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Abstract: Performing a site survey is a critical step towards achieving peak network performance. Offices and 
homes that skip this step can be subjected to poor Quality of Service (QoS); dead-zones, intermittent signal drops 
and weak signal strength. The survey usually involves a site visit to test for RF interference, and to identify 
optimum installation locations for access points and other network devices. This requires analysis of building 
floor plans, inspection of the facility, and use of site survey tools. This paper analyses the Wi-Fi signal 
propagation on concrete walls using Wi-Fi-enabled RFID devices. Empirically, an access point was used to 
transmit Wi-Fi signal to the laptop computer running insider software for the indication of signal level and 
measured results was obtained at every 10 m interval. For the theoretical results, Wiener II model was 
transformed into Matlab code and then simulation results were obtained. The graphs for both theoretical and 
Empirical result was then plotted and compared. The result showed that there is averagely 2dB difference between 
the measured and calculated path loss in free space and about 12dB in the presence of obstructed medium 
(concrete wall). The path loss model parameters were tuned based on the measured results and this yields an 
improved model with averagely 0.39dB difference between the measured and modified model in free space and 
0.14dB in the presence of concrete wall. The modified Weiner II model that best predict the measured data was 
developed. The results of the developed model were also used to design graphical user interface for much easier 
analysis to facilitate RF site survey without the necessary physical measurements. 
 
 Keywords: wireless fidelity, graphical user interface and concrete wall 
 
1.0 Introduction 
A wireless site survey, sometimes called an RF (Radio Frequency) site survey or wireless survey, is the process of 
planning and designing a wireless network, to provide a wireless solution that will deliver the required wireless 
coverage, data rates, network capacity, roaming capability and Quality of Service (QoS). It is recognized that   
Global Positioning System (GPS) is satisfied for outdoors communication. However, in indoor environments, due 
to the additional signal loss imposed by walls of the buildings, the detection and decoding of GPS signals becomes 
a difficult task as such the wireless communication for indoor environments is recognized to be very challenging, 
mainly due to the presence of obstruction that causes severe signal deterioration due to multi-path and shadow 
fading (Pahlavan and Levesque, 2005). For this reason, the prediction of wall losses is a fundamental aspect in the 
planning of wireless communication in indoor area like position information of the mobile user inside large 
buildings, malls, hospitals, air ports, public places, factories and emergency services. This research aims to 
empirically and theoretically study the signal strength attenuation on concrete walls using Wi-Fi enabled RFID 
devices. The measured result will be used to developed graphical user interface (GUI) using matlab application. 
The GUI will be used for signal analysis in similar environment without the necessary physical site visit. 
 
2.0 Material and Methods: 
This section presented the methodology used in conducting this research work. It described a step-by-step 
approach used in making this study a success. It presents the empirical and theoretical measurements of the paper. 
The empirical measurement where a Wi-Fi access point and laptop computer was used to study the effect of path 
loss due to concrete wall by measuring the strength of the signal received at 10m distance interval from the access 
point to the Wi-Fi devices (laptop computer) running inSSIDer software. The theoretical measurement was also 
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discussed, where a Weiner II model was transform into matlab code and the simulated in matlab for comparison 
with the measured result. Section 2.4 explain the graphical user interface. 
 
2.1 Empirical Measurement 
The measurements are done using an access point and which is IEEE 802.11b compliant and operates on 2.4 GHz. 
It also provides a transmit power of 17dBm and a bandwidth of 11 Mbps. The signal measurements were done 
using the software ‘inSSIDer’’ which is a tool that allows one to identify and measure the signal strength of 
WLANs. Using this software, the measurements were taken. The signal strength was measured at 10m distance 
interval from access points. At each interval signal measurements were taken and recorded. Measuring tape was 
use for distance measurement. Table 1 shows the values for the measured received power/signal strength at 10m 
distance interval. And the path loss is calculated using equation (1)  (http://www.digi.com (2012).    
            

 ≡ 10푙표푔  ( )dB  =10푙표푔 − 10푙표푔  ( ) =푃1|푑퐵푚 − 푃2|푑퐵푚                   (1) 
 

Table 1 Measured Received Powers and Corresponding Path Loss 
Distance 

(m) 
Transmit 

power(dBm) 
Measured 

power (dBm) 
free space 

Measured power 
(dBm) with wall 

obstruction 

Path loss 
free space 

(dB) 

Path loss 
with wall 

(dB) 
10 17 -44 -56 61 73 
20 17 -50 -62 67 79 
30 17 -54 -65 71 82 
40 17 -56 -68 73 85 
50 17 -58 -70 75 87 
60 17 -59 -72 76 89 
70 17 -61 -73 78 90 
80 17 -62 -74 79 91 
90 17 -63 -75 80 92 
100 17 -64 -76 81 93 

 
2.2 Mathematical Model for the Theoretical Measurement 
In this section, the Weiner-II path loss model (2) and (3) was transformed into Matlab code Mathuranathan, V. 
(2013).to predict signal strength passing through concrete wall. This model has been chosen for its simplicity and 
its effectiveness at modeling signal propagation over several frequencies and its ability to predict path loss for 
different environment scenario. 
 
2.2.1 Weiner-Ii Path Loss Model 
In simple terms the path loss is the difference between the transmitted power and the received power of a wireless 
communication system. This may range from tens of dB to more than a 100 dB. 
According to the WEINER-II model the path loss can be calculated as: 
 

푃퐿 = 20 log (푑[푚]+6.4 + 20 log ( [ ]
.

) + X                               (2) 

푃퐿 =20log (푑)+46.4 +20log (
.

)                                                   (3) 
 
Here, d is the separation between the transmitter and receiver in meters 푓  is the frequency in GHz, A is the path 
loss exponent, B is the intercept i.e path loss in dB reference to 1m distance and C is the frequency dependent 
parameter. X is the environment specific parameter such as path loss due to a wall.푃퐿   is the path loss in a free 
space line of sight environment (here A=20, B=46.4 and C=20). (Pekka et al 2007). Refer to the table 2 which 
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describes the different environments defined in the Weinner-II model. Once an environment is selected the path 
loss parameters A, B and C can be selected from the table. 
 

Table 2 parameter Definition for wall medium for Weiner II Model 
Scenario Path loss [dB] Shadow 

fading [dB] 
Application range and 

Antenna height 
Line of Sight 
(LOS) 

A=18 훿 = 3 3m<d<100m 
Hbs=hms=1…2.5m 

Non line of sight 
(NLOS) 

A=36 
X=5(nw-1) light wall 
X=12(nw-1)heavy wall 

훿 = 4 3m<d<100m 
Hbs=hms=1…2.5m 

NLOS (light walls) A=2 훿 = 6 nw is the number of wall 
between BS and MS (for 
NLOS) 

NLOS (heavy 
walls) 

A=2 훿 = 8 Nw is the number ofwall 
between the BS and MS 

 
Table 3 Comparison between the Theoretical Path Loss and Empirical Path Loss Values 

Distance 
(m) 

 

Measured 
path loss (dB) 

free space 

Measured 
path loss (dB) 

with wall 

Predicted 
path loss (dB) 

free space 

Predicted 
path loss (dB) 

with wall 
10 61 73 60.0248 72.0248 
20 67 79 66.0454 78.0454 
30 71 82 69.5672 81.5672 
40 73 85 72.0660 84.0660 
50 75 87 74.0042 86.0042 
60 76 89 75.5878 87.5878 
70 78 90 76.9268 88.9268 
80 79 91 78.0866 90.0866 
90 80 92 79.1097 91.1097 
100 81 93 80.0248 92.0248 

 
2.3 Graphical User Interface 
The graphical user interface (GUI ) is a form of user interface that allows users to interact with electronic 
devices through graphical icons and audio indicator such as primary notation, instead of text-based user interfaces, 
typed command labels or text navigation. GUIs were introduced in reaction to the perceived steep learning 
curve of command-line interfaces (CLIs), which require commands to be typed on a computer keyboard. 
Therefore, in order to provide easy and interactive way of determining the path loss of Wi-Fi signal in both free 
space and obstructed medium, a graphical user interface is developed to permit determination of Wi-Fi signal 
attenuation in a building complex 
 
3.0 Result and Discussion 
This section presents the obtained result based on practical measurement and path loss prediction model both in 
free space and obstructed medium.  
 
3.1 Results  
Table 4 summarizes the results obtained from measurement by transmitting power of 17dBm at 10-meter distance 
interval. The measured signal strength in free space and obstructed medium is recorded and the corresponding path 
loss at each distance is calculated and recorded in the table. 
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Table 4: Empirical Power and Corresponding Path Loss 
Distance 

(m) 
Transmit 

power 
(dBm) 

Measured 
power (dBm) 

free space 

Measured 
power (dBm) 

with wall 
obstruction 

Path loss 
free space 

(dB) 

Path loss 
with wall 

(dB) 

10 17 -44 -56 61 73 
20 17 -50 -62 67 79 
30 17 -54 -65 71 82 
40 17 -56 -68 73 85 
50 17 -58 -70 75 87 
60 17 -59 -72 76 89 
70 17 -61 -73 78 90 
80 17 -62 -74 79 91 
90 17 -63 -75 80 92 
100 17 -64 -76 81 93 

; 

 
Figure (1). Empirical Result in free space and obstructed Medium 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Figure 2 Theoretical Wiener II path loss model and Empirical path loss in the presence of Wall 
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Figure 3 Theoretical Modified Weiner II model path loss and Empirical path loss in the presence of Wall 

  
Figure (4) Layout of the Matlab Graphical user Interface (GUI) for path loss Calculation and Graph Plotting 

 
Figure 5 Result of Matlab GUI 

The obtained results based on the run Matlab shown in Figure (4), was shown in figure 5 
3.2 Discussion 
In order to validate the applicability of the model to predict the measured data, the result obtained from 
measurement is compared with the simulated result of Weiner II model. Figure 1 is a graph of measured path loss 
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both in free space and obstructed medium. The result shows an increase in path loss with increase in distance and 
path loss in the presence of obstacle has an averagely 12dB difference to that of the free space 
 

(  ≡ 10푙표푔  ( ) dB =10푙표푔 − 10푙표푔  ( )).            (4) 
 

Similar result of 10dB was obtained from an application note www.digi.com (2012) using the same formula but 
the difference comes from wall thickness of 102mm and frequency of transmission. Both path loss value obtained 
is less than the value of 13dB obtained by Michael, T (2011) using simplified path loss model of equation. This 
discrepancy arises as a result of the frequency of operation which lies between 900-1300MHz as prove by the Friss 
path loss equation. The path loss decrease with increase in frequency.  
 

푃퐿(푑퐵) = 20푙표푔 ( )                                                                    (5) 
    
Similarly Figure 2 compare both the result of data obtained from the theoretical Weiner II model and empirical 
which also proves the result obtained in Figure 1 hence the model cannot accurately predict the path loss of the 
signal passing through the concrete wall. The path loss model parameters were tuned based on the measured result 
and this yields an improved model with mean square error of 0.39dB between the measured and modified model in 
free space and 0.14dB in the presence of concrete wall. Theoretical modified Weiner II model proves this by 
showing a better agreement with measured as shown in Figure 3. The model is modified by adjusting the fitting 
parameter C of the model. The modified result can now accurately predict the measured data. Figure 4 and figure 5 
present the result of graphical user interface developed to simplify the process of this type of analysis without the 
necessary physical site visit.  
 
4.0 Conclusions 
Theoretical Weiner II model is used as the path loss prediction model and compared with the empirical data. The 
result obtained from both measurements were plotted and compared. The result showed that there is averagely 2dB 
difference between the measured and calculated path loss in free space and about a 12dB in the presence of 
obstructed medium (concrete wall). The path loss model parameters were tuned based on the measured results and 
this yields an improved model with averagely 0.39dB difference between the measured and modified model in free 
space and 0.14dB in the presence of concrete wall. The modified results can now be used to replace physical 
measurements for network installations in environment with similar specification. The theoretical and Empirical 
result was used to develop graphical user interface to simplify the necessary site visit analysis.  
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Abstract: Security in Colleges of Education is a growing concern in Nigeria. The research looked at the 
Information and Communication Technology (ICT) as an important means of ensuring security. The study 
analyzed the concept of ICT, the concept of security, the role of ICT to solve various security challenges facing 
Colleges of Education in Nigeria, the need for a sustainable ICT policy for Nigeria and problems of ICT in 
Colleges of Education. The paper also pointed out the prospect of the total overhaul of Nigeria's Colleges of 
Education toward the promotion of security within the system and the application of modern technological tools  
Such as digital cameras, CCTV, computers, scanners, enhanced security software and reviewing of policies and 
adopting new technological strategies to boost security in Nigerian colleges of education specifically Federal 
College of Education, Kano which will invariably promote teaching and learning activities. The driving force for a 
successful quality education delivery in this modern age of technological development is the Information and 
Communication Technology (ICT), there is much to be done by having technologically-driven environment with 
robust ICT infrastructures to tackle the security challenges in Federal College of Education, Kano. 
 
Keywords: Information and Communication Technology (ICT), Tools, Federal College of Education, Security, 
Teaching and Learning 

1.0 Introduction 
Security and Crime are major issues and challenges in Nigerian Colleges of Education. The state of insecurity in 
Nigeria today is not new to anyone and, although it can be laid on some factors that have been left unchecked for a 
long time by both the Government and people of Nigeria, the level of insecurity in the country today is threatening 
to tear it apart and requires a quick, adequate and a new approach to deal with the security challenges plaguing the 
nation, (Ndanusa, 2014). Information and Communication Technology (ICT) plays a very important role in the 
maintenance of security and national development. Educators, researchers and other schools apply ICT as a 
necessity which has become a way of life toward efficient organizational management. The history of Information 
and Communication Technology is as old as the history of technology itself, especially its application in 
systematic proving security. (Gibson, 1978) posits that ICT encompasses the systematic application of people, 
ideas, materials and equipment to the solution of educational problems and security. ICT tools include computer 
hardware and software, television set, radio and close circuit television (CCTV) among others. 
 
2.0 Background of the Federal College of Education Kano 
The Federal College of Education (formerly ATC/ABU) Kano, started from a very humble beginning 1n 1961 as 
Kano Men’s Training College at the Native Authority loaned premises of Gwale Senior Primary before it moved 
to its permanent site in 1965.The College was established through the joint efforts of the United State Agency for 
International Aid (USAID) and the Ministry of Education of the then Northern Region under the distinguished 
leadership of Late Sir Ahmadu Bello, Sardauna of Sakkwato. The name of the College changed from Kano 
Training College to Kano Teachers College in 1962. With the commencement of the N.C.E. Programme, the name 
of the college became Advanced Teachers College in 1965. In 1990, the Federal Government took over the college 
with the promulgation of Decree Number 4 of 1986. With this development, the name of the College finally 
changes to its present name, The Federal College of Education, Kano. The College has achieved autonomy in the 
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running of the Pre-NCE, Remedial Certificate, Diploma and NCE Courses. The degree programmes are run in 
affiliation to A.B.U. Zaria. 
 
2.1 The Role of ICT in Promoting Security in Nigerian Colleges of Education 
ICT has a vital role to play towards promoting technological advancement into this millennium.  The occurrence 
of ICT has brought about rapid technological, social, political and economic transformation. (Yusuf, 2005).  
The roles played by ICT toward a better tertiary institution and by extension the entire society include;  

i. Providing real opportunities for monitoring all activities at ease by security personnel.  
ii. Strengthening chances and providing opportunities for easy flow of information and new ideas within and 

outside the school system. 
iii. Providing opportunities for security personnel to communicate with one another through using up to date 

technologies such and the use of e-mail, SMS, radio phone, CCTV, etc. so as to provide information 
concerning the security situation in the schools.  

iv. It also provides quicker and easier access to more extensive current information that can be used 
academically, administratively or to carry out security operations at appropriate time. 

v. Providing security operatives with a steady avenue for the dissemination of security reports and findings.  
 

2.2 The Role of ICT in Solving Security Challenges in Nigerian Colleges of Education 
The nation's most important educational goal must be to produce learners adequately prepared to work in the 21st 
Century and ICT plays a key role in reaching that goal. According to official statistics released the US spending on 
technology products, services and staff was estimated to reach around 1.8 trillion US Dollars in 2020, (Shanhong, 
2019). ICT plays an indispensable role in all the spheres of national life more especially security and economic 
development. For instance, for ICT to be applied for national development, a developing country such as Nigeria 
should reduce her spending, on defense and increase the budgetary allocation for ICT development (Ani, 2010). 
 
2.3 The Need for Sustainable ICT in Educational Policy in Nigeria 
The history of the Nigerian educational system could be traced back to the colonial period. The educational policy 
then was geared toward serving the interests of the colonial masters in terms of the supply of manpower for their 
effective administration of the Nigerian colony and protectorates (Aladekomo, 2004). The policy was aimed at 
producing Nigerians who can read and write to hold certain positions, such as clerks, interpreters and inspectors, 
etc. without any entrepreneurial or professional skill to stand on their own or even establish and manage their own 
ventures. The Nigeria industrial policy that came immediately after independence placed emphasis on companies, 
thereby completely neglecting the development of small-scale sectors (Aladekomo, 2004).  

 
3.0 ICT Policy Development in Nigeria 
Development in the ICT sector of Nigeria was far below expectation for a country of its size and resources. For 
example, total fixed telephone lines were less than 400,000 while regular internet users were less than 200,000. 
(Report of Min of Comm. Tech., 2012a). From a policy and regulatory standpoint, the FGN adopted the National 
Telecommunication policy in 2000 to guide the development of Telecommunications Industry in Nigeria (Report 
of Min of Comm. Tech., 2012b). The ICT policy is to provide a framework for streamlining the ICT sector and 
enhancing its ability to catalyze and sustain socio-economic development critical to Nigeria’s vision of becoming a 
top 20 economy by the year 2020. (NITDA 2013). 
 
3.1 ICT Related Tools as Counter-Measure to Insecurity in Nigerian Colleges of Education 
Prior to traditional means of fighting Nigeria’s insurgency, ICT has brought the use of modern technology 
in combating criminalities beyond information dissemination, (Adamu, 2016), but the detection, analyzing and 
identification of citizens’ activities, interaction and movement with aid of different ICT facilities remains a 
challenge. Nigeria has shown its readiness in tackling insurgency with ICT based on the ICT-based systems that 
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can pose threats to the affected society by sending images, videos to the designated databases in order to report 
any suspected criminal activities for taking early possible measure, (Eijkman, 2012).  
Tools that can be readily available for counter measure in dealing with insecurity in Nigeria include some of the 
following; 

i. Close Circuit Television (CCTV):  CCTV cameras are now used widely in developed nations such as 
United Kingdom and United States and currently by developing nations like Nigeria to detect criminal 
and terrorist activities. They are deployed not only in government offices but even in private and 
individual premises to watch crime execution (Happiness, 2016). 

ii. Automated Personal Data Bank (APDB): This is the use of dedicative devices and databases to collect 
and store the detected data and personal information about citizens and immigrants (Eijkman, 2012) that 
can allow the security system to track individual information including suspected terrorist groups.  

iii. Social Networking Platform: The availability of social devices across the cloud computing network and 
increase in internet subscription by society and citizens especially by the youths, information can share 
easily and disseminated even to the analog citizens.  

 
3.2 General ICT Tools for Teaching and Learning 
Below are the lists of ICT Tools for Teaching and Learning in Federal College of Education (FCE), Kano: 
Desktop, laptops, Projector, Digital Cameras, Printer, Photocopier, Pen drive, Tablet, Scanners, Microphones, 
DVDs, CDs and Flash Disc. 
 
3.3 Role of ICT in Tackling Security Challenges in Nigerian Colleges of Education 
Information and Communication Technology (ICT) plays a vital role in tackling security challenges in Nigerian 
Colleges of Education through the use of ICT tools such as computer, digital cameras, enhanced security software, 
scanners, CCTV and carefully review and understand the privacy policies of any tools before using them, as well 
as adopting new technological strategies.  

 
4.0 The Problems of ICT in Nigerian Colleges of Education 
The problem faced by ICT in Nigerian colleges of education were as follows: 

i. Inadequate Funding and Utilization of ICT Equipment in Tackling Security Challenges in Nigerian 
Colleges of Education: (Gbadamosi, 2006) noted that inadequate funding is a major challenge in 
tackling security challenges in Colleges of Education because it has negatively affected many areas of 
security in Nigerian Tertiary Education System. Areas it has affected include funding of ICT projects, 
training and retraining security personnel’s, the provision of technological infrastructure and the 
development and maintenance of software packages and electricity. The problem of inadequate funding 
and bad utilization of fund can be seen as the key factors, which mean inadequate money to purchase the 
necessary equipment and gadgets needed to pursue the security challenges in the Colleges of Education.  

ii. Poor Governance in Tackling Security Challenges in Nigerian Colleges of Education: (Fukayama, 
2013) posits it as inability of the College Management to make and enforce rules, and to deliver services. 
Corruption, according to Transparency International: "involves behavior on the part of officials in the 
public sector, whether politicians or civil servants, in whom they improperly and unlawfully enrich 
themselves, or those close to them, by the misuse of the public power entrusted to them." Our Nigerian 
leaders have not been able to do anything on the high levels of corruption in heart, which affected ICT 
and security in institutions particularly the present-day government has not been able to do much in 
interne fraud. 

iii. Corruption and Unpatriotic Conduct of Security personnel in Tackling Security Challenges in 
Nigerian Colleges of Education: (Kagwe, 2013) posits that patriotism means to stand by the 
management. It does not mean to stand by the provost or any other individual to the degree in which he 
himself stands by the management. It is patriotic to support him in so far as he efficiently serves the 
management. It is unpatriotic not to oppose him to the exact extent that by inefficiency or otherwise he 
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fails in his duty to stand by the college. In either event, it is unpatriotic not to tell the truth, whether about 
the provost or anyone else. Most of our security personnel are not devoted to their assignment due to poor 
incentives and motivation, as a result of removing them from the school’s payroll to the company 
(Ejikman, 2012).  

iv. Uninterrupted Power Supply: Constant power supply is a great and concurrent problem affecting ICT 
usage for tackling security challenges in Nigerian Colleges of Education. (Ohiwerei, 2013) argued that 
Nigeria being a developing nation cannot boast of a twenty-four-hour electricity supply to its citizens. 
The schools are directly connected to Power Holdings Company of Nigeria; it is a sad note that some of 
the schools cannot afford a generating set, such that it can power for the entire community.  

 
5.0 Conclusion 
Information technology has led to successful practices in Nigeria and has been able to provide information, which 
is otherwise is practically inaccessible. The use of ICT and internet available in large numbers than ever before has 
positively impacted on security and made life more worthwhile and efficient. In order to improve the use of ICT in 
Federal College of Education, Kano, the government should do the needful. The recommendations proffered in 
this paper if strictly adhered to by the government and schools might be a way of boosting the exposition of ICT as 
a tool to salvage institutions from being left behind by their peer globally and to internal and external aggression. 
Colleges of Education should, therefore, quicken the pace of development and embrace technology as a re-
engineering strategy to bring about a security revolution in Nigerian schools of learning. 
 
6.0 Recommendations 
   Below are the recommendations which may help in the use of ICT:  

i. Government should pay more attention to the funding of ICT so that it can be of greater help as a tool in 
monitoring the security system.  

ii. Our leaders should exhibit good moral character in their governance and come up with proper lead in 
eradicating corruption in the society and they should foster a democratic political order buttressed by 
physical safety and economic growth to help protect and empower people in ICT skills.  

iii. Adequate funding so that the supply of power will be useful for the operation of ICT and easier for the 
security stakeholders to perform their civic duties.  

iv. People saddled with the responsibilities of handling ICT gadget should be adequately trained and 
regularly be sent to conferences, workshops and seminars when the need arises to update their knowledge 
about the current issues on ICT.  
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Abstract: Human health care is one of the most important problems for society and it seeks to ensure that patients 
are given sufficient treatment as soon as possible to effectively and robustly diagnose the disease. Given that this 
prediction is often a difficult task, support from other fields, such as statistics and computer science, is important. 
Health disciplines face the challenge of developing new techniques that go further than traditional methods. A 
wide variety of methods and techniques are being developed to more easily and reliably diagnose diseases. This 
paper focuses on the analysis of chronic disease prediction techniques that utilizes machine learning algorithms to 
discover fascinating trends and to make non-trivial forecasts and useful for decision-making. The study discusses 
how various machine learning algorithms predict chronic diseases such as heart disease, diabetes, liver disease, 
and hepatitis. It draws attention to the suite of machine learning algorithms and methods used for disease 
detection and decision-making. 
 
Keywords: Chronic disease, Machine learning, Supervise and Unsupervised learning  
 
1.0 Introduction 
Chronic diseases and disorder have become a serious health care issue that affects countries worldwide. One 
critical issue with chronic disease treatment is that patients in certain cases do not know the progression of the 
disease before hospital admission. Then, as underlying conditions are detected, secondary diagnoses lead to greater 
complications, longer hospital stays, and increased demand for inadequate medical care. Chronic diseases like 
diabetes, cardiac diseases, and kidney disorders in the population are becoming increasingly apparent. These 
conditions necessitate several examinations and checks of multiple monitoring criteria, resulting in a high cost of 
healthcare for a chronic illness patient. (Battineni et al., 2020). Efforts should be taken to reduce the number of 
laboratory procedures used to diagnose chronic illnesses, lowering medical costs. One option is to apply machine 
learning techniques to healthcare data, which has become popular in recent years. These methods may be used to 
detect common trends in a large database and extract valuable information from it. Machine learning algorithms 
have been developed and used to interpret medical databases from the beginning. Machine learning now provides 
several useful resources for intelligent data analysis, especially in recent years, as the digital revolution has made 
data collection and storage increasingly inexpensive and accessible. Data is collected and shared in vast 
information networks in modern hospitals, which are well equipped with data collection equipment. (Liu et al., 
2018). 
 
2.0 Machine learning (ML) 
Machine learning is a branch of science that studies how computers learn from their experiences. For certain 
physicists, the terms "machine learning" and "artificial intelligence" are interchangeable, as long as the ability to 
learn in the broadest sense is a central characteristic of an intelligent person. Machine learning aims to create a 
computer system that can adapt and learn from its experiences (Wilson RA & Keil FC, 1999). A more detailed and 
formal definition of machine learning is given by Mitchel (1997): If a computer program's success at tasks in T, as 
calculated by P, increases with experience E, it is said to benefit from experience E concerning any class of tasks T 
and performance test P. Typically, machine learning functions are divided into three groups, Russell, Stuart; 
Norvig, Peter (2003). They are a) supervised learning, in which the learning system infers a method from labeled 
training data, b) unsupervised learning, in which the learning system attempts to infer the nature of unlabeled data, 
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and c) reinforcement learning, in which the learning system communicates with a complex setting. (Kavakiotis et 
al., 2017). 
 
In supervised learning, the system must “learn” inductively a function called target function, which is an 
expression of a model describing the data. The objective function is used to predict the value of a variable, called 
dependent variable or output variable, from a set of variables, called independent variables or input variables or 
characteristics or features. The set of possible input values for a function, also known as its domain, is referred to 
as instances. Each scenario is described by a set of characteristics (attributes or features). A subset of all instances 
for which the output variable value is specified is referred to as training data or samples. When given a training 
set, the learning system evaluates alternative functions, known as hypotheses and denoted by h, to determine the 
best target function. In supervised learning, there are two kinds of learning activities: classification and regression. 
Regression models simulate numerical values, while classification models aim to predict distinct classes, such as 
blood types. Decision Trees (DT), Rule Learning (RL), and Instance-Based Learning (IBL), as well as k-Nearest 
Neighbors (k-NN), Genetic Algorithms (GA), Artificial Neural Networks (ANN), and Support Vector Machines 
(SVM), are several of the more popular techniques. 
 
In unsupervised learning, the system attempts to uncover secret data structures or relationships between variables. 
In that case, the training data is made up of instances without identifiers. Association Rule Mining is a much later 
development than machine learning, and it is influenced more by database research Rakesh Agrawal (1997) 
suggested it as a market basket study in the early 1990s, to find similarities in database objects. According to the 
shopping cart case, association rules are of the form X1, … Xn Y, which implies that if any of X1, … Xn are 
included in a cart, you can find Y. Apriori, introduced by Rakesh Agrawal in 1994, is the most well-known 
association rule discovery algorithm (1994). While association rule mining began as a tool for performing market 
basket analysis, it has since evolved into one of the most useful tools for performing unsupervised exploratory data 
analysis in a variety of scientific and commercial fields, including biology and bioinformatics. Clusters are 
structures that emerge from clustering, which is the division of a dataset into groups of data such that instances 
belonging to the same group are as identical as possible when instances belonging to different groups vary as little 
as possible (Han J. et al., 2011). In Reinforcement Learning the expression "reinforcement learning" refers to a 
group of strategies in which the system tries to learn through direct contact with the environment to optimize a 
concept of incremental reward (Alpaydin E., 2004). It's worth noting that the machine has no previous view of 
how the system behaves, and the only way to learn is by trial and error (trial and error). Because of its isolation 
from its environment, reinforcement learning is mostly used in autonomous systems. 
 
3.0 Machine learning applications on chronic diseases  
Many researchers have worked on different machine learning algorithms for disease diagnosis. They have 
accepted machine-learning algorithms to have worked well in the diagnosis of different diseases (Fatima & Pasha, 
2017).  
 
3.1 Heart Disease 
To predict heart disease using one classical algorithm, Vembandasamy et al. (2015) use the Naive Bayes algorithm 
to diagnose heart disease, the algorithm offers 86.419% of accuracy. Likewise, M. A. Jabbar and colleagues 
(2016) measured the precision and efficiency of the Naive Bayes classifier for heart disease prediction and found 
that it has the highest accuracy of 86.29 percent. Jagdeep Singh et al. (2016), implemented various association and 
classification methods to predict heart disease. They compared different classifiers using a prior association on the 
heart dataset. K-Nearest neighbor achieved the highest accuracy of 99.19%. In multimodal prediction, Min Chen 
(2017) proposed a multimodal disease risk prediction based on a convolutional neural network (CNN-MDRP) 
algorithm that achieved 94.8% accuracy with greater convergence speed.  
 



           KAJOSTEH 
 
 

Kazaure Journal of   Science, Technology and Humanities (KAJOSTEH) Volume 1, 2nd edition, 2021  

 Page 14 
 
 

 

Some researchers use a feature selection in the diagnostics of heart disease to enable machine learning algorithms 
to be able to train more rapidly and reduce the model's complexity, and to increase accuracy by using the model 
subset. In (S. Nikan et al., 2016) authors proposed a technique named ridge expectation maximization imputation 
(REMI) They considered two powerful classification algorithms, SVM and extreme learning machine (ELM), and 
compared their performance. it was shown their approach significantly outperform the conventional techniques. T. 
Vivekananda et al., (2017) developed a model that can handle the enormous amount of e-healthcare data 
efficiently. They selected critical features from an enormous set of features to diagnose heart disease. They 
proposed a hybrid model with an accuracy of 83% which is greater than the other existing models. 
 
To improve diagnostic performance, some scholars suggest using hybridization of the machine learning algorithm. 
Techniques that combine two or more other algorithms to solve the same problem, either by selecting one (based 
on the data) or by swapping between them. This is usually accomplished by taking the best characteristics into 
account so that the final algorithm outperforms the individual components. Tan et al. (2009) proposed a hybrid 
technique in which two machine-learning algorithms named Genetic Algorithm (G.A) and Support Vector 
Machine (SVM) are joined effectively by using the wrapper approach. Five data sets (Iris, Diabetes disease, 
disease of Breast Cancer, Heart, and Hepatitis disease) are picked up. GA-SVM has an accuracy of 84.07% for 
heart disease, Diabetes has 78.26%, Breast cancer has 76.20%, and finally, Hepatitis has 86.12%. Zeinab A et al., 
(2017) proposed a novel and hybrid method to analyze the cause and to recognize coronary artery disease. They 
have used a hybrid of Neural Network and Genetic algorithm and achieved an accuracy of 93.85%.   
 
Some research focus on comparison techniques; Sellappan Palaniappan et al. (2008) developed an IHDPS 
(Intelligent Heart Disease Prediction System) based on classification techniques. The accuracy of Naïve Bayes = 
86.12%, Neural Network = 85.68% and Decision Tree = 80.4%. For detecting heart attack patients, Anchana 
Khemphila et al. (2010) contrasted the success of Decision Tree, Logistic Regression, and Artificial Neural 
Network. The accuracy of Decision Tree = 79.3 percent, Artificial Neural Network = 80.2 percent, and Logistic 
Regression = 77.7%, according to their findings. Parthiban and Srivatsa (2012) put their effort into the diagnosis of 
heart disease in diabetic patients. Data set of 500 patients are used that is collected from the Research Institute of 
Chennai. Naive Bayes, J48, and bagging are used for this perspective. Naive Bayes provides 82.31% accuracy. J48 
gives 84.35% of correctness. 85.03% of accuracy is achieved by Bagging. Bagging offers a better classification 
rate on this data set. Otoom et al. (2015) presented a system for analysis and monitoring coronary artery disease 
using Cleveland's heart dataset taken from UCI. Three algorithms: Bayes Net attained correctness of 84.5%, SVM 
provides 85.1% accuracy and FT classifies 84.5% correctly. The authors of Theresa Princy R, J. Thomas (2015) 
focused on heart disease prediction using three classifiers: Decision Trees, Nave Bayes, and K-Nearest Neighbor. 
When used in practice, the predictors worked better. However, when used for estimation, Decision Tree 
outperformed the other two strategies for the given dataset. Theresa Princy R et al. (2016), investigated different 
classification techniques like Naïve Bayes, ID3, Neural Network, and KNN for investigation of heart disease, and 
the authors achieved an increased accuracy level of 80.6%.  
 
Marjia Sultana et al. (2016) analyzed the performances of KStar, J48, SMO, Bayes Net, and Multilayer Perceptron 
for classifying heart disease patients using the standard Cleveland Heart Disease data and some collected data. The 
accuracy of standard data for KStar =75.1852 percent, J48 = 76.6667 percent, SMO = 84.0741 percent, Bayes Net 
= 81.1111 percent and MLP = 77.4074 percent. Shan Xu et al. (2017) compared the performances of Random 
Forest, C4.5, SVM, Bayes, AdaBoost for classifying cardiovascular heart disease patients. Their results showed 
accuracy for Random Forest = 91.6%, C4.5 = 89.6%, SVM = 89.2%, Bayes = 85.2% and AdaBoost = 82.8%. 
Seyedamin Pouriyeh et al. (2017) compared performances of Decision Tree, Naïve Bayes, KNN, Multilayer 
Perceptron, Radial Basis Function, Single Conjunctive Rule Learner, and Support Vector Machines. They also 
tuned different values of k for determining the performance of KNN. The accuracy for Decision Tree = 77.55%, 
Naïve Bayes = 83.49%, KNN (k=1) = 76.23%, KNN (k=3) = 81.18%, KNN (k=9) = 83.16%, KNN (k=15) = 
83.16%, MLP = 82.83%, RBF = 83.82%, SCRL = 69.96% and SVM = 84.15%.  Hend Mansoor et al. (2017) 
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compared performances of Logistic Regression and Random Forest method for predicting the risk level of heart 
disease patients. They used National Inpatient Sample Data over the years 2011-2013 and found that the Logistic 
Regression model provides better accuracy than Random Forest. The accuracy for Logistic Regression model was 
= 89% and random Forest = 88%. Seyedamin et. al, (2017) applied different machine learning techniques and 
measured the term accuracy as an output. Using the stacking technique, MLP and SVM achieved the best accuracy 
of 84.  S. Mohan et al. (2019) propose to treat baseline evidence and states' particular perceptions of heart disease. 
They suggested a new approach that combines Random Forest (RF) and Linear Method functions (LM). HRFLM 
has the best accuracy of 88.7%, according to the results of the evaluation. 
  
3.1.1 Analysis: 
The work related to the cardiac disease examined is classified as a single algorithm approach, a comparative 
approach, a feature selection approach, and an algorithm hybridization approach. The work that has the highest 
accuracies in each group is summarized in Table 1.  
 

Table 1: Heart disease analysis 
Author    Approach Machine Learning 

Techniques                          
Accuracy 

Jagdeep Singh et al. (2016) Binary classification K-Nearest neighbor 99.19% 
M. A Jabbar et. al, (2016) Feature selection approach FS Algorithms                  86.29% 
Zeinab A et al., (2017) Hybridization approach NN-GA 93.85% 
Min Chen (2017) Multimodal approach CNN-MDRP 94.8% 
Shan Xu et al. (2017) Algorithm comparison 

approach 
Random Forest 
C4.5 
SVM 
Bayes 
AdaBoost. 

91.6%,  
89.6%, 
89.2%, 
85.2% 
82.8% 

 
We can see that in binary classification Parthiban and Srivatsa (2012), K Mathan et al. (2018), and Jagdeep Singh 
et al. (2016) recorded 94.60%, 94.8%, and 99.19% accuracies respectively in prediction patients with heart 
disease. Subsequently, some of the work employs feature selection with classification and algorithm hybridization. 
In feature selection, M. A Jabbar et. al, (2016) recorded the highest accuracy of 86.29%. However, machine 
learning algorithms hybridization is found to have the highest accuracy from the review, Zeinab A et al., (2017) 
recorded 93.85% accuracy in predicting heart disease. 
 
3.2 Diabetes Disease 
Many researchers have been conducted studies in the area of diabetes by using machine learning techniques to 
extract knowledge from available medical data(Choudhury & Gupta, 2019; Kavakiotis et al., 2017; Maniruzzaman 
et al., 2020; Temurtas et al., 2009; Zou et al., 2018) (Choudhury & Gupta, 2019).  Ephzibah (2011) proposed a 
paradigm for diagnosing diabetes that incorporates GA's logic as well as fuzzy logic. The dataset was obtained 
from UCI, and the method has an accuracy of 87 percent. Sarwar and Sharma (2012) proposed that Nave Bayes be 
used to predict type 2 diabetes. Data is gathered from a variety of sources comprises of 415 cases. For model 
creation, MATLAB with SQL server is used. Naive Bayes produces 95% of exact prediction.  Kumari and Chitra 
(2013), conducted research to predict diabetes, they used SVM as a machine learning tool in the experiment. In 
SVM, the RBF kernel is used for classification. UCI provides data collection for Pima Indian diabetes.  SVM 
provides an accuracy of 78% percent. 
 
Some authors make use of a comparison approach to predict diabetes, Sen and Dash (2014) used meta-learning 
algorithms for a diabetes diagnosis. The diabetes data collection used in Pima Indians. WEKA uses CART, 
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AdaBoost, Logiboost, and ranking learning algorithms to determine whether or not a patient has diabetes. The 
precision of CART is 78.646%. The AdaBoost has a 77.864 percent accuracy rate. The accuracy of Logiboost is 
77,479 percent. Grading has a 66,406 percent correct grading rate. CART has the highest accuracy (78.646%) and 
the lowest misclassification rate (21.354%) of all the algorithms. Using the decision tree and Naive Bayes, Iyer et 
al. (2015) were able to predict diabetes. The UCI dataset was divided into two parts depending on the percentage 
(70:30) ratio. J48 has cross-validation and split figure precision of 74.8698 percent and 76.9565 percent, 
respectively. Using PS Algorithms, Naive Bayes achieves 79.5652 percent accuracy, and a split percentage 
evaluation yields the best accuracy. Zheng Tao et al., (2017) applied Random Forest, KNN, SVM, Naive Bayes, 
decision tree, and logistic regression to predict diabetes mellitus at an early stage, where filtering criteria can be 
improved.  
 
3.2.1 Analysis:  
A naive Bayes system can assist in diabetes disease diagnosis. In 2012, Nave Bayes has the best accuracy of 95 
percent. Table 2 describe the findings suggest that this system can make accurate predictions with a small margin 
of error and that this approach is useful in diagnosing diabetes.  
 

Table 2: Diebetes disease analysis 
Author Machine Learning Techniques Accuracy 

Iyer et al. (2015) Naïve Bayes 
J48 
CART 

79.56% 
76.9% 
78.6% 

Sen and Dash (2014) AdaBoost 
Logiboost 
SVM 

77.8% 
77.4% 
66.4% 

Kumari and Chitra (2013) SVM 78% 
Sarwar and Sharma (2012) Naïve Bayes 95% 
Ephzibah (2011) GA + Fuzzy Logic 87% 

 
However, the accuracy provided by Naive Bayes in 2015 is poor. It has an accuracy of 79.5652 percent or 79.57 
percent. For the development and testing of this proposed model for the diagnosis of Diabetes disease, further 
training data will be needed. 
 
3.3 Liver Disease 
To study liver disease, Rajeswari and Reena (2010) used the data mining algorithms Naive Bayes, K star, and FT 
tree. They use the UCI data collection, which includes 345 instances and 7 attributes. In contrast to other data 
mining algorithms, the FT tree has the best classification accuracy of 97.10 percent on the liver disease dataset. 
Gulia et al. (2014), conducted a study on intelligent methods for classifying liver patients Five innovative methods 
were applied, J48, MLP, Random Forest, SVM, and Bayesian Network classifiers. After FS, algorithms have the 
best precision, with J48 achieving 70.669 percent accuracy and the MLP algorithm achieving 70.8405 percent 
exactness. SVM has a 71.3551 percent accuracy, Random Forest has a 71.8696 percent accuracy, and Bayes Net 
has a 69.1252 percent accuracy. Vijayarani and Dhayanand (2015) used a Support Vector Machine and Naive 
Bayes Classification algorithm to forecast liver disease. As compared to Naive Bayes, SVM has the best accuracy 
for predicting liver disease, with 79.66 percent. 
 
3.3.1 Analysis: 
In contrast to the other algorithms, the FT Tree Algorithm produces the best outcomes for diagnosing liver disease. 
When the FT tree algorithm is used on a dataset of liver disease, the time it takes to create a model is much faster 
than for other algorithms. Details is described in Table 3.3. 
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Table 3: Liver disease analysis 
Author    Machine Learning 

Techniques                          
Accuracy 

Rajeswari and Reena (2010) FT 97.10% 
Gulia et al. (2014) J48 

MLP 
Random Forest 
SVM 
Bayesian Network       

70.6% 
70.8% 
71.8% 
71.3% 
69.1% 

Vijayarani and Dhayanand (2015) SVM  79.66% 

 
It demonstrates better efficiency based on its attribute. This algorithm accurately identified all of the attributes and 
has a 97.10 percent accuracy rate. Based on the results, this Algorithm plays a critical role in deciding the data 
set's improved classification accuracy (Fatima & Pasha, 2017). 
 
3.4 Hepatitis Disease 
Stefanescu et al. (2011), predicted the presence of variances using multiple regression and concluded that 
esophageal varices could be predicted using FIB-4 with 62% Area Under the Curve (AUC) and 66.96% for 
accuracy. To detect hepatitis disease, Karlik (2011) compares Naive Bayes and backpropagation classifiers. UCI 
provided the hepatitis data set. The precision of the Naive Bayes classifier is 97 percent. A three-layered 
feedforward NN is used, and it is trained using the Backpropagation algorithm with 155 instances. A 98 percent 
accuracy score has been reached. For diagnosing hepatitis, Sathyadevi (2011) used the C4.5, ID3, and CART 
algorithms. The UCI hepatitis patient data set is used in this analysis. With an accuracy of 83.2 percent, the CART 
algorithm is the most accurate. The ID3 Algorithm has a 64.8 percent accuracy rate. C4.5 algorithms achieve a 
71.4 percent success rate. In terms of precision and time complexity, the CART algorithm excels. 
 
Using the UCI dataset, Ba-Alwi and Hintaya (2013) proposed a comparative study of data mining algorithms for 
hepatitis disease diagnosis, including Naive Bayes, Naive Bayes updatable, FT Tree, K Star, J48, LMT, and NN. 
In 0 seconds, Naive Bayes gives an accuracy of 96.52 percent. The Naive Bayes updatable algorithm achieves 84 
percent accuracy in 0 seconds. The accuracy of FT Tree is 87.10 percent in 0.2 seconds. K star has an accuracy 
rating of 83.47 percent. The K star algorithm takes 0 seconds to complete. J48 achieves an accuracy of 83 percent, 
and the time it takes to identify is 0.03 seconds. LMT has an accuracy of 83.6 percent and takes 0.6 seconds. The 
correctness of the neural network is 70.41 percent. The perfect classification algorithm is Naive Bayes. 
 
S. Hashem et al. (2018), used Matlab and WEKA Softwares to test a cohort of 39,567 chronic HCV patients in 
Egypt using four classification algorithms: decision tree, genetic algorithm, multi-linear regression, and particle 
swarm optimization. For binary classification, 21 attributes are used. The decision tree had the best precision and 
AUROC of 84 percent among the four classification algorithms.  A chronic Hepatitis C dataset was created using 
non-invasive approaches such as blood serum, lab samples, and liver function tests between 2006 and 2017. Of the 
six algorithms, the Bayesian Network had the best accuracy of 68.9%. Gender, Platelet, Albumin, Total Bilirubin, 
Baseline, Liver, Spleen, Stiffness, and prothrombin concentration are from the 9 best-selected features among six 
feature selection methods and features (S. M El-Salam, et al., 2019). Previous studies showed that among different 
HCV genotypes, the 1 and 3 genotypes show predominantly in the entire India, whereas 4 and 6 showed up in 
some parts of India, respectively. The successful prediction of antiviral therapy in chronic Egyptian patients is 
analyzed by DT, and they find the important predictor to be alpha-fetoprotein (AFP) level. They conduct the new 
study in the Microbiology department of King George's Medical University, Lucknow. This hospital has an 
Integrated Counselling and Testing Centre (ICTC) facility and Anti-Retroviral Therapy (ART) Centre. The 
random forest from the R–package is used for the prediction of the model and they find the accuracy to be 98.3%. 
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3.4.1 Analysis: 
In Table 4, many algorithms have been used for the diagnosis of different diseases (Abd El-Salam et al., 2019; 
Nandipati et al., 2020). Feedforward neural networks with backpropagation have the best accuracy of 98 percent in 
detecting Hepatitis disease. Since this model uses an error backpropagation algorithm to train three-layered feed-
forward neural networks. Backpropagation training with the rule of delta learning is an iterative gradient algorithm 
designed to reduce the RMSE (root mean square error) between the actual output and the target output of multi-
layered feed-forward neural networks. Naive Bayes offers the second-best result. However, as opposed to neural 
networks, Naive Bayes takes less time to construct a model. 

 
Table 4: Hepatitis disease analysis 

Author    Machine Learning Techniques              Accuracy 
Otoom et al. (2013) Naïve Bayes 

Naïve Bayes updateable 
FT 

96% 
84% 
87% 

Vembandasamy et al. 
(2011) 

K star 
J48 
LMT 
NN 
Naïve Bayes 

83.4% 
84% 
83.6% 
70% 
97% 

Chaurasia and Pal 
(2011) 

Feedforward NN 
C4.5 

98% 
71.4% 

Parthiban and 
Srivatsa (2012) 

ID3 
CART 

64% 
83% 

 
4.0 Discussion 
Machine learning encompasses a variety of approaches to disease prediction, and several scholars have published 
articles examining some of these methods (Fatima & Pasha, 2017; Goel et al., 2019, 2019; Hasan et al., 2018a, 
2018b; Sangle et al., 2020, 2020). The application of machine learning algorithms to chronic diseases is 
investigated in this article. Many studies have been reviewed, with the findings showing the relevance of machine 
learning in disease classification and prediction. Some algorithms, such as Support Vector Machine (SVM), Naive 
Bayes, and J48, are more commonly used than others in the investigation. Accuracy metrics are found to be used 
in the papers, Naïve Bayes is having the highest accuracies across the research papers this has described the 
capability of the algorithm in the prediction of chronic diseases. The majority of the experiments have posed 
questions about dataset constraints and data inconsistencies, which should be tackled in future studies. 
 
5.0 Conclusion 
Machine learning is useful in several applications, including image recognition, data analysis, natural language 
processing, and disease diagnosis. Many of these fields may benefit from machine learning. This paper provides an 
overview of different machine learning approaches for diagnosing diseases including coronary artery disease, 
diabetes, liver disease, and hepatitis. Since they correctly define the attribute, many algorithms have shown 
positive results. SVM improves accuracy by 94.60 percent when it comes to detecting heart disease, according to 
previous analysis. With a classification accuracy of 95%, Naive Bayes is the most accurate tool for diagnosing 
diabetes disorder. FT has a 97.10 percent success rate for diagnosing liver disease. The feed-forward neural 
network, which has a 98 percent accuracy rate, correctly classifies hepatitis disease. These algorithms, based on 
the observations, provide improved specificity for a range of diseases. Several methods developed by the AI group 
are also included in this survey paper. These approaches are extremely useful in analyzing such problems which 
can lead to better decision-making. 
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Abstract: Optical fiber communication system is an innovation that transforms the global telecommunication 
industry. The system’s compatibility with other technologies, effectiveness and bandwidth properties proved its 
capability to satisfy the future consumer demands in term of voice, video and data transmission. Long distance 
transmission of data, file transfer, space exploration as well as Internet could be difficult without optical fiber. As 
a transmission medium, optical fiber gains acceptability into telecommunication industry due to huge bandwidth 
potential. However, the bandwidth is limited by major transmission characteristics which are attenuation and 
dispersion. Attenuation was reduced to barest minimum level below 20 dB km-1 which is acceptable since 1970, 
while there is an improvement in tackling the dispersive properties of optical fibers attaining a bandwidth up to 
tens of gigahertz over a number of kilometers. This article analyses theoretically, the effects of dispersion 
parameters on the bit rate of optical fiber using MatLab simulation and observed the variation in the bit rate with 
the variation of the dispersion parameters which is helpful in designing optical fiber with desired bit rate. 
 
Key words: Optical fiber, Bit Rate, wavelength, Dispersion, Attenuation. 
 
1.0 Introduction 
The use of visible optical carrier waves or light for communication has been common for many years, simple 
systems such as signal fires. Reflecting and more recently signaling lamps have provided successful, if limited 
information transfers. In the intervening years, a new technology slowly took root that would ultimately solve the 
problem of optical transmission, although it was a long time before it was adapted for communications. It 
depended on the phenomenon of total internal reflection, which can confine light in a material surrounded by other 
materials with lower refractive index, such as glass in air. In 1840s’ physicist (Daniel Collodion and Jacques 
Babinet) showed that light could be directed along jets of water for fountain display. In 1854, John Tyndall, a 
British scientist demonstrated that light could travel through the curved stream of water thereby proving that light 
signal could be bent. He proved that by setting up tank of water with pipe that ran out of one side. As the water 
flowed through the pipe, he shone a light into the tank into the stream of water. As the water fall an arc of light 
followed the water down. Later in 1880, William wrenching patented a method of light transfer called “piping 
light.” Wheeling believed that by using mirrored pipes branching off from a single source of illumination, i.e. a 
bright electric arc, he could send the light to many different rooms in the same way that water, through plumbing, 
is carried throughout buildings today. Due to the ineffectiveness of Wheeling’s idea and to the concurrent 
introduction of Edison’s highly successful incandescent light bulb, the concept of piping light never took off. 
 
Optical fibers are debatably one of the world’s most influential scientific developments from the latter half of the 
20th century. Why has the development of fibers been given so much attention by the scientific community when 
we have alternatives? The main reason is bandwidth – fibers can carry an extremely large amount of information. 
More indirectly, many of the systems that we either rely on or enjoy in everyday life such as space exploration, 
cloud computing, artificial intelligence, telemedicine etc. are themselves dependent on communication systems 
that are dependent on optical fibers. Designing an optical fiber determine the bitrate or bandwidth capacity of the 
signal accessible by the subscribers of fiber optic transmission medium. However, Fiber optics deals with study of 
propagation of light through transparent dielectric waveguides. The fiber optics are used for transmission of data 
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from point to point location. Fiber optic systems currently used most extensively as the transmission line between 
terrestrial hardwired systems. 
 
The first generation of light wave systems operated near 800nm and used Gallium Arsenide (GaAs) semiconductor 
lasers. After several field trials during the period 1977–79, such systems became available commercially in 1980. 
They operated at a bit rate of 45 Mb/s and allowed repeater spacing of up to 10 km.  The larger repeater spacing 
compared with 1-km spacing of coaxial systems was an important motivation for system designers because it 
decreased the installation and maintenance costs associated with each repeater. The second-generation of fiber-
optic communication systems became available in the early 1980s, but the bit rate of early systems was limited to 
below 100Mb/s because of dispersion in multimode fibers.  This limitation was overcome by the use of single-
mode fibers. A laboratory experiment in 1981 demonstrated transmission at 2 Gb/s over 44 km of single-mode 
fiber.  The introduction of commercial systems soon followed.  By1987, second-generation light wave systems, 
operating at 1300nm optical window with a bit rate of up to 1.7 Gb/s with a repeater spacing of about 50km, were 
commercially available. Third-generation light wave systems operating at 2.5 Gb/s became available commercially 
in 1990. Such systems are capable of operating at a bit rate of up to 10 Gb/s. 
 
The best performance is achieved using dispersion-shifted fibers in combination  with lasers oscillating in a single 
longitudinal mode. A drawback of third-generation 1550nm systems is that the signal is regenerated periodically 
by using electronic repeaters spaced apart typically by 60–70 km.  The fourth generation of light wave systems 
makes use of optical amplification for increasing the repeater spacing and of wavelength-division multiplexing 
(WDM) for increasing the bit rate. By 1996, not only transmission over 11,300 km at a bit rate in the range of Tb/s 
had been demonstrated by using actual submarine cables, commercial transatlantic and transpacific cable systems 
also became available.  The fifth generation of fiber-optic communication systems is concerned with extending the 
wavelength range over which a WDM system can operate simultaneously. The conventional wavelength window, 
known as the C band, covers the wave length range 1.53–1.57µm.  It is being extended on both the long- and 
short-wavelength sides, resulting in the L and S bands, respectively. The Raman amplification technique can be 
used for signals in all three wavelength bands. Moreover, a new kind of fiber, known as the dry fiber has been 
developed with the property that fiber losses are small over the entire wavelength region extending from 1.30 to 
1.65 µm. Moreover, the main objective of this work is to design analytically an optical fiber that has an optimum 
bitrate by analyzing and observing the effects of dispersion factors and other parameters such as the refractive 
index (n(ƛ)), spectral width (∆ƛ), length of the fiber (L), dopant ratio (x) and the core radius (a). 
 
2.0 Materials and Method 
2.1 Optimum Refractive Index Profile 
If light enters a non-absorbing homogeneous material, reflection and refraction occurs at the boundary surface. 
The refractive index n, is given by the ratio of the velocity of light in vacuum c to that of the medium v. The 
optimum refractive-index distribution of the high-bandwidth optical fiber was clarified by using Sellmeier 
equation. The refractive index is a function of the wavelength. The Sellmeier Equation is especially suitable for the 
progression of refractive index in the wavelength range from the UV region, through the visible to the IR region 
(to 2.3 µm). The Sellmeier equation is derived from the classical dispersion theory and allows the description of 
the progression of refractive index over the total operation region of an optical fiber. The equation is given by: 
 

풏(흀) = ퟏ + ∑ 푨풊
흀ퟐ

흀ퟐ 흀풊
ퟐ

풎
풊 ퟏ     (1) 

The determination of the coefficients (A) was performed for all glass types on the basis of precision measurements 
by fitting the dispersion equation to the measurement values. The variation of refractive index versus wavelength 
(dispersion curve) of silica glass is illustrated in the graph we plot using Matlab. With the first trial at x=0 (no 
dopants added) and the coefficients values are shown in the table below: 
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Table 1: Sellmeier coefficients of glass with a dopants of silicon oxide. 
Material      A1 흀ퟏ      A2 흀ퟐ       A3 흀ퟑ 
 0.696750 0.069066 0.408218 0.115662 0.890815      9.900556 

 
Where Ai and i are material dependent constants. For silica glass, their values are given in the table below. 
 
2.2 Overall Dispersion 
However, there are two types of dispersion in optical fibers. The first one is intra-modal dispersion which is also 
known as chromatic dispersion. The second one is inter-modal dispersion which happens between modes. There 
are two components of intra-modal dispersion. One is the material dispersion, determined purely by the material 
properties. The other one, waveguide dispersion is dependent on the waveguide parameters such as the V-value, 
the index profile and the core diameter. This also means that while material dispersion remains constant for a 
given material, the waveguide dispersion can be tailored by the choice of an appropriate index profile and 
diameter. The material and waveguide dispersion are inter-dependent. The total intra-modal dispersion is the sum 
of these two and is shown in Figure2 along with the material and waveguide dispersion. The point at which the 
dispersion value is zero gives the operating wavelength for minimum dispersion fiber. If the waveguide dispersion 
is not tailored, the fiber operated around this wavelength is referred to as a zero-dispersion fiber (typically around 
1300 nm). If the waveguide dispersion is tailored, the zero-dispersion point can be moved and fibers that operated 
at such a wavelength is identified as dispersion shifted fiber (around 1550 nm). Since they are Interdependent, the 
total intra-modal dispersion in optical fibers is given by: 
 

훿 (푡표푡푎푙) =  훿 (푚푎푡) +  훿 (푤푔   (2) 

Furthermore, to analyze the effect of each of these dispersion parameters (material and wave guide) on the overall 
performance of the fiber (optimum bitrate), material dispersion was carefully studied and then simulated using 
Matlab in order to observe its effect on the overall l performance of the optical fiber. 
 
2.3 Material Dispersion 
The material dispersion is due intrinsic property of the material. Glass is a dispersive medium. We can recall from 
our high school physics that glass has different refractive index for different colors. Since the velocity of light is 
 

∁ =       
 

   (3) 

As mentioned above while calculating the material we assume that there is no waveguide dispersion that is fiber 
has infinite radius. The medium then is an unbound medium with refractive index n() , which is a function of 
wavelength,  . Since the medium is unbound, the propagation constant of light is: 
 

훽 = ( )
∁

      (4) 

  Substituting for β in above general expression for dispersion, we get material dispersion as 

퐷 =
∁

×         (5) 

The material dispersion therefore is proportional to second derivative of the refractive index with respect to the 
wavelength. Since the second derivative denotes the curvature of the function, the material dispersion is 



           KAJOSTEH 
 
 

Kazaure Journal of   Science, Technology and Humanities (KAJOSTEH) Volume 1, 2nd edition, 2021  

 Page 23 
 
 

 

proportional to the curvature of the refractive index function. The result of the material dispersion simulation is 
illustrated in the next section of this paper. 
 
2.4 Waveguide dispersion 
The waveguide dispersion is due to the bound structure of the optical fiber. While analyzing waveguide dispersion 
we assume that the material dispersion is absent, that is the refractive indices of the core and the cladding is 
independent of wavelength. For analyzing waveguide dispersion, we need  relation. As we have seen that the 
whole exercise of analyzing modal propagation was to obtain the phase constant 훽 or a particular mode at a 
particular frequency. There is no analytical expression which can describe 훽 − 휔 relation. This relation is rather 
expressed in the form a numerical plot. Generally, we define two normalized parameters, V -number and b which 
can substitute  and  respectively. These parameters are characteristic parameters of a fiber. The V-number is a 
comprehensive parameter of an optical fiber as it takes into account the size of the optical fiber, a , Numerical 
aperture (NA), and the wavelength of operation. For a given fiber, a and NA are constant and the V-number is 
proportional to frequency. The V-number therefore is also referred to as the Normalized frequency. 
    The waveguide dispersion due to non-linear b-V diagram is obtained as 
 

퐷 = ∆ . 푉. ( )     (6) 

The V. ( )  peaks around V=1.2 for the lowest order LP01 mode. Consequently, in the single mode optical fiber 
the dispersion is maximum around V = 1.2. 
 
3.0 Optimum Bitrate 
Other parameters that hinders the optimization of the bitrate in optical fiber such as the spectral width of the source 
(Δ휆), the doping ratio (x), the length of the fiber (L), the core radius (a) and the refractive index differences (Δ) of 
the medium are analyzed and simulated using matlab thereby running trials while changing the values of those 
parameters and studying how each one of them affects the bitrate. 
 
3.1 Spectral loss 
There are four different mechanisms that lead to spectral loss. They are: (a) Intrinsic loss i (b) Scattering loss s  
(c) Ultraviolet loss uv (d) Infrared loss ir. The different mechanisms are given by: 
 

 휎I = 0.2db/km      (7a) 

σs= 0.75 + ( )       (7b) 

σ = ( .
.

) × e      (7c) 

σ = 7 × 10 × e       (7d) 

Therefore, the total loss is: 
σ = σ + σ + σ + σ       (8) 

We Define Ft, the fiber bandwidth, as 
푭풕 = .        (9) 
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where Δ휆 the spectral width in m, L is the fiber length which is in m also. Finally, the equation for maximum 
bitrate in an optical fiber is given by 
 

B =        (10) 
 
where L is the fiber length in km and A is a constant depending on the combinations between the optical sources 
and detectors. 
                   
 

 
 
However, the result of Lt is in unit of dB, therefore it must be converted to normal using10 . Hence we apply 
Newton Raphson method in order to achieve that as follows. 
 

1.25( ) = 10log ( )   (11) 

The steps are as follows: We used Newton Raphson method to solve and find the value of the bitrate, the 
procedures are as follows: 

i. We first put the equation in the zero form i.e. f(x)=0 
ii. Then we used Matlab and differentiate it and get f´(x) 

iii. We started the guess with an initial value of Bm/2 (that is xi) and then compute f(x1) and f´(x1) 
iv. Then we asked the computer to calculate the root using the formula below 

 
X = X − ( )

( )
       (12) 

v. After computing the root, we asked the program to calculate the absolute error as  
 

|푒푟푟표푟| =     (13) 

vi. Check if the error is less than 0.001 if yes then stop and hold the value as the Br if not, repeat the 
alteration then go again and compute new value of Xnew until we achieved the desired result (maximum 
bitrate) as we show and explain in the result section of this paper. 

 
4.0 Result and Discussion 
After successful study, analysis and simulation of the parameters, the results of the simulation are shown in figure 
(1). It shows the typical simulation results of the Sellmeier equation without dopant. At 1.3µm optical window the 
refractive index is 1.447. It is however especially suitable for the progression of refractive index in the wavelength 
range from the UV through the visible to the IR area (to 2.3 µm). 
 
As we described earlier, it is derived from the classical dispersion theory and allows the description of the 
progression of refractive index over the total transmission region with one set of data and to calculate accurate 
intermediate values. 
 

A = 2×1011 bit.km/s  for LED + APD 
A = 6.309×109 bit.km/s  for LED + PIN 
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Figure 1. Refractive Index (n (λ)) using Sellmeier 

 
Figure 2. Material Dispersion 

 
Figure (2) shows the variation of the material dispersion, with the variation of wavelength , at different ratios of 
doping x. It’s clear that as the wavelength increases, the material dispersion also increases from negative to 
positive value crossing through the zero dispersion point which allow us to have a zero-dispersion shifted fiber as 
we will explain later in this chapter. Note:  The material dispersion is zero at 1294 nm. However, in a single mode 
fiber, we always get dispersion which is a combination of material and waveguide dispersion. 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 3(a). Waveguide parameter (b) Waveguide Dispersion (Dw) 
(a) (b) 
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Figures 3a and 3b represent the experimental and simulated result for the waveguide dispersion respectively, this is 
due to the bound structure of the optical fiber. While analyzing waveguide dispersion we assume that the material 
dispersion is absent, that is the refractive indices of the core and the cladding are independent of wavelength. For 
analyzing waveguide dispersion, we need     relation.  As we have seen that the whole exercise of analyzing 
modal propagation was to obtain the phase constant    for a particular mode at a particular frequency. There is no 
analytical expression which can describe      relation. This relation is rather expressed in the form a 
numerical plot. Generally, we define two normalized parameters, V -number and b  which can substitute   and 
  respectively. These parameters are characteristic parameters of a fiber. The single mode optical fibers therefore 
have V-number very close to but less than 2.4 so that they have lowest possible waveguide dispersion. Hence, the 
waveguide dispersion has negligible effect on the bit rate. 
 

 
Figure 4. Dispersion Shifted Fiber as a function of lambda (λ) 

 
Figure (4) show the typical simulation results of the main aim of this chapter, is to discuss the effect of different 
parameters of optical fiber on material and waveguide dispersions. However, the figure shows that the zero 
material dispersion could be shifted from 1.5 µm wavelength by doping another material to the fiber to adjust its 
properties. Using this information, we could produce a fiber that has a minimum attenuation with zero dispersion 
at a wavelength of 1.55 µm. 
 
 

 

 

 

 
 

 
 

Figure 5. Bit rate and dopants ratio 
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Figure (5) shows the typical simulation results of the variation of the bitrate with different values of dopant ratio 
(x) for a single mode fiber. As we can see from the figure that the bit rate decreases when we increase the dopant 
concentration. 
 

 
Figure 6. Variation of Bit rate and wavelength at different value of ∆ 

 
Figure (6) shows the simulation results of the variation of the bit rate with different values of (Δ) for a single mode 
fiber. As we can see from the figure that the bit rate decreases when we increases (Δ). Figure (7) shows the 
variation of the bit rate with different values of (L) for a single mode fiber, the fiber radius is taken as 2.5µm. As 
we can see from the figure that the bit rate decreases when we increase (L). Figure (8) show the simulation results 
the variation of the bit rate with different values of (a) for a single mode fiber, the fiber length is taken as 10km. 
As we can see from the figure that the increase in the fiber radius has a negligible effect on the bit rate. 
 

 
Figure 7. Bit rate vs. wavelength with different values of (L) 
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Figure 8. Bit rate vs. wavelength with different values of (푎) 

 
5.0 Conclusion 
To conclude, why has the development of fibers been given so much attention by the scientific community when 
we have alternatives? The main reason is bandwidth – fibers can carry an extremely large amount of information. 
More indirectly, many of the systems that we either rely on or enjoy in everyday life such as banks, 
telecommunication companies, television and newspapers as are themselves dependent on communication systems 
that are dependent on optical fibers. The use of fiber optic in sending and receiving information is the one of the 
most influential scientific developments from the latter half of the 20th century. The use of visible optical carrier 
waves or light for communication has been common for many years, light as mean of communication has been use 
since ancient time. Many scientists have contributed a lot in making fiber optic one of the most reliable mean for 
communication in this century. The objective of this work is to estimate the results and the limits of a bit rate of 
optical fiber. One of the major limitations of optical fiber communication systems is the pulse broadening 
introduced by dispersion. We analyzed bitrate parameters factors theoretically by the use of matlab, results have 
been obtained, that help us in designing fiber with less loss and minimum dispersion. Parameters like the 
wavelength (), core radius (a), spectral width (), dopant ratio (x), length (L) of the fiber and the refractive 
index differences between the core and the cladding () of the fiber affects the bitrate and see at which value we 
can be able to transmit more data. Our model that we designed and simulated using matlab program for a different 
value of all the parameters and as we have described in detail using graphs, we saw how each parameter affects the 
overall performances of the bitrate.  
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Abstract: Many people these days suffered from low back pain. To find a solution to this problem, a posture 
monitoring system is going to be discussed in this review. The performance of the system will be assessed by 
accurately measuring the posture angle and the output represented by the wearable monitoring or tracking 
system. To do this, flex sensors will be used with an Arduino Uno Board. The flex sensor will be placed on various 
joints to determine the motion information of those positions. The system will be analyzed in theory and the 
proposed design and how it is built will be described. Finally, the paper will highlight the design development, 
validations and how they can be improved in the future. 
 
Keywords: Back pain, Posture, Arduino UNO, Flex sensor  
 
1.0 Introduction 
The use of wireless technologies and systems and their related applications have experienced a rapid development 
which has significantly affected our lives. It is known that bad posture affects many people as a result of their daily 
activities (Alzarouni, Alsuwaidi, & Bazazeh, 2016). For example, most students these days are suffering from 
neck and back pain due to the excessive use of computers and their posture while using them. Therefore, 
correcting bad posture is important for maintaining good health. 
 

 

Figure 1 Bad posture representation. Sourced: (Alzarouni, Alsuwaidi, & Bazazeh, 2016) 
 

Posture monitoring devices or systems warn their users when they lean to a position that can cause harm to their 
body (spine) (Alzarouni, Alsuwaidi, & Bazazeh, 2016). This happens when the change in body or posture angle 
reaches a certain value. So, it is important to determine the threshold value of that angle so that a good posture can 
be maintained. In this paper, a wearable sensing device or system that can be used to correct a bad posture will be 
discussed. The theory, design and the implementation of how a flex sensor can be used to control a posture angle 
will be covered in different sections of the paper. The first stage of the project is research and it is the part that 
takes the longest time because the project is mostly theory. Different ideas related to posture correction will be 
investigated and compared by the team members and the one that matches with the project requirement will be 
considered. The next stage will be choosing the right hardware modules which include the type of sensing devices 
and if they give an accurate output associated with the input. Lastly, the performance of the system will be 
analyzed and reviewed to see how it can be improved in the future. 
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2.0 Literature Review 
For any measurement system to be effective and have a good performance, its design must include a good sensing 
element. Different types of sensors will be briefly discussed, analyzed and compared in the way they respond to 
the input after which a signal conditioning will be applied. The one that best meets the project requirements which 
is posture correction will be used. 
 
2.1Flex Sensor 
A flex sensor is a type of sensor that is used to measure the amount of bending by placing it in contact with the 
surface. The resistance of the sensor varies when the surface is bent. It is used in many research areas like 
computer interfaces. Performance analysis between flex sensor and image analysis measurements shows that the 
regression coefficient between the flex sensor’s angle and the output voltage is 88.9% (Alzarouni, Alsuwaidi, & 
Bazazeh, 2016). This type of sensor is perfect for this project because it is related to the posture correction which 
is all about excessive bending of the human body (spine). 
 

 
Figure 2. Wearable posture correction suit using flex sensor 

 
2.2 Strain Gauge 
 Strain can be defined as the ratio of the increase in a given length to its original or initial length. Strain gauge is a 
device that is used to sense this change by converting it in to electrical signal. This is because the resistance of a 
strain gauge can change when compressed or stretched. In order to use this type of sensor for posture correction, it 
must to be able to measure a minute strain and this can be achieved by using Wheatstone bridge which is capable 
of measuring small change in resistance (Hoffmann, K. (1974)). Unlike flex sensor, a quite number of stain gauge 
or sensors as shown in figure 3 must be used to achieve a similar result. It is also important to consider some 
factors like types, resolution e.t.c when selecting a strain gauge. 
 

 
Figure 3. A wearable posture correction device using strain gauge. Sourced: (Mattmann, 2008) 
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2.3 Gyroscope/Accelerometer 
Gyroscopes and Accelerometers are types of sensors that work well together. Gyroscopes can sense any rotational 
movement while an accelerometer senses or measures linear acceleration (Wong, W. Y., & Wong, M. S. 2008). 
They are usually used to obtain information on position and orientation in robotic industries related projects. They 
can also be used in measuring angular velocity and linear acceleration of parts of the human body. 
  

 
Figure 4. Gyroscope/Accelerometer representation of posture correction. Sourced: (Wong, and Wong, 2008). 

 
For posture correction, a gyroscope and an accelerometer can be used to collect postural information related to the 
spine’s surface (Wong, W. Y., & Wong, M. S. 2008). This can be done by using a tri-axial gyroscope and 
accelerometer, as shown in Figure 2 to detect the changes in posture angle caused by the movement of the spine. 
 
2.4 Comparison between Sensors 
Obviously, each type of sensor has its own advantages and disadvantages, and the choice must be based on 
objective criteria, which allow defining the best sensor for this project. 
 
2.4.1 Cost 
Cost is one of the important criteria to be considered when choosing a sensing element. It is needed to keep cost as 
low as reasonable. Flex sensor and Strain sensor have low price, while the Gyroscope/Accelerometer has more 
expensive cost. However, taking into account that the quantity of Strain sensors required for the system is high, the 
total cost is dramatically increased. 

 
Table 1. Cost comparison of the three sensors device 

Sensor Type Cost Source 
Flex sensor N5,428  Online 
Gyro/Accelerometers N29,342 Online 
Strain gauge N5,947 Online 

. 
2.4.2 Accuracy and Repeatability 
It is essential criteria for measurement system that sensors are able to provide a high accuracy and repeatability. 
The posture monitoring system must show the same results in the same conditions. The sensor has to define the 
angle of bending with acceptable accuracy. Although, the stain sensor accuracy is enough for the system, but there 
are factors that affect strain gauge accuracy, such as the temperature, electromagnetic interference, humidity, and 
the environment (Simone, L. K., & Kamper, D. G. 2005). The flex sensor, in turn, provides a good level of 
accuracy and repeatability due to lack of influence mentioned factors. 
 
2.4.3 Safety 
Safety is incredibly important as well. The system must not heat up especially when it is placed directly on the 
skin. The design should not also cause skin reactions. All sensors are safety and has no influence on skin. 
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2.4.4 Reliability  
The system should be reliable in terms of power consumption and data accuracy. Since wearable devices are 
powered by batteries and are required to be ON almost all the time, they consume a lot of power (Nakhkash, M. 
R., Gia, T. N., Azimi, I., Anzanpour, A., Rahmani, A. M., & Liljeberg, P. (2019, May)). The Flex sensor is 
exceptionally reliable item due to its simple structure. Nowadays, there are a lot of researches for 
Gyro/Accelerometers reliability showed that it is on a high level (Wong, W. Y., & Wong, M. S. 2008). However, 
the system based on strain sensors cannot provide the same due to fundamental structure features. 
 

Table 2. Compare the three sensing devices in terms of reliability 
Sensor Type Reliability Reason 

Flex Sensor Good Due to simple structure and principle of work 
Gyro/Accelrometer Excellent High manufacturing quality of chosen one model 
Strain sensor Average A lot of joints and big number of used sensors 

 
2.4.5 Power Consumption 
Reducing the devices power consumption is considered challenging because the capacity of the battery is limited 
since the overall size has to be small. Therefore, wearable should operate at ultra-low power. The system based on 
strain sensors consumes a lot of energy because the system contains a number of strain sensors (Mattmann, C. 
2008). On other hand, the system assembled from flex sensor and gyroscope / accelerometer, requires low power 
consumption due to much fewer number of used sensors (Wong, W. Y., & Wong, M. S. 2008).  
 
3.0 System Design 
In this section, the main parts of the system and its functions are represented by the block diagram. There are three 
main parts of the posture monitoring system, which are control unit, sensor unit and power unit as shown in the 
Figure 5. The sensor unit generally collects data about back movements of user. Then the data is transmitted to the 
control unit for processing. The control unit makes decisions according the gathering data along with flex sensor 
data received from the sensor unit. 
 

 
Figure 4 The system block diagram Source: (Alzarouni, Alsuwaidi, & Bazazeh, 2016). 

 
Both sensing units and control units are powered by the power unit. It is responsible for supplying power to the 
whole system though a battery and a charger. After a lot of research, different designs were compared and the final 
design has been selected. Figure 6 below shows the final system and components used numbered from 1 to 6. 
Basically, the gyro/accelerometer sensor is supposed to define the position of a spine and provide the information 
to the processing unit. The flex sensor executes supportive role due to low sensitivity at low bending angles. The 
microcontroller processes the data and regulates vibration motor’s work. At the time, the microcontroller provides 
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processed data to the wireless module for transmitting posture position information to the computer. The PC shows 
graphs of user’s posture. 
 

 
Figure 5. System schematic diagram. Sourced: (Alzarouni, Alsuwaidi, & Bazazeh, 2016). 

Keys 
1) Rechargeable battery: Lithium Ion Battery: 
2) Bluetooth modem: BlueSMiRF Silver 
3) IMU: MyAHRS+ sensor  
4) Microcontroller: Arduino  
5) Flex sensor:  
6) Vibration motor: LilyPad Vibe Board 

 
3.1. Sensor Modeling 
The type of sensor considered in this research was the flexible one. Therefore, the required characteristics and 
limits are defined partially as well. The datasheet of the sensor provides a model response, according to which its 
nature is linear, with a resistance range of around 10k-20k.To make the signal from the Flex sensor more suitable 
for processing there was used 10K resistor. It opened the way to convert sensor resistance into the required data as 
shown in equation (1). 
 

푉 =  푉 ∙
 

            (1) 

푤here 푅1 = 10푘Ω &푅푓 = Flex Sensor’s resistance. First step should be to pin the whole system onto a prototyping 
breadboard for a more versatile and easy connection or component changes. Moreover, the Bluetooth mate cannot 
load the Arduino program onto the Arduino, thus a Future Technology Device International (FTDI) wire should be 
used to connect the Arduino Pro Mini MCU to the computer in order to load the program. And since both the 
Bluetooth module and the FTDI wire use the same pins on the Arduino, there has to be a lot of disconnections and 
connections in order to experiment with the design and program. After finalizing the code and confirming that the 
vibration board vibrates only when both of the following events occur:  
1) Flex sensor resistance exceeds the specified threshold (Resistance ≥ 33000 Ω).  
2) Angle calculated using the data collected from the IMU sensor (Angle ≥ 20°). 
 
3.2. Hardware Development 
The aim was to develop hardware for a posture sensor using a flex sensor, an Arduino and other sensors. A 
literature review was conducted to find the best design for a wearable posture sensor, which was concluded to be 
an undervest which uses two sensors: one on the upper back and one on the lower back (Alzarouni, Alsuwaidi, & 
Bazazeh, 2016) 
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3.2.1 Prototype Development 
The prototype of the posture sensor incorporated a flex sensor, a buzzer and an Arduino UNO board. The circuit 
was set up using a breadboard. Figure 7 shows a breadboard view of the circuit that was used where R2 represents 
the flex sensor and SG1 represents the buzzer. The flex sensor was powered by the 5V power source on the 
Arduino. The other terminal of the flex sensor was used as an input to the Arduino by connecting it to the analogue 
pin A0 on the Arduino board and connected to the ground pin of the Arduino. The buzzer was connected to pin 13 
of the Arduino board.  

 
Figure 6. Breadboard view of the schematic 

 
3.2.2 Prototype Testing 
The posture sensor was tested by placing it on the user’s upper back to measure the curvature of their upper spine. 
Once the user’s back was bent too much, the buzzer was programmed to vibrate to alert them that their posture 
was bad so that they could improve it.  The resistance of the flex sensor was measured for different levels of 
curvature of the spine. It was decided that the user’s posture became poor when the flex sensor has a resistance of 
460Ω, therefore the buzzer was programmed to vibrate at a resistance greater than or equal to 460Ω.  
 
3.2.3 Future Hardware Improvements 
The prototype of the posture sensor features a binary user feedback system, where the buzzer vibrates if the user’s 
posture reaches a bad level and remains off if their posture is good. The posture sensor could be improved by 
adding a continuous user feedback system, which shows the user how good their posture is. This could be 
achieved by adding an LED display which displays the resistance of the flex sensor to the user. The posture sensor 
could also be improved by adding a Bluetooth module to the Arduino, which would allow the user to be more 
mobile while using the sensor. Currently, the posture sensor circuit must be connected to the computer with wires 
for it to work. It has been reported in the literature that the flex sensor is not sensitive enough to detect small angle 
changes (Alzarouni, Alsuwaidi, & Bazazeh, 2016). Therefore, the posture sensor measurement could be made 
more accurate by using other types of sensors, for example, an IMU. The posture sensor design could also be 
improved by using a PCB instead of a breadboard. This would remove the need to set up the circuit on the 
breadboard using jumper wires every time the sensor is used.  
 
3.3 Software Development 
The software for the posture sensor was written using the Arduino IDE. Figure 6 shows the Arduino sketch that 
was used for the sensor. The software aimed to cause the buzzer to vibrate when the user’s posture became bad. 
Firstly, the pins that the flex sensor and buzzer were connected to on the Arduino board were set. Then the pins 
were set as either an input or an output using the function pin Mode. The buzzer was programmed to vibrate if the 
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resistance of the flex sensor was greater than or equal to 460Ω. The posture sensor could be improved by 
developing software to calibrate it. The software could be improved by adding a possibility to give the user 
constant feedback about their posture instead of just telling them whether it is good or bad. It could also be 
improved by adding software to calibrate the posture sensor. This could be done by calibrating the back angle 
measured by the sensor against angles measured using a goniometer or other means similar to the one developed 
by Wang et al (2011) (Wang, King, Do, & Nenadic, 2011). Flex sensors display non-linear behavior between the 
flexion angle and their output resistance (Wang, King, Do, & Nenadic, 2011) (Saggio, Riillo, Sbernini, & 
Quitadamo, 2015), therefore some software could be developed to compensate for this non-linearity.  
 
4.0 Performance Analysis 
Some of the most important characteristics necessary for optimum performance of flex sensors like the ones used 
for this posture sensor are power consumption, linearity in response, reliability and robustness (Saggio, Riillo, 
Sbernini, & Quitadamo, 2015). Access to the lab has been limited during this project. Therefore, the performance 
of the sensor has been speculated on based on research.  
 
4.1Nonlinearity 
Abro et al (2019) described a method of measuring the non-linearity of flex sensors by wrapping the flex sensor 
around varying lengths of 3D printed pipe. The pipes ranged from a diameter of 10-100mm, increasing in intervals 
of 10mm. They plotted the output voltage of the flex sensor against the diameter of the tubes and found that the 
flex sensor displays a non-linear relationship between the tube diameter and the output voltage of the flex sensor. 
A second-order polynomial can be used to approximate this relationship (Abro , et al., 2019). This procedure 
should be used to measure the non-linearity of the flex sensors used in this project, and if they are found to display 
a non-linear relationship, then this non-linearity should be compensated for. This could be done by introducing a 
compensating a non-linear element into the system or by using high gain negative feedback (Bentley, 2005). 
Methods to linearize the non-linear behaviourexplored include changing the shape of the flex sensor. For example, 
cutting the sensitive part of the flex sensor into a triangle. The non-linear behaviour can also be linearized by 
fixing a thin PVC (polyvinyl chloride) film to the flex sensor carbon layer (Saggio, Riillo, Sbernini, & Quitadamo, 
2015) 
 
4.2 Calibration 
Calibration is necessary when using flex sensors to measure joint angles to control for variations in skin and tissue 
characteristics and the positioning of the sensor (Wang, King, Do, & Nenadic, 2011). Wang et al (2011) used 
voltages from flex sensors to measure joint angles. Angles calculated from voltages measured by the flex sensors 
were calibrated against angles measured using a goniometer. A Graphical User Interface (GUI) in MATLAB to 
convert the voltages into angles. Then a data acquisition system was used to interface the data collected by the flex 
sensors into MATLAB. A calibration process for the posture sensor from this project could be developed by using 
a similar GUI and using data collected by the serial monitor in MATLAB instead of a data acquisition system. The 
posture sensor in this project uses flex sensors to measure the curvature of the spine. Therefore, a goniometer 
would not be suitable to calibrate this sensor. Therefore, a different method should be used to calibrate the posture 
sensor.  
 
4.3 Reliability  
The datasheet for the flex sensor used for the posture sensor states that it has a lifecycle of over one million uses 
(sparkfun, 2014). This would mean that flex sensors have a long total uptime and therefore, assuming the number 
of failures is small, a long mean time to failure. Mean time to failure (MTTF) in years can be calculated with the 
following formula. 

 
푀푇푇퐹 = ∑ 푇 (2)     (2) 
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where N is the number of failures, and Ti is the survival time for the ith failure (Bentley, 2005). The posture sensor 
described in this report uses components which are easily replaceable. The Arduino, flex sensor and buzzer can all 
be easily swapped in and out of the sensor circuit because it has been set up using a breadboard. This means that 
the posture sensor has a short maintenance time.  
 
5.0 Conclusion 
A posture sensor was proposed as a solution to back pain caused by excessive use of computers and other bad 
posture causes. A literature review was conducted on existing solutions for posture sensors and this inspired the 
design of the posture sensor presented here. The posture sensor design was prototyped on a breadboard, 
incorporated a flex sensor, Arduino UNO board and vibration buzzer. The flex sensor was used because it shows 
more accuracy compared to other sensing devices as explained in section 2. The system was designed, analyzed 
and the system performance appeared to be satisfactory. The sensor hardware could be improved by adding other 
types of sensors such as an IMU module and a Bluetooth module, and the software could be developed by adding 
software to calibrate the sensor and software to compensate for non-linearity. 

 
6.0 References 
A. Alzarouni, A. Alsuwaidi and D. Bazazeh (2016), "Wearable Posture Monitoring System with Vibrational Feedback," Khalifa University. 
P. T. Wang, C. E. King, H. A. et al., (2011). “A durable, low-cost electrogoniometer for dynamic measurement of joint trajectories,” Medical  

Engineering & Physics, vol. 33, no. 5, pp. 546-552. 
Z. A. Abro , Z. Yi-Fan, C. Nan-Liang, et al., (2019), "A novel flex sensor-based flexible smart garment formonitoring body postures," Journal  

of Industrial Textiles, vol. 49, no. 2, pp. 262-274,  
G. Saggio, F. Riillo, L. Sbernini et al.,  (2015), "Resistive Flex Sensors: A survey," Smart Materials and Structures, vol. 25, no. 1. 

sparkfun, "FLEX SENSOR," 2014. [Online]. Available: https://cdn.sparkfun.com/datasheets /Sensors/ ForceFlex 
/FLEX%20SENSOR  %20DATA%20SHEET%202014.pdf. [Accessed 29 April 2020]. 

E. Fahad, (2019) "Human Posture monitoring using Flex Sensor & Arduino “Arduino biomedical project" Electronic Clinic. [Online].  
Available: https://www.electroniclinic.com/human-posture-monitoring-using-flex-sensorarduino-arduino-biomedical-project/ . 
[Accessed 16 April 2020]. 

S. C. Mukhopadhyay, (2015) “Wearable sensors for human activity monitoring: A review,” IEEE Sensors Journal, vol. 15, no. 3, pp. 1321– 
1330. “Common posture mistakes and fixes,” Online, 2014. [On-line]. Available: Common posture mistakes and fixes 
https://www.nhs.uk/live-well/exercise/common-posture-mistakes-and-fixes/  

J. Meyer, B. Arnrich, J. Schumm, and G. Troster, (2010) “Design and modeling of a textile pressure sensor for sitting posture classification,”  
IEEE Sensors Journal, vol. 10, no. 8, pp. 1391–1398. 

M. A. Finley and R. Y. Lee, (2003) “Effect of sitting posture on 3-dimensional scapular kinematics measured by skin mounted electromagnetic  
tracking sensors,” Archives of physical medicine and rehabilitation, vol. 84, no. 4, pp. 563–568. 

S. Bei, Z. Xing, L. Taocheng, and L. Qin, (2017) “Sitting posture detection using adaptively fused 3d features,” in 2017 IEEE 2nd Information  
Technology, Networking, Electronic and Automation Control Conference (ITNEC), pp. 1073–1077. 

Karacizmeli, C. Cakir, G., Tukel, D. (2014). Robotic and Project. 22nd. Signal Processing and Communications Applications Conference  
(SIU), 2014, 473-476 s. 

Mattmann, C. (2008). Body posture detection using strain sensitive clothing (Doctoral dissertation, ETH Zurich).  
Hoffmann, K. (1974). Applying the Wheatstone bridge circuit. Germany: HBM. 
Wong, W. Y., & Wong, M. S. (2008). Trunk posture monitoring with inertial sensors. European Spine Journal, 17(5), 743-753. 
Simone, L. K., & Kamper, D. G. (2005). Design considerations for a wearable monitor to measure finger posture. Journal of neuroengineering  

and rehabilitation, 2(1), 1-10. 
Nakhkash, M. R., Gia, T. N., Azimi, I., et al., (2019). Analysis of performance and energy consumption of wearable devices and mobile  

gateways in iot applications. In Proceedings of the International Conference on Omni-Layer Intelligent Systems (pp. 68-73). 
 
 
 
 
 
 
 



           KAJOSTEH 
 
 

Kazaure Journal of   Science, Technology and Humanities (KAJOSTEH) Volume 1, 2nd edition, 2021  

 Page 38 
 
 

 

Effective Implementation of Engineering Technology to Tackle Insecurity Challenges in 
Nigeria 

 
Sahanunu Dahiru1*, Aminu Maigari2, Zainab Suleiman Abdullahi3 
1Department of Computer Engineering Jigawa State Institute of Information Technology, Kazaure, 
2Department of Computer Science Jigawa State Institute of Information Technology Kazaure 
3Department of Computer Engineering, Hussaini Adamu Federal Polytechnic, Kazaure, Jigawa State 
 

*Corresponding Author Email: sdahiru2@gmail.com  Mobile: 08032881591 
 
Abstract: Insecurity in Nigeria is one of the major obstacles towards the economic development of the country. 
The threat of insecurity has been in a multi-dimensional phenomenon ranges from Boko haram, insurgencies, 
banditry among others which affects the economic growth of the country. Engineering technology could be used to 
tackle some of these problems. This paper studies various possibilities for tackling insecurity through engineering 
technology. Among others are implementation of space technology, restructuring Nigeria’s economies, adoption of 
modern technologies, emphasizing industrial policy which should create enabling business environment within the 
country by providing incentives to manufacturers, ensuring regular and uninterrupted power supply as well as 
promoting the industries level in the production of security monitoring devices. Engineers have a vital role to play 
in tackling the persistent insecurity challenges in Nigeria especially from the perspective of manufacturing 
surveillance devices through a sufficient concentration in modern technology and gingering more effort to return 
the industry to its crucial position in the national economy. 
 
Keywords: Engineering technology, insecurity, economic growth, Nigeria  
 
1.0 Introduction 
The adoption of Engineering technology in tackling insecurity challenges in Nigeria is impeded due to 
proliferation of outdated technologies, societal resistance to change, failure to bridge the gap between Academia 
and industry, failure to utilize computerized surveillance devices in strategic places to mention a few. These are 
some of the major factors that hinder the technological contribution towards tackling the insecurity challenges in 
the nation. Engineering is the field or discipline, practice, profession and art that relates to the development, 
acquisition and application of technical, scientific and mathematical knowledge about the understanding, design, 
development, invention, innovation and use of materials, machines, structures, systems and processes for specific 
purposes. The role of Engineers in restructuring Nigerian security issues is very crucial. The expanding 
population, rising living standard and resilient poverty among rural families, poverty among rural family 
population, unsustainable pressure on natural resources, inadequate and outdated Technology, low-educational 
standards, lack of investment in small scale, contribute to the poor performance of improving National Security.  
 
2.0 Insecurity and Engineering Technology in Nigeria  
Insecurity is the extreme opposite of security. The import of this is that it is pertinent to conceptualize security 
before danger. Buzan (1991) sees security as a political, economic, social and environmental threat that affects the 
individual as well as the state at national and international levels. To other scholars, security is the absence of risk 
to acquire values or tendencies that would undermine national cohesion and peace as criteria for the determination 
of the meaning of security. Security is the condition or feeling of safety from harm or danger, the defense, 
protection and absence of threat to acquire values (Wolfers, 1962; Oladeji and Folorunso 2007). Security is aptly 
conceptualized by (Imobighe 2002)  Security is the freedom from danger or threat to a nation's ability to protect 
and develop itself, promote its cherished values and legitimate interest and enhance the well-being of its people. In 
another definition, security is freedom from or the absence of those tendencies which could undermine internal 
cohesion and the corporate existence of a nation and its ability to maintain its vital institutions for the promotion of 
its core values as well as freedom from danger to life and property (Oche, 2001). Security is simply the existence 
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of conditions within which individuals in a society can go about their normal daily activities without any form of 
threat to lives and property (Igbuzor, 2004; Akin, 2008). Anything devoid of this constitutes a challenge to 
security. Insecurity as an antithesis of security refers to a condition that exists due to lack of adequate measures put 
in place to protect individuals, information and property against hostile persons, 
 
2.1 Strategies for Sustainable Peace and Security in Nigeria 
Government and people of Nigeria must work towards achieving sustainable peace and security to save the 
country from becoming a failed nation. Thus, the following measures should be supported to ensure the state does 
not collapse. The problem of poverty must be tackled aggressively through job creation. A review of the policies 
that promote small and medium scale industries is thus necessary as this could in the immediate absorb the 
unemployed. Value addition to primary products should also be supported, and the export of Agricultural raw 
products must be discouraged. Families should take responsibility of training the young ones and maintain peace 
in the family. Government should create employment opportunity for the teaming population to reduce 
unemployment. Government should make Nigerian education functional by training each child in a particular skill 
which the child can fall back on when there is no job.  Government should provide the basic necessities of life for 
the citizens and try to keep to their promises to the masses This measure will impact positively on industrial 
growth as well as to enlarge the employment opportunities available. The informal sector harbors the majority of 
the people in the country, most especially women. The government must make a conscientious effort to provide 
sustainable poverty alleviation programs for those in this sector to boost their trade and also the economy of the 
country. Doing this will speed the process to alleviate the sufferings of beneficiaries in this sector and encourage 
those who could not get a job in the formal area to find assistance in this sector of the economy. Massive 
infrastructural development must be one of the priorities of the Federal, State and Local Governments; most 
notably at the rural areas and urban slums. Developing rural areas will curb rural-urban drift. The overall objective 
of the Strategy for sustainable peace is to contribute to prevention of armed conflict, effective conflict resolution, 
sustainable peacebuilding and statebuilding, increased human security in fragile and conflict-affected states, and 
empowerment of women as well as of youth, children and other excluded groups in these situations.  
 
2.2Significance of Adoption of Engineering Technology in Nigeria 
2.2.1 Economic Growth 
Engineering and Technology are vital for the provision and development of food supply, production and 
processing, water supply and sanitation, waste disposal, housing, energy, transportation, communication, income 
generation, employment and enterprise creation. (Unesco 2010). It is in direct applications at the community and 
family level– in both villages in rural areas and urban neighborhoods that technologies are most vital and visible in 
addressing basic human needs and improving the quality of life of ordinary people. Examples include the 
development of agriculture by women, equipment (such as animal- and engine-powered farm machines), domestic 
food processing tools, equipment and techniques, the construction of wells, water tanks and improved toilets, 
better housing and cooking stoves, low-cost roads and, of course, almost ubiquitous mobile phone use. Technology 
for the poor does not have to be inferior Technology nor low Technology. All this Technology and enterprise helps 
create income and jobs. Many of the engineers involved in the initial development, application and innovation of 
technologies that reduce poverty and human suffering on such a large scale go forgotten or unsung, as does even 
the fact that engineers created these technologies. Roman engineers created systems of water supply and sanitation 
that developed into systems that now serve major cities, for example in London with policies established by people 
such as Joseph Bazalgette following years of cholera epidemics While many millions appreciate the development 
of flush toilets, electric power, the motor car, the radio and television, how many of us recall the names of Thomas 
Crapper, Nikola Tesla, Edison, Guglielmo Marconi, Paul Gottlieb Nipkow and John Logie Baird? Hopefully, the 
next generation of engineers, who need to meet the great challenge of climate change mitigation and adaptation, 
will be inspired by their often nameless forebears. As indicated, poverty has a gender dimension and women 
contribute significantly to family survival, particularly in the use and innovation of Technology in food 
production, water supply, fuel gathering and cooking. Poverty reduction activities relating to technological 
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innovation, as in other areas, has to be based on a dialogue with and understanding of gender roles to be effective, 
not only in reducing poverty and not adding to the work of women but also in reducing gender and related 
disparities. Women in many countries, for example, gather fuel and suffer a higher incidence of eye and lung 
disease due to smoky cooking conditions; they need to be involved in the design, development and innovation of 
improved smokeless cooking stoves. Gender equality is also a human right, and the access of women to education, 
Technology and small scale business for job creation contributes significantly to household income, health and 
well-being, social and economic development and the reduction of poverty.  
 
2.2.2 Poverty Reduction 
Engineering and Technology need to be appropriate to the social, economic, educational and knowledge situations 
of people living in poverty to facilitate and enable them to address their own basic needs, alleviate poverty and 
promote sustainable livelihoods and development (Unesco, 2010). People living in poverty are also more 
vulnerable to emergencies, natural and human-induced disasters, and there is an essential associated role for 
engineering and Technology in emergency and disaster preparedness, mitigation and response. The system 
requires effective policy formulation, implementation, and the integration of engineering and Technology into 
Poverty Reduction Strategy Papers. It also requires sufficient capacity and capacity building,  education and 
training of young engineers, particularly those in developing countries, to be aware and sensitive to the role of 
engineering and Technology in poverty reduction. Government ministries and departments, donor agencies, 
universities, non-governmental organization and other relevant organizations need to be encouraged and 
supported in this process with the transfer of information and experience.   
 
2.2.3 Living Standard Improvement 
In years back there was nothing like electricity, global system mobile GSM communication etc. which has made 
the work of security personnel easy and improve the standard of living. 
 
3.0 Conclusion 
The problem of insecurity in Nigeria is studied and some recommendations have been made. The primary cause is 
the lack of job opportunities to reduce poverty significantly. Youth engagement in entrepreneurial skill acquisition 
will help reduce insurgency issues. Deployment of security devices like close circuit television (CCTV) camera for 
monitoring purposes at strategic places, empowering security personnel with enough fund and facilities to 
discharge their duties and last but not the least giving more concern to Engineering Education in bridging their 
gaps between Academia and Industry. 
 
4.0 Recommendations 
The following key areas can help with improved security in Nigeria. 

i. Implementation of space technology for effective monitoring  
ii. Encouraging Academia- industries toward manufacturing intelligent security devices  

iii. Establishing more skills acquisition centers for job opportunities 
iv. Emphasizing the practice of using security monitoring devices like CCTV camera 
v. Providing regular and uninterrupted power supply for use by security surveillance devices 

vi. Proper employment of Technical Skills personnel into security agencies  
vii. Emphasizing quality assurance on manufacturing any security device 

  viii       provision and training of more community police   
    ix       The use of hard currency should be discouraging 
    x         Government should ban the use of motorcycle 
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Abstract: Machine learning is an area of research that aims to use numerical algorithms to transform empiric 
data into functional models. The machine learning area developed out of conventional statistics and artificial 
intelligence cultures. Machine learning consists of supervised and unsupervised methods that have given an ability 
to re-energize mathematical and numerical approaches to auto generate useful data models. Deep learning, a 
subfield of machine learning, has gotten a lot of recognition in the last decade and has become a leading tool in 
the artificial intelligence world. The goal of the paper is to discuss some of the traditional machine learning 
algorithms with existing deep learning architectures. A simple overview of each approach is seen in terms of 
model formation, similarities and differences, and domain implementation areas of each approach. Finally, the 
paper concludes the criterion for deciding between machine learning and deep learning algorithms. 
 
Keywords: Machine learning, deep learning, Artificial Intelligence 
 
1.0 Introduction 
Artificial Intelligence (AI) refers to making computers as intelligent as the human brain. In computer science, AI 
refers to the study of "intelligent agents": any system that recognizes its environment and takes action that 
maximizes its ability to do so. The probability of achieving its objective with success. Informally, the term 
"artificial intelligence" is used when a computer is capable of performing tasks associate with other human brains, 
such as "learning" and "problem-solving" (Shinde & Shah, 2018). Learning is an essential component that should 
be inserted into a machine. Thusly, AI is a subfield of Artificial Intelligence (AI) that manages information and 
critical thinking abilities. In AI, Computer science researchers have been giving a valiant effort since the 1950s. 
Over the most recent couple of many years, they have endeavored to improve AI. This prompts better standards 
for AI. Profound learning is an exertion toward that path as a part of AI. 
 

 
Figure 1. Relations of AI, Machine and Deep learning 

 
2.0 Background Study 
This section presented and overview of the Machine Learning (ML) and Deep Learning (DL) techniques and their 
basic features, similarities and/or differences. 
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2.1 Machine learning overview 
Intelligent Machinery was a term that was published in the 1950s that brought the world to another field in which 
machines sought to become smart like we human beings are. This was the first step into a new age. In 1948, 
Turing and Champernowne discovered paper and pencil chess. It was the first chess played by a computer program 
in the world. The program was formulated with pencil and paper, and Turing and Champernowne themselves 
made calculations-each move would take thirty minutes or more to decide. In a two-move chess machine in 1951, 
Dietrich Prinz wrote a program mate.  
 
The response learning program and shopping program were named in 1951 as the first artificial intelligence 
program to incorporate learning, written by Anthony Oettinger. The shopping program replicated the actions of a 
little boy who had been sent shopping. The first effort to understand computers was this, later Arthur Samuel 
embedded learning into his Draughts algorithm in 1955. Support Vector Machines (SVM), introduced by Vapnik 
and Cortes in 1995, was the most significant machine learning achievement with high hypothetical performance 
and precise results. It was at that time machine learning community groups into Neural networks or SVM 
researchers. In 1997, Freund and Schapire developed an improved set of weak classifiers called AdaBoost. In 
2001, AdaBoost explored Breiman's multiple decision tree set. Each of them is generated by a random subset of 
instances. Each node is selected from a random subset of features. It's known as Random Forests (RF).  In data 
over-fitting and outlier cases, the AdaBoost Algorithm shows weakness, while RF is a more robust model. A new 
era of NN called Deep Learning has grown as we get closer today. In general, the third rise of NN started in 2005 
with the late researchers Hinton, Andrew Ng, LeCun, Bengio, and other researchers integrated a wide range of 
findings over a significant period (Chauhan & Singh, 2019).   
 

Table 1: Describe the classification of the most popular conventional machine learning 
Machine learning 

Supervised Unsupervised 
Classification Regression 

Support Vector Machine (SVM) Linear Regression K-means clustering 
Discriminant Analysis Support Vector 

Regression 
Principal Component 
Analysis 

Naïve Bayes Ensemble Method Gaussian Mixture 
Nearest Neighbor Decision Tree Hidden Markov Model 
Neural Network Neural Network Neural Network 

 
The following section will describe the machine learning techniques in details; 
 

i. Support vector machine (SVM) – SVMs is the most effective method of classification, SVM is a type of 
discriminative classifier that is well defined by a separating hyper plane. Initially, the SVM model 
provides only binary classification, but later extensions are built to fix multiclass classification problems 
(Lee et al., 2004). SVM may have additional constraints and parameter optimization to perform a specific 
task, e.g. by selecting a feature, a hybrid PSO-SVM model is developed for selecting a feature. 

ii. Discriminative Analysis: The discriminative analysis is based on the grouping of objects where two or 
more objects are grouped or clustered based on the measured characteristics used to classify them. Linear 
Discrimination Analysis (LDA) is used Generally for dimensional reduction, whereas quadratic 
discriminative analysis (QDA) uses quadratic surface for class separation (Kuncheva, 2006). 

iii. Naïve Bayes: Naïve Bayesian Classifiers are Bayesian networks that use directed acyclic graphs 
containing only one overlooked (parent) and many observed (child) nodes given by the Naïve Bayes 
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Independence Model (Islam et al., 2010). In the Naïve Bayes classifier, there is no need to set the free 
parameters as needed in SVM and Neural Networks.  

iv. Decision tree: The decision tree approach is another supervised learning algorithm that requires a labeled 
dataset by sorting the parameter values for classification. ID3, C4.5, CHAID, and CART are some of the 
algorithms in the decision tree. The key benefit of this method is that it is capable of managing both 
numerical and categorical attributes. This approach is practical for small datasets but causes large datasets 
to lag. However, the decision tree's construction took a significant amount of time, while the time 
required for computing is less (Zhang et al., 2018). 

v. K-means Clustering: Clustering is an example of an unsupervised learning technique in which the test 
dataset is unlabeled. Hierarchical clustering is based on constructing a hierarchy that uses two clustering 
techniques: agglomerative and divisive. Agglomerative Clustering pairs up to build a large cluster in a 
bottom-up manner. Divisive clustering uses a large fragmented group that divides it into small clusters in 
a top-down way. Partitioning Clustering is a technique that uses the partitioning of datasets into 
equivalent or unequal sets in which each is characterized in the form of a cluster mean. 

vi. Principal Component Analysis: PCA is used to reduce dimensionality by converting high dimensional 
data to low dimensional data. Suppose the learning algorithms have m inputs, m outputs, n hidden layers, 
then m>n. However, the capability of the PCA is Limited only to the linear transformation of one space 
(m) to another space (n)(Andrecut, 2009).  

vii. Linear Regression: Linear regression attempts to model the relationship between two variables by 
adapting the linear equation to the observed data. One variable is considered an explanatory variable, 
while the other is regarded as a dependent variable. For example, a modeler might want to connect 
individuals' weights to their heights using a linear regression model. 

viii. Ensemble Methods: Ensemble approaches are techniques that build multiple models and then combine 
them to produce better performance. Ensemble methods usually offer more precise solutions than a single 
model does. This has been the case in several machine learning competitions, where the winning 
solutions used ensemble methods. 

ix. Gaussian mixture: A Gaussian mixture model is a probabilistic model that assumes all the data points are 
generated from a mixture of a finite number of Gaussian distributions with unknown parameters. One can 
think of mixture models as generalizing k-means clustering to escalate the data's covariance structure and 
the latent Gaussians' centres. 

x. Hidden Markov Model: A hidden Markov model (HMM) is a probabilistic graphical model widely used 
in statistical pattern recognition and classification. It is an effective method for detecting weak signals 
and has been successfully applied in temporal pattern recognition such as speech, handwriting, word 
sense disambiguation, and computational biology.  

xi. Neural Networks:  The neural network originates from the biological theory of neurons, often referred to 
as the artificial neural network (ANN). It consists of input layers, hidden layers, and layers of output. 
Handling input to the hidden layers accepts the input and processes it to send to the layers of the output. 
The NN approach provides more reliability and precision than pre-existing methods. The back 
propagation algorithm (BPNN), the radial base function (RBF), the complementary NN (CMPNN), and 
the probabilistic approach are various NN methods. BPNN is the NN approach most widely used, but 
when large datasets are used, it is slower in training (Shinde & Shah, 2018). 

 
2.2 Deep learning overview 
Deep learning is a subset of machine learning that uses a large number of deep neural networks. For feature 
extraction and transformation, deep learning employs a cascade of many layers of nonlinear processing units. 
Higher layers learn more sophisticated features extracted from lower-layer components, while lower layers learn 
simple features close to the data entry. The architecture provides a functional representation that is both 
hierarchical and efficient. Deep learning is well suited to processing and generating meaningful information from 
vast quantities of data collected from different sources (Setiowati et al., 2017). 
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The NN researchers have made a concerted effort to add new technologies to the field regularly. Input patterns 
were clustered into groups of similar designs using self-organizing neural networks (1980). They were given the 
name maps because their cluster units assume a topological structure, successfully mapping weights to input data. 
The Kohonen network incorporates self-organization and unsupervised learning principles. The neocognitron, 
which is a hierarchical, multi-layered artificial neural network, was proposed by Kunihiko Fukushima in the 
1980s. Handwritten character recognition and other specific tasks can be solved with it. Later on, several deep 
learning architectures are further developed. 
 
Convolutional Neural Network (CNN) – CNN's, also known as ConvNets, consist of multiple layers and are 
mainly used for image recognition and object tracking. Yann LeCun produced the first CNN in 1988 when it was 
called LeNet, apply for defining characters including ZIP codes and digits. CNN's are widely used to identify 
satellite images, process medical images, predict time series, and detect anomalies. Long Short Term Memory 
(LSTMs) – LSTMs are a type of Recurrent Neural Network (RNN) that can learn and memorize long-term 
dependencies. Recalling past information for long stretches is the default behavior. They are useful in time-series 
prediction. LSTMs have a chain-like structure where four interacting layers communicate in a specific way. 
LSTMs are used for speech recognition, music composition, and pharmaceutical development. RNNs – RNNs 
have connections that form controlled loops, allowing the LSTM outputs to be fed to the current process as inputs. 
The result from the LSTM becomes an input to the current stage and, due to its internal memory, can memorize 
previous inputs. For image captioning, time-series analysis, natural-language processing, handwriting recognition, 
and computer translation, RNNs are widely used. 
 
Generative Adversarial Networks – ANs are generative deep learning algorithms that generate new data instances 
that match the training data. GANs have two components: a generator, which learns to generate fake data, and a 
discriminator, which learns from the false knowledge. Over time, the use of GANs has grown. GAN use for dark-
matter experiments to boost astronomical images and model gravitational lensing. Video game developers use 
GANs by recreating them in 4K or higher resolutions through image training to upscale low-resolution, 2D 
textures in old video games. GANs help produce accurate pictures and characters from comics, create human face 
portraits, and render 3D objects.  
 
Restricted Boltzmann Feed Forward Networks – RBFNs are specific types of feed forward neural networks that, 
as activation functions, use RBF kernel functions. They have an input layer, a hidden layer, and a layer of output 
and are often used to predict classification, regression, and time series. 
MLPs – MLPs are a subset of feed forward neural networks with several layers of perceptron that have activation 
functions. MLPs consist of an input layer and a complete output layer. They have the same number of layers of 
input and output but can have several hidden layers and may be used to create applications for speech recognition, 
image recognition, and machine translation. 
 
Deep Belief Networks – DBNs are generative models of stochastic latent variables composed of many layers. 
There are binary values of latent variables, and they are also called unknown variables. DBNs are a stack of layers 
to layer connections from the Boltzmann machine, and each RBM layer communicates with all the layers before 
and after. DBNs are used for image-recognition, video-recognition, and motion-capture data. 
RBMs – RBMs, developed by Geoffrey Hinton, are stochastic neural networks that can learn from the distribution 
of probability over a collection of inputs. This deep learning algorithm is used for dimensionality reduction, 
classification, regression, collaborative filtering, attribute learning, and subject modeling. The building blocks of 
DBNs constitute RBMs. 
 
Auto encoders – This is a particular type of neural feed forward network in which the input and output are similar. 
In the 1980s, Geoffrey Hinton created Auto encoders to address unsupervised learning issues. They are trained 
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neural networks which replicate the information to the output layer from the input layer. For purposes such as 
medication research, estimation of popularity, and image recognition, auto-encoders are used. 
 
2.3 Machine learning and Deep learning model creation 
Traditional machine-learning methods are constrained in their ability to interpret data in its raw form. For 
representation, these approaches needed significant understanding and experience, i.e. the collection of features 
required thorough engineering (Pre-processing). It consists set of algorithms that allow dataset manipulation to 
make representations needed for decision-making, i.e. detection or classification (Shinde & Shah, 2018). Figure 1 
describes how a traditional algorithm process a given dataset to create a model. 
 
 

 
 
 
 
 

Figure 1: A machine learning approach to create a model. 
 
Deep learning implements a non-linear approach involving several hidden layers that helps the algorithm to learn 
about the complex interaction between input and output. This technique assists computers in extracting, decoding, 
and interpreting useful information from raw data automatically. The results obtained by deep learning are much 
superior to those obtained by machine learning (Setiowati et al., 2017). The levels of deep learning for model 
development are represented in Figure 2. 
   
 

 
 
 
 
 
 

Figure 2: Deep learning model creation 
 
Deep learning has the advantage over machine learning in that it does not require manually extracted or 
handcrafted functions. Deep learning is capable of extracting features from raw data, analysing it, and making 
decisions based on it (Aljunid & Manjaiah, 2019). 
  
2.4 Differences and similarities  
The relationship between machine learning, deep learning, and artificial intelligence is befuddling (AI). AI is a 
digital technology discipline that studies and creates concepts, processes, techniques, and technologies that mimic, 
replicate, and enhance human knowledge. This is a field of computer science that attempts to comprehend the 
essence of consciousness and establish a modern kind of intellectual system that is equivalent to human 
intelligence. The difference between Machine learning and deep learning include the following:  

a) Data dependencies: When the volume of data is limited, deep learning algorithms do not perform well 
because a large amount of data is needed to understand data in a deep learning algorithm. 

b) Hardware dependencies –The GPU is the hardware necessary for the DL to work properly; it relies more 
on high-performance machines with GPUs than do traditional machine-learning algorithms.  



           KAJOSTEH 
 
 

Kazaure Journal of   Science, Technology and Humanities (KAJOSTEH) Volume 1, 2nd edition, 2021  

 Page 47 
 
 

 

c) Feature processing: The performance of most ML algorithms depends upon the accuracy of the features 
extracted. Trying to obtain high-level features directly from data is a major difference between DL and 
traditional machine-learning algorithms. Thus, DL reduces the effort of designing a feature extractor for 
each problem. 

d) Problem-solving method: The traditional machine-learning algorithms usually breaks down the problem 
into multiple sub-problems and solves the sub-problems, ultimately obtaining the final result. In contrast, 
deep learning advocates direct end-to-end problem-solving. 

e) Execution time: In general, training a DL algorithm takes a long time, while training an ML algorithm 
takes just seconds to hours. The test time, on the other hand, is just the same. During the research, deep 
learning algorithms take relatively little time to run. As opposed to other machine learning algorithms, the 
test time expands as the amount of data grows. 

f) Interpretability: It's difficult to clarify how the outcome was generated in DL. The machine-learning 
algorithm, on the other hand, offers clear guidelines for why it takes such choices, making it 
straightforward to understand the logic behind the decision. 
 

2.5 Similarities between DL and ML 
The steps of a DL approach are similar to those of ML, but, as previously mentioned, feature extraction is 
automatic rather than manual, unlike machine-learning approaches.  
Model selection is a never-ending trial and error mechanism that necessitates the use of the correct ML/DL 
algorithm for each mission form. ML/DL methods can be divided into three categories: supervised, unsupervised, 
and semi-supervised. KNN, SVM, Decision Tree, and Bayes are examples of popular machine learning 
algorithms. DBM, CNN, and LSTM are also part of the DL model. There are various parameters to pick from, 
including the number of layers and nodes, as well as ways to enhance the model and integration. Following the 
preparation, certain alternate models must be tested in various ways.  
The machine-learning mission depends heavily on the evaluation method. Similar types of machine-learning 
missions have different assessment indicators, whereas the same type of machine-learning tasks has different 
evaluation indicators, each with a different focus such as classification, regression, clustering, and so on. 
 
2.6 Machine learning and deep learning applications 
Machine learning and deep learning paved the way for scientific achievements and resources that would have been 
impossible a few years before. From prediction engines to live streaming on-line TV, this fuels the breakthrough 
technologies that sustain our modern lifestyles. Table 2 describes recently most popular machine learning and deep 
learning applications. 
 

Table 2: Artificial Intelligence (AI) Popular Applications 
S/N Machine learning Deep learning  
1. Social media features Virtual Assistants 
2. Product recommendations Chatbots 
3. Image recognition Healthcare 
4. Sentiment Analysis Entertainment 
5.  Automating Employee Access Control News Aggregation 
6. Marine wildlife preservation Composing music 
7. Regulating Healthcare Efficiency and Medical 

Services 
Image coloring 

8. Predict potential chronic diseases Robotic 
9. Banking domain  Image captioning 
10. Language translation Advertising 

 



           KAJOSTEH 
 
 

Kazaure Journal of   Science, Technology and Humanities (KAJOSTEH) Volume 1, 2nd edition, 2021  

 Page 48 
 
 

 

Artificial Intelligence approaches have revolutionized our lives by making activities simpler and more popular in 
virtually every business field. It is used in e-commerce, healthcare, advertisement, engineering, entertainment, and 
many other sectors. 
 
3.0 Discussion  
Depending on the application, the size of the data, and the sort of problem you want to solve, machine learning 
offers a range of practices and models to choose from. A successful deep learning software needs a lot of data 
(thousands of images) to train the algorithm and GPUs (graphics processing units) to process the data quickly. 
Consider if you have a high-performance GPU and a significant volume of labeled data when choosing between 
machine learning and deep learning. If you don't have any of those things, machine learning may be a better option 
than deep learning. Deep learning is typically more difficult, so you'll need at least a few thousand images to 
obtain accurate results. A high-performance GPU ensures that the model can analyze all of these images in less 
time. 
 
4.0 Conclusion 
In summary, the paper discussed two major components of artificial intelligence (AI), namely machine learning 
and deep learning techniques. The paper's novelty stems from the description of the techniques and the exploration 
of their overviews, similarities and differences, and, most importantly, the description of the application areas. 
This knowledge will assist in making appropriate choices between the techniques in either research or application 
development. 
 
5.0 References 
Aljunid, M. F., & Manjaiah, D. H. (2019). Data Management, Analytics and Innovation. In Proceedings of ICDMAI (Vol. 808).  

http://link.springer.com/10.1007/978-981-13-1402-5 
Andrecut, M. (2009). Parallel GPU implementation of iterative PCA algorithms. Journal of Computational Biology : A Journal of  

Computational Molecular Cell Biology, 16(11), 1593–1599. https://doi.org/10.1089/cmb.2008.0221 
Chauhan, N. K., & Singh, K. (2019). A review on conventional machine learning vs deep learning. 2018 International Conference on 
 Computing, Power and Communication Technologies, GUCON 2018, 347–352. https://doi.org/10.1109/GUCON.2018.8675097 
Islam, M. J., Jonathan Wu, Q. M., Ahmadi, M., & Sid-Ahmed, M. A. (2010). Investigating the performance of naïve- bayes classifiers and K- 
 nearest neighbor classifiers. Journal of Convergence Information Technology, 5(2), 133–137.  

://doi.org/10.4156/jcit.vol5.issue2.15 
Kuncheva, L. I. (2006). On the optimality of Naïve Bayes with dependent binary features. Pattern Recognition Letters, 27(7), 830–837. 
 https://doi.org/10.1016/j.patrec.2005.12.001 
Lee, Y., Lin, Y., & Wahba, G. (2004). Multicategory support vector machines: Theory and application to the classification of microarray data 
 and satellite radiance data. Journal of the American Statistical Association, 99(465), 67–81.  

https://doi.org/10.1198/016214504000000098 
Setiowati, S., Zulfanahri, Franita, E. L., & Ardiyanto, I. (2017). A review of optimization method in face recognition: Comparison deep 
 learning and non-deep learning methods. 2017 9th International Conference on Information Technology and Electrical  

Engineering, ICITEE 2017, 2018-January(July), 1–6. https://doi.org/10.1109/ICITEED.2017.8250484 
Shinde, P. P., & Shah, S. (2018). A Review of Machine Learning and Deep Learning Applications. Proceedings - 2018 4th International 
 Conference on Computing, Communication Control and Automation, ICCUBEA 2018, 1–6.  

https://doi.org/10.1109/ICCUBEA.2018.8697857 
Zhang, L., Wang, S., & Liu, B. (2018). Deep learning for sentiment analysis: A survey. Wiley Interdisciplinary Reviews: Data Mining and  

Knowledge Discovery, 8(4). https://doi.org/10.1002/widm.1253 
 



           KAJOSTEH 
 
 

Kazaure Journal of   Science, Technology and Humanities (KAJOSTEH) Volume 1, 2nd edition, 2021  

 Page 49 
 
 

 

Diffusion of Carbon in Silicon 
 

Nura Adamu*, Sani Abdullahi 
Department of Computer Engineering, Jigawa State Institute of Information Technology, Kazaure 
 

*Corresponding Author Email: nura.adamu@myport.ac.uk, Mobile: 09037150800 
 

Abstract: Diffusion of carbon in silicon has been experimented in many ways, for example using the carbon 
spike’s super lattice structure to grow epitaxial by silicon molecular beam. In this review a model that can give 
many experimental results was discussed. The concentration of carbon in silicon is normally above its solubility. 
The interaction between carbon and silicon and its effect on diffusion of carbon have been investigated using kick-
out mechanism. At ૡ℃ to above carbon diffusion profile is highly not regular and kick-out mechanism was 
compared with normal diffusion equation of one and two dimensional profile to obtain diffusion results. The result 
from one dimensional profile does not show much similarity with the kick-out mechanism but the two dimensional 
profile with source is more similar to the kick-out mechanism as we can observe carbon spike when it’s diffuse in 
silicon at high concentration. 
 
Keywords: Silicon, diffusion, doping, carbon, concentration. 
 
1.0 Introduction 
Carbon is one of the main impurities present in silicon as a substitutional solute in which it is interaction play an 
important role. It normally appears with high concentration above its solubility, which is between 1015푐푚−3푎푛푑 
1018푐푚−3 at annealing temperature as in (Pinacho, R.A., 2002). The present of carbon at high concentration 
(greater than 1019푐푚−3 ), in silicon can lead to the interaction between substitutional carbon (퐶푠) and Silicon self-
interstitial (퐼) which will result in the formation of mobile interstitial carbon (퐶푖) (Pinacho, R.A., 2002). Kick-out 
mechanism (퐶푠 + 퐼 ↔Ci) is assumed to be the mechanism that governs carbon diffusion. Where 퐶푠 represent the 
substitutional carbon, 퐶 represent highly mobile interstitial carbon and 퐼 is the silicon self- interstitial (Pinacho, 
R.A., 2002). As a result of this mechanism, under saturation of self-interstitial 퐼 in supersaturated regions of 
carbon is very small compared to its equilibrium concentration which leads to the decrease in the diffusion of 
interstitial diffusers like boron within the regions (Werner, P.A., 1998). At the same time diffusion in interstitial 
carbon is fast enough to release 퐼′푠 in regions where its concentration is smaller.  With all this, the experiment is 
assumed to be unsatisfactory because many things are not clear about the defect of the interactions. 
 
In order to explain kick-out mechanism, some modifications are added to the model, because in practical the 
concentration of carbon is normally below its solubility which is 1.9 × 1014푐푚−3 at 850℃ as in (Werner, P.A., 
1998). One of the considerations is adding Frank-Turnbull mechanism which says (퐶푠 ↔ 퐶푖 + 푉), the forward 
reaction is likely to take place when the substitutional carbon concentration is high. This would give more 
explanation to the carbon diffusion at high concentration of the mobile interstitial carbon and the super 
saturation푉. The formation energy of this mechanism is very low (2.2푒푉) compared to the one obtained from the 
first principle (3.3푒푉) (Pinacho, R.A., 2002). In this review normal diffusion equations (both 1 and 2 dimensional) 
are used and simulated using MATLAB and the results was compared with that of kick-out mechanism. 
 
2.0 Literature Review 
Silicon is a semiconductor material which is very important for many reasons. It is widely used in the production 
of different electronics devices such as diodes, transistors and integrated circuit (Schultz M.L, 1964). Silicon is a 
group IV element in the periodic table which is considered to be highly pure semiconductor material. At absolute 
zero temperature, pure silicon would have no electrons or holes in the conduction band or valence band. In order to 
raise electron in silicon from the valence band to conduction band, an energy level equal to the band gap between 
the two bands is required (Conwell, E.M., 1952). As a pure semiconductor material, impurities can be added 
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(doped) to silicon. These impurities can act as donors, e.g. phosphorous, arsenic and so on which are element from 
group V or pentavalent element. And those which act as acceptors, e.g. boron, aluminum which are element from 
group III or trivalent element. The doping process can be done at different temperature depending on the type of 
impurity and its concentration (Conwell, E.M., 1952). The model presented in this review observes the diffusion 
process of carbon when doped in silicon at high temperature. Kick-out mechanism combined with the Frank-
Turnbull mechanism was considered. To have a better explanation for carbon diffusion in this experiment, Frank-
Turnbull mechanism was added where the interstitial carbon is the only mobile specie of carbon as shown in the 
following reactions (Pinacho, R.A., 2002). 
 

퐶푠 + 퐼 ↔ 퐶푖    (1) 
 

퐶푠 ↔ 퐶푖 + 푉    (2) 
 

The movement of carbon when diffusion is taking place is expressed by diffusion coefficient of carbon in equation 
(3).  

퐷 퐷 퐶∗ /퐶∗                                        (3) 
 

where the diffusivity and concentration is represented by D and C respectively. 퐷푐 does not depend on the time 
and space and * denote the equilibrium state of the reaction. The general form that relate the diffusivity and 
concentration is 퐷 = 퐷0exp  and 퐶 = 퐶0exp , where 퐸푚 is the migration energy and 퐸푓 is the formation 
energy (Werner, P.A., 1998). Table 1 gives the simulation parameters for 퐼, V and C푖 and their corresponding 
energies as in (Pinacho, R.A., 2002). 
                   

Table 1. Simulation parameters for I, V and Ci and their corresponding energies 
Parameters 푫ퟎ , 푪ퟎ 푬풎, 푬풇(풆푽) 

퐷  2푐푚 /푠 0.9 
퐶  1.45 × 1025푐푚−3 4 
퐷  1 × 10−3푐푚 /푠 0.44 
퐶  4.6 × 1025푐푚−3 3.7 
퐷  1 × 10−3푐푚 /푠 0.73 

 
Based on the above values, the activation energy for diffusion of carbon is given by "퐸퐷퐼퐹퐹퐶 = 퐸  + 퐸푓퐼 − 퐸 = 
3.23 푒푉"which is close to the measured value (3.04 푒푉) (Pinacho, R.A., 2002). With the Frank-Turnbull 
mechanism, the activation energy is higher “(퐸퐹−푇= 퐸푓푉 + 퐸푓퐼 − 퐸  + 퐸푚푉 = 6.64 푒푉)” (Pinacho, R.A., 2002). The 
behavior of carbon diffusion in this mechanism has been investigated at different temperature using super lattice 
structure of carbon spike and many variation of the results are obtained which will be discuss in more detail later 
in the review. 
 
3.0 Material and Methods 
The main focus in this study is to experiment on the carbon diffusion in silicon which can either be in one or two 
dimensional profile. Both one and two dimensional profiles were simulated using MATLAB interface and 
different experimental results were obtained. 
 
3.1 Diffusion Equation Profile  
Doping process normally take place by exposing a wafer (semiconductor substrate) to an impurity source that is at 
higher concentration. To control a doping process, the dopant solid solubility must be achieved at the surface of 
thewafer. This is because in silicon, the solid solubility is the maximum level concentration that is soluble at a 
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certain temperature. In this case the source of impurity can be considered infinite and the surface concentration of 
the wafer (퐶푠) is directly related to the solubility during diffusion process (Jones, S.W., 2008). Diffusion 
coefficient depends on different parameters but in this case the simplified version, equation (4) is used. 
 

퐷 = 퐷0exp    (4) 
 

where 퐷0 is the base diffusion coefficient, is the activation energy, k and T are the Boltzmann (0.0008617 eV) 
constant and temperature respectively (Irene, EA 2005). 
 
3.1.1 One Dimensional Profile  
To solve diffusion equation, Fick’s law, equation (5) is normally used because it relates the amount of particle flux 
(퐹) and the concentration gradient of the dopant (  ), where 퐷 is the diffusion coefficient as in (Irene, EA 2005). 
 

퐹 = −퐷                                  (5) 
 

Merging the above equation with the continuity relation which says: 
 

 =−  
 

                    (6) 
 

We will have the Fick’s second law given by: 
 

 =−  
 

= −  
 

(−퐷 )       (7) 
 

And if 퐷 is independent of the position (푥), then the equation becomes: 
= 퐷                                                (8) 

 
There are many ways to carryout diffusion process but in this case we are going to consider Constant Surface 
Concentration method. The basic idea of this method is having a constant dopant source in contact with the 
substrate which is assumed to keep the surface concentration of the substrate constant. The method use one initial 
condition (∁(푥> 0, t= 0) = 0, which means there is nothing on the surface before diffusion start) and two boundary 
conditions (C(푥 = 0,t) = 퐶푠푎푛푑 C(푥 = ∞,푡) = 0, which means constant surface concentration and nothing get out 
during diffusion) (Irene, EA 2005). Solving equation (8) together with the given conditions, one dimensional 
profile, equation (9) is obtained, and at the same time, the dose (the total amount of dopant diffused in to the 
surface), 푄 and the junction depth, 푥푗 are represented in equation (10) and (11) respectively. 

C(x, t) = (
√

)              (9) 

푄 = ∫ 퐶 erfc(
√

)dx =
√

√퐷푡               (10) 

푥 = 2√퐷푡 푒푟푓푐 ( )                                   (11) 
 

where 퐷푡 is the characteristic diffusion length, 퐶푠 is the surface concentration and   is the background 
concentration (Irene, EA 2005). 
 
3.1.2 Two Dimensional Profile 
For two dimensional profiles two cases were considered, (a) the one without source and (b) the one with source. 
The diffusion equation without source is given in equation (12) and the final profile is in equation (13). 
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=  +                                                          (12) 

퐶(푥, 푡)= 
√

푒 1 + 푒푟푓푐
√

          (13) 
 
In case of the profile with the source, an 8m by 8m substrate is considered which is initially at zero temperature. A 
constant source is then place on one of its sides through a doping window at (4, 4) coordinate. The two 
dimensional diffusion equations with source is given by: 
 

= 푊 + 푊 + 푆                                   (14) 
 
this can further be expressed as: 
 

퐶 ,
 + 퐶 ,

∇푡
=  푊 ,

퐶 , − 2퐶 , + 퐶 ,

∆푥
+ 푊 ,

퐶 , − 2퐶 , + 퐶 ,

∆푦
+ 푆 . ,  

 
Since in this case ∆푥 = ∆푦 then, 
 

퐶 ,
 (푥, 푦, 푡) = ∇푡 푊 ,

, , , , ,
∇

+ 푆 . ,              (15) 
 
where 퐶 denotes the concentration, 푊 denotes the edge or the doping window and S is the impurity source which 
is carbon in this case. Since we are dealing with two dimensions, we have one initial and four boundary conditions 
which are:  
 
Initial condition, (푥,y,t = 0) = 0, boundary conditions (푥 = 0, y, t) = 0,   (푥, y= 0,) = 0(푥, = 8,푡) = 0,    

( , , ) = 0 
 
And the source is also defined as: (푥,,푡) = 1000, 0 ≤  푡 ≤  5 

0, 푡 >  
 
Both dimensional profiles are simulated and comparable results are obtained and explained in more details in the 
result section.  
 
4.0 Results and Discussions 
The diffusion behavior of carbon in silicon can be described using kick-out mechanism and a comparable result 
can be obtained using constant surface concentration method of both one and two dimensional profile. The two 
dimensional profile, with source show more similarities as we can see how the lattice structure of carbon spike is 
used to observe the output of the diffusion process. Even though the results are not perfectly the same, we can still 
identify some similarities. 
 
4.1 Kick-out Mechanism:  
As mentioned earlier, a super lattice structure of carbon spike is use to observe the behavior of carbon diffusion. A 
carbon source at high temperature is used to introduce carbon in form of element to a silicon substrate. When the 
temperature reaches 450℃ (growth temperature) carbon is assumed to be completely substitutional and the 
process of diffusion is observed before and after annealing temperature as in (Werner, P.A., 1998) 
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Figure 7. Kick-out mechanism experimental results at (a) 730℃/20h and (b) 830℃/3h. Source: (Werner, P.A., 1998) 

 
4.2 Constant Surface Concentration Method:   
One and two dimensional diffusion profiles were observed using constant surface concentration method by 
MATLAB simulation interface. The result for one dimensional profile in Figure 2 and the two dimensional profile 
without source in Figure 3 does not show much similarities to the result obtained in the previous experiment. But 
the two dimensional profile with source, the result is quite similar to kick-out mechanism though it’s in two 
dimensional plot as shown in Figure 4. Figure (4) presented the carbon impurity that created a high concentration 
profile. It shows how the spike of carbon is created at high concentration during diffusion. At the same time a 
different view of the diffusion profile is shown in Fig. 5 where the peak of the dopant concentration is clearer. 
 

 
Figure 8. 1D Constant Surface Concentration Diffusion Profile 
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Figure 9. 2D Constant surface concentration diffusion profile without source, a doping window from which the dopant is introduce to the 

silicon wafer.  
 
 

 
Figure 10. Shows the experimented and simulated 2D CSC Diffusion profile with source.  
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Figure 11. A view of 2d profile showing the output in more detail. 

 

 
Figure 12. The crystal structure of the wafer is damaged after diffusion. 

 
Figure 6 presented how the crystal structure of the semiconductor substrate is damaged after diffusion, this can be 
repaired by annealing. 
 
5.0 Conclusion  
To conclude, the process of carbon diffusion in silicon was investigated using two different methods. Firstly, Kick-
out mechanism combined with Frank-Turnbull mechanism was discussed where the behavior of carbon diffusion 
was observed using a super lattice structure of carbon spike. The carbon was introduced to a silicon substrate in 
form of element at high temperature and was assumed to be completely substitutional at 4500C, growth 
temperature. Secondly, a Constant Surface Concentration method of one and two dimensional profile was 
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observed using MATLAB simulation interface where the two dimensional profile shows a high similarity to the 
Kick-out mechanism as the carbon impurity shows a high concentration profile with carbon spike created during 
diffusion. 
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Abstract: The study attempted to discuss the need for subscribing to the idea of Outsourcing and/or Strategic 
Alliance, in order to recover the dying ICT infrastructure in the Nigerian ICT compliance organization for better 
services and more revenue generation. Today in Nigeria several economic transformations and strategic plan 
have been put in place in order to diversify the revenue sources of the economy towards accomplishing the change 
agenda of this new administration, in view of this, the idea of ICT Outsourcing and Strategic Alliance will help in 
improving the services and streamline the revenue flow as well as accountability in most of our ICT compliance 
institutions.  A current and increasing trend in business is to engage in relationships with external entities in order 
to achieve strategic goals or obtain synergistic benefits.  The two of the more dominant expressions in modern 
business literature relating to this intermingling of enterprises are outsourcing and strategic alliance.  These two 
practices are becoming ever so common among the business community, and although the distinction between 
them is becoming more and more unclear, they have distinguishing characters, which bear consequential benefits 
and risks, however these two practice needs to be critically reviews as to fine the appropriate choice to our 
institutions in order to recover and expand the dying ICT Infrastructure in Nigeria.  More and more organizations 
are outsourcing some or all of their ICT functions to a service provider or the cloud. It means they can free up 
resources to focus on core business, while gaining access to better ICT infrastructure and services.  
 
Keywords: Outsourcing, Strategic Alliance, Institution 
 
1.0 Introduction  
Managing an ICT infrastructure requires a deep understanding of technology, its architecture, and the specific 
services and outcomes that are expected to be delivered. Many organisations just don't have the skills or the time 
to manage their service providers effectively. This means they're not achieving the outcomes they want nor 
receiving the best value for their money, this is the reason why the adaptation of Outsourcing or Strategic Alliance 
will benefit such organizations. The nature of the services needs by the organization, it financial capabilities, 
manpower and the availability of their resources will determined either to go for outsourcing or for strategic 
alliance   Leslie P. Willcocks & Mary C (2009) Refers to Outsourcing as the turnover of a part or all of an 
organization Information Systems to an external service provider. Outsourcing also provides for external services 
such as application development, systems support, and networks/telecommunications development and many other 
Information System related operations. With outsourcing, organizations can obtain these “services” with technical 
resources partially, or even the entire Information Systems infrastructure. Outsourcing has been available to 
organizations for a long period of time; there are various types of outsourcing arrangements, which can be “made-
to-order” or catered to the requirements of each organization. According to Shawn Grimsley (2016) a strategic 
alliance in business is a relationship between two or more businesses that enables each to achieve certain strategic 
objectives neither would be able to achieve on their own. The strategic partners maintain their status as 
independent and separate entities, share the benefits and control over the partnership, and continue to make 
contributions to the alliance until it is terminated. Strategic alliances are often formed in the global marketplace 
between businesses that are based in different regions of the world. 
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2.0 Research Methodology  
For the purpose of this research, it has been deciding to use one among the classic research tools: – field 
observation. This is a qualitative data collection method, which is used to observe naturally occurring behaviour of 
workers in their usual settings. The data can be gathered in a form of: film or video recording, still camera, audio 
type (to record spoken observation), or hand-written note taking. A Field observation is the method used in this 
research to observe some related organisations which includes Protech ICT solutions, Procapitus Nig Limited and 
Green Beach Technologies’. Field observations help us to understand people's behaviour, habits and needs with 
regard to outsourcing and or strategic alliance in their business environment, this method gives us unique 
information; because we need not to rely on other’s oral interpretations of situations, but we wetness the exert 
situation for our self, to conduct the exercise successful the following process have been follow 

i. Permission to conduct the observation has been granted by the mentioned organisation.  
ii. Make appointment concerning the date and time of the visit  

iii. Make written notes on the outcome of our observations 
iv. After the field observations we also analyze the data so that we can get meaningful information out of it. 

 
3.0 Theoretical Framework  
Long-term sustained management of strategic alliance is turning out to be the dominant challenge of effective IT 
outsourcing. From a relatively unusual entrepreneurial activity, IT outsourcing/strategic alliancehas recently 
exploded across the global corporate landscape.1 Xerox, Delta Airlines, AMP Insurance (Australia), British 
Aerospace, and the Inland Revenue Service are the latest of these mega-alliances. Several years ago, Shell Oil out-
sourced its Brazilian IT activities. Like marriage, however, these arrangements are much easier to enter than to 
sustain or dissolve. The special economic technology issues surrounding the outsourcing and strategic alliance 
agreements necessarily make them more complex and fluid than an ordinary contract. Both parties need to make 
special efforts for outsourcing and strategic allianceto be successful. In addition to clear successes. Outsourcing 
and strategic alliance contracts are structured for very long periods of time in a world of fast-moving technical and 
business change. Ten years is the normal length of a contract in an environment in which computer chip 
performance is shifting by 20 percent to 30 percent per year. (This standard contract length has emerged to deal 
with switching cost issues and to make the economics work for the outsourcer.) Consequently, a rigid deal that 
made sense at the beginning may make less economic sense three years later and require adjustments to function 
effectively. Exacerbating the situation is the timing of benefits. For the customer, the first-year benefits are clear; 
usually the customer receives a one-time capital payment. Next, the customer feels relieved to shift its problems 
and issues to another organization. Finally, the tangible payments in the first year occur in an environment in 
which the outputs most closely resemble those anticipated in the contract. In each subsequent year, the contract 
payment stream becomes less and less tied to the initial set of planned outputs (as the world changes) and, thus, 
more subject to negotiation and misunderstanding. 
 
3.1 To Outsource or Ally: What is The Difference? 
The practice of outsourcing should be looked upon not as a simple customer-vendor relationship, but rather as a 
partnership where the engaging parties mutually benefit from their agreement.  While this may be a sound 
management practice, and while outsourcing shares many of the same characteristics with strategic alliances, 
outsourcing should be recognized as its own distinctive tactic.  Outsourcing is the contracting of services via 
monetary means in order to minimize or limit the resources that would normally be required to perform business 
functions internally, thus reducing costs.  A strategic alliance, on the other hand, does not necessarily involve 
monetary payment from one firm to another, or a binding contractual agreement between two companies.  Rather, 
it is a partnership in which business entities collaborate with one another in order to bring about mutual benefits.  
This partnership can range from a loose and informal one, to more formal joint ventures, which involve legal 
measures to set parameters.  Strategic alliances might include practices such as the partnering of manufacturers 
and retailers in order to reduce logistics costs, or the engagement of hardware and software development firms to 
create competitive advantage through synergy.  Indeed, there are almost infinite ways in which strategic alliances 
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can be formed.  The point here is that outsourcing and the formation of strategic alliances, while similar in some 
ways, are normally used to achieve different outcomes and involve different methods of binding between the 
participants. 
 

Table. 1: Distinguishing characteristics of outsourcing and strategic alliances 
Outsourcing Strategic Alliance 
Relinquishment of Control of Asset Retained Control of Asset 
Monetary Investments Non-monetary Investment  
Primary Driver: Reduce Costs   Primary Driver: Acquire Skills and Capabilities 

 
Like any investment, outsourcing and strategic alliances convey benefits and risks, many of which are shared.  The 
gains are numerous and highly significant, which explains the increasing popularity of the practices. Cost 
reduction is the number one reason for organizations to engage in outsourcing, with an average of 20% savings in 
operating costs for domestic outsourcing and even greater reduction for offshoring, Said by Lucas Peter. 
(2004). Strategic alliances, on the other hand, are mainly driven by the need to obtain skills that are too costly to 
develop in-house.  It should be noted that these are simply the primary drivers for each practice.  Frequently both 
outsourcing and strategic partnering can result in cost savings and skill acquisition.   Not only do both practices 
facilitate the reduction of monetary costs, they also free up time and resources.  If a firm give up control of a 
particular area of operations, such as in the case of outsourcing, it is now free to re-allocate the once dedicated 
resources to other functions.  Similarly, a strategic alignment might allow a firm to focus its concentration on areas 
of more importance outside the expertise of its partner.  Other benefits include risk reduction, expansion of 
business models, and increased opportunities. 
As previously mentioned, the lack of ICT skills and infrastructure available for a business, is an obvious reason to 
seek for external assistance.  Businesses that choose to outsource or ally solely for this reason should weigh their 
options carefully. The issue of control amount to a major divergence between outsourcing and strategic alliances.  
When outsourcing, control over assets and\or capabilities is hand over.  The risks here are numerous.   

i. Can the outsourcee be trusted?   
ii. Is the company sound? That is, will it survive throughout the terms of the contract?   

iii. Can it deliver the level of service and features that are required? Said by Clyman John, (2004)?  
 
The list goes on.  But in the case of strategic alignments, these risks are significantly reduced.  In such 
partnerships, control is not normally an issue.  Control over internal capabilities and an asset is retained, and 
therefore will not pose the same problems.  The ability to control a partner’s capabilities and assets is not possible.  
 
3.1.1 Security and Privacy Risk in Relation to ICT Outsourcing and/or Strategic Alliance  
One of the obvious concerns of management when engaging in relationships with external entities is that of 
Security and Privacy.  The leakage of sensitive information into the wrong hands could prove quite costly to a 
business, especially if the protection of the information is vital to the core skill or strategic direction of the firm.   
Issues such as the trustworthiness of the service provider's staff, the transfer of data between organizations, and 
infrastructure must all be considered.  "Security and privacy are critical issues. So theorganizations that doesn’t 
have the resources to make a direct investment in personnel, so as to have a physical presence at the outsourcing 
partners place of business, needs to take this into consideration. The privacy of business and the employees is also 
important, especially when engaging in ICT related outsourcing projects.  This risk is enlarged when dealing with 
offshore outsourcing.  Privacy is a big concern for outsourcing, so business and employee’s privacy should be 
given a better treatment before engaging into any outsourcing project. In strategic alliances, the exchange of 
sensitive information will most likely be at the discretion of the participants at any point in time, so the risk is no 
greater than it would be under normal operating circumstances. But In cases of long-term strategic alliances, the 
involved parties may become dependent on one another. While the risk is lower if the dependency is experienced 
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by both parties, the risk can increase significantly if the dependence becomes one sided, as this puts an advantage 
to one side. 
 
3.2 The Concept of ICT  
ICT (information and communications technology) is an umbrella term that includes any communication device or 
application, surrounding: radio, television, cellular phones, computer and network hardware and software, satellite 
systems and so on, as well as the various services and applications associated with them, such as 
videoconferencing and distance learning. ICTs are often spoken of in a particular context, such as ICTs in 
education, Government, health care, or libraries. Having a clear-cut ICT strategy is a key to establishing a 
competitive advantage over any competition as said by Margaret Rouse, (2005). So for any organization to attain 
the said competitive advantage there is a need to invest heavily in ICT products and services, and these can be 
easier by subscribing the idea of Outsourcing and/or Strategic Alliance.   
 
4.0 Challenges of ICT in the Nigerian Governmental and Non-Governmental Organizations  
The speed with which Information Communication Technology (ICT) is developing and its impact on socio-
economic activities cannot be overemphasized. It is a stark fact that the use of ICT has been integrated into 
virtually every part of commerce, education, governance and civic activity in developed countries and has become 
a critical factor in creating wealth worldwide. Unfortunately, in Nigeria, ICT has barely taken a foothold. 
Computer illiteracy and lack of access to ICT are widely recognized as an increasingly powerful obstacle to the 
economic, civic and political development of Africa. According to the UN ICT Task Force (2014), nowhere is the 
digital divide more pronounced than in countries of the African continent. Africa is the most unconnected in an 
increasing connected world. This is where Nigeria as a country finds itself. 
 
Majority of the Nigerian institutions are still to the large extent digitally isolated from the Global Village, this is 
because they lack the critical drive and strategies to harness the full potential of ICT for the socio-economic 
development of the country. These have been some of the challenges facing the full ICT deployment in the 
Nigeria. Another major identifiable challenge facing the development of the full potential of ICT for the 
organizations in the country has been the brain drain syndrome. The effects of the brain drain can be argued to 
have contributed not only to lack of medical and other critical professionals in the country but also ICT gurus. This 
has resulted in the lack of the critical mass of ICT engineers and scientists relevant for undertaking ICT related 
projects professionally. At this point the adaption of Outsourcing and/or Strategic should be better solution. 
 
5.0 Conclusion  
The study has shown a rising need for Nigerian Government and Non-governmental organization to subscribe to 
the idea of adopting Outsourcing and/or Strategic Alliance, for better services, efficiency, productivity and 
national development From the finding it is evident that lack of commitment by institutional management; lack of 
ICT strategy; lack of qualified staff to manage the ICTs and lack of adequate facilities dominated the reasons for 
adapting Outsource and/or Strategic Alliance, more so lack of adequate budget and erratic power supply are some 
factors to consider.    
 
5.1 Recommendations  
The following recommendations are made to help our institutions to realize the benefit derived out from 
Outsourcing and/or Strategic Alliance:  

a) Government should develop and improve the quality of education in ICT, so as to produce skilful 
manpower that will fit into the labour market in order to improve the revenue source of the nation. 

b) Government should invest in financial and strategic support to our local ICT companies, so that they can 
be well equip to engage in supporting our institutions  

c) Institutions should focus on improving the quality of their ICT driven services via Recruitment Process 
Outsourcing. 
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d) Workshop and seminars needs to be establish with the strong focus on ICT and Outsourcing and/or 
Strategic Alliance, so that our administrators will fully understand the benefit derive out from ICT 
Outsourcing and/or Strategic Alliance. 

e) Government should establish a policy that will make ICT an enabler to transform the socio-economic 
sectors in Nigeria. 

 
6.0 References:  
Winchester, H. P. M. (1999) ‘Interviews and Questionnaires as Mixed Methods in Population Geography: The Case of Lone Fathers in  

Newcastle, Australia’, The Professional Geographer, 51: 1, 60 — 67 DOI: 10.1111/0033-0124.00145 URL: 
http://dx.doi.org/10.1111/0033-0124.00145 

Willcocks, Leslie P. and Lacity, Mary, eds (2009) Outsourcing information systems: perspectives, practices, globalisation Sage library in  
business and management. Paper presented at the London School of Economics and Political Science. Retrieved 
from:https://uk.sagepub.com/en-gb/afr/outsourcing-information-systems/book233526#contents 

Shawn Grimsley (2016): Strategic Alliance in Business: Definition, Advantages & Disadvantages. Study.com. Retrieved from:   
http://study.com/academy/lesson/strategic-alliance-in-business-definition-advantages-disadvantages.html. Date: 02/11/2016  

Lucas Peter. (2004). Outsourcing: The Good, the Bad, & the Ugly. Collections & Credit Risk, 22, 9-12. Retrieved  
from:http://www.windowsecurity.com/whitepapers/managed_security_solutions/To-Outsource-or-Ally.html 

Clyman, John. (2004). Business IT: Rent or Buy? PC Magazine, 129. Retrieved April 19, 2005 from:  
http://www.windowsecurity.com/whitepapers/managed_security_solutions/To-Outsource-or-Ally.html 

Margaret Rouse, (2005 Sept) ICT (information and communications technology - or technologies) Retrieved  
from:http://searchcio.techtarget.com/definition/ICT-information-and-communications-technology-or-technologies Date: 03/11/2016 

Olawepo Jeremiah (2014 Nov) Strides and challenges of ICT in Nigeria.  Retrieved from:http://www.dailytrust.com.ng/daily/index.php/it-  
world/39024-strides-and-challenges-of-ict-in-nigeriaDate: 03/11/2016 

 
 

 

 

  



           KAJOSTEH 
 
 

Kazaure Journal of   Science, Technology and Humanities (KAJOSTEH) Volume 1, 2nd edition, 2021  

 Page 62 
 
 

 

Review of Public Risk Perception, Human and Environmental Impacts of Pharmaceutical 
Wastes Improper Handling 

 
Rilwanu Muhammad Yahaya1, 3*; Ahmad Garba2,3 
1Dept. of Geography, School of Secondary and Social Sciences Education, Nasarawa State College of Education, Akwanga, P.M.B. 05, Nigeria 
2Dept. of Environmental Science, College of Environmental Studies, Kaduna Polytechnic, P.M.B. 2021, Kaduna, Nigeria 
3Dept. of Environment, Faculty of Forestry and Environment, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia 

 
*Corresponding author: rilwanu1969@gmail.com Mobile: 08034516505 

 
Abstract: The presence of pharmaceuticals in the environment has attracted the attention of the scientific 
community, regulatory bodies, and the European Commission in the past few decades. A significant number of 
pharmaceuticals have been dictated in surface water, groundwater and drinking water systems, and has proven 
recently to impacts on both human health and ecosystems even at low concentration. Their major sources and 
routes into the environment are household use and disposal, hospital facilities, industrial effluents, and 
Agribusiness. This review aimed at describing the global pharmaceutical handling practices and disposal methods 
as well as establishing the association between risk perception regarding environmental impacts, knowledge, 
attitude, and practices. It is through more robust pollution control and preventive measures by improving the 
existing legislative frameworks for pharmaceutical handling and environmentally sound practices in the life cycle 
of the pharmaceutical product as well as through environmental stewardship that the challenges of environmental 
pollution as a result of improper handling practice will be abated. 
 
Keywords: Pharmaceuticals, Risk perception, Pollution, Pharmaceutical Handling, Environmental Impact  

1.0 Introduction: 
Pharmaceuticals have remedied sicknesses, relieving pains, and enhanced in many ways the quality of life for 
human beings. However, pharmaceutical active ingredients (APIs) are progressively identified as potential 
environmental contaminants (Ågerstrand et al., 2009) and have consequence effects on both human health and the 
environment when they are poorly handled. Pharmaceuticals are manufactured and used in large quantities due to 
the increase in consumption of pharmaceuticals, global population growth, and rise in consumption per capita. 
These have been necessitated by growing investment in the health-care sector, progresses in research and 
development, pervasive worldwide market availability, and aging populations in developed countries have resulted 
in a tremendous increase in the consumption of pharmaceuticals in the few past years (Beek et al., 2016). For 
instance, in Sweden, more than 147 million packages of medicines were bought in the year 2004 by Nine million 
people. The amount of defined daily doses (DDD) per person (person−1 day−1) estimates pharmaceutical usage. 
Sweden’s population consumed an average of 550 DDDs per person annually.  This puts together 5.4 billion DDD 
yearly for the whole population (Ågerstrand et al., 2009). Though, not all pharmaceuticals prescribed, dispensed, 
or purchased are consumed by the patients. Some are kept to their expiration dates. Thus, what happens to the 
unused/expired or unwanted drugs is a major concern because a large proportion of these will end up in the 
environment thereby causing pollution if not properly regulated (Glycine and Yakubu, 2017). Consequently, poses 
risk and unintended effects on both human and ecosystems. 
 
In developing countries like Nigeria, there is little or absence of explicit regulatory guidelines on pharmaceutical 
purchase, usage, and disposal (Abruquah et al., 2014a; Glycine and Yakubu, 2017). This review focuses on public 
risk perception, human and environmental health impacts due to improper handling of pharmaceuticals, describes 
likely exposure pathways and potential health effects and identify major sources of disposal into the environment. 
The most important concerns include public knowledge, attitude, and practices leading to environmental 
contamination. This is because less attention is given to the issue of pharmaceutical handling in third world 
nations. Therefore, major concerns are; future potential emissions control and reduction strategies, and a lack of 
baseline data to enable substantive policy formulation for the affected population and environmental media 
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(Wilcox and Carolina, 2013). Generally, the existing literature suggests that the study needs to address these 
concerns before we can reasonably measure the likelihood of abating the occurrence or extent of adverse health 
effects related to pharmaceuticals handling in the environment. 
 
A more genuinely practicable solution should have the potential to not only decrease the entry of APIs to the 
environment through direct disposal of medications to sewers (by draining into the toilet/sink) and landfills (by 
discarding in the garbage), but should significantly, holistically and sustainably address the various factors that 
contribute to the occurrence of leftover drugs. Therefore, instead of limiting the focus to mechanisms for disposing 
of leftover drugs, a sustainable method may as well decrease environmental loadings of APIs as a result of actions 
that also diminish their excretion; the frequency of medicine diversion and abuse; the incidence of morbidity and 
mortality occasioning from accidental poisonings (for humans, pets, and wildlife); and costs of healthcare. 
Probably most significantly, a system that reduces drug wastage may result in enhanced therapeutic outcomes and 
general health services. Consequently, overall improvement in how pharmaceuticals are handled  (Daughton, 
2010a). However, there is also a significant contribution from the disposal of leftover medications from 
households which help in the environmental loading of pharmaceuticals (Daughton, 2010b; Massoud et al., 2016; 
Straub, 2016) is also a concern that should be addressed.  
 
Furthermore, environmental pollution by pharmaceuticals has been detected at very low concentrations, ranging 
from less than 0.007 parts per billion (ppb) to roughly 150 ppb (Glassmeyer et al., 2017). They are potentially 
harmful to both ecological and human health even at these low concentrations due to synergetic action on non-
target organisms (Aubertheau et al., 2017; Community, 2012; Epa, 2008). Although, the prolonged and synergetic 
effects of pharmaceutical active ingredients on human health and the health of the environment are not completely 
known by the scientific community (Dohle et al., 2013). The amount of APIs release into different environment 
compartments will continue unabated as pharmaceutical usage increases (Community, 2012). Therefore, robust 
and practical solutions are needed to overcome these challenges. 
 
2.0 Impacts/effects of Active Pharmaceutical Ingredients: 
Pharmaceuticals in the environment pose a threat to environmental and human health in many ways. 
Consequently, both humans and wildlife are at great risk due to exposure to contaminated drinking water by 
pharmaceuticals (Jones et al., 2005; Mohapatra et al., 2016). Even though this risk is presumed to be relatively 
insignificant, the growing demands on the freshwater supplies of the world will perhaps result in greater 
incidences of indirect and direct water-reuse situations due to shortages in the drinking water supplies (Barbosa et 
al., 2016; Daughton, 2016; Mohapatra et al., 2016; Stoddard, 2012; Straub, 2016; Yan et al., 2014).  Therefore, the 
ecological or human health hazards caused by chronic, sub-therapeutic levels of pharmaceutical substances or their 
transformation products and the potential adverse effects not well known should not be ignored. Additionally, 
regardless of the absence of any established risks, the issue of potable drinking water is a major focus of concerns 
to the consumer for the simple fact that it provides direct access for any pharmaceutical compounds that might be 
present to the human systems (de Jesus et al., 2015).  
 
Further indirect access includes bodily contact (dermal) through bathing or showering in contaminated water or 
ingestion (eating crops irrigated with effluent or grown on sewage-sludge-manured soil and animals infected with 
drug residues). The presence of pharmaceuticals in drinking water, however small, is also likely to increase the 
general public’s already negative attitude towards water reuse (Agunbiade & Moodley, 2014; Cunningham et al.,  
2009; Daughton, 2010; Ruhoy & Daughton, 2008; Sheikh, 2016; Sorensen et al., 2014; Wang et al., 2017). 
Previous studies indicated that the likelihood of any form of acute (short-term) human health risk emanating from 
the occurrence of low concentrations of pharmaceuticals in drinking water is insignificantly low (Backhaus & 
Backhaus, 2014; Chander et al., 2014; Daughton, 2016; Jones, Lester, & Voulvoulis, 2005; Sorensen et al., 2014). 
Even daily intake of two liters of the contaminated water for a lifetime would not cumulatively provide the 
corresponding single prescribed dose of one of the pharmaceutical compounds existing. However, the chronic 
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effects that might appear unnoticed cannot be overruled completely, even though it is difficult to ascertain that the 
risk of any pollutant is completely nonexistent (Jones et al., 2005; Vestel et al., 2016). 
 
However, recent studies reported pharmaceuticals as synthetic ‘endocrine-disrupting compounds’ (EDCs) (Omar 
et al., 2018; Wee & Aris, 2017; Yien et al., 2016; Aris et al., 2014). EDCs are chemical substances that can alter 
the regular function of both human and wildlife endocrine systems in the environment (Kümmerer, 2015; Solecki 
et al., 2017). This provoked a growing interest in the potential health risk by EDCs since they are substances found 
in our environment, personal care products, and foods that trigger adverse health effects by disrupting the 
endogenous hormone biosynthesis, metabolism, or action that interferes with the normal reproduction system 
(Solecki et al., 2017). The potential health risks posed by EDCs can be deleterious because they are substances 
found in our environment, personal care products, and foods that trigger adverse health effects by disrupting 
through mimicking and/or antagonizing the endogenous hormone biosynthesis, disrupting the synthesis and 
metabolism of an organism, and interferes with the normal reproduction. The work of endocrine systems in an 
organism is to maintain homeostasis, reproduction, development, and/or behavior in biota (Aris et al., 2014). 
EDCs can affect the systems by mimicking the effects of endogenous hormones, antagonizing the effects of 
endogenous hormones.  
 
Besides, several APIs such as steroid hormones and synthetic estrogen has been associated with many types of 
adverse health concerns such as breast and prostate cancers, change in the male and female reproductive systems, 
and alteration in neuroendocrinology and behavior (Brata et al., 2014; Kümmerer, 2015). Previous researches have 
reported biomagnification and bioaccumulation of APIs in the marine species that can result in numerous human 
and environmental risks (Fauzan & Zaharin, 2018; Sarah et al., 2016; Rzymski, Drewek, et al., 2017; Wang et al., 
2017). Likewise, the presence of antibiotics in the environment is likely the most worrisome because it could lead 
to the development of resistant pathogens (Blair et al., 2013; Bruce et al.,2010; Daughton, 2010; Koopaei & 
Abdollahi, 2017; Of et al., 2009; Stuart et al.,2012) and have also resulted to the increase in an allergic reaction to 
antibiotics. The synergistic effects of human exposure to mixtures of these compounds is another angle to this 
problem (Flaherty and Dodson, 2005; Jones et al., 2005; Mohapatra et al., 2016). A synergistic effect relates to a 
situation whereby two or more chemicals together have more of the toxicological impact than the aggregate effects 
of the individual pollutants alone (Mohapatra et al., 2016). Although concentrations of individual substances might 
be lower than the therapeutic dose in the environment, a direct chronic effect of exposure to humans has not been 
known (Mohapatra et al., 2016; Wilcox and Carolina, 2013). It is unknown what effects, if any, exposure to 
recurrent doses of a mixture of APIs and other chemicals (such as endocrine disruptors) could have on human 
health. However, the potential risks to human health of these compounds in the environment are frequently 
underestimated because it is lower than environmentally relevant concentration and below the therapeutic effect 
dose (Murdoch, 2015).  
 
It is worthy of note that pharmaceuticals pass through a chain of reactions and transformations leading to a 
complicated mixture of new compounds ( Lubick, 2010; Liu et al., 2016; Mohapatra et al., 2016). This may create 
synergetic effects, which are more bioactive than the original compounds. For instance, at certain concentrations, 
the growth of algal and phytoplankton could be adversely affected by some of these compounds. The mixture 
could cause reproductive deficiencies in aquatic organisms like sex reversals, production of intersex individuals, 
alterations in mating, and prevention of gonadal maturation (Aris et al., 2014). Ultimately, they can result in the 
population decline of the affected species (Daughton, 2010, 2016; Hughes et al., 2013; Tiwari et al., 2017), and 
possible development of antibiotic resistance by the bacteria community (Backhaus & Backhaus, 2014; Daughton, 
2010; Nikolaou et al., 2007; Tiwari et al., 2017). Therefore, any evaluation of APIs in the environment must put 
into account a long time exposure to mixtures of pharmaceuticals that can react synergistically, antagonistically, or 
additively either in the organisms or environment (Backhaus & Backhaus, 2014; Kumar & Xagoraraki, 2010; 
Murdoch, 2015; Wee & Aris, 2017). 
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3.0 Sources and Exposure Pathways of APIs into the Environment: 
Studies have reported that significant quantities of pharmaceuticals entered into the environment from sewage 
treatment plants, agribusinesses, landfills, industrial and healthcare facilities (Khan et al., 2017; Kozak et al., 2016; 
Kuster & Adler, 2014). Therefore, it is imperative to appreciate the potential sources and pathways of 
pharmaceutical contaminants to reduce environmental pollution and the potential adverse effects. Several sources 
and pathways through which pharmaceutical contaminants entered the environment exist globally. Previous 
studies reported two basic routes in which APIs enter the environment. Firstly, the effluent from Waste Water 
Treatment Plants (WWTPs) once excreted from the body (Agunbiade & Moodley, 2014; de Jesus Gaffney et al., 
2015). After administration, a significant proportion of pharmaceuticals may pass through the body not fully 
metabolized (Balakrishna et al., 2017; Glassmeyer et al., 2009). It is widely acknowledged that patient use is the 
major source of human pharmaceuticals in the environment (Zenker et al., 2014). Medicines and metabolites are 
defecated by patients to wastewater unaltered via a sewer system (toilets and sinks), which typically ends into a 
WWTP (Community, 2012). WWTP effluent contaminated with APIs and other substances which might not be 
completely removed within the WWTP because it was not originally designed to do so, is discharged to water 
bodies such as rivers, seas, oceans, or estuaries (Vellinga et al., 2014). Consequently, sections of water bodies 
bordering a WWTP discharge would be likely to have the highest concentrations of drug residues (Fauzan et al., 
2018). 
 
The extent to which a substance is altered in the body depends on its mechanism of action and its chemical 
structure. For example, a compound such as the β-blocker nadolol could be excreted by the human body 
completely unchanged (Bound and Voulvoulis, 2005).  Conversely, only 3% of the original form of the 
antiepileptic carbamazepine is excreted unmodified in the urine and 97% may be degraded and defecated in the 
feces (Bound and Voulvoulis, 2005). Likewise, both natural and artificially administered estrogens are part and 
parcel of all excretion from man and wildlife which may enter the environment via effluents emitted from sewage 
or disposal from animal dumps (Aris et al., 2014).  Discharge through this pathway largely depends on the 
pharmacology of the medicine and the effectiveness of the WWTP. Therefore, the rates of discharge of many 
pharmaceuticals can be found in both medical and environmental literature (Bound & Voulvoulis, 2005). The 
actual rates are determined by the prescription dose and physiology of an individual (Omar. Tuan and Aris, 
Ahmad, 2018). 
 
Secondly, another route in which APIs can exist in the environment is via the disposal of expired, leftover, or 
unwanted drugs, through the sink/toilet or in the garbage which later conveyed to landfill sites (Agunbiade and 
Moodley, 2014; Doerr-MacEwen and Haight, 2006; Science and Britain, 1998). Entry by this route into the 
environment depends on the attitude of the consumer and the effectiveness of prescription practices that would 
result in a small number of uncompleted prescription doses as well as regulatory guidelines that will reduce the 
emissions from the point sources. Conversely, drugs once dispensed to or purchased by a consumer, there is 
uncertainty on the safety of how they are handled. Therefore, any unwanted medicines are categorized as domestic 
waste, and the disposal of these products is often not regulated. However, disposal guidelines are usually included 
in some manufacturer’s package indicating a return to the pharmacist as the safer practice, but flushing through the 
sink/toilet and/or in the garbage is common (Abruquah et al., 2014; Angi’enda & Bukachi, 2016; Bates et al., 
2011). Nevertheless, in landfill sites pharmaceuticals undergo some biologic degradation processes, the persistent 
ones could enter into surrounding ground and surface waters through leaching (Dodgen et al., 2017; Jones et al., 
2005; Park, 2005; Wang et al., 2017).  
 
Furthermore, pharmaceuticals used in agribusiness can gain entry into the environment through the application of 
the field of manure and consequently leach into the groundwater or flow to the surface water bodies by runoff, and 
through direct application in aquaculture such as fish farms (Dohle et al., 2013). Likewise, pharmaceuticals are 
ubiquitous contaminants in freshwater and marine ecosystems, which have negative possible consequences on 
human health and aquatic lives due to their toxicity (Emnet et al., 2015).  However, if a substantial proportion of 
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the drug is not going through the transformation within the patient and WWTPs, there is a possibility that 
sufficient of the active ingredient would enter the environment to elicit further research. Therefore, some concern 
about disposal practices is important. Pharmaceutical handling, sources, and exposure pathways are 
diagrammatically shown in (Figure 1).  
 

 
Figure. 1: pharmaceutical handling, sources, and exposure pathways. Adapted from: Bound and Voulvoulis (2005) 

 
4.0 Pharmaceutical pollution control and prevention: 
More practicable and sustainable ways of pharmaceutical pollution prevention are through point source reduction 
from the manufacturer of hazardous wastes. This is possible through modifications in products, ingredients, 
process technologies, or methodological and company practices (Wondemagegnehu, 2002). Therefore, different 
source reduction options, including material substitution, process change, and decent operating practices, are 
alluded to here. Pharmaceutical manufacture is a diverse and highly competitive business. Owing to the extremely 
specific and commonly confidential nature of each industry’s specific processes, only very broad discussions of 
material substitution and process modification can be presented. The aim is to motivate the thinking of producers 
regarding their procedures and reorient the manufacturers on the best methods that they are supposed to undertake 
to prevent environmental pollution. 
 
The basic principle of protecting the impacts of pharmaceutical pollution is to shift from control to prevention of 
pollution (Li and Hamblin, 2016). Therefore, the best way to reduce pollution is to prevent active pharmaceutical 
ingredients from the point of manufacture. Some manufacturers have started applying pollution prevention 
methods that advance efficiency and maximize profits and as well reducing environmental impacts. Other small 
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companies can do better by operating below regulatory thresholds just through decreasing pollutant discharges 
with aggressive pollution prevention policies. Source reduction is a technique by which the company aims to 
reduce these wastes. However, process modifications and material substitutions in source reduction methods may 
not be implemented easily in pharmaceutical manufacturing as in other industrial sectors. Consequently, several 
pharmaceutical enterprises are proactively finding ways to reduce waste in their future production processes at the 
research and development stage.  Starting at the stage of the new drug development process is far more 
economical, efficient, and environmentally friendly (Daughton, 2010). The responsibility of manufacturers does 
not only target issues such as patient non-compliance and excessive or unnecessary medicine usage, but it can go 
beyond the point of drug usage to deal with unused medications. 
 
Moreover, many pharmaceutical manufacturers have since implemented pollution prevention programs in their 
industrial facilities. Even though pollution prevention may not always be a substitute for control technologies, it is 
always viable and is gradually becoming a widespread technique for fulfilling environmental compliance 
requirements. Some pharmaceuticals industry applied waste reduction method material substitution in the tablet 
coating process (Sayadi et al., 2010). Before now, many tablet-coating operations are found of using methylene 
chloride and other chlorinated solvents. By changing to aqueous-based coating films, many companies have 
minimized the hazardous waste content in their air and effluent waste streams, as well as chemical costs. Aqueous-
based cleaning solutions have replaced solvent-based solutions hitherto, frequently used for equipment cleaning 
(Sayadi et al., 2010). However, apart from manufacturing sectors, pharmaceutical pollution can be prevented on 
the aspects of the end-users, such as hospital facilities, patients’ usage and households’ storage and disposal of 
unused pharmaceuticals.  
 
5.0 Methods of unused/expired pharmaceuticals handling in the peer-reviewed literature 
Inappropriate handling of medications has also been indicted as the principal cause of pharmaceuticals pollution in 
the environment (Ahmed Abdo-Rabbo., 2009; Azad et al., 2012; Kinrys et al., 2018). Thus, over the years 
numerous studies provide more understanding regarding the disposal practices of leftover/expired pharmaceuticals 
globally (Braund et al., 2009; Kinrys et al., 2018; Kozak et al., 2016; Vellinga et al., 2014). Generally, the results 
of these investigations show a large percentage of people still practice improper disposal methods of 
leftover/expired pharmaceuticals (Table: 1). However, the results are still pointing to the direction of reduction in 
the inappropriate disposal methods like flushing medications into sewer systems (sink or toilet), throwing 
medications in the trash bin, burning or burying (Kinrys et al., 2018). A survey of 289 people in Kuwait revealed 
about 11.2% drained their leftover/expired pharmaceuticals via toilet or sink, 76.5% discard their leftover/outdated 
medication in the garbage, 11.9% others and 8.5% returned them to a pharmacy (Abahussain et al., 2006). Another 
study carried out in the US on 301 patients revealed that 57% drain their leftover/expired medicines through the 
sink/toilet, 22.9% take back their medication to the pharmacy (Dean A Seehusen and Edwards, 2006). 
 
Also, a study that attempted to survey 1005 in the US on their disposal of unwanted, unused/expired drugs found 
that 45.2% of them discard their drugs in the garbage, 28% flushed into the sink/toilet and only 5.9%  and the rest 
of the leftover/expired medications returned to a pharmacy (Kotchen et al., 2009). Likewise, a study of disposal 
practices of unwanted pharmaceuticals products in Sweden that was conducted on 1000 respondents found that 
only 3% of them reported disposing of medications into the waste bin, but 43% of them were worried about the 
impact it has on the environment, thus, returned the products to the pharmacy. While over half of them (55%) 
disposed of their unused medications via other methods (Persson et al., 2009). Studies carried out in New Zealand 
on 452 participants also discovered that 24%, 51%, and 80% of unused medications (liquid, solid, and ointment) 
respectively were thrown in the garbage, 55%, 19%, and 1% were drained down the sink/toilet (Braund et al., 
2009).  
 
A survey in Malaysia on 885 participants found that (65%, 83%) thrown their medications (solid and ointment) 
into garbage respectively, (62%, <1%) drained via the sink/toilet respectively, (6%, 8%, 12%) of their unused 



           KAJOSTEH 
 
 

Kazaure Journal of   Science, Technology and Humanities (KAJOSTEH) Volume 1, 2nd edition, 2021  

 Page 68 
 
 

 

medications (solid, liquid and ointment) returned to pharmacy respectively and 65% disposed of through other 
methods  (Azad et al., 2012). Another study in Ghana on 500 respondents suggested that 29% thrown their 
unused/expired medication in the garbage, 4% flushed into the sink/toilet, and more than 50% through other 
methods (Abruquah et al., 2014). A survey executed in Ireland on 398 individuals found that 51% of their 
unused/expired medication dumped in the trash bin, 33% flushed via the sewage system and 96% decided to take it 
back to a collection center  (Vellinga et al., 2014).   
 
Yet, another study in the US on 200 respondents suggested that 37.5% discarded their unused/expired medication 
in the garbage, 22% drained into the sewer systems (sink/toilet), 15% of them returned their unused/ expired 
medications to a pharmacy and 40.5% used other methods of disposal (Kozak et al., 2016).  A recent survey in 
India on 200 participants revealed that 30.5% of them disposed of their unused/expired medication in the garbage, 
12% drained into the sink/toilets, only 8% of them returned their unused/expired medication to the pharmacy and 
17.5% disposed of their leftover medication using other methods of disposal (Sonowal et al., 2017). Another 
survey conducted on medication disposal practices in Ghana on 600 participants found that 80.2% of medications 
were discarded in household trash, 18.8% through other methods with no record of return to the pharmacy 
(Udofia., 2017) probably due to the absence of medication take-back programs. Furthermore, a survey conducted 
in China revealed the majority of study participants discarding their unwanted pharmaceuticals into the trash. All 
these findings pointed to the fact that the gap in knowledge and awareness of the problem of disposal of 
medication appears to be prevalent in the population world over, regardless of a geographic region. Consequently, 
many people adopted improper and unsafe methods of disposal of unwanted pharmaceuticals, by disposing of 
leftover/expired pharmaceuticals in a trash bin or drain down the sink/toilet (Kusturica et al., 2016). Table 1 
summarizes different disposal methods reported in some peer-reviewed literature. 
 

Table Error! No text of specified style in document..1: Methods of disposal of unused/expired pharmaceuticals in the peer-reviewed 
literature 

Disposal methods 

Study year and 
Author(s) 

Country Garbage Sink/toilet Return to 
pharmacy 

Other Sample 
studied 

Bound and 
Voulvoulis (2005) 

UK 63.2% 11.5% 21.8% 3.5% 400 

Seehusen and 
Edwards (2006) 

USA - 35.2% 36.9% 27.9% 301 

Abahussain and Ball 
(2007) 

Kuwait 97.0% 2.0% - 1.0% 200 

Kotchen et al. (2009) USA 45.2% 28% 5.9% 20.9% 1005 
Persson et al. (2009) Sweden 3% - 43% 55% 1000 
Braund et al. (2009) New 

Zealand 
24%(liquid) 
51%(solid) 
80%(ointment) 

55% (liquid) 
19% (solid) 
<1% (ointment) 

17% (liquid) 
24% (solid) 
13% (ointment) 

- 
- 
- 

452 

Fatokun et al. (2011) Malaysia 60.6% 10% 16.2% 13.2% 200 
Azad et al. (2012) Malaysia 65%(solid) 

83%(ointment) 
62% (liquid) 
41% (ointment) 

6%(liquid) 
8%(solid) 
12%(ointment) 

65% 
 

885 

Iabu et al. (2013) Bangladesh 17.24% 
(liquid) 
73% (solid) 
33.1% (semi 
solid) 

37.9%/20.34% 
(liquid) 
3.1%/2% (solid) 
6.2%/10% (semi 
solid) 

1% (liquid) 
3% (solid) 
11% (semi 
solid) 

15% 
(liquid) 
22.24% 
(solid) 
44% 
(semi 
solid) 

310 

Abruquah et al. 
(2014) 

Ghana 29% 4% - 59% 500 

Vellinga et al. (2014) Ireland 51% 33% 96% - 398 
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Kozak et al. (2016) USA 37.5% 22% 15% 40.5% 200 
Sonowal et al. (2017) India 30.5% 12% 8% 17% 200 
Vatovec et al. (2017) USA 25% 1% 2% - 358 
Ayele and Mamu 
(2018) 

Ethiopia 53.2% - 1% 12.2% 695 

Rogowska et al. 
(2019) 

Poland 68% (survey 
1&11) 

35% (survey 
1&11) 

~30% - 635 

Hassali and Shakeel 
(2020) 

Malaysia 202(47.4%) 
unused 
362(84.9%) 
expired 

25(5.8%) unused 
53(12.4%) expired 

35(8.2%) 
unused 
5(1.1%) expired 

38.3% 
unused 
1.4% 
expired 

385 

 
6.0 Knowledge, Attitude, and Practices (KAP) regarding Pharmaceutical Handling:   
Knowledge is one of the fundamental attributes to be considered regarding environmental behaviors especially in 
the way patients purchase, use, store and dispose of their pharmaceuticals. The drug consumption patterns in some 
developing countries such as India and China; for example, 64% of Indians purchase pharmaceuticals without a 
prescription, solely based on friends' advice and past experiences (Balakrishna et al., 2017). Therefore, 
understanding the knowledge, attitude, and practices on how patients handle these pharmaceuticals in the 
community will help in reducing the human health and environmental impacts. 
 
The translation of knowledge and attitude into practices regarding pharmaceutical handling not only through the 
instrumentality of law, but the conscious awareness to the public through environmental education to reduce the 
emission sources of entry of APIs into the environment should be the primary focus of the stakeholders. Factors 
such as prescription change by a doctor, over-prescription and/or dispensing, drugs side effects, unclear 
instruction, improve patient’s condition/symptoms, and drugs stocking to get to expiry date give rise to nonuse and 
subsequent disposal of pharmaceuticals by the patients (Sonowal et al., 2017). Since, improper handling of 
pharmaceuticals is linked to environmental pollution and health hazards (Sonowal et al., 2017), the KAP of the 
users is imperative in this context. Therefore, evaluating the knowledge will help in understanding and preventing 
the detrimental effects of pharmaceuticals in the environment. Lack of knowledge was reported to contribute to 
improper storage of pharmaceuticals which resulted in unwanted risks such as accidental poisoning or overdose, 
incorrect self-medication, and prescription medicines abuse (AlAzmi et al., 2017).  
 
It has been documented that about 50% of medicines globally are used irrationally (Daughton and Epa, 2008). This 
can have severe consequences: adverse drug reactions, drug resistance, protracted illness, and even death (Jha et 
al., 2013). Additionally, the expenses incurred due to improper use by individuals and governments are not 
necessary and mostly very high, typically in developing countries where patients often pay for medicines out of 
their own pockets as shown by WHO, 2000 reports (McNulty et al., 2007). Improper use of medicines includes 
over-treatment of a mild illness, inadequate treatment of a serious illness, misuse, and overuse of drugs, self-
medication of prescription drugs and premature interruption of treatment. Statistics from many countries shows 
that such practices are frequent, and not exclusive to developing countries  Providing knowledge regarding the use 
of medicine to the public is an important component of the overall health care delivery system of any country (Jha 
et al., 2013). This is because lack of knowledge has been implicated as the leading cause of improper use of 
medication, especially in developing countries like Nigeria and Nepal. For instance, in 2000, about 60% of 
antibiotics in Nigeria were prescribed unnecessarily and in Nepal, over 50% of antibiotics prescribed in 1996 were 
not needed and 40% of medicines expenditure in the same year was wasted due to inappropriate prescriptions (Jha 
et al., 2013). Globally, the figure for unwarranted antibiotic prescriptions stands at roughly 50% (Jha et al., 2013). 
Therefore, there is a high tendency for misuse and abuse of these products and could result in environmental 
pollution. 
 
The scale and patterns of environmental pollution because of pharmaceutical use is not only determined by the 
level of public knowledge alone, the attitudes of the consumers in handling the pharmaceuticals also contribute 
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significantly in exposing the environment to the risk of pharmaceutical waste contamination. Since the attitude of 
the consumers can lead to irrational use of the pharmaceuticals and noncompliance hence wastage and pollution 
(Celik et al., 2013). Therefore, through more careful pharmaceutical handling and use, most negative 
environmental impacts could be avoided (Dohle et al., 2013). Studies suggested that very few people are guided by 
the concerns for the environment when purchasing pharmaceuticals in both developed and developing nations. 
They are more concerned about more effective drugs, but with less environmental friendliness (BIO Intelligence 
Service, 2013; Dohle et al., 2013). Consumers’ attitudes towards pharmaceutical handling and use influence their 
practices. This is because improper handling; purchase, use, storage, or disposal of pharmaceuticals can lead to 
drug abuse, accidental poisoning, and environmental pollution (Banwat et al., 2016). 
 
Additionally, improper handling of pharmaceuticals can lead to not only abuse but consumption of medicines with 
less potency, drug overdose, and wastage (Ruhoy and Daughton, 2008). Therefore, the attitude of the consumer in 
handling pharmaceuticals justified the concerns. Unsafe practices of handling pharmaceuticals can lead to 
environmental pollution and subsequent health hazards to both humans and wildlife (Dohle et al., 2013). The 
public may perceive different environmental impacts of unwholesome practices in pharmaceutical handling. 
However, the impacts of pharmaceuticals continue to escalate as a greater part of drugs become unused and are 
stored at home to expiration. Unsafe pharmaceutical disposal can have a direct adverse impact on public safety, the 
environment, and their health conditions. Hence, the duty of reducing the potential health risks related to 
pharmaceuticals should not stop at the point of sale but extend to the last phase of medicine’s life cycle (from 
production, sale, consumption, and disposal) (Ang’ienda, 2017; Ruhoy and Daughton, 2008). Therefore, public 
knowledge, attitude, and practices (KAP) concerning how pharmaceuticals are purchased, used, stored, and 
discarded becomes imperative. Improper pharmaceutical use is a risky attitude and consequently if not abated 
several different complications arise: Among which is inefficiency in treatment and lack of safety of the therapy, 
protraction of illness, harm to the patient, rise in the therapeutic costs wastage of resources and environmental 
pollution are the main hazards caused by indiscriminate drug use (Celik et al., 2013a). A study conducted in 
Tanzania suggests that not more than one out of four patients use correct prescribed pharmaceuticals (Quick et al., 
1991). Several reports from developing nations indicated the patterns of pharmaceutical handling practices in 
households and healthcare centers to regularly have similarities of problems in pharmaceutical usage: needless and 
too frequent use of drugs, use of incorrect pharmaceuticals to treat specific sicknesses, and hoarding of 
pharmaceuticals (Quick et al., 1991).  
 
Improper storage of pharmaceuticals also contributes to leftover pharmaceuticals in the home,  expiration, 
irresponsible medication sharing to friends and family members which are commonly observed problems that may 
lead to accidental or incorrect ingestion (Celik et al., 2013; Jonjić & Vitale, 2014; Massoud et al., 2016; Pearl & 
Chasler, 2011; Tong et al., 2011). In some cases, people offer advice to friends and family, and vice-versa, who 
are not health-care professionals on medication usage (Celik et al., 2013a). Use of medication without medical 
consultation may result in serious health problems. In developing country like Nigeria, people can buy drugs 
without a prescription (including controlled pharmaceuticals), and therefore self-medication rates have been 
reported to be high and can be the cause of wasted resources, the occurrence of resistant strains of microbial, and 
severe adverse drug reactions and toxicity (Gude, 2011). Pharmaceuticals are bought with and without 
prescriptions and are stored in different places in the home. Some places in the home are not proper for keeping 
drugs and can easily result in potency loss of the medicine (Celik et al., 2013; Daughton, 2010; Ocan et al., 2014). 
The use of an ineffective or inappropriate drug, for example, antibiotics in upper respiratory tract viral infections, 
is also a common problem. Usage of medicines even when they are not needed can cause severe health-related 
problems (Ang’ienda, 2017).  Unnecessarily use of costly pharmaceuticals results in wastage of economic 
resources (Celik et al., 2013a). 
 
Therefore, applying the principle of precautionary measure to minimize the introduction of pharmaceuticals into 
the environment, practices, and behaviors that may lead to the accumulation of unwanted pharmaceuticals must be 
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prevented right from the points of production to disposal (product life-circle). However, the objective of this 
review focused on public risk perception regarding the environmental impacts of pharmaceuticals, and the actions 
and activities bordering pharmaceutical handling involved with decreasing the introduction of APIs to the 
environment from this source, through pollution prevention and source control.  Its focus is on the purchase, usage, 
storage, and disposal of leftover medications from the consumer part instead of the healthcare community and 
other commercial medical institutions (e.g., hospitals, Nursing homes, Diagnostic Clinics, Pharmacies, Industries, 
and Vendors, etc.). 
 
7.0 Risk Perception and communication: 
7.1 Risk perception: 
The connection between public risk perception and their attitudes is complex. Therefore, effective risk 
management methods require strategies that decrease the number of pharmaceuticals that enter the environment by 
first, appreciating the factors which motivate their behaviors (Bound et al., 2006).  A study that relates knowledge 
and perception of risks and behavior established a very weak relationship between perceived risk and attitude. 
Though, the strength of these relationships varies between gender and age (Cook and Bellis, 2001). Secondly, the 
link between knowledge or awareness and risk perception was found to be high in the same study(Cook and Bellis, 
2001). Instances exist where individuals’ actions may directly affect their safety.  Therefore, it is worthwhile to be 
motivated by a desire to reduce an individual’s impact on the environment to reduce the environmental damage 
caused by the use and disposal of pharmaceuticals. 
 
Arguably, knowledge concerning environmental issues potentially tends to influence the decision of what is 
termed the proper way individuals interact with their environment (Maichum et al., 2016). Even though, real 
attitude is not always the same as awareness. Conversely, the discrepancy of having knowledge and awareness 
about an environmental issue and exhibiting friendly environmental behaviors by the public needs to be tackled. 
For a long, researchers have tried to comprehend and fish out why people refuse to change from knowledge to 
behavior with environmental concern.  The way an individual perceives things and sense of individual obligation 
has a direct correlation with his/her attitude and practice. This perception can assist in impacting the environment 
positively (Kusturica et al., 2015). In recent times, remarkable improvement in dictating principal causes of 
individual’s reasons for selecting environmentally sound behavior decisions are becoming more obvious. Since 
behavior is a complicated combination of self-phenomenon and interaction of mental reasoning, emotive, and 
social issues (Kusturica et al., 2015). Based on the reviewed studies so far, there appeared to be two studies that 
established a direct and solid relationship existing concerning awareness and attitude about leftover/ expired 
pharmaceuticals discarding activities (Braund et al., 2009b; Kotchen et al., 2009).  
 
A typical example could be drawn from a study conducted in the US, which suggests below 50% of the surveyed 
participants know pharmaceuticals being dictated in the environment. It is assumed that those who know the 
subject were not likely to throw leftover pharmaceuticals in the garbage bin or flush in the sewer systems, but 
more likely to take back leftover/expired medications to the collection points (Kotchen et al., 2009). The same 
pattern was found in Sweden compared to a study conducted in California, US among the general population 
(Braund et al., 2009). Lack of evidence to establish unambiguous and strong connectivity between awareness, 
seeming safest option and the particular practice of pharmaceutical disposal is a major challenge. As earlier stated, 
whereas education could result in the knowledge of the environmental issue, which invariably leads to worry, but 
not automatically bring about environmentally sound conduct. For instance, one major discovery made by Bound 
et al. (2006) in the study was the absence of evidence of a link between risk perception and proper method of 
medication disposal. Although, persons having solid environmentally sound behaviors were found more probable 
to be practicing best environmental conduct, suggesting the connection between attitudes and practices is not 
strong (Bound et al., 2006). However, the complexity of drawing a connection between behavior and risk 
perception is obvious, but subjective risk perceptions have been shown to possibly stimulate the practices of some 
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people. Despite the clear effect, risk perception is probably going to have on medication disposal conduct, very 
few studies relate drugs return schemes to risk perception (Bound et al., 2006).  
 
Therefore, to address these setbacks identified with the programs, the review discusses how risk perception can be 
applied to the medication return scheme. There is also a wide gap between knowledge of risks and the unbiased 
valuations of risk, and how entire people perceive risk. This difference may be attributed in part to the 
complication of causes and contributions. The principal causes may comprise features such as the persons’ risk 
management ability, their readiness to confront or accept the risk, as well as their awareness towards the risk 
(Slovic, 1987). This is because; people vary in their definition of what constitutes risks, which could be another 
cause of the discrepancy. When defining risks, non-experts may include numerous risk characteristics of which 
they depend on for the building of their risk perception. These risk characteristics may involve the possibility of 
disaster and harm on the unborn generations. However, this definition is a shift from that of the risk experts which 
solely depends on a single, distinct, measurable risk like yearly casualties (Slovic, 1992). Moreover, due to the 
complex nature of risk perception, it is not possible to have one reason as the factor of the disparity in non-experts’ 
personalized risk perception and experts’ unprejudiced assessments of risk. However, due to recent development 
about risk perception, contradictory explanations on risk and the complex nature of variables determining the 
perceptions as the main cause that lead to this irregularity (Renn, 1998). Another feature of risk perception 
constantly appearing in surveys about risk has to do with non-experts  always assuming that the present level of 
risk is virtually unacceptably excessive for all practices, suggesting that assumed risk level is above ideal one 
(Woodruff, 2005). 
 
Furthermore, the association between risk perception and behavior has been studied in the literature. The large 
number of researches that have studied the relationship between these two variables as well as how perception 
influences behavior attest to several (Af Wåhlberg and Sjöberg, 2000; Balog-Way and Löfstedt, 2020; Bound et 
al., 2006; Dryhurst et al., 2020; Gore et al., 2007; Shepherd et al., 2012). Another likely reason for contradictory 
findings is due to distinctive features contained in specific risk. The perceptions of risk as well as consequent 
behavioral reactions to particular risks make it hard to match through a broad array of numerous risks (Andras et 
al., 2005). Study techniques differ broadly too, which makes comparison cumbersome between researches and 
findings of risk perception. Also, the likely reason for divergence findings of various investigations is different 
people usually have different motivations for doing some activities and risk perception may only be one of several 
causative reasons (Wilcox and Carolina, 2013). However, the reason leading to the disparity of outcomes, many 
emerging studies on risk perception which gave some important cue regarding the intricate connection of risk 
perception and behavior and could be very vital in determining the possible effect risk perception could make on 
medication discarding behavior and partaking in medicine reversal programs (Thach et al., 2013).  
 
A research for instance studying risk perception and behavior in UK students discovered the insignificant 
influence of knowledge and risk perception upon certain behaviors (Stoddard, 2012; Union et al., 2009; Wilcox & 
Carolina, 2013). Arguably, the survey was peculiar to a very special set of the sample with strong backgrounds on 
environmental awareness at the two institutions of higher education in the UK. Moreover, most of the questions 
asked were on voluntary risks whose implications are direct and definite to the individual indulging in such 
negative behavior as illicit drugs, cigarette or marijuana smoking, alcoholism among others. Likewise, a similar 
survey in the Swedish teenage age population discovered lung cancer. however, the number of cigarettes smoked 
was not influenced by the risk perception of this group (Stoddard, 2012; Wilcox & Carolina, 2013). This result 
completely negates another survey on smoking which discovered risk perception of lung cancer to be an important 
influencer of the quantity of the smoked cigarette (Aalabaf-Sabaghi, 2009; Stoddard, 2012). In the Swedish study, 
speculation was also made that restricting the research to only risks concerning lung cancer could have introduced 
a prejudice behind this contradiction (Stoddard, 2012).  
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Therefore, these two studies carried out in the UK and Swedish failed to establish a relationship between risk 
perception and behavior was because these researches studied risks where the people’s actions were directly 
impacted on their health, which could be very different from human and environmental health risks caused by 
leftover/expired medications. This is because of greater differences among the behavior and outcome, the demand 
for social and environmental obligation an individual may desire to engage in (Stoddard, 2012). Consider also the 
Jakus et al (2009) which show the widely dissimilar inferences of certain risk research surveys to compare the 
earlier stated studies in Sweden and the UK. The study discovered participants staying in places polluted by 
drinking water with arsenic compounds, their risk perception was an important factor statistically in deciding the 
number of liters of water to buy (Jakus et al., 2009; Stoddard, 2012).  
 
Also, an individual’s knowledge may be another determinant factor in the risk decision making of a certain 
specific challenge. For example, a survey of risk perception issues in Sweden looked at factors such as air 
contamination when deciding on the individual use of a car in the environment (De Groot & Steg, 2007; Garvill & 
Nordlund, 2003; Jakus et al., 2009). Despite, leftover/expired medications may differ from the risks of air 
contamination in many ways, they may share some similarities such as non-disastrous impacts, late impacts as 
well as possible effects to generations yet unborn which could make the application of this survey results possible 
with the study of environmental problems emanating from pharmaceutical handling. Therefore, risk perception is a 
complex concept, appearing according to particular risks, but not completely known. Therefore, an attempt to 
resolve this complexity will mean communicating the risk to the target population for them to make an informed 
decision as to which risk has the less likelihood of affecting their health and that of their surrounding environment.  
 
7.2 Risk communication: 
Risk communication refers primarily to the propagation of information to the public about health risks and events, 
such as disease outbreaks, and advice on behavior change to mitigate those risks. It can shape and motivate the 
perception of risk (Gamhewage, 2014). Risk communication includes the variety of communication capacities 
required through the preparedness, response, and recovery phases of a serious public health event to encourage 
informed decision making, positive behavior change, and the maintenance of trust. Consequently, the need to 
communicate the risks seems inevitable (Fischhoff, 1995). Risk assessment is done because adverse effects for 
social and physical systems are anticipated. Even though the evaluation of risk has long been alleged as a sheer 
methodological determination process within a scientific domain. Notwithstanding, it is evident with time that a 
gap exists between this supposed scientifically evaluated risk and what the public considered as unsafe to them 
(Ellena & Gerritsb, 2007). Therefore, risk must be communicated in an explicit language to avoid conveying 
wrong meaning to different viewpoints, this necessitates knowledge of various terminologies and ambiguities in 
these viewpoints for the message to be fully understood by all viewpoints (Ellena & Gerrits,  2007). The languages 
used may however cause stiff responses, which should be noted. The stakeholders (the users of the terms, 
government, and nonprofessionals) must be carried along in the process of decision-making in order not to have 
only a situation of top-bottom approach in communicating risks, but vice-versa (Anwar et al., 2020). This is 
because; various interest parties have divergent viewpoints, which invariably transcend their definition of risks. 
The different viewpoints again have different terms and ambiguities that must be resolved always before 
communicating risk to the different parties. Hence, it is precisely encouraging for risk communicators always to 
use terms commonly understood by all the stakeholders (DiClemente and Jackson, 2016; Glik, 2007; Renn, 1991). 
This is known as a plurality in communication and it is to stimulate support and participation for all viewpoints in 
the decision-making process. Especially, in pharmaceutical handling and environmental stewardship that require 
all hands-on decks for successful pharmaceutical management (De Rosa et al., 2016). 
 
8.0 Regulation and Risk Management strategies: 
Before 2005, an environmental risk assessment (ERA) was not part of the processes of authorization of 
pharmaceutical products to be marketed, and therefore pertinent information gaps exist for the older products. 
Even for more recent products, ERA was also often inadequate. Many regulatory frameworks for substances sold 
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and used in Europe now added an assessment for Persistence, bioaccumulation, and toxicity (PBT) potential but, 
concerning veterinary and human pharmaceutical products, no explicit guidance is available (BIO Intelligence 
Service, 2013; Ku and Adler, 2014). There is at present no EU regulation that covers the risk assessment of 
contaminated soil, and of the product, residues transferred to food animals, including fish, or present in biosolids 
emanating from water treatment plants (Backhaus & Backhaus, 2014; Beek et al., 2016; Bottoni, Caroli, & 
Caracciolo, 2010; Boxall et al., 2003; Daughton, 2003; Doerr-MacEwen & Haight, 2006; Verlicchi et al., 2012). 
The major steps of legislative actions to close these gaps regard to the consolidation of the ERA that could also 
target old pharmaceuticals. The EU Water Framework Directive (Brack et al., 2015) could consider ERA results 
for active pharmaceutical ingredients. Tailored legislative tools could as well launch an explicit label for green 
pharmacy (Boxall et al., 2003; Siler S & Brown R, 2009). 
 
However, principal non-legislative emphasis on consumption and waste management, via enhanced knowledge of 
the environmental toxicity of pharmaceutical products, and by encouraging the employment of well-trained 
personnel in regulatory agencies with an environmental toxicology background. Therefore, training sections could 
be arranged for medical personnel, satisfying consumers’ needs, as well as packaging sizes, could be considered, 
all the while establishing the role of pharmacists in the revised distribution process of unused pharmaceutical 
products and planning public information campaigns. Thus, main improvements in waste management could be 
concentrated on better effective collection programs for leftover human and veterinary pharmaceuticals, and on 
tracking their competency. 
 
9.0 Challenges for pharmaceutical handling: 
The principal idea behind pharmaceutical handling research is to identify the sources of environmental 
contamination by pharmaceutical active ingredients and to determine control and preventive measures to forestall 
future human health hazards and challenges to ecosystem services. Therefore, various authorities implement 
regulatory approaches through environmentally sound policies. For instance, the European Commission Directive, 
2004 stipulates for every new pharmaceutical product to be marketed, it must pass through environmental risk 
assessment (ERA) before an authorization is given (Persson et al., 2009; WHO, 2013). However, the daunting 
challenges have to do with the point where the pharmaceuticals get to the consumers. How the consumers 
purchase the drugs, how they use the medication, the storage methods, and disposal practices leave more to be 
desired (Halling-sùrensen, 2000). The NABC analysis (Table 2) gives a summary of the needs, approaches, 
benefits, and challenges on the idea of pharmaceutical handling as well as the impacts caused because of improper 
handling. Analysis of risk perception by the public due to their knowledge, attitude and practice is briefly 
demonstrated in the analysis. As reported in many studies, public awareness is another challenge on 
pharmaceutical handling (Celik et al., 2013b; Ofori-Asenso and Agyeman, 2016; Omolase et al., 2011; Shepherd 
et al., 2020). Therefore, there is a need to intensify the awareness campaign to the public on the proper handling. 
Nevertheless, the challenge of public risk perception also makes pharmaceutical handling a difficult task. The 
knowledge and attitude of an individual greatly influence pharmaceutical handling practices. 
 

Table 2: Needs, Approaches, Benefits, and Challenges (NABC) analysis. Source: (Wee and Aris, 2017). 
Needs Approaches 
-Comprehensive study of global practices on 
pharmaceutical handling 
-Detailed public risk perception on the impacts of 
pharmaceuticals in the environment 
-Pharmaceutical pollution sources and pathways 
-Risk communication as a basis for regulating the 
substances emission to the environment 

-Pollution control and prevention through source point 
reduction methods. Eg material substitution, 
procedures modification, and environmentally sound 
practices 
-Strong legislation through effective policies and 
regulatory frameworks 
-Public awareness and participation in programs of 
pharmaceutical revised distribution of unused 
medication  

Benefits Challenges 
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-Closing the knowledge gaps on pharmaceutical 
handling 
-Policy formulation on pharmaceutical handling 
especially in developing countries 
-Minimizing the impacts of pharmaceutical active 
ingredients on human health and ecosystem 
-Reducing environmental loading of pharmaceuticals 
through consumer usage, emission, and distribution of 
pharmaceuticals 
-Protecting the environment from further 
contamination 

-Complexity of relating sociodemographic as 
predictors on drug handling 
-Knowledge, attitude, and practices are in cases 
difficult to be the determinant of risk perception 
-The amount of dosage used is not within the patient’s 
judgment 
-Inadequate regulation guidelines on most of the 
emerging contaminants 
-Lack of political will to regulate the use and disposal 
of unused pharmaceuticals 

 
10.0 Conclusion: 
Pharmaceuticals in the environment have been the issue of concern for almost three decades now as these 
compounds are continuously being dictated in different environmental matrices with the concentration ranging 
from microgram per liter to Nanogram per liter. This received much attention because of the devastating effects on 
the organisms and potential health hazards on humans and the environment. Therefore, different countries across 
the globe come up with legal frameworks to abate the emission of these emerging contaminants into the 
environment through policies and programs that are environmentally sound. Aside from ERA, there are concerted 
efforts by the drug manufacturing companies that implemented control and prevention measures from the sources 
point by raw material substitution, procedural change, and practice modification in their production processes.  
 
Besides, perception determines how people respond to risk situations. Therefore, there is also a need to explore 
further ways in which risk managers communicate effectively to the people concern for adequate response and 
mitigation. To minimize the environmental loading of pharmaceutical active ingredients, product life cycle 
monitoring, and environmental stewardship must be adopted in dealing with pharmaceutical products. 
Furthermore, storage and disposal methods of pharmaceuticals must be done properly by the end-users to reduce 
environmental pollution. Thus, from the disposal approach perspective drugs should be discarded appropriately by 
returning to the pharmacy through drug take-back programs or reverse distribution schemes. 
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Abstract: Education is one of the main indicators of development others been healthcare, employment and 
unemployment rate and gender equality. This research aimed at analyzing the spatial distribution of secondary 
schools in Bichi Local Government Area with a view to identifying the pattern of the distribution as well as the 
relationship between population and number of secondary schools in the area. Primary data in the form of 
coordinates where acquired using Garmin (GPS) while secondary data relating to the number of secondary 
schools was obtained from Kano state secondary schools management board, Bichi zonal directorate. Population 
figures was obtained from National Population Commission (NPC), Kano office. The data obtained was subjected 
to descriptive statistical analysis, correlational analysis, nearest neighbor analysis and buffer. The result indicates 
the presence of 21 male secondary schools, 8 female secondary schools and 5 mixed secondary schools 
representing 61.8%, 23.5% and 14.7% respectively. It is therefore recommended that more female secondary 
schools should be establish in the Bichi local government area to address gender disparity in the secondary 
education. 
 
Keywords: Education, Secondary Schools, Spatial Distribution, and GIS 
 
1.0 Introduction 
Educational facilities are crucial resources that enhance all-round development of man and his environs (Inobeme 
& Ayanwole, 2009). The role of education is of utmost importance in our society. According to UNESCO (2006), 
the growth of education is essential to the development of economy around the world. The World Bank opined that 
the gross domestic product (GDP) of a country will increase by at least 3% yearly as the level of education 
increases. Accessibility to basic education has been identified as a major indicator of human capital formation of a 
country or region, which is an important determinant of its future rate of growth and as a measure of development 
(Hanmer, 2007). As important as education is to a country's growth and development, access to basic education in 
Nigeria in recent time is denied for reason of uneven distribution of educational facilities and high poverty 
incidence in the country. Although government have initiated programmes like the universal basic education 
(UBE) and millennium development goals (MDG) programme to enhance the development of basic education by 
making available funds to all the states of the federation, the gap still exists. However, the critical missing link in 
these programme initiative remains the lack of a coherent policy regarding the location of facilities and services 
coupled with absence of an appropriate normative framework within which policy can be formulated and executed 
(Owoola, 2002). 
 
The distribution of educational facilities may be the best single quantifiable index and potential for modernization 
of specific parts of tropical African countries and it has been used in studies of the spatial dimension of change in 
these countries, for example Uganda and Kenya have indicated that there is some relationship between regional 
imbalance in educational opportunity and spatial imbalance in the distribution of other indices like population, 
economic activities and location characteristics of the urban area. The provision and spatial distribution of 
educational facilities and services have been of vital importance in both developed and developing countries. The 
need to provide educational facilities and services for the purpose of promoting and sustaining growth and 
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development is recognized worldwide. As such, the private sector is commonly encouraged to work in conjunction 
with the public sector to provide necessary facilities and services where appropriate and feasible. 
 
Spatial inequality is an important feature of many developing countries that seems to increase with economic 
growth and development. At the same time, there seems to be little consensus on the causes of spatial inequality 
and on a list of effective policy instrument that may foster or reduce spatial inequality (Sukkoo, 2006). Nigeria 
being the country with the highest population of blacks in the world has huge human resource potential for growth 
and development, many of which have little access to qualitative education for many reasons and one of them is 
the uneven distribution of basic education facilities in most villages, towns and cities in the country. Previous 
studies by Hafeez et al (2019) in Ibadan south west indicate that secondary schools are dispersed in terms of 
distribution pattern (z=4.84 and p=0.001). Moreover, Hafiz et al (2016) analyze the spatial distribution of 
secondary schools in Giwa zone of Kaduna state, Nigeria their result indicate that schools are unevenly distributed 
in the area. Similarly, Musa and Mohammed (2012) examined the spatial distribution of secondary schools in Bida 
town of central Nigeria, the outcome indicate inequality in the distribution of the schools and low level of 
utilization. Also, a study by Adam et al (2017) analyzing the spatial distribution of public primary schools in Kirfi 
L.G.A indicate uneven distribution (clustering) of primary schools in the area. Another study by Mustapha et al 
(2016) in Ilorin west, Nigeria indicate uneven distribution (well-served 41.66%, marginally-served 25%, under-
served 16.67% and not-served 16.67%).  The objective of this study is therefore to employ GIS to analyze the 
distribution of secondary schools in Bichi LGA, Kano state with a view to identifying the pattern of the 
distribution as well as the relationship between population and number of secondary schools in the study area. The 
null hypothesis is that there is no significant relationship between population and number of secondary schools in 
Bichi Local Government Area. 
 
2.0 Methodology 
The research utilized both primary and secondary data, while numerous analytical techniques (such as descriptive 
statistics, correlational analysis) were employed in the data analysis. The data used in this research was obtained 
from two sources.  

a) Primary Data: the primary data was collected through field survey. The location of the secondary schools 
was identified and the spatial data (Coordinates) of the located schools were recorded on the spot with the 
help of a hand held Garmin Global Positioning System. The authenticity of the spatial data (Coordinates) 
was also verified using Google Earth (PRO).  

b) Secondary Data: the list of all formal public and private secondary schools was obtained from Kano state 
secondary schools management board, Bichi zonal directorate. Population figures was obtained from 
National Population Commission (NPC), Kano office. The data obtained was subjected to the following 
analysis:  

a) Descriptive Statistical Analysis: The data collected was converted into simple statistical tables and pie 
charts, so as to aid visual presentation. 

b) Correlational Analysis: Spearman rank order correlation coefficient was used to test the relationship 
between population and number of secondary schools per ward. 

  

rs = 1 −
6 ∈ 퐷2

푛(푛2 − 1)                               (1) 

c) Nearest Neighbour Analysis: This was used to measure the distributions according to whether they are 
clustered, random or regular. The nearest neighbor formular produces a result between 0 and 2.15, where 
the following distribution pattern form a continuum (Clustered – 0, Random - 1.00, and Regular - 2.15). 

The formular to be used is as follows:  
 

Rn=
Ď( )
. √

                                     (2) 
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where, Rn is the Nearest Neighbour Value, Ď(0bs) = Mean Observed Nearest Neighbour Distance, ‘a’ = Area 
under study, ‘n’ = Total Number of Points 

d) Buffer: Using the maximum walking distance of 40 minutes which is 3 kilometres as advocated by 
UNESCO. A 3 kilometre service radius buffer will be created from each secondary school using ArcGIS 
10.5 software. This helps identify areas that are well-served and those under-served within the study area. 

 
2.1 Study Area 
Bichi local government is one of the 44 local government areas of Kano state. It is about 28 kilometres away from 
Kano city on the federal highway from Kano to Katsina. Bichi boarders Dawakin Tofa in the south west, Bagwai 
in the south east, Tsanyawa in the north east and Kunchi local government in the north. It consists of 11 wards 
namely Badume, Bichi, Danzabuwa, Fagolo, Kaukau, Kwamarawa, Kyalli, Muntsira, Saye, Waire and Yallami. 
 
  
 

 

 

 

 

 

 

 

 

Fig 1: Kano State Showing Bichi LGA. Source: Modified From Kano State Administrative Map 

3.0 Result 
The table and pie chart below shows the percentage and number of secondary schools in Bichi local government 
area based on their ownership. The government owns 30 secondary schools representing 88.2%, while the private 
schools owned 4 secondary schools representing 11.8%. 
 

Table 1: Ownership of Secondary Schools in Bichi Local Government Area. Source: Mahmoud, 2018 
Ownership Number Percentage 

Government 30 88.2% 
Private 4 11.8% 
Total 34 100% 
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Fig 2: Pie Chart Showing Secondary Schools Ownership 

 

 
Figure 3: Bichi LGA Showing Government Owned Secondary Schools 

 
Figure 4: Bichi LGA Showing Private Owned Secondary Schools 
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Location of Secondary Schools 
With in Bichi LGA

Urban

Rural

 
The table and pie chart below shows the percentage and number of secondary schools based on their location 
(urban or rural). The urban area of Bichi is having 15 secondary school representing 44.1%, while the rural areas 
are having 19 secondary schools representing 55.9%. 
 

Table 2: Location of Secondary Schools within Bichi Local Government Area. Source: Mahmoud, 2018 
Location Number Percentage 
Urban 15 44.1% 
Rural 19 55.9% 
Total 34 100% 

           
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Pie Chart Showing Location of Secondary Schools 
 

 
Figure 6: Bichi LGA Showing Urban Secondary Schools 
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Figure 7: Bichi LGA Showing Rural Secondary Schools 

 
The table and pie chart below indicates the gender inclination of secondary schools in Bichi local government 
area. The male are having 21 secondary schools representing 61.8%, the female are having 8 secondary schools 
representing 23.5% while we have just 5 mixed schools representing 14.7%. 
 

Table 3: Gender Inclination of Secondary Schools in Bichi Local Government Area.Source: Mahmoud, 2018 
Gender Number Percentage 
Male 21 61.8% 
Female 8 23.5% 
Mixed 5 14.7% 
Total 34 100% 

 

 
 

Figure 8: Pie Chart Showing Gender Inclination of Secondary Schools 
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Figure 9: Bichi LGA Showing Male Secondary Schools 

 

 
Figure 10: Bichi LGA Showing Female Secondary Schools 
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Figure 11: Bichi LGA Showing Mixed Secondary Schools 

 
3.1 Correlational Analysis 

Table 4: Spearman Rank Order Correlation Coefficient for Bichi Secondary Schools 
x Y rank x rank y D D2 
2 37,015 6 2 4 16 
15 47,313 1 1 0 0 
3 25,326 3 3.5 0.5 0.25 
0 19,203 11 9 2 4 
1 19.203 9 9 0 0 
1 23,326 9 6.5 2.5 6.25 
3 25,326 3 3.5 0.5 0.25 
2 19,203 6 9 3 9 
3 19,203 3 9 -6 36 
2 19,203 6 9 -3 9 
1 23,657 9 6.5 2.5 6.25 
∑     87 

 
X = number of secondary schools per ward 
Y = population per ward 
Observed value = 0.604 
Critical value=0.794 
Observed value is less than critical value 
* There is no significant relationship between population and number of secondary schools in Bichi local 
government area. The null hypothesis is accepted, while the alternative hypothesis is rejected. 
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3.2 Nearest Neighbour Analysis 

 
Figure 12: Result of Nearest Neighbour Analysis 

 
3.3 Buffer  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13: Bichi LGA Showing All Secondary Schools 
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Figure 14: 3 Kilometer Buffer Analysis of All Secondary Schools in Bichi LGA 

 
3.4 Summary of Findings 
The result of descriptive statistics indicates that government owns 30 secondary schools in Bichi local government 
area representing 88.2% while the private education providers owns 4 secondary schools representing 11.8%. In 
terms of location the urban area of Bichi local government area has 15 secondary schools representing 44.1% 
while the rural villages have 19 secondary schools representing 55.9%. In terms of gender Bichi has 21 male 
secondary schools, 8 female secondary schools and 5 mixed secondary schools representing 61.8%, 23.5% and 
14.7% respectively. The spearman rank order correlation indicates that there is no significant relationship between 
population and number of secondary schools in Bichi local government area. The nearest neighbour analysis 
indicates a clustered pattern of distribution of secondary schools in Bichi local government area. The buffer 
analysis indicates that the urban area of Bichi local government area is well-served while the remaining rural 
settlement are under-served. 
 
3.5 Discussion 
The result shows that government is the dominant provider of secondary education with higher     number of 
schools while the private education providers are just coming up. In terms of relative number of schools between 
rural and urban areas of Bichi, there seems to be balance in the number of schools between the two areas which is 
very commendable. The gender analysis of secondary schools indicates there are more males’ secondary schools 
than females and mixed put together. This shows that the community is more interested in male child education 
with its negative consequences (gender inequality) on overall development, this collaborated the investigation of 
Nargis & Sufiana in swat district of Pakistan. 
 
The spearman rank order correlation analysis highlights the point that population is not been considered in siting 
secondary schools because there is no relationship between population and number of secondary schools (null 
hypothesis is hereby accepted). The nearest neighbor analysis indicates a clustered pattern (uneven) of secondary 
schools and this is due to irregularity in siting secondary schools in the locality. This uneven distribution is 
highlighted by previous studies by Musa & Muhammed, 2012, Hafiz et al 2016, Mustapha et al 2016 & Adam et al 
2017.  This type of pattern or arrangement usually occurs in nodal regions such as road junctions, seaports or 
routes. The buffer analysis highlights the point that community facilities are more centered in urban areas which 
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are rather well-served at the detriment of rural communities that are under-served in thee entire local government 
area. 
 
4.0 Conclusion 
The study unveiled the spatial disparity between urban and rural settlements in terms of location of secondary 
schools whereby urban area are well-served, while rural areas are under-served. There also exists gender disparity 
in secondary education this is due to the fact that male secondary schools outweigh female and mixed secondary 
schools put together. This could be attributed to historic, cultural and religious factors of inhabitant of the area. 
The correlational analysis indicate that there no relationship between population figures and number of secondary 
schools in the area. This could be attributed to the fact that population figures are not been considered in locating 
secondary schools in the area. These and other factors will serve as hindrance for school age children to access 
secondary education in the area. 
 
4.1 Recommendations 
From the foregoing the following recommendations can be deduced: 

a) There is need for more private secondary schools to compliment the government owned secondary 
schools in Bichi local government area. 

b) Girl child education require urgent intervention through the establishment of new female secondary 
schools to address gender disparity in secondary education in the area. 

c) The 3 kilometer buffer of all secondary schools indicates that urban areas are well-served while most of 
the rural areas are under-served, these areas mostly in rural communities needs to be identified and 
secondary schools should be sited in such locations. This is so as to improve access to secondary 
education. 

d) The spearman rank order correlation indicates that there is no significant relationship between population 
figures and number of secondary schools in the area. It is therefore recommended that population should 
always be the bases for locating secondary schools rather than political opinions. 
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Abstracts: The study aimed at introducing an irrigation method using clay pot as a water saving device save 
between 50 to 70% of water as compared to conventional irrigation method. The study has three specific 
objectives which include: Promoting clay pot irrigation method to help community to be engage in dry season 
farming, help to understand the importance of participatory activities and group formation, to use tomato as an 
example crop for the new irrigation techniques. Out of ten wards in Yankwashi LGA, one ward was selected for 
the conduct of SEPs. From the sixteen (16) additional groups created to make use of SEPS, two leaders from each 
group were selected that make a total of forty (40) representatives. The representative is also divided into two 
groups that is “A” and “B” by adopting a train the trainer techniques, a step by step training on how clay pot 
irrigation was conducted to group “A” followed by “B” which train representative whose train their group 
members. Simple descriptive statistics was employed in data analysis were by the probability of the project was 
determine by using Gross – Margin analysis. However, many observations were recorded from the demonstration 
plot e.g. land clearing, and fencing four days, seed sown three days after and germinated ten days’ interval due to 
low temperature all in January, 2018 transplanted second month in which the tomato matured and harvested on 
17th April, 2018 with a total harvest of 225kg. It’s concluded that practical is the best method of transferring new 
innovations to farmers in the study area. The performance of the tomato using such system indicated that farmers 
engaged in practicing both rainy and dry season farming provide food security and improved farmers overall 
livelihood more especially in area were water scarcity is the major factor affecting tomato production. Therefore, 
based on the finding its recommended that, services of the extension workers is highly needed to create awareness 
for the farmers to get useful information that would enhance the adoption of the new innovation.     
 
Keywords: Clay pot irrigation, Technology, Tomato Production  
 
1.0 Introduction  
This SEPs wish to introduce an irrigation method using clay pots as a water saving device to save between 50 and 
70% of water as compared to conventional irrigation method (Daka,2001). The technology would have an impact 
on the society in many ways: The youth will be engage in farming activities all year round and farmers will make 
good use of their resources and thereby become self-sufficient in food production. The overall objective of these 
SEPs is introducing clay pot irrigation technology for tomato production in Yankwashi community in Jigawa state 
which entails creation of rural employment, so as to attain sustainable food security. The specific objectives 
include: 

i. Promoting Clay pot irrigation method to help the community in finding something to do in the dry season 
by engaging them into dry season farming. 

ii. To help the community understand the importance of participatory activities and group formation. 
iii. To use tomato as an example crop for this new irrigation method 

 

It is widely distributed in tropical and sub-tropical environment, as it adapted to a wide range of variations in soil 
and climate. Tomato was introduced to Nigeria the 19th century (Villareal, 1980). Tomato of the nightshade family 
is consumed in diverse ways, including raw, as an ingredient in many dishes and sauces and in drinks (Alam et al., 
2007). Tomatoes and tomato-based foods provide a convenient matrix by which nutrients and other health-related 
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food components are supplied to the body. In areas where it is eaten, it forms a very important part of human food 
(Beecher, 1998). Tomato, for example, forms a very important component of food consumed in Ghana and this is 
evident in the fact that many Ghanaian dishes have tomatoes as a component ingredient (Tambo and Gbemu, 
2010). Tomato is a rich source of foliate and with phytonutrients; the most abundant in tomatoes are the 
carotenoids, lycopene being the most prominent, followed by beta-carotene and gamma-carotene, photogene as 
well as several minor carotenoids (Beecher, 1998). Irrigation may be defined in simple term as supplying crops 
with water. More specifically, irrigation which is the artificial application of water to land areas to meet the water 
needs of plant. Irrigation may also be seen as the application of water to the plant using other cultural purposes 
through man-made system to meet up with water requirement not satisfied by rainfall. Clay pot irrigation is an 
ancient irrigation system which seems to have originated in Northern Africa and in Iran. It is widely thought to be 
water saving and efficient irrigation system. The reasons for these properties are thought to be in its high Auto 
regulative capacities which arise from the close interaction between the Clay pot and its environment, namely the 
soil, climate and plants (Stein, 1998). The techniques was being practice in countries like India, China, Pakistan, 
Mexico, Brazil e.t.c to grow wide range of annual and perennial crops.  
 
Among many sub- surface irrigation techniques available, Clay pot irrigation appears to be more economical and 
water saving Clay pot when it is filled with water and buried in to the soil, it releases water through its wall in to 
the surrounding soil. Water flow from the pot to surrounding soil matrix is controlled by the permeability of the 
pot walls and soil suction gradient as normally expressed by Darcy law. In practice, generally the wall of the pot is 
in saturated condition in such a way that suction gradient may be the main driving force controlling the water flow. 
The soil suction itself changes in response to evapo - transpiration process. The water diffuses in to the soil 
through the clay pot in to the root zone and is absorbed by the plants. The efficiency of irrigation depends on many 
factors including soil type, plant species, soil structure and fertility, weed competition and site micro-climate. 
(ICME, 2007).  
 
However, the number of pots needed per hector varies with the type of crop. Creeping crops such as water melon, 
bitter gourd require 2000 - 2500 pots per hector. Upright crops or crops producing canopy around the pot may 
require 4000 - 5000 pots per hector. During the need assessment conducted in Yankwashi community of 
Yankwashi local government, Yankwashi people present themselves as an environment with soil fertility potential 
and teeming Unemployed youth and a very deep water table for most part of the year, difficulties arise in 
abstracting this water for irrigation purposes. No land is cultivated as irrigation and most of the farmers are not 
producing enough food to their families under rain fed production. Hence, there is need for alternative sources to 
meet up their demands. Water scarcity in Yankwashi community is the main constraint in agricultural production. 
That is why farmers do not carry out any farming activities during the dry season as a result of water scarcity in 
the area; these farmers continue to be idle until the commencement of rainfall. The use of clay pot irrigation 
technology on tomato and other crops will greatly help the community to have something to do for employment 
especially among the youth, through efficient utilization of water resources and improve food security. The need 
assessment carried out in the community indicated that water scarcity is the main constraint in the community. 
Improving water use efficiency is very important in Yankwashi, therefore the use of sub-surface irrigation which 
reduces evaporative water losses in irrigation system is promoted in the present study. 
 
2.0 Materials and Methods 
This section presented the location of the experiment and where it was conducted. It also described the sampling 
techniques used in carrying out the research. 
 
2.1 Experimental Site 
The identified SEPs location is one of the major town of Yankwashi local Government of Jigawa state. Yankwashi 
local government its situated in the northern part of the state and falls under north-west senatorial district of 
Jigawa state and fall under latitude12.7428, longitude 8.5400. It is one out of the four local government area of 
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Kazaure emirate. It is bounded by Katsina to the North and Eastern angle of the state, with Baure, Sandamu local 
government area. Yankwashi also bounded by Kazaure local government by East and South angle of the local 
government. To the West it is bounded by Gwiwa local government area. It has an area of 371km2   and a 
population of 95.759 as at 2006 Census. Its major ethnic groups are Hausa and Fulani with farming as their major 
occupation. 
 
2.2 Sampling Techniques 
In this study of these (SEPs), we selected Yankwashi ward out of ten wards in Yankwashi local government for 
the conduct of this SEPs. In Yankwashi community, there were existing cooperatives societies promoted by 
different non – governmental organizations. In addition to the four (4) registered cooperative societies, there is 
sixteen (16) additional groups/association created with each having 15 – 16 members to make use of these SEPs. 
Two leaders from each group were selected to make a total number of forty (40) representatives. These 
representatives are divided into two groups, each assigned as group “A” and “B” by adopting a train the trainer 
techniques a step by step training on how the clay pot irrigation techniques was conducted to group “A” and then 
“B”. The trained representatives will then train their representatives’ group members.  
 
2.3 Materials Used 
The materials used in these SEPs include fixed and variable assets. The fixed assets                                         
include: Unglazed Clay pots, Room for lectures, Store for SEPs materials, farm implements such as Hoes, Rakes, 
Jerry-cans and the 40 selected representatives. The variable assets include: tomato seed, organic and inorganic 
fertilizers, Dextrin and the monetary aspect for transportation purposes. The total variable cost is those expenditure 
of production that changes with business output, total fixed cost are the expenses of production which do not 
change even if production stops temporarily (Junaid, 2004). Similarly, expenditure in Clay pot irrigation 
technology is generally of two types, fixed and variable expenditures. The fixed is the cost that remained relatively 
constant regardless of the level of production. This cost is not used in the production cycle. These include 
construction of Clay pots, fencing of the SEPs land, rakes, hoes, Jerry- cans etc. The variable expenditures are 
those purchased only if production is to be carried out and the amount of such cost is dependent on the kind and 
qualities of the inputs used. Those components are used in at least 5 years’ production cycle. Variable expenses 
include: cost of Unglazed Clay pots, water for 21 times refilling of pots, chemicals and transportation.  
 

Table 1: List of items required for this SEPs and their price. Source: (Market survey, 2018) 
S/N Items Quantity Price 
1 Unglazed Clay pots 50 7500 
2 Sachets of tomato seed 2 600 
3 Manure - 3000 
4 Hoe 5 1250 
5 Rake 2 800 
6 Jerry cans 5 850 
7 Clay pots transport - 5000 
 Total  20750,000 

 
Table 1 shows the list of various materials for the conduct of this new irrigation technology. Clay pots as a 
container or device used to supply water to the crop, it has the ability to hold water for at least 6-7 days in which it 
releases water to its surrounding, 48 Clay pots were manufactured and the price of each clay pot is N7500, tomato 
seed as a sample crop for this new irrigation technology at N600, others are for the purchase of hoes at N1250, 
rake N800, Jerry-cans N850, fertilizers and chemicals N1750 and the transportation cost of clay pots from Sada to 
Yankwashi N5000 only which make the total of N20,750.000. 
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2.4 Land Clearing and Fencing of the Plot 
Land clearing is use in agriculture to prepare the land for crops. This can include the removal of debris, vegetation 
and cultivation of land.15m X 3m land were used for this demonstration were 48 Clay pots was planted in four 
plots and at different spacing and two other plots for the test of surface irrigation in order to compare between the 
buried clay pots irrigation and the surface irrigation. The field was cleared from debris and then fence to prevent 
animals and other pest damages. The holes for burying these Clay pots were made using local tools example: hoe, 
digger and shovels, the pots were also buried neck out and refilling of water accordingly. 
 
2.5 Bed Preparation 
Nursery bed is defined as prepared area in a nursery where seed is sown or into which transplants or cuttings are 
put. Nursery beds are classified into seedlings beds and transplant beds, similarly considering the nature of lands. 
After site selection, the land was cleared and measured 2 x 2m by digging it well at least to the depth of 0.3-0.45m 
so that stones and roots lying underneath are dug out and thrown outside the nursery bed. The soil is then mixed 
with farm yard manure and inorganic manure was also added during the bed preparation. 
 
2.4.2 Tomato Seed Variety 
The UC 82B is a short variety (50-60cm) with semi determinate growth habit, spreading branches and open 
pollinated with short maturity period of 80 days after transplanting. It is a processing type with a pear shaped red 
fruit containing many seeds. The fruits are firm that store for about 2 weeks when harvested at green stage 
(Ibrahim, 1999 and Anons, (2005). 
 
2.4.3 Planting Seeds 
This is the process of casting handfuls of seed over prepared ground or broadcasting from which the technological 
term is derived. Seeds were planted at spacing of 0.15m between rows using drill method and the seed was 
covered lightly and mulch the bed. The beds have been watered thoroughly on the day prior to sowing. 
 
2.4.4 Maintenance of Nursery Bed 
The bed was mulch after sowing until germination period that took almost nine days from   13th day of January 
2015 to 22nd day of the month due to very cold period around those days. Enough shade was provided to the crop 
after germination of about 1m above the bed, the crop was thin properly and weak or diseased seedlings was 
removed in order to keep the bed weed free. 
 
2.4.5 Clay Pots Installation 
Locally made clay pots with a capacity of almost 6 liters each were installed by burying them neck deep, with the 
mouth openings left about 2cm above the soil surface in well prepared bed. The clay pots were buried at a distance 
of 40cm x 40cm, 40cm x50cm, 50cmx50cm and 50cm x 60cm. A number of six plots were made in which four are 
those with buried clay pots of different spacing in order to compare and contrast the most suitable spacing among 
the four plots and the remaining two plots which are surface irrigated plots in order to also compare between the 
performances of buried clay pots and the surface irrigation in the area. The tomato seedlings were planted in rows 
adjacent to clay pots in each plot and the remaining two surface irrigated plots respectively. The pots filled with 
water were covered with clay lid to avoid evaporation of water from the pots. Jerry-cans were used to measure the 
quantity of water required to replenish the pots and to irrigate the surface irrigated plots. The clay pots were 
refilled to their initial level every 3-4 days, and the required volume of water was recorded as 9072L. The 
irrigation interval for the furrow-irrigated plots was based on farmer’s practice, which was every 3 and 4 days’ 
interval. All the SEPs plots were fertilized with organic and inorganic fertilizer (NPK). 
 
Table 2 indicating the plots layout and different spacing of clay pots including the two surface irrigation Plots and 
the clay pot spacing are 40cmx40cm, 40cmx50cm, 50cm x50cm and 50cmx60cm. 
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Table 2 Number of Plots and the Spacing. Source: (Field work, 2018) 
S/N Clay pot 

spacing 
Tomato seedlings 
per plot 

No of Clay 
Pots 

1 Furrow 28 - 
2 40cmx40cm 28 12 
3 40cmx50cm 28 12 
4 50cmx50cm 28 12 
5 50cmx60cm 28 12 
6 Furrow 28 - 
 Total 168 48 

 
 
3.4.6 Transplanting 
The seedlings were transplanted to the SEPs plots after 30-32 days, the shade were removed a day before 
transplanting as this gives the seedlings chance to get used to the   direct sunlight. Transplanting was done early in 
the morning at spacing of 20cm between crop and the pot were 4 seedlings was allocated adjacent to each clay 
pots already installed on 12th day of February 2015. 
 
2.4.7 Fertilizer Application 
Compound fertilizer (NPK) were applied inside each and every pot at 30g using a local measurement of five 
fingers stand for 5g where it dissolves and absorbed by the plants as a solute during the process of water oozing 
out of the Clay pots. 
 
2.4.8 Harvesting 
The harvest marks the end of the growing season or the growing season for the particular crop. Harvesting were 
done as the fruit ripened and was picked manually by hand, whereby each and every plot where harvested 
weighted separately. 
 
2.5 Tools for analytical techniques  
A simple Descriptive statistic (Frequency and Percentage) was employed to analyze the data collected. And the 
profitability of the project was determined by using Gross Margin Analysis. The net income was used to determine 
the profitability of the business, net farm income is the income generated from the business that can be drawn 
without affecting the future rate of production operation, it includes return to unpaid family labour, operations, 
land, capital and management (Olukosi and Erhabor, 2008). 
 

NFI = GR - TCP………………………... (1) 
 
Where: NFI = Net Farm Income, GR= Gross Revenue, TCP = Total Cost of Production. Total Fixed Cost (TFC) is 
the total depreciation charges on fixed assets. The depreciation adopted is the straight line method of production of 
depreciation by means of equal period changing over the estimated life of an asset. It is expressed as: 
 

D = P - D/N…………………………… (2) 
 

where: the method is used in determining the depreciation of input used because of its simple application, without 
involving much and it give better cost comparison due to its uniform annual changes. 
 
2.6 Group Formation 
Group is defined as the collection of people that come together to interact with the aim of achieving a goal, based 
on the concept of goal and goal settings: so that members in the group interact with one another, and 



           KAJOSTEH 
 
 

Kazaure Journal of   Science, Technology and Humanities (KAJOSTEH) Volume 1, 2nd edition, 2021  

 Page 97 
 
 

 

communication plays an important role in group interaction produce pleasant and unpleasant stimulus while 
communication helps to establish cordial and specific relationship between members of the group ( Omokore, 
2008), According to Usman and andeye (2009), through group formation, many effective means are employed to 
meet farmers with limited resources like time, staff, money and other resources. Such means include general 
meeting, demonstrations, field days, group demonstration. Four registered cooperative societies were involved in 
these SEPs, merged them together and created 20 groups of 15-20 members where 2 members were selected from 
each group making 40 participants for the conduct of these SEPs. After receiving training all the members go back 
and trained the remaining members of their groups. The Cooperative Societies in the Study Area are AFAN, 
Maibarewa Self Help Group, Maize Farmers Association and Miyetti Allah Association 
 

Table 3 Group Formation. Source: (Field work 2018) 
S/N Groups Members Participants 
1 AFAN 20 2 
2 Maibarewa Self Help Group 17 2 
3 Maize Farmers Association 20 2 
4 Magama Farmers Group 15 2 
5 Dangwali Group 16 2 
6 Miyetti Allah Group 20 2 
7 Noma Tushen Arziqi 20 2 
8 Damana Uwar Albarka 20 2 
9 Harama Dai Manoma 20 2 
10 Kowa Yayi Da Kyau 15 2 
11 Manoma Wake 17 2 
12 Gidan Ruwa Farmers Group 15 2 
13 Ridi Kantu Group 20 2 
14 Dugaji Farmers Group 19 2 
15 Dararrafe Farmers Group 20 2 
16 Aiki Sai mai Shi 20 2 
17 A Yage Gaskiya 15 2 
18 Okada Riders 20 2 
19 Sa’a Tafi Sammako 20 2 
20 Alheri Yafi Mugunta 15 2 
 Total 216 2 

                   
Table 3 shows the involvement of 20 groups and their representatives from each one of the group, the total number 
of members of the twenty groups is 216 and the total number of the participant is 40 selected from all the groups.   
 
3.0 Result and Discussion 
In this section, the results and other observed issues were presented. 
 
3.1 Field Observation Record 
These are the observations carried out during the conduct of these SEPs from land clearing to the harvesting stage. 
 

Table 4 Field Observation Records. Source: (Field work 2018) 
S/N Observations Records Date 
1 Land clearing 6th/01/2018 
2 Fencing 6th/01/2018 
3 Land preparation and sowing 12th/01/2018 
4 Cold temperature 13th-22nd/01/2018 
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5 50% seed germination 22nd/01/2018 
6 Digging of holes & clay pots installation 7-8th/02/2018 
7 Filling pots with water 8th/02/2018 
8 Refilling of pots with water 12th/02/2018 
9 High windy period and   hot temperature 12th/02/2018 
10 Transplanting seedlings to the field 12th/02/201 8 
11 Fertilizer application 26th/02/2018 
12 Application of Dextrin 15th/03/2018 
13 50% flowering was observed 13th/03/2018 
14 High windy period and hot temperature 15th/18th/03/2018 
15 50% fruiting was noticed 26th/03/2018 
16 Ripening of fruits 14th/04/2018 
17 Harvesting was started 17th/04/2018 

 
Table 4 shows various observations recorded from the demonstration plot. The land clearing and fencing of the 
field was carried out on the 6th and 9th January 2018 respectively. The seeds were sown on the 12th /1/2018 and 
germinated at ten days’ interval due to very low temperature of that time after sowing. The digging of holes and 
Clay pots installation was between 7 – 8th day of February and filling the pots with water on the same day which is 
8th February,2015 and there is high wind on 13th to 22nd day of January 2018. The seedlings were transplanted to 
their permanent site on 12th February,2018, 50% flowering was observed on 13th March, 2018 and there is also 
high wind during this time which leads to the loss of some flowers from 15th – 18th March 2018. Fruiting was also 
noticed on 23rd / o3/2018 and the ripening of fruits started on 14th /04/2018.The tomato reached its maturity and 
ready for harvest on 17th and continuous. 
 
3.2 Clay pot performances at different spacing 
This is the performances of clay at different spacing recorded at days of 50% flowering, days of 50% fruiting and 
the weight of fruits at different plots of 40cmx40cm, 40cmx50cm, 50cmx50cm and 50cmx60cm spacing between 
clay pots. 

Table 5 Clay pot performances at different spacing. Source: (Field work 2018) 
S/N Treatments Days of 50% 

flowering 
Days of 50% 
fruiting 

Weight 

1 40cmx40cm 13th/03/2018 14th/04/2018 105kg 
2 40cmx50cm 15th/03/2018 17th/04/2018 60kg 
3 50cmx50cm 15th/03/2018 17th/04/2018 45kg 
4 50cmx60cm 17th/03/2018 - 15kg 
5 Furrow No 1 26th/03/2018 - 0kg 
6 Furrow No 2 26th/03/2018  0kg 

 
Table 5 shows various observations recorded from the demonstration plot.,50% flowering was observed on 
13th,15th ,17th, 26th March,2018, and there is also high wind during this time which leads to the loss of some 
flowers from 15th – 18th March 2018. Fruiting was also noticed on 23rd / 03/2018 and the ripening of fruits started 
on 14th, 17,21st April, 2018.The tomato reached its maturity and ready for harvest on 17th-04-2018 and continuous. 
The tomato was harvested and weight according to plot, in which the plot No 1(40cm x 40cm) was weight at 
105kg, plot No 2 (40cm x 50cm) 60kg, Plot No 3 (50cm x 50cm) 45kg and the Plot No 4 (50cm x 60cm) 15kg and 
the total harvest was 225kg. 
 
3.3 Sustainability 
The clay pot technology is sustainable since the pots are made from readily and locally   available materials which 
are in abundance. They are low-cost and are made by rural potters whose activity to manufacture them at village 
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level offers possibilities of rural income generation at household level. At a cost of 150 naira per 7-liter Clay pot, 
they are affordable by the majority of end users. When properly used and maintained, they can be re-used year in 
and out for a period of up to 5 years. The fact that very little water is required to raise crops, offers a high potential 
for their demand particularly in regions with scarce water like Yankwashi area. No any difficult skill is required to 
operate and maintain the system. The low fertilizer requirements as compared to conventional recommendations, 
greatly enhances the economic benefit of the system.  
 
3.4 Problems during the conduct of these SEPs 
This SEPs was conducted accordingly but encountered some problems especially from the first stage of 
germination, transplanting and during flowering of the tomato, the seed took long period of at least ten to eleven 
days before germination as a result of very low temperature at that time and high hot wind during the time of 
transplanting and at flowering stage that leads to the loss of most of its flower and the coiling of leaves. Likewise, 
the porosity of soil is very high. 
 
4.0 Conclusion 
The research found out that practical demonstration is the best method of transferring new innovation to people in 
the rural areas. The performances of tomato also indicated that this technology help the farmers to do something 
which will also provide income to their society during the dry season, therefore it stand in good position to provide 
food security and increase farmers overall livelihood and could be appropriate in areas where water scarcity is the 
limiting factor that hindered farmers the opportunity to carry out dry season production like in the area in which 
this technology was introduced. The technology was successfully conducted and the farmers are now aware of the 
technology and also aware of all the challenges encountered during the practice especially the cold weather of the 
time that delayed the germination and also the windy period with hot temperature that leads to the loss of flower 
which reduces the quantity of yield obtained.   
 
5.0 Recommendation 
Since people are not aware with the technology before the introduction, there is need to create awareness and 
mobilization through intensive extension activities so that farmers can get useful information that will enhance the 
adoption of the technology. The farmers should seek assistance from other organization among themselves and 
non-governmental organizations to provide them with additional sources of water which would be used solely for 
the irrigation purposes. The potters should also consider the type of soil of the area where this technology will be 
practiced in order to know what type of soil is needed and through what mixture and a full or partial burning 
process of the pot after construction.  More research should be carried out on the performance and adoption of clay 
pot irrigation technology to determine its sustainability. Cooperative societies should show concern on this Clay 
pot irrigation technology encouraging other people of the area to become aware and practices the technology in 
their locations by given them all the necessary assistance to put it into practice. 
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Abstract: Construction enterprise is a prime source of employment opportunities to millions of unskilled, semi-
skilled and skilled workforces. Despite such contribution to the economy, construction enterprises are inevitably 
plagued with complex and diverse risk, due to that “Enterprise Risk Management” (ERM) has been advocated in 
construction enterprises. A quantitative research approach was systematically employed were a structured 
questionnaire were design and administered to the professionals in the Nigerian Construction Industry. One 
hundred (100) questionnaires were distributed to the professionals in the industry. Thirty-seven (37) 
questionnaires representing (37%) were successfully retrieved and used in the analysis. The analysis reveals that 
the most important components of ERM are Objective setting, Risk identification, analysis and response, Risk 
communication, Integration of ERM in to business process and Commitment of the board and senior management. 
For a successful construction entrepreneur in Nigeria five important components of ERM need’s proper attention.  
 
Keywords: Construction Enterprise, Economy, Entrepreneurs, Enterprise Risk Management (ERM), Traditional 
Risk Management 
 
1.0 Introduction 
Construction enterprise play an important role to the economic activities of any nation, which serve as a prime 
source of employment opportunities to millions of unskilled, semi-skilled and skilled work force ( Dantata, 2008 ). 
The important of construction enterprise originated from its strong linkages with other sectors of the economy ( 
Rameezdeen and Ramachandra, 2008). Bynoe (2009), affirmed that construction sector is an important element of 
many countries macroeconomic growth strategy. Construction enterprise is a major source of employment, and 
also lays foundation for economic growth by providing the infrastructural and commercial framework needed for 
development. In addition, the output of construction enterprise is critical in supplying the infrastructure needed for 
the development of various sectors of a country’s economy (Lean, 2001). 
 
Despite such contribution to the economy, the modern construction business environment is embroiled with 
business risks which can have negative impact on enterprise’s existence and success (Smith, 2005). For an 
enterprise to stay in business, risk has to be managed (Beasley, 2016). Business risk arises as a result of changes in 
the external and internal factors such as economic crises, high competition, disruptive technologies, change in 
leadership, local and foreign competitions, cost, time, scope, quality, strategy and management disputes (Shadid, 
2017). Business risks have been defined as the threats to the ability of enterprise to execute business process and 
create customer value in accordance with strategic objectives (Baloi and Price, 2003; Akintoye and MacLead, 
1997). 
 
For the past 30 to 40 years’ study on risk and risk management have largely concentrated more on risk 
management at project level as against risk management at enterprise level (Adibi, 2017; Avens, 2006). The 
Committee of Sponsoring Organization of the Treadway Commission (COSO, 2004), defined Enterprise Risk 
Management (ERM) as “a process, affected by an entity’s board of directors, management and other personnel, 
applied in strategy setting and across the enterprise, designed to identify potential events that may affect the entity, 
and manage risk to be within its risk appetite, to provide reasonable assurance regarding the achievement of entity 
objectives”. Zhi,(1995) and Schaufelberger, (2009), asserted that the concept of risk and risk management should 
not cover only project risks, but also the risks encountered by being a business enterprise. Overemphasis on project 
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risk management could lead to lack of coordination between different projects, increase difficulties in achieving 
the strategic objectives, result in inadequate transparency across multiple projects, inappropriate resource 
distribution among various projects and little access to company-wide information, thereby bringing about low 
efficiency in risk management (Adibi, 2007). It is in view of this that Liu, Low and Zhang (2017), opined that 
construction businesses need ERM in order to provide a holistic and integrated approach to manage risk in view of 
the risks that projects face, and link the risk factors with the corporate strategy to provide risk solution. 
 
The deficiency in the practice of risk management in the construction industry, that it is segmented and conducted 
in separate business units or departments (i.e. silos or traditional) within a company (Beasley, 2016). In silo-based 
or traditional risk management system every department deals with own risks.  No single group or person in the 
company has a grasp of the entire exposure that the company faces (Zhao, Hwang and Sui, 2016). Traditionally, 
organizations manage risks by placing responsibilities on business unit leaders to manage risks within their area of 
responsibility (Zhao et al, 2016). Equally, risk management in construction firm’s emphasis more on risk at project 
level and focus on project objectives such as time, cost, quality and safety objectives (Zhao, Hwang and Low, 
2014). However, construction firms are also exposed to the risks outside the projects which impact on both project 
objectives and corporate objectives (Agarwal, 2019). Thus, projects concurrently managed by a firm may fail at 
the same time as the result of failure in risk management at the firms’ level (Liu et al., 2013).  For this reason, 
Beasley (2016) identified other flaws in the traditional risk management process. Liu et al, (2017) then assert that 
the traditional risk management system adopted by organizations cannot fully realize the urgent and multifaceted 
needs of risk management in the global markets. Scholars generally agree that a new approach to risk management 
in construction should be developed to enhance success. This research is aimed at Prioritizing components of ERM 
for successful entrepreneurs. The research has the following objectives (i) To identify components of ERM and (ii) 
To prioritize components of ERM. 
 
2.0 Literature Review 
Literature on Risk Management and ERM were reviewed and Components of ERM were identified. 
 
2.1 The Concept of Risk. 
The term “risk” had been given various definitions by academics, researchers and practitioners and there is no 
universally accepted single definition of risk. However, Akintoye and MacLead, (1997), defined risk as a threat to 
the ability of an enterprise to execute business process and create customer value in accordance with strategic 
objectives. The nature of business risks upcoming is terrifying increasing due to high competition, continuous 
technological advancements and changing behavior of customers. Therefore, for an enterprise to stay in business, 
risk has to be managed (Beasley, 2016). 
 
2.3 Risk Management 
The origin of the risk management and the practice of risk management started in ancient days where the existence 
of human beings. In the business context, during the period of 1950’s, the insurance industry initiated the use of 
risk management as many businesses are tried to reduce possible hazards through insurance in the U S. Later, in 
1960’s the concept of contingency planning emerged as an essential tool in risk management as insurance was not 
sufficient to safeguard the assets of a firm, to control the business operations and to protect the complete loss from 
risky acts (Li, Wu, Ojiako, Marshall and Chipulu, 2014). 
 
Subsequently, the concept of Traditional Risk Management (TRM) then become popular as a silo base approach in 
risk management where organization view each risk type individually and act on them as a stand-alone object. 
Beasley, (2016) identified some of the limitations associated with traditional approaches to risk management as 
follows. Firstly, risks may fall between the silos that none of the silo leaders can see. Risks do not follow 
management’s organizational chart and as a result, they can emerge anywhere in the business. As a result, a risk 
may be on the horizon that does not capture the attention of any of the silo leaders causing that risk to go 



           KAJOSTEH 
 
 

Kazaure Journal of   Science, Technology and Humanities (KAJOSTEH) Volume 1, 2nd edition, 2021  

 Page 103 
 
 

 

unnoticed until it triggers a catastrophic risk event. Secondly, some risks affect multiple silos in different ways. So, 
while a silo leader might recognize a potential risk, they might not realize the significance of that risk to other 
aspects of the business. A risk that seems relatively harmless for one business units might actually have a 
significant cumulative effect on the organization if it were to occur and impact several business functions 
simultaneously.  
 
Thirdly, in a traditional approach to risk management, individual response to a particular risk might impact other 
aspects of a business. In such a situation, a silo leader might rationally make a decision to respond in a particular 
manner to a certain risk affecting their silo, but in doing so, that response may trigger a significant risk in another 
part of the business. Fourthly, traditional risk management focuses on identifying and responding to internal risks. 
Agarwal, (2019), opine that for a construction firms to manage risks at both enterprise level and project level, 
project managers must embrace the new paradigm shift from Traditional Risk Management (TRM) toward to 
Enterprise Risk Management (ERM).  
 
In recent years, changes in the business landscape have occurred as a result of the nature of business risks 
upcoming is terrifying increasing. The recent trend in the area of risk management (RM) is a paradigm shift from 
way firms perceive RM has moved toward a more integrated, holistic and comprehensive RM discipline, define as 
ERM (Gardon, Loeb and Tseng, 2009; Smith, 2012). The Committee of Sponsoring Organizations of the 
Treadway Commission (COSO, 2004) attached a definition to ERM as “a process affected by an entity’s board of 
directors, management and other personnel, applied in strategy setting and across the enterprise, designed to 
identify potential events that may affect the entity, and manage risk to be within its risk appetite to provide 
reasonable assurance regarding the achievement of entity objective” 
 
Subsequently, ERM allows firms to shift the focus of the RM function from primary defensive to increasingly 
offensive and strategic (Liebenberg and Hoyt, 2003) and offer a new approach to enhance project risk management 
(PRM) in construction industry (CI) (Liu, Zou and Gong, 2013). Therefore, ERM has been advocated in the CI 
and construction firms have been seen as prime candidate for ERM adoption (Druml, 2009; Zhao, Hwang and 
Low, 2013a). Moreover, the benefits to be derived when ERM is implemented in a construction firms includes 
better resource allocation, reduced earnings volatility, improved control of an enterprise on its project, improved 
owner’s satisfaction, competitive advantages, greater management consensus, increased management 
accountability, better risk management reporting and communication, improved decision-making, increase 
profitability and earnings, reduced costs and losses. Therefore, all organizations need to set strategies and review 
them periodically in order to grab the ever changing opportunities in the market place for value creation of their 
firms while managing the challenges expected to occur in pursuit of that value (COSO, 2017).  
 
2.4 Components of ERM 
A literature review was conducted to identify the components of ERM as depicted in the following table.  
 

Table 1: Enterprise Risk Management Components (ERM) 
Components References 

Training programmes Dafikpaku (2011), Economic Intelligence Unit (2007), Garvey (2008Aabo et al. 
(2005), 

ERM Ownership Barton et al. (2002), AON (2010), Cendrowski and Mair (2009), Bowling and 
Rieger (2005), Gupta (2011), AON (2010), Barton et al, (2002), Duckert (2011), 
Economic Intelligence Unit (2009), Garvey (2008). 

Objective setting Aabo et al. (2005), Barton et al. (2002), Ducket (2011), Economist Intelligence 
Unit (2007), AON (2010), Barton et al.(2002), Cendrowski and Mair (2009), 

Commitment of the boards and senior 
management 

Dafikpaku (2011), Economist Intelligence Unit (2007), Muralidhar (2010), Stroh 
(2005), Hallowell et al. (2013),Aabo et al. (2005), Bowling and Rieger (2005), 
Dafikpaku (2011), Economist Intelligence Unit (2007), Gupta (2011),Aabo et al. 
(2005), AON (2010), Barton et al.(2002),  
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Risk appetite and tolerance Bowling and Rieger (2005), Stroh (2005), Hallowel et al.(2013),Aabo et al. (2005), 
AON(2010), Barton et al. (2002),  

Risk – aware culture Dafikpaku (2011), Garvey (2008), Stroh(2005), Hallowell et al.(2013) 

Sufficient resources Aabo et al. (2005), AON (2010), Segal (2011), AON (2010), Dafikpaku (2011), 
Economist Intelligence Unit (2007), Hallowell et al.(2013) 

Risk identification, analysis and response Duckert (2011), Hallowell et al. (2013),Barton et al. (2002),  

Iterative and dynamic ERM process steps Cendrowski and Mair (2009), Dafikpaku (2011), Duckert (2011),  

Leveraging risks as opportunities Garvey (2008) 

Risk communication Duckert (2011), 

A common risk language AON (2010), 

A risk management information 
system(RMIS) 

Barton et al.(2002),  

Formalized key risk indicator (KRIs) Cendrowski and Mair (2009),  

Integration of ERM into business process Segal (2011), Hallowell et al.(2013) 

Monitoring, review and improvement of 
ERM framework 

Cendrowski and Mair (2009) 

 
3.0 Methodology 
For the purpose of this study, questionnaire survey technique has been adopted to collect professional view on the 
priority of ERM components as widely used in construction management research (Alarape and Agbaje, 2010). 
Thus, a questionnaire survey was undertaken to collect professional view on the priority of ERM components in 
construction entrepreneurship in Nigeria. Before the final questionnaire, a pilot survey was conducted to solicit 
comments on the readability, comprehensiveness and accuracy of the preliminary questionnaire as encourage by 
(Alarape and Agbaje, 2010). 
 
Purposive sample which is non-probability sampling was adopted based on judgmental, selective or subjective 
sampling, because the concept of ERM is generally new in construction enterprise (Agarwal, 2019). Industry 
practitioners with extensive experience in ERM and academicians who have gained in-depth knowledge through 
research in ERM in construction enterprise in Nigeria were the respondents. The non-probability sampling plan 
can be used to obtain a representative sample (Patton, 2001), and has been recognized as appropriate when the 
respondents were not randomly selected from the entire population, but were rather selected based on whether they 
are capable or willing to participate in the study (Wilkins, 2011). The final questionnaire presented 16 components 
of ERM with the respective descriptions and requested the respondents to rate the importance of each ERM 
components according to a five-point scale (1=Very Low, 2=Low, 3=Medium, 4=High, 5=Very High). 
 
4.0 Results and Discussion 

Table 2: Respondents rating 
Code Components  Rating 
C01 Training Programmes 1 
C02 ERM ownership 0 
C03 Objective setting 11 
C04 Commitment of the board and senior management 2 
C05 Risk appetite and tolerance 1 
C06 Risk-aware culture 1 
C07 Sufficient resources 1 
C08 Risk identification, analysis and response 6 
C09 Iterative and dynamic ERM process 1 
C10 Leveraging risks as opportunities 1 
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C11 Risk communication 5 
C12 A common risk language 1 
C13 A risk management information system(RMIS) 1 
C14 Formalized key risk indicators (KRIs) 1 
C15 Integration of ERM in to business processes 3 
C16 Monitoring, review and improvement of ERM 

framework 
1 

 TOTAL 37 
 
4.1 Data analysis and discussion 
A total of 37 completed questionnaires were received, representing a response rate of 37%. Out of the 37 
respondents, 16 were academicians and 21 were practitioners. The rating techniques based on order of importance 
were adopted and has been widely used in similar previous researches in construction management discipline 
(Hwang and Lim, 2013). In this study, the 16 components for ERM were rated based on the relative importance 
(Very low, Low, Medium, High, Very high). The rating of ERM components would enable entrepreneurs to 
understand which areas of activities of ERM implementation are worthwhile to pay more attention to and to 
prioritize for resource investment. 
 
4.1.1 ‘Objective setting’ received the top rating 11%, indicating that clearly identified objectives at various levels 
were highly important to ERM success in Nigerian construction enterprise. These comply with ISO 31000:2009 
which defines risk as the effect of uncertainty on objectives (international organization for standardization, 2009a), 
COSO (2004), also emphases that risk is closely associated with objective setting. 
 
4.1.2 ‘Risk identification, analysis and response’ was rated the second position with 6%. The management of an 
enterprise needs to identify all categories of potential risks from internal and external sources, and then prioritize 
them using risk analysis techniques. Thus, the management can develop a list of top risks and their appropriate risk 
response measures to deal with critical risks (Aabo et al., 2005). 
 
4.1.3 ‘Risk communication’ obtained the third rating of 5% for successful ERM implementation, proper 
communication flow between management and other members of the organization should be encourage (Kleffer et 
al., 2003). Transparent risk communication should encourage individual comments and expert views (AON, 
2010). Also, there should be a communication mechanism to ensure that critical risk information is reported to the 
board and senior management in a periodic or timely manner (Dafikpaku, 2011) 
 
4.1.4 ‘Integration of ERM in to business processes’ was rated fourth with 3% among the 16 components of 
ERM. Sharman (2002), emphases that the management should incorporate ERM at organizational planning and 
strategy stages and integrate ERM with other initiatives (Chitakornkijsil, 2010). SOSAC (2006), Stipulated that 
ERM should be fully integrated in to the management and business processes of an enterprise. 
 
4.1.5 ‘Commitment of the board and senior management’ received fifth rating with 2%. Commitment of the 
board and senior management is the internal force that derives ERM implementation within companies in various 
enterprises (Kleffner et al., 2003). ERM is a top-down approach, support, encouragement and commitment at the 
senior level are of great importance to ERM implementation. 
 
5.0 Conclusions 
The objectives of the study are to identify the components for successful ERM implementation and prioritize all 
the identified components based on their order of importance in Nigeria construction enterprise. The analysis 
reveal that 16 components of ERM were identified through literature review and rated based on their significant 
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important to ERM success in Nigerian construction enterprise. The analysis reveals that the most important 
components of ERM are Objective setting, Risk identification, analysis and response, Risk communication, 
Integration of ERM in to business process and Commitment of the board and senior management. For a successful 
construction entrepreneur in Nigeria five important components of ERM need’s proper attention. The findings 
confirmed with literature review relate to ERM components in various industries. 
 
6.0 Recommendations 

(i) Enterprise objectives should be clearly identifying and express at all level, and regularly assess to ensure 
plans are not deviated against the objectives. 

(ii) A formalized ERM process should be adopted and consistently executed throughout the enterprise. 
(iii) Proper communication flow between management and other members of the organization should be 

encouraged. 
(iv) ERM should be integrated into all daily management process of the enterprise. 
(v) Visible and continue commitment to ERM implementation should be a Top priority of the management. 
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Abstract: Every organization owns assets that is used in its business operations. To maintain a complete, 
accurate, and up-to-date asset records can be a challenge without an automated process. The purpose of this 
study was to assess an existing asset management system on the case of Kano State Housing Corporation. The 
study employed interview administered questionnaire and observation to collect primary data from staff of Kano 
State Housing Corporation. Descriptive design was used in the study. Simple random sampling was used to 
identify forty-four staff directly involved in managing the organization’s asset. The quantitative data was 
analysing with the aid of statistical package for social sciences. The study revealed that there is a problem in 
managing asset records because the manual process (that is using pen & paper) used by the organization makes 
the process insecure, also made asset tracking very difficult, also managing and updating asset information 
across departments becomes tedious task which resulted to asset lost. In addition to these, there is so much delay 
preparing report because the asset information is decentralized, therefore it takes so long before asset is 
accounted and audited. Finally, for those problems to be addressed, the researcher recommended that, pragmatic 
measures be adopted to implement an Automated Asset Management Information System in organization. The 
researcher further suggest that the organization should give their staff trainings on how to use an Automated 
Asset Management Information System. 

1.0 Introduction 
Assets represents a significant investment for an organization. Performing your inventory manually can be a 
difficult task, regardless of your company’s size, regardless of your company’s size. Its time consuming, increases 
chances of human errors, and requires help of many employees (AssetWorks, 2019). Asset management is more 
than doing things to assets. It is about using assets to deliver value and achieve the organization’s business 
objectives. It also brings a different approach and way of thinking and a transformation of organization alignment 
and culture. Each organization has to determine what it considers value to be, and choose how to manage its 
assets to derived best total value (Institute of Asset Management, 2015). Asset management is relevant to all types 
of organization, whether they are large, small, private, public, government or non-for-profit. There is growing 
evidence from around the world that effective asset management can improve an organization’s reputation and its 
ability to; operate safely, meets its regulatory and statutory obligations, and significantly reduce the cost of 
managing assets over their lives (Institute of Asset Management, 2015). In recent years, Management Information 
System (MIS) have become crucial and are playing critical role in contemporary society and dramatically 
changing economy and business. Business is conducted in a global environment and simply could not serve 
without computer based information systems. Furthermore, we are entering the information age because of 
information technology and information systems usage. The use of information systems especially is often 
understood to be changing the way business and organizations work as well as help managers reduce uncertainty 
in decision making (Berisha-Namasi, 2010). 
 
Kano State Housing Corporation was established by Kano State Government of Nigeria official Gazette No. 18, 
Vol. XIV of October, 1980. The Law outlined the major functions of the Corporation is to provide and increase 
the houses needed by the public, prepare scheme for the provision of more houses for the State Government 
approval., undertake development, construction and management of Housing Estates and to provide and maintain 
roads, footways, bridges, drainages and other basic works required in the Estates. In September 1981, the 
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corporation formally took over all the State Government’s Housing Estates from the State Investment and 
Properties Limited. Since then, the Corporation has been implementing various housing schemes as well as site 
and services programs which includes but not limited to Owner Occupier Housing Scheme, Very Low Income 
Housing Scheme, and Commercial Housing Scheme. Some of the houses built where rented to the interested civil 
servants where they pay the rent fee monthly, and some to other houses where sold to the occupants at a 
subsidized amount. The Corporation has also implemented the sustainable plots scheme under which different 
category of plots are sold to members of the public to enable them build houses of their choice. As Information 
Technology (IT) organizations grow and mature, there is a greater need to streamline asset management to deliver 
business value. However, many organizations particularly in small to mid-sized businesses continue to struggle 
with how to comprehensively manage their assets (Chris, 2017). To find out reliable assets inventory record, 
organizations should leverage an Asset Management Information System (AMIS) that incorporates asset 
discovery, an asset database, and related financial data. AMIS simplifies the process of asset management by 
keeping asset information organized throughout its lifecycle, and reduces the risk of human error. With the use of 
AMIS, organizations will know what asset they have, where they are located/deployed, who uses them, how they 
are configured and what they cost. AMIS automates asset lifecycle with workflows. It tracks financial and 
inventory details of assets throughout their lifecycles (Asset Management, 2019). By the time asset is deployed in 
an organization, the system will record activities associated with the asset and enables you to perform regular 
audits, right up until asset retirement. The system will automate asset tracking processes, by creating checks and 
balances that will enable peace of mind, discourages misused of organizational assets, and reduces loss and 
liability. 
 
Kano State Housing Corporation manages some assets of Kano State Government. The assets include houses; 
which are of different categories ranging from two, three, four, and five bedrooms’ duplex and bungalows, plots, 
shops, etc. The organization also manages its own internally used assets. The organization operates manually 
using pen and paper where all the records of their assets are recorded in papers and kept in a file. When an 
occupant of a particular house or shop comes to pay his rent the staff have to manually search through to obtain 
the record. They also find it difficult in when tracking asset maintenance record. Staff spends significant amount 
of time searching into large files looking for lost or missing assets. Annual reports and financial statement take 
time to be generated whenever they may be required. The study therefore aimed at finding out the impact of 
AMIS to the organization that will overcome the problems currently faced when the traditional system is in used. 
Other objectives include (a) studying the existing system and literature of the organization, (b) uncover the 
difficulties associated with using the traditional assets management system, (c) find the perception level of staff 
on the proposed system and finally (d) analyse the data obtained from the questionnaire administered using 
statistical package for social sciences (SPSS). The research scope is to assess the asset management information 
systems challenges of Kano State Housing Corporation. The study is significant to the organization as it will 
provide easy-to-use and easy-accessed system such that transactions can be more reliable and faster. The 
organization do not have to hire another employee to do the job. This study is important to the employee because 
it provides easy-to-use system so their job can be easier and faster. This study would benefit the future researchers 
as it will serve as a guide and would be the foundation of the new improved system. In the conduct of this study, 
the following research questions were used in the research: 

i. How is the current system serving the needs of the organization? 
ii. What is the level of security on the current system? 

iii. How efficient is the current system in managing and tracking assets? 
iv. How difficult is it to generate report on the organizations assets using the current system? 

 
2.0 Literature Review 
In this chapter, we have reviewed some existing literature on Asset Management Information System (AMIS). 
Asset, Management, Asset Management and Asset Management System (AMIS) were separately defined. Also, 
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the chapter covers the origin of Asset Management, Benefits of Asset Management System, challenges associated 
to AMIS and some proffered solutions. 
 
2.1 Asset Management 
An asset is a resource with economic value that an individual, corporation or country owns or controls with the 
expectation that it will provide a future benefit. Assets are reported on a company's balance sheet and are bought 
or created to increase a firm's value or benefit the firm's operations (Kenton, 2019). Management: Is a set of 
activities (including planning and decision making, organizing, leading, and controlling) directed at an 
organization’s resources (human, financial, physical, and information), with the aim of achieving organizational 
goals in an efficient and effective manner (Griffin, 2013). Asset management is a broad term. It can be defined as 
a process that guides the gaining of assets, along with their use and disposal in order to make the most of the 
assets and their potential throughout the life of the assets. While doing this, it also manages and maintains any 
costs and risks associated with the assets. It is not something you can buy, but rather a discipline you must follow 
in order to maintain your assets (Michael, 2006). 
 
2.2 Asset Management Information System 
An asset management system is a set of interrelated and interacting elements of an organization, whose function 
is to establish the asset management policy and asset management objectives, and the processes, needed to 
achieve those objectives (Asset Management Council, 2014). In this context, the elements of the asset 
management system should be viewed as a set of tools, including policies, plans, business processes and 
information systems, which are integrated to give assurance that the asset management activities will be delivered 
(Capgemini, 2014). According to Hastings (2010), an asset management information system is a computer based 
system which is designed to assist the user to create and maintain documentation for the asset management 
function. These systems are sometimes referred to as Computerized Maintenance Management Systems (CMMS), 
as many of them had their origin in the maintenance side of the application. Applications covered by these 
systems include those listed in this section. Although the software systems will normally have capabilities in these 
areas, to actually make practical use of the features requires initial data setup, on-going data input, working 
methods which are consistently applied, training and implementation support. On a more positive note, there is no 
doubt that computer systems are essential to handling the considerable mass of information associated with asset 
management, and that experience shows that in most cases, the more extensively a computer system is used, the 
greater the value that is derived from it. The applications list according to Hasting (2010) are as follows: Asset 
Register including listing of maintainable asset, Routine Maintenance Lists, Routine Maintenance Prompts, Work 
Request, Work Order Management, Data Logging, Estimating, Costing and Cost Reports, Budgeting, budgetary 
reports, Spare Parts and Consumables Inventory Management, Suppliers, Purchasing and Global Positioning 
Systems  
 
2.3 Origin and Evolution of Asset Management 
Asset management is not new, people and organizations have been managing assets for a very long time.  
However, it was not until the 1980s that the term ‘asset management’ started to be used in the private and public 
sectors in relation to physical assets in various parts of the world (Institute of Asset Management, 2015). 
In Nigeria, Governmental approach towards resolving these threats to banking industry performance and 
economic stability led to the establishment of Assets Management Corporation of Nigeria (AMCON) following 
the passage into law the Assets Management Corporation of Nigeria Billon July 19, 2010. The rationale behind 
the establishment of AMCON is for the corporation to purchase the toxic assets from the banks and after the 
purchase the banks will have “clean” balance sheet. This paper therefore examines the impact of securitization on 
the performance of Nigerian banks and the contribution to the stability of the entire banking industry (Abata, 
2015). In the UK, the North Sea oil & gas industry adopted the term in the era following the Piper Alpha oil 
platform disaster and the 1980’s oil price crash.  Radical change was needed, and it was found that the creation of 
small, dynamic, multi-disciplined teams managing each oil platform (the ‘asset’) with a full life cycle view led to 
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the stimulation of innovation, which resulted in big improvements in performance, safety and productivity 
(Institute of Asset Management, 2015). At about the same time, the public sector in Australia and New Zealand 
was facing falling levels of service, escalating costs and poor planning.  This triggered a series of activities to 
establish much better strategic planning, prioritization and value-for-money thinking, with the first public sector 
‘Total Asset Management Manual’ being published in 1993 (Institute of Asset Management, 2015). 
 
2.4 Benefits of Asset Management System 
According to CFI Education Inc (2019), there are several reasons why businesses should be concerned about asset 
management. These includes: 

a) Enables a firm to keep tabs on all of its assets: The process makes it easy for organizations to keep track 
of their assets, whether liquid or fixed. Firm owners will know where the assets are located, how they are 
being put to use, and whether there are changes made to them. Consequently, the recovery of assets can 
be done more efficiently, hence, leading to higher returns. 

b) Helps guarantee the accuracy of amortization rates: Since assets are checked on a regular basis, the 
process of asset management ensures that the financial statements associated with them are kept updated. 

c) Helps identify and manage risks: Asset management encompasses the identification and management of 
risks that arise from the utilization and ownership of certain assets. It means that a firm will always be 
prepared to counter any risk that comes its way. 

d) Removes ghost assets in the company’s inventory: Instances exist where lost, damaged, or stolen assets 
are still recorded on the books. With a strategic asset management plan, the firm’s owners will be aware 
of the assets that have been lost and, thus, not keep recording them in the books. 

 
2.5 Challenges of Asset Management Information System 
According to Lewis (2014), in this digital age we are living in, it is hard to put forward a strong case against using 
AMIS. However, any new system needs to be selected, implemented and adopted correctly to reap the many 
benefits that it offers. Some of the drawback of AMIS as stated by Lewis (2014) are: 

a) Valuation Differences: Inventory revaluation is a business exception that’s typically reserved for 
obsolete Items, or used when the value changes drastically over a short period of time. But the value of a 
specific Fixed Asset can change at different points during ownership, due to completely different 
reasons, such as damage, improvements, etc. The accounting for these changes is vastly different and 
more complex with Fixed Assets. At a minimum, there must be a change to the depreciation schedule. 

b) Location Issues: What if the Asset moves? Whether within the Company or between Customers (e.g. 
Leases and Rentals), tracking the movement both physically and financially requires precision. Inventory 
Systems aren’t in a place to accommodate such changes. 

c) Inventory Registers: Inventory registers that tie out to the General Ledger must account for the portion of 
the Inventory specifically, the Fixed Assets portion which really is not Inventory at all, and must instead 
be tied out to the Fixed Asset Accounts. While this can be done, it is always better to be direct, and 
thereby more efficient. 

d) Multiple Transactions: Many Fixed Assets are created and valued based on two or more 
purchase/manufacturing activities. A simple example is the acquisition of equipment that requires 
installation and set-up. The initial purchase is one transaction followed by the installation and set-up, 
which can be several additional ‘related’ transactions. Once again, getting this exactly right with a Fixed 
Asset Management system is challenging, but it’s even more cumbersome when only using an Inventory 
system. 

 
2.6 Proffered Solution of Existing Researches 
One of the most significant challenges for asset-intensive organizations is how to effectively manage their 
different types of assets. Automated Asset Management Information System (AAMIS) helps do this without 
creating a backload of management tasks that can impair efficiency. Every asset has a lifecycle. The key to 
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effective asset management is knowing where a particular asset is in its lifecycle at any given moment and 
whether it is providing value to your business. If you know the current state of an asset, then you can intelligently 
plan and budget for updates, replacements and other changes in that asset’s lifecycle. Asset lifecycle 
management (ALM) is the process of optimizing the profit generated by your assets throughout their lifecycle 
with a combination of management, tracking, performance and monitoring features (Adair, 2019). The following 
are some of the existing solutions to Asset Management 
 
2.6.1 Asset Tracker 
Asset Tracker is a Web based asset management system that simplifies asset profiling and documentation, 
cataloguing, provisioning, collection, and depreciation, for assets including hardware (laptops, mobile phones, 
tablets), software, security assets (codes, passwords and keys), furniture and telephony. Asset Tracker also 
streamlines the asset request process with approval routing. (Automation Centre, 2018). Easily Track and Control 
Assets through Asset Tracker, organizations can quickly search through their asset inventories, with features for 
filtering and sorting by asset type, assignment, model and more. Asset Tracker provides a wide range of views for 
tracking assets and asset requests, including “Completed Asset Request”, “Cancelled Asset Request”, “Completed 
for Purchase Request”, “New Asset Request Status” and more. (Automation Centre, 2018). Asset Tracker features 
provisioning lists that simplify employee roll-on, as well as termination checklists that ensure assets, including 
keys, mobile phones, system accounts and codes, are all collected when employees leave the company 
(Automation Centre, 2018). 
 
2.6.2 Service Now 
Asset Management automates your IT asset lifecycles with workflows. It tracks the financial, contractual, and 
inventory details of hardware and devices, as well as non-IT assets, throughout their lifecycles. Once an asset is 
deployed, Asset Management records all maintenance activity and enables you to perform regular audits, right up 
until asset retirement (ServiceNow, 2018). With ServiceNow Asset Management you can be able to know what 
your assets are, who uses them, how they are configured and what they cost. Some key benefits to using the 
system as stated by ServiceNow (2019) are as follows: 

a) Know and control your assets to enable better decisions, plus optimize asset lifecycle investments to 
deliver better IT services. 

b) Reduce asset costs and automate asset lifecycle processes to minimize wasted resources and eliminate 
repetitive tasks. 

c) Mitigate risk with proven change management processes, enforce asset policies and regulatory 
requirements. 

 
2.6.3 AssetWorks 
Maintaining accurate, up-to-date fixed asset records has never been more important. Government regulation (e.g. 
GASB 34, OMB A-133) and an overall push towards greater fiscal transparency for organizations necessitates 
that assets above a certain capitalization threshold be tracking from acquisition through disposal (AssetWorks, 
2019). Whether you are in need of a new stand-alone system or a user-friendly alternative to integrate with your 
current solution, an asset management software solution from AssetWorks can meet your needs. Some key 
features of AssetWorks software as stated by AssetWorks (2019) includes the following: Automated Transfer 
Management, Change Request Management, Multiple Methods of Depreciation, Asset Maintenance and 
Calibration, Mobile Inventory Solutions and Dynamic Reporting Tool 
 
2.6.4 FundCount’s Asset Management Software 
FundCount’s asset management software solution provides partnership, portfolio and general ledger accounting 
functionality on a single integrated platform. It solves asset managers’ key challenges by: supporting the complex 
accounting, reporting and investment analysis requirements of hedge funds, private equity, fund administrators 
and other industry groups; delivering fast, flexible reporting that can be customized to client needs in minutes; 
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providing accounting and analytics for all public securities and private investment types (Hammond, 2018). Some 
key benefits of FundCount’s asset management software as stated by (FundCount, 2019) are: 

a) Integrates partnership, portfolio and general ledger accounting in one system for improved operations 
and accuracy 

b) Supports an extensive range of asset classes 
c) Links with banks, custodians and market data feeds to streamline operations 
d) Automated workflow tools improve efficiency and fast-track learning 
e) Empowers your team with the tools they need for accounting, performance measurement and risk 

analysis 
f) Tightly integrated with Excel for custom calculations and statements 
g) Online access to reports and financial information 
h) Easy-to-use flexible reporting 

 
2.6.5 Berry Field Nashville (BNA) Fixed Assets 
BNA Fixed Assets is a cloud-based software offered by Bloomberg BNA that helps to automate and manage the 
entire fixed asset lifecycle, from construction to disposal. The software tracks and manages fixed assets, 
depreciation calculations, compliance with policies and regulations and accounting details. The tool helps to 
simplify the set-up and management of fixed assets by offering features such as expert wizards to guide the staff 
managing the new assets. Other features offered by the product include audit trails for full control and visibility, 
'Open Timeline' for depreciation calculation, data import/export, comprehensive reporting and integration with 
third party ERP, accounting and tax compliance systems. The software provides various reports relating to net 
book value, asset record, asset balance reconciliation, asset acquisition and disposition, asset exchange and 
journal entry. The tool also automates the calculations of investment tax credit, depreciation, disposition, 
retirement and sales (Harper, 2017). 
 
2.6.6 Asset Panda 
Asset Panda is a web-based solution that provides an applications suite to allow facility managers to perform 
multiple functions and processes that involve asset management such as asset tracking, maintenance management 
and more. The system is fully optimized for mobile devices like smartphones and tablets and can be accessed 
anywhere. This means information processed and stored within the Asset Panda system is updated in real-time. 
The solution also boasts unlimited locations, users, and mobile access, and it works well on Windows, Mac, iPad, 
iPhone, and Android. Asset Panda is an easily customizable, affordable, fully-featured asset management 
software. The product comes with a robust feature set as many features and tools are included for one price. With 
Asset Panda, companies have a platform where they can perform multiple asset management operations and 
processes like Asset Tracking, Asset Management, Work Order Tracking, and Safety and Compliance among 
others. Asset Panda users can designate contacts based on certain attributes like location, track depreciations, etc. 
They can also look up asset details and automate pick lists and more by using a barcode scanner. The system also 
ensures tight security based on roles and appropriate level of access, so the information users see are relevant to 
their position or the tasks they are given. Asset Panda also provides unlimited customization options for its 
exporting and reporting features. Reports can be delivered automatically through email, which users can 
customize by adding calculation fields prior to sending (Edwards, 2007). Some key features of Asset Panda 
software as stated by Edwards (2007) are Reporting, Data Import, Mapping, Depreciation, Maintenance, Audit, 
Routing and many more. 
 
3.0 Methodology 
In this chapter, the discussion of the research procedure that was followed in the study is discussed. It includes the 
methodology, research design, population and sampling procedures, and also the data collection method. 
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3.1 Types and Sources of Data 
For this study, we have collected data using questionnaires which is one of the primary source of data collection. 
Data was drawn from the staff who have directly dealing with organization’s asset. Forty-four (44) questionnaires 
were distributed to the selected staff. 34 questionnaires were returned with valid answers. Quantitative research 
was held in order to satisfy the objectives of the research. The quantitative research gathers data in a numerical 
form which can be put in categories, or in rank order, or measured in units of measurement. Questionnaires were 
chosen for this research because they provide a relatively cheap, quicker and efficient way of obtaining small and 
large amounts of information from small or large people.  
 
Questionnaires can be an effective means of measuring the behavior, attitudes, preferences, opinions and, 
intentions of relatively large numbers of subjects more cheaply and quickly than other methods. An important 
distinction is between open-ended and closed questions (McLeod, 2018). The questions asked in the questionnaire 
are closed ended questions. Close ended questions structured the answer by only allowing responses which fit into 
pre-decided categories (McLeod, 2018). The questionnaire is divided into three (3) sections. Section ‘A’ deals 
with the socio-demographic attributes of the respondents while section ‘B’ deals with the general questions and 
section ‘C’ deals with the questions relating to the research work using a 5-point Likert scale with options ranging 
from strongly agree to strongly disagree and very good to very poor. 
 
According to Merriam Webster (2018), population is defined as the whole number of people or inhabitants in a 
country or region or the total of individuals occupying an area or making up a whole or the total of particles at a 
particular energy level used especially of atoms in a laser. In this study, the population was drawn from the staff 
of Kano State Housing Corporation. The probability sampling technique that was used for the research is simple 
random sampling. Forty-four (44) questionnaires were distributed to the selected staff in the organization. 
Quantitative instrument was used in the study. Using quantitative instrument, statistical analysis and results 
interpretation becomes easy. The questionnaire was self-administered to the respondents; therefore, the 
respondents feel comfortable responding to the questions. The Statistical Package for the Social Sciences (SPSS) 
tool was used to analyse the data and the analysed data was presented in frequency tables.  A total number of 44 
questionnaires were administered and only 34 were returned and completed by the respondents. The questionnaire 
is divided into three (3) sections. Section ‘A’ deals with the socio-demographic attributes of the respondents while 
section ‘B’ deals with the general questions and section ‘C’ deals with the questions relating to the research work. 
All data were coded and analysis were carried out using the Statistical Package for Social Sciences (SPSS) 
version 16.0. The Section A of the questionnaire is presented below: 
 

Table 1: Age of Respondents 
 Age Frequency Percent Valid 

Percent 
Cumulative 
Percent 

Valid 18-29 10 29.4 30.3 30.3 
30-39 12 35.3 36.4 66.7 
40-49 9 26.5 27.3 93.9 
50-59 2 5.9 6.1 100.0 
Total 33 97.1 100.0  

Missing System 1 2.9   
Total 34 100.0   

 
Table (1) shows that 10 respondents are between the age group of 18 – 29 which constitute 29.4% of the total 
respondents, 12 respondents are between the age group of 30 – 39 which constitute 35.3% of the total respondent, 
9 respondents are between the age group of 40 – 49 which constitute 26.5% of the total respondents, and 2 
respondents are between the age group of 50 – 59 which constitute 5.9% of the total respondents. 
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Table 2: Sex of the Respondents 
 Gender Frequency Percent Valid 

Percent 
Cumulative 
Percent 

Valid Male 25 73.5 73.5 73.5 
Female 9 26.5 26.5 100.0 
Total 34 100.0 100.0  

 
Table (2) shows that 25 of the respondents are Male which constitute 73.5% of the total respondents, and 9 
respondents are Female which constitute 26.5% of the total populations. 
 

Table 3: Marital Status of the Respondents 
 Marital 

Status 
Frequency Percent Valid 

Percent 
Cumulative 
Percent 

Valid Single 12 35.3 35.3 35.3 
Married 18 52.9 52.9 88.2 
Divorced 2 5.9 5.9 94.1 
Widowed 2 5.9 5.9 100.0 
Total 34 100.0 100.0  

 
Table (3) shows that 12 of the respondents are Single which constitute 35.3% of the total respondents, while 18 of 
the respondents are Married which constitute 52.9%, also 2 of the respondents are Divorced which constitute 
5.9% of the total respondents and another 2 of the respondents are Widowed which constitute 5.9% of the total 
populations. The Section B and C of the questionnaire is presented below: 
 

Table 4: Do you have access to Computer? 
  Frequency Percent Valid 

Percent 
Cumulative 
Percent 

Valid Yes 31 91.2 91.2 91.2 
No 3 8.8 8.8 100.0 
Total 34 100.0 100.0  

 
Table (4) shows the respondents views if they access the Computer. The finding reveals that 31 of the respondents 
have access to computer which constitute 91.2% of the respondents while 3 respondents do not have access to 
computer which constitute 8.8% of the population. This implies that the respondents have access to computer.  

 
Table 5: Do you have access to Internet? 

  Frequency Percent Valid 
Percent 

Cumulative 
Percent 

Valid Yes 28 82.4 84.8 84.8 
No 5 14.7 15.2 100.0 
Total 33 97.1 100.0  

Missing System 1 2.9   
Total 34 100.0   

 
Table (5) shows the respondents views if they access the internet. The finding reveals that 28 of the respondents 
have access to Internet which constitute 84.4% of the respondents while 5 respondents do not have access to 
Internet which constitute 97.1% of the population and 1 undecided response which constitute 2.9%. This implies 
that the respondents have access to Internet.  
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Table 6: Have you ever used any automated Asset Management Information? 
  Frequency Percent Valid 

Percent 
Cumulative 
Percent 

Valid Yes 7 20.6 20.6 20.6 
No 27 79.4 79.4 100.0 
Total 34 100.0 100.0  

 
Table (6) shows the respondents’ views if they have ever used any automated Asset Management Information 
System. The finding reveals that 7 of the respondents have used an automated Asset Management Information 
System which constitute 20.6% of the respondents while 27 respondents have never used an Automated Asset 
Management Information System which constitute 79.4% of the population. This implies that majority of the 
respondents have not used an Automated Asset Management Information System.  

 
Table 7: Respondents perception on the current system? 

  Frequency Percent Valid 
Percent 

Cumulative 
Percent 

Valid Very Bad 1 2.9 2.9 2.9 
Bad 4 11.8 11.8 14.7 
Fair 12 35.3 35.3 50.0 
Good 15 44.1 44.1 94.1 
Very Good 2 5.9 5.9 100.0 
Total 34 100.0 100.0  

 
Table (7) shows that respondents respond the questionnaire question of “staff perception on the current system”, 
15(44.1%) of respondents responded that the current system is good, the others 12(35.3%) respondents responded 
that the current system is fair, 4(11.8%) respondent’s respondent that the current system is bad, 2(5.9%) 
respondents responded that the current system is very good, 1(2.9%) responded that the current system is very 
bad. This implies that they have good understanding on the current system. 

 
Table 8: How is the current system serving the needs of this organization? 

  Frequency Percent Valid 
Percent 

Cumulative 
Percent 

Valid Bad 4 11.8 11.8 11.8 
Fair 15 44.1 44.1 55.9 
Good 15 44.1 44.1 100.0 
Total 34 100.0 100.0  

 
Table (8) shows that respondents respond the questionnaire question of “how the current system is serving the 
organization needs”, 15(44.1%) of respondents agreed on “Good”, another 15(44.1%) of the respondents agreed 
on “Fair”, the remaining 4(11.8%) of the respondents agreed on ‘Bad”. This indicates that the current system is 
fairly serving the organization’s need and there is need for improvement. 
 

Table 9: Performance of the existing system 
  Frequency Percent Valid 

Percent 
Cumulative 
Percent 

Valid Poor 3 8.8 8.8 8.8 
Fair 16 47.1 47.1 55.9 
Good 14 41.2 41.2 97.1 
Very 1 2.9 2.9 100.0 
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Good 
Total 34 100.0 100.0  

 
Table (9) shows that respondents respond to the questionnaire question of “rate the performance of the existing 
system. 16(47.1%) of the respondents are agreed on “Fair”, 14(41.2%) of the respondents are agreed on “Good”, 
3(8.8%) of the respondents agreed on “Poor” and the remaining of 1(2.9%) of respondents agreed on “Very 
Good”. This indicates that the current system is not performing well, there is a need for improvement. 

 
Table 10: Level of security of the current system 

  Frequency Percent Valid 
Percent 

Cumulative 
Percent 

Valid Very Poor 1 2.9 2.9 2.9 
Poor 4 11.8 11.8 14.7 
Fair 15 44.1 44.1 58.8 
Good 14 41.2 41.2 100.0 
Total 34 100.0 100.0  

 
Table (10) shows that respondents respond to the questionnaire question of “rate the level of security of the 
current system”. 15(44.1%) of the respondents are agreed on “Fair”, 14(41.2%) of the respondents are agreed on 
“Good”, 4(11.8%) of the respondents agreed on “Poor” and the remaining of 1(2.9%) of respondents agreed on 
“Very Poor”. This indicates that the current system is not well secured, so there is a need for improvement on the 
level of security in the process. 
 

Table 11: Easiness of Asset tracking using the current system 
  Frequency Percent Valid 

Percent 
Cumulative 
Percent 

Valid Strongly Disagree 6 17.6 17.6 17.6 
Disagree 12 35.3 35.3 52.9 
Not Sure 13 38.2 38.2 91.2 
Agree 3 8.8 8.8 100.0 
Total 34 100.0 100.0  

 
Table (11) shows that respondents respond to the questionnaire question of “It is easy to track an asset using the 
current system”. 12(35.3%) of respondents disagree that tracking item using the current system is easy.  6(17.6%) 
of the respondents strongly disagree, 3(8.8%) of the respondents agree that tracking item using the current system 
is easy, while the remaining 13(38.2%) of the respondents responded “Not Sure”. This implies that the 
organization faces a lot of difficulties in tracking its asset using the current system. 

 
Table 12: Easiness of updating Asset information across departments 

  Frequency Percent Valid 
Percent 

Cumulative 
Percent 

Valid Strongly Disagree 11 32.4 32.4 32.4 
Disagree 10 29.4 29.4 61.8 
Not Sure 7 20.6 20.6 82.4 
Agree 6 17.6 17.6 100.0 
Total 34 100.0 100.0  
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Table (12) shows that respondents respond to the questionnaire question of “using the current system, it is easy to 
maintain an update asset information across all the organization’s departments”. 11(32.4%) of respondents 
“Strongly Disagree” that is easy to maintain and update asset information across all the organization’s 
department. 10(29.4%) of the respondents “Disagree” that tracking item using the current system is easy. 
6(17.6%) of respondents responded ‘Agree’ while the remaining 7(20.6%) of the respondents responded “Not 
Sure”. This implies that the staff finds it be challenging in updating asset information across all the organization’s 
departments. 

 
Table 13: Tracking Asset information: It is very often that you lose track of asset information using the current system 

  Frequency Percent Valid 
Percent 

Cumulative 
Percent 

Valid Strongly Disagree 2 5.9 5.9 5.9 
Disagree 6 17.6 17.6 23.5 
Not Sure 11 32.4 32.4 55.9 
Agree 15 44.1 44.1 100.0 
Total 34 100.0 100.0  

 
Table (13) shows that respondents respond to the questionnaire question of “It is very often that you lose track of 
asset information using the current system”. 15(44.1%) of respondents agree that it is very often that they lose 
track of asset information. 26(17.6%) of respondents disagree with the statement. 2(5.9%) of respondents 
responded “Strongly Disagree” while the remaining 11(32.4%) of the respondents responded “Not Sure”. This 
implies that they lose track of asset information very often which clearly indicates flaws in the system. 

 
Table 14: Report Generation: Is it easy to generate report on the organization’s asset using the current system 

  Frequency Percent Valid 
Percent 

Cumulative 
Percent 

Valid Strongly Disagree 6 17.6 17.6 17.6 
Disagree 12 35.3 35.3 52.9 
Not Sure 10 29.4 29.4 82.4 
Agree 6 17.6 17.6 100.0 
Total 34 100.0 100.0  

 
Table (14) shows that respondents respond to the questionnaire question of “Is it easy to generate report on the 
organization’s asset using the current system”. 6(17.6%) of respondents strongly disagree that report generation 
easy using the current system, 12(35.3%) of the respondents also disagree to the statement. 10(29.4%) of the 
respondents responded “Not Sure”. Only 6 respondents agree which constitute 17.6% of the population. This 
implies that, it is very difficult to generate report on asset information using the current system. 
 
4.0 Conclusion 
The study revealed demographic features in the Kano State Housing Corporation; a significant number of male 
mostly between the ages of 30-39. The study also reveals that majority of the respondents are married. Findings 
from the study indicated that majority of staff have access to computer and they also have access to internet. It 
was discovered that few staff have experienced an Automated Asset Management Information System (AMIS). 
Results from the study showed that the current system is not efficiently serving the organization’s need. We have 
identified the following areas as the major obstacle of the current system; there is a need for improvement on the 
level of security, staff are finding it difficult in tracking asset information which leads to asset lost, and finally, 
there is difficulty in generating report on asset information. Asset management guides the gaining, usage and 
disposal of an asset in order to make the most of the assets and their potential throughout the life of the assets. 
Asset information is used by many people and systems, each with their own requirement and specific needs. 
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According to the study finding, we learnt that there is a problem in managing asset records because the manual 
process (i.e. using pen & paper) used by the organization makes the process insecure, also made asset tracking 
very difficult, also managing and updating asset information across departments becomes tedious task which 
resulted asset lost. In addition to these, there is so much delay preparing report because the asset information are 
decentralized, therefore it takes so long before asset are accounted and audited. Kano State Housing Corporation 
should adopt the use of Automated Asset Management Information System (AAMIS). By using the Automated 
Asset Management Information System, the problems currently facing by the organization will be addressed, and 
their work process will be simplified. The organization train their staff on the use of Automated Asset 
Management Information System (AMIS). 
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Abstract: This study investigates the misuse of products brand names by traders and customers in Sabon Gari 
market Kano State. Various products brand names used by both traders and customers have been examined. This 
paper reveals that the use of popular and early brand names of product to refer to same unpopular category of the 
product but different company is common to both traders and customers. The study further reveals that traders use 
this as a trick in order to sell the brand available to them instead of telling the customer that the preferred brand 
he/she wishes to buy is not in stock. This trend of mis-use of brand names also affects traders and customers not 
only at Sabon Gari market, but also at our local communities. The paper recommends that traders should learn to 
use the proper brand names of every product and the customers should be encouraged to avoid buying brand 
which is not the preferred brand they wish to buy. 
 
Key Words: Brand Names, Traders, Customers, Sabon Gari Market, Kano State. 
 
1.0 Introduction 
Sabon Gari market also known as Rimi market is situated at the Fagge Local Government Area of Kano State. The 
market is one of the eight major and popular markets in Kano State, the market is a sprawling open air market 
particularly known for the sales of discounted household items, including foodstuff, electronics, kitchenware, 
shoes, luggage, clothes, jewelleries, cosmetics, to mention just few. The market covered an area of approximately 
22 hectares with over twelve thousand shops and over five thousand stalls (Muhammad Sulaiman, S. 2019). The 
traders in the market are mostly Hausas, Igbos and Yorubas.This study investigates mis-use of some products 
brand names among traders and customers in Sabon Gari market, Kano State. It begins by tracing a brief history of 
brand name, explaining the concept of brand as well as how traders and customers misuse the brand names of 
some products in the market. 
 
1.1 History of Brand Names 
Branding and labelling have an ancient history. Branding probably began with the practice of branding livestock to 
prevent theft (Fullerton 1994). Over time, purchasers realised that the brand provided information about origin as 
well as about ownership, and could also serve as a guide to quality. Branding was adopted by farmers, potters, and 
traders for use on other types of goods such as pottery and ceramics. Forms of branding or proto-branding emerged 
spontaneously and independently through Africa, Asia and Europe at different times, depending on local 
conditions. Seals which acted as quasi-brands, have been found on early Chinese products of the Quin dynasty 
(221-206 BCE); large numbers of seals survive from the Harappan civilization of the Indus valley (3,300-
1,300BCE) where the local community relied heavily on trade; cylinder seals came into use in Ur in Mesopotamia 
in around 3,000 BCE and facilitated the labelling of goods and property; and the use of maker’s marks on pottery 
was commonplace in both ancient Greece and Rome (Blackett, 1998).. Identity marks, such as stamps on ceramics, 
were also used in ancient Egypt. 
 
Scholarly article such as ‘History of Branding’ by S. Rajaram 2012 has found evidence of branding, packaging, 
and labelling in antiquity. Archaeological evidence of potters’ stamps has been found across the breadth of the 
Roman Empire and in ancient Greece. Stamps were used on bricks, pottery, and storage containers as well as on 
fine ceramics. Pottery marking had become commonplace in ancient Greece by the 6th century BCE. A vase 
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manufactured around 490BCE bears the inscription ‘Sophilos painted me’, indicating that the object was both 
fabricated and painted by a single potter (www.brandimage.com). 
 
Branding may have been necessary to support the extensive trade in such pots. For example, 3rd century Gaulish 
pots bearing the names of well-known potters and the place of manufacture such as Attianus of Lezoux, Tetturo of 
Lezoux and Cinnamus of Vichy have been found as far away as Essex and Hadrian’s Wall in England. English 
potters based at Colchester and Chichester used stamps on their ceramics wares by the 1st century CE, the use of 
hallmarks, a type of brand, on precious metals dates to around the 4th century CE. A series of five marks occurs on 
Byzantine silver dating from this period (Rajaram 2012). Diana Twede (2016) has argued that ‘consumer 
packaging functions of protection, utility and communication have necessary whenever packages were the objects 
of transactions’. David Wengrow (2008) has also argued that branding became necessary following the urban 
revolution in ancient Mesopotamia in the 4th century when large scale economies mass producing commodities 
like alcoholic drinks, cosmetics and textiles are competing with one another. These ancient societies imposed strict 
forms of quality over commodities and also needed to convey value to the consumer through branding. 

 
2.0 The concept of Brand  
The Macmillan Encyclopaedia (1977) defines brand as ‘a firebrand, or a burning piece of wood. American 
Marketing Associations (1960) defined brand as ʽʽa name, term, design, symbol, or a combination of them, 
intended to identify the goods or services of one seller or group of sellers and to differentiate them from 
competitors.ʼʼ(Bennett, 1988) argued that brand is not limited to a name, term, designl, symbol, or a combination 
of them, it can be any other feature that differentiates one product from another. Basically, brand makes a signal to 
the customer the source of product, and protects both the customer and the producers from competitors (Kotler et 
al, 1996). Fournier (1998) asserts that a brand name is part of the product name that can be spoken or written to 
identify a product, service or company and set it apart the comparable products within a category. Belk (1988) is 
of the view that ‘for consumer, a brand is a convenient way to remember preferred product choice’. In the modern 
era, the concept of branding has expanded to include deployment by a manager of the marketing and 
communication techniques and tools that help to distinguish a company or products from competitors, aiming to 
create a lasting impression in the minds of customers. 
 
3.0 Methodology  
This paper is a product of primary data collected through verbal interview and observations. Specifically, the data 
was obtained using a verbal interview and discussion with randomly selected traders and customers at Sabon Gari 
market and some other people of our local community. Personal interviews and discussions were conducted to 
supplement the data collected through questions and answers. The traders and the customers were the respondents 
in this study. 
 
4.0 Findings  
The information obtained from the verbal interviews, discussions, questions and answers with traders and 
customers revealed that both the traders and the customers mis-use brand names of many products such as 
noodles, diapers, tooth pastes, cooking seasonings (cubes) to mention just few. The following tables show different 
products and how traders and customers misuse various brand names to refer the name of the whole products. 
 

Table 1: Category of products and the dominant brand names 
S/N Category of products Brand name the 

product is referred to 
1 Instant Noodles  Indomie  
2 Babies Diapers Pampers  
3 Toothpaste  Macleans 
4 Cooking seasoning (cube) Maggi 
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5 Petroleum jelly (for body moisturizing) Vaseline  
6 Liquid disinfectant and antiseptic Dettol 
7 Detergent powder  Omo  
8  T shirt with collar  Polo  
9 Bathtub / hot tub  Jacuzzi 
10 Female sanitary pad Always 

 
Table 2: Category of products and different brand names of the products 

S/N Category of product   Different brand names of the product 
1 Instant Noodles  Indomie instant noodle, cherry noodle, supreme instant 

noodle, minemy  instant noodle e.t.c. 
2 Babies Diapers Pampers, molfix, kisskids, Huggies, e.t.c. 
3 Toothpaste  Macleans, Oral B, Close up, Colgate e.t.c. 
4 Cooking seasoning (cube) Maggi cooking seasoning, Rayco cooking seasoning, 

Know cooking  seasoning, Onga cooking seasoning, Mr. 
Chef cooking seasoning, e.t.c 

5 Petroleum jelly (for body moisturizing) Vaseline, Adolline, Baby care oil, Baby & mama, e.t.c. 
6 Liquid disinfectant and antiseptic  Dettol, Septol, e.t.c. 
7 Detergent powder  Omo, Ariel, Klin, Viva, e.t.c. 
8 T shirt with collar Polo, Ralph Raullen, Nike, Puma, e.t.c. 
9 Bath tub/ hot tub Jacuzzi, tywford, e.t.c. 
10 Female sanitary pad Always, virony , Sifa care A+, Lady care, Molped e.t.c. 

 
5.0 Discussion of the findings of the study 
From table 1 above, it is observed that both traders and customers misuse and generalised different brand names of 
products especially when the brand is popular. The study also revealed that traders misuse and generalised the 
brand names in the following products for example, every noodle is referred as Indomie, every baby’s diaper is 
referred as Pampers, toothpaste is referred as Macleans, cooking seasoning cube is known as Maggi, most of 
petroleum jelly is referred as Vaseline, almost all liquid disinfectant and antiseptic is called Dettol, every detergent 
powder is Omo , every T shirt with collar is Polo shirt, every bathtub  is Jacuzzi and every Female sanitary pad is 
called Always. In table 2, various products and different brand names of the same products are mentioned. 
 
Furthermore, it is gathered and learnt that one of the reasons for mis-using the brand names of the products is 
because of the domination and the popularity the brand in which the whole product is referred over the other 
brands of the same category of the products.  For instance, pampers is popular and the earliest brand name of baby 
diapers, was manufactured and distributed by P&G (a multinational firm) therefore, pampers became dominant 
and popular brand of baby diaper over the other brands such as: Molfix, Huggies, Kisskids, Wemy, Bino baby e.t.c. 
 
Similarly, indomie is the earliest and the most popular brand of instant noodles firstly produced in Malaysia, which 
became popular and dominant noodle brand in Nigeria. That is why traders and customers misuse the brand names 
of every noodle such as cherry noodle, supreme noodle, and any other noodle as indomie. A clear observation 
shows that some traders misuse the brand names intentionally in order to sell the brand of any products that are 
available in their shops. For examples, a customer who wishes to buy a cooking seasoning Maggi brand for 
instance, may end up buying other brand of the cooking seasoning such as Rayco, Knor, or Mr. Chef seasoning 
cubes brand. 
 
6.0 Conclusion  
This study investigated the misuse of the brand names by traders and customers at Sabon Gari market Kano State. 
The paper discovered that traders and customers misuse various brand names of many categories of products. For 
instance, traders use a popular and dominant brand to refer to any brand of that category of product. The paper also 
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discovered that customers too are in the habit of buying any brand of the product category they wish to buy even if 
it is not their desired brand. From the findings of this study, it can be concluded that both traders and customers 
misuse the brand names of many products in the market. The traders misuse the brand names in order to sell the 
brands available at their stocks, while the customers misuse the brand names knowingly and unknowingly, and 
also not waste their time in search of their desired brand in the market. 
 
7.0 Recommendations  
Based on the findings of this paper, the following recommendations are offered: 

i. Since the misuse of brand names is common among traders in the study area, customers should be 
enlightened on the variation of products and that each product has various brand names. 

ii. Customers should avoid buying any brand which is not the brand they wished to buy. 
iii. Since this study of misuse of brand names in this paper is limited to some products, similar research 

works need to be conducted to discover the misuse of brand names of other products in other markets in 
Kano State. 
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Abstract: This research work is meant to inform the general public and the proprietors the corrupt attitudes by 
some academic staff in most of the educational institutions in Nigeria which, has advertently positioned the system 
in a tragic situation of examination malpractices and other examination vices. The paper also expresses the 
lackadaisical attitudes of some teachers in the use of continuous assessment and total dependence on semester and 
terminal examination which has been the backbone to corrupt academic practices in Nigerian educational system. 
The work moreover warned that if nothing is done to correct the menace, the educational system will continue to 
produce weak primary and secondary education, half-baked graduates from tertiary institutions, mass failure in 
WAEC, NECO, UTME but to mention a few. The paper finally suggests urgent steps to be taken which includes 
amendment of section 1, sub-section 9(g) of the national policy on education that gives room for academic 
corruption with a view to abolish semester examinations and rather accommodates the use of well-developed 
continuous assessment. 
 
Key words: - Academic Corruption, Examination Malpractice, Continuous Assessment. 
 
1.0 Introduction: 
Education is a tool for national development and a means through which individual attains excellent life style. 
Education can also be seen as a viable entity of transforming the society. History has shown that our forefathers 
have not had any form of formal education rather observed informal education which did not provides room for 
sessional examinations but continuous evaluation of the apprentice which rely on hard work. Formal education 
today is over two hundred years old (1842) and was nurtured by Christians missionaries who emphasized on 
sessional or final year examination. Preference was not based on hard work but mere acquisition of paper 
certificates through terminal examinations (Olajuwon, 2004). This emphasis on examinations has caused anxiety, 
shock, nervousness in children and their parents. Nonetheless, learners are made to pass any kind of examination 
they sit on, and eventually devised a means of achieving success in such examinations and one of such means is by 
cheating in examination in many different forms (Adegoke,2010). I am also of the view that, cheating in 
examinations has become very common in the Nigerian educational context which has plunged the system into a 
total decay and confusion. Tertiary institutions are now producing half-baked graduates who find it difficult to 
express and depend themselves in public of the certificates they are holding. The means through which they 
obtained the certificates is not difficult to answer:  corrupt practices. 
 
2.0 Examination malpractice and corrupt academic practices: 
Examination malpractice as a way of scoring high mark and grade in a corrupt manner has eaten deep into the 
fabrics of all levels of education in Nigeria. Many scholars such as Okah and Olaruwajun have defined corruption 
as an act of siphoning public fund or misappropriating it by civil servants, contractors, politicians etc. This 
definition and of course other definitions have not think about the type of corruption that destroyed the minds of 
our children and siphons the moral value of the society. Odukuye (2008) asserted that “examination malpractices 
can be seen as a dishonest way of getting the best result. It cheats the people engaged in it and the institutions that 
host it.” This trend is noticeable when students lack adequate knowledge of the subject being examined. Other 
noticeable features and/ or signs that manifest in students include: 
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i. Spending more time in trying to copy formulas, examples or definitions on piece of materials that a 
student takes into the examination hall. 

ii. Trying to pre-determine where to sit during examination 
iii. Becoming kind and extra careful to those a student feels can render him/her some assistance during the 

examination. 
iv. Becoming restless, looking sideways or behind for any form of assistance. 
v. Enticing the invigilator during or after the examination. 

The problem of academic corruption has become endemic in the Nigerian educational system as earlier stated and 
in a way becoming a usual exercise. Arinze (1993) identified that this trend is as old as the institution of formal 
education as its first incident was uncovered in 1914 when the senior Cambridge local examination leaked. This 
scenario picks an unprecedented surge and growth in 1963, 1967, 1970, 1991, 1999, 2003 (Ajaja, 2010). In an 
attempt to deal with this trend, the federal government promulgated decree 27 of 1993 and decree 20 of 1984 that 
prescribed 21 years’ jail term for offenders. Sadly, parents, examination bodies, school authorities encourage the 
tragedy every year despite the various attempts being made by government against it since colonial time. 
 
2.1 Causes and Agents of Examination Malpractice: 
Many researchers considered the causes of examination malpractices with multi perspective views. According to 
Ajaja (2010), the various causes of this trend include among others are (a) alteration of scores by examining 
boards (b) award of good grades by some computer operators in the desk offices of the examining boards (c) 
bringing or issuing worked answers to examination hall by some teachers (d) Mass cheating caused by some 
invigilators, supervisors and outsiders and (e) students’ different habits during examination such as giraffing, 
bringing copied texts along, side-talking etc. Denga and Denga (1998), and Ivowi (1993) highlighted collusion, 
impersonation, supply of answer scripts by some examiners and leaks of examination questions by some teachers 
as the basic ingredient of exam malpractice. Dina (1993) and Bunza (1996) considered the following as the agents 
of academic corruption: (i) Parents/guardians, (ii) Principals/teachers, (iii) Lazy/less serious students and (iv) 
Government officials/supervisors and or invigilators 
 
Today, nobody cares how one obtains his/her certificate. Present your best result and get the job and admission is 
what the current slogan stated. Universities no longer trust WAEC and JAMB. They have designed their own form 
of entrance examination called post- UME. The question here is how reliable is the post- UME? It is clear for 
several years post- UME has nurtured divergent problems. There is more corruption, favoritism, money-making 
and many other antics that have flooded the issue. As long as Nigeria continues to emphasize on examination, the 
problems will be more and more hydra-headed. 
 
2.2 The National Policy on Education (NPE) 
Nigerian education is the responsibility of the three tiers of government (Onyukwu, 2011). The federal government 
is responsible for tertiary education; state government handles the secondary education while local governments 
shoulder the responsibility of primary education. 
For a dire need to clearly spell out the equivocal terms on the philosophy and objective that underlined the funding 
and/ or investment in education, the need to have a written document that will fulfils such a role become 
necessary. In 1969, a conference on curriculum development was held and agreement was reached to establish a 
first draft copy called the national policy in education of 1997. The document, since then becomes a subject of 
review from time to time. It has even become a global concern as just of recent it has been reviewed to 
accommodate the word-wide acceptable dictum UBE. The document has imperatively reflects the five main 
national objectives which are: a free and democratic society,  just and egalitarian society,  united, strong and self-
reliant society, a great and dynamic economy and a land of bright opportunities for all (NPE,2004) The document 
is made up of 13 sections which deal with critical issues about the educational sector. A visit and discussion of few 
areas in the document will be made here. Firstly, section 1 sub section 9(g) outlined measures to be taken in the 
implementation of the policy as it notes the following: 
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i. Education shall continue to be highly rated in the national development plans as it is the most important 
instrument of change. 

ii. Life-long education shall be the basis of nation’s educational policy. 
iii. Education and training facilities shall continue to be expanded in respond to social need. 
iv. Educational activities shall be learner centered. 
v. Universal basic education in a variety of forms depending on needs and shall be provided for all citizens. 

vi. Educational assessment and evaluation shall be liberalized by being based in whole or in part on 
continuous assessment of the progress of the individual. 

vii. Effort shall be made to relate education to overall community needs. 
 
Furthermore, the policy presented that Basic education shall be for 9 years comprising 6 years of primary and 3 
years of junior secondary education for adults and school youths. Promotion of students from one class to the next, 
the policy stated, shall be based on the progress of the students recorded from the continuous assessment. 
Nevertheless, the emphasis has not been taken into account rather common entrance examinations are being 
conducted and such have sustained examination mal-practices and imbibed corruption into the minds of the future 
leaders. It is unfortunate to note that primary and secondary education are the fundamental educational system of 
Nigeria. If corrupt academic attitudes are developed what could be the position or rather the status of Nigerian 
education? It is equally sad to note that in most of our higher institutions, students with good grades are admitted 
unknowingly and such students cannot even spell their names correctly rather than communicate proficiently. The 
nation is today confused on how to screen students in our existing universities. 
 
3.0 Strength and Weakness in the use of Semester Examination in Educational System of Nigeria 
Semester examination is American system of testing students used in Nigeria at higher level of education or 
university at each half of a school year or academic year for that matter. This type of examination is believed to be 
an official means of testing knowledge, and it is offered almost everywhere in the world for both adults and the 
young. Nevertheless, one can know his or her performance without being tested in examination. Examination be it 
a semester or whatever kind it is, has some strengths and weaknesses to whoever sits for it. Some of its strengths 
include the following: 

i. It encourages learners to work hard so as to make a pass in it. 
ii. It creates a competition among the learners which make them do their best. 

iii. It helps one develops his/her personalities and confidence. 
iv. It enables a person get good grade when he/she has passed it. 
v. It also helps to get scholarship for further studies and more degrees which bring good job. 

Nonetheless, examination has some weaknesses which includes among others the following: 
i. It is stressful to some people especially those who don’t want to work hard. 

ii. It makes some parents and teachers restless. 
iii. It sometimes makes use of difficult questions which students fail to answer. 
iv. It affects learners in career choice and their future life. 
v. It changes the character of those who failed it to such extent to commit suicide. 

As seen in the above, semester examination is not a two sides of a sword because one side is good and the other 
side is bad.  And since it is not a two sides of a sword performing dual function, then why not accommodate fully 
the use of continuous assessment which seem to be or is performing dual functions of the assessment of 
knowledge and the total progress of learners?  
 
4.0 Resultant Effect of Corrupt Academic Practices in Nigerian Educational System 
According to Okah (2010), Nigerian education is in total decay. Public schools are mere mushroom buildings 
where unfortunate pupils whose parents cannot afford private schools are admitted into. In these so called public 
schools in most cases answers are copied on the black board during examination. Stakeholders of education 
refused to send their children there. In fact, Okah (2010) lamented that product of these schools would never 
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discover anything more than the knowledge of early sex, habit of dressing indecently, viewing the Nollywood 
satellite, cultism, cheating in examination and all forms of bad behaviors. Other ills that are eminent may include:  

i. Weak primary and secondary education. Yusha’u (2000) asserted that terminal or end of term 
examination in schools are set to measure students’, academic achievement. But most of the results of 
such examinations and other examinations such as WAEC, NECO etc. are not a true replica of 
intellectual performance of the students. 

ii. Half-baked graduates. It is no longer a breaking news today that some graduates from Universities could 
not write their names talk less of expressing themselves in public speeches. 

iii. Decline roles of the Universities. The ills of academic corruption have gone deep into the nation’s third 
tier of educational system. Ajaja (2010) reported that the expected role of universities in the society is 
currently on the decline. As generally known that university education is geared towards national 
development through high level of performance, manpower training, and norms and values upliftment for 
proper survival of individual and society in general (NPE 2004). Conversely, the current state of 
universities today is money making business especially during admission. Some lecturers are hardly seen 
in their lesson at the beginning of a semester and towards its end. Yusha’u stated that in a semester, not 
all lecturers attend to about 50% of their lectures. This trend, has crept everywhere including the primary 
schools which has resulted to misplacement of priority.  

iv. One other worst situation of it, is in the recruitment of incompetent teachers. The national teachers 
institute is not left behind in the mess. Imagine a teacher who got his/her certificate without hard work, is 
opportune for the job over the rightly deserving and hardworking teacher. 

 
Interestingly, Nigeria has two pioneer examination councils for the issuance of the same certificate-WAEC and 
NECO. The later was established due to the high rate of failure recorded in 2000 precisely. It is on record that the 
first year NECO was conducted, and almost all the students had all the papers with very good grades including 
English and mathematics. Criticism flooded the educational system to the extent that some universities had not 
considered students for admission with NECO results. This made the examination council to consider and 
approved failure and indeed mass failure in students’ results. Where is the nation heading to? Unless something 
positive is done or else the worst is reaped. 
 
5.0 Suggested Solutions and recommendations to Corrupt Academic Practices in Nigerian Educational 
System 
Yusha’u (2000) lamented that if something is not done, the future of Nigeria is bleak as far as meaningful 
development is concerned. This is true since it is only through education that good leaders and citizens can be 
produced. In political appointments and electoral positions, emphasis is placed on at least SSCE examination. The 
private sector also placed interest on the best person who obtained first class or second class upper division, 
despite the fact that our nation’s educational system is at mess. Therefore, emphasis on all kind of examination 
needs to be reduced or if possible be replaced by series of attainment in individual progress recorded during 
learning. It is unfortunate that some lecturers in some institutions under the active cooperation of the management 
illegally receive so called “reading fees” for postgraduate seminar papers from their students. If the Federal 
Ministry of Education would sanction a few Vice Chancellors and Rectors who are guilty and collaborating in 
such exploitative behavior, I am sure others with such tendencies will readily repent. Government at all levels can 
also help in curtailing the situation as it is always a reflection of what is happening in the society that is clearly 
taking place in our educational institutions. One needs an extremely good family upbringing and good faith 
everywhere ones finds himself. In addition, the following are found helpful in addressing some corrupt practices in 
our educational system. 

i. As contained in NPE, the educational assessment and evaluation shall be liberalized so as to 
accommodate continuous assessment of the total progress of an individual.  

ii. If it becomes necessary to sit for examination, it should strictly be supervised by externally hired civil 
security men like the civil defense corps 
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iii. Admission of students shall be automatic not selective and any other means of screening shall be by 
machine rather than by an individual selfish desired human. 

iv. All examination questions be kept under tight security under the custody of banks and be issued to 
students only on the examination date and time in company of security personal who are responsible to 
check and prevent any leakages. 

v. Assessment and evaluation shall touch all the three major domains of learning not only concentrate on 
one particular learning domain let say- cognitive domain which assesses knowledge only. 

Moreover, the whole system of education needs to give emphasis on research work which shall be of little or no 
stress, one that is devoid of rote learning in order to minimizes or stop the use of semester and any form of 
examination. 
 
6.0 Conclusion: 
The success of education in Nigeria is all about good planning, efficient administration, adequate funding and 
motivation. It is clear from the aforementioned points that emphasis is laid on terminal examination that has ruined 
the whole system and is imbibed by number of problems that have become a national concern. Moreover, to 
minimizes or rather eliminate the ills of examination the government itself should ensure that teachers at all levels 
are better paid than their contemporaries in other professions so as to attract the best brains as well as discourage 
those among them that are vulnerable to corruption and foul play. If the best brains and the best characters are 
attracted, they can eradicate corruption and inculcate discipline in the teaching profession, the problem of vanity 
publishing, mercenary lecturers, greed, corruption and other problems observed quietly or openly by many “home-
based” intellectuals will not even exist, or at worst, be reduced to a minimal level. Therefore, the continuous 
assessment shall be strengthening rather than terminal or sessional and semester examinations. 
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Abstract: Generally, learners’ mastery of communication in English depends mainly on the mastery of English 
concord tenses and other properties of verb. Thus, effective English communication relies much on the 
understanding of English concord and tenses. This study assessed the Impact of Concord and Tenses for effective 
English communication. The study observed the roles of concord and tenses in English communication and how 
they improve learner’s understanding. The authors relied much on available materials on English concord, tenses 
and properties of verb which are the specific data collection method in qualitative research. In this study, 
qualitative method of data collection is employed which encompasses descriptive and analytic investigation as the 
source of the data for the analysis. The Findings had shown the functions of different verb forms in relation to 
concord and tenses and how these aspects aid in English communication. Recommendations were offered. Thus, 
The English learners should be acquainted with the concord and tenses as the fact that English communication 
would not be successful without understanding of these aspects. 
  
Keywords: Impact, Concord, Tenses, Properties of verb, English Communication 
 
1.0 Introduction 
Obviously, concord refers to the agreement that exists between the subject and the verb in the sentence; this 
depends on the number of persons or things.  This is why it is said that the most important type of concord in 
English is that of number between subject and verb. The idea here is that if the subject is singular then the verb 
must be singular. On the other hand, if the subject is plural the verb must be plural. The concord is governed by 
rules of grammar and the issue of concord in the grammar of English suggests that for an English sentence to be 
correct and meaningful its constituent parts (i.e. subject, verb, object, and adverbial) must be in perfect agreement.  
Morenberg, (2010), opines that grammatical agreement between two parts of a sentence subject - verb means 
concord. A verb is the part of a sentence that tells us what subject is or does; it is the only class of word that 
changes to show tense.  
 
Tense is one of the properties of verb that plays an important role in English communication. It shows or makes us 
to deduce for ourselves when an action is performed. Sangmeister, (2009), reveals that tense denotes the time an 
action takes place, whether sometime in the past, in the present or in the future. Since the study reviews the impact 
of concord and tenses in English communication, the term communication need to be reviewed. Communication 
simply means transfer of meaning. It is the act of transmitting ideas, information, and attitude from one person to 
another. Austin, (1962) views that communication is a series of communicative acts or speech acts which are used 
systematically to accomplish particular purposes. Thus, communication in English means the process of sharing 
ideas, information and messages with others in a particular time and place by using English language. In a 
nutshell, if the concord and tenses are wrongly applied the communication would be difficult to understand. 
 
2.0 Methodology  
This study, like other studies is a secondary researched paper, is an assessment paper, the writers collected all the 
information used in this paper through the available information which has already been collected by other writers 
and researchers, all the information used are collected from the available information, organised and evaluated and 
then applied in this paper. The writers rely much on the primary sources such as library material, internet 
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materials, academic journals, articles and conference papers and other material available at hand. The writers 
analyse the concord and tenses to gain the knowledge on the significance of these aspects for Effective English 
communication, various aspects of concord and tenses in English are assessed and examine from various angles to 
construct a meaningful picture of their impact for Effective English Communication. Therefore, this is the area 
upon which this paper forms the basis of its investigation. Dawson, (2009) and Kothari (2004) mention gathering 
documents as common methods of data collection in a qualitative research design. In this study, qualitative method 
of data collection is employed which include descriptive and analytic investigation. Invariably, these are the 
methods of data collection of this paper called an assessment on the Impact of Concord and Tense for Effective 
English Communication. 
 
3.0 The Concept of Concord and Tenses in English Communication  
So many situations create the need to communicate messages in English. Such messages might be opinions, 
decisions, ideas, feelings, desires, fears, joy and sadness. Okon, (1970), asserts that ‘‘language is needed in all 
forms of communication, whether pleasant or unpleasant, political, moral, social, religious, poetic intellectual or 
emotional’’. Communication flows through various directions to meet such purposes.  
 
3.1 Communicative Competence in the English Language 
According to Bell, (1976) “the idea of communicative competence defines how a language user is able to pass 
judgement of grammatically as well as recognized acceptable speech acts in a social situation”. Therefore, 
communicative competence in English refers to what people need to know to use the language appropriately for a 
given social setting. This means the ability to know the grammatical rules of English and the ability to use the 
language positively in an interaction with other people. The acquisition of the grammatical rules of English does 
not guarantee communicative competence in English; therefore, it is the native speaker of English who can possess 
the communicative competence in English after acquiring linguistic properties and puts them down in practice to 
enable him/her to use the language positively in an interaction with others. But learners of English would develop 
their communicative competence in English through a sense of style, a semi-instinctive knowledge and continuous 
training in linguistic appropriateness, which corresponds as closely as possible to the fluent native speaker, (Alo, 
2003: 115). Adetugbo, (1980), sees communicative competence as linguistic competent influenced by issues like 
extra linguistic variables in terms of who the participants in the speech act are, when and where the speech act 
takes place, the purpose of the speech act in the society of the participants and why the speech act. Therefore, if 
you are competent in English, it means you can use the components of the language (the sounds of language, the 
units of meaning, word order and sentence structure and meaning in language). Invariably, to communicate 
accurately and fluently in English in any given situation, the issue of concord and tense are very essential and can 
never be overemphasized. Murthy, (2007: 109-112), in his book “Contemporary English Grammar” classified 
concord according to persons and number. That is, First person, Second person and Third person singular and 
plural. 
 
3.2 Some Examples of Concord in Sentence Structure: 

1) When the subject is in the third person singular the verb in the present tense takes ‘s’ or ‘es’. Example: 
Abdul goes to office at seven in the morning. 

2) If the subject is in the third person plural, the base form of the verb is used without ‘s’ or ‘es’. Example: 
They go to Kaduna. 

3) When the subject is in the first person singular and plural, second person singular and plural, , the base 
form of the verb is used without ‘s’ or ‘es’. Example: I go to Abuja. We go to Abuja. You go to Abuja. 
They go to Abuja. 

Note:  This rule is applied only to present tense but in past tense either ‘s’ or ‘es’ are not applicable. The verb 
remains unchanged in spite of the differences in person and number in the past tense. Example: I drank milk. 
He drank milk. It rained. 
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4) The verb must agree in number and person with its real subject. Example: one of my sisters has gone to 
Abuja. Each of my brothers was educated. Every one of the students has applied for scholarship. 

5) Two or more singular nouns connected by ‘and’ must be used with a plural verb. Example: Eating and 
drinking are useful to health. Fatima and Adama are sisters. He and I were in America last year.  

6) Two or more singular nouns connected by ‘and’ expressing one idea must be followed by a singular verb. 
Example: Knowledge and wisdom makes a man great. Slow and steady wins the race. The long and short 
of the matter is that Balaraba is very beautiful and attractive. 

7) Two nouns connected by ‘and’ referring to the same person must be used with a singular verb. Example: 
My uncle and guardian wants me to apply for job. The author and editor has invited me to dinner. 

Note: if the two nouns refer to two different persons the articles and possessive pronouns must be used before 
each noun and the verb must be plural. Example: My uncle and my guardian want me to apply for job. The 
author and the editor have invited me to dinner. 
8) Two singular nouns connected by ‘and’ which are preceded by each ‘Each’ must be used with a singular 

verb. Example: Each boy and girl has got admission into the college. Every man and woman has to 
contribute to our society and country. 

9) Two singular subjects connected by ‘or’, ‘either… nor,’ must be used with a singular verb.  
Example: 
Neither Musa nor Isa has agreed to accept the post. 
No salary or Bonus was given to the workers in the factory. 
Either my sister or my brother has failed in the interview. 
Note: but when one of the subjects is plural, the plural subject should be placed last and it should be followed 
by a plural verb.  
Example: 
Neither my Friend nor his sisters are interested in watching television. 
Either Ado or his sisters are kind and considerate to me. 
Either the minister or his colleagues have understood the seriousness of the problem. 
10) When two singular subjects connected by ‘or’, nor ‘differ in person, the verb should agree in person with 

the subject nearest to it.   
Example: 
Neither Sani nor I have visited the museum.  
Neither you nor Aisha seems to be able to speak in English correctly. 
Either you or Sadiya has to attend the meeting. 
11) A collective noun must be used with a single verb when the group is thought of a single unit, but when 

the individuals are considered separately, it must be used with a plural verb. 
Example: 
The ship’s crew has tried to save the passenger from drowning when the ship was about to sink. When the 
ship arrived the port the crews were welcomed by the Nigerian Navy. 
12) Nouns which are plural in form but singular in meaning must be used with a singular verb.  
Example: 
The news is broadcast on Radio Nigeria.  
Similarly, Murthy, (2007: 165-169) in his book Contemporary English Grammar classified the formation of 
various tenses based on present past and future. 

 
3.3 Verb Forms and Tenses 
Verb forms are generally related to concord. A verb expresses action or a state of being and tells (in active voice) 
what the subject of the clause is or does. A verb is necessary to make a complete statement. All verbs are 
constructed from three basic forms known as the principal parts of a verb: 

a) Infinitive (or present) is the base form of a verb, preceded by to: to run, to go, and to laugh. 
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b) Past is the simplest form of a verb. Past is used to show action that has already taken place: ran, gone, 
laughed. 

c) Past participle is the form a verb takes when it is accompanied by an auxiliary verb (helping verbs using 
forms of be, have, or do) to show a more complex past tense form: had gone, will have gone, would have 
laughed. 

 
3.3.1 Active and Passive Verbs 
Active verbs (active voice) tell what the subject (a person, place, thing, or concept) does. Example: The boy kicked 
the ball. Passive verbs (passive voice) tell what is done to the subject. Example: The ball was kicked by the boy. 
 
3.3.2 Regular Verbs and Irregular Verbs 
A regular verb is used to form the past tense by adding a suffix –d or -ed. Example: hope, hoped - laugh, laughed. 
An irregular verb does not take the –d or –ed ending. The past tense for irregular verbs is formed by changing the 
verb internally. Refer to the books in the reference for a list of Irregular Verbs most commonly used. Example: 
run, ran catch, caught, (Azar, 1989). 
 
3.3.3 Verb Tenses 
Verb tenses are used to show time. Verb tenses tell when events happen, happened, or will happen. For example, 
the Simple Tense. The present simple tense may express an action that is repeated or ongoing. It can also express 
an action that is happening at this moment or a situation that is always true. Example: Jane and Sarah jog every 
morning. The past simple tense expresses an action that has already happened. In regular verbs, the past tense is 
formed by adding –ed or –d to the base form. In irregular verbs, the past tense takes a variety of forms. Example: 
John and Sara hiked to the top of the mountain. The future simple tense expresses an action that will take place in 
the future. The future tense is formed by adding will to the base form. Example: I will fly to Atlanta Friday 
evening. 
 
For the Perfect Tense, the present perfect tense is used to express an action that took place at some unspecified 
time in the past. The present perfect tense can also be used to express an action that began in the past and 
continues in the present. The present perfect tense is formed with the past tense of the verb and the helping verbs: 
has or have. Example: Sarah has watched the movie. The past perfect tense is used to show that one action in the 
past began and ended before another action in the past started. The past perfect tense is formed with the past 
participle of the verb and the helping verb had. Example: Sarah had seen the movie before I watched it. The 
future perfect tense is used to show that one action or condition in the future will begin and end before another 
event in the future starts. The future perfect tense is formed with the past participle of the verb and the construction 
will have. Example: By the time I finish this semester, I will have read ten novels. 
 
For Progressive (continuous) Tense, the present continuous tense is used to show an ongoing event that is 
happening at the moment of speaking or writing. The present progressive tense is formed by using am, is, or are 
with the verb form ending in –ing. Example: The children are sleeping. The past continuous tense is used to 
show a past event that was happening when another event occurred. The past progressive tense is formed by using 
was or were with the verb form ending in –ing. Example: The children were sleeping when we arrived. 
The future continuous tense is used to show an ongoing or continuous event that will take place in the future. The 
future progressive tense is formed by using will be or shall be with the verb form ending in –ing. Example: The 
children will be sleeping when we arrive. The present perfect continuous tense is used to show an event that 
began in the past, continues in the present, and may continue in the future. The present perfect progressive tense is 
form by using has been or have been with the present participle verb form ending in –ing. Example: The children 
have been sleeping. The past perfect continuous tense is used to show a past, ongoing event that was completed 
before another past event. The past perfect progressive tense is formed by using had been with the present perfect 
verb form ending in -ing. Example: The children had been sleeping when we arrived. The future perfect 
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continuous tense is used to show a future, ongoing event that will happen before a specified future time. The 
future perfect progressive tense is formed by using will have been and the present participle verb form ending in –
ing. Example: The children will have been sleeping. (Brown 2010, 272-289).  
 
3.3.4 Verb Expansion  
Writers frequently use a combination of verbs, auxiliary or helping verbs. One or more of these words are used 
before the main verb in a sentence to alter a verb’s meaning to better fit the context of the intended message as it 
relates to the overall story. Auxiliary or helping verbs provide “variations in meaning related to tense (time) and 
such conditions as probability, possibility, obligation, and necessity (mood). Sometimes authors automatically use 
these verb phrases in their writing without even being aware of it. However, a writer may often find himself or 
herself stuck just trying to figure out a certain verb problem in a sentence because even though they may 
instinctively know something’s just not right, they’re not exactly sure what it is or how to fix it. This is often 
especially true when it comes to the use of auxiliary or helping verbs in sentences. (Beason, and Lester, 2006), 
Primary Auxiliary words include:  
 

Table 1: Primary and Modal Auxiliary Verbs 
Form of Auxiliary Types 

Forms of “be”  be, am, is, are, was, were, been, being  

Forms of “have”  have, having, has, had  

Special auxiliary, “do”  do, does, doing, did, done  

Modals can, could, may, might, will, would, shall, 
should, must, ought to 

 
3.3.5 Auxiliary/Helping Verbs Examples:  

i. Larry will have existed for twenty years.  
ii. I do not want to go with 
iii. You to Antarctica!  
iv. I should have studied more before the final exam.  
v. We are inviting the entire class to New York.  
vi. I am finishing my delicious pizza before I eat my chocolate cookie ice cream. 
vii. You could have told me to meet you right in front of the café; next time, you ought to let me know 

exactly where you’ll be.   
viii. Nancy can fly non-stop to Rome from New York.  

 
In the last example, the verbs “can fly” are used to show that “Nancy” has some options for flying to “Rome.” 
Because of the verb choices and sentence structure, we see that Nancy is not actually flying yet. What happens if 
the word “can” is left out? How would that change the meaning of the sentence? What form would the verb “fly” 
then need to take? Would that then deliver the same message as before? - Not if Nancy hasn’t bought her airline 
ticket yet. Therefore, it’s not just about understanding verbs and/or groups of verbs that work together to form a 
verb phrase in a sentence (as demonstrated in the examples above), but more importantly, it’s about determining 
when to use a certain form of a verb(s) dependent upon the subject or noun/noun phrase of a sentence. However, 
when selecting a verb(s) and determining its form, first, ask yourself a couple of questions: “Who or what is my 
sentence about?” and “What is the subject (person, place, or thing) of my sentence doing or trying to do, when and 
under what conditions/circumstances? Second, think about your overall intended message in the essay, manuscript 
or report you’re writing, and make sure your verb(s) works to enhance that message on the sentence level. 
 
3.3.6 Sentence Structure (Sentence Construction) 
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Basic sentence construction is something learned in beginning English language courses; however, as life happens 
and time goes by, good sentence construction becomes a bit easier to put into practice on a daily basis through the 
knowledge of different verb forms. 
 
3.3.7 Sentence 
Sentence is grammatically a large unit of language which may be describe as a group of words that make a 
complete sense. In addition, every sentence must include a subject and a verb and end in a terminal punctuation 
mark—a period, a question mark, or an exclamation point, (Encarta ® 2009). Generally, there are two essential 
parts of a sentence: the subject and the predicate.  
 
Subjects: The subject is the thing or person the sentence is about. It answers the question who or what before the 
verb and includes a noun. In English, the subject usually precedes the predicate, e.g. The boy ran around the bases. 
The noun alone is referred to as a simple subject. The noun, any article that precedes it and any words or phrases 
that modify it are called a complete subject. 
The head of the board was dismissed. 
Simple subject: head. Complete subject: The head of the board 
 
Predicates: The predicate describes an action performed by the subject or the subject’s state of being. It always 
includes a verb, e.g. The girl sighed. The girl is exhausted. A simple predicate is a verb and its auxiliaries. A 
complete predicate is a verb, its auxiliaries, and any other words or phrases that relate to it, such as a direct object 
or prepositional phrase. The suggestion has been considered by the committee. Simple predicate: has been 
considered. Complete predicate: has been considered by the committee. Therefore, Instead of simple division of 
sentence into subject and predicate, e.g. Birds sing. Dogs bite. A sentence may be seen as having five units called 
elements of sentence or clause structure. These are: Subject, Verb, Object, Complement and Adjunct. These 
elements can be abbreviated accordingly as: S --Subject - [The doer of action]. V –Verb - [The action word].
 C-- Complement- [Word that completes the meaning]. O – Object - [The receiver of action] Direct and 
indirect object. A -- Adjunct. [The situation of the action] (Ahmad 2009). 
 
4.0 Findings  
The study assessed the significance of concord and tenses in making grammatical and meaningful sentences used 
in effective English communication. The study also revealed the functions of different verb forms in relation to 
concord and tenses and how these aspects aid in English communication. It is imperative to recognize and consider 
concord and tenses in English communication as they improve the production of correct speech-making, writing 
and reading respectively. Finally, the study demonstrates the elements of basic sentence structure in relation to 
concord and tenses and how these elements contribute in effective English communication. In view of this, 
mastery of concord and tenses structure would come up with the important functions of these aspects in teaching 
and learning English, not only that, but also designing approaches directed at promoting the understanding of these 
aspects for effective communication in English.  
 
4.1 Recommendations 
The concord and tenses improve the production of correct speech-making, writing and readings respectively and 
also make learners of English understand speech-making, more especially understanding of sentences 
construction.  It is therefore recommended that concord and tenses can enhance English proficiency and reduce the 
difficulties in English communication. In the light of the findings and conclusions of this study, some 
recommendations have been brought into the fore. The following are the main ones emanated and arrived at in this 
paper: 

i. The English learners should be acquainted with the concord and tenses as the fact that English 
communication would not be successful without understanding of these aspects. 
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ii. English Learners should pay much attention in constructing grammatical and meaningful sentences 
especially by considering concord and tenses, for effective communication in English. 

iii. Learners of English should also apply the knowledge of concord and tenses to demonstrate their skills in 
English communication. 

 
5.0 Conclusion 
This paper assessed the Impact of Concord and Tenses for Effective English Communication which shows that 
concord and tenses are very essential. This can improve students’ abilities to communicate in English very well. 
Issue of concord and tenses are inseparable in English communication. It does seem hard to overstate the role of 
concord and tenses not only for communication in English by students, but also for general educational success. 
Therefore, concord and tenses enable students to get mastery in English communication by using each and every 
form of verb accurately. Sufficient time for studying concord and tenses should be allotted, and teachers can use 
this process to facilitate teaching strategies for learning concord and tenses independently, including teaching verb 
inflections, the use of dictionaries and other reference works, and exploring the link between spellings and 
learning words. Teachers can also directly teach important sentence structures and identify concord in the 
sentences, and to develop and sustain students’ interest and curiosity about English communication. 
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