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    Chief Editor’s Introduction 

_________________________________________________________________ 
 
 

 It is a pleasure welcoming members of the research community and the general readers to the maiden 

edition (i.e. Volume 1, Issue 1) of this journal – African Journal of Management Information System. It 

is an open access quarterly journal which is mainly online, with minimal print editions.  

 

Just as with the preceding sister journal (African Journal of Computing & ICT, ISSN 2006-1781) 

which was first published in 2008 and is still in circulation, the primary goal of the new journal is to 

advance the cause of socio-economic and technological development of the African continent in 

particular and the world in general. The specific objective of the journal is to contribute to the solution 

of challenges relating to effective management, leadership and governance in Africa via the 

instrumentality of information technology (IT).  

 

In general, while some individuals are adjudged to have performed creditably well in managerial 

positions at different levels particularly in Africa, others are not so well-rated. The pertinent questions 

include the following: What is management? What is the relationship of management with leadership 

and governance? What is it that makes some people to be effective managers while others are not? 

What is the connection between theoretical knowledge of management and practical success in 

management? Who is a good manager? Why is it that the African continent does not appear to have 

been blessed with effective managers/leaders in the governance of nations?  Other questions to ponder 

on include: What are the signposts which guide the populace or workers in an organization in 

determining whether a manager is effective or not? In what non-trivial ways can IT be used to improve 

business performance in an organization? What is the role of effective information flow in realizing the 

objectives of an organization, including profit optimization? What is the connecting thread among all 

areas and fields of endeavours which have management as prefix or postfix e.g. construction 

management, personnel management and management science?  

 

The above and other related questions will be the focus of African Journal of Management Information 

System. In essence, the journal will be dissecting all issues pertaining to the traditional 5Ms of 

management, namely money, men, machines, materials and methods. It is hoped that the principle of 

Management by Objectives (aka Management by Results), as canvassed by Peter F. Drucker (1909 - 

2005) and other scientific management theorists, will be brought to bear directly and indirectly in the 

submissions to this journal. 

 

The journal welcomes papers from scholars, practitioners, industrialists, opinion leaders and others 

who are knowledgeable in the theoretical and practical aspects of management. All forms of technical 

and professional papers are welcome, including full length papers, technical notes, industrial case 

reports, survey paper etc. 

 

In this maiden edition, five papers appear. The paper by Oluwakemi Sade Ayodele and Bamidele 

Oluwade compared the execution time of three sorting algorithms, namely Quicksort, Mergesort, and 

Insertionsort, using C, Java and Python programming languages. It was shown, among others, that the 

same algorithm which has been implemented using different programming languages and 
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implementation styles (iterative or recursive implementation) has slight differences in execution time. 

The paper is on data management. 

 

In her paper on library management, Mercy Enefu Okwoli used a focused group approach to seek 

information from the University Librarian and four IT server administrators of the National Open 

University of Nigeria. The author found out that there are efforts and willingness in embracing cloud 

computing for effective library services.  

  

Morufu Amusa and Bamidele Oluwade, in two serial papers on drug management, examined the 

malaise called counterfeit drugs from the perspective of the use of information technology in its 

management. The first paper dwells on prevention of counterfeiting while the second focuses on the 

issue of detection. The authors sampled opinions of a total 1391 persons in all the six geopolitical 

zones of Nigeria, namely Southwest, Southeast, Southsouth, Northeast, Northwest and Northcentral 

zones. It was observed, among others, that fake drugs are not easily identified by Nigerians, even 

though there is a high level of awareness in the prevention and detection of these drugs. 

 

And last but in no means the least, the paper by Oluwakemi Christiana Abikoye, Temitope Ayanladun 

Oyelakun, Taye Oladele Aro and Rachael Oyeranti Obisesan presents a design and implementation of 

a personnel record management system for a typical Nigerian university. The programming languages 

used for the implementation were MYSQL, PHP and JavaScript, and the case study of the paper was 

Ladoke Akintola University of Technology, Ogbomoso, Oyo State. The paper is on personnel 

management. 

 

To end this introduction, some opinions on leadership and governance from some opinion leaders who 

are Africans and non-Africans are hereby quoted below. These were documented by the Chief Editor 

of African Journal of Management Information System (in his unpublished book of memoirs dating 

back to the early 1980s): 

 

 “Leadership is suffering, as exemplified in its quintessence in the life of (Chairman) Mao 

Tsetung”.   

(Tai Solarin (1922-1994) in his Nigerian newspaper column in the early 1980s; he was an 

educationist, social critic and school proprietor). 

 

 “Responsive leadership must take the long view of all its actions. It is vacuous, puerile and 

dangerous for leaders to pin their faith in the eternal now, for it is not the orchestrated chorus 

(largely from sycophants and opportunists) that is important; what is important is the verdict of 

posterity and history. Good leadership steers the present, guides the future, and reflects on the 

past. And especially in Nigerian politics, where sycophancy and opportunism are the rules 

rather than the exceptions, it is not what people say of a leader now that is important, but what 

they say of him after his exit”. 

 (Tam David-West (b. 1936) in his newspaper writing in the early 1980s; he is a university 

 professor/academic and social commentator). 
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 “Leadership always carries power with it. The proper exercise of power always involves ethical 

considerations”. 

(Elechi Amadi (1934 – 2016) in his book ‘Ethics in Nigerian Culture’ (Heinemann Educational 

Books (Nigeria) Ltd, Ibadan, 1982, p.94); he was a Nigerian novelist). 

 

 

 “...This event brought me once again face-to-face with Africa’s leadership charade. What do 

African leaders envision for their countries and their people? I wondered yet again. Have they 

not heard that where there is no vision the people perish? Does the judgment of history on their 

rule mean anything to them?” 

 (Chinua Achebe (1930 – 2013) in his book ‘There Was a Country: A Personal History of 

Biafra’ (Penguin Books, 2012, pp. 257-258; he was a university professor, novelist, poet and  

social critic)  

 

 “...a paternalistic notion of leadership is clearly only materialistic in content, is not only 

palpably simplistic in outlook, it is equally inherently dangerous. People do not only need 

material efficiency, they also equally need and demand and expect moral leadership from their 

leaders. Material euphoria is essentially superficial, demonstrating only to our ‘baser’ 

sentiments while moral ‘wealth’ is more sustaining because it impinges on the ‘sublimer’ 

aspects of our being”. 

(Niyi Oniororo (d. 2005) in ‘The People’s News’ in 1981, a community newspaper established 

by him in the defunct Ondo State of Nigeria; he was a journalist/writer and social critic)  

 

 “Power kept within its proper bounds may add greatly to happiness, but as the sole end of life, 

it leads to disaster, inwardly if not outwardly” 

(Bertrand Russell (1872 – 1970) in his book ‘The Conquest of Happiness’, Liveright Publisher, 

1930, p.18; he was a British mathematical philosopher, author and 1950 Nobel Literature 

Laureate). 

 

 “You may have power, then with your power, help others, for your power is only lent to you to 

see how you will use it or abuse it...Remember also that the prince of today is the beggar of 

tomorrow, and the beggar of today is the prince of tomorrow. No matter how rich, how 

powerful one has been in past lives, when one comes to the last life in this round of existence, 

one comes to trouble, to lack of comfort, to hardship and misunderstanding”. 

(Lobsang Rampa (1910 – 1981), originally born as Cyril Henry Hoskin, in his book ‘Chapters 

of Life’, 1967, p.201; he was a British metaphysical writer). 
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 “God give us Men! A time like this demands; 

Strong minds, great hearts, true faith and ready hands; 

Men whom the lust of office does not kill; 

Men whom the spoils of office cannot buy; 

Men who possess opinions and a will; 

Men who have honour; men who will not lie; 

Men who can stand before a demagogue; 

And damn his treacherous flatteries without winking; 

Tall men, sun crowned, who live above the fog; 

In public duty and in private thinking” 

(Josiah Gilbert Holland (1819 – 1881); American poet and novelist) 

 

 

 

Finally, this is to express appreciation to all authors of papers appearing in this edition, reviewers, 

members of the editorial board and well-wishers on the successful publication of this journal. 

 

Welcome to the maiden edition of African Journal of Management Information System! 

 

 

 

Bamidele (‘Dele) Oluwade, 

Chief Editor, 

Afr. J. MIS, 
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      ABSTRACT 

In recent years, technological advancement and continuous improvement in computing devices has led to more study 

in the area of Green Computing with much emphasis on processing time and energy consumption. The study has 

also been precipitated by wide coverage of Internet of things (IoT), as well as increased global acceptability of mobile 

and wireless devices (smart device) which are smaller, smarter and ubiquitous. The aim of this paper is to carry out a 

comparative analysis of three sorting algorithms, namely Quick. Merge, Insertion sort, implemented in three 

programming languages (C, Java, Python) using execution time. The comparison of the Execution time of these 

three sorting algorithms was based on programming Language, data size and algorithm implementation style 

(Iterative and Recursive). Time stamp was used to capture the execution time of the sorting algorithm. It was noted 

that the data size, programming language used and algorithm implementation styles affect the execution time.  Use 

of scripting language has clear drawbacks in terms of execution time which should be taken into consideration. The 

experiments carried out show that the way software is written (algorithm implementation style) and the 

programming language used are both very important determinants of the execution time of that software. Therefore, 

this paper provide information on choice of sorting algorithm type and its algorithm implementation style.  This is 

done in order to minimize execution time of an algorithm in the current  period of explosive growth in the use of 

smart phones and hand held devices which run majorly on battery life. This gives developers knowledge on time 

efficiency in software leading to choosing some codes over others based on their time performance. The paper is on 

data management. 

 

Keywords: Time, Time Efficiency, Execution time, Sorting, Comparative Analysis  
_______________________________________________________ 
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1.  INTRODUCTION    
 

In recent time, there is a global growing awareness of the 

environmental impact of computing with the emergence 

of a new field called Green computing. Green computing 

can be defined as the study of designing, 

manufacturing/engineering, using and disposing of 

computing devices efficiently and effectively in a way 

that reduces their environmental impact 

(www.technopedia.com; 

https://en.wikipedia.org/wiki/Green_computing). 
 

Recent emphasis has been on green computing which 

focuses mainly on developing energy and power efficient 

devices and the use of non-toxic materials and minimizing 

e-waste in such design 

 (http://trese.ewi.utwente.ni/workshops/SEAGC). 

Therefore, more focus has been on the hardware and less 

on the software aspect of green computing and green IT 

not minding the fact that green computing is the study and 

practice of using in totality computing resources 

efficiently. Green--ness' in the software is an emerging 

quality attribute that should be taken into consideration 
through all the stages/phases of software development 

process from planning to maintenance (www-

03.ibm.com).  

 

Therefore understanding the execution time and energy 

usage/ consumption of an algorithm has become a major 

issue in determining and improving the efficiency of any 

algorithm (http://www1.eere.energy.gov). This is 

particularly so because estimating the execution time, 

which directly affects the energy consumption, is a 

laborious task. The higher the execution time of an 
algorithm, the higher the energy consumption which 

directly affect the environment. 

  

Furthermore, one of the fundamental problems of today’s 

world is the explosive use of computing devices like the 

lap top, Smartphone, notebooks and other handheld 

devices which are typically battery driven, and the 

increase in price of electricity and at times non 

availability of electricity, so effort must be made in 

improving the energy efficiency of both hardware and 

software designs. Therefore there is an urgent need to 

look into reducing the execution time of an algorithm and 
also choosing the most appropriate algorithm depending 

on the use of such software.  

  

The paper considers factors which affect the execution 

time of (sorting) algorithms, then compared and 

contrasted the results. The sorting algorithms which were 

experimented on are Quick, Merge and Insertion sort 
algorithms, while the programming languages used for the 

implementation are C, Java and Python. The two different 

algorithmic styles used are iterative algorithm and 

recursive algorithm.  

 

2. RELATED WORK  

 

(Totla, 2016) tried to improve upon execution time of the 

Bubble Sort algorithm by implementing the algorithm 

using a new algorithm. An extensive analysis has been 

done by author on the new algorithm and the algorithm 

has been compared with the traditional methods of 
―Bubble Sort, Selection Sort, Insertion Sort, Merge Sort, 

Quick Sort. Were implemented it in C language on GCC 

complier on Linux operating system implemented in C++ 

programming languages and tested for the random 

sequence input of length 10000, 20000, 30000. 

Observations have been obtained on comparing this new 

approach with the existing approaches of All Sorts. All 

algorithms were tested on random data of various ranges 

from small to large. It has been observed that the new 

approach has given efficient results in terms of execution 

time. Through the experimental observations that the new 
algorithm given in the paper is better than Selection Sort, 

Insertion Sort, Merge Sort, and Bubble Sort except Quick 

Sort for larger inputs. However, the data size used is not 

large enough to give a better comparison of these sorting 

algorithms. 

 

(Deepthi & Birunda Antoinette Mary, 2018) conducted 

experiments to study how different sorting algorithms 

have an impact on energy consumption using C language 

implementation. It was discovered that both time and 

energy have an impact on the efficiency of these sorting 
algorithms, with quick sort, merge sort and shell sort 

found to be in the same range of time and energy 

consumption, followed by insertion and selection sort 

which is far better than Bubble sort. However, the 

implementation is only the C language with a non-varying 

small data size of 10,000. The effect of sorting large data 

sizes was not considered. 

 

Rivoire et. al. (2007) proposed an external sorting 

benchmark for evaluating the energy efficiency of sorting 

for a wide range of system but focused more on hardware 

rather than the software domain. 
 

Bunse et. al. (2009), in their study, focused on sorting 

algorithms, which are not only used directly by the user of 

2
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a device but also very often implicitly by other algorithms 

and show that different sorting algorithms have different 
energy consumptions however this work is limited to just 

comparison with Sorting algorithm and programming 

language. 

 

(Carroll & Heiser, 2010) performed a detailed analysis of 

energy consumption of a smartphone, based on 

measurements of a physical device. How the different 

components of the device contribute to overall power 

consumption was analysed. A model of the energy 

consumption for different usage scenarios was developed, 

and showed how these translate into overall energy 

consumption and battery life under a number of usage 
patterns. The measurement of energy consumption was on 

smartform as a hardware but not on the installed software. 

 

(Jain, Molnar & Ramzan, 2005) defined an algorithm 

complexity model theoretically for energy. The 

complexity model gave analytical explanation using 

staple algorithms such as sorting and random number 

generation to verify the model. However, the effect of 

program structure on the power and energy consumption 

was not taken into consideration. 

 
(Rashid, Ardito & Torchiano, 2015) carried out an 

experiment on an ARM based device, measuring the 

energy consumption of different sorting algorithms 

implemented in different programming languages to 

analyze the energy consumption of algorithms 

implementation. However, the impact of program 

structure on energy consumption was not evaluated.  

 

(Elkahlout & Maghari, 2017) conducted a comparative 

study to evaluate the performance of three algorithms; 

comb, cocktail and count sorting algorithms in terms of 

execution time. Java programming was used to implement 
the algorithms using numeric data on the same platform 

conditions. Among the three algorithms, it was found out 

that the cocktail algorithm has the shortest execution time; 

while counting sort comes in the second order. 

Furthermore, Comb comes in the last order in term of 

execution time. In the work, different sorting algorithms 

were used, only Java was used for comparison and energy 

consumptions of the sorting algorithms were not 

determined. 

 

(Aremu et. al., 2016) presented a comparative study of 
three sorting algorithms, namely median, heap, and quick 

sort using CPU time and memory space as performance 

index to adopt the most efficient sorting technique in the 

development of job scheduler for grid computing 

community. These were implemented with C-language; 

while the profile of each technique was obtained with G-
profiler. However, energy efficiency of these sorting 

algorithms was not considered. 

 

(Ali et. al., 2016) studied the working of five sorting 

algorithms (bubble, selection, insertion, merge, quick 

sorts) and compared them on the basis of computational 

complexities, usage of memory and other computer 

resources, stability, number of swaps and number of 

comparisons. Quick sort was said to be the faster sorting 

algorithm while bubble sort is the slowest algorithm. 

Nothing was discussed on energy efficiency as parameter 

for comparing these sorting algorithms. 
 
3. METHODOLOGY 

 

3.1 Research Questions (RQ) 

The following research questions have been formulated 

for this study to help the stated objectives above: 

 

RQ1: Does Data Size have effect on Execution Time? 

RQ2: Does Programming languages used have effect on 

Execution time of an Algorithm? 

RQ3: Does Algorithm implementation style (Iterative and 

Recursive) have effect on Execution time of an 

Algorithm? 

 

3.2 Implementation/Experimentations 

   3.2.1 Algorithm Implementation Languages 

The three sorting algorithms (Quick, Merge and 

Insertion Sorts) were run using three different 

programming languages (Java, C and Python 

Languages). This is to: 

i. Determine how implementation 

language affects execution time of a 

sorting algorithm. 

ii. Determine complexities of the sorting 

algorithms when changing the 

implementation language. 

Merge, Quick and Insertion sort algorithms were 

implemented using Java, C and Python Programming 

Languages. Merge and Quick sort were implemented 

using both recursive and iterative programming styles 

while Insertion was implemented using only iterative 

programming structure. The choices of programming 

languages were categorized based on: 

3
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 Virtual machine based languages: Java 

(compiled and interpreted language) 

 Native Languages: C( Compiled language) 

 Scripting Languages: Python (Interpreted 

language) 

The Experiments were conducted on the same computer 

configuration, and running Window 7. The sorting 

algorithms were run on a laptop with the following 

configuration, HP 630 Notebook PC, 4GB RAM, Intel(R) 

Core(TM) i3 @2.53 processor.  

 

3.2.2 Algorithm implementation styles 

Two different algorithm implementation styles were used 

on the same Algorithm for the three Sorting Algorithms 

(Quick, Merge and Insertion) to compare its energy 

consumption:  

i. Iterative Algorithm 

ii. Recursive Algorithm 

Recursion and iteration both repeatedly executes the set of 

instructions. Recursion is when a statement in a function 

calls itself repeatedly. The iteration is when a loop 

repeatedly executes until the controlling condition 

becomes false. The key difference between recursion and 

iteration is that recursion is a mechanism to call a function 

call a within the same function while iteration is to 

execute a set of instructions repeatedly until the given 

condition is true. Recursion and Iteration are major 

techniques for developing algorithms and building 

software applications. 

 

3.3 Data Size 

In the algorithm execution, five different integer elements 

are sorted (100,000; 200,000; 300,000; 400, 000 and 500, 

000), See table 3.2. The data was randomly generated by 

importing random function from the language(s) libraries. 

The Execution time for each sorting algorithms for each 

data sizes were measured. To reduce measurement error, 

each data size being considered was executed five times, 

the average captured and recorded for use. 

 

3.4 Measurement  

Time Stamp  

Time stamp was placed directly above the called function 

containing the sorting algorithm and another time stamp 

was placed directly below the called sorting function. This 

is to ensure that the execution time captured is solely for 

the sorting algorithm. Execution time was derived by 

subtracting the start time from end time.  

Execution Time 

The Execution Time T is the time that it takes for an 

algorithm to execute. Execution time for sorting was 

measured using system clock imported from 

programming language’s libraries. The algorithm for 

execution time is as shown in Figure 3.1. 

 

System. cuurentTimeMillis(), time(Null) and datatime, 

timeit.default_timer() were time functions used for Java, 

C and Python Programming Languages respectively. 

Execution Time was derived by subtracting Start time 

from end time. Measured times were in seconds. 

3.5 Software Setup 

Merge sort, Insertion sort and Quick sort algorithms were 

implemented using C, Java and Python. Dev C++ and Net 

beans Integrated Development Environments were used 

for C and Java programming languages respectively. 

Python 3.6.0 was used in the implementation. The sorting 

algorithms were implemented using recursive and 

iterative styles. Each of the algorithms was implemented 
in three programming languages, Merge sort and Quick 

sort algorithms were implemented using the iterative and 

recursive version for each programming languages. Data 

sizes ranges from one hundred thousand (100,000) to five 

hundred thousand (500,000) at an interval of one hundred 

thousand. The integers for each data size were randomly 

generated using the rand() function. The sorting 

algorithms were placed in functions and classes and called 

in the main function and class. Time stamp was placed 

directly above the called function containing the sorting 

algorithm and another time stamp was placed directly 
below the called sorting function. This is to ensure that 

the execution time captured is solely for the sorting 

algorithm. Execution time was derived by subtracting the 

start time from end time.  

 

Immediately, data size was entered and ok was clicked to 

start sorting. The execution time was displayed in 

millisecond. The experiment was repeated five times for 

each algorithm using one data size and one programming 

structure (iterative or recursive). The average of the five 

experiments was recorded as the value for the data size.           

Microsoft Excel was used to compute the Average 

Execution Time (Table 3.1 is a screen shot) 
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4. RESULTS  

 

The results in the paper have been tabulated and can be 

seen in Table 4.1 – Table 4.8. These results are on: 

 

(i) Comparison of the average execution time of 

iterative quicksort algorithm 

implementations in C, Java and Python 
programming languages (Table 4.1). 

(ii)  Comparison of the average execution time of 

iterative mergesort algorithm 

implementations in C, Java and Python 

programming languages (Table 4.2). 

(iii) Comparison of the average execution time of 

iterative insertionsort algorithm 

implementations in C++, Java and Python 

programming languages (Table 4.3). 

(iv) Comparison of the average execution time of 

recursive quicksort algorithm 

implementations in C, Java and Python 
programming languages (Table 4.4). 

(v) Comparison of the average execution time of 

recursive mergesort algorithm 

implementations in C, Java and Python 

programming languages (Table 4.5). 

(vi) Comparison of the average execution time of 

iterative and recursive quick, merge and 

insertion sort algorithm implementation in C 

(Table 4.6). 

(vii) Comparison of the average execution time of 

iterative and recursive quick, merge and 
insertion sort algorithm implementation in 

Java (Table 4.7). 

(viii) Comparison of the average execution time 

of iterative and recursive quick, merge and 

insertion sort algorithm implementation in 

Python (Table 4.8). 

 

 

 

 
 

 
 
 

 

 

 

 

 

 
 

 

 

5.  DISCUSSION OF RESULTS  

 

5.1 Impact of Data Size on Execution Time (Execution 

Time versus Data Size) 

 

From Figure 4.1 to Figure 4.8 data size and average 

execution time of Quick sort, Merge Sort and Insertion for 

the Iterative and recursive Algorithm implementation 

styles. As the data size increases from 100,000 to 500,000 
at a range of 100,000, the execution time also increases. 

 

Checking the trend in the shape of the graph, there is a 

continuous linear flow of the graphs in figures 4.1 through 

4.8 which implies that as the data size increases the 

execution time also increases. 

Therefore the following conclusions were made:  

 

1. The Average Execution Time increases with 

increase in data size 

2. Irrespective of the Algorithm implementation 

style used, statement in (1) above is upheld. 

3. Irrespective of the Programming language used, 

statement in (1) above is upheld. 

4. Average Execution time of recursive 

implementations of all the sorting Algorithms in 

all programming languages used is higher than 

its equivalent iterative implementations. 

 

It is worth noting that Sorting Algorithms have looping 

structures. If the loops iterate n times, then the time for all 

n iterations is C1. N where C1 indicates number of times 

the computation takes place in one loop iteration. The 
value of C1 is dependent on programming language used, 

compiler or interpreter used in translating source code to 

machine code, programming structure, algorithm 

implementation style and other factors. While the C1 has 

negligible effect on computing the asymptotic complexity, 

the impact is evident in actual implementation of the 

algorithms. 

 

The impact of C1 on the execution time for each 

algorithm implemented accounts for differences in 

behavior. Same algorithm implemented with different 

programming languages and algorithm implementation 
styles have slight differences in execution time. 

5
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Obviously, C1 is not negligible but key factors to be 

considered in algorithm implementation. 
 

However, it is interesting to see the differences in 

execution time between iterative and recursive variants of 

the same algorithms. These lead to the assumption that the 

use of recursion might improve performance, but will 

definitively increase execution time. An Iterative 

algorithm will be faster than the Recursive algorithm 

because of overheads like calling functions and 

registering stacks repeatedly. Many times the recursive 

algorithms are not efficient as they take more space and 

time. The results show that the iterative version of the 

Sorting Algorithms used are more energy efficient than 
the recursive version. 

 

5.2 Impact of Programming Languages  

Observations: 

We consider Tables 4.1 - 4.8 and Figure 4.1 - figure 4.8. 

For instance, Figure 4.1 shows the graph of comparison of 

average execution time of iterative Quick Sort Algorithms 

Implementations in C, Java and Python programming 

languages. Python programming language has the highest 

execution time followed by C language and then Java 

language. The difference in the execution time of python 

language both to Java and C languages is very high. 

 

Therefore, six implementations from three groups of 

programming languages were analyzed; figures 6 – 8 

show the results of the experiments. The following were 

observed: 

 

1. The execution time by same algorithm varies from one 

programming language to the other. 

2. The execution time of the scripting language (Python) 

is significantly higher than the virtual based language 

(Java) and the native code language (C).  

 

It was noted that the high execution time of the scripting 

language can be attributed to the fact that there is the need 

to interpret and then execute the algorithm. This 

additional step clearly has a higher value in terms of 

Execution time.  

 

Programming languages are diverse in terms of design 

and specifications. The experiment on programming 

languages with this diversity gives us hints as to why 

execution time varies from one programming language to 

another.  

 

5.3 Impact of Algorithm implementation Style (Iterative and 

Recursive) 

Observations: 

From figure 4.8, the Insertion sort algorithm using the 

Iterative implementation style, implemented in python 

programming language, has the highest execution time. 

As the data size increases, the execution time also 

increases. It should be noted as earlier on stated that 

insertion sort algorithm was only implemented using the 

iterative algorithm implantation style. In all other sorting 

algorithms used implemented in the three programming 

languages, the execution time of the recursive version is 

higher than the iterative. 
 

Checking the trend in the shape of the graph, the 

following were observed: 

1. The execution time of an algorithm is dependent on 

the algorithm implementation style. 

2. Generally, iterative implementation of sorting 

algorithms are more energy efficient than equivalent 

recursive implementation.  

 

5.4 Relationship between Execution time, Data Size 

and Programming language used. 

From Figures 4.1- 4.8, it can be seen that data size, 
algorithm implementation Style and programming 

language affects the execution time of an Algorithm. It 

can be noted that the same sorting algorithm has different 

execution time with varying data sizes, when 

implemented in different programming language or/and 

when implemented in different algorithm implementation 

styles. The higher the data size the higher the time taken 

for sorting. Varying the parameters values (Data size, 

algorithm implementation style, programming language) 

impacts the time of execution of an algorithm with 

different evolution patterns based on which parameters 
are varied. 

 

6. CONCLUSION 

 

The execution time of different sorting algorithms were 

analysed via relative implementation in three distinct 

languages, and two algorithm implementation styles over 

an average of five data sizes. The data size, programming 

language, the implementation algorithm style are factors 

that affect execution time of any software. Varying the 

parameters values (Data size, Programming language and 
algorithm implementation style impact the time 

complexity with different evolution patterns, based on the 

parameters are varied. 
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This paper therefore provides the basic information in 

choosing a specific sorting implementation over another 
in order to minimize the execution time of such an 

algorithm, most especially in any handheld battery driven 

devices. 
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Table 3.1: Computation of the Average Execution Time of Iterative Insertion Sort 

 Algorithm 

 

 

 

 

 

 

Start_Time        Invoke _System_clock 

Call_sortingAlgorithm_class/method 

 End_Time     Invoke_System_Clock 

 Execution_Time = End_Time -  Start_ 

Time 

Figure 3.1: The algorithm for execution time 
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Table 4.1:  COMPARISON OF AVERAGE EXECUTION TIME OF ITERATIVE QUICK  

SORT ALGORITHM IMPLEMENTATIONS IN C, JAVA AND PYTHON 

           DATA SIZE('000)  C  JAVA  PYTHON 

       100 0.0594 0.056 1.7203154 

       200 0.125 0.0656 3.6812568 

       300 0.1372 0.075 5.6833226 

       400 0.2652 0.0874 7.8595448 

       500 0.3902 0.103 9.3320522 

        

 

 

Table 4.2: COMPARISON OF AVERAGE EXECUTION TIME OF ITERATIVE MERGE 

SORT ALGORITHM IMPLEMENTATIONS IN C, JAVA AND PYTHON 

 

DATA SIZE (000) C JAVA PYTHON 

100 0.0914 0.0532 2.709 

200 0.1892 0.0748 4.8174 

300 0.2406 0.12 7.2094 

400 0.3032 0.1344 9.7769 

500 0.4388 0.148 12.4384 

 

 
Table 4.3: COMPARISON OF AVERAGE EXECUTION TIME OF ITERATIVE INSERTION 
SORT ALGORITHM IMPLEMENTATIONS IN C++, JAVA AND PYTHON  

 

DATA SIZE (000) JAVA C PYTHON 

100 2.5304024 15.2446 2134.752 

200 9.4487344 59.088 8799.9277 

300 19.8070532 125.8078 18235.92516 

400 32.7248226 227.1638 32938.84238 

500 49.9475218 346.2752 57156.7263 

  

 

 

 

 

 

 

10



Vol. 1, Issue 1, January 2019, pp. 1 - 18        

Ayodele & Oluwade  (2019). A Comparative Analysis of Quick, Merge and Insertion Sort Algorithms using Three 
Programming Languages I: Execution Time Analysis 

      
© 2019 Afr. J. MIS. https://afrjmis.net     

 
 

                  

 
 

 

 

 

 
Table 4.4:  COMPARISON OF AVERAGE EXECUTION TIME OF RECURSIVE QUICK  

SORT ALGORITHM IMPLEMENTATIONS IN C, JAVA AND PYTHON 

           DATA SIZE('000)  C  JAVA  PYTHON 

       100 0.0556 0.068961 1.52022 

       200 0.0834 0.0926188 3.450263 

       300 0.1134 0.0941966 5.030150 

       400 0.16 0.1246214 7.149799 

       500 0.2094 0.1377148 7.606842 

        

 
Table 4.5: COMPARISON OF AVERAGE EXECUTION TIME OF RECURSIVE MERGE 
SORT ALGORITHM IMPLEMENTATIONS IN C, JAVA AND PYTHON 

           DATA SIZE(‘000)  C  JAVA  PYTHON 

       100 0.042 14.5594 15.2446 

       200 0.0858 39.228 59.088 

       300 0.136 86.9696 125.8078 

       400 0.1956 156.3012 227.1638 

       500 0.2374 242.195 346.272 

        

 
Table 4.6: COMPARISON OF AVERAGE EXECUTION TIME OF ITERATIVE AND RECURSIVE  

QUICK, MERGE AND INSERTION SORT ALGORITHMS IMPLEMENTATIONS IN C 

 

    
Average Execution Time of three Iterative and Recursive sorting 

Algorithms implemented in C 

Data Size 

('000) 

Iterative 

Insertion  

Iterative 

MergeSort  
Recursive 

MergeSort  

Iterative Quick 

sort  
Recursive 

QuickSort  

 100 15.2446 0.0914 0.042 0.0594 0.0556 

 200 59.088 0.1892 0.0858 0.125 0.0834 

 300 125.8078 0.2406 0.136 0.1372 0.1134 

 400 227.1638 0.3032 0.1956 0.2652 0.16 
 500 346.2752 0.4388 0.2374 0.3902 0.2094 
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Table 4.7: COMPARISON OF AVERAGE EXECUTION TIME OF ITERATIVE AND RECURSIVE QUICK,  
MERGE AND INSERTION SORT ALGORITHMS IMPLEMENTATIONS IN JAVA 

 

    
Average Execution Time of three Iterative and Recursive 

sorting Algorithms implemented in Java 

Data Size 

('000) 

Iterative 

Insertion  

Iterative 

MergeSort  
Recursive 

MergeSort  

Iterative 

Quick sort  
Recursive 

QuickSort  

 100 2.5304024 0.0532 14.5594 0.056 0.068961 

 200 9.4487344 0.0748 39.228 0.0656 0.0926188 

 300 19.8070532 0.12 86.9696 0.075 0.0941966 

 400 32.7248226 0.1344 156.3012 0.0874 0.1246214 

 500 49.9475218 0.148 242.195 0.103 0.1377148 

  

 
Table 4.8: COMPARISON OF AVERAGE EXECUTION TIME OF ITERATIVE AND RECURSIVE QUICK,  

MERGE AND INSERTION SORT ALGORITHMS IMPLEMENTATIONS IN PYTHON 

 

    
Average Execution Time of three Iterative and Recursive 

sorting Algorithms implemented in Python 

Data Size 

('000) 

Iterative 

Insertion  

Iterative 

MergeSort  
Recursive 

MergeSort  

Iterative 

Quick sort  
Recursive 

QuickSort  

 100 2134.752 2.709 15.2446 1.7203154 1.52022 

 200 8799.9277 4.8174 59.088 3.6812568 3.450263 

 300 18235.92516 7.2094 125.8078 5.6833226 5.030150 

 400 32938.84238 9.7769 227.1638 7.8595448 7.149799 

 500 57156.7263 12.4384 346.272 9.3320522 7.606842 
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Figure 4.1: Average Execution Time Comparison 0f iterative Quick Sort Algorithms Implementations                                          

in C, Java and Python 
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 Figure 4.2: Average Execution Time Comparisons of Iterative MegeSort Algorithm Implementations in C,  

Java and Python. 
 

 

14



Vol. 1, Issue 1, January 2019, pp. 1 - 18        

Ayodele & Oluwade  (2019). A Comparative Analysis of Quick, Merge and Insertion Sort Algorithms using Three 
Programming Languages I: Execution Time Analysis 

      
© 2019 Afr. J. MIS. https://afrjmis.net     

 
 

                  

 
 

 
 

 

Figure 4.3: Average Execution Time Comparisons of Iterative Insertion Sort Algorithm                                          
Implementations in C, Java and Python 
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Figure 4.4: Average Execution Time Comparison 0f Recursive Quick Sort Algorithms Implementations                                          

in C, Java and Python  

 

 

 
 

 
Figure 4.5: Average Execution Time Comparison 0f Recursive Merge Sort Algorithms Implementations                                          

in C, Java and Python  
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Figure 4.6: Average Execution Time Comparison of Iterative and Recursive Quick, Merge And Insertion Sort Algorithms 

Implementations in C 

 

 

 
 

 
Figure 4.7: Average Execution Time Comparison of Iterative and Recursive Quick, Merge And Insertion Sort Algorithms 

Implementations in Java 

 

 

 

17



Vol. 1, Issue 1, January 2019, pp. 1 - 18        

Ayodele & Oluwade  (2019). A Comparative Analysis of Quick, Merge and Insertion Sort Algorithms using Three 
Programming Languages I: Execution Time Analysis 

      
© 2019 Afr. J. MIS. https://afrjmis.net     

 
 

                  

 
 

 

 
 

 

Figure 4.8: Average Execution Time Comparison of Iterative and Recursive Quick, Merge And Insertion Sort Algorithms 

Implementations in Python 
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      ABSTRACT 

National Open University of Nigeria (NOUN) has 78 Study Centres scattered across Nigeria and its students are 

spread across the nation. In order to provide services and access to its users, the University Library needs to secure a 

platform where access must be unfettered and not location specific. The study tends to investigate the impact of 

cloud computing on information access and use in this library. The study adopted the qualitative methodology 

approach. The population of this study consists of five (5) members of NOUN Headquarters Library Abuja, namely 

the University Librarian and four (4) staff of the Information Technology (IT) unit. These personnel are responsible 

for the administration of cloud computing technology. Purposive sampling technique was used in selecting the 

population. The findings of this study show that NOUN librarians are engaged in various cloud computing activities. 

These librarians show strong willingness to adopt cloud computing technology in the libraries. Irrespective of their 

level of computer literacy & age, they are using various devices to harness the cloud computing tools. Conclusion 

and recommendations were made to the effect that, for instance, the University Librarian in collaboration with 

NOUN Information Technology staff should introduce the cloud-based video service. Also, cloud-based software 

should also be introduced to its information services as these will equally boost the Library services delivery. 

Examples of such software include Ning, Survey Monkey, Wufoo, Stumbleupon, my Goya and Ms online.  
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1.  INTRODUCTION    
 

The establishment of the National Open University of 

Nigeria (NOUN) represents an attempt by the Federal 

Ministry of Education and its agencies to incorporate ICT 

into the Nigerian education system (Oyelekan, 2008). 
NOUN is an Open and Distance Learning (ODL) 

institution formally resuscitated on the 12th of April, 2001, 

which provides its services via online medium. For 

example, NOUN operates a Learning Management 

System known as ILEARN for lectures and notes. It also 

operates a digital library known as INFORMATION 

GATEWAY which also offers Multimedia tutorials.  

 

Distance Educational Learners’ characteristics are 

different from students in the traditional universities. 

They are generally adults, employed and have family 
responsibilities. Their motivation levels are generally high 

and are willing to take responsibility for their own 

education. Mostly they are self-directed and study on 

independent basis. They choose a variety of ways for 

learning and take control over their learning. They are 

mainly constrained by the problems of access and 

retrieval of the required information from libraries. The 

problems as described by Angel and Budnick (2018) are:  

 

a.      The distance learning institution may not offer 

library services to the learners.  

b.       Learners have reluctance to travel long distances to 
use the library  

c.        Lack of information literacy skills.  

d.       Lack   of   knowledge   in   using   libraries   or   

using   electronic information sources.  

e.      Reluctance to approach the librarian and library staff 

members for help in retrieving the information. 

 

The Open and Distance Education institutions can initiate 

a consortium that will plan, co-ordinate and implement a 

national level digital library for the benefit of distance 

learners. Each individual member institution of the 
association should share its learning resources. This way, 

a wide range of collection of learning materials can be 

developed. This should be made available to the learners 

and accessible through the Intranet and the Internet. Cloud 

computing adoption can be interlinked with the digital 

library to address the copyrights and other related issues. 

There is a great deal of debate about what cloud 

computing is, or is not. Hayes, (2008) defined cloud 

computing as a kind of computing which is highly 

scalable and use virtualized resources that can be shared 

by the users. Users do not need any background 

knowledge of the services before using it. Moreover, a 

user on the internet can communicate with many servers 
at the same time and these servers exchange information 

with one another. Basically, data and adoption in the 

cloud are available through the internet; it can also be 

accessed from everywhere and from any device with 

internet connectivity.  

 

Essentially, cloud computing makes data and applications 

available through the internet. Through a web browser 

from any device, one can access services on the cloud. 

Kaushik & Kumar, (2008) opined that the combination of 

servers, networks, connection applications and resources 

constitute what is referred to as ‘cloud’. To understand 
Cloud Computing better, we could compare the 

technology with local computing. In this latter traditional 

approach, library runs its applications on a server that the 

library owns and maintains, mounted in a rack in a 

computer centre or computer room. One can see the 

server and touch it. Some library personnel are 

responsible for keeping the operating system up-to-date, 

configuring the software, and performing other technical 

and administrative routine. The library pays the cost of 

the server, hardware’s and electricity bills for power and 

ventilation. 
 

On the contrary, Cloud Computing takes a much abstract 

form. The hardware on which it resides is not of direct 

concern of the service users. One is aware of the existence 

of the server and data somewhere out in the cloud but 

where they are located is not a concern. Services and 

resources are presented promptly through automation and 

virtualization. Romero (2012) considered Cloud 

Computing to be a highly scalable platform promising 

quick access to hardware and software over the internet in 

addition to easy management and access by non-expert 

users. It relies on technologies such as virtualization, 
programming techniques such as multi-tenancy and/or 

scalability, load balancing and optimal performance to 

ensure that resources are offered quickly and easily. 

 

Today’s society is one which the quality of life as well as 

prospects for social change and economic development 

increasingly depend on information and its exploitation. 

The source, organization, storage, dissemination, and 

retrieval of information are the bedrock of our 

contemporary society. As such, individuals, corporations, 

and communities depend on information to take educated 
decisions. Aliyu (2006) remarks that in our complex 

modern society, an ever-widening range of decisions 

depend on wise use of information. According to Goldner 

(2012), libraries can take advantage of cloud computing to 
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get out of technology headache such as hardware 

breakdown, software problems, staff training deficiency 
and focus on collection building, patron services and 

innovation.  

 

 Adegbore (2010) further explains that hardware 

breakdown, software problems, unreliable and epileptic 

power supply, inadequate funding, staff training 

deficiency and planned obsolescence of commercial 

software are part of the challenges facing automation of 

libraries.  

 

With these challenges facing automation of library 

resources, the National Open University of Nigeria 
Library adopted cloud computing in the provision and 

management of its resources. More importantly the nature 

of the institution is that of Open and Distance Learning. 

This implies that learning is relatively virtual and online. 

Hence most of the resources are electronic and web-

based. Unlike conventional universities where teaching 

and learning is situated in a centralized place, National 

Open University of Nigeria has 78 Study Centres 

scattered across the nation and its students are spread 

across the nation. Consequently, in order to provide its 

services and access to its users, the library needs to secure 
a platform where access must be unfettered and not 

location specific.  

 

The researchers tend to investigate cloud and its impact 

on Open and Distance Library. Specifically, the objectives 

are: 

 

1. To identify the information services provider 

using cloud computing in NOUN Library 

2. To identify the impact of the adoption of cloud 

computing for information access and use in 

National Open University of Nigeria Library. 
 

The study examines cloud and its impact on Open and 

Distance Library of the National Open University of 

Nigeria in Abuja Main Library. The research questions 

are: 

 

1. What are the Information services provided 

using cloud computing in National Open 

University of Nigeria Library ?  

2. What impact has the adoption of cloud 

computing had on information access and use in 
National Open University of Nigeria Library ? 

 

Hence, an investigation of this nature is significant to 

place Cloud Computing within the sphere of library 

computation to enhance improved productivity and 

efficiency in library services. 
 

This study adopted the qualitative methodology approach.  

The target population of this study consists of five (5) 

members of National Open University of Nigeria Library, 

which includes the University Librarian and four (4) staff 

of the Information Technology (IT) unit of NOUN 

Headquarters Abuja Library who are responsible for the 

administration of cloud computing technology in the 

Library. The IT staff list consists of 24 staff but those that 

are directly in charge of the administration of cloud 

computing are 4, hence the use of the 4 IT staff for 

effective result. The Focus Group interview involves the 
researcher personally interviewing staff of the 

Information Technology (IT) unit, based on a structured 

set of questions that have been prepared before the 

interview. This enabled the researcher to explain or 

elaborate on any question that is not well understood by 

the respondents. 

 

2. LITERATURE REVIEW  

 

 2.1 Why Cloud Computing Technology 

Today’s organization and businesses depend on 
technology for successfully delivering and achieving their 

set corporate goals. Markoritch & Willmoh (2014) 

remarked that customers want a quick and seamless 

digital experience and they want it now. Thanks to 

companies such as Amazon and Apple, they now expect 

every organization to deliver products and services 

swiftly, with a seamless user experience. Be that as it 

may, technology has been complex, expensive, and 

difficult to manage. Hence, organizations find themselves 

severely constrained because they do not have adequate 

specialized personnel and funding to use technology to its 

full potential. Clouds computing can help turn the tables, 
lowering costs of expense and expertise. Breeding (2012) 

observed that this approach to technology offers 

opportunities for organizations to lower their overall costs 

for technology, improve performance of high used 

services, support widely distributed users and increase 

reliability. 

 

For many organizations, local computing involves high 

cost. The costs of server and hardware procurement, 

installation, and maintenance, the cost of personnel, and 

the up-front cost associated with software licenses. For 
example, the capacity of most servers greatly exceeds the 

current needs of organizations. Because this equipment 

must last for at least five years, organizations tend to 

purchase excess capacity beyond immediate needs to 
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accommodate anticipated growth in use. Cloud 

Computing technology eliminates the need to purchase 
and maintain local server and hardware. It charges the 

perception of infrastructure as something to be bought, 

housed and managed to infrastructure as a service. 

 

Quick and easy access to Cloud-based services can be 

achieved because cloud computing includes distribution 

over a network, where a program or an application may 

run on many connected computers at the same time. 

Breeding (2012) observed that most cloud computing 

environments are built from thousands of generic 

computers clustered together. Through clustering and 

virtualization software, individual computer blade can be 
added to increase capacity. Even when a given component 

fails, the cluster just works around it making cloud a very 

fault tolerant technology. Hence, cloud infrastructure is all 

about making many different discrete computers work 

together as an organic whole. (Cooper, 2017). 

 

In order to contend with the barrage of information 

available in today’s world, a medium and an institution, 

such as library, needs to be put in place for proper 

acquisition, processing, documenting, retrieving and 

disseminating of information for use. According to Smith 
(2002), in today’s Information Age, increasing 

importance is placed on information. As an information 

agency, library acquires, interprets, processes, preserves, 

and documents information in print and non-print formats 

for easy access and retrieval. Also, as conservator of 

knowledge, library conserves knowledge for use when 

needed. 

 

The mode of information storage and transmission has 

undergone many radical changes in formats ranging from 

print books to other information storage and transmitting 

media like non-print sources such as Compact Disc (CD), 
Diskettes, Magnetic tapes, CD ROMS, hard disks, 

punched paper tapes, and internet publications. Others 

include zip disks, educational video and transparencies, 

books on cassettes, micro form publications, electric 

publications, machine readable tape, etc. Ordi (2006) 

observed that these are useful for storage of data, 

information, and programs for safe keeping. Today, we 

could talk of an alternative medium for library to perform 

its function as predicted by Gates, (2000) that in the 

future, there would be instantaneous and seamless 

communication and commerce around the globe from 
almost any device imaginable, which has been realized 

via the computing technology known as cloud computing. 

Furthermore, Cloud refers to a server connected through a 

communication network such as internet, intranet, Local 

Area Network (LAN) or Wide Area Network (WAN) 

such that any user with permission to access the server’s 
processing power and resources can use it to run an 

application, store data or perform any other computing 

task anywhere in the world and without the use of 

Personal Computer (PC) every time to run the application. 

Thus, access to Cloud-based services is ubiquitous 

provided there is internet connectivity. End users with 

little or no knowledge in its technicalities can access 

cloud –based applications through a web browser in 

computers of any kind such as PC, smart phones, iphone, 

ipad, blackberry, android, etc while the business software 

and user’s data are stored up on servers in a remote 

location. Examples include Amazon Web Services, 
Google App engine, etc. 

 

Cloud Computing technology facilitates sharing resources 

and services over the internet rather than having these 

services and resources on local servers, nodes or personal 

devices. Cloud-based services which appear to be 

provided by real servers or hardware are in actual fact 

served by virtual servers or hardware simulated by 

software running on one or more real machines. Such 

virtual servers or automation do not physically exist and 

can therefore be moved around and scaled up and down 
without affecting the utility of the user. 

 

As a technology, it can be considered a model for 

enabling convenient, on-demand network access to shared 

pool of configurable computing resources that can be 

rapidly provisioned and released with minimal 

management effort or service provider interaction. The 

major advantage of Cloud Computing is that it reduces IT 

complexity by leveraging the efficiency of pooling of on-

demand self-managed virtual infrastructure consumed as a 

service. This service goes by differing names: Software 

as-a-Service (SaaS), Platform as a Service (PaaS), 
Infrastructure-as-a-Service (IaaS), etc. Additionally, these 

services may be offered in public, private or hybrid 

networks. Google, Amazon, IBM, Oracle cloud, 

Racjspace, Sales, Zoho, Microsoft are well known cloud 

vendors. 

 

 Library automation typically relies on a narrow base of 

appropriately skilled professionals to keep abreast of the 

rapid pace of technical change while maintaining, indeed 

extending, robust and fully operational online services 

and collections.  In both respects, it is stretched beyond 
capacity with evident deleterious effect. Lacking the 

resources to develop core systems components such as 

search and retrieval tools, user interfaces and user 

profiling services, user authentication and authorization 
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services that work across individual collections and 

services, library automation adopts a tendency toward a 
more ad hoc approach that meets the most pressing 

demands involving development work. Although viable in 

the short term, the strategy severely threatens to 

undermine a position over which the library exerts only a 

tenuous hold, that of the trusted provider of high- quality 

information services. 

 

Library by its nature and function is involved in sourcing, 

acquiring, organizing, documenting, and dissemination of 

information. This information needs to be provided or 

made available when needed with ease and at comfortable 

cost. Cloud Computing Technology in broad terms allows 
a library to focus less of its technology budget and 

personnel on activities that involve necessary but routine 

support for library operations, allowing it to focus more 

on creating strategic or innovative service (Breeding 

2012). Cloud Computing is an IT attempt to help library 

perform its function with speed, accuracy and virtual 

experience.  

 

According to Breeding (2012), cloud infrastructure brings 

the opportunity for library to shift away from the need to 

own and operate their own servers to power their core 
automation application and to, instead, shift to gaining 

similar functionality through web-based services. 

 

In spite of this, Romero (2012) lamented that although the 

use of the cloud in the business environment has already 

transformed the concept of data storage and resources 

management; its use in the field of libraries is somewhat 

less widespread.  

 

With Cloud Computing, one pays for what one uses 

instead of paying for excess capacity never consumed. 

Although there may be some minimum base charge, what 
is used is referred to as pay- as-you-go. In addition, 

personnel costs related to technology can be greatly 

reduced through increased reliance on cloud computing. 

Again, rather than purchase permanent licenses, many 

organizations can achieve substantial saving by shifting to 

soft-ware-as-service or other license. This is because 

software-as-a-service, for one, usually involves a set 

monthly or annual subscription fee rather than a large up-

front investment for license purchase. 

 

Furthermore, Cloud computing also improves 
performance of highly used services. The approach has 

been noted for its agility and device-location 

independence. While cloud infrastructure resources, 

giving an opportunity to grow IT infrastructure during 

times of peak demand, it also allows for users to access 

systems using a web browser regardless of their location 
or what device they use. (Okwoli, 2016). 

 

Cloud computing also supports widely distributed users. 

This is often referred to as multitenancy. This advantages 

enables sharing of resources and cost across a large pool 

of users thus allowing for centralization of infrastructure, 

peak loading capacity, utilization, and efficiency. Again 

since libraries, like most organizations, have low 

tolerance for interruptions of service, cloud –based 

services have been designed to offer a much higher level 

of reliability than most organizations, can accomplish 

within their own data centres in addition to sophisticated 
security and software updates offering by provider. 

 

In essence, cloud computing offers simpler sharing, 

standardized IT, latest functionality, less in-house IT, low 

monthly payment, pay when used, easy/fast deployment. 

 

2.2 Cloud Computing in Education Institutions 

Cloud Computing Technology has attracted significant 

attention recently in the realms of academia, industry, 

government, and the military. It has been widely adopted 

in recent years to solve storage and computational 
problems in different domains. Educational institutions 

can benefit from using cloud infrastructure in order to 

increase computing performance, storage capacity, 

universal accessibility and cost reduction. It can help the 

institutions in terms of fixed and maintenance cost 

reduction in ICT investment of hardware, software and 

computer services. Pocatilu et el (2009, quoted in Mircea 

& Loana, 2011) pointed out cloud computing offers many 

benefits to e-learning solutions by providing the 

infrastructure, platform, and educational services directly 

through cloud providers and by using virtualization, 

centralized data storage and facilities for data access 
monitoring. 

 

Mircea & Loana (2011) however warned that the use of 

cloud computing in higher education must be analyzed 

both from the benefits point of view as well as from that 

of the risks and limitations. After the analysis, one or 

more models of cloud computing may be chosen to be 

used. Although there are benefits and risks to cloud 

computing, the benefits can be enhanced and the risks 

greatly reduced if educational institutions take care and 

vigilance in selecting cloud computing providers and in 
monitoring the relationship to ensure that the provider is 

adequately protecting the data. 
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2.3 Information Services Provided through Cloud 

Computing in Libraries. 
Cloud computing provides Libraries with a cost effective 

infrastructure or environment. It has attracted significant 

attention in the realms of academia, industry, governing, 

military and the library to solve storage and 

computerization problem. Yang (2012) opined that 

starting from 2011, more and more library vendors began 

to deliver Integrated Library System (ILS) and discovery 

tools as cloud solutions. While many vendors offer 

options to host the classic ILS as cloud solution, some are 

developing a new generation of ILS especially for the 

cloud she stressed further. Analysis of literature on library 

and cloud computing reveals that libraries can use this 
technology to build digital library/repositories, search 

library data, host website, search scholarly content, store 

file, build computing power, and automate library. 

 

2.3.1 Building of Digital Library/Repositories  

It has been observed that cloud computing is not all 

together a new technology but an adaption of existing 

technologies and paradigms. Seen in this light, digital 

library is not an offshoot of cloud computing but cloud 

computing provides an opportunity for libraries to use a 

cost effective platform to build a functional and efficient 
digital library. Dhanevandin & Tamizhcheven (2014) 

provided the following as the characteristic of digital 

library:  Digital object that include video, audio, and 

multimedia, Numeric components, Access from user’s 

desk, Remote to rare and expensive material. 

 

 For these authors, digital library is only a step away from 

virtual library. It has its deficiencies which cloud 

computing can provide remedy for. Kumar et al (2012) 

highlighted the problems of digital library that is housed 

in the server and maintain by Library locally. 

 

2.3.2 Search Library Data  

Digital library build on cloud infrastructure provides a 

unified search service this enables users to search a pool 

of library data through any device with Internet 

connectivity. Cloud computing provides an integrated 

library resources opined Kumar et al (2012). Kaushik and 

Kumar (2013) suggested that Online Computer Library 

Center (OCLC) is one of the best examples for using 

cloud computing for sharing libraries data for years. 

OCLC, they stressed further, offers various services, 

pertaining to circulation, cataloguing, acquisition and 
other library related services on cloud platform through 

the web share management system. Web share 

management system facilitates an open and collaborative 

platform that allows each library to share their resources, 

services, ideas, and problems with the library community 

on the cloud.  

 

2.3.3 Website Hosting   

Breeding (2012) noted that many libraries rely on 

institutional or commercial hosting services for their 

websites. Thus, library’s web presence is not provided 

directly by the library itself but by its parent organization. 

With cloud computing, libraries have the forum to host 

their own website on a third party service provider’s 

services. This takes the responsibilities of hosting and 

maintaining their own servers. Google sites serves as an 

example for hosting websites outside of the library’s 

servers and allows for multiple editors to access the site 
from varied locations. 

 

2.3.4.Searching Scholarly Content     

Cloud based research platform facilitates the discovery 

and sharing of scholarly content. Kaushik and Kumar 

(ibid) cited Knimbus as a knowledge cloud which is 

dedicated to knowledge discovery and collaborative space 

for researchers and scholars. It was started in 2010 by 

entrepreneurs Rahul Agarwalla and Tarun Arora to 

address the challenges faced by researchers in searching 

across and accessing multiple information sources. 
Currently, Knimbus makes use of over 600 academic 

institutions and R & D labs by scholars, researchers and 

scientists as well as over 50,000 researchers. According to 

Yang (2012), the cloud based new generation of ILS 

allows many libraries to share useful data. For instance, 

sharing of full-text journal titles from electronic databases 

where many libraries subscribe to the same databases. In 

acquisitions section, all the data bases are listed in a pull 

down menu. A library can highlight a database for 

purchase and activate the journal list by clicking on the 

button.  

 

2.3.5 File storage 

Data storage in cloud is necessitated by the inherent 

fragility of all physical storage devices. A USB flash 

drive can be misplaced, a laptop or desktop cloud crash, 

or even be hacked; there are also incidences of hardware 

failures, software malfunctions, and malware attacks and 

so on. File storage capacity provided in the cloud is 

virtually limitless in addition to a much higher level of 

reliability than most organizations can accomplish within 

their own data center (Breeding (2012; cited in Gbaje  
Aliyu 2014). Turner (2009) also noted that backups are 

much easier to create and risk associated with hardware 
failure is minimized with Cloud Computing. 
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2.3.6 Building Community Power  

Cloud computing technology offers great opportunity for 
libraries to build networks among the library patrons and 

information science professionals as well as other 

interested people, including information seekers by using 

social networking tools. The most famous social 

networking services are Twitter and Facebook. They play 

a key role in building community power. Such 

cooperative effort of libraries will promote time saving, 

efficiencies, wider recognition, and cooperative 

intelligence for better decision –making. It also provides a 

platform for innovation and sharing of intellectual 

conversations, ideas and knowledge  

 

2.3.7 Library Automation       

Library automation refers to the transition from traditional 

library which sources, organized and provided library 

services and resources in hard copies to computerization 

of library resources. Automated library, according to 

Dhanevanden et al (2014), computerizes catalogue, 

circulation, acquisition, etc and makes the functions of 

library to be fully automated. Kaushik & Kumar (2013) 

observed that for library automation purpose, Polaris 

provides variant cloud based services such as acquisition, 

cataloging, process system, digital contents and provision 
for inclusion of cutting edge technologies used in 

libraries. It also supports various standards such as 

MARCZI, XML, 239.50, Unicode and so on.  

 

In addition, cloud computing allows for pooled resources 

that customers draw from usually in remote data Centre. 

Services can be scaled larger or smaller; and use of a 

service is measured and customers are billed accordingly. 

Different services can be provided by cloud computing 

company over the Internet. According to Han (2012) three 

main service models of cloud computing includes 

Infrastructure as a service. The IaaS model provides just 
the hardware and network; the customer (Library) installs 

or develops its own operating systems, software and 

applications. The hardware and other basic services are 

provided through virtual machine accessible through a 

Wide Area Network or the Internet. Under this model, the 

IaaS service provider owns the equipment and is 

responsible for housing, running and maintaining it, and 

the client library typically pays on a per-use basis. 

 

Some writing on adoption of cloud computing in libraries 

appears to favour IaaS over other service models. Liu & 
Cai (2012), for one, explained that in this service model, 

the server administration and maintenance responsibilities 

are moved from local personnel to the hosting vendor, 

while the management of the application remains in the 

traditional way, that is, systems librarians are still able to 

access the back end of the system for local customization 
as if they were managing the system locally. Breeding 

(2012) defined IaaS as subscribing to computing and 

storage capabilities on an as-need basis. It allows a library 

to gain access to computing resources – such as Linux or 

Widows scaled to the demands and duration of a project. 

With IaaS, libraries will not see the physical hardware 

involved but will perform much of the system 

administration tasks as they would for local servers. 

Operating an application through IaaS saves the library 

from the purchase of its own hardware but retains the 

tasks associated with installing and maintaining software 

application. A library might use IaaS to operate its 
integrated library service (ILS) rather than purchase local 

hardware. Examples of IaaS, according to Kaushik and 

Kumar (2013), are Amazon Web services, Rackspace, 

Savis, HP, IBM, Sun and Google Base.  

 

 

2.4 Overview of Open and Distance Learning (ODL) 

Open distance learning (ODL) is a promising and 

practical strategy to address the challenge of widening 

access thus increasing participation in higher education. It 

is increasingly being seen as an educational delivery 
model which is cost-effective without sacrificing quality 

(Pityana, 2009). Distance education learning is 

technology driven. Technology means not just bandwidth 

but hardware platforms, software, processes and 

applications including mobile telephony, necessary for 

effective student and academic management and learner 

support.  

 

Adoption of cloud computing in library provides an 

answer to most of the information access problems of the 

distance learners. Today, ODE institutions bring 

education at the doorsteps of the learners through 
networks. The Internet also plays a vital role in acting as a 

powerful tool to the learners. Digitization of scholarly 

materials is one of the many initiatives undertaken by 

institutions across the globe, which facilitates wide access 

and availability of such materials. 

 

The ODE institutions can initiate a consortium that will 

plan, co-ordinate and implement a national level with the 

help of cloud computing in library for the benefit of 

distance learners. Each individual member institution of 

the association should share its learning resources. This 
way, a wide range of collection of learning materials can 

be developed. This should be made available to the 

learners and accessible through the Intranet and the 

Internet. A digital rights management system can be 
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interlinked with the library to address the copyrights and 

other related issues. 
Apart from providing wider access and free flow of 

information to distance learners and to all those involved 

in open distance education, the proposed digital library 

provides several advantages which include Networking 

and sharing of resources can be done easily; it provides 

cost effective solutions to libraries; more information can 

be provided at the press of a button. The user do not have 

to travel long distance and his/her time and resources will 

be saved; information can be updated continuously much 

more easily; Collaboration and exchange of ideas is 

possible and improved preservation of resources. 

 
3. METHODOLOGY 

 

3.1 Research Design 

 This study adopted the qualitative methodology 

approach. The target population of this study consists of 

five (5) members of National Open University of Nigeria 
Library which includes the University Librarian and the 

four (4) staff of the Information Technology (IT) unit of 

the National Open University of Nigeria Headquarters 

Abuja Library who are responsible for the administration 

of cloud computing technology. The IT staff consist of 24 

staff but those that are directly in charge of the 

administration of cloud computing are just four, hence the 

use of only them for effective result. 

 

Thus, purposive sampling technique was used to select the 

four staff. According to Crossman (2012), ’’a purposive 

sampling is very useful for situations where you need to 
reach the targeted sample quickly and the sampling is not 

proportional in nature”. 

 

The instruments used to collect data for this study were 

direct observations, semi-structured and unstructured 

interviews with the focus group, in addition to the use of 

digital recorder to record the interview process. The semi-

structured interview involves the researcher personally 

interviewing staff of the Information Technology (IT) 

unit, based on a structured set of questions that have been 

prepared before the interview. This enabled the researcher 
to explain or elaborate on any question that is not well 

understood by the respondents. 

 

3.2. Reliability of the Instrument. 

In order to ensure the guided interview was capable of 

eliciting the required data and information used for the 

study, it was validated by research experts and colleagues. 

 

 

3.3. Method of Data Analysis  

The data collected from the research instruments was first 
organized for analysis and transcribed into different types, 

depending on the source of information. The data was 

then tabulated and discussed descriptively.  

 

4. DATA PRESENTATION, ANALYSIS AND 

INTERPRETATION  

 

4.1. Response Rate 

The entire five target respondents comprising of four staff 

in the Information Technology unit and the University 

Librarian of NOUN library, participated in the semi-

structured and structured interviews. Table 1 shows the 

response rate. 

 

A hundred percent response rate was achieved for the 

structured and semi-structured focus group interviews. This 
high response rate was achieved because of the fact that the 

population was very small. And the researcher had to 

formally seek for permission from the University Librarian, 

who instructed the staff of the Information Technology unit 

to give the researcher all the necessary support and 

cooperation in the data collection exercise.  

 

4.2. Information on Cloud and its Impact on Open 

and Distance Learnng in NOUN 

 This section focuses on the core aspect of the research 

reported in this paper, which is the impact of cloud 

computing on Open and Distance Learning in NOUN. 
 

The respondents reveal that cloud computing is used for 

web-mail services in NOUN library. It is also used to 

store personal photos, online application and storage of 

personal video, as well as pay to store computer file 

online and back-up. The responses were a collective 

agreement of the University Librarian and the Four (4) IT 

staff interviewed. The finding agrees with Goldner (2013) 

which states that library community can apply the concept 

of cloud computing to amplify the power of cooperation 

and build a significant, unified presence on the web. It 
implies that data sharing in NOUN library will be highly 

efficient. 

 

Combining systems into a cloud environment reduces the 

carbon footprints, making libraries greener. As a follow-

up to the above findings, the researcher also tries to find 

out if NOUN Library feels safe storing data online, and 

the respondents, further agreed with the option YES that 

they feel safe storing data online. 
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In the literature review, the cloud and its impact on open 

and distance library is to stand as a backup for library 
data. To ascertain this, the researcher tries to find out if 

NOUN library thinks that a copy of its online files can be 

kept by the online services provider even when it is being 

deleted and the respondents responded with the option 

YES. 

 

The next research question was formulated in order to 

find out the information services provided using cloud 

computing in NOUN library. In line with this, the 

researcher investigated information services provided 

using cloud computing in NOUN library with some 

possible options in Table 3. 
 

4.3. Information services provided using cloud 

computing in NOUN Library. 

 
The respondents indicated that the above information 

services are provided using cloud computing in NOUN 
Library. And it was a collective agreement between the 

University Librarian and the relevant IT staff of the 

Library. It implies that NOUN library uses these services 

to create effective platform to build a functional and 

efficient digital library.  

 

4.4. Findings 

The Findings of this study show that NOUN librarians 

are engaged in various cloud computing activities. They 

show strong willingness to adopt cloud computing 

technology in the libraries. Irrespective of computer 

literacy and age, they are using various devices to 
harness the cloud computing tools. The reasons why 

NOUN library go cloud computing, according to the 

respondents,  is to disclose their vast collections on the 

web, amplify the power of cooperation with other 

developed library, build a significant, unified presence 

on the web, save time, save cost, simplify work flow, 

makes work more effective and efficient, thereby 

removing local storage, maintenance and backup. 

NOUN library also see cloud computing as the latest 

technology trend. And more important NOUN library 

went cloud computing in order to meet the information 
needs of its students who are spread across the nation as 

it is indicated during the interview. It implies that 

information services will be highly effective and 

efficient.  

 

4.5. Discussion of the Findings 

The summary of the findings of the descriptive analysis 

discussed below was derived from the analysis of the 

responses from the guided interview of the focus groups. 

The major findings under descriptive analysis are as 

follows:  
 

The information services provided using cloud computing 

in NOUN library are- digital library/ repositories, 

searching library data, searching scholarly content, file 

sharing, building community power and library 

automation. 

 

 National Open University of Nigeria (NOUN) library go 

cloud computing is to disclose their vast collections on the 

web, amplify the power of cooperation with other 

developed library, build a significant, unified presence on 

the web, save time, save cost, simplify work flow, makes 
work more effective and efficient, local storage, 

maintenance and backup is removed, NOUN library also 

see cloud computing as also the latest trends. And more 

importantly, NOUN library went cloud computing in 

order to meet the information needs of its students who 

are spread across the nation.  

 

5.  CONCLUSION AND RECOMMENDATIONS  

 

National Open University of Nigeria Library has the 

opportunity to improve their services and relevance in 
today’s information society. Cloud computing is one 

avenue for this move into the future. It can bring several 

benefits for libraries and give them a different future. 

The analysis of this study shows that National Open 

University of Nigeria Librarians are engaged in various 

cloud computing activities. They show strong 

willingness to adopt cloud computing technology in the 

libraries. Irrespective of computer literacy & age they 

are using various devices to harness the cloud 

computing tools, and in order to meet the information 

needs of its students who are spread across the nation. It 

implies that information services will be highly 
effective and efficient.  

 Recommendations include: 

(i) The University Librarian in collaboration with 

National Open University of Nigeria Information 

Technology staff should introduce the cloud-

based video service, and cloud-based software, 

such as Ning, Survey Monkey, Wufoo, 

Stumbleupon, My goya and Ms online, to its 

information services as these will equally boost 

the Library services delivery. 

(ii) National Open University of Nigeria Library 
must know that cloud computing service is truly 

an open, service oriented architecture which can 

truly change the future of NOUN libraries. This 

will allow libraries to shift the use of internal 
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technical expertise from maintaining software 

and servers towards innovative uses of cloud 
services in their local environment. 
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Table 1: Response rate 

 
 
 

 

 

 

 

 

 

 

 

 

 

Table 2. Awareness of the impact of cloud in NOUN by the Respondents 

 

Extent of the adoption of cloud computing Low 

Quality 

Moderate High 

quality 

Web-mail services  X √ X 

Store personal photos  X √ X 

On line application  X √ X 

Store personal video X √ X 

Pay to store computer file online  X √ X 

Back-up hard drive to an online site  X x √ 

 

Key:  √ = Applicable    x = Not Applicable 

 

 

S/N National Open University  

of Nigeria Library 

Category of Staff Sample Size Response 

rate 

1.  University Librarian 1 1 

Staff of Information 

Technology unit 

4 4 

     

Total 5 5 
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 Table 3: Information Services Provided using Cloud Computing 

 

Information services provided using cloud computing in NOUN  

Library 

Indications  

Building digital library  √ 

Searching scholarly content  √ 

File storage  √ 

Building community Power  √ 

Library Automation  √ 

 

 

Key:  √ = Available    x = Not Available 
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      ABSTRACT 
Counterfeit drugs impose risk to human life and properties. Many organizations globally are involved in 

campaigning for combating counterfeit drugs. Almost all these efforts are focused on controlling at various stages of 

pharmaceutical production and supply chain, while less or rare efforts are invested at terminal intervention by the 

end users. This paper focused on end users and health care givers in the society as well as stakeholders in the 

pharmaceutical related fields in the six geopolitical zones of the Federal Republic of Nigeria, namely South-West, 

South-South, South-East, North-East, North-West and North-Central. The study used Information Technology (IT) 

services specifically SMS text through Mobile Telecommunication Services, to target general drugs administration 

and handling by end users. A pilot study was conducted to identify the relationship between the socio-geopolitical 

awareness of counterfeit drugs as well as capability of Information Technology in preventing counterfeit drugs in 

Nigeria. A total of 1391 participants were selected for the study, using simple sampling technique across the six 

geopolitical zones in Nigeria. Furthermore, both descriptive and inferential analytical methods were used via the 

Statistical Package for the Social Sciences (SPSS) version 20. PHP (Hypertext Preprocessor) is the scripting 

language used at the server-side of this project. Finally, information technology as a tool for reducing drug 

counterfeits in Nigeria was examined. Majority of respondents indicate that they were not aware of the use of 

information technology to prevent fake drugs. The level of awareness about Information Technology on fake drug 

management is low compared to their awareness on technology devices This study concluded on the need of 

medication user to have a tailored information system to address the issue of counterfeit drugs in Nigeria. 

 

Keywords: Counterfeit (Fake) drugs, Health Information System, SPSS, ANOVA, PHP. 
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1.  INTRODUCTION    
 

For a nation to be able to prevent any catastrophe in any 

field of life, there must be a well-tailored information.  

‘Prevention is better than cure’ is a proverbial saying 

dating back to early 17th century. A similar idea is found 

in a Latin saying of the mid-13th century - ‘it is better and 

more useful to meet a problem in time than to seek a 
remedy after the damage is done’ (Encyclopedia, 2018). 

One can relate this proverb to an axiom of famous 

scientist Benjamin Franklin who said “An Ounce of 

Prevention is Worth a Pound of Cure” (Archives, 2018) . 

Although Franklin was credited with this saying while 

addressing residents of Philadelphia who were being 

threatened by fire, many use this quote when referring to 

health care or other fields of life which need to prevent 

the occurrence of disaster.  

 

In the health services, information technology with its 
tools plays a significant role in circulating the information 

to the community vis-a-vis preventing any epidemic. That 

is, the key to preventing disease and promoting health 

care is to provide timely, well-documented and useful 

information.  

 

The employment and utilization of machines, tools and 

computer-based technologies in health-care services have 

passed through an evolutionary process. Advancement in 

information, communication, as well as network 

technologies gave birth to the emergence of a 

revolutionary new paradigm for health care that some 
refer to as Electronic-Health (e-health). As we begin to 

see the involvement of e-technologies in every aspect of 

health care and medicine, it gives one clear understanding 

why courses in e-health and related areas are logical for 

the health information systems curricula in medical 

schools as well as allied health, engineering, and business 

disciplines (Tan, 2005). 

 

Short Message Service (SMS) as a term is considered one 

of the main landmarks in the history of mobile telephony. 

With this service, users have created their own dialect to 
cope with limitations with this service, composed their 

own communication groups or communities, and are 

enjoying new channels of interactions. Today, GSM 

handset or mobile phone has SMS capabilities that if each 

GSM subscriber sends a message at the same time then 

more than 1 billion messages would fly over the radio 

waves of mobile networks worldwide. 

Counterfeit means the act of making a product to look like 

the original of its nature, usually for making money by 

dishonest or illegal purposes.  

 

A drug is a single chemical substance that forms the 

active ingredient of a medicine, which later may contain 

many other substances to deliver the drug in a stable form, 

acceptable and convenient to the patient (Laurence & 

Bennett, 1990). 

 

World Health Organization Scientific Group has defined a 

drug as “any substance or product that is used or intended 

to be used to modify or explore physiological system or 

pathological states for the benefit of the recipient” (WHO, 
2007). 

 

To overcome and minimize the risk of counterfeit drug at 

User side, there is the need for development of an 

Information System which will enable End-User to check 

for authenticity of the medication in addition to be able to 

confirm the product at hand, therapeutic use, dosage form, 

manufacturer and additionally expiry date. 

 

World Health Organization (WHO) defined Counterfeit 

Medicine as “one which is deliberately and fraudulently 
mislabelled with respect to identity and/or source. 

Counterfeiting can apply to both branded and generic 

products and counterfeit products may include products 

with the correct ingredients or with the wrong ingredients, 

without active ingredients, with insufficient active 

ingredient or with fake packaging” (WHO, Counterfeit 

Drug, 1999). 

 

An interactive system was developed in this paper which, 

as recommended by (Asuquo, Oluwade, & Adepoju, 

2009), is easy to learn, easy to use, easy to remember as 

well as effective, efficient, has error tolerance, good 
aesthetics and user satisfaction. This serves as a 

contribution to the call for “Educate before medicate”, in 

line with the campaign of the National Council on Patient 

Information and Education (NCPIE, 2007). 

 

The problem of Counterfeit Drugs, according to World 

Health Assembly, is that Information on the scale of the 

problem is inadequate and there are little global studies 

conducted (WHO, 1999). However, it is known to affect 

both developed countries (sometimes called Advanced 

countries), and to a great extent, the undeveloped 
countries. The problem of counterfeit drug is more 

pronounced in countries where manufacture, importation, 

distribution, supply and sales of drugs are less regulated 

and enforcement is weak. Another factor that contributes 

to the drug counterfeit phenomena is a situation in which 

an insider (employee) at any legitimate pharmaceutical 

company (for example, a disgruntled employee) who is 

ready to take negative action against his or her employer 

(Amusa, 2012). 
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Besides trying to prevent the counterfeited drug, the 

developed system serves to prevent sub-standard product. 

It will also contribute to the principle of 

pharmacovigilance that aims to improve patient care and 

safety in relations to the use of medicine, to help in 

mitigating medication errors. 

 

This work falls within the area of patient safety, patient 

drug information, patient health education and patient 
healthcare services. The scope of this study covers the 

need and role of Information Technology in curbing 

counterfeit drug and improvement to the present 

countermeasure applied in the combat against fake and 

sub-standard drugs in Nigeria. The paper reflects a study 

carried out in all the six geopolitical zones of the Federal 

Republic of Nigeria.  

 

2. LITERATURE REVIEW  

 

In a survey carried out in 2011 on eHealth, the Global 
Observatory for eHealth (GOe), a body of World Health 

Organization (WHO), defined mobile health (mhealth) as 

“medical and public health practice supported by mobile 

devices, such as mobile phones, patient monitoring 

devices, personal digital assistants (PDAs), and other 

wireless devices” (GOE, 2011). The report of GOe goes 

further to say that mhealth involves the use and 

capitalization on a mobile phone’s core utility of voice 

and short messaging service (SMS) as well as more 

complex functionalities and applications including general 

packet radio service (GPRS), third and fourth generation 

mobile telecommunications (3G and 4G systems), global 
positioning system (GPS), and Bluetooth technology. 

 

Ehealth (electronic health) refers to the use of services 

provided by information and communication technology 

such as satellite communications, mobile phones and 

computers (programs and applications) to provide health 

information and services. Mhealth (mobile health) 

involves using mobile communications such as mobile 

phones services and PDAs (Personal Digital Assistants) 

for information and health services. Mhealth is a 

paramount sub-segment of the field of ehealth and it 
serves as the remote information tools and access point 

that provide information to healthcare providers.  

According to World Health Organization, there are 

several initiatives that ehealth could be composed of. 

These include (1) communication between health services 

and individuals; this category includes appointment 

reminders, community mobilization on health-related 

matters, treatment compliance and awareness over health 

issues. (2) Consultation between health care professionals, 

including mobile telemedicine. (3) Communication 

between individuals and health services; this category 

includes health care telephone help lines namely health 

call centers and emergency toll-free telephone services. 

(4) Health monitoring and surveillance, including patient 

monitoring, mobile surveys and surveillance. (5) Access 

to information for health care providers at any point, 

including health-related information and decision support 

systems. (6) Inter-sector communication in emergencies 

(GOE, 2011). 

 

In contributing to the prevention of fake drugs getting to 

the hands of consumers via online pharmacy, (Liang et. 

al., 2016) designed an automatic drug information 

screening and content analytical system which can lead to 

online fake drug websites and to the source of the sellers. 

Similarly, (Baravalle, Lopez, & Lee, 2016) sheds light on 

the nature of the drug market online, as well as the 

organized crime that can evolve from it. They then 

suggested a way of preventing fake drugs and other 

products. 

 

Also, despite her well maintained and controlled system 

of pharmaceutical distribution chain, the counterfeit drug 

found its way to the Japanese system. For instance, fake 

drugs for hepatitis C sold at an authorized pharmacy, 

which shocked officials of Ministry of Health, Labor and 

Welfare, and this encouraged researchers to develop the 

an on-dose authentication which can be employed to 

prevent fake drugs (Fukuoka, Utsumi, & Yamaguchi, 

2017).  Furthermore, method of authenticating medication 

packaging is used to prevent unknown drugs from 

entering the supply and distribution chain (Schraml et. al., 
2017).  

 

Social media has also been used as a tool to prevent 

counterfeit and sub-standard products. An ongoing 

framework by (Isah, Trundle, & Neagu, 2014) employs 

social media to gather and analyse the views and 

experiences of users of drug and cosmetic products via 

machine learning.  

 

Efforts are also being made to solve the counterfeit 

problem with a handheld device that uses optical 
spectrometry to check the chemical composition of 

medications, especially antimalaria drugs, to prevent them 

from counterfeiters (Strickland, 2017). 

 

Almost all reviewed literatures employed sophisticated 

methods and tools to combat counterfeit drugs. However, 

these techniques may not meet the needs of societies 

where there is poor infrastructure.  
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3. METHODOLOGY 

 

In this study, investigation conducted could be identified 

as exploratory and descriptive. It sought to determine the 

present awareness and satisfaction of the population with 

current technology services used in combating counterfeit 

drugs in Nigeria. The set of all Nigerians who can use 

mobile telephone is an example of well-defined 

population and this set is the population targeted in this 

study. Large populations are complex and not easy to 
study; therefore, it is traditional to select a sample and 

study the data in the sample. 

 

3.1 Data Collection 

The survey method appeared to be the most appropriate 

for this type of investigation. Data were collected from 

participants at selected areas in each of the 6 geopolitical 

zones of the Federal Republic of Nigeria namely, South-

West, South-South, South-East, North-East, North-West 

and North-Central. The target samples to represent the 

population were those who can easily identify English 
letter alphabets. 300 questionnaires were distributed 

equally at each zone making a total of 1800. For the 

Secondary sources, some data were collected from the 

National Bureau of Statistics (NBS) Nigeria (NBS, 2017), 

which is the national agency responsible for the 

development and management of official statistics in 

Nigeria,  in additional to some data from The National 

Information Technology Development Agency (NITDA) 

Nigeria (NITDA, 2017) which was established to create a 

framework for the planning, research, development 

standardization, application coordination, monitoring, 

evaluation and regulation of information technology 
practices, activities and system in Nigeria. 

 

A questionnaire was designed as the tool for information 

gathering about the mobile users. In the questionnaire 

with Close-ended Questions, 5-point Likert scale with the 

following options were used:  A- Strongly Disagree, B- 

Disagree C- Neutral D-Strongly Agree E- I cannot say. 

Some statements in the designed questionnaire consist of 

Yes and No response. And there is a room for participants 

to provide any free information (if any) that is useful for 

the subject matter of this study from their education and 
experience perspectives. To ensure a comprehensive 

understanding of the issues around counterfeit drugs, 

interviews were conducted with the Director of National 

Agency for Food & Drug Administration and Control - 

NAFDAC - (South West Zonal Director), Chairman of 

Association of Industrial Pharmacist of Nigeria (Oyo 

State Branch). These interviewees were potential 

‘strategic leaders’ in fostering the fight against counterfeit 

drugs.  

 

The designed questionnaire consists of four sections. 

Section A is concerned with personal profiles and data of 

the respondents (BIODATA), while Section B consists of 

Profession and Geopolitical Zones of respondents. Section 

C is about Drug Related Statements and it consists of 1-19 

questions or statements to determine the source of 

medication information of respondents as well as 

preferred source to procure the medication. Finally, 

Section D is dedicated to Information Technology and its 
applicability. It also provides information on the 

participants’ awareness of use of Information Technology 

as a countermeasure for counterfeit drugs. A statement is 

dedicated to know how participants enjoy the phone 

technology and SMS service on GSM.  

 

3.2 Data Analysis 

The descriptive statistical tools used to interpret some of 

the data in the study are percentages, frequency counts, 

means and cross tabulations. In addition, inferential 

statistical methods such as the chi square, correlation 
analysis, stepwise multiple regression, analysis of 

variance (ANOVA) and factor analysis were used for 

confirming associations of variables. Also, cross-

tabulations of major dependent and independent variables, 

including socio-demographic data were conducted, to 

identify the differences in opinions and responses. 

 

3.3 System Analysis and Design 

System analysis is concerned with becoming aware of a 

problem, identifying the relevant and decisional variables, 

analyzing and synthesizing the various factors and 

determining an optimal and at least a satisfactory solution 
to the system. 

 

After gathering the requirements for a software 

application, a concept fulfilling these requirements has to 

be developed. A prototyping methodology is a software 

development process which allows developers to create 

portions of the solution to demonstrate functionality and 

make needed refinements before developing the final 

solution. This technique can save considerable 

development time by reducing re-work as users see the 

product for the first time. Moreover, software prototyping 
is an effective tool used to reduce risks and point out 

requirements that should be considered. 

 

For this study, a life license for SMS broker and 

aggregator was procured to be used for real time 

development and implementation of prototype system. 

XAMPP which stands for Cross-Platform (X), Apache 

(A), MySQL (M), PHP (P) and Perl (P) is essentially an 

Apache Web server, while MySQL is a database server.  
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It can work on Linux, Windows, Solaris, MacOS X, etc. 

The windows version named (XAMPP for Windows) is 

used in this study. It is open source and free for download. 

Dvorski (2007) describes XAMPP as a small and light 

Apache distribution that contains the most common web 

development technologies in a single package. Its 

contents, small size, and portability make it the ideal tool 

for students developing and testing applications in PHP 

and MySQL.  Recently, XAMPP is available freely to be 

downloaded   in two specific packages: full package 
version and lite package version. The full package 

provides a wide array of development tools, and lite 

package, which contains the necessary technologies, is a 

small package containing Apache HTTP Server, PHP, 

MySQL, phpMyAdmin, Openssl, and SQLite. 

 

A fundamental resource for an information system is a 

database; that is; an organized collection of data; A data 

base may be implemented using a general database 

management system; or may be structured specific to the 

application. For this study a database is specifically 
structured. 

 

PHP stands for Hypertext Preprocessor and is the web 

development language written by and for web developers.  

It is very simple and one of server-side scripting 

languages like Java. PHP is usually used to create web 

applications in combination with a web server, such as 

Apache and others; end users will not see what PHP does.  

When one looks at a PHP page, it will look as HTML 

page, whereas the page is not purely so.  

 

3.4 Hardware Part of the System 
The system consists mainly of a PC with capability of 

running the graphic user interface (GUI) application and a 

modem interfaced with the PC over the Universal Serial 

Bus Port.  In this system, a Samsung 250Ei phone was 

used to send and receive SMS via its hardware serial port, 

as specified by SMSEnabler that served as SMS Broker in 

this research work. The USB modem driver for the phone 

was installed and then the settings were done according to 

specification and recommendation. 

3.5 Algorithm (User side) 

 

Stage 0 (Start) 

Stage 1 – User possesses a product to be authenticated.  

Stage 2 – User operates his or her mobile phone at call 

mode. 

Stage 3 - User sends predefined code on drug container to 

Short Message Service Center (SMSC) through Base 
Station (Cell Tower) via wireless link as text message. 

Stage 4 - SMSC forwards the message to SMS Broker 

also known as Aggregator. 

Stage 5 – Message arrives at Content Provider entity.  

Stage 6 (Stop) 

 

These operations and processes are bi-directional.  Figure 

1 shows the process direction followed in full details by 

each process for simplicity. The following are the 

constituents of the figure. 

 
1 - Mobile User: Anybody using or operating mobile 

phones (in this study, user who sends text message 

enquiring for appropriate response from the content 

provider). 

2- Cell Tower or Base Station: A base station is a 

transmitting tower mounted at suitable places to be able to 

transmit and receive enough signal for proper 

communication with mobile phones up to few kilometres. 

Cell Towers transmit radiation continuously, so people 

living within 10’s of meters from the tower will receive 

10,000 to 10,000,000 times stronger signal than required 
for mobile communication (Kumar, 2010).       

3- SMSC Service Provider: When a user sends a text 

message to another user (in this study to Drug Regulatory 

Agency), the phone actually sends the message to the 

SMSC, which stores the message and then delivers it 

when the recipient is on the network. The SMSC access 

protocol, which is Short Message Peer-to-Peer (SMPP) 

protocol, enables interactions between external SMEs and 

service centers (Brown, Shipman, & Vetter, 2007). 

4- SMS Broker or Aggregator: An aggregator acts as a 

business entity that negotiates agreements with network 

providers to act as a middleman providing access to a 
cellular network for messaging services to third parties 

who have no direct relationship with the cellular network. 

For the purpose of this study, a life license was procured 

from Smsenabler to be able to implement the systems. 

The message aggregator uses the SMPP to maintain 

connections with carrier networks. Typically, aggregators 

provide access to their servers either through SMPP or 

using custom APIs written in Java, PHP, Perl, and so on. 

PHP has been used in this study for its simplicity.  

5- Content Provider: A mobile content provider is an 

entity that provides value-added content and applications 
for mobile devices. In this study, the content provider is 

the Drug Regulatory Agency. A mobile phone user sends 

an interactive text message to retrieve information, the 

content provider returns the information in the form of 

text message back to the user through the aggregator. 

 

3.6 Algorithm (Administrative side) 

 

Stage 0 (Start) 
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Stage 1 - At the administrative side (Drug Regulatory 

Agency), the system will generate a file in which all the 

operations are recorded. The contents of this file are (1) 

Code sent to the system from a user requesting 

authentication of the product at hand, (2) Date and time 

(including time in minute and seconds) (3) telephone 

number of sender (by international format).  This is as 

shown in figure 3. 

Stage 2 - An officer or operator will discover any invalid 

code from user side. This invalid code may be a key-in 
error from user or fake code from counterfeiter.  

Stage 3 - There will be a report from officer to decision 

makers to take proper actions such as: 

(1) Notify the public to be aware of the fake product 

in circulation. 

(2) Depending on severity of this detected product, 

Drug Regulatory agency my contact other 

Agencies like NCC to retrieve the SIM identity 

of sender. 

(3) Notify the manufacturer of the genuine product 

in case of expired item. The necessary action 
should be made to withdraw the expired items 

from the circulation. 

(4) Notify the public and manufacturer in case the 

product is substandard. 

Stage 4 (Stop) 

 
4. RESULTS AND DISCUSSION 

 

Data for the analysis were collected in a wide survey of 
all the six geo-political zones of the Federal Republic of 

Nigeria. As earlier mentioned, a total of 1800 

questionnaires were distributed to participants across the 

six geopolitical zones. The total response received is 1501 

(83.4% of distributed). Out of this, 1391 were valid, 

which represents 92.7% of the total response and 72.3% 

of distributed questionnaires. 

 

  

4.1 Biodata of Respondents 

 

Table 1 to Table 6 show the information of 

respondents on the age, gender, profession, sectors, 

location and educational status. It indicates that majority 

(56.4%) of respondents were within the age of 20-40 

years; 28.4% of respondents were within 40-60 years; 

13.8% of respondents were below age of 20 years and 
1.4% of respondents were 60 years and above. This 

implies that majority of the respondents were youths. 

  

Based on gender, it was observed that majority 

(51.8%) of respondents were male while 48.2% of 

respondents were female. This indicates that we have 

more male respondents in this study. Based on 

respondents working experience, majority of respondents 

(50%) have 6-10 years experiences, 28% have 10-15 

years, 16% of respondents have 1-5 years experiences and 

very few (6%) of respondents have above 16 years’ 

experience.    

 
Furthermore, educational status of respondents shows that 

46.6% of respondents have BSc/BA/MBBS. 23.1% of 

respondents have OND/HND, 16.5% of respondents have 

MA/MSc, 10.6% of respondents have secondary school 

certificate, 2.6% of respondents have Primary school 

leaving certificate and 1.6% of respondents were PhD 

holders. This implies that, majority of respondents were 

first degree holders (University Graduates) and very few 

of respondents have Primary school education. This 

indicates that none of the respondents have below primary 

school certificate, Figure 3 additionally shows clear 
graphical presentation of educational background of 

respondents. It was observed that 50.6% of respondents 

were working in government sector and 49.4% were in 

private sector. On profession, majority of respondents 

were in medical field while 38.6% were non-medical. 

Based on location of respondents, 19.1% are from South 

West, 16.8% from South-South, 17.4% from North 

Central, 16.1% from South-East, 17.1% from North West, 

and 13.5% from North East. These were the factors 

considered for socio-demographic indicators for each 

respondent under this study.  

 
There were very good response rates everywhere except 

in the North East, where a high proportion of the 

population are nomadic in orientation. This zone (North 

East) is situated at a fragile socio-political setting in 

Northern Nigeria. The conflicts in this zone and 

challenges of on-going fight against insurgency, otherwise 

called Boko Haram militancy, caused many residents to 

be considered as Internally Displaced Persons (IDP). 

38 respondents left the question in Table 5 unanswered, 

which makes the total number of valid respondents to be 

1353 instead of 1391. Also, 5 respondents left the 
question in Table 6 unanswered, which makes the total 

number of valid respondents to be 1386 instead of 1391.  

 

4.2. Basic Information on Drugs 

 

This section of the questionnaire was designed to get 

basic information on how respondents procure the 

medication, sources of the medication information as well 

as other related and useful information on fake drugs. 
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Table 7 depicts the opinions of respondents on the source 

of medication information. It indicates that majority of 

respondents get their source of medication through 

physicians (50.4%), 34.4% through pharmacists, 7.4% 

through relatives and 7.7% through media/internet.  

 

As shown in Table 8, majority of respondents prefer to get 

their medication in Government hospital pharmacist 

centre (54.1%), 30.7% of respondents prefer community 
pharmacy, 12.1% prefer street vendors, 2.1% prefer 

internet and very few (1%) prefer other means such as 

recommendation from relatives, family members, friends 

and colleagues.  

 

Based on identification of fake drugs, Table 9 shows that 

32.9% could not identify fake drugs, 29.9% could identify 

little, 12.9% of respondents could identify it somewhat, 

17.5% could identify it very much and 6.8% cannot say. 

This indicates that fake drugs cannot be identified 

conveniently in Nigeria.  Furthermore, as shown in Table 
10, 31.9% were very familiar with methods of preventing 

fake drugs, 19% are totally not familiar and 2.1% cannot 

say that they are familiar with method of preventing fake 

drugs in Nigeria.  

 

From Figure 4, respondents indicate that expiry date 

(19%) is the most important additional information 

needed for medication, side effect is 17%, dosage form is 

18%, storage condition and indication are each 16%, and 

manufacturer details has a percentage of 14%.  This 

implies that all the selected additional information was 

important on medication and it will reduce fake drugs in 
the country.  
 

4.3 Analysis on Level of Awareness  

 

The respondents’ level of awareness about fake drugs in 

Nigeria is analysed in this section using appropriate 

approach. From Table 11, majority of respondents 

(80.6%) know very much about a fake drug and 10.4% of 

respondents know little. Very few respondents (2.5%) do 

not know what fake drug is at all. This implies Nigerians 

know what a fake drug is. From Table 12, majority of 
respondents (44.3%) have never used fake drug which 

was eventually discovered, 23% have used drug which 

was eventually discovered to be fake, and 32% cannot 

say.  

 

Furthermore, level of awareness of respondents shows 

that some of respondents were aware about means of 

preventing fake drugs in Nigeria, 30.6% of respondents 

were very much aware and 27.3% of respondents were 

aware a little. This is clearly shown in the Table 13.  

 

4.4  Applicability of Information Technology 

 
In Table 14, we analyse available technology adequacy on 

fake drug prevention in Nigeria. For prevention measure, 

majority of respondents (47%) indicate that available 

technology is not adequate for preventing fake drug. 

45.6% of respondents indicate that there is adequate 

available technology for prevention while 7.4% of 

respondents cannot say whether there is adequate 

technology to prevent fake drugs in Nigeria. Generally, 

respondents have shown that there is no significant 

available technology that is adequate for drug counterfeits 

in Nigeria. 

 
Table 15 depicts the respondents’ accessibility of 

technology for fake drug prevention. 56% of respondents 

do not have access to the technology for preventing fake 

drug, 36% of respondents have accessibility and 8% of 

respondents cannot say. 13 respondents left the question 

in the table unanswered, which makes the total number of 

valid respondents to be 1378 instead of 1391. 

  
From Table 16, we confirm that there is a significant 

relationship between the location and their accessibility of 

technology to prevent fake drugs, since the P value 
(0.000) obtained is less than 0.05. This means that 

locations of respondents have significant contribution to 

their accessibility of the technology to prevent fake drugs 

in Nigeria. The level of accessibility differs across 

locations in Nigeria.  

 
4.5   Respondents’ Satisfaction on Existing Technology 

The respondents’ satisfaction about existing technology to 

manage fake drugs in Nigeria is classified into satisfied 

and not satisfied. Figure 5 shows respondents level of 

satisfaction about existing technology. Majority of 

respondents 66%, were not satisfied for prevention 

measures for counterfeit drugs and 34% respondents 

indicated their satisfaction.    

 

Table 17 shows respondents’ awareness about the use of 

information technology to prevent fake drug in other 

countries. Majority of respondents (71.8%) indicated that 
they were not aware of the use of information technology 

to prevent fake drugs and 28.2% were aware.  13 

respondents left the question in the table unanswered, 

which makes the total number of valid respondents to be 

1378 instead of 1391. 
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5.  CONCLUSION  

 

This paper is a study of the phenomenon of counterfeit 

drug and the means of preventing its effects on individual 

and on the nation. The results of the study bring out 

certain conclusions that move with its main objectives. 

That is, the results obtained from this study confirmed the 

need to have a tailored information system to control 

counterfeit drug. The findings suggest that facets of the 

pharmaceutical systems in Nigeria remain fairly 
vulnerable to corruption. This supports the findings of 

other researchers on this issue (Garuba, Kohler, & 

Huisman, 2009). The findings also indicate that 

educational status of respondents is a factor that will 

determine their level of knowledge about counterfeit 

drugs in Nigeria. In addition, the study finds that fake 

drugs cannot be identified conveniently in Nigeria. It was 

discovered that a significant portion of participants in our 

survey have used drugs which were eventually discovered 

to be fake. This is an alert that active and positive action 

needs to be taken by relevant authorities to address this 
phenomenon.  

 

Furthermore, level of awareness of respondents shows 

that majority of respondents were aware about means of 

preventing fake drugs in Nigeria. Although the present 

study was carried out in the year 2015, it was discovered 

that a similar study (Uzochukwu & Chinedu-Okeke, 

2017) was carried in the year 2016. However, the latter 

study was restricted to Delta State of Nigeria (which is 

just a state in the South-South geopolitical zone of 

Nigeria) and uses smaller population. Both findings 

agreed on the fact that there is an urgent need to address 
the issue of counterfeit drugs. 

 

Generally, respondents have shown that there is no 

significant available technology that is adequate for 

counterfeit drug in Nigeria. This study finds evidence 

which confirms that the lack of political will from the 

authority (Government), in providing necessary 

infrastructures, is a source of annoyance to some local 

pharmaceutical manufacturers. This prevents them from 

operating optimally.  
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Figure 1: Process of Communication between a Mobile User and a Content Provider 

 

 

 

     
 

 
   Figure 2 : Response from System to User’s Mobile Phone 

    Source: Field demonstration, 2015 
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Figure 3: Generation of file at the Administrative side 

 

 

 

 

   Table 1 – Respondents according to their group 

 

 

 

  

VARIABLE FREQUENCY PERCENTAGE % 

AGE 

Below 20 

years 

193 13.9 

20 - 40 years 784 56.4 

40 - 60 years 395 28.4 

60 years above 19 1.4 

Total 1391 100 
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Table 2 – Respondents according to their Education background

 

 

 

   

VARIABLE FREQUENCY PERCENTAGE % 

EDUCATION 

Primary 37 2.7 

Secondary 147 10.6 

OND / HND 320 23.0 

BSc / BA / 

MBBS 

631 45.4 

MA/MSc 228 16.4 

PhD 22 1.6 

Total 1391 100 
 

 

 

Table 3 – Respondents according to their gender 

 

 

 

 

 

 

 

 

 

 

 

 
Table 4 – Respondents according to their Location 

 

 

VARIABLE FREQUENCY PERCENTAGE % 

LOCATION 

North West 238 17.1 

North East 186 13.5 

North Central 242 17.4 

South West 266 19.1 

South East 224 16.1 

South South 233 16.8 

Total 1391 100 
 

 

 

 

 

VARIABLE FREQUENCY PERCENTAGE 

% 

GENDER 

MALE 721 51.8 

FEMALE 670 48.2 

Total  1391 100 
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Table 5 – Respondents according to their working sector 

 

 

VARIABLE FREQUENCY PERCENTAGE % 

SECTOR 

Private 669 49.4 

Government 684 50.6 

Total 1353 17.4 
 

 

 

Table 6 – Respondents according to their profession 

 

 

VARIABLE FREQUENCY PERCENTAGE % 

PROFESSION 

Medical 851 61.4 

Non-Medical 535 38.6 

Total 1386 100 
 

 

 

 

 
 

 

  Figure 3: Pictorial Representation of Educational Qualification of Respondents 

 

 

 

 

 

 

 

 

Table 7 - Source of Medication Information 
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Statement/ Question; What is the source of your medication information? 

                                                        FREQUENCY                           

PERCENTAGE 

Physician 701 50.4 

Pharmacist 478 34.4 

Relative/Family 

Member 

103 7.4 

Media/internet 107 7.7 

Others 2 0.1 

TOTAL 1391 100 
 

 

Table 8 -  Preferred source of medication procurement  

 

 

Statement/ Question; when procuring, where do you prefer to get the 

medication? 

                                              FREQUENCY                           PERCENTAGE 

Government Hospital 

Pharmacy 

752 54.1 

Community 

Pharmacy 

425 30.7 

Street vendors  168 12.1 

Internet 29 2.1 

Others  15 1.0 

TOTAL 1391 100 
 

 

Table 9 -  Capability of respondents to identify fake drugs 

 

 

Statement/ Question: Could you identify fake drug ? 

                                              FREQUENCY                           PERCENTAGE 

Not at all 447 32.9 

A little 407 29.9 

Somewhat  176 12.9 

Very much  238 17.5 

I cannot say  95 6.8 

TOTAL 1391 100 

 

 
Table 10 -   Respondents according to method of preventing fake drugs 
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Statement/ Question: Are you familiar with method of preventing fake drug in 

Nigeria? 

                                                       FREQUENCY                           PERCENTAGE 

Not at all 264 19.0 

A little 405 29.1 

Somewhat  249 17.9 

Very much  444 31.9 

I cannot say  29 2.1 

TOTAL 1391 100 

 
 

 

 
 

 

 Figure 4: Respondents distribution on Additional information needed on medication  

 

 

Table 11- Respondents’ knowledge of fake drug 

 

 

Statement/ Question:  Can you recognize fake drugs ? 

                           FREQUENCY        PERCENTAGE 

Not at all 35 2.5 

A little 145 10.4 

Somewhat  89 6.4 

Very much  1120 80.6 

I cannot say  2 0.1 

TOTAL 1391 100 
 

Table 12- Respondents’ reply on using fake drug 
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Statement/ Question:  Have you ever used a drug 

that was eventually discovered to be fake ? 

                            FREQUENCY         PERCENTAGE 

Not at all 616 44.3 

A little 323 23.3 

Somewhat  5 0.4 

Very much  2 0.1 

I cannot say  445 32 

TOTAL 1391 100 
 

 

Table 13- Respondents’ awareness about means of preventing fake drugs 

 

 

Statement/ Question:  Are you aware about means of 

preventing fake drugs? 

                              FREQUENCY       PERCENTAGE 

Not at all 236 17 

A little 380 27.3 

Somewhat  292 21 

Very much  426 30.6 

I cannot say  57 4.1 

TOTAL 1391 100 
 

 

 

Table 14.  Adequacy of available Information Technology for Fake drug prevention 

 

 
 

 

 

 
 

 

 

 

 

  

 Source; Field Survey, 2015 

 

 

 

 

                      Table 15 - Accessibility of Technology for Fake Drug Prevention 

 

 

Statement/ Question;  Do you think available technology is 

adequate for Preventing Fake Drug 

                                              FREQUENCY               

PERCENTAGE % 

Not at all 654 47 

Very much  634 45.6 

I cannot say  103 7.4 

TOTAL 1391 100 
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Table 16 -  Cross  Tabulation (Chi-Square) Of Respondents Location And Accessibility of Technology for 

Preventing Fake Drugs 

 

Accessibility of technology to Prevent * LOCATION Cross tabulation 

  

LOCATION 

Total 
North 
West 

North 
East 

North 
Central 

South 
West 

South  
East 

South 
South 

 Not 

Accessible 

Count 51 31 33 35 50 30 230 

%  3.7% 2.2% 2.4% 2.5% 3.6% 2.2% 16.7% 

Little 
Accessible 

Count 91 74 97 122 74 91 549 

%  6.6% 5.4% 7.0% 8.9% 5.4% 6.6% 39.9% 

Somewhat 
Accessible 

Count 35 37 52 54 44 54 276 

%  2.5% 2.7% 3.8% 3.9% 3.2% 3.9% 20.0% 

Very much 
Accessible 

Count 32 34 39 40 33 40 218 

%  2.3% 2.5% 2.8% 2.9% 2.4% 2.9% 15.8% 

I cannot 
say 

Count 27 10 19 15 19 15 105 

%  2.0% .7% 1.4% 1.1% 1.4% 1.1% 7.6% 

Total Count 236 186 240 266 220 230 1378 

%  17.1% 13.5% 17.4% 19.3% 16.0% 16.7% 100.0% 

 

  DF =20, P- Value = 0.036 
 

 

 

 

 

 

 

 

Statement/ Question:  What do you have to say about accessibility of the 

technology for preventing Fake Drug 

                                              FREQUENCY                           PERCENTAGE 

Not Accessible  779 56 

Very much Accessible 494 36 

I cannot say  105 8 

TOTAL 1378 100 
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Figure 5: Mean score Percentage of Respondents Level of Satisfaction on effect of Information technology on Fake 

Drug Prevention 

 

 

Table 17 - Respondents’ awareness of use of Information Technology to prevent Fake Drug in other countries 

 
 

Statement/ Question: Are you aware about the use of information 

technology to prevent Fake Drug in other countries?  

                                              FREQUENCY                           PERCENTAGE 

Yes  389 28.2 

No  989 71.8 

TOTAL 1378 100 
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      ABSTRACT 
In Nigeria, ill-implementation of the National Drug Policy, in addition to other factors, contributed to the 

widespread of counterfeit drugs, though many international organizations are concentrating their activities on how 

to fight these drugs. Almost all these efforts are focused on various stages of pharmaceutical manufacture and 

distribution chain, while less or rare efforts are invested at terminal intervention by the end users. This study focuses 

on end users. The paper is concerned with the detection of counterfeit and sub-standard drugs by end users in the six 

geopolitical zones of the Federal Republic of Nigeria, namely South-West, South-South, South-East, North-East, 

North-West and North-Central. That is, a pilot study was conducted to identify capability of Information Technology 

to detect counterfeit drugs in Nigeria. A total of 1800 questionnaires were distributed at random, using simple 

sampling technique, across the six geopolitical zones. Out of this, 1501 responses (83.4%) were received and 1391 

were valid. The 1391 valid participants were selected for the study. Both descriptive and inferential analytical 

methods were used via the Statistical Package for the Social Sciences (SPSS) version 20. PHP (Hypertext 

Preprocessor) is the scripting language used at the server-side of this paper. The authors examined the role of 

information technology as a tool for reducing counterfeit drugs in Nigeria. Majority of respondents indicated that 

they were not aware of the use of information technology to detect fake drugs. It was observed that the level of 

awareness about Information Technology on fake drug management is low compared to awareness on technology 

devices. This study concluded on the need for medication user to have a tailored information system to address the 

issue of counterfeit drugs in Nigeria. 
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1.  INTRODUCTION    
 

Counterfeit drugs are giving sleepless nights to 

international bodies, governments, pharmaceutical 

companies, healthcare providers, counsumers and others. 

Many laws and decrees were issued on the sales of 

counterfeit drugs but without technological intervention, it 

cannot see the light (Isah, 2012). 
 

Technology acceptance research is not a new field 

anymore, has been active for more than 20 years and can 

be found in every field of life. Many researchers design 

several theoretical models that explain the acceptance 

behaviour of end users of latest information technologies 

(Alomary and Woollard, 2015). 

 

One of the well-known models related to technology 

acceptance and use is the technology acceptance model 

(TAM) (Bosede, 2015). This model was originally 
proposed by Fred Davis (Davis, 1989). TAM has proven 

to be a theoretical model in helping to explain and predict 

user behaviour of information technology. TAM is 

considered as an influential extension of theory of 

reasoned action (TRA); Researchers proposed TAM to 

explain why a user accepts or rejects information 

technology by adapting TRA. TAM also proposes that 

external factors affect intention and actual use through 

mediated effects on perceived usefulness and perceived 

ease of use. The perception of respondents in this study 

may be influenced by several variables.  

 
According to the TAM, if a user perceives a specific 

technology as useful, he will believe in a positive use-

performance relationship. Since effort is a finite resource, 

a user is likely to accept an application when he perceives 

it as easier to use than another. Gaining an understanding 

of user beliefs regarding a system is important since they 

may influence acceptance and usage.  

 

Counterfeit means the act of making a product to look like 

the original of its nature, usually for making money by 

dishonest or illegal purposes. World Health Organization 
Scientific Group has defined a drug as “any substance or 

product that is used or intended to be used to modify or 

explore physiological system or pathological states for the 

benefit of the recipient” (WHO, 2007). 

 

To overcome and minimize the risk of counterfeit drug at 

User side, there is the need for development of an 

Information System which will enable End-User to check 

for authenticity of the medication in addition to be able to 

confirm the product at hand, therapeutic use, dosage form, 

manufacturer and additionally expiry date. 

 

World Health Organization (WHO) defined Counterfeit 

Medicine as “one which is deliberately and fraudulently 

mislabelled with respect to identity and/or source. 

Counterfeiting can apply to both branded and generic 

products and counterfeit products may include products 

with the correct ingredients or with the wrong ingredients, 

without active ingredients, with insufficient active 
ingredient or with fake packaging” (WHO, Counterfeit 

Drug, 1999). 

 

Nigeria, like many other nations, recognizes the 

importance of protecting its citizen from the danger of 

fake and substandard products. To keep human life safe is 

considered as a top priority of any administration in the 

government bodies. The need for regulating and 

controlling of product activities, importation to the 

country, exporting of products out of the country, 

advertisement of consumable products, the distribution, 

sale and use of food, drugs or medicines and others 

related consumable products is what gave birth to the 

establishment of Nigeria’s National Agency for Food and 

Drug Administration and Control (NAFDAC) by the 

Federal Government of Nigeria. With inspiration from a 

1988 World Health Assembly resolution which requested 

countries’ to assist in fighting the global danger posed by 

counterfeit drugs, Nigeria’s NAFDAC was established to 

ensure the eradication of counterfeit pharmaceuticals 

products and other consumables that are imported to 

Nigeria.   

 

NAFDAC has since raised awareness about 

counterfeit drugs and its complications in Nigeria and also 

in other countries. NAFDAC has effectively created 6 

zonal offices and 36 state offices and all offices are 

equipped properly to perform the agency’s function. 

Creation of the zonal offices and state offices was aimed 

at making the services accessible to stakeholders. (NBS, 

2015).  Figure 1 shows officers of NAFDAC and 

Nigeria’s National Drug Law Enforcement Agency 

(NDLEA) in action, destroying counterfeit drugs seized 

from fake drugs dealers during their patrol. 
 

The problem of Counterfeit Drugs, according to World 

Health Assembly, is that Information on the scale of the 

problem is inadequate and there are little global studies 

conducted (WHO, Counterfeit Drug, 1999).  
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In an earlier paper (Amusa & Oluwade, 2019A), the focus 

was on the perception of Nigerians with respect to 

information technology use in preventing counterfeit 

drugs. The present paper is concerned with the detection 

of counterfeit drugs. Besides trying to detect counterfeit 

drug, the present paper deals with the detection of sub-

standard products. It will also contribute to the principle 

of pharmaco-vigilance which is aimed at improving 

patient care and safety in relations to the use of medicine 

and to help in mitigating medication errors (Amusa & 
Oluwade, 2019B). 

 

2. LITERATURE REVIEW  

 

Some of the techniques and strategies employed in 

combating counterfeit drugs include Radio Frequency 

Identification and Detection (RFID), Near Infrared 

Spectroscopy, Raman Spectroscopy, Fluorescence and 

Phosphorescence measurements, Nuclear Magnetic 

Resonance imaging, X-ray and radio frequency analysis, 

tamper resistant tape, fingerprints, holograms and colour-
shifting inks and dyes (Nuhu, 2011) (Ortiz et. al., 2012). 

   

In the light of her contribution to the combat 

against counterfeit drug, the Nigerian authority issued a 

directive under the ‘Nigerian Counterfeit and Fake Drugs 

and Unwholesome Processed Foods - Miscellaneous 

Provisions – Decree’ and defines counterfeit medicine as 

“ any drug product which is not what it purports to be; or 

any drug or drug product whose container is so made, 

formed or filled as to be misleading; or any drug product 

whose label does not bear adequate directions for use and 

such adequate warning against use in those pathological 
conditions or by children where its use may be dangerous 

to health or against unsafe dosage or methods or duration 

of use; or any drug product which is not registered by the 

Agency in accordance with the provisions of the Food, 

Drugs and Related Products” (Clift, 2010). This definition 

is more holistic and it covers both counterfeit and sub-

standard drugs that may find their way in circulation. 

 

Evolution of smartphone and its application can also be 

employed in the fight against falsified drugs. That is, the 

examination and analysis which are normally done in the 
laboratory can be easily done with smartphone. According 

to (Yu et. al., 2016),  image processing approaches were 

developed to enable image processing to be performed 

locally with the smartphone processor, and it can even be 

examined remotely by connecting to a server at the 

laboratory. Researchers demonstrated identification and 

characterization of pharmaceutical products via Thin 

Layer Chromatography (TLC). Using a custom cradle 

which interfaces with a smartphone, this process serves to 

detect counterfeit drugs in circulation.  

 

The World Health Organization (WHO) created 

IMPACT (International Medical Products Anti-

Counterfeiting Taskforce) (IMPACT, 2006). The 

taskforce has been active in building international 

collaboration that (1) seeks solutions to the worldwide 

counterfeit drug challenge and that (2) raises awareness of 

the dangers of counterfeit medical products. IMPACT 

also emphasizes the priority action which countries should 

take to combat the counterfeiting, such as strengthening 

legislation. IMPACT further revealed that counterfeit 

drugs is a lucrative industry because of high demand. 

Also, counterfeiters do not need large facilities or 

infrastructure; small backyards or ordinary house space is 

sufficient to carry out their activities.  Figure 2 shows the 

flyer designed and distributed by International Medical 

Products Anti-Counterfeiting Taskforce to serve as means 

of awareness for the public and other stakeholders in 

combating counterfeit pharmaceutical products. The 

image was released during the campaign of IMPACT on 

counterfeit drug. 
 

(Sakamoto et. al., 2017) contributed to on-going fight 

against counterfeit drugs by presenting a study using the 

characteristic terahertz spectrum based on the 

manufacturing process which can be utilized as 

fingerprint information to detect fake counterfeit drugs 

(Sakamoto et. al., 2018). Some manufacturers go beyond 
the normal process and use the technology of softgel (a 

pharmaceutical dosage form just like usual capsule, but 

used to encapsulate liquid drug) to protect the authenticity 

of their products. In 2015, at anti-counterfeiting 

conference in Xiamen-China, (Zheng et. al., 2015) 

proposed a machine vision system for special shaped 

softgel inspection which can be used to detect 

counterfeited or sub-standard softgel dosage form pills. 

 

Godlee (2012) reported that the world currently has 

tighter laws to tackle fake tobacco products than it does to 
tackle fake drugs. The result is that fake and substandard 

drugs continue to harm and kill people around the world, 

affecting both proprietary and generic drugs, and haunting 

rich countries as well as poor (Godlee, 2012). Figure 2-1 

shows the counterfeit incident regions of the world. 

In addition, a survey conducted by a team of researchers 

at Department of Pharmaceutical Technology and 

Industrial Pharmacy, College of Pharmaceutical Sciences, 

University of Nigeria, Nsukka, Enugu State, Nigeria and 

Department of Pharmaceutical Microbiology, Faculty of 

Pharmaceutical Sciences, University of Port Harcourt, 
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Rivers State, Nigeria shows that storage practices by 

patent medicine stores and homes are poor when 

compared to hospitals (Obitte et. al., 2009). The study 

also revealed that NAFDAC in recent times achieved a 

great feat by at least closing down Onitsha drug centre in 

Eastern Nigeria. Onitsha market is considered as a major 

illegal regional drug market and other counterfeited goods 

in Africa. The market has been levelled with charges of 

stocking fake and adulterated drugs.  

 
Radio Frequency Identification technology (RFID) was 

and is still employed in the pharmaceutical distribution 

and supply chain. Its short-coming however is that it is 

not applicable to the pill level; it can be used only for 

packages and containers. Counterfeiters can easily use 

this flaw in RFID to carry out their malicious action via 

cloning attack on the entire RFID systems. To address this 

problem (Yang, Botero, Shen, Forte, & Tehranipoor, 

2017) proposed pill-level Unclonable Chipless RFID 

(UCR) which can be employed to detect fake drugs at pill 

level. 
 

3. METHODOLOGY 

 

The methods used in this paper are similar to those in the 

authors’ earlier paper (Amusa and Oluwade, 2019A). The 

investigation conducted could be considered as 

exploratory and descriptive. It sought to determine the 

present awareness and satisfaction of the population with 

current technology services used in combating counterfeit 

drugs in Nigeria. The target population is the set of all 

Nigerians who use mobile telephone.  

 

3.1 Data Collection 

The survey method was used wherein data were collected 

from participants at selected areas in each of the 6 

geopolitical zones of the Federal Republic of Nigeria 

namely, South-West, South-South, South-East, North-

East, North-West and North-Central as shown in Figure 3. 

The target samples to represent the population were those 

who can easily identify English letter alphabets. 300 

questionnaires were distributed equally at each zone 

making a total of 1800. For the Secondary sources, some 

data were collected from the Nigerian National Bureau of 
Statistics (NBS) Nigeria (NBS, 2017) and the National 

Information Technology Development Agency (NITDA) 

Nigeria (NITDA, 2017). 

 

The methods used in this paper are similar to those in the 

authors’ earlier paper (Amusa and Oluwade, 2019A). The 

investigation conducted could be considered as 

exploratory and descriptive. It sought to determine the 

present awareness and satisfaction of the population with 

current technology services used in combating counterfeit 

drugs in Nigeria. The target population is the set of all 

Nigerians who use mobile telephone.  

 

3.1 Data Collection 

The survey method was used wherein data were collected 

from participants at selected areas in each of the 6 

geopolitical zones of the Federal Republic of Nigeria 

namely, South-West, South-South, South-East, North-

East, North-West and North-Central as shown in Figure 3. 
The target samples to represent the population were those 

who can easily identify English letter alphabets. 300 

questionnaires were distributed equally at each zone 

making a total of 1800. For the Secondary sources, some 

data were collected from the Nigerian National Bureau of 

Statistics (NBS) Nigeria (NBS, 2017) and the National 

Information Technology Development Agency (NITDA) 

Nigeria (NITDA, 2017). 

 

Explanations on the components of the figure are 

provided below: 
 

1 - Mobile User: Anybody using or operating mobile 

phones (in this study, user who sends text message 

enquiring for appropriate response from the content 

provider) 

2- Cell Tower or Base Station: A base station is a 

transmitting tower mounted at suitable places to be able to 

transmit and receive enough signal for proper 

communication with mobile phones up to few kilometres. 

Cell Towers transmit radiation continuously, so people 

living within 10’s of meters from the tower will receive 

10,000 to 10,000,000 times stronger signal than required 
for mobile communication (Kumar, 2010).       

3- SMSC Service Provider: When a user sends a text 

message to another user (in this study to Drug Regulatory 

Agency), the phone actually sends the message to the 

SMSC, which stores the message and then delivers it 

when the recipient is on the network, the SMSC access 

protocol which is Short Message Peer-to-Peer (SMPP) 

protocol enable interactions between external SMEs and 

service centers (Brown, Shipman, & Vetter, 2007). 

4- SMS Broker or Aggregator: An aggregator acts as a 

business entity that negotiates agreements with network 
providers to act as a middleman providing access to a 

cellular network for messaging services to third parties 

who have no direct relationship with the cellular network; 

for the purpose of this study, a life license was procured 

from Smsenabler to be able to implement the systems. 

The message aggregator uses the SMPP to maintain 

connections with carrier networks. Typically, aggregators 

provide access to their servers either through SMPP or 
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using custom APIs written in Java, PHP, Perl, and so on. 

We used PHP in this study for its simplicity.  

5- Content Provider: A mobile content provider is an 

entity that provides value-added content and applications 

for mobile devices. 

 

In this study, content provider is Drug Regulatory 

Agency. A mobile phone user sends an interactive text 

message to retrieve information while the content 

provider returns the information in the form of text 
message back to the user through the aggregator. Figure 5 

shows the Out-Put (Response from system to user’s 

mobile phone). The file generated at the administrative 

side is shown in Figure 6. 

 
4. RESULTS AND DISCUSSION 

 

In this section, the interpretation of data, results and 

discussion are presented based on the data collected from 
the six geo-political zones of the Federal Republic of 

Nigeria. Just as discussed in (Amusa & Oluwade, 2019A), 

300 questionnaires  were distributed to 300 persons in 

each geopolitical zone, making it a total of 1800 

distributed questionnaires. Out of this, 1501 responses 

(83.4% of distributed questionnaires) were received. 1391 

of the received questionnaires  were valid, which 

represents 92.7% of the total response and 72.3% of 

distributed questionnaires. 

4.1 Biodata of Respondents 

 

The biodata of respondents have been 

extensively discussed in (Amusa & Oluwade, 2019A). 

Table 1, Table 2, Table 3, Table 4 and Table 5  show the 

information of respondents with respect to age, gender, 

educational background, location and working sector 

respectively. In Table 5, 38 respondents did not provide 
information on their sector, which makes the total number 

of valid respondents to be 1353 instead of 1391. 

 

4.2. Basic Information on Drugs 

This section gathers data on the respondents’ sources of 

medication information, medication procurement and 

their capability to identify fake drug. These data have 

been presented in (Amusa & Oluwade, 2019A). Among 

others, majority of respondents (50.4%) get their source 

of medication through physicians, majority of respondents 

(54.1%)  prefer to get their medication in Government 
hospital pharmacist centre (54.1%) while majority 

(32.9%) could not identify fake drugs 

 

4.3 Analysis on Level of Awareness  

 

This section focuses on respondents’ knowledge 

of fake drug, use of fake drug and means of detecting fake 

drug. In line with the presentation in (Amusa & Oluwade, 

2019A), majority of respondents (80.6%) know very 

much about a fake drug and majority of respondents 

(44.3%) have never used fake drug that was eventually 

discovered to be fake. In addition, as shown in Table 6,  

majority of respondents were aware about means of 

detecting fake drugs in Nigeria.  
 

The relationship between socio-demographic factors of 

respondents awareness about fake drugs in Nigeria was 

studied using statistical multivariate model (multiple 

regression). This has been described in (Amusa & 

Oluwade, 2019A). It was discovered that education, 

sector and source of information contribute significantly 

to respondents’ level of awareness on existence of fake 

drug in Nigeria. Respondents age, gender, profession and 

location do not contribute significantly to their level of 

awareness.  
 

4.4  Applicability of Information Technology  

 
In this section, the authors analyze the adequacy of 

available information technology in detecting fake drug. 

 

Table 7 shows that majority of respondents (55.6%) a 

indicate that there is no adequate technology to detect 

fake drug. 37.3% of respondents indicate that technology 

is very adequate and 7.1% cannot say about adequacy of 

technology for detecting fake drugs in Nigeria. Generally, 

respondents have shown that there is no significant 

available technology that is adequate for drug counterfeits 
in Nigeria. In Table 8, 15 respondents left the question 

unanswered, which makes the total number of valid 

respondents to be 1376 instead of 1391. The table depicts 

the response on accessibility of technology for fake drug 

detection in Nigeria. Majority of respondents (53.5%) do 

not have access to the technology for detection. 38.2% of 

respondents have access and 8% of respondents cannot 

say about accessibility of technology for detecting fake 

drugs in Nigeria.  

 

Table 9 indicates that there is a significant relationship 

between the location and the accessibility of technology 
to detect fake drugs. Since the P value (0.000) obtained is 

less than 0.05, this means that locations of respondents 

have significant contribution to their accessibility of the 

technology to detect fake drugs in Nigeria. The level of 

accessibility of technology to detect differs across 

locations in Nigeria.  
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4.5   Respondents’ Satisfaction on Existing Technology  

 

Figure 7 shows respondents’ level of satisfaction about 

existing technology. The respondents’ satisfaction about 

existing technology to manage fake drugs in Nigeria is 

classified into satisfied and not satisfied. Majority of 

respondents (65%) were not satisfied on existing 

technology for detecting counterfeits drugs.   

 

5.  CONCLUSION  

 

This paper has presented a report on studies conducted in 

the six geopolitical zones of Nigeria on the perception of 

citizens on the role of information technology in 

managing counterfeit drugs. A previous paper (Amusa & 

Oluwade, 2019A) focuses on prevention of counterfeit 

drugs while the present paper is concerned with detection. 

30 questionnaires were distributed per geopolitical zone 

giving a total of 1800. However, only 1391 questionnaires 

were validly returned. 

 
In general, it can be said that Nigeria is relatively at par 

with other international bodies in combating counterfeit 

drug, even though a lot has to be done to achieve the aim 

of making sure that consumables in circulation are free of 

fake and substandard products. 

 

This study confirmed the need to have a tailored 

information system to detect counterfeit drug. It was 

observed, among others, that facets of the pharmaceutical 

systems in Nigeria remain fairly vulnerable to corruption. 

This supports the findings of other researchers on this 

issue e.g. (Garuba, Kohler, & Huisman, 2009) . The 
findings also indicate that educational status of 

respondents is a factor that determines their level of 

knowledge about counterfeit drugs in Nigeria. The study 

also finds that fake drugs cannot be identified 

conveniently in Nigeria. Furthermore, it was discovered 

that a significant proportion of respondents have used 

drugs which were eventually discovered to be fake. This 

is an alert that active and positive action needs to be taken 

by relevant authorities to address this. Furthermore, level 

of awareness of respondents shows that majority of 

respondents were aware about means of detecting fake 
drugs in Nigeria.  

Generally, respondents have shown that there is no 

significant available technology that is adequate for drug 

counterfeits in Nigeria. This study confirms the conjecture 

that the lack of political will from the government to 

provide necessary infrastructure is a source of annoyance 

to some local pharmaceutical manufacturers, and this 

prevents them from operating optimally. However, further 

analysis revealed that a significant number of 

respondents/citizens do not have access to the technology 

for detecting fake drug. Militating factors and bottlenecks 

in the operations of pharmaceutical manufacturing 

businesses in Nigeria include high cost of energy and 

fueling, tariffs and stringent tax regimes imposed by 

various government agencies. 
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Figure 1: Officers of NAFDAC and NDLEA on action  (NAFDAC, 2016) 

 

 

    
 

Figure 2:   WHO Flyer on Counterfeit Drug 

    Source : (IMPACT, 2006) 
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 0-1: Counterfeit Incident-Regions of the World 

Source: Pharmaceutical Security Institute 

 
 

  
 

Figure 3: Map of Nigeria showing the 6 Geopolitical Zones    Source: (Nimc, 2018) 
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Figure 4: Process of Communication between a Mobile User and a Content Provider (Amusa & Oluwade, 2019A) 

 

 

 

 

     
 

 
   Figure 5: Response from System to User’s Mobile Phone 

    Source: Field demonstration, 2015 
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Figure 6: Generation of file at the Administrative side (Amusa & Oluwade, 2019A) 

 

 

 

 

   Table 1 – Respondents according to their age group 

 

  

VARIABLE FREQUENCY PERCENTAGE % 

AGE 

Below 20 

years 

193 13.9 

20 - 40 years 784 56.4 

40 - 60 years 395 28.4 

60 years above 19 1.4 

Total 1391 100 
 

 

 

 

 
 

 

 

 

 

 

  

 

 

 

Table 2 – Respondents according to their gender 
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Table 3 – Respondents according to their Education background

 

 

 

   

VARIABLE FREQUENCY PERCENTAGE % 

EDUCATION 

Primary 37 2.7 

Secondary 147 10.6 

OND / HND 320 23.0 

BSc / BA / 

MBBS 

631 45.4 

MA/MSc 228 16.4 

PhD 22 1.6 

Total 1391 100 

 

 
Table 4 – Respondents according to their Location 

 

 

VARIABLE FREQUENCY PERCENTAGE % 

LOCATION 

North West 238 17.1 

North East 186 13.5 

North Central 242 17.4 

South West 266 19.1 

South East 224 16.1 

South South 233 16.8 

Total 1391 100 
 

 

 

 

 

Table 5 – Respondents according to their working sector 

 

 

VARIABLE FREQUENCY PERCENTAGE 

% 

GENDER 

MALE 721 51.8 

FEMALE 670 48.2 

Total  1391 100 
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VARIABLE FREQUENCY PERCENTAGE % 

SECTOR 

Private 669 49.4 

Government 684 50.6 

Total 1353 17.4 
 

 

Table 6 - Respondents’ awareness about means of detecting fake drugs 

 

 

Statement/ Question: Are you aware about means of 

detecting fake drugs 

                         FREQUENCY     PERCENTAGE 

Not at all 257 18.5 

A little 410 29.5 

Somewhat  230 16.5 

Very much  457 32.9 

I cannot say  37 2.6 

TOTAL 1391 100 
 

 

Table 7:  Adequacy of available Information Technology for Fake drug detection 

 

Statement/ Question:  Do you think available technology is 

adequate for Detecting Fake Drug? 

                                             FREQUENCY                 

PERCENTAGE % 

Not at all 773 55.6 

Very much  519 37.3 

I cannot say  99 7.1 

TOTAL 1391 100 
 

  Source; Field Survey, 2015 

 

 

 

 

 

 

 

 

 

Table 8 – Accessibility of Technology for Fake Drug Detection 

 

Statement/ Question;  What do you have to say about accessibility of  
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technology for detecting Fake Drug? 

                                              FREQUENCY                           PERCENTAGE 

Not at all 736 53.5 

WVery much  526 38.2 

I cannot say  114 8.3 

TOTAL 1376 100 
 

 

Table 9 - Cross Tabulation (Chi-Square) Of Respondents Location And Accessibility of Technology for Detecting 

Fake Drugs 

 

Accessibility of Technology to detect * LOCATION Cross Tabulation 

 Accessibility of Technology to 

detect fake drugs 

LOCATION 

Total 

North 

West 

North 

East 

North 

Central 

South 

West 

South 

East 

South 

South 
 Not 

Accessibl

e 

Count 40 31 33 32 34 27 197 

%  2.9% 2.3% 2.4% 2.3% 2.5% 2.0% 14.3% 

Little 

Accessibl

e 

Count 82 73 87 128 76 94 540 

%  6.0% 5.3% 6.3% 9.3% 5.5% 6.8% 39.2% 

Somewha

t 

Accessibl

e 

Count 54 37 54 49 58 52 304 

%  3.9% 2.7% 3.9% 3.6% 4.2% 3.8% 22.1% 

Very 

much 

Accessibl

e 

Count 33 35 38 42 35 38 221 

%  2.4% 2.5% 2.8% 3.1% 2.5% 2.8% 16.1% 

I cannot 

say 

Count 27 10 27 14 17 19 114 

%  2.0% .7% 2.0% 1.0% 1.2% 1.4% 8.3% 

Total Count 236 186 239 265 220 230 1376 

%  17.2% 13.5% 17.4% 19.3% 16.0% 16.7% 100.0% 

 

DF = 20, P - Value = 0.046  
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Figure 7: Mean score Percentage of Respondents Level of Satisfaction on effect of Information technology on Fake 

Drug 
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      ABSTRACT 
This study improved on the existing system in which staff records are being managed and maintained in the record 

section of the Ladoke Akintola University of Technology, Ogbomoso. The need to have a better system of record 

management is necessary, and this led to the development of university personnel record management system using 

K-Way Merge Sort Algorithm for sorting and merging of the data in the database to produce the required 

information in a requested format, which before normally waste time, with a lot of inadequacy in the report. The 

system was designed by creating a relational database with MYSQL to accept personnel record effectively and, 

designing a web-based solution using PHP, JavaScript and HTML at the front-end. The MYSQL was placed at the 

back-end of the database in order to be able to give the record section of the University a more secured and effective 

personnel record management system. The developed system introduced k-way merge sort algorithm to query the 

database in order to generate required report, sorting and collating of different related fields as enquired, merging 

them to form a single output, and keeping the updated records in the archive for future references. 
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1.  INTRODUCTION    
 

Nowadays, huge amount of data stored in institutions such 

as universities and organizations have valuable 

information beyond the immediate environment (Akor & 

Udensi, 2014). Lack of good processing technique in 

bringing out needed information in a specified format is 

one of the predominant problems in record management 

system (Joseph, Debowski & Goldschmidt, 2012). 

Modern society has raised expectation concerning the 

easy accessibility of information and expecting efficient 
and speedy responses to request for information (Fagbotor 

et. al., 2015). It is necessary to produce, file, index, use 

and archive records of an institution by evaluating, 

disposing or transferring them in order to enable the 

institution to fulfil its obligations regarding its 

administrative and operational processes (Demirtel & 

Bayram, 2014). Records Management and Archiving 

applications are tools employed in recording and written 

communication processes (Chiwanza & Mutongi, 2017). 

The public institutions need information systems, which 

enable them to manage the records systematically (Pho 

and Tambo, 2014), produce within their business 
processes and conduct such processes in electronic media 

(Nkebukwa, 2016). University records are one of major 

assets that have values beyond the immediate 

environment (Eusoff & Yusof, 2011). The loss of 

University’s personnel records, or even a part of them 

could destroy the evidence of staffs’ history, staff 

entitlements and jeopardize the University’s rights and 

interests. Personnel record management is one of the 

crucial, tasking and, risking aspects of organization which 

is glaringly not only important but also an essential 

necessity. The term personnel record management system, 
among others contain employment, deployment, 

employee’s promotions and leaves, as well as staff 

training and development, industrial relations and joint 

consultation  

University personnel record keeps track of an entire 

service history of all the staff of the University and 

generates gender based information, category of staff by 

states, promotion, retirement forecasting, and staff 

complete demographic profile within the 

Faculty/Departments/Units in the University.  A good 

University Personnel Record Management System 

(UPRMS) must be able to automatically calculate and 
generate the list of staff in their categories by: academic 

staff, senior non-teaching staff and junior staff; and 

combining different fields through sorting and merging by 

faculty/department, cadre, states, sex, confirmation of 

appointment, leave and; staff on promotion in a particular 

year, staff retirement in a particular year and their records 

of service, staff on annual leave, study leave with pay and 

without pay, sabbatical, staff deployments, staff next of 
kin for entitlements.   

 

In some cases it involves imposing physical security, such 

as a locked area, or even physically separate systems for 

confidential material, and also the system is being 

designed in such a way that only the authorized users and 

the administrator can have access to change or alter and 

update the record. A checking process is also included to 

monitor and record user’s activities and operations on the 

system to guide against inappropriate or mischievous 

amendment. In addition, to achieve the objectives of 

serving the employer and the employee, it is in the interest 
of the University and the individual that the records meet 

basic modern day criteria. Personnel records must be 

accurate, contain verified information and all the required 

information to be trusted by all parties involved. 

This paper applied k- way merge sorting algorithm to 

improve the record management system of Ladoke 

Akintola University of Technology, Ogbomoso, Oyo 

State, Nigeria. The University operates faculty system 

having seven faculties with three categories of staff which 

are academic staff, senior non-teaching staff and junior 

staff. The academic staff comprises of all the teaching 
staff in the University; senior non-teaching staff with 

(level 7 cadre and above) consists of all senior 

administrative, secretarial and technical staff, and junior 

staff (below level 7 cadre) comprises of all the junior 

administrative, secretarial and technical staff of the 

University. This study is based on the record section of 

the personnel affairs unit of the registry department. 

Personnel affairs unit is responsible for the development, 

management and maintenance of personnel policies, 

guidance of human resources development and to improve 

management services in the university at large. In its role, 

it holds personal records of staff and includes a division 
responsible for personnel record management. It ensures 

that the information contained on staff personal files is 

accurate, up to date and readily retrievable. The record 

section, in the personnel affairs unit is saddled with the 

responsibilities of keeping, handling and proper 

maintenance of all University staff records as contained in 

individual assumptions/bio-data forms in their personal 

file in the personnel affairs unit, of the Registry 

Department in the University.  Other responsibilities 

include: generation of staff list that are due for promotion 

in a particular year, staff that are due for retirement, staff 
on leaves and staff profile; generation of staff 

movement/deployment detail in the University and, 

generation of individual staff record of service in case of 
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resignation, retirement, withdrawal of service, transfer of 

service and death. 

2. LITERATURE REVIEW  

 

2.1 K-way Merge Sort Algorithm 

It is a merge sort that sorts a data stream using repeated 

merges (Kumar, Dutt & Saini, 2014). It distributes the 

input into *k streams by repeatedly reading a block of 

inputs that fits in memory called a run. It sorts, and then 

writes to the next stream. It merges run from the k stream 

into an output stream. It then repeatedly distributes the 

runs in the output stream to the k streams and merges 

them until there is a single sorted output. The steps are 

described as follows: 

 

Step 1: Introduce read-indices i, j to traverse arrays A and 

B, accordingly. Introduce write- 

index k to store position of the first free cell in 

the resulting array. By default i = j = k =   

 0. 

Step 2: At each step: if both indices are in range (i < m 

and j < n), choose minimum of (A[i],  

B[j]) and write it to C[k]. Otherwise go to step 4. 

Step 3: Increase k and index of the array, algorithm 

located minimal value at, by one. Repeat  

step 2 

Step4: Copy the rest values from the array, which index is 

still in range, to the resulting array. 

Step 5: Each list is sorted by the value of its head element 

in the resulting array. 

Step 6: Then the head element of the first list is removed 

and placed into S' 

Step 7: After the head element of the first list is removed, 

it is resorted according to the value of  

its new head element. 

Step 8: This repeats until all lists are empty Moreover, if 

the number of sorted lists k is greater  

than 2, the K-Way Merge function found in 

merge sort can still be used to merge  

everything into a single sorted list. 

Step 9: End 

 

2.2 Related Work 

 (Fashoto et. al., 2018) assessed the readiness of academic 

staff of Kampala International University (KIU), Uganda 

for the application of a dynamic Human Resource 

Information System (HRIS) framework in the 

performance evaluation of staff members. The dynamic 

framework was proposed to address the challenges faced 

by the Human Resources Department of the University in 

using the current static system. Problems of the current 

system include delays and frequent misplacement and loss 
of documents, often resulting in career stagnation on the 

part of staff members. The Technology Organization 

Environment (TOE) theory was used to investigate the 

factors for evaluating the performance of KIU academic 

staff and examining the role of a dynamic HRIS in 

performance evaluation. The major focus of the study is 

to determine the readiness of academic staff to adopt 

HRIS and the most important factors for its successful 

implementation. Questionnaires were employed in this 

study in order to gather first hand data and findings right 

from the respondents on the field. Data was analyzed 
using SPSS 16.0 for windows. The findings showed that 

unavailability of Information and Communication 

Technology (ICT) services, poor ICT skills, irregularities 

of the system and absence of organizational competition 

are the most significant TOE factors that could militate 

against the effective application and usage of the HRIS if 

adopted.  

An employee management system using iron ore mining 

company, Itakpe, Kogi State, Nigeria as a case study was 

designed (Adetoye & Kehinde, 2014). Employee 

Management System was designed, that consisted of 

functionally related graphical user’s interface and a 
database. The Employee Management System produced 

well controlled access and rapid transaction processing to 

meet the requirement of the organization. 

A record management was developed for Federal 

University of Technology, Minna,, Nigeria and Ibrahim 

Badamasi Babangida University, Lapai, Nigeria (Akor & 

Usman, 2013).  During the study four research questions 

were posed. The study sample population comprised of 88 

staff (46 staff from the establishment division of the 

Federal University of Technology, Minna, and 42 staff 

from the establishment division of the Ibrahim Badamasi 
Babangida University, Lapai, Nigeria. The instrument 

used for data collection was questionnaire. The research 

questions were answered using frequency and 
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percentages. The major findings of the study revealed: 

ineffectiveness in record management practices, 
incompetent personnel, inadequate infrastructural 

facilities, constant power failure. Based on these findings, 

the following recommendations were made. Effort should 

be made for provision of standby generator as an 

alternative to power supply, training of staff to handle the 

universities’ record, provision of adequate fund and 

enough infrastructural facilities.  

A comparison of record keeping processes in a Turkish 

university with those of two Canadian universities was 

conducted by (Kulcu, 2009).  The study aims to clarify 

the condition of the record systems of two countries, lay 

out the profiles of professional education of the staff, 
illustrate the methods of creation, access, retrieval, 

retention, and disposition of the records, and evaluate 

administrative conditions and the problems of the record 

systems. Records management practices in the Turkish 

universities are evaluated in the example of Hacettepe 

University. For the Canadian counterpart, the University 

of British Columbia and Simon Fraser University have 

been selected and the data gathered from these two 

universities have been merged. The results of the study 

shed light on the importance of international comparative 

studies for evaluating the condition of records systems. 

(Mustafa & Erguzen, 2015) developed an electronic 

document management system for Kırıkkale University to 

handle a large number of documents in several types. 

Producing, sharing, copying and archiving documents are 

an important issue. Most of the institutions and 

universities handle these tasks manually or semi-

automated. However, they are faced with many problems 

in practice since there is not an effective document 

management system. It is difficult to achieve necessary 

documents quickly when it is required and to share these 

documents with others when it is needed. For such 

reasons, institutions have to develop document 
management system applications.  

Records management system for selection of 

matriculation colleges in Malaysia was presented in 

(Yusof & Eusoff, 2011). A survey was initiated in order 

to identify the needs and justify the development of such a 

system. Survey method, employing questionnaire as the 

technique to collect data was adopted. The questionnaires 

were distributed to 120 respondents from October 2009 

through February 2010. The collected data was 

descriptively analyzed using Statistical Package for Social 

Science (SPSS) version 16.0. Rapid Application 
Development (RAD) was used in the system development 

process. User acceptance test (UAT) was conducted to 

measure the acceptability of the system. The result of the 

test indicated the potential usage of the system in 

matriculation colleges throughout Malaysia. 

(Nkebukwa, 2016) focused on the human resources 

personnel, records management officers, employees, 

students and head of units at the College of Business 

Education (CBE). Purposive sampling was used to select 

15 respective heads of departments, human resources 

personnel and head units. Simple random sampling was 

chosen to obtain 30 students and 5 employees, which 

were interviewed, and finally, the total respondents were 

50. Findings of the study revealed that, the College has no 

formal records management system employed. However, 

it was observed that, the CBE campuses employ alpha 

numeric and keyword system to store and keep files in 
their registry. Also, it was observed that in Mwanza 

campus, there is no registry. Also, the study discovered 

that, the college uses an integrated tertiary system which 

is used mainly for students’ registration, examination 

results, employees and financial records. Also, finding 

revealed that both paper and electronic records are 

generated and some of them are kept open for public 

consumption while others are closed (not for public 

consumption). Challenges facing records management 

process at CBE are delayed decisions due to the slow 

movement of files, the absence of formal systems, lack of 
motivation among registry staff, lack of equipment like 

files, lack of skilled records personnel, insufficient 

number of record offices (for example the main campus 

has only three registry staff).  

The management of medical records in the context of 

service delivery in the public sector in KwaZulu-Natal, 

South Africa (case of Ngwelezana Hospital) was the focus 

of (Luthuli & Kalusopa, 2017). The ultimate goal of the 

study was to get the clear understanding of the scale and 

dimension of good medical records management in 

determining issues of accountability in health care for 

citizens at local or community level in the quest for 
optimal health service delivery and governance. Findings 

showed that poor records management could undermine 

the service delivery, particularly transparency and 

accountability in health delivery. The study endorses, 

based on best practice, recommendations that underscore 

good records management governance, recordkeeping 

system, records management technology and 

infrastructure, records archival processes, and records 

management human resource capabilities. 

 

(Abdulrahman, 2015) came up with a study to assess the 
management of records for effective administration of 

universities in North Central Nigeria. A descriptive 

survey was conducted to carry out the study. 
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Questionnaire was used in the collection of data. The 

results of analysis, among others, showed that alphabetic 
and subject filing systems were the two major filing 

systems used. Also, records creation, records retrieval, 

records scheduling, steel shelves, drawers for flat file, box 

file and top of tables were storage facilities made 

available. Compliance with international standard, 

adequate storage facilities under good environment, 

computerization of all universities records, periodic check 

to ensure proper management were identified as strategies 

that contribute to effective management of records. 

 

(Egwunyenga, 2009) examined the associated problems 

and management options of record keeping among 
universities in the South West Geo-Political Zone of 

Nigeria. A total of 2,471 staff (made up of 684 academic 

and 1,787 non-academic staff, representing 20% of the 

population) was sampled for the study. A structured 

questionnaire was used to obtain data which were 

subsequently analyzed by the use of mean scores and Z-

test statistics to give answers to two research questions 

and two hypotheses. Findings revealed that negative 

attitude of staff, improper security of records, inadequate 

computer terminals, ineffective means of retrieving 

records, lack of record keeping policy, inadequate 
resources as well as lack of record retention and 

disposition schedule among others were identified as the 

associated problems.  

       

3. METHODOLOGY 

 

3.1 Overview of the Existing System 

Ladoke Akintola University of Technology, Ogbomoso 

has over two thousand (2,000) staff that comprises of 

academic, senior non-teaching and junior staff. Registry 

department of the University is saddled with the 

responsibilities of managing and maintaining the 
personnel record of all the University staff. Personnel 

affairs unit is one of the units in the registry department 

that is responsible to develop, manage and maintain 

personnel information, policies, guide human resources 

development and to improve management services in the 

university at large, and is headed by the Deputy Registrar. 

The personnel function involves a wide range of 

activities, from staff recruitment, deployment, 

development and training to disciplinary matters and 

employee appraisals.  It is also concerned with grievance 

procedures, redundancy and dismissal, human resources 
planning, salary structures and conditions of service of 

employees, as well as negotiations with trade unions and 

staff associations. All employees have staff files that are 

created on appointment; these files, where personal 

information of each staff is recorded are maintained and 

kept in the personnel affairs unit; personal records of staff 
are treated with confidentiality in the unit. Staff files are 

important as they serve as evidence that an employee 

really exists and that the employee’s grade is appropriate 

to the paid salary and that any additional benefits are 

correct and duly authorized. 

Record section was established in the personnel affairs 

unit to manage all the personnel records as stated in their 

various files. Record section of the personnel has five 

staff, headed by the Assistant Registrar, other staffs are, 

Executive Officer, Data Management Officer, Clerical 

Officer and Office Assistant. At the inception, the 

personnel (employee) records have been handled 
manually, i.e. using paper work and later to Microsoft 

word but, most recently, excel sheets.  The Data 

Management Officer, with the use of the computer 

system, used Microsoft Word and Excel to create tables 

for list of staff; picked each staff file; input the 

information on the bio-data form filled on assumption of 

duty for all the University staff. This process took a 

longer time before completion, and it was easier then, to 

easily locate each staff through the use of “CTRL+Find” 

with the staff file id.  Moreover, Information 

Communication Technology (ICT) of Ladoke Akintola 
University of Technology, Ogbomoso maintains a Record 

Information Management database for the entire 

University community (staff and student) but, it is not 

authorized to update or work on staff records. Any 

information on personnel record has to be rooted through 

the University’s Registrar to the Personnel Affairs Unit.   

 

However, fast increase in the number of personnel due to 

the rapid growth experienced in the University made the 

work more tedious. Whenever need arises to generate the 

record of service of a staff, we need to pick the files and 

study it in order to be able to get authentic and accurate 
details, cases of information on a staff personal files may 

not correlate with the ones with the record sections. 

However, cases of missing documents from staff personal 

files, illegally access to staff file to commit fraudulent act 

or alter information on it, which causes confusion when 

generating report on such staff have posed danger to the 

University. Low level of security due to lack of system 

administrator to monitor the user, file access, log in and 

log out time and period of usage. Although, the system 

that is currently used in the record section for personnel 

record management system has gone beyond the manual 
method to the computerized systems but, still far from the 

present day expectations as the findings of the reviewed 

literatures indicated. 
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3.2 The Proposed Personnel Record Management 

System 
The developed personnel record management system 

focused three categories of staff of Ladoke Akintola 

University, Ogbomoso, this comprised of academic staff, 

senior non-teaching staff and junior staff. To achieve the 

objectives of the study, the existing record management 

system made use of Microsoft excel for sorting of data 

were studied and analyzed, by comparing the strong and 

weak points of the system. Observation techniques were 

also employed to gather information on how the record 

have been managed and different problems faced during 

the updating and retrieval of information were noted. 

Some existing literatures, journals, articles and research 
work were also reviewed.  

 

The university personnel record management system 

database was implemented through a user defined 

database management system (MYSQL), PHP 

programming language and some other web technology 

tools like HTML, CSS, JavaScript adopting K-way merge 

sort algorithm for sorting and merging to generate needed 

information, so that most information processed can be 

performed entirely on computer system and query of 

personnel information will be faster and easier. The 
primary data was adopted and some staff were randomly 

picked to spread across the three categories of staff. The 

flowchart of the personal record management is shown 

Figure 1, and also the case diagram is shown in Figure 2. 

 

3.4 Design of Database for Personnel Record  

Management System 

The personnel record management system was developed 

based on structure of database design architecture. 

Database was designed for different record systems in 

Personnel Affair unit for Ladoke Akintola University 

Ogbomoso, Oyo State. 
 

(i)  Categories of Staff 

The section shows the design of database that stores 

information of various categories of staff, which include 

academic staff, non-academic and junior staff as shown in 

Figure 3, Figure 4 and Figure 5. In Figure 3, the field ID 

with integer type has maximum size of 11; the field 

academic with text type has no fixed size for all academic 

staff. In Figure 4, the field ID with integer type has 

maximum size of 11; the field non-teaching with text type 

has no fixed size for non-academic staff. In Figure 5, the 
field ID with integer type has maximum size of 11; the 

field junior staff with text type has no fixed size for junior 

staff. 

 

(ii) Application Users Table 

The database creates the table for all application users as 
shown in Figure 6. The field id with integer type has size 

of 11, the field password with varcharacter has maximum 

of 100, the field name and email with varcharacter type 

has maximum size of 500, the field gender and status with 

varcharacter has maximum size of 20. 

(iii) Personnel Record Table 

The database creates the table for all application users, as  

shown in Figure 7. 

 

 

(iv) Faculties and Departments Names Table 

The database design of faculties and departments is 
created in this phase as shown in Figure 8. The field id 

with integer type has maximum size of 11, the field 

faculty id with varcharacter type has maximum size of 10, 

and field department name with varcharacter type has 

maximum size of 200. 

 

(v) Faculties Table 

The database design for all faculties in the university is 

created as shown in Figure 9. The field id with integer 

type has maximum size of 11 and the field faculty name 

with varcharacter type has maximum size of 200. 

(vi) States and Local Governments id Table 

This phase shows the database design for states and local 

government’s id for staff as shown in Figure 10. The field 

id with integer type has maximum size of 11, the field age 

with varcharacter type has maximum size of 50, and the 

field state id with integer type has maximum of 11. 

 

vii) Categories of all administrative officer staff 

All categories of administrative officers are created in this 

phase as shown in Figure 11. The field id with integer 

type has maximum size of 11, and the adm field with text 

type has no fixed size. 

 

4. RESULTS AND DISCUSSION 

 

4.1 Login Phase 

The login page allows user to input email address and 

password which is authenticated from the database as 

shown Figure 12. This phase is the first interface that 

allows access to the system by clicking the login button. 

 

4.2 Main Menu  

This phase displays the main menu that contains the 

modules and sub-modules in the database including the 

page navigator at the left corner of the application as 
shown in Figure 13. It displays the total number of 
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personnel and categorizes them into academics, senior 

non-teaching and junior staff. It also shows the number of 
admin and banned users, which are retired, resigned, 

dismissed, dead and staff that withdrew their services. 

 
4.3 Staff Profile 

This contains individual staff profile with record of 

service for records of all promotions, variance types of 

leaves each staff has enjoyed and deployment history in 
case of senior and junior administrative staff of the 

registry as shown in Figure 14. 

 

4.4 Next of kin 

It contains the next of kin(s) details of each staff like 

name, gender, relationship and so on as shown in Figure 

15 

 

4.5 Add Employee 

The administrator or user adds new employee’s detailed 

information as contained in the bio-data form filled on 
assumption of duty to the new system in order to have a 

record in the database. It contains forty one (41) fields. 

This is shown in Figure 16. 

 

4.6 List Employee  

The list of all the registered personnel of the University in 

the three (3) categories of staff is displayed here, with 

their file no., title, names, faculty, department and present 

position as shown in Figure 17. It also indicated the status 

of the staff whether active, dismiss, resign, retire or dead. 

 

4.7 Edit Employee  
The administrator or user is able to edit personnel record 

that is being mistakenly entered while registering; when 

there is an additional certificate, promotion or deployment 

are needed to be updated. The interface for record of 

employee edited is shown in Figure 18.  

 

4.8 Promote Personnel  

An administrator or user can promote all categories of 

University personnel here, depending on whether the 

personnel is due for promotion based, on the last 

promotion date in compliance with the condition for 
promotion of the category of the staff to be promoted as 

shown in Figure 19(a), or else it will return an error page 

saying the personnel is not due for promotion. This page 

comes up when user try to promote personnel that is not 

due for promotion as shown in Figure 19(b). 

 

4.9 Deployment  

This is where the movement of all registry staff (junior 

and senior non-teaching staff) from one department, 

faculty or office is updated and stored as shown in Figure 

20.  
 

4.10 Personnel Leave 

All personnel’s leave is being processed here. The type of 

leave, date of leave and resumption is entered into the 

database. The record is updated and stored in the 

individual staff profile as shown in Figure 21. 

 

4.11 Personnel Mode of Exit 

The administrator or user is able to update personnel 

record, when one is leaving the University on retirement, 

resignation, withdrawal of service, dismissal, termination 

and death. This is shown in Figure 22 
 

4.12 Create User 

A user account is created in this interface as shown in 

Figure 23(a) and successful user account is shown in 

Figure 23(b) 

 

4.13 List Users 

Figure 24 displays all the administrators and users with 

the time of the account also created. 

 

4.14 User’s Record 
The record of authorized users is shown in Figure 25. 

 

4.15: Change Password 

Only the logged users can change their passwords here. 

The interface is shown in Figure 26. 

 

Changing of password will be successful if it is being 

changed while the account is logged on as shown in 

Figure 27(a), but, will not be successful if the user is 

trying to change the password of another user’s account as 

shown in Figure 27(b). 

 

4.16 Generation of Report 

This is the main focus of the study. The administrator or 

user is being able to extract records and generate several 

reports using the K-way merge sort algorithm by selecting 

or combining any of the listed fields used for the search as 

shown in Figure 28. The user/admin can select more than 

one fields and search as many as the number of fields 

presented in the print report and the  k-way merge sort 

was integrated into the record management system. In a 

situation where only one field is selected, the application 

will only search for the field selected and bring out the 
results. If there is record for the search operation, the 

application will return to the page, telling the user: “No 

Record Found”. 
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Report allows users to search for more than one field 

simultaneously,for instance, assuming the user select 
three fields to search the back-end works like this 

 FROM staff profile SELECT faculty = Pure and Applied 

Sciences. Then SELECT marital status = Married. Then 

SELECT sex = Male. The application takes the result 

from each operation and merges it together and brings out 

the result as shown in Figure 29. 

 

4.17 Print profile 

Individual personnel detailed personal information and 

record of service in the University is displayed in the staff 

profile as shown in Figure 30. Record of service of staff is 

important to every member of University staff, apart from 
the staff bio-data stored, staff’s leave history with dates, 

promotions with dates, deployment history for all the 

registry staff; and mode of exit and date can easily be 

accessed. 

 

4.18 Print Report (Academics Staff by Cadre) 

The result of all professors that are male, married, 

confirmed and permanent staff, from different state and 

from various departments as shown in Figure 31. 

 

Also, the report of all academic staff, who are readers, 
both male and female from different states is shown in 

Figure 32. 

 

4.19 Print Report ( Senior Non-Teaching Staff) 

Report of all senior non-teaching staff that are confirmed 

and permanent, which are from Oyo and Osun state as 

shown in Figure 33. 

 

4.20 Retirement Projection:  

The report for staff lists those that are due for retirement 

in the year 2018 from the three categories of staff is 

shown in Figure 34. 
 

4.21 Retired Staff 

Figure 35 shows the report generated for list of staff who 

have retired from the University. 

 

4.22 Report List of Academics Staff on Sabbatical 

Leave 

The report of list of all academic staff that are on 

sabbatical leave is shown in Figure 36. 

 

4.23 Report List of Associate Lecturers 
 Report of academic staff that are Associate Lecturers is 

shown in Figure 37. 

 

4.24 List of staff on study leave with salary 

Reports of staff that are currently on study leave with 

salary is shown in Figure 38. 
 

4.25 List of staff on temporary appointment 

Report of staff on temporary appointment from Oyo and 

Osun state is shown in Figure 39. 

 

5.  CONCLUSION  

 

This study is able to show improvement upon the existing 

personnel record management system of the record 

section of Ladoke Akintola University of Technology, 

Ogbomosho, Oyo state. The existing approach involved 

the use of application softwares such as Microsoft word 
and excels to carry out the record management system. 

The developed University personnel record management 

system having a database employed a k-way merge sort 

algorithms in implementing the query tools and extraction 

of information required from the database. After the 

implementation of the algorithms, the searching tool was 

able to achieve the goal set for it, which provided an 

efficient means of updating the staff record and, other 

modifications with increase in efficiency, speed, 

reliability of the report and also keep the updated record 

in archive for future references.  
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Figure 1:  Flowchart of the personnel record management system 
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Figure 2: Use Case Diagram for Personnel Record Management System 

 

 

Figure 3: Database of Academic Staff  

 

Figure 4: Database of Non-Academic Staff 
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Figure 5: Database of Junior Staff 

 

Figure 6: Database of Application users  
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Figure 7: Database of Information of Personnel. 

 

 

 

 

 

Figure 8: Database of faculties’ id and department name 
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Figure 9: Database of Faculties in the University. 

 

Figure 10: Database of Local Government and State id. 

 

 

   Figure 11: Database of Administrative Staff 
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    Figure 12: Login Platform 

 

 

 

 

 

 

 

 

 

 

 

 

                                          

                                         Figure 13: Menu Display (Dashboard) 
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     Figure 14: Staff Profile 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Figure 15: Next of kin  
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 Figure 16: Add Employee 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 17: Employees List 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: Record of Employee Edited 
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    Figure 19(a): Promote personnel 

 

 

 

 

 

 

 

 
 

 

 Figure 19(b): Error page of Personnel not due for Promotion 
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     Figure 20: Staff Deployment 

 

 

 

 
 

 

Figure 21: Personnel Leave 
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Figure 22: Personnel Mode of Exit 

 

 

 

 

 

 

 
 

  Figure 23(a): Account creation for User 
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   Figure 23(b): User Account Creation Successful 

 

 

 
 

    Figure 24: Account User’s List 
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    Figure 25: User’s Record 

 

 

 
 

 

    Figure 26: User Password Changed 
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   Figure 27(a): Successful password changed 

 

 

 
 

 

   Figure 27(b): Unsuccessful password changed 
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    Figure 28: Extraction of Data Process 

 

 

 
 

 

  Figure 29: Generated List of all Male Married Pure &Applied Sciences Staff  
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   Figure 30: Individual Staff Profile 
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 Figure 31: List of Male Professors, on permanent appointment from Oyo or Osun. 

 

 

 
 

 

    Figure 32: List of all Readers 

91



Vol. 1, Issue 1, January 2019, pp. 65 -  94       

Abikoye, Oyelakun, Aro & Obisesan  (2019). Design and Implementation of a Personnel Record Management 
System 

      
© 2019 Afr. J. MIS . https://afrjmis.net     

 
 

                  

 
 

 

 
 

 

  Figure 33: Confirmed Senior Non-Teaching Staff from Oyo and Osun states. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 Figure 34: Retirement Projection 
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    Figure 35: Retired personnel 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

                       Figure 36: Academic staff on Sabbatical Leave 
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                                   Figure 37: Associate Lecturers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

   Figure 38: Staff on study leave with salary 
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                                         Figure 39: Staff on temporary appointment 
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