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From the Editor-in-Chief
_________________________________________________________________
African Journal of Computing & ICT has attained its 11th year, and so it is a pleasure to introduce Volume 11,
Number 1, March 2018 edition of the journal.
This edition contains four (4) research papers which dwelt on different areas of computing and ICT scholarship
and practice.
The paper by V. I. Yemi-Peters and O. S. Obaniyi is concerned with the design and implementation of a
verification system for expelled/rusticated (Nigerian) University students using biometric (fingerprint)
authentication. This paper is important in tackling the challenges posed by students who, having been
rusticated/expelled from one institution, register in another institution without the new institution having any
prior information about the students’ previous status. This is as a result of lack of appropriate verification
mechanism in place in many institutions.
The design and implementation of optimal GSM base transceiver station placement via genetic algorithm is the
theme of the paper by E. Nwelih, P. O. Asagba and C. Ugwu. The paper presents a procedure for placing a GSM
base transceiver station at the optimal position via genetic algorithm, with Nigeria as a case study. This research
is important due to the proliferation of GSM base stations even in residential neighborhood and the attendant
health and related implication. The authors conclude that existing Base Transceiver Systems (BTS) have not
totally complied with placement standards as specified by the two leading Nigerian regulatory bodies, namely,
Nigerian Communications Commission (NCC) and National Environmental Standard Regulatory Agency
(NESREA).
The paper by Shaka A. Imavah and Fasola P. Abifarin dwells on performance testing of the response time of
two leading digital library software, with respect to handling of rich text data. These are Greenstone and DSpace
software. The authors showed that there is no significant difference between the response time of the two
software in handling rich text data. The paper is significant not only for established libraries, but also for
libraries at their infancy and those that are being contemplated.
And last, but by no means the least, the work of C. P. Ezenkwu, B. U. Stephen and B. F. Daniel focuses on the
development of a warning/alarm system to notify a student who is likely going to have extra
semester(s)/session(s) (‘spill over student’) in the course of his/her academic programme in a higher institution.
The paper is capable of assisting an institution in minimizing failure rate among the students by giving adequate
information and warning about poor academic performance, before it leads to the student being asked to
withdraw from the institution. The methodology used is the Back-Propagation Neural Network.
I wish to thank all members of the Editorial Board and the Editorial Assistant for their contributions towards the
publication of the 11th volume of the journal. Appreciation also goes to the authors and others who played one
role or the other in the review and publication process of this edition.
Bamidele (‘Dele) Oluwade,
Editor-in-Chief,
Afr. J. Comp. & ICT,
ISSN 2006-1781
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Development of a Verification System for
Rusticated and Expelled Nigerian University
Students Using Fingerprint Authentication
V. I. Yemi-Peters and O. S. Obaniyi,
Department of Mathematical Sciences,
Kogi State University, Anyigba, Nigeria.
Email: adeife74@gmail.com; joobaniyijuwon@gmail.com

ABSTRACT

In Nigerian universities, the rate of students' expulsion/rustication has greatly increased over the years due to the acts
of students' misconduct in respective universities, and fingerprint being a popular biometric characteristic, provides a
unique authentication of human identity. This paper presents a model for implementing students’ expulsion/rustication
verification in the Nigerian universities using a unique authentication, i.e. fingerprint, to validate the identities of
students who were formerly engaged in misconducts. The work also developed a software application that can be used to
keep, manage and search as a reference, students who have been previously involved in misconducts and expelled from
a particular institution among the Nigerian universities. Tools like Flowchart, Use Case, Entity Relationship Diagram
and a model algorithm were used to illustrate the solution model, and also a biometric system equation was formulated
to explain the identification process of the model. One of the major findings of this study was the absence of a unique
authentication system method for the verification of new intakes for previous misconducts in the existing system of the
Nigerian universities. This paper recommends the adoption of the developed model to the National Universities
Commission (NUC) to be implemented in the Nigerian universities as advancement to the existing system, to curb and
minimize the rate of misconducts among students in the University System. C#.net was used as the development
language and Microsoft SQL Server R2 2008 was used as the Backend Database engine.
Keywords: Rustication, Expulsion, Nigerian Universities, Biometrics.
_________________________________________________
African Journal of Computing & ICT Reference Format:
V. I. Yemi-Peters and O. S. Obaniyi (2018), Development of a
Verification System for Rusticated and Expelled Nigerian
University Students using Fingerprint Authentication,
Afr. J. Comp. & ICT, Vol.11, No.1, pp. 1-11.
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students, the relationship of students with their lecturers,
stand against cult activities, violence or student unrest and
so on. According to Tuzzolo and Hewitt (2006) expulsion
refers to the removal/banning of a student from a school
system or university for an extensive period of time due to
a student persistently violating that institution's rules, or
for a single offense of appropriate severity in extreme
cases while rustication can be defined as the suspension of

1. INTRODUCTION

To create a better and a conducive academic environment,
there are rules and regulations to be followed and strictly
adhered to. These rules and regulations can be termed as
the standards of the academic setting. The standards may
include the required dressing mode, examination
conducts, the relationship of the student with other
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a student from a university as a punishment. To
understand the difference and similarities better, Kumar
(2011) explained that when you rusticate someone, you
suspend the individual; the suspension is usually
temporary. On the other hand, expulsion suggests that the
student is being forced to leave the educational institution
permanently. Expel comes from the Latin ‘ex' meaning
‘out' and ‘pellere' meaning ‘to drive'. Therefore, when you
expel someone, you force or drive him out. The nature of
the academic environment in which students are found
can have a great influence on the academic performance
of these students. When students go against or break the
rules and regulatns of the institutions, there is a need for
appropriate action to be taken to forestall other students
from doing the same act. Awe (2001) stressed that this is
one of the reasons why the measures of Rustication and
Expulsion are being used as corrective tools in
universities, colleges and other platforms of education.
This work, therefore, is aimed at bringing to bear an
understanding of these concepts. The work will also try to
develop a software solution model that can be used to
keep, manage and search as a reference, students that have
been previously involved in misconducts.

student verification system titled "Automated Student
Rustication/Expulsion Screening Verifier: A case study of
Nigerian Universities". Etudaiye (2015) tried to solve the
problem of Nigerian universities not verifying students
with expulsion/rustication previous academic records by
proposing a web-based screening exercise software. The
system verifies students Rustication/Expulsion record
through the use of the students’ name and passport. The
proposed system serves as a great advancement to the
manual screening exercise done by universities as it
connects Nigerian universities in getting relevant
information on students with rustication and expulsion
past records during the screening exercise by enabling
Nigerian universities in making their inquiries on reasons
for a student been Expelled/Rusticated by a particular
university but the system does not provide a unique
authentication method of verification. Students can
change their names after being expelled or rusticated from
a school. Also, students can look alike facially e.g.
identical twins, thereby limiting the passport
authentication method. It is on these limitations observed
in the authentication methods that this study is therefore
being carried out by proposing a unique authentication
model. Biometrics technology (fingerprint) is, therefore, a
unique authentication tool that can be explored in this
respect, being a behavioral characteristic of a human
being that can distinguish one person from another and
that theoretically can be used for identification or
verification of identity.

1.1 Statement of Problem
Universities offer the certificate of good character and
learning to any individual who graduates from the school.
It is expected that, for a student to be admitted into any
university, he or she should be screened to help verify the
student's past records, in order to prevent continuous
misbehavior of students with a record of malpractice
involvement. This research work seeks to develop a
system that can help in managing such situation.

2. RELATED WORK

2.1 Rustication and Expulsion
According to Bumbarger and Brooks (1999) in a special
report submitted to the University of Pittsburgh and
Pennsylvania State University, rustication and expulsion
were viewed as rather severe punitive sanctions meant to
send a clear deterrent message to both the student and
parent about the seriousness of the student's misconduct.
Thus rustication is known as a punitive approach to
student indiscipline, implemented by schools, universities,
mainly to suppress the immorality of students, where this
implies the loss of one academic year, so far as he or her
appearance in a board examination is concerned, the
period of absence from the school will, however, depend
upon the time of the year when the penalty is imposed
upon the student. Wikipedia (2015) upholds that after the
expiry of the period of the rustication the student will be
eligible to seek admission in any institution subject to the
permission accorded by the board.

A number of related works exist in the literature on the
application of students' expulsion/rustication verification
and biometric authentication. In a proposed system of

Expulsion, on the other hand, refers to the
removal/banning of a student from a school system or
university for an extensive period amount of time due to a

1.2 Objectives of the study
The objectives of this study are listed below:
i.
To
develop
a
model
for
students'
expulsion/rustication verification using biometric
authentication that will be used in universities to
verify if a student has been previously rusticated
or expelled.
To develop a model for implementing a reliable system
that will serve as a great advancement to the manual
expulsion/rustication screening exercise done by Nigerian
universities
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student persistently violating that institutions rule, or for a
single offense of appropriate severity in extreme cases as
observed by Tuzzolo and Hewitt (2006). Laws and
procedures regarding expulsion vary between countries.
The term has been in existence in the early days of the
educational system where countries around the world use
different modalities and in a country like Nigeria, if a
student has been expelled from two schools, then any
state school is legally allowed to refuse admittance of the
student, this is also valid with foreign universities. In the
United States of America, it is stated that the penalty for
examination malpractice at the Harvard extension is
rustication as observed by Sue Weaver (2009). Indeed,
Gimba (2002) in referring to the students' misconducts in
the universities referred to the universities as offering
"BSc" in violence and "MA" in cultism. As observed by
Eneji (1996), almost every passing day, there are new
stories of devilish acts perpetrated by secret cults on
campuses. Basically, activities that have been identified as
the cause of rustication and expulsion in Nigeria
universities as listed by Patrick (1997) are:
i.
Students and examination malpractices;
ii.
Students and secret cults;
iii.
Students and violence; and
iv.
Students’ unrest.

Alphonse Bertillon, chief of the criminal identification
division of the police department in Paris, developed and
then practiced the idea of using a number of body
measurements to identify criminals in the mid-19th
century. What biological measurements qualify to be
biometric? Anil, et al (2004) asserts that any human
physiological and/or behavioral characteristic can be used
as a biometric characteristic as long as it satisfies the
following requirements:

Universality: each person should have the
characteristic;

Distinctiveness: any two persons should be
sufficiently different in terms of the
characteristic;

Permanence: the characteristic should be
sufficiently invariant (with respect to the
matching criterion) over a period of time;

Collectability: the characteristic can be
measured quantitatively.
Joseph and Simon (2016) outlined the requirements of a
biometric solution process as enrollment, the input of
biographical data and storage of these identity parameters
in the database. However, Caldwell (2015) asserts that
fingerprint biometric is more accurate, unique,
immutability and acceptable than any other biometric
system.

Akaranga and Ongong (2013) also supports that some of
the factors which have been identified as encouraging
students to engage in examination malpractice, to mention
but a few, are connivance of students and lecturers,
cooperation among students not to report cases of
cheating, close spacing of seats in examinations.

3. METHODOLOGY
The Proposed system is aimed at developing students
expulsion/rustication verification system for Nigerian
Universities. Universities are expected to register on the
software solution, as this will grant access to the global
record of expelled/rusticated students nationwide. The
account also provides Nigerian Universities with the
license of verifying student expulsion/rustication records.
The system will make available, a centralized database
which will hold the record of rusticated/expelled students
nationwide against which a prospective student can be
verified for the existence of rustication/expulsion case.
This will help schools to checkmate student behavior and
character prior to their application for admission. Schools
can, therefore, subscribe to the software services so as to
add and view the affected students. To achieve this,
modules with the following functionalities will be
developed:
1)
User authentication with profile submitted by
the respective university for gaining access to the
system.

2.2 Biometrics Authentication System
According to Salil, et al (2003) a biometric system is
essentially a pattern-recognition system that recognizes a
person based on a feature vector derived from a specific
physiological or behavioral characteristic that the person
possesses. Humans have used body characteristics such as
the face, voice, gait, etc. for thousands of years to
recognize each other. As observed by Zdenek, R. and
Václav, M. (n.d) that the primary advantage of biometric
authentication methods over other methods of user
authentication is that they really do what they should i.e.
they authenticate the user. These methods use real human
physiological or behavioral characteristics to authenticate
users.
Muneeb (2014) stated that the complete biometric system
can be used as a verification system or an identification
system. The verification system conducts a one-to-one
comparison while identification system conducts the oneto-many comparison.

3
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2)

Facilities for the admin to register, login, add
rusticated/expelled students, view rusticated
students,
and
verify
students’
expulsion/rustication record

3)

A global admin user that can log in, register
university, remove university, view all expelled/
rusticated students, and monitor users.

3.4 Biometric System Equation
A biometric system is essentially a pattern recognition
system that operates by acquiring biometric data from an
individual, extracting a feature set from the acquired data,
and comparing this feature set against the template set in
the database. Below is a biometric equation to illustrate
both biometric registration and the process of identifying
a student's print against registered templates.
To register a student fingerprint, let V be a set
representing the database holding template V1, V2, --- Vk.
V= [V1, V2, V3, ---,Vk, Vk+1]
(1)

3.1 The Solution Model Flowchart
Flowcharts being a tool used in analyzing, designing,
documenting or managing a process or program in various
fields. Below are flow charts diagrams showing the
solution model of this research work such as the Main
Program, Configuration, Register Biodata, Register
Biometrics, View Record, Verification, Register
Institution, Generate Activation Code and Admin View
Record Flowcharts.

Where Vk+1 is the newly captured print template.
If we represent the total templates in the database as Z,
then

3.2 Entity Relationship Diagram
Below is an entity-relationship model, also called an
entity-relationship (ER) diagram, which is a graphical
representation of entities and their relationships to each
other in a system shows the System Entity Relationship
Diagram for this research work.

(2)
This is now the representation of registered templates.
Now to identify a sample say R3 against a template in Z, a
Boolean variable “s” that holds a value 1 for successful
match of the sample against a template in Z and O for
unsuccessful match of the sample against a template in Z.
The equation is represented as:

3.3 The Model Algorithm
Below is a systematic process for the registration and
identification of rusticated or expelled student phases of
the model.

RS

Registration of Expelled or Rusticated Student by
Institution
Step 0: START
Step 1: Enter Student Biodata
Step 2: Enter Offense & Punishment
Step 3: Capture Biometric template
Step 4: Check if template exists
Step 5: If existing, use existing record else submit
registration to database
Step n: STOP

, s=1 (For successful match)

(3)

This implies that
(4)
Where Z = All registered template in database i.e.

Identification of Rusticated or Expelled Student
Step 0: START
Step 1: Capture Sample print to match against database
templates
Step 2: Match samples against templates
Step 3: If a match is found display rustication/expulsion
details else display a message of no record found.
Step n: STOP

Rs= Captured sample for verification
k= the last registered template in the database
s= Boolean Variable for success or failure of
match.
4. RESULTS
The system was tested to identify if a student has been
formally expelled or rusticated. A new sample print was
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captured and checked against the database templates. The
first test showed that there was no record found for the
student, which means the student does not have any
rustication or expulsion record. A record was found upon
the second test for another sample print and the system
automatically generated the rustication/expulsion record.
The following screenshot shows the result of the
implemented model.

admission process at all levels (undergraduate and
postgraduate). This will prevent continuous misbehaviors
and misconducts of students in our universities. Hence
,this paper recommends the adoption of this model to the
National Universities Commission (NUC)
to be
implemented in the various institutions under the
supervision of the commission.
REFERENCES

5. DISCUSSION OF FINDINGS
[1]

In the course of this study, the following was discovered:
1.

2.

3.

Nigerian Universities lacked a unique
authentication method for the verification of
previous students' expulsion/rustication records.
Majorly, only students' results, citizenship, and
credentials are being screened, but these do not
ensure the maximum verification of students'
past records.
The existing system does not provide any central
database that can be accessed at any given time
by different universities to verify if a prospective
student seeking admission with them had been
previously involved in any misconduct.

[2]

[3]

[4]

To minimize the difficulties of the existing system, the
development
of
students'
expulsion/rustication
verification system must, therefore, be adopted as it will
make available a centralized database which will hold the
record of rusticated/expelled students nationwide from
which a prospective student can be verified for the
existence of rustication/expulsion case.

[4]

[5]

Finally, it will give Nigerian universities a good
technology savvy image and make them frontiers among
other nations’ universities in curbing students’
misconduct in the various institutions.

[6]

6. CONCLUSION AND RECOMMENDATION
As the acts of students' misconducts increase in the
Nigerian universities, it is important to implement a
computerized system of record keeping and easy access of
getting students' past records, which will help institutions
during screening exercises, in ensuring maximum
verification of students expulsion/rustication records;
using a unique authentication method. For Nigerian
Universities to be sure of the certificate offered and
students they graduate, that is, ‘certificates of good
character and learning'; a thorough verification exercise
using a model such as this should be employed for every

[7]
[8]

[9]

5

Anil, J.; Arun R. and Salil, P. (2004). “An
Introduction to Biometric Recognition”, IEEE
Transactions on Circuits and Systems for Video
Technology, Special Issue on Image- and VideoBased Biometrics, Vol. 14, No. 1, January 2004.,
pp. 1-2.
Akaranga, S.I. and Ongong, J.J. (2013). “The
Phenomenon of Examination Malpractice: An
Example of Nairobi and Kenyatta Universities”, in
Journal of Education and Practice, Vol. 4 No. 18
(2013), International Institute for Science,
Technology and Education., pp. 90-92.
Awe, M. (2001). Paths to Peace, Stability and
Sustainable Development in Nigerian Universities.
The Nigerian Social Scientist 4(1): 7–12.
Bumbarger
and
Brooks (1999). “School
Violence: Disciplinary Exclusion, Prevention and
Alternatives. A Special Report. March, 1999.
http://www.prevention.psu.edu/pubs/docs/expulsio
n.pdf
Caldwell, T. (2015). “Market report: border
biometrics”, Biometric Technology Today, Vol.
2015, no. 5, pp. 5–11, 2015.
Eneji, T. (1996). Death on the Loose as Secret
Cults Take Over Campuses. Sunday Tribune, 25th
Feb, p. 19.
Etudaiye, A. (2015). “Automated Student
Rustication/Expulsion Screening Exercise Verifier:
A case study of Nigerian Universities”,
Unpublished undergraduate project, Department of
Computer Science, Kogi State University,
Anyigba.
Gimba, A. (2002). The Notebook, B.Sc. (Violence)
MA (Cultism). Nigerian Tribune, 21st Oct, p. 16.
Joseph, K. and Simon, T. (2016). “Development of
Fingerprint Biometrics Verification and Vetting
Management System”, American Journal of
Bioinformatics Research, Vol. 6 No. 3, 2016, pp.
99-112.
doi:
10.5923/j.bioinformatics.20160603.01.
Kumar, .A. (2011) “What Is the Difference
between 'Rusticate' and 'Expel'?” World News,

Vol. 11, No. 1, March 2018, pp. 1 - 11

ISSN 2006-1781
V. I. Yemi-Peters and O. S. Obaniyi (2018), Development of a Verification System for Rusticated Students
© 2018 Afr. J. Comp. & ICT – All Rights Reserved
https://afrjcict.net

[10]

[11]

[12]

[13]

[14]

[15]
[16]

Patna,
21
Mar.
2011,
article.wn.com/view/2011/03/22/What_is_the_diff
erence_between_rusticate_and_expel/.
Muneeb, M. (2014). “Vulnerabilities in biometric
authentication and their countermeasures: A secure
and efficient authentication system”, International
Journal of Information Technology and Electrical
Engineering, Volume 3, Issue 3, June 2014, pp.3641.
Patrick, E.I. (1997). Students' Deviance in
Nigerian Tertiary Institutions: An Observation,
International Journal of Adolescence and Youth,
7:1, 83-92, DOI: 10.1080/02673843.1997.9747812
Salil, P.; Sharath, P. and Anil, K. J. (2003).
“Biometric Recognition: Security and Privacy
Concerns”, IEEE Security & Privacy, March/April
2003.
Sue Weaver, S. (2009). "Academic Integrity on
Plagiarism."
Retrieved
from
http://extension.harvard.edu/200809/policies/responsible.jsp). Accessed 18th July
2016
Tuzzolo, E. and Hewitt, D. T. (2006). "Rebuilding
inequity: The re-emergence of the school-to-prison
pipeline in New Orleans." (PDF). The high school
journal 90 (2): 59–68. Retrieved 2016-07-28.
Wikipedia (Modified 4 December 2015).
Rustication. Accessed 18th July 2016.
Zdenek , R. and Václav, M. (n.d), “Biometric
Authentication – Security and Usability”, Faculty
of Informatics, Masaryk University Brno, Czech
Republic, {matyas, zriha} @fi.muni.cz.

6

Vol. 11, No. 1, March 2018, pp. 1 - 11

ISSN 2006-1781
V. I. Yemi-Peters and O. S. Obaniyi (2018), Development of a Verification System for Rusticated Students
© 2018 Afr. J. Comp. & ICT – All Rights Reserved
https://afrjcict.net

Fig.3.1: Use case diagram of System Administrator

Figure 3.3: Register Institution
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Figure 3.2: Program Main Flowchart
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Figure 3.4: Register Biometrics

Figure 3.5: Configuration Flowchart
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Figure 3.6: System Entity Relationship Diagram (ERD).

Figure 4.1: Student verification result with no record found

Figure 4.2: Student verification process with expulsion/rustication record found
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Fig 4.3: Automatic information generated for student with past record

11

Vol. 11, No. 1, March 2018, pp. 12 - 27

ISSN 2006-1781
E. Nwelih, P. O. Asagba and C. Ugwu (2018), Design and Implementation of Neighborhood Control
© 2018 Afr. J. Comp. & ICT – All Rights Reserved
https://afrjcict.net

Design and Implementation of Neighborhood
Control Optimal GSM Base Transceiver Station
Placement Using Genetic Algorithm
E. Nwelih1, P. O. Asagba2 and C. Ugwu3
Department of Computer Science,1
University of Benin, Benin City Nigeria
Email: emmanuelnwelih@yahoo.com1 emmanuel.nwelih@uniben.edu.ng1
Department of Computer Science,2,3
University of Port Harcourt, Rivers State Nigeria
Email: asagba.prince@uniport.edu.ng2 chidiebere.ugwu@uniport.edu.ng3

ABSTRACT

This study looked at the problems of placement of Base Transceiver System (BTS) for Global System for mobile
Communication (GSM) in Nigeria and the degree of compliance by the GSM operator to lay down rules and
regulations. To achieve this, existing data from a GSM service provider operator on placement of BTS was used as
input in this study, to compare with our optimal global system for mobile communication base transceiver station
placement using genetic algorithm design writing in java programming language. The result shows that existing system
have not totally complied with NCC and NESREA regulations but our implementation showed a greater improvement to
the adherence to these regulations in terms of neighborhoods considerations.
Keywords: Global System for Mobile communication (GSM), Base Transceiver Station (BTS),Neighborhood

Consideration (NHC), Genetic Algorithm (GA), Nigerian Communications Commission (NCC) and the National
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all over Nigeria. Mobile network are leading the evolution
of the information and communications society towards
the mobile information society [2]. However, studies have
shown that exposure to GSM radiations are linked to
health hazards such as fatigue, headache, decreased
concentration, dizziness, local irritation, tumour

1. INTRODUCTION

Given the mode of operation of GSM technology, Base
Transceiver Stations (BTS) are required for the provision
of GSM services. Consequently, network of base stations
were established in areas that enjoyed the GSM services
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induction, sperm motility, morphology and viability,
cancer, especially brain tumour and leukaemia, viral and
infectious diseases [1,6]. Given these potential health
impacts of BTS on humans, the National Environmental
Standards and Regulations Enforcement Agency
(NESREA) established guidelines for National
Environmental Standards for Telecommunications and
Broadcasting Facilities. The guidelines provided for the
establishment of BTS within a minimum setback of ten
(10) meters from the perimeter wall (fence) of
residential/business premises, schools and hospitals.
Similarly, where there is no perimeter wall (fence), the
BTS must be at a minimum of twelve (12) meters from
the wall of residential, business premises schools and
hospitals[4,12] .There is no doubt that the
telecommunication system in Nigeria has undergone a
revolution since the deregulation of the GSM market.
Similarly, the Nigeria Communication Commission NCC,
seeing the robust growth in the sector, encouraged the
entry of more mobile operators into the GSM market in
the year 2001 [8,18].

consideration and gives the operator the opportunity to
search for a larger space for a near optimal placement. In
the presence of agitation and public concern for the
installation of base station in residential area, in Nigeria
however there is cooperation between the ministries of
environment, health and the ministries involve with the
telecommunication regulation in putting in place an
acceptable legal and regulatory framework. In this study,
we look at the existing BST architecture and designed a
BTS architecture which includes Genetic Algorithm (GA)
for optimizing the placement of the BTS and taking the
neighborhood into consideration in determining its
location by BTS, with maximum and minimum distance
from populated environment in Nigeria.
The challenges facing the GSM and other industries in
Nigeria is the lack of engineers and professional, and also
inadequate power supply, theft, multiple taxation by the
government, poor telecommunication infrastructure and
inadequate skilled manpower and that these challenges
could be combated through technological innovation
coupled with extensive research and development [5].
These challenges was further buttress by [4] in a study
that was conducted in Ile-Ife Oshun state Nigeria, that the
location of GSM Communication Base Transceiver
Station in Ile-Ife has been investigated in other to verify
the compliance of BTS providers in accordance to NCC
and NESREA guidelines on installation and placement of
BTS. The results of the research show that 79 BTS were
installed and 72.5 % are in operation. 45.6% of the BTS
has setback to building structures at 5 m while 59.5 %
executed setback of 10 m, in accordance to NESREA and
NCC guidelines. Despite the challenges confronting the
GSM service providers, deregulation of the sector has
brought about positive socio-economic changes in the
lives of the subscribers [15]. [6] in his study has claimed
that the introduction of Global System for Mobile
Communications (GSM) phone with the un-regulated
sitting of communication towers have increased the
exposure of great percentage of the population to
electromagnetic radiation and the concomitants health
hazard in Nigeria and concluded, that the community
should always be involved in any decision to erect a base
station in their neighborhoods. But [16] concluded that the
conventional GSM architecture must be designed in order
to allow BTS to be installed outside populated areas,
while keeping a relative small MSC transmission power
and with a suitable solution we could reduce human
exposure to GSM radiation levels. While [13] tried the
adjustment of parameters in antenna placement problem
using GA and was evaluated by assuming a flat area but

The mobile telecommunication industry in Nigeria is
growing and is still undergoing extraordinary changes
brought about by the introduction of new technology
according to [3,14]. The changes have led to an increase
of BTS in cities, towns and villages in Nigeria. This led to
the concept of neighborhood control in this study, which
is the inclusion of consideration of the structure in the
immediate environment (neighbor) in the selection of a
suitable site for the BTS. This involves the consideration
of many issues amongst which are: the availability of
land, safety and health considerations, accessibility for
maintenance purposes, issues of radio frequency
requirements, capacity issues, line of sight and height of
the neighboring buildings. The key problem identified in
the placement of base station in Nigeria is the manual
inspection of proposed site by engineers. The engineers’
then leaves the process of cell planning to a team of radio
planners for the final decision of the Base Station
Transceiver (BST) site, who take these decisions based on
their experience. The final decision can be subjective,
giving room for bias and not give opportunity for a wider
consultation for other option. The importance of
environmental consideration in BST placement has
resulted in operator views by many with the notion of
their placement requirement. The shutting down of a BST
over regulatory breach has multiple effects as it results in
loss of network coverage for the area and a big financial
loss for the operator [1]. The neighborhood concept was
born out of the need for more efficient and automated cell
planning tool that takes compliance to regulation into
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insisted that further work should be done on the algorithm
so that it can consider the terrain features.

becomes high as the objectives considered are
contradictory to one another, since multiple solutions
obtained as candidate solutions of the problem. Genetic
Algorithm (GA) has the potential advantage as a multipoint search tool for optimization problems with multiple
objectives. However, GA has been mainly applied to
optimization problems with a single objective. This work
considers the BTS placement process as a multi objective
problem which considers the working area where the BST
must be installed. Assuming the number of BTS that will
be located in the neighborhood area being conceded is S
such that S is assigned {1,2,...,n} . The possible locations
have to be defined since BTS cannot be placed at arbitrary
locations such as residential buildings, public roads and
inside the stadiums. The design also considered looking at
a set of test points (TP) within the neighborhood area,
where a TP is assigned {1,2,...,m} and a test point is a
location where a signal must be received above a
minimum specified service threshold to ensure a required
quality of service. A particular test point is said to be
covered by a BTS (A) if P – PL ≥ Sq, where Sq is the
coverage threshold required by the receiving equipment,
and P is the power transmitted by the BTS. In a WCDMA
BTS placement problem, one wishes to select a subset of
possible locations within the set S where to install BTS,
and to assign Test Point (TP) to the available base stations
taking into account the traffic demand, and the signal
quality in terms of Signal to Interference Ratio (SIR) in
the design. Figure 1 shows the neighborhood control
design.

According to [9] in their work on characterization of the
radiofrequency radiation potential of Alakahia and Choba
communities in Port Harcourt, Rivers State, Nigeria,
advised that residential and office buildings should be
located hundreds of meters away from base stations.
There should be prudent avoidance of exposure to RFR
from base stations. Manufactures of base station antennas
should consider the principle of reducing the output
power intensity as low as reasonably achievable. This is
to ensure that the proposed site will not create any adverse
economic, safety and aesthetic impact on nearby
properties and the overall community. The surrounding
here referred to as ‘neighbors’ to a BST site. These are
pertinent issues and great challenge to wireless
communication providers and regulators. The fear of the
impact of the facilities has added to the many agitation,
conflict, legal issues and refusal for permission to be
granted for site that would have given optimal coverage
and better service delivery [19]. The international
telecommunication union (ITU) in collaboration with
other relevant bodies like world health organization
(WHO), international commission on Non-ionizing
radiation protection (ICNIRP), have come up with radio
regulation bordering on safety to guide the operation of
telecommunications regulation in various countries to
developed their legal and policy framework to guide the
operation of the telecommunication services [17]. The
literature review so far agreed that a better understanding
of the policy framework guiding the deployment of radio
base station and the placement of base station is a must
for GSM operators in Nigeria for the safety and health
implications of the growing populations in the
neighborhoods.

The Neighborhood Control (NHC) design is in charge of
the geographic land mark futures, which helps the
prospective network owners to place BTS within the
control location. The NHC equations were derived from
the formula, Population Density = Number of
People/Land Area, was used to derive the NHC equations
(1),(2),(5) and (9).
http://education.nationalgeographic.com/education/activit
y/calculating-population-density/?ar_a=1

2. MATERIALS AND METHOD
The method applied in this study, is to use data from the
existing placement of BTS from a GSM operator to
compare with our neighborhood control optimal global
system for mobile communication base transceiver station
placement using genetic algorithm design. The
Neighborhood Control (NHC) design is a novel method
which is applied to the BTS. This method approached the
BTS problem as a Wideband Code Division Multiple
Access (WCDMA) placement problem which can be
addressed through optimization, because it has several
objectives to be optimized. As the number of objectives of
the problem increases, the complexity of the problem

Area type (AT) is the number of people living within a
square meter of the neighborhood (cell area) and this
includes the buildings in that cell area. This can be
calculated as given by equation (1)

AT =

14

Number of people within a square mile
Number of buildings within a square mile

(1)
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Л = pie
λ = wavelength

Availability of land (AL) is the total area occupied by
buildings in the neighborhood (cell area). It can be
calculated as given by equation (2)
AL =

Total area
Area occupied by buildings

Capacity issues (CI) is the capacity within cell area
limited by available bandwidth and operational
requirements. Each network operator has to size cells area
to handle expected traffic demand. To calculate the total
capacity available, the volume is adjusted according to the
period being considered. The available capacity is
difference between the required capacity and planned
operating capacity [10]. This is given by equation (7).

(2)

Safety and health considerations (SHC), is the velocity of
dispersed radiation by the mast in the neighborhood (cell
area) as given by equation (3) and (4) which is derived
from [11].
.
SHC =
Q.
(3)
L*D*W
D=

V
1

-  d

CI =

Actual output
Maximum possible output

(7)

Line of Sight is an imaginary line that exists between two
objects. Radio transmissions require a clear path between
antennas known as radio Line of Sight. Line of sight
propagation is a characteristic of electromagnetic
radiation or acoustic wave propagation which means
waves travel in a direct path from the source to the
receiver. Electromagnetic transmission includes light
emissions traveling in a straight line. The rays or waves
may be diffracted, refracted, reflected, or absorbed by the
atmosphere and obstructions with material and generally
cannot travel over the horizon or behind obstacles [7].
Line of sight (LS) is the ability of a mast to receive
signals from another mast within the neighborhood where
it is located is given by equation (8).

(4)
d

D = Dispersion
Q = Amount of Released
L = Distance of Residential Area from Mast
D = Dispersion
W = Wind Speed
V = Velocity
λ = Wavelength
= Refractive index
Accessibility for maintenance purposes (AMP) of the base
transceiver station, through flat land that is available in
the area type is given by equation (5).

LS

=

+
(8)

AMP =

Height difference from A to B
Horizontal distance from A to B

(5)
Height of the neighboring building (HNB) is the height of
the mast over the heights of the building is given by
equation (9).

Issues of radio frequency requirements (IRFR) is the
amount of signal frequency wavelength dispersed and it is
derived from the principle of electromagnetic waves
propagate of Calculating wavelength with the energy
equation
which
is given
by equation (6)
http://www.kentchemistry.com/links/AtomicStructure/wa
veequations.htm

IRFR =

(4Лd)2
(λ)2

HNB =

Height of mast
Height of building

(9)

Genetic Algorithm(GA) is based on the principle of
evolution and natural genetics it has been successful in
solving many optimization problems including the BTS
placement problem. The design of a GA starts with
solution encoding, creation of individuals that make a
population, and evaluation of the individuals. During the
evaluation each individual is assigned a fitness value
according to a certain fitness function. Based on the
fitness value, some of the better individuals are selected to
seed the next generation by applying crossover and

(6)

where:
d = distance from transmitter
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mutation to them. In GA, the variables can be represented
in binary, integer, and real. This paper considers the value
encoding scheme. To evaluate the performance of the
proposed algorithm, the network data given in for 64kbps
uplink and 144kbps downlink data service are used for the
cell planning process which goes through the selection
process to find out which individuals can be taken as
parents for crossover. The individuals are selected based
on their fitness values. An individual with higher fitness
value is likely to be selected. The best six individuals are
selected for crossover. The crossover produces new
individuals in combining the information contained in the
parents. Depending on the representation of the variables,
different methods must be used. Basic crossover methods
include one-point crossover, multi-point crossover, and
uniform crossover. After the creation of all the children,
the mutation operator possibly changes them. It scans
each gene of all children and changes the value of a gene
with the mutation probability. Different mutation
probability values between 0 and 1 were evaluated and the
optimum value of 0.6 was used. For binary operation, the
mutation was implemented by changing 1s to 0s or 0s to
1s in a randomly selected point in chromosomes. After the
mutation process was finished the children needed to be
evaluated. The best chromosome is then found and the
algorithm started with selection again. The stopping
criterion is fulfilled if the number of generations is
reached. Fitness is a function which takes a candidate
solution to the problem as input and produces as
output how “fit” or how “good” the solution is with
respect to the problem in consideration. Calculation of
fitness value is done repeatedly in a GA and therefore it
should be sufficiently fast. A slow computation of the
fitness value can adversely affect a GA and make it
exceptionally slow. In most cases the fitness function and
the objective function are the same as the objective is to
either maximize or minimize the given objective function.
However, for more complex problems with multiple
objectives and constraints, an algorithm designer might
choose to have a different fitness function, the objective
function derived from equations 1 to 9 using algebraic
method is given by equation (10).

desired characteristics of the data are that they provide an
accurate representation of the environment to be tested
and that there are sufficient data to allow for robust
inference.
Results from data set used in generating the important
optimum values parameters, was generated following the
Nigeria Environmental Standard and Regulation
Enforcement
Agency (NESREA)
and
Nigeria
Communication Commission (NCC) rules and policies.
The ten base transceiver stations are also assumed to be
ten solutions and locations on the geographical area. The
task of the algorithm is to find the most suitable set of
solutions and locations among the ten predefined
geographical area, taking into account the following
objectives:
i.
ii.
iii.

Maximizing the network coverage with the aim
of covering all the locations.
Minimizing the safety and health conditions.
Minimization of the cost of the network by using
fewer locations.

The Genetic Algorithm steps for the BTS system is
outlined below:
Step 1: Input population initialization
Step 2: Evaluation of individual
Step 3: Optimization criteria met
Step 4: Selection
Step 5: Crossover
Step 6: Mutation
Step 7: New population
Step 7: Continue from step 2 until best
individual is gotten with result.
Step 8: Stop.
The working area with possible BTS solutions and
locations is illustrated in figure 1. Each solution and
location represents the possible base station location while
the symbol (+) represent High Rise Buildings with colour
red , the symbol (*) represent Population with colour blue,
the symbol (#) represent Flatland with colour green, and
the symbol (%) represent Solution with colour black. The
solutions and locations are randomly distributed in the
entire working area.
During the initialization phase, 10 individuals are
randomly generated with an initialization probability.
Each individual is encoded as a value string. The length of
each individual is 8 bits since the set of available genes
are made of 8 elements. The initialization probability of
0.1 or 10% is found to be optimum after the evaluation of
different values between 0 and 1. This means that 90% of
the base stations are set to be active. These active genes

Objective function = (AT*AMP*AL*LS*CI*AMP) (10)
(HI*IRFR*HNB)
3. RESULTS AND DISCUSSIONS
After the system model was developed using Java, its
performance was carefully assessed and evaluated. The
system evaluation is based on criteria that are clearly
relevant with defined standards of interpretation. The
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are randomly distributed in the individual. Simulations
were carried out on a natural environment as described
previously. In order to get good results, the genetic
algorithm parameters must be tuned before the algorithm
is used. There are three parameters that must be tuned for
the algorithm to converge optimally. These parameters
include the initialization probability, the crossover
probability, and the mutation probability.

Table 3 shows the changes in data 1, 2, 3, 4, 5, 6, and 10
while there are no changes in values of data 7, 8 and 9
which remain constant, because GA selects data for
crossover and mutation. The crossover and mutation
produces new individuals in combining the information
contained in the parents. The uniform crossover is used in
this study. After the creation of all the children, the
mutation operator possibly changes them. It scans each
gene of all children and changes the value of a gene with
the mutation probability. Different mutation probability
values between 0 and 1 were evaluated, the result from
the fitness and probability score shows that only optimum
value of 0.1 will be used. For value encoding, the
mutation was implemented by random, only improving
chromosomes are randomly chosen and exchanged only if
they improve solution (increase fitness). After the
mutation process was finished the children needed to be
evaluated. The best chromosome was then found and the
algorithm started with selection again. The stopping
criterion was fulfilled if the number of generations was
reached. The next generations (new offspring’s) optimal
solution results when compared with the initial generation
optimal results, it can be seen that there are differences in
the solutions and locations which will best suit the GSM
operators to select from. Figure 4 shows the screen short
for Generation 1 optimal solution.

Table 2: BTS map solution and locations

Solutions
7
6
4

L
4
4
1

o
5
0
3

c

a t i o n
6
,
7
8
,
2
8
3
,
4
3

s
0
2
2

The chromosomes and gene value of the initialization
dataset, before crossover and mutation as shown in table1
which shows the initial Genes which are Area Type (AT),
Availability of Land (AL), Safety and Health Condition
(SHC), Accessibility and Maintenance Purpose (AMP),
Issues of radio Frequency Requirement (IRFR), Capacity
Issue (CI), Line of Sight (LS) and Height of Neighboring
Building (HNB), and the chromosomes from data1 to
data10. It should be noted that there are changes in values
of data 1, 2 and 3 while data 4, 5, 6, 7, 8, 9 and 10 remain
constant, because crossover and mutation has not taken
place it is still in the initialization state. When it was
uploaded into the GA, it gave a maximum of three BTS
map solutions and locations in the result, as shown in
Figure 2.
Table 4:BTS map solution and locations

S o l u t i o n s

L o c a t i o n s

6

2 6 4 , 6 3

4

1 7 , 2 6 1

Figure 4: Screen short of the BTS optimal map solutions
and locations for generation 1

Table 2 shows BTS map which represents the optimal
solutions and location for generation 0, where the
solutions and locations are geographical map areas of the
longitude and latitude position of the BTS. These are
solution 7 at location 456, 70; solution 6 at location 408,
282 and solution 4 at location 133, 432. Figure 3 shows a
chart representation of table 1, it shows the chromosomes
present in the population and their gene values.

Table 4 shows BTS map which represents the optimal
solutions and location for generation 1, where the
solutions and locations are geographical map areas of the
longitude and latitude position of the BTS, with solution 6
at location 264, 63 and solution 4 at location 17, 261.
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Figure 8: Screen shot of the roulette wheel selection
Figure 5: Screen short chart for the fitness score

Table 7 and figure 8 shows the Roulette Wheel Selection
for Generation 1 where it clearly showed that
chromosomes 8, 4, 10, 2, 1, and 3 stand a chance of being
selected for next crossover and mutated.

Figure 6: Screen short chart for the probability score
Table 5 shows the fitness and probability score, which
shows that chromosomes 8, 4, 10, 2, 1, and 3 stand a
chance of being selected for next crossover and mutation.
And this is shown clearly in the chart for fitness score in
figure 5, and the chart for probability of being selected in
figure 6.

Figure 9: Screenshot of the Existing System BTS
Placement Solution

Table 8 shows chromosomes of the existing system before
crossover and mutation, this is reflected in figure 9. Table
9 shows the BTS geographic area solutions and location
as showed in figure 8, these are solution 1 at location
50,50, solution 2 at location 5, solution 3 at location
10,275. Solution 4 at location 460,60, solution 5 at
location 50,150, solution 6 at location 390, 370, solution 7
at location 332,129, solution 8 at location 180,378,
solution 9 at location 250,34,and solution 10 at location
250,250.
Figure 7: Screen short chart for the cumulative probability
score
Table 6 shows the cumulative probability score of 1.0.
The chart in figure 7 shows this clearly.
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[2]

Figure 10: Screen shot of the BTS graphical
comparison before and after crossover and mutation
.
Comparing the existing system before and after crossover
and mutation, this showed that the chromosome after
crossover and mutation is by far better off as shown in
table 10 and reflected in figure 10. Which shows the
chromosomes of the existing system and the new optimal
solutions, where it was shown that the results of
chromosomes 8, 4, 10, 2, 1, and 5 in the optimal solution
showed improvements when compared with the existing
system. Figure 9 shows the comparison of the existing
system BTS placement fitness values with the new
optimal solution fitness value. The optimal solution from
the new model we developed goes to show that a standard
for placing BTS in Nigerians neighborhoods has been set,
following the rules and policies of NESREA and NCC.

[3]

[4]

[5]

4. CONCLUSION
The placement of Base Transceiver Station (BTS) for
GSM
Communication
providers
in
Nigerians
neighborhoods has been investigated in other to verify the
compliance of GSM providers in accordance to NCC and
NESREA guidelines on location and placements of BTS.
The results from this study show that the existing system
did not completely complied with guidelines of NCC and
NESREA, but when compared with the genetic algorithm
optimal solution results it was clear that it complied with
the guidelines. Conclusively, this research is a success; a
developed system that can be used in the placement of
base transceiver station in the neighborhoods of Nigeria
Cities.

[6]

[7]

[8]
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APPENDIX
Snapshots/sample source codes of the implementation
using Java.
/**
*
* @author Nwelih Emmanuel
*/
public class Simulation extends javax.swing.JFrame {
int count=0;
Graphics2D population;
Graphics2D flat;
Graphics2D highrise;
Graphics2D solution;
int generationcount=0;
List <String> popx=new ArrayList<String>();
List <String> popy=new ArrayList<String>();
List <String> highx=new ArrayList<String>();
List <String> highy=new ArrayList<String>();
List <String> flatx=new ArrayList<String>();
List <String> flaty=new ArrayList<String>();
int mastx[]={0,0,0,0,0,0,0,0,0,0};
int masty[]={0,0,0,0,0,0,0,0,0,0};
int select[]={0,0,0,0,0,0,0,0,0,0};
double fitness[]={0,0,0,0,0,0,0,0,0,0};
double proba[]={0,0,0,0,0,0,0,0,0,0};
double cumproba[]={0,0,0,0,0,0,0,0,0,0};
double
at[]={4.50,3.01,5.45,8.10,3.20,0.32,2.11,9.02,3.22,7.76};
double
al[]={5.10,6.51,3.34,8.10,3.20,0.32,2.11,9.02,3.22,7.76};
double
shc[]={3.50,4.61,6.4,8.10,3.20,0.32,2.11,9.02,3.22,7.76};
double
amp[]={4.60,3.51,3.4,8.10,3.20,0.32,2.11,9.02,3.22,7.76}
;
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double
irfr[]={7.50,3.01,2.4,8.10,3.20,0.32,2.11,9.02,3.22,7.76};
double
ci[]={3.20,3.51,0.5,8.10,3.20,0.32,2.11,9.02,3.22,7.76};
double
ls[]={1.50,6.01,4.6,8.10,3.20,0.32,2.11,9.02,3.22,7.76};
double
hnb[]={3.50,5.01,5.6,8.10,3.20,0.32,2.11,9.02,3.22,7.76};

jFileChooser1 = new javax.swing.JFileChooser();
jPanel5 = new javax.swing.JPanel();
jTabbedPane1 = new javax.swing.JTabbedPane();
jPanel1 = new javax.swing.JPanel();
jPanel10 = new javax.swing.JPanel();
jPanel11 = new javax.swing.JPanel();
jPanel12 = new javax.swing.JPanel();
jTextField1 = new javax.swing.JTextField();
jButton8 = new javax.swing.JButton();
jButton9 = new javax.swing.JButton();
jPanel13 = new javax.swing.JPanel();
jButton10 = new javax.swing.JButton();
jPanel14 = new javax.swing.JPanel();
jLabel7 = new javax.swing.JLabel();
jLabel8 = new javax.swing.JLabel();
jLabel9 = new javax.swing.JLabel();
jLabel10 = new javax.swing.JLabel();
jLabel11 = new javax.swing.JLabel();
jLabel12 = new javax.swing.JLabel();
jLabel13 = new javax.swing.JLabel();
jLabel14 = new javax.swing.JLabel();
jButton11 = new javax.swing.JButton();
jComboBox1 = new javax.swing.JComboBox();
jComboBox2 = new javax.swing.JComboBox();
jComboBox3 = new javax.swing.JComboBox();
jComboBox4 = new javax.swing.JComboBox();
jComboBox5 = new javax.swing.JComboBox();
jComboBox6 = new javax.swing.JComboBox();
jComboBox7 = new javax.swing.JComboBox();
jComboBox8 = new javax.swing.JComboBox();
jButton12 = new javax.swing.JButton();
jPanel2 = new javax.swing.JPanel();
jLabel16 = new javax.swing.JLabel();
jTextField2 = new javax.swing.JTextField();
jButton13 = new javax.swing.JButton();
jButton14 = new javax.swing.JButton();
jSeparator1 = new javax.swing.JSeparator();
jLabel17 = new javax.swing.JLabel();
jButton15 = new javax.swing.JButton();
jSeparator2 = new javax.swing.JSeparator();
jLabel18 = new javax.swing.JLabel();
jLabel19 = new javax.swing.JLabel();
jSeparator3 = new javax.swing.JSeparator();
jLabel20 = new javax.swing.JLabel();
jLabel21 = new javax.swing.JLabel();
jLabel22 = new javax.swing.JLabel();

double
at1[]={4.50,3.01,5.45,8.10,3.20,0.32,2.11,9.02,3.22,7.76}
;
double
al1[]={5.10,6.51,3.34,8.10,3.20,0.32,2.11,9.02,3.22,7.76}
;
double
shc1[]={3.50,4.61,6.4,8.10,3.20,0.32,2.11,9.02,3.22,7.76}
;
double
amp1[]={4.60,3.51,3.4,8.10,3.20,0.32,2.11,9.02,3.22,7.76
};
double
irfr1[]={7.50,3.01,2.4,8.10,3.20,0.32,2.11,9.02,3.22,7.76}
;
double
ci1[]={3.20,3.51,0.5,8.10,3.20,0.32,2.11,9.02,3.22,7.76};
double
ls1[]={1.50,6.01,4.6,8.10,3.20,0.32,2.11,9.02,3.22,7.76};
double
hnb1[]={3.50,5.01,5.6,8.10,3.20,0.32,2.11,9.02,3.22,7.76
};
/** Creates new form Simulation */
public Simulation() {
initComponents();
jButton2.setEnabled(false);
jButton3.setEnabled(false);
jButton4.setEnabled(false);
jButton5.setEnabled(false);
jButton6.setEnabled(false);
}
/** This method is called from within the constructor to
* initialize the form.
* WARNING: Do NOT modify this code. The content
of this method is
* always regenerated by the Form Editor.
*/
@SuppressWarnings("unchecked")
// <editor-fold defaultstate="collapsed"
desc="Generated Code">//GEN-BEGIN:initComponents
private void initComponents() {
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Figure 1: Neighborhood Control Design of the Proposed System
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Table 1: Chromosomes and gene value of the initialization before mutation and crossover

Chromosome

G

e

D
D
D
D
D
D
D
D
D
D

A T
4.5
3.01
5.45
8.1
3.2
0.32
2.11
9.02
3.22
7.76

A L
5.1
6.51
3.34
8.1
3.2
0.32
2.11
9.02
3.22
7.76

a
a
a
a
a
a
a
a
a
a

t
t
t
t
t
t
t
t
t
t

a
a
a
a
a
a
a
a
a
a 1

1
2
3
4
5
6
7
8
9
0

n
SHC
3 . 5
4.61
6 . 4
8 . 1
3 . 2
0.32
2.11
9.02
3.22
7.76

e

V
AMP
4 . 6
3.51
3 . 4
8 . 1
3 . 2
0.32
2.11
9.02
3.22
7.76

IRFR
7 . 5
3.01
2 . 4
8 . 1
3 . 2
0.32
2.11
9.02
3.22
7.76

a
C I
3.2
3.51
0.5
8.1
3.2
0.32
2.11
9.02
3.22
7.76

l

u
L S
1.5
6.01
4.6
8.1
3.2
0.32
2.11
9.02
3.22
7.76

e
HNB
3 . 5
5.01
5 . 6
8 . 1
3 . 2
0.32
2.11
9.02
3.22
7.76

Figure 2: Screen short of the BTS optimal map solutions and locations for generation 0
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Figure 3: Screen short of the initial population
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Table 3: Chromosomes and gene value after crossover / mutation

C h r om o s o m e

G

e

D
D
D
D
D
D
D
D
D
D

AT
6.78
2.11
7.76
3.22
2.11
7.76
2.11
9.02
3.22
6.78

AL
5.1
6.51
3.34
8.1
3.2
0.32
2.11
9.02
3.22
7.76

a
a
a
a
a
a
a
a
a
a

t
t
t
t
t
t
t
t
t
t a

a
a
a
a
a
a
a
a
a

1
2
3
4
5
6
7
8
9
1 0

n

e
SHC
3.5
4.61
6.4
8.1
3.2
0.32
2.11
9.02
3.22
7.76

V
AMP
4.6
3.51
3.4
8.1
3.2
0.32
2.11
9.02
3.22
7.76

IRFR
7.5
3.01
2.4
8.1
3.2
0.32
2.11
9.02
3.22
7.76

a

l
CI
3.2
3.51
0.5
8.1
3.2
0.32
2.11
9.02
3.22
7.76

u
LS
1.5
6.01
4.6
8.1
3.2
0.32
2.11
9.02
3.22
7.76

Table 5: Fitness and probability score

Ch
D
D
D
D
D
D
D
D
D
D

rom
a t
a t
a t
a t
a t
a t
a t
a t
a t
a t

osome
a
1
a
2
a
3
a
4
a
5
a
6
a
7
a
8
a
9
a 1 0

Chance of Being Selecte d
0 . 0 9 0 2 4 3 4 4 1 1 3 9 1 2 0 8
0.0950528221339601 6
0.0856231931047526 4
0 . 1 7 5 0 8 3 0 8 3 4 0 7 6 3 5 6
0.0691686255437572 6
0.006916862554375727
0.0456080624679149 5
0.1949690632514657 6
0.0696009294534057 5
0.1677339169436113 4

Table 6: Cumulative probability score

Chromosome
D a t a
1
D a t a
2
D a t a
3
D a t a
4
D a t a
5
D a t a
6
D a t a
7
D a t a
8
D a t a
9
D a t a
1 0

Chance of Being Selected
0 . 0 9 0 2 4 3 4 4 1 1 3 9 1 2 0 8
0.1852962632730809 6
0 . 2 7 0 9 1 9 4 5 6 3 7 7 8 3 3 6
0 . 4 4 6 0 0 2 5 3 9 7 8 5 4 6 9 2
0 . 5 1 5 1 7 1 1 6 5 3 2 9 2 2 6 5
0 . 5 2 2 0 8 8 0 2 7 8 8 3 6 0 2 2
0 . 5 6 7 6 9 6 0 9 0 3 5 1 5 1 7 1
0 . 7 6 2 6 6 5 1 5 3 6 0 2 9 8 2 9
0 . 8 3 2 2 6 6 0 8 3 0 5 6 3 8 8 7
1
.
0
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Table 7: Roulette wheel selection
Chromosome
D a t a
1
D a t a
2
D a t a
3
D a t a
4
D a t a
5
D a t a
6
D a t a
7
D a t a
8
D a t a
9
D a t a
1 0

Chance of Being Selecte d
0 . 0 9 0 2 4 3 4 4 1 1 3 9 1 2 0 8
0.0950528221339601 6
0.0856231931047526 4
0 . 1 7 5 0 8 3 0 8 3 4 0 7 6 3 5 6
0.0691686255437572 6
0.006916862554375727
0.0456080624679149 5
0.1949690632514657 6
0.0696009294534057 5
0.1677339169436113 4

Table 8: Chromosome of the existing system before crossover and mutation
Chromosome
D a t a
1
D a t a
2
D a t a
3
D a t a
4
D a t a
5
D a t a
6
D a t a
7
D a t a
8
D a t a
9
D a t a
1 0

Exi sting Syste m
4 . 4 2 0 4 5
2 . 6 8 2 5 7 6
4 . 7 7 9 2 1 8
4 . 2 1 5 9 1 4
2 . 7 1 7 8 4 1
4 . 3 4 5 8 4
3 . 5 3 7 8 1 1
4 . 6 3 1 5 3 1
7 . 5 4 1 9 7 8
5 . 9 1 9 3 1 6

Table 9: solution and map locations of BTS
Solution s
D a t a
1
D a t a
2
D a t a
3
D a t a
4
D a t a
5
D a t a
6
D a t a
7
D a t a
8
D a t a
9
D a t a 1 0

L o c a t i o n
5
0 ,
5
5
1 0 , 2 7
4 6 0 , 6
5 0 , 1 5
3 9 0 , 3 7
3 3 2 , 1 2
1 8 0 , 3 7
2 5 0 , 3
2 5 0 , 2 5
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Table 10: Comparison between existing system before/after crossover and mutation
Chromosome
D a t a 1
D a t a 2
D a t a 3
D a t a 4
D a t a 5
D a t a 6
D a t a 7
D a t a 8
D a t a 9
Data 10

Before crossover and mutation
4 . 4 2 0 4 5
2 . 6 8 2 5 7 6
4 . 7 7 9 2 1 8
4 . 2 1 5 9 1 4
2 . 7 1 7 8 4 1
4 . 3 4 5 8 4
3 . 5 3 7 8 1 1
4 . 6 3 1 5 3 1
7 . 5 4 1 9 7 8
5 . 9 1 9 3 1 6

27

After crossover and mutation
4.575342465753424
4.81917808219178
4.3410958904109584
8.876712328767123
3.506849315068493
0.3506849315068493
2.3123287671232875
9.884931506849313
3.528767123287671
8.504109589041095
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ABSTRACT

This study carried out performance testing on response time of Greenstone and DSpace software in handling rich
text data in Federal University of Technology, Minna, Nigeria. Rich text data are data that contains a combination
of texts, tables, symbols and many other text structures. The study sought to achieve two objectives and two
corresponding research questions were formulated. A web-experimental design was adopted for the study while a
Participant Observation Template (POT) served as the instrument for recording users’ observations for response
time of relevant data retrieved. Out of the 54 students targeted, only 35 attended the training hence 35 copies of the
POT were distributed to an intact class of trained 500 level students in the Department of Library and Information
Technology, Federal University of Technology Minna, Nigeria. 34 copies were returned and only 33 were found
usable representing 97.14% response rate. The data collected were presented in tables and graphs and analysed
using mean and standard deviation, while the hypothesis was tested using t-test statistic at 0.05 level of significance.
Findings of the study revealed that the mean response time of Greenstone was faster than DSpace software by 0.01s
in handling rich text data but the difference was not statistically significant.
Keywords: Digital libraries, Performance Testing, Response time, Greenstone, DSpace, Web Experiment, Open source
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and J.C.R Licklider in 1965[1]. The birth of this concept
has been attributed to the advent and rapid growth of
computers and other related technologies such as the
Internet, database management software and information
retrieval systems thus making it increasingly easy for the

1. INTRODUCTION

Digital libraries and its associated technologies have
greatly transformed the activities of traditional libraries. It
is largely believed that the foundation of digital libraries
was laid by such visionaries as Vannevar Bush in 1945
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obtaining resources [5]. It is the “average time a digital
library takes to process all requests including link
response time and search response time.” Similarly, Fuhr
et al. [6] defined response time as the time a system or
functional unit takes to react to a given input. Response
time has been identified as one of the most crucial
measures for evaluating digital libraries.

development of tools that make the acquisition,
processing, organisation, storage and retrieval of
information more effective and efficient [2].
Digital libraries are organised collection of digital objects
such as text, images, sounds, videos and other multimedia
formats that can be accessed electronically over a
network. Digital libraries enable users access library
collections that have either been digitized or “born
digital” irrespective of time and geographical barrier,
insofar as an active network connection is available to a
user. Newby [3] posited that digital libraries will
eventually become the most dominant means through
which library users of the next millennium will have
access to materials that are housed in the traditional brickand-mortar libraries. This assertion is already gradually
taking shape as a result of the proliferation of Digital
Library Management Systems (DLMS).

The Greenstone Digital Library Software (GDLS) or
Greenstone is a group of interdependent software for
creation and dissemination of digital collections [7]. It is a
very popular and widely deployed open source application
for building digital libraries worldwide. According to
Shreekumar in Manhas [8] the Greenstone software is
promoted by the New Zealand Digital Library Project
(NZDL) at the University of Waikato and enjoys the
sponsorship of the United Nations Educational Scientific
and Cultural Organisation (UNESCO). The initial release
of Greenstone software was in 2000 under the GNU
public license [9].

Digital Library Management Systems (DLMS) are
software packages which make the development and
management of digital libraries easy. These systems are
typically expected to handle a variety of contents ranging
from texts, images, sounds/audio and videos in such a
manner that their capture, management, dissemination and
archiving are done effectively [1]. DLMS could either be
categorised as proprietary or open source. The dwindling
resources allocated to most libraries have shifted the focus
of librarians from expensive commercial digital library
management software to their freely available open source
counterparts.
Therefore, in making decisions on which open source
DLMS to adopt, librarians are often handicapped due to
the limited information on the actual performance of these
systems.
Performance testing is a systematic process through which
software are tested in order to determine the performance
of a system within a particular period. According to
Barber [4] the aim of every performance testing is usually
to ascertain the performance of a system within a
controlled environment in a timely manner. The writer
further posited that the main purposes of performance
testing include: to ascertain how much of the expected
load the system can handle, the robustness of the
application under expected and unforeseen load, to find
out users’ acceptance of the system when deployed, and
to determine the response time of the system to users’
request.

DSpace is another very popular open source application
for building digital libraries and institutional repositories.
It is a software package that provides tools for the
management of digital assets and is commonly used as the
basis for building institutional repositories [10]. It enables
organisations to capture and describe digital materials
with the aid of a submission workflow module and other
ingest options, distribute digital assets of organisations
over the web through a search and retrieval system and
preserve digital assets over the long term [11]. DSpace
was jointly developed by Hewlett Packard (HP)
Laboratories and Massachusetts Institute of Technology
(MIT) libraries and the first version was released to the
public in November 2002 [12]. Both Greenstone and
DSpace have the capacity to ingest a wide range of data
objects such as datasets, aural, visual, audio-visual, and
textual information of various formats.
Textual information has emerged as the predominant
format of information in the world. Textual information is
any information that is presented using words and
characters. The advancements in computing technology
have made it possible for textual information to be
produced, organized, stored and disseminated at an
alarming rate. According to Rouse [13], text is a “humanreadable sequence of characters and the words they form
that can be encoded into computer-readable formats such
as American Standard Code for Information Interchange
(ASCII), UTF-8 among others. Texts are generally
classified into two broad categories namely; plain text and
rich text. Plain texts do not contain any kind of
formatting; only white spaces and line breaks while rich

Response time is an aspect of performance evaluation
criteria which specifies the time it takes a digital library to
carry out tasks such as navigation, browsing, searching or
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texts also known as formatted texts or styled text contain
formatting beyond the basic semantic elements such as
colours, italics, bold. Furthermore, they are able to
incorporate special features such as tables, graphics,
hyperlinks, diagrams and so on.

Research Questions
The following research questions guided the study:
1.
What is the response time of Greenstone and
DSpace software in handling rich text data?
2.
Is there any difference between the response
time of Greenstone and DSpace in handling
rich text data?

This study therefore conducted a performance test on the
response time of Greenstone and DSpace in handling rich
text data.

Research Hypothesis
The following null hypothesis was tested at 0.05 level of
significance:
HO1: There is no significant difference between
the response times of Greenstone and DSpace in
handling rich text data.

Statement of the Problem
The component which has made the development and
deployment of digital libraries less cumbersome is the
Digital Library Management System (DLMS). Most
times, librarians use their intuition in selecting digital
library management systems for building digital
collections. In using intuition alone, parameters such as
software features are used in arriving at decisions. Digital
libraries, by virtue of their complex nature require
librarians to test the potentialities of these DLMS in areas
of performance because this is the only way that the
effectiveness of these software can be determined. When
these software are put to task and observed, the choice of
any particular software can be easily justified and the
objectives of creating the digital library ab initio can be
achieved.
It has been observed through extensive literature review
that most comparative studies on digital library
management software in the past often evaded carrying
out performance testing of any sort on these software [14],
[15], [16]. They simply carry out their study through the
comparison of commonalities such as software features,
number of installations and operating system
compatibility among others.

2. REVIEW OF RELATED LITERATURE
According to Magnussen [17], the foundation of the
concept of digital libraries is not totally new. In 1945, Dr.
Vannevar Bush of the United States Office of Scientific
Research and Development talked about a device called a
“memex”. The device proposed by Bush had the
capabilities of providing individuals with some kind of
personal filing and library system that is mechanized. The
“memex” would also have the capacity to store and index
a vast range of information resources such as books,
photographs, periodicals and so on for easy retrieval [18].
Biswas and Paul [15], reported that the term “digital
library” appeared in print for the first time in a 1988
report of the Corporation for National Research
Initiatives. The authors also averred that the Digital
Libraries Initiative of 1994 which was constituted by the
National Science Foundation (NSF), Defence Advance
Research Projects Agency (DARPA) and National
Aeronautic Space Agency (NASA) further popularised
the term.
The word digital library conveys different meanings to
different categories of individuals and groups, depending
on the perspective from which the term is viewed. In the
opinion of Witten et al. [19], the contents of a digital
library are focused and include various formats such as
visual data, audio, textual information, multimedia, maps
among others. The authors further posited that digital
libraries are usually integrated with functions that aid
access and retrieval, acquisition, organization, and
maintenance of the collections.

However, the presence of these features alone does not
guarantee that the software would work efficiently, but
when these systems are tested for performance, better
selection choices could be made. This study therefore,
conducted performance testing on Greenstone and
DSpace with a view to determining the more efficient
software in handling rich text data.
Aim and Objectives
The aim of this study is to conduct performance test on
the response times of Greenstone and DSpace in handling
rich text data. To achieve this aim, the specific objectives
are to:
1. determine the response time of Greenstone and
DSpace software in handling rich text data.
2. compare the response time of Greenstone and
DSpace software in handling rich text data.

Kumar [20] conducted a comparative study of open
source digital library software. The scope of this study
was limited to DSpace, Eprints and Greenstone. Also, the
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study focused on evaluating the most popular and widely
deployed software for building digital collections with the
aim of helping digital library administrators make
decision on the available software. The data for the study
was collected through the use of checklist containing
various parameters which have been weighted according
to their importance to the package. The study revealed
that most of the software are in developing stage but are
good at providing a good service and concluded that
DSpace emerged the best option among the three software
that were studied.

The instruments that were used for this study are the
treatment instrument and the test instrument. The
treatment instruments are the two digital libraries that
were created using the Greenstone and DSpace digital
library management software respectively. The test
instrument was the Participant Observation Template
(POT) which was designed for the purposes of recording
observations for response time of the two digital library
systems,
The Greenstone digital library software and DSpace
source
codes
were
downloaded
from
www.sourceforge.net and used to create two separate
databases on two standalone computers of similar
specifications. Retrieved students’ undergraduate projects
contained in CD-ROMs were processed and merged. A
uniform identifier was assigned to uniquely identify each
document.

Andro et al. [21] studied ten (10) software comprising six
(6) open source (Invenio, Greenstone, Omeka, EPrints,
ORI-OAI, DSpace) and four (4) proprietary software
(Mnesys,
DigiTool,
Yoolib,
CONTENTdm).
Questionnaire method was used for collecting data from
the software companies. The study concluded that all the
solutions that were surveyed are of good quality.
Tramboo et al. [22] studied three digital library software
with special reference to Greenstone, Eprints and DSpace.
Data was collected for the study by online survey and
extensive study of related software documentation and
associated technical manual. The conclusion of this study
is that it is difficult to propose one specific DLMS system
as the most suitable for all cases.

The processed data were ingested into the databases and
described using the Dublin Core metadata standard. Each
document was assigned 33 keywords in order to guarantee
exhaustivity and specificity for easy retrieval. These terms
were used to query the databases while an embedded
digital stopwatch was used to ascertain the time it takes
for each digital library database to respond to user query.
The location for the performance evaluation was the
computer laboratory of the Department of Library and
Information Technology, Federal University of
Technology, Minna, Nigeria. The participants were
trained and their consent sought after which a copy of the
POT was distributed to them to enable them record their
observations for response time for both digital library
systems. Each participant was asked to select three
keywords each from the bespoke index developed for this
study i.e. one simple term, one compound keyword and
one inverted keyword. These keywords were used to
query the two databases one after the other and their
observations for response time for each search activity. A
total of 99 iterations were carried out and the data
generated were computed using the Microsoft Excel 2013
spreadsheet application while the results were presented
in tables and graphs and analysed using mean, and
standard deviation.

3. RESEARCH METHODOLOGY
This study adopted Web-based experimental design. This
research design is a type of online research method which
involves experiments that are carried out with the support
of Internet technologies such as servers, web browsers,
computer networks, and computer hardware [23]. This
design is suitable for the evaluation of digital libraries
because they are systems that run entirely on web
technologies.
The population of this study was the intact class of 500
level students of the Department of Library and
Information and Technology, Federal University of
Technology, Minna. The entire class comprising 54
students was targeted for this study but only the 35
students who attended the pre-testing training were used
as participants. This category of students was considered
because the collections in the databases are well suited for
their undergraduate project needs; they have already been
exposed to and are familiar with the test parameters used
in this study; and majority of the students possess the
basic technical skills such as internet browsing and online
searching skills required to conduct this study.

4. RESULTS AND DISCUSSION
Research Question 1: What is the response time of
Greenstone and DSpace software in handling rich text
data?
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Table 1 shows the response time and standard deviation of
Greenstone and DSpace in handling rich text data. The result
reveals that for the number of iterations carried out (N=99),
the mean response time and standard deviation of Greenstone
are 0.013s and 0.007s respectively. Similarly, the mean
response time and standard deviation of DSpace are 0.014s
and 0.013s respectively. This implies that Greenstone is
faster than DSpace in handling rich text data.
Research Question 2: Is there any difference between the
response time of Greenstone and DSpace in handling rich
text data?

handling rich text data. Thus, the null hypothesis is
retained.
The findings from this study revealed that the response
times for Greenstone software and DSpace software
were short. The digital library built with the
Greenstone software recorded a mean response time of
0.013s while the digital library developed using
DSpace software recorded a mean response time of 0.014s.
This implies that the two digital libraries are very fast in
handling rich text data.

The findings partly support the argument of Nielsen in Jin [5]
The response times recorded for each iteration as seen in
which says that most digital libraries return a response time
Table 1 were entered into a Microsoft Excel 2013
that is usually less than 1.0s.
spreadsheet application and were used to compute the
These extremely short response times could be attributed to
mean response time of Greenstone and DSpace Software
the environment in which the experiment was conducted. The
using the formulae:
performance test of these libraries was conducted directly on
the servers hosting these libraries in lieu of accessing and
Mean response time =
assessing the libraries from a remote server over the Internet.
where: t = Response time
n = Number of iterations
5. CONCLUSION AND FUTURE WORKS
Table 2 shows that the mean response time recorded
for Greenstone and DSpace Software for 99 iterations
The study conducted a performance testing of the
(N=99) are 0.013s and 0.014s respectively. This indicates a
response time of Greenstone and DSpace in handling rich
difference of 0.001s between the mean response time
text data. The results showed that Greenstone recorded a
of Greenstone and DSpace in handling rich text data.
mean response time of 0.013s while the mean response
time for DSpace was 0.014s. The study further revealed
Figure 1 shows the response time (y-axis) of Greenstone,
that the difference between the mean response time of
in the solid line and DSpace, in the round dots against users’
Greenstone and DSpace in handling rich text data was
query (x-axis). The graph showed small but steady
0.01s.
random fluctuations in the response times of both
software. However, an abnormal upward trend was
Consequently, the study concludes that the response time
observed for Greenstone at q2 and q36 while DSpace
of the digital library system built with Greenstone
recorded similar patterns at q2, q24, q36 and peaked at
software was slightly faster than the one built with
q68. The abnormal upward trends observed could be as a
DSpace in handling of rich text data. However, there was
result of the participants’ error such as failure to refresh
no significant difference in the mean response time of
the homepage of the DSpace library system before
Greenstone and DSpace in handling rich text data when tsupplying a fresh query.
test was used to analyse the mean response times recorded
for both digital library systems. This may be attributed to
Hypotheses Testing
the homogeneity of the digital objects contained in these
digital library systems.
HO1: There is no significant difference between the
response time of Greenstone and DSpace software in
Future researches could be conducted to test the response
handling rich text data.
time performance of these software with other digital
objects such as photographs, sounds, and multimedia
formats either homogenously or heterogeneously.

From Table 3 it can be deduced that the result is not
significant at P > 0.05 level of significance (P = 0.341).
This implies that there was no statistically significant
difference in the mean response time of Greenstone ( =
0.013, µ= 0.007) and DSpace ( = 0.014, µ= 0.013) in
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Table 1: Comparison of response time (seconds) of Greenstone and DSpace software in handling rich text data
Query

Greenstone

DSpace

Query

Greenstone

DSpace

Query

Greenstone

DSpace

q1

0.014

0.013

q34

0.011

0.012

q67

0.03

0.076

q2

0.05

0.037

q35

0.012

0.014

q68

0.023

0.118

q3

0.011

0.013

q36

0.050

0.051

q69

0.024

0.020

q4

0.014

0.013

q37

0.012

0.024

q70

0.014

0.014

q5

0.012

0.013

q38

0.012

0.012

q71

0.021

0.013

q6

0.026

0.013

q39

0.013

0.014

q72

0.013

0.012

q7

0.011

0.012

q40

0.013

0.015

q73

0.015

0.014

q8

0.006

0.005

q41

0.013

0.013

q74

0.014

0.013

q9

0.025

0.012

q42

0.013

0.014

q75

0.014

0.012

q10

0.014

0.013

q43

0.013

0.012

q76

0.011

0.012

q11

0.015

0.012

q44

0.012

0.013

q77

0.011

0.014

q12

0.025

0.011

q45

0.014

0.02

q78

0.012

0.011

q13

0.011

0.012

q46

0.014

0.014

q79

0.012

0.013

q14

0.002

0.002

q47

0.025

0.012

q80

0.015

0.015

q15

0.003

0.002

q48

0.014

0.013

q81

0.014

0.012

q16

0.005

0.013

q49

0.013

0.013

q82

0.013

0.012

q17

0.011

0.012

q50

0.015

0.004

q83

0.012

0.010

q18

0.009

0.011

q51

0.012

0.013

q84

0.014

0.012

q19

0.005

0.012

q52

0.023

0.013

q85

0.012

0.012

q20

0.010

0.012

q53

0.015

0.009

q86

0.013

0.012

q21

0.005

0.002

q54

0.012

0.013

q87

0.014

0.013

q22

0.002

0.005

q55

0.012

0.012

q88

0.012

0.013

q23

0.010

0.013

q56

0.017

0.013

q89

0.014

0.012

q24

0.005

0.040

q57

0.012

0.011

q90

0.016

0.012

q25

0.003

0.010

q58

0.014

0.005

q91

0.011

0.012

q26

0.008

0.013

q59

0.014

0.012

q92

0.013

0.012

q27

0.010

0.009

q60

0.011

0.012

q93

0.013

0.011

q28

0.009

0.012

q61

0.016

0.013

q94

0.014

0.013

q29

0.010

0.011

q62

0.011

0.009

q95

0.011

0.012

q30

0.012

0.012

q63

0.011

0.012

q96

0.012

0.009

q31

0.009

0.011

q64

0.015

0.012

q97

0.013

0.011

q32

0.005

0.012

q65

0.009

0.013

q98

0.011

0.013

q33

0.002

0.012

q66

0.012
0.014
q99
Mean response time
Standard deviation µ:

0.012
0.013
0.007

0.011
0.014
0.013
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Table 2: Comparison of the Mean Response time of Greenstone and DSpace Software

Variables

Greenstone

DSpace

Difference in Mean
Response Time

Mean Response Time

0.013s

0.014s

0.001s

Standard Deviation

0.007

0.013

Figure 1: Response Time of Greenstone and DSpace software in handling rich text data
Table 3: t-test Comparison of the mean response time of Greenstone and DSpace in handling rich text
data

Variables

N

Greenstone

99

Df

Mean ( )

SD (µ)

0.013s

0.007

98
DSpace

99

0.014s

0.013

ns

Not significant at 0.05 level

35

t-value
cal.

t-value
critical

Sig. (two
tail)

-0.958

1.984ns

.341
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ABSTRACT

A spill-over student is one that has overstayed his or her stipulated time in a tertiary institution due to the inability to
pass the required courses for graduation. Remarkably, some of the spill-over students would have abated the
situation if they were availed of adequate orientation by the school management both before and while undertaking
their courses of study. However, to get them focused on their studies, there is a need for early warning, especially, to
those ones who are tending towards extra year(s). This research used Multi-layered Feedforward Neural Networks
in predicting the likelihoods of students to spill over. The dataset used consists of 140 records, 5 input columns and 1
output column. The Neural network used has 3 neurons in the hidden layer. 65 % of the entire dataset were used in
training the Neural Networks and the remaining 35 % were used for testing. The Networks was trained for 500,000
epochs using back-propagation algorithm. The Mean Square Error (MSE) for the training set is 1.014405e-06 while
the MSE for the test set is 6.103580e-06. The network gave 100% correct classification of the students both in
training and test sets predicting that any student whose total number of outstanding courses ranges from 5 to 9 after
his or her first year in the University is likely to spill-over. If a student’s total number of outstanding courses exceeds
9, such student has already spilled over. The network performed very well at the end of the training. A MATLAB
application was finally designed to simulate how such a system can be used in real world.
Keywords: Spillover, early warning, Neural Networks, back-propagation
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admission into higher institution of learning are able to
graduate within the minimum time required for
graduation; 25% of the students drop out after exceeding
their stipulated time of graduation according to the

1. INTRODUCTION

The graduation rate in tertiary institutions has depreciated
globally in the last few decades. According to the New
York Times, only 41% of the undergraduates that gained
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National Student Clearinghouse Research Center with
their major excuse being financial restraint, while the
remaining 34% of the students end up spending more
years in school than their stipulated time of graduation
[1].

efficient in realising predictive models from data. The
preceding makes this problem a confirmed candidate of
machine learning due to the enormous students’
performance-associated data residing in the repository of
tertiary institutions.

In secondary school education system, students’ result
reports are summarized by stating the rank or position of a
particular student’s performance relative to the
performance of others in the same class. This institutes a
healthy competition between students that makes them
perform better academically. Some university students
have problems switching from competing with
themselves, as obtainable in secondary school system they
graduated from, to competing with a target (as in Grade
Point Average system) as a motivation for academic
excellence. Although in secondary schools, students may
be unaware of minimum requirement to get into tertiary
institution, they still meet those requirements more often
than not if their peers with whom they competed had good
academic abilities.

To this end, an early-spillover warning system was
developed using back-propagation neural network. The
Department of Electrical/Electronics and Computer
Engineering, University of Uyo, was used as a case study.
2. LITERATURE REVIEW

2.1 Students Performance Evaluation
Students performance evaluation is an essential tool in
institutions of higher learning. This is because one of the
criteria for a high quality university is based on its
excellent record of academic achievements [3]. Students’
performance can be obtained by measuring the learning
assessment. By evaluating students performance, a
strategic program can be well planned during their period
of studies in an institution [4]. Currently, there are many
techniques being proposed to evaluate students’
performance. Data mining is one of the most popular
techniques to analyse students’ performance. Data mining
has been widely applied in educational area recently [5].

Furthermore, students lack proper orientation of the Grade
Point Average (GPA) system at the start of their tertiary
education. The ripple effect is the difficulty of students
harnessing the motivational power it can offer. The GPA
Advisory Group recommended introduction of GPA
system into UK higher education, identifying one of its
benefits to be the potential to encourage student
motivation and engagement [2]. Being able to project a
target performance level is a sure way of motivating
students with the Grade Point system. The Grade Point
Average (GPA) system is a grading system where every
course/subject offered in the school is weighted. These
weights are called credit units. At the end of each
academic semester, a weighted average called Grade
Point Average (GPA) is computed based on the student’s
performance in each of the courses he offered.

A research conducted in [6] focused on the building of a
model to predict the performance of students in a
programming course based on their grades in courses in
other subjects. A classification based on an association
rules algorithm is used to build a classifier to help
evaluate the student’s performance in a programming
course. They generated the classifier using the
Classification Association Rule Mining (CARM)
algorithm, which was based on support and confidence
values. The rules generated were then applied to predict
the students’ performance in the programming course by
implementing an application in the java programming
language, with the help of Liverpool University Computer
Science – Knowledge Discovery in Data (LUCS-KDD)
CARM Discretization/Normalization (DN) software
version 2 and LUCS-KDD implementation of
Classification Based on Associations (CBA). This model
aims to reduce dropout levels by helping student predict
their likelihood of success in a course before they enrol
into it. In addition, course instructors will be able to
enhance students’ performances in the course by better
estimating their abilities to learn the subject matter and
adjusting their teaching strategies and methods.

Suffice it to say that there will always be things to distract
a student but like in other aspects of life, having clear idea
of impending positive or negative outcome keeps one
honest to his goals. This is what an early-spillover
warning system would offer a student. To get the students
focused on their studies, it is pertinent to have this early
warning, especially, to those who are tending towards
overstaying their minimum study period. It is, indeed,
difficult for this role to be done by a human due to large
number of students and the cumbersomeness of the
students’ data or records he has to go through in order to
identify those students who are liable to spend extra
period. Interestingly, machine learning, has proven
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In [7], Weka Classification Data Mining (DM) software
was employed for enrolment of data of mastesr students
of a department in the University of Ilorin, using
multilayer perceptron (MLP), radial basis functions (RBF)
and Sequential minimal optimization algorithm (SMO) to
classify the data. The effect of data pre-processing is also
revealed. The author used the attribute selection tool to
evaluate the factors that are very important in predicting
possible student that will graduate with PhD grades.

missing were removed from the data. This step was
carried out to dismiss the risk of computational errors that
could crop up during training. Irrelevant features were
also removed from the training set so as to minimize
training time and ensure optimized learning. Those
features that were considered irrelevant include; student’s
name, student’s registration number, address and sex. All
other information that were considered ambiguous were
eliminated as well. For instance, there are cases of
students who have shown good performances in previous
semesters but dropped drastically to very low GPAs
because of absence in some examinations. We considered
such a record as noise in the paper. For the data
normalization the min-max normalization technique
which returns values between 0 and 1 was used and it has
the formula as shown equation (1).

In [8], a research work was conducted that would help
improve the students’ performance. The performance
improvement program was achieved by mapping the
students using K-means Cluster algorithm to reveal the
hidden pattern and classifying students based on their
demographic data (gender, origin, GPA, grade of certain
courses). About 300 students’ data were covered. From
the calculation using SPSS 16, it is found that there are
three clusters formed, namely: smart students (45.74),
standard/average students (33.33%), and 20.92% belongs
to low performance students.

ˊ=

;

∈

- - - (1)

where x is any input feature belonging in a vector of input
features X. x’ is the normalised value.

In [9], a review was carried out on predicting students’
performance using data mining techniques which included
Decision Trees, Neural Network, Naive Bayes, K-Nearest
Neighbour and Support Vector Machine. Neural Network
had the highest prediction accuracy by (98%) followed by
Decision Tree by (91%) [9]. Next, Support Vector
Machine and K-Nearest Neighbour gave the same
accuracy, which is (83%). Lastly, the method that has
lower prediction accuracy is Naive Bayes by (76%).

3.3 Data Segmentation
The Dataset was split into two for the training and testing
phases. 65% of the dataset was used for training the
network while 35 % of the dataset was used for the
testing. This was to ensure that the network does not
overfit the training instances resulting to poor
generalisation.
3.4 Neural Network Topology
The network topology used was the Multilayer Perceptron
(MLP). It has three (3) layers. The input layer for the
network used in this study has 5 input neurons for the 5
attributes involved in the assessment evaluation plus one
bias. The output layer has only one neuron. One hidden
layer is used with the number of neurons being
continually adapted (i.e. tuned) to generate the best result.
Three neurons in the hidden layer gave the best
performance based on our experiment. The neuron for the
output is fully connected to the hidden layer. The network
topology is presented in figure 1.

3. METHODOLOGY
3.1 Data Acquisition
The data used in this paper was gotten from the
Department of Electrical Electronics and Computer
Engineering, University of Uyo and used to train the
network. This dataset contained 140 samples with six (6)
attributes. These attributes include the Grade Point
Averages(GPAs) for each semester, Cumulative Grade
Point Average (CGPA), Total Number of Outstanding
Courses and the Total Credit Hours of the Outstanding
courses. These data were collected based on records of
already graduated and overstayed students in the
department. The output column contains a binary 1 for
students who are likely to spill-over and 0 for students
with good academic standing.

3.5 Neural Networks Training
The ANN used in this work is a Multi-layered Perceptron
(MLP) due to its capability to handle non-linear problems.
The MLP consists of one input layer with five inputs, one
hidden layer with three neurons and an output layer with
one output. Back-propagation is a Multilayer neural
network algorithm. The inputs consist of the GPAs,
CGPA, total number of outstanding courses and the total

3.2 Data Cleaning and Pre-processing
Firstly, all columns that were incomplete, i.e., where one
or more attribute(s) relevant for assessment evaluation are
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credit hours of the outstanding courses. The output of the
network is a probability that a student will carry over. The
uniqueness of the neural network is in its ability to map
input-output processs despite non-linear patterns in the
data after performing series of forward and backward
passes. The input information of the neuron is
manipulated by means of synaptic weights that are
adjusted during a training process. The training procedure
and activation function is applied to the weighted sum of
the inputs of all the neurons to generate the output
information.

= sigmoid [

=
. [1 ].
is the error at the output unit k.

]

=

(4)

.[1+
.

(5)

Where, l is the number of neurons in the output layer.
Calculate the weight corrections:
=

.
(6)

Update the weights at the hidden neurons:
=
+

(7)

Step 4 – Iteration: Increase iteration p by one, go back to
Step 2 and repeat the process until the selected error
criterion is satisfied.
From the above sequence, the weights linking the layers
are initially picked from a uniform distribution as shown
above. Afterwards the network is presented with training
examples. For each sample in the network, forward and
backward computations are carried out on it. The training
inputs are propagated through the input layer, these inputs
are multiplied by the weights connecting the input layer
and hidden layer neurons, then the sum of these products
for each neuron is passed through the sigmoid activation
function which then yields the hidden layer outputs that
are then multiplied by weights connecting the hidden
layer and output layer neurons. The sum of these products
for each neuron at the output layer is then passed through
the neuron’s activation function to yield the output for
that neuron.

(2)

Where, n is the number of inputs j in the hidden layer and
sigmoid is the sigmoid activation function.
is the ith input at the p-th epoch,
is the weight connect
and the activation output

(3)

(b) Calculate the error gradient for the neurons in the
hidden layer by propagating the error backwards:

Step 2 – Activation: Done in this step was the activation
of the multilayer neural network by applying inputs and
desired outputs.
(a)
Calculate the actual outputs of the neurons in the
hidden layer:
+

]

Step 3 – Weight training: Done in this step was the
updating of the weights in the multilayer network
propagating backwards the errors associated with output
neurons.
(a)
Calculate the error gradient for the neuron in the
output layer:

Step 1 – Initialisation: The sequence began with setting
of weights and threshold levels of the network to random
numbers uniformly distributed within a small range.

.

+

Where, m is the number of inputs of neuron k in the
output layer.

The activation function used is the sigmoid function
which returns a value between 0 and 1. To ensure that
negative values are included in the mix, the weights were
multiplied by 2.4/nHidn (where nHidn is number of
hidden layer neurons) and the same was subtracted from
them. This gives a range of random numbers uniformly
distributed in the range (-2.4/nHidn, +2.4/nHidn). A bias
unit is an extra neuron added to each pre-output layer that
stores the value of 1[10]. Bias units are not connected to
any previous layer and in this sense they do not represent
a true activity. The bias gives the neural network extra
degree of freedom making it more flexible to learn the
desired model. It is better understood when compared
with the role of the intercept in a linear model. The backpropagation training algorithm was used in training this
network. The neural network training followed the
following sequence.

= sigmoid [

.

at the p-th epoch.

(b)
Calculate the actual outputs of the neurons in the
output layer:
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Finally, the value of the output neuron(s), is compared
with the desired or target values, and an error (e) is
calculated, which is the difference between the desired
neuron output and the actual output for an output layer
neuron. An error gradient is calculated and the errors are
propagated in a backward manner through the network to
modify the values of the weight in a manner that makes
them reduce the error on the next forward propagation.
This backward manner in which errors are propagated
through the network gives rise to the name backpropagation or backward propagation algorithm. The
sequence is then repeated continuously to reduce the error
and achieve an optimal solution (i.e. the best set of
weights that yield minimal error).

The screenshot in figure 3 shows the academic details of a
student that is not likely to spill over. The screenshot in
figure 4 shows the result of the student academic details
entered in figure 3. The screenshot in figure 5 shows the
academic details of a student that is likely to spill over.
The screenshot in figure 6 shows the result of the student
academic details entered in figure 5. The screenshot in
figure 7 shows the academic details of a student that has
already spilled over. The screenshot in figure 8 shows the
result of the student academic details entered in figure 7.
5. CONCLUSION
This paper is focused on harnessing students’ academic
performance in higher institution of learning through the
design and implementation of an early-spillover warning
system using back-propagation neural network. Students
who performed poorly after their first year in school were
warned of their likeliness to spend more than their
stipulated time in school if they did not work harder. The
hardworking students were encouraged to keep up the
good work and not relent in their academic pursuit
otherwise can result in the same fate that will befall the
unserious ones. In the early-spillover warning system, the
neural network figured out that a student is to be warned
of the likeliness to spill over after the first year in school
if the number of outstanding courses s/he has to offer is
more than four but less than or equal to nine. If the total
number of outstanding courses after the first year exceeds
nine then the student has already spilled over. In order to
evaluate the system’s performance after training, testing
was carried out on the trained network and the errors
obtained were recorded. The prototype was implemented
using a Graphical User Interface which portrayed how it
can be applied in a real-world scenario. The results
obtained show that this approach offers a modern and
more efficient technique in arresting students’ poor
academic performance.

4. RESULTS
4.1 Performance Evaluations
Mean Square Error (MSE) metric was used to evaluate the
performance of the neural network for the prediction.
Figure 2 shows how the training and testing errors
decrease with respect to iterations. The graph shows that
the network behaves similarly for both the in-sample and
out-of-sample examples. The MSE for the training set is
1.014405e-06 while that of the test set is 6.103580e-06
both obtained after 500,000 iterations.
Furthermore, purity measure was used to obtain the extent
to which the neural networks classified the students into
the correct groups. It is given by equation (8).
(8)
where N = number of data points, k = number of classes,
ci is a class and tj is the classification which has the max
count for class ci. The calculation of the purity measure is
preceded by the design of the confusion matrices for both
the training and the test sets. The confusion matrices are
provided in tables 1.0 and 2.0 respectively.
Using equation (8), the purity scores of both training and
test sets are 1.
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Figure 1: The Topology of the Neural Network

Figure 2: Graph showing plot of errors against number of iteration
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Table 1.0: Confusion matrix for the training set

Actual
records

SPILLOVER
NOT
SPILLOVER
TOTAL

Prediction
SPILLOVER
NOT
SPILLOVER
46
0
0
45
46

45

TOTAL
46
45
91

Table 2.0: Confusion matrix for the test set

Actual
records

SPILLOVER
NOT
SPILLOVER
TOTAL

Prediction
SPILLOVER
NOT
SPILLOVER
43
0
0
6
43

6

Figure 3: Input details of a student that is not likely to spill over.

43

TOTAL
43
6
49
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Figure 4: Output of the student of figure 4

Figure 5: Input details of a student that is likely to spill over

44

Vol. 11, No. 1, March 2018, pp. 36 - 46

ISSN 2006-1781
C. P. Ezenkwu, B. U. Stephen & B. F. Daniel (2018), Design and Implementation of Early Spillover Warning System
© 2018 Afr. J. Comp. & ICT – All Rights Reserved
https://afrjcict.net

The screenshot in figure 6 shows the result of the student academic details entered in figure 5.

Figure 7: Input details of a student that has already spilled over
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Figure 8: Output of the student of figure 7
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