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Abstract

Electronic learning (E-learning) involves the use
of information and communications technology
(ICT) tools and systems in teaching and learning
processes. Such tools are being rapidly deployed
into the Nigerian higher educational system
because of their pedagogical benefits. But there
have been inadeguate efforts to deploy such tools
at the secondary schools in the country, where
spectres of over-populated classrooms and
escalating student-to-teacher ratios have
contributed to the poor performances of students
in the Senior Secondary School Certificate
examinations, especially in mathematics. Towards
contributing to the local Nigerian efforts in the
development and utilisation of e-learning tools
in Nigerian secondary schools, this research
undertook the development of an e-learning
application (E-Maths) to support the teaching
and learning of some aspects of the mathematics
syllabus of the West African Examinations Council.
A survey of studentsin selected secondary schools
had revealed that mathematics was the most
challenging to learn. The research found out and
recommended that, in view of the very limited
networked and Internet-connected ICT
infrastructure availableto most Nigerian secondary
schools at present, the application would be most
useful in hybrid learning environments that combine
face-to-face classroominstruction delivery with the
application, using CD-ROM asthedelivery medium.
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| ntroduction

The expansion in the ways Information
Communications Technologies (ICTs) are being
deployed has transformed virtually every sector of
the world’'s growth and development. In particular,
different ICTs are being rapidly integrated into
educational systems in developed countries, and
gradually in devel oping countries. Electroniclearning
(e-learning) refers to the use of various ICTs in
teaching and learning and related education
management processes. Thismay involve the use of
generic software, such as word processors,
spreadsheets, or graphics, statistics, email, web
browsing or multimediasoftware on equally generic
desktop computers or mobile devices such asmobile
phones and tablets. It isincreasingly also involving
the use of computer-assisted instruction (CAl),
computer-managed instruction (CMI) software or
learning management systems (LMS) which are
designed specifically to facilitate the delivery of,
accessto or management of theteaching and learning
of some specific subjects. Such software is also
increasingly being deployed and used in networked
environments, such as campus or school networks,
or the Internet. E-learning provides a flexible and
potentially more efficient |earning environment than
traditional classroomsfor rapidly growing and diverse
communitiesof learners.

Ajelabi and Agbatogun (2010), citing Okebukola
(2004), notethat with theimplementation of the UBE
(Universal Basic Education) scheme in Nigeria, as
many as 14 million students are expected to be
enrolledinto Nigerian secondary schools from 2008,
out of the estimated population of 140 million of the
country in 2006. In view of the expected explosionin
enrol ments and consequent increasesin students-to-
teacher ratiosin classrooms, it has become necessary
for education policy makers and school systemsin
the country to begin to harness effectively the
opportunities that e-learning systems provide for
tacking the challenge.
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Problem Statement and Objectives

A number of Nigerian government secondary
schools, many of which are located in rural areas,
are geographically and socially isolated. Their
students are often from low to middle income
families, and thishampersthe ability of the students
to acquiretext and reference books. Moreover, there
isinadequate number of teachers of mathematicsin
these schools. For instance, inacommunity secondary
school in Ibadan (Isebo Community Secondary
School, Ibadan, Nigeria) where the lead author of
this paper had volunteered as Mathematicsteacher,
it was observed that the school had just onetransient
National Youth Service Corps teacher handling all
the three senior secondary arms in the school.

As Recesso (2001) pointed out, the various
challenges that confront educational systems in
developing countries, such asinadequate and poorly
motivated teachers, inadequate books and poor
learning environments, have collective adverse
effects on student learning and achievement. The
resultant poor performance for instance, is more
critical in science and mathematics subjects. Recently,
the West African Examination Council announced at
amedia briefing that out of the 1,135,557 students
that sat for the May/June 2010 exams in Nigeria,
only 337,071 or 24.94% obtai ned creditsin subjects
that included English Language and M athematic, and
that the 2009 result was only one per cent better
(The Punch Newspaper, 2010). Considering the
importance of these two subjects, and especially
mathematicsin thetechnological development of any
nation, thesefiguresare alarming, and demand urgent
action. Nigeria is not alone in this abysmal
performance. Indeed, thewhole of Africaisaffected.
Lujara, Kissaka, Trojer and Mvungi (2007) reveal
that for selected subjectsfor the years 1994 — 2005
in Tanzania, the average failure rates were more
than 40%. Performance in mathematics was worst,
with an average failure rate of 70%.

These challenges however provide broader
lens of considering the potential use of ICT in
education. In Nigeria, most private and many public
secondary schools have acquired desktop computers
for their students’ use, although most of the computers
lack appropriate computer-assisted or computer-
management software, or content management
systems for the teaching and learning of specific
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subjects in line with approved syllabuses. This
research sought to contribute to solving the paucity
of such ICT-based tool s by designing aMathematics
e-learningtool that makeseffective use of thelimited
available ICT resources in Nigerian secondary
schools to improve the teaching and learning of
Mathematics. The research aimed to develop a
system that provides appropriate (i) modulesfor the
update and use of |earning materialson specifictopics
in secondary school mathematics; (ii) modules to
manage users of the system when installed on a
computer system or network; (iii) modules for
monitoring and ng students’ learning progress;
and (iv) mechanismsfor protecting the database and
theinformation stored.

LiteratureReview
E-Learning

According to Salawudeen (2006), Electronic Learning
(E-Learning) technology isthe convergence of learning
process and the Internet, that is, online knowledge
acquisition through the Internet or offlinethrough a
CD-ROM, cassette player or other means of storing
digital audio or video. E-Learning can also refer to
educational websites such asthose offering learning
scenarios, worksheets and interactive exercises for
youths and children. Citing Hedge and Hayward
(2004), Gunga (2010) posits that e-learning is an
innovative approach for delivering electronically
mediated, learner-centred and interactive learning
environmentsto anyone, anyplace, anytimeby utilizing
the Internet and digital technologies..

Obashoro-John (2007) also notesthat effective
e-learning presupposes the ready availability and
ready access by learners and teachers to the
following technologies: multimedia CD-ROMs, MP3
players, websites, discussion boards, emails,
computer-aided assessments, | earning management
software, blogs, etc. E-learning is often considered
asameansof permitting accessto learning by using
any or all of thefollowingtechnologies: TV, mobile
phones, webcam, email, DV D/CD, audio/video tape,
website, telephone, audio-conferencing, video
conferencing, podcasting.

Allan (2008) highlights the expansion in the
language of e-learning, along with some differences
inopinionson what should or should not be considered
as components and resources for e-learning. Some
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researchers hold theopinion that e-learning should
not necessarily exclude the use of printed text for
the delivery or accessto learning materials. Others
believethat inclusion of theInternet isnot essential .
Nevertheless, simply providing passive learning
material that is electronically based, suchasaPDF
documents posted on the Internet, is not commonly
considered e-learning, asit is similar to the simple
provision of textual material with no opportunity for
learnersto ask questionsor to enter into discussion.

Nichols(2003) contrasts e-learning with online
learning and blended learning. Heexplainsthat online
learning entails the use of e-learning tools in a
distance education mode using the Web asthe sole
mediumfor all learning and student-teacher contact.
Hedefines blended learning (al so known as mixed-
mode or resource-based learning) as an approach
to education that combinesfaceto face and distance
approachesto educationin which aninstructor meets
with students (either in a face to face mode or
through a technological means) along with
technology-delivered and accessed resource-base
of content materials and learning activities for the
use of the students.

Rationale, Challengesand Principlesof E-
Learning

Alexander (2001), citing Bates (1997), advances
four reasonsfor using technology in higher education:
toimprovethe quality of learning; to improve access
to education and training; to reduce the costs of
education; and to improvethe cost-effectiveness of
education. Thefollowing advantages of E-Learning
compared to traditional classroom|earning are often
highlighted in the literature: cost savings,
geographical reach, extensive use of multimedia,
availability, portability, consistency, learner control,
up-to-date content, no duplication, and shorter
learning time (http://www.study-center.com/
welearn.asp). Neverthel ess, often also highlighted,
as noted by DelVecchio and Loughney (2006), are
thefollowing challengesfor students, teachers and
educational administrators in the E-Learning
environments: demand on teachers and studentsfor
adequate computer skills and effective online
communication and writing skills; costs of ready and
frequent access to and use of computers and the
Internet on students; students senseof isolation from
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their teachers and education systems; demand for
students’ self-motivation and drive to learn
independently of the teacher; initial heavy demand
for content devel opment skillsand timefromteachers
and instructors.

Content Management Systems

Theearlier softwaretool sfor thelearning and teaching
of specific subjects and topics were known as
Computer-Assisted Instruction and Computer
Managed Instruction tools. However, the ultimate
educational tools today are educational Content
Management Systems (CMYS), or more specificaly,
Learning Management Systems (LMS). All LMS,
such as the commercial Blackboard and the open
source Moodle (open source), share some common
features. As explicated by Blackboard (2007, 2008),
Rice (2006) and Cole and Foster (2007) for the
Blackboard LM Sand Moodle LM Srespectively, the
users are expected to use their browsersto navigate
tothewebsite of theLMSand log-in. Thereisusualy
alist of available classes that the student can click
to access. That will load the virtual classroominthe
student’s browser. Here the student will access the
various resources uploaded by the teacher starting
fromthe syllabusandincluding lecture notes, articles,
presentations, videos, images, web links and other
types of files. There will be an area where the
students can upload their assignments. Usually a
discussion board is included, an area where the
students can check their grades. There may be a
calendar and support for Internet chat, email, and
word processing. The LMS could contain parts that
do not require the interaction with the teacher such
as quizzesthat are checked and graded by the LM S
itself.

A major drawback of commercial LMS, such
as Blackboard, is their high cost of acquisition and
update. On the other hand, the commercial LMSare
much significantly easier to use or manage than some
free solutions. For most schoolsand universities, the
popular open source choice is often Moodle LMS.
In December 2010, there were 50,630 registered
Moodle el earning sites, 4,114,823 courses, and
39,381,043 users speaking over 70 languages (http://
moodle.org/stats). Another open source alternativeis
Drupal, a free content management software
distributed under the terms of the General Public
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License that can be used to organise, manage and
publish content in wide variety of environments.
Although Drupal’s user community ismuch lessin
size(630,000+ at 2012, http://www.drupal .org/) than
claimed by Blackboard and Moodle, it isbeing used
by organisations in a variety of sectors, including
education. Another optionisto build a“homegrown”
CMS, using freely available development tools. If
theingtitution or school hasin-houseskillsoriswilling
to hire outside contractors, a CMS could be built
using, for example, Linux as the operating system,
Apache astheweb server, PHP asthe programming
language, and MySQL as the database engine. But
such an approach canaso bevery expensiveinterms
of development time and resources.

E-L ear ning Opportunitiesand Trendsin Africa

Lundy and L ogan (2002) in exploring the key trends
in E-Learning in Africa note that governments in
emerging economies see e-learning as an attractive
optionfor delivering the skillsof the devel oped world
to the developing one. They note that as fifty per
cent of African countries have deregulated their
telecommuni cationsindustries, which would bemore
infrastructure investment, improved
telecommuni cations services, and greater prospects
for e-learning initiativesand projects. They conclude
that e-learning will become an imperative strategy
for enterprisesand governmentsto reskill, retool and
generally keep pacewith the changing technological
and business environment.

However, despitethe several reported positives
of e-learning in developed countries, Gulati (2008),
citing Leary and Berge (2006), stated that areview
of 150 distance education programmes in sub-
Saharan Africareveal ed that traditional, paper-based
means of distance learning are more reliable,
sustainable, and widely used than online and Web-
based methods. Gunga (2010) explainsthe situation
intermsof thefollowing challengesof e-learningin
African schools: noninclusion of regular ‘ technol ogy
education’ and ‘technology teacher education’ as
core requirement in many systems of education in
African countries; getting stuck in traditional
teaching methodology dueto static national policy
on ICT, technology (teacher) education and digital
inclusion; the costs of personal computer, |aptop,
software, Internet accessand their technical support
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arehigh; although mobiletechnol ogy isgaining ground
widely, associated withiitishigh cost of usage, small
screen size and low life of battery; inadequate or
unreliable of electricity power supply in both urban
and rural areas. Despite these and other challenges,
Lundy and Logan (2002) opine that “e-learning
opportunities need not depend on these changes or
wait for them. Much of the infrastructure to deploy
basic e-learning - sometimes only a stand-alone PC
isrequired - existsin Africaright now.”

There have been reported advances in e-
learning in some African countries. Kalinga (2008)
describes her work on the Development of an
Interactive e-Learning Management System (e-
LMS) for Tanzanian Secondary Schools. Lating
(2006) reportsasimilar project in Uganda, describing
the use of CD-ROMSsto deliver learning material to
schoolswithout Internet connectionin a*hybrid E-
learning” which includes both on-line and off-line
material. The hybrid E-learning project includes
development of physics/chemistry/mathematics
courseware out of local content (school teachers’)
materials and lecture notes, development of
coursewarefor delivery through the Internet, making
and delivering CD-ROMsto the schools.

E-L earning of Mathematics

The use of Virtual Learning Environments (VLES)
for the teaching of mathematics has been described
inthe scientificliterature. For example Chinnappan
(2006) for WebCT™ (now Vista), McClendon and
McArdle (2002) for asystem called ALEKS, while
Dougiamas and Taylor (2003) investigated on-line
classes that were built using the Moodle Content
Management System (CMS). Moodle, Dillenbourg,
Schneider, and Paraskevi (2002) discussed whether
VLEs can really improve education and reduce its
cost. The authors made the case that as with all
previoustechnologiesthat were adopted by schools,
it is the proper implementation of any of these
technologiesthat will improveinstruction. They stated
that “media have no intrinsic effectiveness, only
affordances.” Chinnappan (2006) studied the
implementation of WebCT for a group of beginner
mathematics teachers. There are several other
companies that sell CM S capable of providing on-
line mathematics courses. For example, Apex
Learning (http://www.apexlearning.com) sellsaVLE




DEVELOPMENT OF E-MATHS

that provides on-line based standard mathematics
coursesfor grades 6 through 12, aswell as courses
in many other subjects.

Henri-Paul Indiognie (2008), in a review of
Computer-Based L earning Technologies (CBT) for
thelearning and teaching of mathematics, identified
and reviewed GeoGebra (available at http://
www.geogebra.org/cms), which he describes as a
free mathematics software that covers geometry,
algebra and calculus and released under public
general licensefor education in secondary schools.

IntheAfrican context, Liverpool, Marut, Ndam
and Cti (n.d.) provideamodd for theimplementation
of courseware development for e-Learning in
Nigerian higher educationinstitutions based ontheir
experienceinimplementing an e-learning project in
mathematicsat the University of Jos, Nigeria. Lujara
et al (2007) describe their work on the introduction
of Open-Source e-Learning environment and
resources for the Tanzanian secondary schools in
Mathematics and Science subjects. They note that
in Tanzania, for secondary schools e-learning, there
is only one website with URL http://
www.di stancel earning-tz.org which provides notes
for secondary schoolsin different subjects, and this
website is maintained by a non-governmental
organisation, International Institute for
Communication and Development (11CD).

Tools, Methods and Materials

The present research made use of open source
software (OSS) tools to develop a mathematics e-
learning application (E-Maths) that enablesthe: (i)
organisation and update of mathematics learning
content to adatabase, (ii) provision of the application
(comprising theinterface, middleware and database)
for deployment on CD-ROM or networks, and (iii)
interactive self-paced use of the content by teachers
and studentsin ahybrid classroom-online learning
and teaching environment.

The following tools, methods and materials
were used during the system analysis, design and
implementation, and testing and evaluation of the
application:

(1) Learningtheories, pedagogical principlesand
instructional design principles from the
literature to guide the design of e-learning
application;
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(2) Senior Secondary School mathematicssyllabus
approved by the West African Examinations
Council (WAEC) (for the identification of
approved mathematics topics and sub-topics);

(3) Lesson Notes obtained from a sample of
teachers, using a participatory content
acquisition approach (for the acquisition and
devel opment of learning contents and obj ects);

(4) Survey observations, interviews and
questionnaire (for collecting data and
information during the system analysis of pre-
existinginfrastructure, resources, conditionsand
processes in selected schools in Ibadan
metropolis, Nigerig;

(5) Dataflow diagrams (DFD) and System Flow
Charts (SFC) tool s (for describing the anal ysed
and designed system components and
processes;

(6) Sharable Content Object Reference Module
(SCORM) and Instructional Management
System (IMS) standards (for the structuring
and packaging of mathematics|earning content
into learning objects);

(7) Drupal Learning Management System (for the
structuring, update to database and use of
learning content);

(8 WAMP (Windows, Apache, MySQL, PHP)
technology rack (for the development and
integration of the system’s user interface,
middleware and database);

(99 XHTML (eXtensible Hypertext Markup
Language) and XML (eXtensible Markup
Language) standards and codes (for displaying
andinterrelating textual and multimedialearning
content objects);

(10) CD-ROM (for thedistribution of theapplication,
and the associated interactive multimediahelp
andtrainingfiles; and

(11) Survey questionnaire (for collecting system
evaluation datafrom pilot users- teachersand
students of the E-Maths application.

System Analysis

The system analysis step in the development of E-
Maths involved analysing the existing mode of
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teaching and learning of mathematics in senior
secondary schools (SSS), identification of problems
that teachers and studentsface, and identification of
possible pedagogical and technological strategies,
methods and toolsfor solving the problems.

Data collection

The following three survey methods were used in
theinvestigation of the existing system:

Direct Observation: One of the researchersvisited
14 different schools (10 public schoolsand 4 private
schools) in the Ibadan metropolisto observe various
activities, conditions of the classrooms, population
of the classes. Also noted were the attitudes of the
students and teachersto mathematics. The previous
direct involvement of one of the researcher in the
teaching of mathematicsin acommunity secondary
school helped tremendously.

Interviews: To authenticate the observations and
thedatafromthe questionnaire survey, theresearcher
conducted brief interviews of students and
mathematics teachers in the selected public and
private schools as the questionnaire was being
completed by other sampled students. The student
responses during the interviews showed that there
wereindeed mathematicstopicsthat they found quite
difficult to understand. Some students even had
difficulty identifying the broad heading under which
sometopics belonged.

Questionnaire: All the 14 schoolswereasoinvolved
inthe questionnaire survey. A short questionnaireto
determine the most challenging mathematics topic
was administered to sampled students and teachers.
Thiswas done in order to determine the topics that
the e-learning system should focus upon. In order to
ensure that the teachers did not feel threatened that
the survey was questioning their capability to
communicatewell with their students, theresearcher
took the pains to explain to the teachers that the
guestionnaire was about identifying the subject that
they had to explain over and again (and yet again)
to the students before they understood (if they did).
Two mathematics teachers (the average number per
school) per school were sampled, for atotal of 28
teachers. Furthermore, two students, a boy and a
girl, from SS3 level in each of the sciences,
commercial and arts classes section, for a total of
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six students from each school, and 74 students
overall. Theresearcher walked the studentsthrough
the student questionnaire slowly and ensured that
each student completed it independently. Six students
were selected from each school, randomly from the
provided arm/class registers. In the very few cases
where the selected SS3 students were not available
they were excluded from the survey and analysis.

The surveys were carried out in March 2011,
about four weeksto the start of the Senior Secondary
School Certificate Examinations, and the best time
to collect and dlicit thiskind of information, with the
SSSCE timetabl e out, and mock examinations and
preparationsin full gear for the all stakeholders of
the system. Accordingly, the questionnaire was
designed to be simple and very short to hasten
recovery time because the teachers and students
were at a busy time of the school calendar.

Findings

Theteaching and learning methods and conditionsin
the public school sthat were surveyed epitomisethe
situation of most public schools in Nigeria. The
teaching/learning infrastructure consi sts of wooden
desks or long benches, chairs, black writing boards
and white chalk. In most of the schoolsvisited, there
were as few as two mathemati cs teachers taking as
many as four to six arms of the senior secondary
school classes. This workload of the teachers was
enormous, particularly asthe teaching and learning
of mathematics in these schools is completely
manual. The private school swereranged from being
about the same to dlightly and much better.
Theexisting systemisthetraditiona classroom-
centred, face-to-face approach, whichis constrained
by explosion in the number of students using the
system without a commensurate increase in the
number of teachers. The mathematics teachers on
ground were not enough to handle effectively the
numbersof students, and it isdifficult for theteachers
to give the individualised instruction that is
fundamental to effective self-paced learning of
mathematicsfor weak students. Theinterviewswith
teachers in the schools reveal ed that some of them
had Bachelor of Science, not Bachel or of Education
in Mathematics, degrees. Possibly because of the
lack of training in educational pedagogy, these
teachers were not able to determine themselves if
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any topicsin mathemati cswere proving difficult for
their studentsto learn.

On passing the Junior Secondary School
Certificate Examinations (JSSCE), students are
placed in the Sciences, Commercia and Arts and
Commercia arms of schools on the basis of their
performances in the examinations in that order,
although there are afew exceptional caseswherea
student with very good performance may request
to be placed in Commercial or even the Arts arm.
Nevertheless, the students in all arms take
mathematics under the same teaching and learning
conditionsand methods, irrespective of their JSSCE
performances.
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Figure 1 shows graphically the result of the
analysis, which shows that the students found
“Mensuration” as the most challenging topic in
mathematics, followed by “ Construction”, “ Plane”
and “Circle” inthat order. Based on this particular
finding, “Mensuration” was decided as the focus
of the E-learning tool to be developed. Table 1,
obtained from the Mathematics syllabus approved
by the West African Examinations Council
(WAEC), showsthe sub-topics under Mensuration,
which formed the scope of the learning content
targeted by E-Maths.

General...
Sets

Latitude...
Inequalities

Simult...

Quadratic...

Circle...
Algebra
Mensuration
Plane...
Trigonometry
Construction...
Stat_...

Indices_...

Frequency of
Most Difficult Topic

B Frequency of
Most Difficult Topic

0 5 10

15 20 25

Figurel: Mogt Difficult M athematics Topics
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Table1: Sub-topicsunder Mensuration
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Sub-topics Contents Notes

Use of Pythagoras theorem, sine and No formal proofs of the theorem and

cosine rules to determine lengths and rules are required.

distances.

Lengthsand Lengths of arcs of circles. Perimeters of
Perimeters sectors and segments.

*Latitudes and Longitudes. Distances along latitudes and
longitudes and their corresponding
angles.

Triangles and special quadrilaterals — Areas of similar figures. Include area

rectangles, parallelograms and trapezia. | of triangles is %2 base x height and
*1/2 abSin C. Areas of compound

Areas Circles, sectors and segments of circles. | shapes.
Surface areas of cube, cuboid, cylinder, Relatlon between the sector of a
: ; . circleand the surface area of a cone.
right triangular prisms and cones.
*Spheres.
Volumes of cubes, cuboid, cylinders, Volumes of compound shapes.
. s
Volumes cones and right pyramids. * Spheres.
Volumes of similar solids
System Design for the creation of the mathematics e-learning tool

Systems design refers to the process and the steps
that are involved in defining and articulating the
components, modules, interfaces and data
requirements needed for asystemto satisfy specified
requirements.

Design Philosophy and Objectives

The design philosophy aimed for a self learning
environment to hel p studentsget control of asubject
even in the absence of ateacher or during self study.
The user interface was designed using instruction
design principlesto providethisfacility. Thedesign
of theapplication aimed for specified target objectives
for teachers and students of mathematics and the
technical support personnel. For schools and
mathematicsteachers, the design objectivesare: (i)
inexpensive development (all the software needed

should be available cheaply); (ii) rapid creation
(teachers should be enabled to create their own e-
learning content rapidly with the application). For
mathematics students, the specified target objectives
are: (i) ease of use (it should be very easy for a
below average student to select a learning object
module, learn the content, and assess him/herself;
(ii) self-paced learning (the student can repeat a
module as many times as are needed for him to
understand any particular topic); (iii) improvement
of students performance in mathematics, which is
ultimately what the application aimsto achieve. For
the technical support staff that may be availablein
schools, the design objectivesare: (i) shortened time
needed for multimedia programming; (ii) ease of
mai ntenance; (iii) flexibledistribution and deployment
through CD-ROM or networks.
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I nstructional Design

As the application is intended to deliver learning
content, the directing principles and strategies for
the content capture, storage, processing and
presentation aspects of the design is Instructional
SystemsDesign (ISD). ISD refersto the systematic
guidelinesinstructional designersfollow in order to
create and deliver a workshop, a course, a
curriculum, an instructional program, a training
session, or theinstructional materials and products
for educational programs.

The design of the content delivery aspect of
E-Maths was based on the core principles of the
ADDIE (Analysis, Design, Development,
Implementation, Evaluation) generic model for
instruction system design (Molenda, 2003; Rao,
2010), and took into consideration the following:
building on existing abilities and motivations of the
studentsto pass mathemati cs and to use technol ogy;
creating challengesof increasing difficulty; adjusting
the level of interactivity to accommodate the
computer neophyte; provision of a means of
measuring progress (assessment); incorporation of
direct manipulation of elements (learning objects)
by learners where possible; provision of sufficient
review and practice; use of graphic elements to
create an attractive, memorable and distinctive
context.

CoursawareDesign

The system analysis revealed that the learning
content provided by teachers of mathematicsto their
students are organised in lesson notes, with each
lesson note structured into the following hierarchical
levelsof content: (1) Subject (i.e. Mathematics); (2)
Topic (within subject); and (3) Sub-topic (within
Topic).

In turn, each sub-topic has the following
sections: (i) Reference Book (a textbook that
provides the source of guidelines and content); (ii)
Teaching aids (to be used by the teacher in the
delivery of the content), (iii) Previous knowledge
(usually in the form of preliminary questions or
exercises to ascertain essential prerequisite
knowledge); (iv) Objectives(i.e. learning objectives);
(v) Introduction (thisisusually abrief introduction
tothetopic, including scenario description to establish
the importance of the topic and motivate the
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learners); (vi) Steps(i.e. specificinstructional steps,
from 1 to N, used to deliver the learning content to
achievethelearning objectives); (vii) Conclusion (a
summary of thetopic); (viii) Evaluation (containssome
questions or classwork to ascertain that thelearners
have understood the sub-topic and that the learning
objectives have been achieved); (ix) Assignment (to
bedone after the class). Accordingly, the courseware
treethat wasused in thedesign of thelearning content
of the e-learning application consists of four levels:
Course, Topic, Sub-Topic, and Learning Object.

However, beyond the lesson notes, it was
necessary to prepare and use specifications (learning
outcomes and contents) that ensure coverage of the
approved syllabus and the recommended learning
obj ective/outcomes. Thisinvolved understanding and
using the subsisting West African Examination
Council (WAEC) Mathematics syllabus/curriculum,
and the subsisting standard Mathematics text for
senior secondary schools (New General
M athematics Books 1-3).

A Learning Object (LO) is a self-contained
chunk of learning content focused on a specific
learning objective. It can obtain text, video, images,
aflash animation, etc. L earning objects may be seen
as building blocks that can be combined in nearly
infinite ways to construct collections that might be
calledlessons, modulesor courses. (Kilby, 2002). The
essence of using LOs is to increase learning
effectiveness, ensure compliance with instructional
design standards, and reduce devel opment time and
costsdrastically.

Thelesson plans and notes of the participating
mathemati cs teachers were discussed with them and
used to understand the order of presentation of topics,
sub-topics and learning objects in the traditional
classroom approach. The understanding was then
used to design an Input Courseware Presentation
Order (ICPO) for each learning module and unit.
This is shown below in Figure 2. Next, the
implementation of the ICPO as a courseware
involved developing output screens to match each
step inthe ICPO, and ensuring: (a) the moduletitle
isto be displayed prominently and beasdescriptive
as possible; (b) the total text of each module is
between 100 and 300 words, with less considered
better, provided there is an adegquate accompanying
voice narrative; (c) theuseof illustrations, graphics,
animation and activity; (d) the enabling interactivity
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through drag and drop features, true/fal se statements,
compare answers mechanisms, multiplechoicequiz,
etc.

Table 2: Steps/Screensin the Presentation of
L earning Objectswithin LearningModule/
Unit

Stepr Screem 1 Present—Trthe—Toprc{andfor
Subtopic)

Step/Screen 2: | Present Learning Objective

Step/Screen 3: | Present Concept/Idea. Provide
itsdescription.

Step/Screen 4: | Build on the description
concept/idea presented

Step/Screen 5: | Provide example, and solution

Step/Screen 6: | Provide another example, and
solution

Step/Screen 7: | Provide further optional
examples and solutions of
increasing difficulty

Step/Screen 8: | Provide Exercise 1, for Learner
practice

Step/Screen 9: | Provide Exercise 2, to assess
the Learner

Application Design
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Architecture

The design of the E-Maths application adopted the
basic three-tiered architecture, comprising the web
client, web server and the database. The web client
allows users to create, edit and access learning
contents. The web server stores the script codes
that provide links and communication between the
application’s interface and the database that stores
the learning content.

I nterface Design

The Welcome and Module Selection screen of the
interface is as shown below in Figure 2. It
incorporates an attractive, simple and easy-on-the-
eyedesign. The coloursused arebright colours. This
isintentional, asteenagers (13 — 18 years) formthe
main age group of the senior secondary school
students. Figures 3-5 provide snapshots of some of
the screen sequences used for the delivery of the
learning content and objects.

Application Development Toolsand Processes
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The Cosine Rule states that:

al=b?+c? - 2bcCos A
b2 =a?+ e - 2acCos B
c?=a?+b? -2abCosC

Don't panic! You only need to use
the formula that is most

appropriate to the problem to be
solved.

Figure5(a): A sequencein the Cosine Rulemodule

Offline (CD-ROM based) and online (web-enabl ed)
versions of E-Mathswere developed. The hardware
used is a laptop computer with the following
configuration: Pentium M Intel Centrino dual core
processor; 120GB of HDD; 1.0 GB RAM; 15.6"
widescreen monitor; Mouse; Microsoft Windows 7
and Windows Vista operating systems; CD-
Rewritable drive. The coding of the E-Maths
application wasinitially started on alaptop running
the Microsoft Windows Vista operating system (OS),
and completed running the Microsoft Windows 7
OosS.

Offline Version: The development of the offline
CD-ROM version made use of the following tools:
Adobe Flash (and Actionscript), Authorpoint,
Articulate Presenter, Microsoft PowerPoint and
Audacity tools. Adobe Flash (and ActionScript) was
used to devel op the assessment aspects of E-Maths
(e-Learning tool). Also, due to its portability,
reusability and the prevalent use of shockwavefiles
(generated from Adobe Flash), this proved to be an
important tool for cross-platform use. Authorpoint
and Articulate Presenter are alternative rapid e-
learning devel opment tool sused for converting files
to the “swf” (shockwave or flash object) format. It
accepts multimedia programming files as input.
Microsoft PowerPoint was used, in conjunction with
AdobeFlash, for the core multimediaprogramming
requirements of the E-Maths. Audacity is an open
source audio recording software that was used to
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Example 1: Find the unknown side x,
giving your answer to 1 decimal place

—a . = R
Sin A Sin B
X _ =_12
Sin 40° Sin 80°
Cross multiplying both sides by Sin40°

x = _12 ¥ sin40e

Sin 80°

L40°‘ 12

back | next |

Figure5(b): Animated sequence of an examplein the
SineRulemodule

capture, edit and embed sound files, and to convert
into MP3 formats and other portable formatsfor use
in the swf files obtained. The CD-ROM version of
E-Maths entailed coding the data (courses and
learning objects) into the program itself. The
implication of thisisthat the offline version requires
no login details, which would have required matching
with data stored in a database. The user just plugs
and plays the CD-ROM. The drawback, however,
isthat the learning objectsin the CD-ROM version
are read-only data that cannot be modified unless
the CD-ROM version of the application itself is
modified.

Online Version: An web-enabled version of E-
Maths enables its deployment over a school LAN
or the Internet. The development of the onlineversion
made use of PHP scripts, WAMP server, MySQL,
and Drupal Content Management System. PHP, an
acronym for Hypertext Preprocessor, was used to
create dynamic web content, and to manipulate
information held inthe MySQL database. PHP code
can be embedded in HTML or used in standalone
applications. WAMP packages were installed on a
computer running Microsoft Windows 7 operating
system (O/S). WAMP is an acronym formed from
theinitialsof the Windows O/Sand itsother principal
components, Apache, MySQL and PHP. WAMP is
used during application devel opment to create aweb
server environment on aPC. Apacheisaweb server,
enabling auser on local host with aweb browser to
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be ableto connect to view information fromtheweb
server as web pages. Drupal was used to create,
build and manage the website. It is a robust, open
source content management system.

System Evaluation

According to Nielsen (2000), the best results of
usability testing comefromtesting with no morethan
five users but running as many small tests as one
can afford, and that one needs to test with at least
15 usersto discover all theusability problemsinthe
design. A preliminary evaluation of the operational
use of E-Maths was undertaken by three groups of
23 evaluators: 10 senior secondary school students
(SSS) (aged 14-18 years, seven female) from a
private secondary school; eight SSSLevel 3 students
(aged 1-18, five female) from a public secondary
school; five teachers, all from Ibadan, Oyo State,
Nigeria. The students and teachers were asked to
use and assess the application and complete an
evaluation questionnaire.

All the students from the private secondary
school claimed to have had experience using
computers. They al agreed that the layout of E-
Maths was clear, and that the tool was easy to use,
start and stop. They also reported that they found
the tool easy to navigate, that the language
understandabl e and the grammar accurate, and that
the graphics, animation and accompanying audio
sound were relevant, adequate and aided their
understanding. They indicated that they liked thefact
that the tool was easy to understand and an aid to
topic comprehension, and was a time saver (each
modul etook between 10-15 minutesto learn). They
however expressed dissatisfaction that the audio was
not loud enough, that timetransition between pages
was too fast which did not allow them to jot down
ideas gained while learning the content. They felt
the examples and exercises used were too simple,
and suggested that more difficult examplesand more
topics(like surds, bearings, circletheorem, quadratic
equations, angles of elevation and depression) be
included.

Three mal e students and one of thefivefemale
students (among the eight students from the public
school) claimed to have had experience using
computers. The majority of them agreed that the
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layout of E-Maths was clear, and that the tool was
easy to use, start and stop. They also reported that
they found the interface easy to understand, with
the graphics and animation relevant and aiding
understanding. All of them were excited and
impressed with the tool. They found it quite easy to
understand and very relevant, and the diagrams quite
explanatory. But they were al so dissatisfied with the
low sound output, and the speed of transiting from
one pageinthe modul eto the next. They also wanted
the solutions to the exercises to be more detailed
and better expressed. They suggested that the audio
quality and loudness beimproved, with more detailed
and well expressed solutions, and moretopicscovered
(like probability, circle geometry, bearings and
distances, etc).

The teachers (third group) were a bit elusive.
They were either too ‘busy’ or wanted to give that
impression. Their comments were constructive but
with mixed reactions. E-Maths was called “highly
commendable”, clear and making for easy
understanding and aiding visualisation. It should be
noted that most students find mathematics difficult
because they find it abstract and not easy to
visualise. They suggested adapting/packaging it for
viewing on the television via CD/VCD players,
inclusion of more topics and more exercises and
tougher examples and worked exercises, solutions
steps written on the screen along with the audio
explanations; inclusion more interactivity to reduce
passive listening on the part of the students.

These are observations which are now being
used to improve the content delivery quality of E-
Maths.

System Deployment

E-Maths is designed to be deployed for use in
versions: (1) Deployed and accessed directly froma
CD-ROM. This is the preferred mode of delivery,
as the majority of the secondary schools who are
the intended users may have standal one computers
but lack LAN facilities or Internet access. (2)
Deployed and accessed from aserver in an Intranet
or the internet. This version enables E-Mathsto be
used inaWAMP environment.

Deployment Feasibility
Hofstrand and Hol z-Cl ause (2009) define afeasi bility
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study succinctly asan analysisof theviability of an
idea. It helps the designer to accurately assess the
probability of the success of the new system. The
feasibility study wasdoneduring the systemanalysis
that preceded the design and development of E-
Maths, and after its devel opment.

Technical and Operational Feasibility: The
system analysisrevealed that most public secondary
schools do have available at | east a set of computer
systems, though this might be locked up inside the
Principal’s office. A school that one of the
researchersinvestigated even had aV SAT installed
inthe school premises. Another school in whichthe
researcher acted asavolunteer mathematicsteacher
had a set of computers donated to the school by the
Parents Teachers Association. Recently, teachers
in Oyo State were directed by the government to be
computer literate. Thus, the government is
encouraging the use of information technol ogy tools
by teachersand students. Inthe samevein, university
graduates from the National Youth Service Corps
scheme (who are expected to be computer literate)
are posted to these public schools. Furthermore, most
of the senior secondary school students, particularly
in the uppermost class (SS3), possess basic
computer literacy and skills for operating
sophisticated mobile sets and using computer chat
or browse the Internet, register for public
examinations online, or access their Facebook or
Twitter accounts. Access to computers is also
readily available, for instance at cybercaféslocated
at various pointsin urban areas, near schools, andin
some rural communities. Both the online and CD-
ROM versions are therefore technically and
operationally feasiblefor secondary school teachers
and students to use.

Economic Feasibility: Economicfeasibility relates
tothefinancial resources needed, not only to deploy
and maintain a new system. The major additional
expenses to be considered by a school that wishes
to use an e-learning system such as E-Maths are:
(i) acquiring, installing and maintaining desktop
computersfor students' use; plus (ii) establishinga
school intranet to run the online version; or (iii)
acquiring the CD-ROM version for offline use by
studentswithin the school or at home. The CD-ROM
version clearly hasamost negligible cost implications
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compared to the intranet option, particularly if the
school already has some computersfor students use.

Hardwar e, Softwareand User Training
Requirements

In terms of the hardware and software requirements
to use E-Maths, these were determined carefully,
taking into consideration the fact that the students
arelikely to useit in environments (public secondary
schools or homes) where only very basic desktop
systems are available and local area networks
(LANS) areabsent. Thus, the applicationisdesigned
to run on Microsoft Windows 98 (and preferably
Microsoft Windows XP or later versions), with
installed flash player and web browser (preferably
Mozilla). The following minimum level hardware
configurationisrecommended: 512Mb RAM; 40Gb
HDD; 52X CD-ROM drive; 15" SVGA monitor;
Pentium 111 processor; Multimediakit.

In respect of user skillsandtraining, at thevery
least, it isassumed that users of E-Maths have basic
skillsin computer operations. Therefore, thetraining
required isto expose usersto the basic operations of
the tool. A computer appreciation course can be
organised for all teaching and administrative staff.
Students may be included, although the system
analysisreveal ed that most of them at the SSS level
have adequate computer skillsto use the CD-ROM
version. However, for the effective use of theonline
version, the required training content should cover:
computer fundamentals; windows fundamentals;
applications packages (especially Microsoft
PowerPoint and AuthorPoint); and hardware and
software management. In addition, for the deployment
and administration of the onlineversion of E-Maths,
some selected teaching and technical support staff
might need basic level training in the use of PHP,
MySQL, Acquia Drupal packages and the WAMP
environment.

Recommendations

Based onthefindings obtained in the different aspects
of thework, from literature review, through system
anaysis, design, implementation and evaluation, itis
recommended that:

(@ Computer skills should be taught in all public
secondary schools.
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(b) School authorities, backed by governmentsand
thefederal and statelevels, and private sector
organi sations should make avail able computer
systems and backup electricity power supply
sourcesto public schools.

(c) Teachersshould be availed the opportunity to
acquire computing and participatory e-learning
development skills through short holiday
Courses.

(d) Teacher traininginstitutions should includethe
development and use of e-learningtoolsintheir
curricula.

(e) Inview of the ICT infrastructural constraints
that most Nigerian secondary schools face,
hybrid forms of e-learning that combine face-
to-face classroom instruction delivery and e-
Learning using CD-ROMSs as a delivery
platformisthemost practicable option available
for some time, although an intranet-based
learning management system could also be
deployed in some schools.

Conclusion

Among other things, this research has shown that
thee-learningtool development processisnot rocket
science, neither isit theexclusivedomain of computer
scientists or programmers. A knowledgeable and
experienced classroom teacher armed with
knowledge of computer operations could use
availabl e content management toolsto doit. Dueto
thelimitations of time, thisresearch limited itself to
only a subset of mensuration topics in the existing
WAEC mathematics syllabus. Further research could
focuson: comprehensivetesting and use evaluation
across many schools of the initial and improved
versions of E-Maths; experimental testing of the
applicationto assessimpact on students’ achievement
in mathematics; coverage of more topics from the
mathematics syllabus; coverage of other subjectsin
the secondary school curriculum; a collaborative
effort among schools to develop other e-learning
tools, approaches and courseware for use in the
various Nigerian public and private secondary
schools.

113
Refer ences

Ajelabi and Agbatogun (2010). Perception of Nigerian
Secondary School Teacherson  Introduction
of E-Learning Platforms for Instruction. US
China Education Review, (Internet). December
2010, 7(12) (Serial No.73). Accessed January
2011.

Alexander, Shirley (2001). In E-Learning
Developments and Experiences, a Paper
presented at conference Technological
Demands on Women in Higher Education:
Bridging the Digital Divide, Cape Town,
February 2001. Accessed October 2010.

Allan, Ken (2008). APrimer on E-learning. (Internet)
http://www.futurelab.org.uk/resources/
publications-reports-arti cles/web-arti cles/\Web-
Article948. Accessed 16th December 2010

Bates, A.W. (1997). Restructuring the University for
Technological Change. (Internet) http://
bates.cstudies.ubc.ca/carnegie/carnegie.html.
Accessed December 2010.

Blackboard, I. (2007). Blackboard academic suite.
(Internet). www.blackboard.com. Accessed
23rd April 2008.

Blackboard, I. (2008). Blackboard K-12 Learning

M anagement Platform. (Internet)
www.blackboard.com. Accessed October
2008.

Chinnappan, M. (2006). Using the Productive
Pedagogies Framework to build a Community
Of Learners Online In Mathematics Education.
Distance education, 27(3), 355-369.

Cole, J. and Fodter, H. (2007). UsngMoodle (2nd ed.).
Sebastopol, CA: O’ Reilly Community Press.

DelVecchio, K. and Loughney, M. (2006). Elearning
Concepts and Techniques, http://www.
scribd.com/doc/6474056/EL earning-Concepts-
and- Techniques-by-Bloomsburg-University-of -
Pennsylvanias-Department-of-Instructional -
Technology. Accessed 19th December 2010.

Dougiamas, M. and Taylor, P. (2003). Moodle: Using



114

Learning Communities to Create an Open
Source Course Management System. In
Proceedings of the World Conference on
Educational Multimedia, Hypermedia and
Telecommunications. D. Lassner &
C. McNaught (Eds.). Chesapeake, VA:
AACE. pp. 171-178.

Gulati, S. (2008). Technology-Enhanced L earning
in Developing Nations: A Review. The
International Review of Research in Open
and Distance Learning (IRRODL). 9(1).
http://www.irrodl.org/index.php/irrodi/article/
viewArticle/477/1012. February 21, 2011.

Gunga, Samson O. (2010). Challenges of
Implementation of e-learning in Mathematics,
Science and Technology Education (MSTE)
inAfrican schools: A Critical Review. Journal
of Contemporary Issues in Education, 2010,
5(1), pp.45-51. http://ejournals. library.
ual berta.ca/index.php/JCIE/article/viewfile/
9486/7472. February 21, 2011.

Hedge, N. and Hayward, L. (2004). Redefining
Roles. University e-learning Contributing to
Life- long Learningin aNetworked World. E-
Learning, Vol. 1, 128 — 145. http://www.
wwwords.co.uk/pdf/validate. asp? =elea&vol
=1& issue=1& year=2004& article=6_Hedge
Hayward ELEA_1 1 web. 2011.

Hellenic Conference on Information and
Communication Technologiesin Education. 3.
2002. Greece: Kastaniotis. Dillenbourg, P,
Schneider, D., & Paraskevi, S. (2002). Virtual
Learning Environments.
A. Dimitracopoulou (Ed.).

Hofstrand, D. and Holz-Clause, M. (2009). What
is a Feasibility Study?(Internet) http://
www.extens on.iastate.edu/agdm/whol efarm/
html/c5-65.html. 27th April 2011.

Indiognie, Henri-Paul (2008). An Exploration of
Computer Based Learning Technologies for
the Teaching of Mathematics: elLearning,
Intelligent Tutoring Systems, Computer
Algebra Systems, and Dynamic Geometry
Systems. (Internet). http://knol.google.com/k/
henri-paul -indiogine/an-exploration-of-
computer-based/1g2r8go4ti4mm/32#X Cole

TOLULOPE AWODEY| AND MUTAWAKILUTIAMIYU

:2007aa. December 19, 2010.

Kainga, E.A. (2008). Development of an I nteractive
e-Learning Management System (e-LMS) for
Tanzanian Secondary Schools (Doctoral
Thesis), Blekinge Institute of Technology
Licentiate Dissertation Series No 2008:03

Kilby, T. (2002). Learning Objects. Web Based
Training Information Center. (Internet) http://
www.webbasedtrai ning.com/trends_ objects.
aspx.2011.

Lating, PO. (2006). Hybrid E-learning for Rural
Secondary Schools in Uganda. (Doctoral
Thesis) Blekinge Institute of Technology
Licentiate Dissertation Series No 2006: 10.

Leary, J. and Berge, Z. L. (2006). Trends and
Challenges of e-learning in National and
International Agricultural Development.
International Journal of Education and
Development using ICT, 2 (2). (Internet).
http://ijedict.dec.uwi.edu/viewarticle.
php?d=179& layout=html. June 16, 2010

Liverpool,L.S. O., Marut, M. J., Ndam, J. N.(n.d.).
Towards a Model for E-Learning in Nigerian
HEIs: Lessons fromthe University of JosICT
Maths Initiative. (Internet) The University of
Jos, Jos, Plateau State, Nigeria.

Lujara S. K. Kissaka M.M. Trojer L. and N.H.
Mvungi (2007). Introduction of Open-Source
e-Learning Environment and Resources: A
Novel Approach for Secondary Schools in
Tanzania. International Journal of Social
Sciences.(Internet) 1 (4) pp237-241. http://
citeseerx.ist.psu.edu/viewdoc/downl oad?doi=
10.1.1.135.4749& rep=replé& type=pdf. 2011.

Lundy, J. and Logan D. (2002). E-Learning in Africa:
Key Trends. Africa and the Middle East |
2002. (3). (Internet) http://www.connect-
world.convindex.php/magazi ne/africa-and-the-
mi ddl e-east/item/1734-e-learning-in-africa-key-
trends. February 21, 2011.

McClendon, M., and McArdle, M. (2002).
Comparing Alternative Algebraic Modalities
for Remedial Sudents. Kansas City, MO. http:/
/knol.google.com/k/an-expl orati on-of -computer-
based-| earning-technol ogies-for-the-teaching-of .




DEVELOPMENT OF E-MATHS

2011

Molenda, M. (2003). The ADDIE Model. In: A.
Kovalchick & K. Dawson (Eds.) Educational
Technology: An Encyclopedia, Santa
Barbara, CA: ABC-Clio. Retrieved August
2010 from http://www.indiana.edu/~mol page/
The%20ADDIE%20Model_Encyclo.pdf

Nichols, Mark (2003). in A theory for eLearning.
http://projects.edte.utwente.nl/pi/papers/
LearningTheory.html. (Internet). October
2010.

Nielsen, Jakob (2000) “Why you only need to Test
with5Users’. Accessed August 17, 2012 from
http://www.useit.com/a ertbox/20000319.html.

Obashoro-John, O. (2007). eLearning Provisions
at Nigerian Universities. (Internet) http://
www.checkpoint-elearning.com/article/
3933.html (retrieved 08/10/2010.

Okebukola, P. (2004). Promoting the integration
of ICT in higher education: The Nigeria
experience. Sub-Regional Ministerial
Conferenceon Integration of ICT in Education,
Abuja-Nigeria, July 26th, 1-6.

Rao, N. J. (2010). Instructional System Design.
(September). International Institute of
Information Technol ogy. Retrieved October, 22
2011 from http://www.scribd.com/doc/
47440514/Instructional -Systems-Design

Recesso, A. (2001). Prospect of a Technology-
Based Learner Interface for Schools.
Educational Technology and Society. 4(1)

Rice, W. H. (2006). Moodle E-Learning Course
Development: A Complete Guide to
Successful Learning using Moodle.
Birmingham, UK: Packt Publishing.

Salawudeen, O.S. (2006). e-Learning Technology:
The Nigeria Experience. (Internet) http://
www.fig.net/pub/fig2006/papers/ts84/
ts84 03_salawudeen_0593.pdf (accessed, 08/
10/2010).

The Punch Newspaper, August 20, 2010, p. 37.

Tolulope O. Awodeyi is part time lecturer at the
Department of Networking and Systems Security,

115

Highland College of Technology, Ibadan, Nigeria. He
obtained his B. Sc. in Computer Science from the
University of Ibadan in 2006 and Master of
Information Science fromthe AfricaRegional Centre
for Information Science (ARCIS), University of
Ibadan, Nigeriain 2011. His core research interests
areintheareaof el earning, mLearning and Human
Computer Interaction.

Mutawakilu Adisa Tiamiyu is Professor of
Information Science at the Africa Regional Centre
for Information Science (ARCIS), University of
Ibadan, Nigeria, and has been Editor-in-Chief of this
journal since 2008. He obtained his bachelor’s and
master’s degrees in economics from the University
of Ibadan between 1976 and 1984, and MLIS and a
doctoral degree in information science at the
University of Western Ontario in 1985 and 1990,
respectively. His research interests include
management information systems, e-government,
knowl edge organi zation and database management.




