and distance education. Distance education students typically have to
fit their self-managed learning activities around other tasks, such as work and family
commitments. Providing access to learning resources anytime and anywhere, palmtop
computers could enable students to make more effective use of time while away from the

home or office environment[?].
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Chapter 3

Educational Model

3.1 Introduction

In this chapter. a high level description of the Educational Model is given with all its
major parts and the way these parts combine to make up the Model. Also described
are the performance and techniques employed in providing distributed applications that
use the svstem. with the extra functionality needed by those applications to enhance
the interaction hetween different components of the Model. The chapter begins with an
overview of the general scene in which the Model works and the other entities with which it
interacts. First. scction 3.1 provides an overview and a discussion of the educational model
as such. Then section 3.2 looks at a sct of simple but pure (i.e.. free from implementation)
considerations in an attempt to understand and illustrate the mechanisms involved in each
of the models operations. Section 3.3 looks at a previous implementation of the model
and section 3.4 sums it up. This chapter follows from chapter 1 where an introduction
to the Educational Model was covered and chapter 2 where the background to the model
was discussed.

The Open Source Model for Schools (OSMS) presented in this research investigates
an open source alternative to the current existing desktop model available in schools
and telecenters. It is a new development that uses open source application on students’
mobile devices and existing school computer infrastructure. The current infrastructure in
most schools. normally based on desktop computer generally having no network will be
cnhanced by incorporating a wircless enviromment (bluetooth, 3G etc.) An investigation

of the functionality and interaction of these components will he documented together
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with the overheads of implementation. The research also examines the functionality of
applications running on PDA’s. A list of possible functions and their implementation
overheads are produced and implemented.

The remaining sections claborate on the features highlighted in this scenario. The
tollowing sections describes in more detail the navigation model underlying the approach.
The next sections describe how OSMS fits into the existing wireless and Internet infras-
tructures. followed by a presentation of the components that make up the architecture.

and implementation details. The final section presents summary of the model.

3.2 Overview of the Educational model

3.2.1 Open Source Infrastructure for Very Small Devices

This scction describes the Mobile infrastructure for utilizing existing educational con-
tent and services on wireless phones and other very small terminals. Very small devices
typically with displays that normally show 3 to 20 lines of text on average, provide porta-
bility and other functionality while sacrificing usability. In order to provide access on
such limited hardware, OSMS is implemented as a model that is more appropriate than

the existing desktop computer model.

3.2.2 Open Source Educational Model

Today's “hrowser model™ for accessing World Wide Web information evolved within the
context of desktop computers with extensive user interfaces (displays. keyboards, pointing
devices). considerable computing resources (CPU. storage, operating systems), and high
bandwidth network connectivity. This model involves downloading and displaying HTML
documents that include content (text, images. and user interface components) as well as
links to other HTML and non-HTML documents (such as audio. video, Adobe PDF, and
Microsoft Office files). The success of the browser model is due. in large part, to the
characteristics of networked desktop computers. Large displayvs allow rich content to be
presented in conjunction with embedded links without sacrificing user’s ability to navigate
the hyperlink structure. Full-sized keyboards and flexible pointing devices allow users to

provide input to Web pages and plug-in applications without undue strain. Abundant
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CPU. storage, and operating system resources allow complex plug-ins to be executed
locally in order to display, manipulate, and output Web content in various ways. Finally,
high-bandwidth network connectivity allows media rich content as well as sizeable plug-in
applications to be quickly and easily downloaded to users™ devices without compromising
interactivity. In contrast, today’s small Internet terminals possess characteristics much
different from the devices driving the browser application model.

The HP PDA. one of the devices used in the test environment of the rescarch during
2006, has a screen capable of displaying 9 lines of 24 characters. The HP PDA also includes
a small number of auxiliary keys to turn power on and off. select and activate features
in the displav. and a wireless network connection. While some of these characteristics
arc improving over time. especially in the area of higher-resolution color graphic displays,
it is unlikely that they will change substantially due to the portability trade-offs. The
educational model integrates these aspects for accessing and using educational content.

From the user point of view, the educational model embodies three steps:

1. The user makes a connection to the open source server using a PDA or mobile device

via Bluetooth connection.

2. The user is presented with a list of sharable folders and other mobile devices and may
decide to "do” something within the folder contents(step 3 below) or communicate

with the visible devices.

3. The user is presented a list of items and upon selecting one, enters into the folder

associated with that item.

Informally. this may be viewed as a "dig and do” model. Although the model appears
simple. the realization raises design and implementation issues. especially in determin-
ing sensible labels for folder contents, dealing with "folder overload™ from folders with
huge numbers of subfolders, handling information that is not directly linked but rather
cmbedded in pages, and creating a high-degree of "open system design”™ in the model.
The design employs the notion of label "quality” so that during processing the user can
compare various labels for the contents and select the required item. Nevertheless, even
with the quality metric, the issue remains that the context of a folder informs the user.
Finally. the educational model offers an opportunity for open system design that is

powerful and makes use of open source applications.  Whereas the desktop browsers
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associate a single viewer per MIME type, the model associates multiple folder lists and lets
the user choose among them. In sum, the model allows users to exploit a more Desktop-

like application model that enables them to perform large device tasks on smaller devices.

3.3 Usage Scenario

3.3.1 The course and participants.

An evaluation study was undertaken to understand the changes that occur when students
use Hand held devices to read and interact with course materials. The study dealt on the
teachers and students in their normal secondary school curricula. The course is primarily
delivered online. making use of web resources and Open Source software. The subject
nmatter involves evaluating the use of hand held devices and open source application to
support teaching. Therefore, participants were encouraged to critique and cvaluate their
own experiences of using the model while undertaking the course. For this reason, the
course offered a valuable forum in which to conduct this study. Participants were generally
eager to try out a new medium for reading course materials and offered extensive feedback
on their experience of using the Hand held device for reading. All 30 students enrolled
in the course were supplied with PDAs towards the end of July 2006. However, it should
be stressed that participation in the cvaluation of PDAs was voluntary. The course
is delivered country wide and so students are geographically dispersed and come from
vartous cultural backgrounds. Participants were primarily novice PDA users, although
there were some who had used PDAs in the past and some who currently owned a PDA

or similar device.

3.3.2 Teachers

The following is a scenario of how one of the teachers participating in the evaluation used
the model in his class. This was typical for most teachers evaluating the model.

Mr. Gaseb(name withheld), a secondary teacher in rural school setting wants to set
quizzes to his students. He has two alternatives, either give hard copies of questions to
his students or write them down on the classroom hoard. He decides instead to utilize

the students mobile devices that are linked to the school computer. If he were back at the
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lals, he would simply go 10 the school computer and format the quizzcs. Tnstead, while
i1 bis howuse which is iu the vicinity of the school compound and has blnetooth coverage,
he pulls up bis PDA aud aceesses the schiool’s compnter on his PDIA’s micro-browser. As
shown below in Figure! 3.1 he sees the items he was looking for in the link precerded by

a falder [[Ge ]|

[gnre 31 A Secondary school teacher using mobile device ta interact with

course material,

He places the eonrents from s folder to the shared folder that is acerssible to the
students.  Gaselhgcan also interaet with the studeuts and he dectdes to answers their
queries regarding past quizzes and other assiznments. Becanse ahinost every sinadl device
18 desigued o sclect tans lrom a list (e.g.. phone numbers, conlacts), the comtems of
the fulders are displaved as lists. Theretore his interaction consists of serolling the lolder
hist up and down, "opening” u folder. Although Gasceb often finds 1t difficull to read
desktop web page on his lnternet mobile phone. with a PDA he can cantortably navigate
folders, especially when they [ollow a canonical layout, as do meost folders i a computer.

Morcover, he can Hip back and forth between the folders,

'Phato conrtesy ol Sehool NET Namibia
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3.1 Data Flow and Architecture

Betore presenting the Q5MS's architecture, a description of how the system ilesrates
into the existing wireless and an existine school computer mfrastructures 15 presentod,
The packet How throueh OSMS is shown in Figure 3.2, The sysiemn 15 desizned 1o work
with devices having an embedded microbrowser, such as cell phones and PIAs. Such
microbrowsers are capable of accepting mput [tom the user and displaying mformation,
Lo make labels more understandable OSMS tightly integrates a "reading” view with eachi

folder view so that nsers can expand and collapse the lolders in the surroundmy,

s R R N
Wircless \\ , Intemet S
< Wireless
I']etWC.‘rl‘k ( Gatﬂ'wqﬂ'jl' g
{1] Micrn-browser | ; W=
T S L
ity g

1".
J.L.',';:.iv' /'

Figre 3.2 Wireless Internet Data Flow,

There are a number of microbrowsers available that caploy vanons markup langnages
meluding HOML (Hand held Device Markup Language), WML {Wireless Markap Lan-
guage), CHIML (Compact-H'TML) or subsets of HPML, The OSMS framework works

with all these markup laneuases,

o Microbrowsers cormmunicate over an air-link network such as CDAA, CDPD, BLUE-
TOGTH, GaM, 5MS or TDMA (o send requests to a wireloss pateway (11, A cellu-
lar telephone carner such as Vodacom, MTN, ar Cell O commenly operates the air

tnterface and 1t is transparent bevond the sateway.

e The gateway unpacks the data and forwards this mtormation as HTTP regquests Lo
the Internet (2} as shawn in Figure 3.3
The Wireless Gateway usually performs other functions such as acting as a cookie
primy. (Other configurations that include private Wireless Gateways are also posst-
Bled, When the O5MS server rocoives an H TP request from the Wireless Gateway
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Figure 3.4 OSMS architecture. Heterogeneous small wireless devices connect

to the OSMS model using an embedded microbrowsers via bluetooth,

it uses HTTE header information to identity the mierobrowsor and device capabili-

Ties.
s Incoming requests are either satisfied locally or o Web server is consulted {3 and 1)

o The OSMS server will respond 1o IITTP requests with service screens suitably

formatted w deviee and browser characterislics in an appropriate markup language,

o The wireless gatewsay then forwards this information to the hand held deviees whoere

it 15 unpackoed by the nicrohrowser and displayed,

This completes a single ronnd-trip sequenee bhetween the microbrowser device and
OSMS model. Generally this sequence ocenrs for each new page screen shown to the user,
although to improve perlormance, dovices are incorporaling screen caches and are ahle
Lo pre-load screcns. Users direct their (mivro) hrowser to OSMS folders, open a folder or

tolile Lnk and get the ndormation they reguire,

3.4.1 Design Goals

The above scenario highlights sote of the key aspects of the edncational model framework.
Providing access to information and services on very small devices having onlv o fow lines

of text {or tnages) introduces nmnerous challenges.
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This design is reminiscent of both the early line-mode browsers. such as Lynx, as well
as the tamiliar file selection dialogs. Figure 3.4 shows some characteristics of very small
wireless devices. Wireless micro-browsers hook into the OSMS network-side infrastruc-

ture through a URL that manufactures native format (CHTNL. HTML. WML. HDML)

SCLeeNSs.

fT-.j;ilt;;n:li&hi LOPD 1A "f.j»f[rjvtlvll- ?::iif lel:jlf figgsaxwmm
N LT A e 5 .
HE‘W TEMA ;TIML ;'ffﬁigxﬂly 22346“ Smm
vt [SOMAPER Lt e iz
E;'.I:Tvn fjﬂl-'l:j’L 150x150 pixsls 1;1.;,63” gmm
:jL';‘;I::IIT LA HOML ji‘: :)1:. Eiﬂ{:“ 1??253:(1 7mm
Eg? P2itex ‘:::Filf_ 132X535 plasle ;.ﬁg&"rﬁ&nm
Shmnn  |oDma ST it o L S,
Sy 5M WL Y572 pinals 829 o
ZRD-25 o HTML 4217 chars x4 mim

Figure 3.4: Characteristics of some very small wireless devices.

In the OSMS design these challenges are approached through a number of high-level

goals:

1. The OSAIS model navigation capacity transforms the "fat” desktop web into a
skeleton. more casily navigable form. Folders. documents. mail addresses, and other
useful bits of information such as mobile devices connected in the vicinity are re-

turned.

2. The OSMS navigation capacity makes it easy to dig into a site to uncover the

contents needed.

3. After digging to some spot, users can do useful things by invoking a client-side or

server-side service on the site.
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- Web Navigation. Needed to make navigation on small devices faster and less

disorienting, which led to culling the folder links from the content.

- Maximize program/data composibility. Emulated the desktop computer’s abil-
ity to download content and perform many different operations on that content.
The folder menu with its list display allows this flexibility of operation.

- Open Extensibility. Able to re-use existing web-based services as well as let
users create their own connections. The mechanism for managing the under-
lving invocation and parameter passing to web based services hased on user

profile supports this.

3.5 Chapter summary

This chapter has described the Educational model thoroughly in an attempt to give the
OSMS model background to the rest of the dissertation. An overview of the model was
given to illustrate the way the model works and important aspects of the model were also

covered.



Chapter 4

Test Environment

4.1 Introduction

The recent availability of mobile devices[Cellular and Personal Digital Assistants (PDAs)]
makes it timely to consider whether these are useful tools for the teaching environment.

This chapter describes the test environment that was used to evaluate the OSMS
model described in last chapter. This was done by students and teachers at SchoolNET!
Namibia. The evaluation consisted of pre- and post-questionnaires. and follow-up inter-
views. In addition. participants discussed their experiences in an open forum. As wireless
access proliferates. understanding user behavior and wireless network performance has
become crucial as a basis for developing and evaluating new applications. The study,
used the OSNS model by 31 sccondary school students over a period of four months at
SchoolNET Namibia. A key aspect of the study was the focus on hand-held PDA users
with open source applications. The test environment had two goals. First, characterize
the high-level mobility and access patterns of hand-held PDA users, and then compare
these characteristices to the usage of a ordinary desktop model. Second, develop wireless
network topology models for use in a school teaching environment. The evolutionary
topology model represents connectivity among users solely based on open source applica-
tion. bluetooth connection and PDAs. In this model. the network topology evolves over

time as nodes and edges appear and disappear based upon user connections and discon-

'SchoolNet Namibia is a non governmental founded in 2000 and offers innovative computer technologies
and internet use to over 300 schools. It has pioneered the use of free and open source software solutions,

creative commons licensed educational content(unique in Africa)



nections. Eachh PDA is connected via bluctooth to the server that houses the contents

and open source applications.

4.1.1 Hand held devices as learning tools

Hand held devices (PDAs), ave highly portable and are personal computing devices. which
can be carried around and used ‘anytime. anyvwhere’. They can be used for a variety of
functions: for example, to manage work or study schedules. to record and store data,
and to access and disseminate information. Researchers now speak of a ‘paradigm shift’
towards portable computing in education. likening it to the historic shift from reading
as an activity that took place only in centres of learning to an activity that hecame an

integral part of evervday life [?].

4.1.2 Using electronic text

The use of electronic text on computers is not new. With the advancement and prolit-
eration of information technologies, including such resources as the Internet and online
books. reading i~ no longer confined to the use of printed text.

With books. readers can sit anywhere, start reading immediately, change reading po-
sitions. and move ecasily from place to place. In contrast, desktop and laptop computers
have many ergonomic coustraints, with readers having limited control over the comfort
of their reading environment. The portability issue, however. may no longer be rele-
vant, given the increasing availability of hand held e-book devices and the addition of
‘document-reader” software on palimtop computers such as PDAs. Such technologies aim
to offer veaders the benefits of accessing text electronically (e.g. storing several books on

one device) while limiting the difficulties of reading text on a desktop computer.

4.1.3 Possibilities and constraints

The introduction of a new tool into an existing activity. such as reading, browsing, editing
cte, will inevitablyv disrupt and change that activity in some way. This is generally referred
1o as the ‘task-artefact cevele” whereby "an artifact suggests possibilities and introduces
constraints that often radically redefine the task for which the artifact was originally

developed.” Thus. the task of the teaching would be redefined through the possibilities and

[ N)
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constraints imposed by the model [?]. The primary possibility introduced by our model, of
course. portability and. consequently, the ability to have easy access to information stored
clectronicallv. The constraints are equally apparent: the portability and palmtop size of
the PDA compromise other features such as screen size and text input mechanisms, which
may limit the extent to which the tool could be usefully applied in a lecarning context.

A further constraint of using a hand held device is that it may be difficult to take notes
on the same device. Given that hand held devices. along with e-book reading software,
arc becoming more widely available, it is important to consider what implications the
possibilitics and constraints introduced by these tools would have upon the activity of

teaching purposcs.

4.2 Model Methodology

L1 this section. we describe the procedure used to collect the data and our data analysis

methods. We start by defining a few key terms used in the remainder of this section.

- User: A SchoolNET Namibia user, sccondary school user. or a teacher equipped
with a HP PDA which uploaded and/or downloaded data to the open source server

during the 11-week study period.

- HP Session: A contiguous time period in which a user PDA is associated with a

particular access point.

- User Session: A contiguous time period in which a user PDA is powered on and able

to detect nearby access points. User sessions include their mobility among PDAs.

There were three development PDAs which uploaded data during the 11 week period.

4.2.1 Subjects

Data was collected from approximately 31 PDA users for an 11-week period between
October. 2005 and August. 2006. The users were secondary school students and teachers
using the laboratory facilities at SchoolNET Namibia. The student participants would
normally use the facility due to its networking and internet connection. The teachers and

SchoolNET personnel guide the students in their normal cause of usage of the facility.
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The teachers participating in the study came from similar school environment and it was
motivating when some of the student users met their school teachers at the facility.
Each of the students participating in the study came from many of the surrounding
secondary schools. However, the participating schools had to be at secondary level and at
least have a computer laboratory. Users were identified according to their registered wire-
less card MAC address, and the assumption was that there is a fixed one-to-one mapping
hetween users and wireless cards. The mapping was anonyvmous: as there were no map-
ping of MAC address to user names. The laboratory had a bluetooth coverage in which
students and teachers could access. The students participated inside and the surrounding
vicinity of the SchoolNET office facility. The office facility covered approximately 120m x
110m square metres. The students mobile devices were logged to the server via the bluc-
tooth connection. The above setting cmulated a normal secondary school setting where

eventually the model would be deployed.

4.2.2 Bluetooth connection

The OSMS server was connected to a USB bluetooth dongle that aided in communicating
to the students niobile devices. The devices(HP PDAs) would then sensor and indicate any
bluetooth enabled devices in their vieinity. Other mobile devices(most modern cellphones)
that were bluetoorh enabled would also sensor and register their presence with the OSMS
server. The mobile devices would also sensor cach other(irrespective of a server being
near) and aide in communication. This was a very useful aspect especially if one device
was out of range or off for sometime. When the device came hack to life or was ncar
a device whose range was near the server, documents and messages could he uploaded
from the device near the server. This enabled students and teachers to see how many
users are on the wireless network and hence communicate accordingly. This feature of
was extensively used in the study by the teachers while interacting with the students,

students while interacting with fellow students as well as course material.

4.3 School equipment

This section outlines the equipment used in the study. including the PDAs and software

given to students. Students transferred the contents of the course material to the PDAs
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using & standard Bluetooth conuection to a server running open source applications,

4.3.1  Eqguipment
e Four PDAs

¢ SchoolNET laboratory equipped with ten Intel 80336Mhz and swenty ntel 8OI86M bz

Desktop computers. See Figure® 4.1

Figure 4 1- Computer laborvatory at SchoolNET Namibia.

o Une Intel 30H86 Server:

o Upen source applications, [TomCat, Opeu Office, Mozilla Browser, of ¢f

o USB Bluetooth device

4.4  Chapter summary

The USMS model introduced both new pussibilities and constraints to the conrse task,
which changed the wav students used the course materials. Notably, students and teach-
vrs liked the portabilive of the PDA which made it possible to have access (o lcarming
resourees ‘anytime, anvwhere', of which many students found to be very beneficial. How-

ever, linitations, snch as the stmall screen sige of the PDAL awloward methods for enterning

Mot oonrresy of School NET Natnibin

)
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text, and navigational difficulties, meant that reading on the PDA was constrained. Nev-
ertheless. there were some students who really valued the PDA for particular reasons, for
example as an aid in the preparation of assignments, as a reference management tool, as
a useful tool for composing messages on the move, or just as a tool that fitted in with
their lifestyle. There were several other potential uses of our model as a learning tool that
went bevond course materials. Detailed discussion is presented in later chapters of this

dissertation.
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Chapter 5

Evaluation

5.1 Introduction

The implementation of the OSMS’s architecture svstem is based on Apache tomcat 5.0
engine running open source web server applications.  The systems runs on a Pentium
[V processor with 256 NMB of memory connected to the Internet and communicates with
PDA’s via bluetooth. The server houses most of the work done in a normal classroom
setting by a sccondary school teacher. Heterogencous small wireless devices connect to
the OSMS model using embedded microbrowsers. The User Interface Generator converts
all outgoing information into a form suitable for the device and browser. The users
retrieves information from the server or fetches documents from other users connected via
bluetooth. The remainder of this chapter is organized as follows. Section 5.2 discusses the
aims of the evaluation. Section 5.3 describes the evaluation method. Section 5.4 describes
the participants. experimental tasks and procedures. Section 5.5 describes the some brief
observations and general comments. Full results and comments are presented in Chapter

6. Finally. Section 5.6 summarizes the evaluation and concludes the chapter.

5.2 Ailm

As wireless access proliferates. understanding user behavior and wireless network perfor-
mance has become crucial as a basis for developing and evaluating new applications. The
evaluation study has two goals. First, to characterize the high-level mobility and access

patterns of students’ mobile devices, and then compare these characteristics to previous



workload studies focused on desktop users. Second. evaluate OSMS topology model for
use i an educational setting. The OSMS topology model represents connectivity among
users solely hased on observed network proximity: an edge connects two nodes if two users

can reasonably hear cach other.

5.2.1 Awm of the evaluation study

The evaluation of students” use of PDAs ! for interacting with course materials was to
assess the possibilities and constraints introduced by the new model. and to examine how
this new model impacts upon students’ interaction strategies. The investigation therefore

centred on the following questions:
o \What are the benefits of using PDAs to interact with course materials?

e What are the limitations of using the students’™ mobile devices to read and interact

with materials?

e How does the use of students” mobile devices change the way students read and

mrteract witlh course materials?

5.2.2 The evaluation study
1. The course participants

An evaluation study was undertaken to understand the changes that occur when

students use our model to interact with course materials in a teaching environment.

The study centred on the teachers and students in a normal secondary school setting
and curricula. The subject matter involves evaluating the use of hand held devices
and open source application to support teaching. Thercfore. participants were en-
couraged to critique and evaluate their own experiences of using the OSMS model
while undertaking their course. Participants were generally eager to try out a new
medium for course materials and offered extensive feedback on their experiences.
In all 40 students were enrolled in the class but only 31 participated. However, it

should be stressed that participation in the evaluation was voluntary. The course

'PDAS are taken in this instance as a representation of students mobile devices. It envisaged that

future mobile handsets will have PDA like features, eg. bluetooth. 3G. high resolution, etc.
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(mathematics grade 10) is delivered all over the country and so students are ge-
ographically dispersed and come from various cultural backgrounds. Participants
were primarily novice mobile device users, although there were some who had used

a PDA in the past but most owned or had used at least a mobile handset

Data Collection

Questionnaire responses were collated in an Cale(Open Office) spreadshect. Re-
sponses to closed questions were graphed and percentages were used to identify the
spread of responses. Open-ended questionnaire responses and interview transcripts
were examined to ascertain students™ perceptions of the benefits and limitations of
using the OSNS model, and categorized accordingly. The most common limitations
included small screen size, navigation difficulties, awkwardness of entering text, and
the benefits included portability and the advantages of electronic text. Interview
and questionnaire comments, and contributions to the online discussion conterence,

were also examined to determine how the PDA impacted upon students’ strategics.

The expected limitations prior to the study were collected from the participants
and are summarized below. More discussion on the responses and limitations are

presented in Chapter 6.

Some limitations as observed by students

During discussions with the students as they answered the post questionnaires, they
were encouraged to note any other issues that might have affected the study. The
following are some summarized responses.  Full responses are presented in later

chaprers of this dissertation.

Students received the PDA’s during the final part of their term and thus they did not
have sufficient time to learn to use the device. They were unable. therefore, to make
full use of the PDA during the course. They would have preferred to receive the
PDA at the beginning of the course when they could familiarize themselves with
it and integrate it more effectively into their study activities. The timing of the
post-questionnaire was also problematic. The use of questionnaires and interviews
as the main evaluation methods could also be problematic due to the fact that both

are self-report methods, and are therefore subject to potential bias.
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4. Data collection questionnaires

Pre-questionnaires were administered before students received the PDAs. The pur-
pose of conducting a pre-questionnaire was to determine students’ preconceptions
about the potential usetulness of PDAs, to ascertain the extent of students’ past
experience of using PDAs, and to find out the sort of strategies they used in the
past. Open-cnded questions asked students to specify how they believed the PDAs
would or would not be useful to them. Post-questionnaires were administered at
the end of the course, two months after the pre-questionnaires. The questions asked
students what features of the Model they had used. whether they had found the
PDA to be a useful tool for supporting their studies, what sort of strategies they
adopted when using the PDA| and what the benefits and limitations were of using
the PDA on course materials. It was not compulsory for students to respond to
cach questionnaire. and both questionnaires were distributed to the entire number
of students. Consequently, not all students who responded to the pre-questionnaire
also responded to the post-questionnaire, and some who responded to the post-
questionnaire had not filled in the pre-questionnaire. This would make it difficult

later to compare the two sets of responses.

5. Interviews

Interviews were conducted with 10 students, randomly selected from the entire num-
ber of students. Only a small sample of students could be interviewed due to time
constraints. Nevertheless, the interviews clicited in-depth information about how
the use of the OSMS model changed students’ strategies, as well as gaining further

understanding about the issucs that impacted upon students’ use.

6. Discussion Forum and computer conference

Students also participated in a discussion forum. Thirty one students contributed
to the discussion on PDAs. Of these, twenty students were particularly active in the
discussions and were responsible for over 80% of the messages. This group of active
conference participants consisted of one student who already owned and used a PDA
and two students wlo were novice users. In the discussions, the students shared their
experiences of using the PDAs, offered each other advice about software and features

to try. and lelped cach other with any technical difficulties they experienced. The
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discussion [orum therelore provided a uselnl means of capturing data about how
aome students used the O5MS model. The discuzsions were not nediated or directed
by evaluators, (see Figure? 5.1}, Ewvaluator participated in the conlerence only wo

answer specilic queries or 1o make announcements al:out the study,

Figure b.1: A Student participating (using PDA} in a quiz discussion foram;

Evaluator and fellow stindent seen in the backgronmd.

5.3  Evaluation method

[n this section, we characterize the mobility pattemns of users of wireless hand-held PDAs
i a secondary school environment using the OSMS model. The SRS model nihizes
wireless networlk aceess via bluetooth connection by 31 secondary school students with
HI* T'DAz. This was cwver the conrse of their second and thicd tenn (May-September 2006)
at SchoolNET promises in Namibia. A key aspect is the forns on hand-held PTIA gsers
The OSMS model’s network Lopology evolves over time as nodes and edges appear and
disappear based nwpon user connections and disconnections, The OSMS model is used to

perform the evalnation study, The section also ontlines the equipment nsed in the study,

Phita courtesy of Schoal NET Namailia
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including the PDAs and software given to students. and describes the methods used to

collect data and to evaluate the model

5.3.1 Equipment

Students were supplied with 4 HP PDAs. The HP model was chosen because it is a
relatively affordable model that offers all of the features common to most PDAs, such
as note-taking facilities. an address book, calendar and to-do list. as well as options for
cmail and Internet access. It also has a sufficient memory for storing a large amount of
clectronic text. The HP PDAs arc widely available and there is a variety of third party
software and open source software that can be used with this platform, enabling students
to explore the potential use of PDAs beyond reading course materials. The HP PDA has
a touch-sensitive screen and screen icons are manipulated by using a pen stylus or finger
to tap on the screen. Text can be entered by tapping letters on an onscreen keyhoard, or
by using the Graffiti handwriting recognition software. This involves learning the specific
Grafliti alphabet characters and writing these on the screen with the stvlus. The computer
then converts the handwriting to type. The size of the HP PDA is 3.01 W x 0.65 D x
1.717 H with a 3.57 viewable size, 16-bit color transflective and it weighs about 125 g
with batteries installed. It operates on two AAA batteries which could last for up to two

mornths.

5.3.2 Document reader software

Open office suite with available document editor and viewer. was used to present course
materials on the OSMS model. This was chosen because it is a flexible program that can
be used for a variety of purposes, including recording notes, editing documents and reading
text. The document viewer mode enables users to read the text in a variety of ways, for
example. by using the scroll bar on the side of the screen or the buttons at the bottom of
the device. by dragging the stylus along the screen, or by using the ‘teleprompter’ facility
which mioves the text automatically, one line at a time. In addition, the software has
search facilities, such as 'Find’ which secks out instances of the specified word, and 'Go
to paragraph™ which allows users to jump to a particular paragraph. The software was
supplied to teachers on a CDROM. Teachers transterred the contents of the CDROM to

their desktop computers. Figure 5.2 shows how writer software looked on the desktop
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Fipure 5.2 Open Office Writer word processar,

The Writer software (open sonrce wordprocessor) used had evervthing expected from
a modern, nlly comipped word processor or desktop publisher. The following are scine

reasons why Writer was chasen asan text editor software for the OSMS model,

o It's simple enough o s quick meimno, powerful enough to ereate complete books wilh
contents, dingrams, indexes, ete, The Wizards takes all the hassle out ol producing
standard doouments such as lerters, faxes, agendas, minules, or carrylng out morne

complex tasks sneh as mail merges and you can create your own templates.

o Styles and Formatting puts the power of style sheets into the hands o every user, I
Traps typing mistakes on the iy with the AutoCorreet dictionary, which ean choeck

your spelling as you tvpe,

e Reduee typing eflort with AutoComplete, which sugeests common words and phrasos
Lo compleie what you ave typing. AntoFormat takes care of the formatting as you

write, leaving vou free to connenlrale on your message,

o Text frames and linking give you the power to tackle desktop publislung tasks lor

newsletters, lvers, ete laid out oxactly the wiy vou want them to be.  |nerease
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the usefulness of vour long, complex documents by generating a table of contents or

indexing terms. bibliographical references. illustrations. tables, and other objects.

e Lmail vour documents - Writer offers direct connection to email software. Make your
documents freelyv available with WRITER’s HTML export to the web. or publish in
Portable Document Format (.pdf) to guarantee that what vou write is what your

reader sees.

e Save vour documents in OpenDocument format, the new international standard for

office documents. This XML based format means you're not tied in to WRITER.

You can access your documents from any OpenDocument compliant software. WRITER

can of cowrse read all vour old Microsoft Word documents. or save vour work in
Microsott Word format for sending to people who are still locked into Microsoft

products.

5.3.3 Coursec materials

Three sections of the provided course materials were accessed through the OSMS model.
These sections made up nearly half of the secondary school curricula for the year. In
the normal course presentation the sections are supplied on Ad size paper. During the
study. students had access to the hard copy of course materials and the electronic version
via bluctooth from the OSMS server. Use of the PDA to read course materials was
voluntary. The clectronic version of the course materials was stored in the OSMS server.
The documents were not reformatted for presentation on the PDA. It should also be
pointed out that the materials supplied were entirely text-based. so as to cater for some
students mobile devices that lack support on presentation of graphical displays or images.
Students downloaded the documents via bluetooth to their PDAs. The course materials
could then be viewed on the PDA. Figure® 5.3 below shows the settings for course material
entry on the server. The PDA was used for preparing students assignments. To the right
of the computer (not visible in the picture) are the paper notes.

Teachers received the manufacturer manuals that were supplied with the HP PDA. as
well as an online manual for the Writer software. In addition. the teachers were provided

with further instructions about how to install the softwarc and hints about using the PDA

SPhoto courtesy of SchoolNE'T Namibia
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Figure 530 A Teachers PDA s next to the deskiop computer,

Lo interact with the course muderial. These included tipssuch as how to highlight the text
by eking it bold or undeslining it how to write notes, snd how w operate the different

docutment viewer wodes,

5.4  Chapter summary

The evaluation of the OSMS mode]l was conducted i the afternoons at the SchoolNE']
Namibia laboratory facility, Students from vartous schools normally visit the centre, an
intiative by Schoal NEE Namibia 10 avail computing facultics 1o the community. [u rhe
sturdv. data was dollested from participants (both teachers and students) on the use ol the
(¥SMS madel. The rarget use on the school enrrienlnm was arade ten mathematics and
the nim was to find the benefits, limitations and changes that occurred while utilizing the
(ISMS model. Expectations of the users before the evalualion was noted to compare the

results at a later stage after evaluating the OSMS model.




Chapter 6

Results and Discussion

6.1 Results

6.1.1 Introduction

This scection reports the results obtained in the OSMS model evaluation study. Students
and teachers” opinions ahout the benefits and limitations of using the OSMS model and
PDAs for interacting with course materials are reported. as are the strategies that teachers
used with paper and computer-based materials, and the impact that the mnodel had upon
these strategies. Comments from the survey/interviews and conference discussions provide
llustration and further clarification of the issues that cmerged from the questionnaire
responses. In addition. data from these sources revealed further uses that students and
teachers made. and hoped to make, of the OSMS model as a learning tool in a teaching

environiment.

6.1.2 Results on the expectations about using the PDA’s

Thirty one students responded to the pre-questionnaire. Of these. one said that they had
used a PDA in the past. Students were asked to indicate how useful they believed the
PDA would be useful for course materials. Most respondents (27) said they believed the
PDA would be somewhat useful. Twenty students believed the PDA would be very useful.
and three said they felt it would be not at all useful. The one student who had previously
used a PDA had mixed expectations about their potential usefulness. This respondent

gave the following reason for that expectation:
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"I have not tried it yet, but think the screen size will be too small. This
will make scan reading really difficult. But anything that reduces the amount

of stuff I carry around when I am commuting would be worth a go”.

This comment was not atypical. Thus, it appears that students had mixed expectations
about how useful the PDA would be. They were concerned about possible limitations, such
as the small screen size and potential difficulties highlighting text on the PDA. However,
thev were also positive about anticipated benefits. such as being able to interact with
course material using mobile devices.
o Expected limitations
Small screen size. The primary limitation that students anticipated was that the
PDA screen would be too small and difficult to read from.

e Expected benefits

Portability/Mobility.  The most common potential advantage identified was that
the PDA would make it casier for students to carry around reading materials and

interact with teachers whilst on the move.
Evaluation of the Model as a tool for interacting with course material
o Uscfulness

Twenty six students responded to the post-questionnaire.

o Fase of use

Students were asked to indicate how ecasy or difficult they found the model to be.

Twenty six students answered this question.

o Students were asked why they felt it was casy or difficult.

6.1.3 Results on the Expected limitations

Small screen size.
The primary limitation that users anticipated was that the PDA screen would be too
small and difficult to read from. This is unsurprising, given that small screen size is one

of the general limitations of mobile devices that may off-set the advantages of having a
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lightweight. portable device. Users expected the text to be small and were concerned
about problems of evestrain. Past experience of reading text from a computer screen also
contributed to expectations of difficulties.

Navigation

Students were also concerned that insufficient clues about the information space of the
reading material would make it difficult to find information quickly and hrowse through

the text. as they would when they use a familiar paper-based document:

I frequently hnow exactly where to find something I have read and want
to return to. because I can picture in my head exactly where it is on the page.

I wont be able to do that with scrolling text.”

Thus, it was evident that the tactile qualities associated with book reading are essential.
Highlighting and annotating text.

Another anticipated limitation was the potential difficulty of highlighting and annotating
text on the PDAL as compared with highlighting and annotating text on paper. Users
were concerned that such interaction strategies would be difficult to undertake when using

the PDA.

6.1.4 Results on the expected benefits of the OSMS model

Portability/Mobility.

The most common potential advantage identified was that the PDA would make it casier
for students to carry around reading materials whilst on the move and communicate with
peers and teachers. The issue of portability was considered important to users, many of
whom had to travel long distances to access computer facilities. Users found the paper-
based course materials to be heavy and cumbersome, and so the anticipation of being able
to carry the documents in a portable lightweight device was appealing.

Recording notes.

Students also saw potential benefits in using the PDA to record and store notes electron-
icallv. They felt that having a portable device which could be used to record electronic
notes would support their learning activities, enabling them to summarize course materials

more effectively and keep their notes better organized.



6.2 Evaluation of the OSMS as a tool for interacting
with conurse material

Usefulniess

Thirty-one users responded to the post-questionmaire. When agked how useful they {ound
Lhe PIA for reading course materials: cight students (25%) said they found it not nselul,
filteen siudents (48%) found it somewhat useful and six students (199 found i very
uselul. as shown e Figure 6.1 Two students did not answer this question. Students wore
also asked how nselal the PDA was overall, that s for general tasks in addition to reading
course materials, In response to this question, five students (169 ) said they {ouned Uhe
PDA to be uot useful, 12 (39%) sadd it was somewhat useful and 13 (42%) =aid il was
very useful. Uhne student did not answer this guestion. When using the PDA as a general
tool, students utllized lunctions snch as the diary {18 stndents), wacher comununication
121 students ), communication with peers {19 students), notes or memo pad (24 sladeuts)
and calculator (13 students). Therefore. the PTIA was o useful thne and inlormation

ruanagement Lool and sone sondents took advantage of these facilities.

Percieved usefulness of OQSMS model

Number of respandents

Pzl s bl Sonews hat useful Wary uselul

Figure 6.1 Perceived usefulness of OSMS for interacting with course materials,

as determined by post-questionnaire responses.
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6.2.1 Ease of use of the OSMS model

Students were asked to indicate how easy or difficult they found it to read course materials
on the PDA. Thirty-one students answered this question, and nearly half of respondents
(499%) said theyv found it either very difficult (eight students) or somewhat difficult (seven
students). Seven students said it was neither easy nor difficult. five students said it was
rather easy and four students said it was very easy. Students were asked why they felt
it was casv or difficult to read course materials on the PDA. Reasons given included
difficulries reading from a small screen with small text size, the awkwardness of having
to scroll through the text. difficulties skim-reading and navigating through the text, and
the inability to annotate and highlight text in the same way as one would annotate or

highlight text on paper. These issues are elaborated further in 6.2.2 and 6.2.3 sections.

6.2.2 Limitations of using the OSMS model for reading

Responses to the open-ended questions in the post-questionnaire. as well as comments
made in the interviews and discussion conference, revealed that. as they had anticipated.
students as well as teachers did experience constraints when using the PDA for interacting
with course materials. The main limitations identified were the small screen size of the
PDA. navigation difficulties, and the awkwardness of entering text on the PDA.

Small screen size.

The small screen size of the device was considered a severe limitation. Only a small
amount of text could be viewed at any one time and this meant students found it difficult
to scan through the text and gain an overview of the document. Reading text on the small
screen was slower than on paper, and students had to concentrate on each individual line
of text. Users found that they had to change their reading strategies in order to allow for

the small sereen size:

“Only being able to see a small amount of text at any one time, you have
to adopt a different reading strateqy. With teat on paper I can scan read some
way ahead this is not possible with the PDA.” "Reading is not a linear process
confined to decoding the individual words in sequence, you need to be able to
refer quickly to other parts of a teat. ete.. all of which is impossible on a screen

this size.”
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Navigation difficulties.

Navigating through documents was difficult on the PDA. and users compared it un-
favourably with flicking back and forth between pages in a paper document. Some stu-
dents found visual clues. such as headings, difficult to see on the small screen of the PDA,

and this contributed to navigational difficulties:

“(It was) more difficult to navigate around the text ... I mean. obviously
Im comparing it with hard copy ... Its just that. scrolling through the screens

its difficult to pick up headings and things like that.”

One interviewee suggested navigation may have been ecasicer if there had been hyperlinks

between sections of the document:

“1odid find ot difficult, because you have all the headings af the beginning,
which 1s very good, but they are not hot-linked. So I couldnt jump to those

sections and just take a look and then yump back again.”

Some users said they felt lost within the documents. They found it difficult to know their
location within the document space, due to few contextual clues such as page numbers.
They felt that more information about their location within the document space would

have been beneficial:

"I know it has a little bar on the side to say how youve progressed through
the reading, but I'd stidl ltke something a little bit more . . . T've seen one
somewhere on some computer screen that has percentages how far youve got
through the reading. [ think something a little bit more obvious like that would

be more hdpful. T sort of like to know where T am in the reading.”

Awkwardness of entering text.

In general. users found the methods for entering text on the PDA to be slow and awkward.
Tvping on a full-size kevboard or writing on paper was deemed to be much faster and
superior. A fold-out kevboard can be purchased for PDAs, but users were not supplied
with this accessory. Typing out letters on the PDAs small onscreen kevboard was slow
and error-prone. There was recognition that the speed and accuracy of entering text may
improve with practice. One interviewee said that previous experience of using a PDA had

made it ecasier for her to use the model.
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6.2.3 Benefits of using the OSMS model for reading

Despite the limitations. many students found there were benefits of using the OSNS model
to interact with course materials. Most students countered their dislike for the limitations
of the mobile device with an appreciation for the advantages of being able to carry the
course materials around in a small, lightweight device. make contacts with their peers
or teachers anv time. A majority of students were primarily positive in their evaluation
of the OSMS model: for these students, the portability and the fact that the device
enabled them to have access to electronic versions of the course materials outweighed
the limitations. Four students actually said they preferred reading course materials on
the PDA to reading them on paper. Reasons varied. but common were portability and
compactness (as opposed to reading from a bulky textbook). navigation on the online
material as opposed to carrying a number notebooks or textbook. Other reason’s were
more aesthetic. like the mobile devices were “trendy” and students could feel satisfaction
while impressing their peers. Although rather surprising reasons. it shows how the culture
of mobile devices has penetrated into the students lifestyles.

Portability.

When asked what was the main benefit of using the OSMS model, 22 questionnaire
respondents referred to the portability and of the device and accessibility of the course
material and teachers. The PDA was very lightweight, small and easy to carry around,
therefore allowing easy access to course materials. As one respondent put it. the PDA
meant the course materials were handy anytime anvplace. The PDA enabled students
to read course materials in various situations. even while they were carrying out other
activities. For example, one interviewee said he used the PDA on the way to school.
Another teacher interviewee used the PDA to get feedback from students while in meetings
when the topic being discussed was not relevant to her. The PDA was an unobtrusive
and neat device. This enabled students to fit their study time more effectively around
other activities: "It was s0 much casier to do the work. vou could do it everywhere and
that was an enormous advantage.” Students also took advantage of the portability of the
PDA to aid the process of revision, using it to re-read course materials when away from
the library or school environment. As one interviewee teacher said. she used the PDA to

prepare her lessons while going about other day-today activities:
"It helped me prepare notes I was reading because I would read a couple of

42



sentences and have it near me, whatever [ was doing. if I was doing something

else as well, you know. practical kind of house stuff.”

Another student said that she felt the PDA provided the opportunity to review and
build on what she had learned from reading the same materials on paper: "Having the
choice between paper and PDA-mcant that [ felt like T could process more of the course
materials. and consolidate my understanding of it: reading in one domain reinforced
reading in the other domain.” Students therefore used the PDA in conjunction with the
printed materials. Having the course materials on the PDA gave students the opportunity
to read those texts in situations in which it would have been difficult or inappropriate
to read the Ad size printed materials. The PDA therefore became an extension of the
printed materials, providing more opportunities for students to read and review the course
materials.
Electronic text.

A majority of students found that having the course materials in electronic format was
beneficial. Thev took advantage of this by cutting and pasting sections of the text to aid
the process of revision. In addition, some teachers recorded clectronic notes. which they
then transferred to the desktop computer to incorporate into more extensive documents:
‘Note taking was casy and I could download notes to computer instead of having to copy
tvpe them up.” observed one teacher. Again, portability was considered an important
issue.  Being able to record notes clectronically while away from the home or school

enabled one interviewee teacher to make more effective use of time.

6.2.4 Users reading and note-taking habits

[n the pre-questionnaire. users were asked about their interaction with course materials
on the OSNS model. in peer discussion messaging, and in the set books used on the
course. The post-questionnaire asked about their use of the printed study material, which
contained the texts that were made available on the PDA (via bluetooth to the server);
the results comparing students use of the printed study material with the PDA materials
are described in sections below.

Strategies for reading print and peer conference messaging.

Users note-taking habits were also explored.  Paper is the most popular medium for

note-taking. Nearly evervone takes notes on a separate piece of paper when reading text
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books: over half do this sometimes and two-fifths frequently. Over half of the students take
notes on paper when reading course material from the server. A very popular activity
is highlighting or underlining text in the text books (half do it frequently. a quarter
sometimes). Writing notes in the actual books is considerably less popular. although the
majority still do this at least sometimes. Electronic note-taking is less popular. When
reading information from the OSMS server and in peer messaging. students mostly do
not type notes on their mobile devices, though a minority do so sometimes. However.
they are reasonably likely to tvpe notes when reading from their set books for the course.
with a substantial number (nearly half) reporting that thev do this sometimes. Finally,
students were asked about their bookmarking habits and noting the location of important
information. When reading text books, half of the students fold the corners of the pages
of the text book.

Strategies for reading print and PDA materials

The post-questionnaire results showed that using the PDA for reading changed the way
students interacted with the learning materials, particularly with respect to the strate-
gies they used for taking notes on the materials and highlighting the text. This section
describes how such reading strategies were different when students read course materials
on the PDA. compared with using the print-based version of the materials.

Taking notes.

Figure 6.2 represents the post-questionnaire responses that reveal the note-taking strate-
eies students used when reading course materials on paper and on the PDA. The figure
shows the percentage of respondents who answered never. sometimes and frequently to
each question. Response rates to each question represented in Figure 6.2 varied. Nev-
ertheless. it is apparent that students were more likely to take notes, in various formis.
when using the paper version of the course materials. Some students, however, did take
notes while reading course materials on the PDA. In addition, some students took notes
on the PDA while reading the paper version of the course materials, as shown in panel (e)
of Figure (6.2. Those teachers who did persevere with taking notes on the PDA devised
strategies in order to overcome some of the difficulties associated with entering text on the
PDA. For example. teacher ignored errors and took abbreviated notes. then transferred
the notes recorded on the PDA to the desktop computer where they could be developed

into more extensive documents:

44



The key thing was to get the notes down. If the odd character was wrong
it was more time-consuming to go back and correct it than it would be just to

sort it out when youve got it on the main machine.”

Marking up text.

Figure 6.3 shows the post-questionnaire responses that reveal tendencies to highlight,
embolden or underline text when reading course materials on paper and the PDA. Again,
users were more likely to highlight and underline text when using the paper version of the
course materials. Nevertheless, there was a small minority who attempted to embolden
and underline text on the PDA. One questionnaire respondent preferred to mark up text

on the PDA. because it was neater:

It was easy to mark things up - this really paid dividends of I printed

material out later. much neater than highlighter. pen, etc.”

Further uses of mobile devices as learning tools

The interview and discussion comments also revealed that users were keen to explore fur-
ther wavs in which PDAs could be used to support learning activities bevond interacting
with course materials. For example, one teacher who already owned a PDA described
how they had used the tool to support different aspects of lesson preparation.
Discussions about current and future uses of PDAs revealed an awareness of the potential
for increasing functionality by using other devices in conjunction with the PDA. Discus-
sions centered around the use of mobile phones for transferring data. such as emails and
text nessages. and there was also mention of the possibilities offered by connecting digital
cameras to computers: Sharp have designed tiny cameras about the size of a tiny, single,
lego brick and halt the depth, which could be emibedded into the PDA and used for video
conferencing.

The future seems to lie with PDAs that are compatible with phones to allow access to
the internet and/or video conferencing. These comments suggest further possible ways in
which PDAs might support learning activities. and reveal that some students werc keen

to explore other potential uses of PDAs as learning tools.
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Figure 6.2: Note-taking strategics when using print-based and PDA course
materials. Panels a, ¢ & e refer to use of the printed Study Guide, Pancls
b, d. & f refer to use of the course material sections on the PDA (% of

respondents, not students).
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Marking up printed course material Marking up using the OSMS model
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Figure 6.3: Marking up print and PDA course materials. a & ¢ refer to use of
the printed Stody Gnide; (b)) & (d) refer to use of the conrse material gnide

sections on the PDA.
6.3 Discussion of findings

The research vevealed honefits and limitations of students’ nse of Open Source application
and their wobile devices for intleracting with course materials, While the portability of
the deviee was generally weleome, and some studonts ook advantage of having acocss
tor the olectrooic format of the course mwaterials, lmitations such as the small sereen
size, navigation difliculties, and slow and error-prone methods [or entering text. made
it diffienlt to read docnments. In addition, use of the FDA changed the way students
intoracted with the course mmaterial, They wore less likely to take notes and highlisht text

when using the DAL compared with the strategies thev emploved when reading print-




based materials. In the following section, the findings are discussed with reference to the
way the new model changed the way users interacted with the course material.

How the PDA changed the interaction with course material

As 7 suggest. the possibilities and constraints introduced by a new tool do change the
task that the tool is used to support. This study showed that the use of a PDA for
interacting with course materials changed the way users interacted with course material
(tasks). by giving users new possibilities, such as anytime. anvwhere access to learning
resources. and introducing constraints such as small screen size.

Students

With the PDA. students could carry course materials in a small. lightweight and un-
obtrusive device. which was more portable than the Ad-size print version of the course
materials. Using the PDA. users could interact with course materials while engaged in
other activities or during short periods of time which would otherwise be wasted, such as
while travelling to school or waiting for a class. This meant that reading course materials
did not have to be confined to the laboratory or classroom contexts, and it was not so im-
portant to sct aside study time. However, despite positive feedback from students about
the benefits of having the course materials on a mobile device, some students found it
difficult 1o read rext on the PDA. The limited display area on the PDA mecant that only
a fow lines of text could be viewed at any time. This made it difficult to scan through the
text. and required a more concentrated line-by-line reading strategy. In addition. the case
with which students could flick through paper documents was missing on the PDA. These
students noted they found it difficult to move back and forth between sections, and they
were unable to casily assess their location within the document space. This contributed
to feelings of beiny lost in the reading materials and to an inability to gain an overview of
the documents. Students liked the affordances of paper: for example. being able to flick
through the document and skip ahead to see how long a section was.

This finding is similar to the results of past research that have compared reading from
paper with reading from a computer screen [ [?] and [?]]. The contextual clues that
are available when reading printed documents. such as paper size and docuinent weight,
are missing witl electronic text.  Therefore. it is important for electronic documents
to contain other contextual clues. along with more flexible navigational tools such as

hivperlinks connecting sections of text. A further constraint of the PDA was the difficult

48



means of entering text and lack of aids to move through text. This is one of the general
usability problems of the present generation of mobile devices and is another conscquence
of their small size and portability [?].

Students generally found it difficult to use the onscreen keyhoard on the PDA. They
found these text-input mechanisms to be much slower and less accurate than writing on
paper or tvping on a computer. Consequently, students were less likely to take notes while
reading on the PDA. compared to reading on paper. In any case. the note-taking findings
from the pre-questionnaires indicate that students mostly write notes on paper (separate
to the paper thev are reading from), that they like to highlight or underline printed
text. Students do not appear to have developed the habit of making notes electronically
when working with clectronic text. This may partly explain some of their reluctance to
make notes on the PDA. In addition, students tended to use both the printed version
of the materials and the PDA, depending on the context in which they were studying.
Therefore. they may have reserved note-taking and highlighting strategies for when they
were using the printed materials, and used the PDA solelv for reading the documents. It
may have been difficult to take notes in the circumstances in which students were using the
PDA (e.g. while travelling), whereas reading the printed materials in a home or classroom
environment would have been more conducive to note-taking. Students therefore used the
PDA in conjunction with other tools, suggesting that PDAs are not e-books that replace
the need for printed course materials. Instead they are used to support and extend other
technologies and resources and can replace desktop computers to help bridge the digital
divide.

Teachers

Most teachers did take notes on the PDA. They found it beneficial to be able to take notes
in electronic format at any time, wherever they happened to be. They devised strategies
to overcome limitations of the PDA| using abbreviated notes. which theyv transterred to

the desktop server computer to be incorporated into more extensive documents.

6.3.1 Limitations of the research

The mobile device used in this study is one of the lower-end models, chosen partly be-
cause of its relative affordability given the financial resources that were available for this

rescarch. Screen quality on the mobile devices is not as good as that available on more

49



expensive mobile devices. While the provision of a more expensive mobile devices was not
an option for this evaluation study. future mobile devices are expected to possess features
specific tfor reading electronic text. However, at the beginning of this study. such devices
were not widely available. Indeed, the results of this study showed that users did use the
OSAILS model as a general tool for supporting time and information management. For
example. theyv used such facilities as the diary, feedback. to-do list and the notes applica-
tions. When rating how useful the mobile devices were as a general tool. the majority of
questionnaire respondents (77%) said that it was somewhat or very useful.

Students received the PDAs midway in their school term and many interviewees com-
mented that they did not have sufficient time to learn to use the device. Interview
comments suggested that students felt they needed more time to become familiar with
all of the features and functions of the device. They were unable. therefore, to make full
use of the PDA during the course. They would have preferred to receive the PDA at
the beginning of the course when they could familiarise themselves with it and integrate
it more effectively into their study activities. The timing of the post-questionnaire was
also problematic. By the end of the study there were 41 students envolled in the course.
However. only 31 students responded to the post-questionnaire. This raises issues about
the possible reasons that 10 students did not respond to the post-questionnaire. It may
be that these students had rejected the PDA outright, or thev had attempted to use it
but found it too difficult. In this case, the findings would have indicated a more positive
evaluation of students use of the PDAs than was actually the case. Another possible ex-
planation is that some students may have made a conscious decision not to use the PDA
because of time pressures at that stage in the course: in that case, their non-response
does not imply o negative attitude or experience. However. the response rate may also
have been adversely affected by the fact that the questionnaire was not administered until
two months before end of their course. Students would therefore not have felt obligated
to take part in the questionnaire. It can only be speculated. however. on the reasons for
some of the poor response and how the findings might have been different if all students
had taken part in the questionnaire. In any case. the findings showed mixed views about
the value of using the OSMS model to interact with course materials and the assump-
tion is that these responses are representative of the range of responses that might have

otherwise been received.
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The use of questionnaires and interviews as the main evaluation methods could also be
problematic due to the fact that both are self-report methods. and are therefore subject to
potential bias. That is. students may have provided responses they believed the evaluators
wished to hear. rather than a totally honest account of their perceptions. However, given
the mixture of positive and negative assessments. this seems unlikely. The study may
also have been affected by the subject topic of the study: "An Open Source Model for
Teaching Environments™ that incorporates wireless devices. It may be that users on this
study were more receptive to using a new technical tool than other students from a less
technology exposed area. Therefore, students who took part in this study may have been
nmore enthusiastic about the possibilities of using a PDA and sought to evaluate it more
positively than others. It would be helpful, therefore, to conduct further evaluations of
PDAs using students from areas with less technology exposure. However, it must be said
that an advantage of using students from latter areas is that they were generally very
aware of how thev used technology to support their studies and so were articulate in their

evaluation of the OSMS model as a tool for teaching environments.

6.3.2 Implications for future use of PDAs as learning tools

The course materials used in this study were not reformatted specifically for presentation
on the OSMS server. Instead, they were presented in their original document format.
Findings from this study suggest that in future it mav be advantageous to reformat
the documents with more salient contextual clues about the readers location within the
document and miore flexible navigational tools, such as hyvperlinks. to allow students to
move with case back and forth within the documents. Furthermore. this study looked at
the use of textbased documents. The open source application software on mobile devices
did not support the presentation of graphics. Therefore. further investigation could be
macdle to deteriine whether it is feasible to view graphics on mobile devices and other small
screcn devices. The findings showed that users did appreciate having access to learning
resources while on the move. It is important to note, however, that the OSMS model
did not necessarily replace the paper copy of the course materials. Instead, the PDA
used in the OSMS model was used in addition to the printed documents and was used in
conjunction with other tools. For example, some teachers liked being able to record and

store clectronic notes on a portable device, which could then be easily transferred to the



desktop computer for further work. Therefore, the possibility of using PDAs to support
learning in this way should be further explored. However. it is important to consider the
limitations imposed by the device, such as small screen size and poor screen quality.
This study also showed that there are several ways that the OSMS model could be
used to support learning activities beyond reading course materials. Most users found the
OSMIS to be useful as a general tool. In particular, many students saw advantages in using
the PDA as a communication tool. Comments made in the peer conference discussion
revealed that some users used their PDA in conjunction with mobile telephones(bluctooth
cnabled) to send and receive emails when they were away from their computer. They also
downloaded and composed messages on the PDA. In addition. several students used the
PDA to access Internet resources. The potential for OSMNS model to be used as learn-
ing tools extends bevond the ability to interact with course material. As mobile devices
evolve(e.g. 3G. better resolutions, etc) and become more widely available, it may be
possible to further explore such potential uses, particularly for supporting communica-
tion aspects of learning activities, such as the use of webbased computer conferencing in
distance education. A comparison of the pre and post questionnaire can generate further
study that would compare hypothesis(not done in this study) and come up with reflections

on the changes that can ocecur.

6.3.3 Chapter summary

The chapter presented and discussed the results of the evaluation study of the OSMS
model in an education setting.  Expectations about the benefits and limitations were
collected prior to the evaluation of the model for comparative purposes. The results on
usefulness. ease of use and actual limitation and other benefits of the OSMS evaluation

model were discussed in-depth.
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Chapter 7

Conclusion

Attempts to equip school computer laboratories and telecenters with desktop computers
by various stake holders have produced less than desired results. Some of the reasons
to the impasse are due to the incompatibilities of software applications for the PC and
its operating systems. Lack of infrastructure like networking to support the operations
and computer skills to manage the resources are other reasons. The current computer
hardware (normally donated refurbished machines) have limited capacity to support cur-
rent software applications. The list is endless. This research is an attempt at achieving
a more successful environment by using students” mobile devices. desktop computer and
open source applications. The research therefore, looks forward to a time when schools
1o longer have to purchase computers for their students but rather utilize mobile devices
already owned by students.

This rescarch presented results of an evaluation study on the interaction of students’
mobile devices with course material and teachers using open source applications in a
teaching environment. In particular, the portability of the model made it possible for
students to interact with course material and teachers as well as having access to learn-
ing resources anvtime, anywhere, which many students found to be very beneficial. The
study introduced new possibilities and constraints. Students mobile devices availed ac-
cess anvwhere, anvtime'. aided in preparation of assignments, made neater notes, acted
as reference tools and communicating tools. The students were able to compose and
upload/download material on the move. The mobile devices were also fitting with the
students lifestvles and familiarity with the technology will not be an issue. Though there

are constraints ou such devices ( small screen size/navigation/entering text), the benefits



far outweigh the limitations.
This chapter presents the final conclusions that emerged from the research. A summary
of the contributions of the thesis is presented and discussion on possibilities for future work

in this research area.

7.1 Summary of Contribution

This section summarises the rescarch contributions. The research addressed three main

1ssues:

1. Development of locally relevant open source applications that use students mobile

devices for rural arcas in developing countries to bridge the digital divide.

2. Use of open source applications and students mobile devices in a teaching environ-

ment to develop and test an educational model built in a bottom up approach.

3. To derive coments on how students mobile devices. open source applications and
a network desktop computer setting could complement each other in a school envi-

roument.

In order to develop a locally relevant open source software application for a rurval
setting in Africa, the normal software development life cycle was augmented. [t was
found that manyv schools with donated equipment lacked the networking infrastructure,
skills to operate the laboratories and train users. Moreover. this approach tended to cater
for only a few number of students since an average laboratory capacity rarvely exceeds 40
students in a sitting session. In other words, usually. as computer sessions would only
run in specific times in the afternoons and many of these sessions are not incorporated
in a regular school curricula. This approach can not work in rural areas if we wish to
address real school community needs. Instead. a new approach is paramount. based on
accessibility it we are to bridge the digital divide and meet the requirements of a target
schiool commuitity.

To address these deficiencies and to adapt the existing infrastructure, a pre-implementation
survey was done on anticipated usage of the educational model. Students mobile devices,
PDAs and open source applications were used to develop an educational model (OSMS).

OSMIS model provided the steps needed to create an enabling environment that overcomes



most of the physical limitations present at schools and telecenters. It described the overall
process used to for a target school community and a framework to discover a problemn arca
and provide a solution. A survey questionnaire was used to give guidelines on the tech-
niques used to ensure that the model prototype developed addressed user needs. These
included discussion groups. paper prototyping amongst others.

Additionally. sound software engineering principles were used for model development
and guidelines to ensure best practice were followed throughout the model testing. In
particular. was essential to ensure not to neglect any aspect of the model testing project
that could affect its success. Examples of such factors include the fact that training was
crucial to help participants use the prototypes developed and also sustainability issucs
for which SchoolNET Namibia was lobbied. With all these methodologics and guides
in mind. a cvelical approach was composed for developing the model in rural and under
serviced arcas in Namibia. This enabled a loose process to be followed to develop a model
prototyvpe and work with a rural school community by adding a research aspect to the
model development life cycle.

In addition. idea of a teacher to manage the implementation of the OSMS was crucial in
a school environiment. The teacher helps facilitate interaction within a school community.
Using the teacher in the evaluation of the OSMS model. it was possible to utilize prior
relationships between people to gain trust and build rapport in one’s own relationship
with the school community. The teacher also sometimes monitored the models’ progress
in the field and sometimes helped set up adhoc meetings with participants. Another use
of the teacher. was to help penetrate cultural barriers between the researcher and school
community participants. Having someone from a similar culture or who speaks the local
language, hielped researcher pick up on cultural nuances and community feelings which
would have otherwise passed unnoticed. For a particular OSMS model testing, there can
be several teachers serving different purposes. The tasks described above can be divided
and relegated to the teachers. This would normally be the case if the participants are
many and surpass a normal class setting. Various group testing would then be undertaken
under supervision of the teachers. This framework was used to develop and test the
model in a teaching environment from schools in Namibia. The OSMS model solution
for teaching environments allows interaction of students with the teachers and teaching

material using open source applications via bluetooth. It is novel in that it was the first use

ot
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of students™ mobile devices over a wireless network in Namibia, South Africa and probably
the rest of Africa. OSMS was also innovative in that it made use of bluetooth presence
to allow participants to determine if their contacts werc available for interaction. From
our activity logs and interviews, it is evident that OSNIS was the preferred solution for
student interaction and was seen as an improvement over the previous desktop computer
model. In particular. question asking and peer tutoring was secn as useful by both the
teachers and student participants. This confirms that the OSMS model approach not
only allowed development of a locally relevant open source application for Namibia but
also enabled the lives of all the school participants to be enriched.

Finally. we found that computer networking facilities in Namibia and South Africa
have a long wav to go before they open up real opportunities for bridging the digital
divide. In particular, arguments for OSMS are presented as a solution for providing
computing in isolated regions. It is also suggested that these areas have minimal fee
paviment by cellular networks so that students could get access to cvberspace from their
mobiles. More importantly. this would also allow students to use whatever mobile devices

they have.

7.2 Future Work

There is scope for future work in this field of research. Firstly, the OSMS educational
model could be further refined for rural and isolated arcas other than the Namibia or
South Africa. This approach could also be used in other sites in developing countries
with similar conditions to test how well it performs elsewhere.

Scecondly. the OSMS prototype could be improved and tested in other environments
similar to the Namibia. Revisions that were suggested by participants but which were
not implemented during the model testing due to time constraints could bhe introduced.
For an example. limitations, such as the small screen size of the mobile devices, awkward
methods for entering text, and navigational difficulties. meant that using the device was
constrained. Fewer students took notes and highlighted text on the PDA than they did
with printed materials. The small screen size of the PDA required a more concentrated
reading strategy and made it difficult to scan-read the text. Students therefore found it

difficult to read on the PDA and it was generally considered to be inferior to reading on



paper. The OSMS model could thus be adapted for students mobile devices that support
newer and upcoming wireless technologies like 3G. Short Message Service (SMS) features
could be included to inform participants when a OSMS user requests services or wishes to
interact with peers. Another additional feature would be implementing video conferencing
with a proper quality of service and high image quality. The study also showed that there
are several potential uses of PDAs as learning tools bevond reading course materials. In
particular. students suggested that they would have liked to be able to use the PDA as
a communication tool. particularly for supporting activities such as online conferencing
while at home or away from the bluetooth coverage. It would be valuable. therefore, for
further studies to investigate the potential benefits and limitations of using PDAs for
these learning activities.

Furthermore. OSNS could be expanded to facilitate communication between multiple
oroups within a school and across schools. At cach site. either one teacher (head of
department ) could be solely responsible for OSMS or a number of teachers in a department
people could do the work alternatively. Internet connectivity could also be provided via
3G to link up international sites. Another area for future work would be to see how OSMS
server that is connected to the internet can be altered now that VolP is legal. An analysis
of this change could be performed to see if VoIP and use of students mobile devices is
a viable model in rural areas. The scope for changing the OSMS prototype is therefore
endless but all suggestions and changes should always be centred in school needs. At the
time of writing. plans were being formulated to implement the OSNS model to another
school in the rural northern parts of Namibia where the bulk of the country’s population
is situated with similar conditions. Many of the suggestions made here can be tested at
these new sites.

In all. the OSNS model helped comment on both the wayvs open source applications
and students mobile devices can be used in teaching environments for rural areas and to
develop applications that are beneficial to the educational sector of a developing country.
The results also showed that the model introduced both new possibilities and constraints
to the enviromment, which changed the way students and teacher interacted with the
course materials. Nevertheless, there were some students who really valued the PDA for
particular reasons. for example as an aid in the preparation of assignments, as a means to

neater notes. as a reference management tool. as a useful tool for composing conference



messages on the move. or just as a tool that fitted in with their lifestvle. These students
mayv have been more tolerant of the PDAs shortcomings as a reading device. It would be
interesting to investigate the relative value of different functions of the PDA to individuals
and groups in learning contexts. Although the results have limited generalizability because
of the small number of model testing participants, it is believed that they are transferable

to any other school or situations with similar conditions and circumstances.
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Appendix B - RESEARCH QUESTIONNAIRE
An Open Source Model for teaching environment (OSMS Model)

This survey aims at collecting information which will be used in evaluating ways of making it possible for
small business enterprises to take part in conducting electronic commerce. The research is part of an
evaluation study on the interaction of students' mobile devices with course material and teachers using open
source applications in a teaching environment done by James Mutuku currently doing an MSc in Computer
Science at University of Cape Town in South Africa. To ensure confidentiality, general trends in adoption,
use or intention to use electronic commerce would be discussed and not individual responses.

Although express permission has been granted by the SchoolNet Namibia management to take photos (and
use them for publication of the survey) of the sessions, only willing participants shall be photographed. You
may opt not to appear in any or all of the photo sessions.

Your participation on this questionnaire is greatly appreciated and voluntary, you are free to stop answering
the questionnaire at any point should you feel so.

Thanking you for your anticipated cooperation.
James Mutuku

D e

PART A.

Al. Secondary school location (e.g. Windhoek central, Katutura, etc.)

(Please circle your choice) 1 2 3

A3. Where do you use computers from? Home | Atmy Other place
school

A4. Do you have a computer(s) in your school? Yes No Don't know

A5. Do you have a network connection at your school? Yes No Don't know

AB. If you answered No to question A5 above, where do you use | Home Post Other

the internet from? office

A7. Do you know what a PDA? Yes No Not sure

AB8. [F the answer to question A7 is YES, what do you understand by a PDA?

PART B

B1. Network and Computer usage:

Which of the following suits your usage of computers? (Please Circle all that apply)

Yes| No Yes|No

A) Browsing for information 112 f) Listening to music 112
B) Communicating with peers 112 J} News 112
C) Communicating with teachers 112 K) Playing games 112
D) Doing homework —typing 112 L) Surfing the web 112
E) Reading documents-e books 112 M) Taking courses 112
F) Web-based learning 112 N) Chartroom/discussion groups 112
G) Downloading software 112 0) Other (Specify) «.o.oooveeiiiiiiiirnne, 112




B2. Pre-Questionnaire on expectations of using the OSMS model
{Please Circle your choice)

B2. Please indicate how you believe the PDA would | Very useful [ Somewhat useful | Not useful
be useful for interaction ]
A. Interaction with course material 1 2 3
B. Interaction with fellow students 1 2 3
C. Interaction with teachers 1 2 3
PART C.

C1. Post-Questionnaire on use of using the OSMS Model

On a scale of 1 (Very useful) to 3(Not useful) indicate the extent to which you agree or disagree with the

following points.

Scale Very useful (VU) Somewhat useful (SU) | Not useful (NU)
1 2 3

C1. USEFULNESS {Please circle your choice)
Usefulness of model at school VU | SU | NU
A) How useful was the PDA in reading course material? 1 2 3
B) How was the overall use of the PDA (other general tasks)? 1 2 3
C) How was the PDA’'s communication with the teacher? 1 2 |3
D) How was the PDA's use for notes or memo pad? 1 2 3
E) How was the PDA’'s communication with fellow students? 1 2 3
F) How was the PDA'’s use as a diary? 1 2 |3
G) How was the PDA’s use as a calculator? 1 2 |3
C2. EASE OF USE {Please circle your choice)

How easy it was for you to use OSMS Model? VU | SU | NU
A) Reading course material on the PDA? 1 2 3
B) Screen size of the PDA? 1 2 3
C) Navigation on the PDA? 1 2 3
C3. LIMITATIONS (Please circle your choice)
Indicate the limitations while using the model for reading VU | SU | NU
A) Screen size 1 2 |3
B) Navigation 1 2 3
C) Entering text 1 2 3
C4. BENEFITS {Please circle your choice)

Indicate the benefits while using the model for reading VU | SU | NU
A) Portability 1 2 | 3
B) Electronic text 1 2 3
C) Recording notes 1 2 3
C5. CONFIDENCE (SELF-EFFICACY) (Please circle your choice
Indicate your level of confidence in using the OSMS model VU | SU | NU
A) I could use OSMS even if there was no one around to help 1 2 3
B) | feel confident understanding features relating to the OSMS model 1 2 3
C) |feel confident browsing the world wide web without any assistance while using the | 1 2 |3
OSMS model.
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C6. INFLUENCE (SUBJECTIVE NORM) (Please circle your choice)

Influences on EC usage VU | SU | NU
A) People who influence me may influence my decisicn to use the OSMS model. 1 2 3
B) | would use OSMS model if my peers use it. 1 2 | 3
C) Iwould use OSMS model if my teacher requires me to use it. 1 2 | 3
C7. DIFFICULTIES (Please circle your choice)
Computer facilities availability VU | SU | NU
A) My school has a computer laboratory readily available for use. 1 2 3
B) | have all the computer facilities | need to use at home. 1 2 3
| C) Our school has put all in place internet for our use in the laboratory 1 2 3
C10. INTENTION FOR FUTURE USE of the OSMS model (Please circle your choice)
Your future intention to use OSMS model VU [ SU [ NU |
A) lintend to use the OSMS model more in the future. 1 2 |3
B) Ifitis available, |intend to use the OSMS model in the future. 1 2 13
C) |have been frustrated while using the OSMS model. 1 2 |3

D1. Post -Questionnaire on user reading and note taking habits
(Please Circle your choice)

Strategies for reading print and PDA material Never | Sometimes | Frequentl
A) Making notes on a PDA 1 2 3
B) Typing notes on a computer 1 2 3
C) Writing notes on a paper 1 2 3
D) Marking up text on PDA 1 2 3
E) Highlighting with pen on printed material 1 2 3
F) Underlining text using PDA 1 2 3 ]

Part E

Please circle your choice in E1 to E6 below.

E1. Gender: (1) Male (2) Female

E2. Age: (1) 1625 (2) 26-35 (3) 36-45 (4) 46-55 (5) over 55

E3. Years of Work Experience at secondary school level (Applicable to teachers only)
(1) Less than 2 years  (2) 2-5years (3) 6-10 years (4) Over 10 years

E4. Highest Level of Formal Education (Applicable to teachers only)
(1) Diploma (3)Degree (4) Post Graduate (5) Other (Specify) «...oocvvceenninnes

ES5. Current Position at work (Applicable to teachers only)
(1) Teacher, (2) Head of Department, (3) Headmaster, (4) Headmistress, (5) Other

model?

Thank you for participating in this survey — Good day.
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