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      Introduction 

_________________________________________________________________ 
 
 

“A thousand miles journey”, the adage says, “begins with a single step”. And so African Journal of 

Management Information System has successfully begun her journey in the comity of journals. With 

the publication of Vol. 1, Issue 1, against January 2019, the coast is clear for the publication of 

subsequent editions. It is thus a pleasure to welcome our readers to Vol. 1, Issue 2, April 2019.  Seven 

papers appear in this edition. 

 

The paper contributed by O. O. Taiwo, F. A. Kasali, I. O. Akinyemi, S. O. Kuyoro, O. Awodele, D. D. 

Ogbaro and T. S. Olaniyan is on data management. In it, the authors presented a procedure for 

classifying chronic myeloid Leukemia cancer dataset into risk groups using four machine learning 

algorithms with minimal loss function. These algorithms are BayesNet, Multilayered Perceptron, 

Projective Adaptive Resonance Theory and Logistic Regression. It was shown, among others, that the 

Logistic Regression algorithm has the minimum non-negative loss function in holdout technique. 

 

The paper by K. C. Ukaoha, M. B. Abdullahi and W. Nwankwo examined the Millennium 

Development Goals as they affect the implementation of open and distance learning education in 

Nigeria. The paper is on educational management. 

 

The relevance of machine learning algorithms (MLA) to information extraction in the academic 

environment is the focus of the paper by J. B. Agbogun, V. A. Akpan, B. A. Oluwade and V. I. Yemi-

Peters. In it, the authors presented an MLA for information extraction of structured academic data from 

unstructured web documents. A preliminary insight into application to the data of Kogi State 

University, Nigeria is then discussed. The paper is on data management. 

 

The contribution by Oluwakemi Sade Ayodele and Bamidele Oluwade is also on data management and 

is the second part of an earlier paper which dwells on a comparative analysis of quick, merge and 

insertion sort algorithms using three programming languages, namely Java, C and Python. That is, the 

paper is a continuation of another paper which appeared in Vol. 1, Issue 1, January 2019 edition (pp. 1-

18) of this journal. Whereas the previous paper is on execution time analysis, the present paper is on 

energy consumption analysis. Both papers are on data management. 

 

A survey of the role of management information system (MIS) in enhancing decision making in 

organizations is the subject matter of the paper by Mosud Y. Olumoye. It concludes that MIS plays a 

significant role by providing an array of useful information from which decision makers are able to 

take effective decisions. The paper is on MIS. 

 

The paper by Yacob Haliso and Tolulope I. Adenekan examined the connection among innovation 

products, innovation process and innovation administration vis-a-vis competitive advantage in private 

universities in southwest Nigeria. Using SPSS application software for the data analysis, the authors 

showed that there is a significant relationship among innovative products, innovative process, 

innovative administration and competitive advantage. In particular, it was established that the strongest 

predictor of competitive advantage is innovative administration, followed by innovative products and 
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then innovative process. 

 

The last paper in this edition pays tribute to two Nigerian professors and social activists, Ayodele 

Awojobi (1937 – 1984) and Pius Adesanmi (1972 – 2019), both of whom fought rigorously for the 

promotion of effective management of the resources of Africa, with particular reference to Nigeria. 

The paper, which is on management history, is authored by Bamidele Oluwade. 

 

This is to appreciate all authors, members of the Editorial Board, reviewers, and all who play one role 

or the other in the publication of this edition. Readers are welcome to this second edition of our 

quarterly journal - African Journal of Management Information System.  

 

Please enjoy reading it! Feedbacks are always welcome. 

 

 

 

 

Bamidele (‘Dele) Oluwade, Ph.D. 

Chief Editor, 

Afr. J. MIS, 
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      ABSTRACT 
Chronic Myeloid Leukemia (CML) had been stratified into risk groups using scoring systems but these systems have 

limitation of overfitting data. Machine Learning (ML) algorithms were used to extract meaningful information from the 

datasets, but the loss function (empirical risk) of the algorithms was not considered to determine the risk that was incurred in 

adopting the algorithms for stratification. In this paper, secondary dataset of 1640 CML patients, between 2003 and 2017 was 

collected from Obafemi Awolowo University Teaching Hospitals Complex, Ile-Ife, Osun Sate, Nigeria. An experimental 

analysis was performed in Waikato Environment for Knowledge Analysis 3.8.0 using basophil count and spleen size values on 

four ML algorithms (BayesNet, Multilayered perceptron, Projective Adaptive Resonance Theory (PART) and Logistic 

Regression) to determine low and high risk patients. Holdout and 10-fold cross-validation techniques were used to evaluate 

the performance of the algorithms on correctly classified instances, time to learn, kappa statistics, sensitivity and specificity. 

Considering the performance metrics, Logistic regression and PART algorithms were the two algorithms with better 

performance in stratifying patients’ risk group as against other algorithms used in this study. Afterwards, the loss functions 

of the two algorithms were determined by finding the difference between the true output  and the predicted output . The 

results of the loss function of Logistic regression algorithm for low and high risk in holdout and 10-fold cross-validation 

showed 0.22%, 1.40% and -0.22%, -0.02% respectively. Similarly, PART algorithm yielded -1.58%, 1.40% and -0.22%, -

0.26%. From the findings, the Logistic regression algorithm had the minimum non-negative loss function in holdout 

technique and was used in the developed model to stratify CML into their risk groups. Therefore, the determination of loss 

function of algorithms minimizes the empirical risk and as such plays a significant role in producing optimum and faster 

results for accurate stratification.  

 

Keywords: Classification algorithm, Data stratification, Empirical risk minimization, Loss function, Machine learning 
_______________________________________________________ 

Reference Format:  

 
Taiwo, O. O., Kasali, F. A., Akinyemi, I. O., Kuyoro, S. O., Awodele,  
O. Ogbaro, D. D. And Olaniyan, T. S. (2019), Stratification of Chronic  
Myeloid Leukemia Cancer Dataset into Risk Groups using Four Machine  
Learning Algorithms with Minimal Loss Function, 
Afr. J. MIS, Vol.1, Issue 2, pp. 1 - 18.   
 

© Afr. J. MIS, April 2019. 

1



Vol. 1, Issue 2, April 2019, pp. 1 - 18        

Taiwo, Kasali, Akinyemi, Kuyoro, Awodele, Ogbaro & Olaniyan (2019). Stratification of Chronic Myeloid Cancer 

Dataset into Risk Groups using Four Machine Learning Algorithms 

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

 
 

                  

 
 

 

 
1.  INTRODUCTION    
 

The field of Machine Learning (ML) has been employed 

in different Health Information Technology (HIT) 

systems where Clinical Predictive Models (CPM) systems 

hold a greater promise for transforming healthcare. These 
CPMs have been developed with the aid of known 

algorithms such as Artificial Neural Network (ANN), 

Support Vector Machine (SVM), Reinforcement Learning 

(RL), Decision Trees (DT), k Nearest Neighbour (kNN) 

and Gaussian Process, to predict the survival, progression, 

mortality and risk group of both the acute and chronic 

diseases (Atul, Prabhat & Jaiswal, 2014; Meng, Zhaoqi, 

Xiang-Sun & Yong, 2015; Stylianou, Akbarov, 

Kontopantelis, Buchan & Dunn, 2015; Safoora, Fatemeh, 

Mohamed, Coco, Joshua, Congzheng & Lee, 2017). 

CPMs have been seen to be successful in its 
implementation due to ML methods that were integrated 

in the computer-based systems in the healthcare 

environment; and as such provide opportunities to 

facilitate and enhance the work of medical experts, and 

ultimately improve the efficiency and quality of medical 

care (Jonathan & Steven, 2017). 

 

The World Health Organization (WHO) reported that 

there was a high growth rate and prevalence of patients 

living with chronic conditions in both the developing and 

developed countries (World Health Organization [WHO], 

2016); and in Nigeria there are about 10,000 cancer 
deaths recorded annually while 250,000 new cases are 

recorded yearly. Due to the increase in cancer statistics 

yearly, WHO launched a global action plan in 2013 for 

the prevention and control of non-communicable diseases 

for year 2013 to 2020, which aims at reducing premature 

mortality from cancer, cardiovascular diseases, diabetes 

and chronic respiratory diseases by 25% on or before year 

2025. WHO and International Agency for Research on 

Cancer (IARC) collaborated with other United Nations 

(UN) organizations to develop standards and tools to 

guide the planning and implementation of interventions 
for prevention, early diagnosis, screening, treatment and 

palliative and survivorship care; and to provide technical 

assistance for rapid, effective transfer of best practice 

interventions to less-developed countries (WHO, 2017). 

However, it is worrisome that only 17 percent of African 

countries are said to have sufficiently funded cancer 

control programmes while less than half of all countries in 

the world have functional plans to prevent the disease and 

provide treatment and care to patients. Due to this course, 

a model that can aid effective stratification of Chronic 

Myeloid Leukemia (CML) risk group is required. Some 

stratification models had been developed to stratify 

related diseases into risk groups; nevertheless, the loss 

functions of the algorithms used were not considered to 

minimize the empirical risk. Therefore this paper 

developed a model that uses the algorithm with minimal 

loss function to stratify CML into high or low risk group.  

  

2. LITERATURE REVIEW  

 

The field of Machine Learning was centered on 

biologically inspired models and the long term goals is to 

produce models and algorithms that can process 

information as well as biological systems; and 

encompasses many of the traditional areas of statistics 

with more focus on mathematical models (David, 2012). 

Machine learning is now central to many areas of interest 

in Computer Science and related large-scale information 

processing domains. ML is broadly defined as 

computational methods using experience to improve 
performance or to make accurate predictions; experience 

refers to the past information available to the learner, 

which typically takes the form of electronic data collected 

and made available for analysis. ML entails data-driven 

methods capable of mimicking, understanding and aiding 

human and biological information processing tasks; and is 

closely related with Artificial Intelligence (AI), with ML 

placing more emphasis on using data to drive and adapt 

the model from large datasets (Ian & Eibe, 2005). The 

motivation in ML is majorly to produce an algorithm that 

can either mimic or enhance human/biological 
performance (Sepp, 2013).  Machine Learning has been 

successfully deployed in variety of applications areas such 

as: morphological analysis in natural language processing, 

Optical Character Recognition (OCR), text or document 

classification, statistical parsing, named-entity 

recognition, medical diagnosis, speech recognition, 

speech synthesis, speaker verification, image recognition, 

fraud detection, network intrusion, robots, navigation, 

recommendation systems, search engines, information 

extraction systems, games, and many more (Mehryar, 

Afshin & Ameet, 2012). Hina, Syed and Harleen (2018) 
carried out a comparative survey of machine learning and 

meta-heuristic optimaization algorithms for sustainable 

and smart healthcare. The paper reviewed machine 

learning and its various optimization techniques in disease 

datasets which would help to avoid any kind of epidemic 

in algorithm selection. Alongside, an optimized 

sustainable healthcare framework that can use machine 

learning techniques and nature-inspired optimization 

2
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algorithm was designed to be used in healthcare dataset. 

In machine learning, more complex models can be 
searched because the task is more focused to learning only 

one or few carefully defined models which predict the 

variable in question. In another paper by Oladejo, Oladele 

and Saheed (2018), two dimensionality reduction 

strategies (feature selection and feature extraction) were 

used to address the problems of highly correlated data and 

to obtain a robust and efficient dimensional space. 

Analysis of micro array data was carried out on Leukemia 

cancer dataset with the goal of finding the smallest quality 

subsets for precise tumor arrangement. One-way ANOVA 

algorithm was used to select relevant variables and 

Principal component analysis (PCA) algorithm was used 
to remove the most relevant variables out of the ones that 

were selected. The classification algorithms employed 

were support vector machine (SVM) and K Nearest 

Neighbour (KNN) and experimental analysis was 

performed in matlabR2015a (8.5.0.197613) environment. 

The result of performance metrics in terms of accuracy 

attained 90% of SVM and 81.67% of KNN algorithm. 

 

2.1 Empirical Risk Minimization (ERM) 

Technique and Function 

 
Empirical Risk Minimization (ERM) is a theory in 

statistical learning that defines a family of learning 

algorithms and is used to give theoretical bounds on the 

performance of learning algorithms. It is a natural choice 

for a learning algorithm that helps to determine a good 

classification and regression learning function from a bad 

one (Barnabas, 2012); and it is a common and useful 

technique with which good approximation of globally 

optimal classifier can be obtained to give good statistical 

classification result. ERM is mostly used in determining 

the loss or risk function in supervised learning problems, 

and the major interest is to minimize the risk of choosing 
a hypothesis of a learning algorithm (Liyang, 2016). 

The ERM can be computed when the distribution p(x,y) is 

known to the learning algorithm, and by averaging the 

loss function on the training set. Considering the situation 

in which the hypothesis h* among a fixed class of 

function  for which the risk R(h) is minimal. The risk 

in this hypothesis is to be minimized using the equations 1 

to 3 as defined by Vapnik (2000): 

h* =                                                                                      

(1) 

In order to minimize the risk, let X and Y be the learning 

function: h: X → Y 

Training set = (x1, y1), … (xm,ym) where xi ϵ X is an input 

and yi ϵ Y is the corresponding response (output) to give 

h(xi). Assuming there is a probability distribution P(x, y) 

over x and y, and the training set consist of m instances 
(x1, y1), … (xm,ym) drawn independently and identically 

distributed (i.i.d) from distribution P(x, y). This 

assumption allows the model of uncertainty in 

predictions.  The loss function L(  y) is required to 

measure the difference between the predicting  of a 

hypothesis and the expected or true outcome y (Ji, Jiang, 

Wang, Xiong & Ohno-Machado, 2014). 

The risk associated with the hypothesis h(x) is the 
expectation of the loss function: 

 R(h) = E[L(h(x), y)] =                                                  

( 2) 

In this case, the learning algorithm chosen for prediction 

finds the hypothesis h* among a fixed class of function  

for which the risk R(h) is minimal. 

 

Empirical Risk Minimization Function 
The ERM function is computed when the distribution 

p(x,y) is known to the learning algorithm, and by 

averaging the loss function on the training set. It is an 

approximation that replaces R(h). The empirical risk is 

introduced as: 

Remp(h) =                                                                           

( 3) 

Hence, the principles’ interest is to choose a hypothesis  

that minimizes the empirical risk  
The ERM function is important in evaluating the 

performance of the function R(h) by using non-negative 

Real valued loss function  L(  y), which measures how 

different the prediction  is from the true outcome y. 

ERM can also be used to compute M-estimators 

(Chaudhuri, Sarwate & Sinha, 2013) which is obtained as 

the minima of sums of functions of the data. A 

regularization term R(·) on Remp can be used to prevent 
overfitting to give regularized ERM. The regularization 

term is seen as stabilizer of learning algorithm and it 

explains the phenomenon that changing a data point in the 

training set does not affect the performance of output 

classifier too much. This indicates how to control the 

trade-off between empirical risk and the difference 

between the true and empirical risk. Lagrange duality 

indicates that when we want to find linear classifier f that 

minimizes ERM with bounded norm  f  ≤ C for some 

constant C, we can find f by minimizing the regularized 

ERM for a suitable choice of Lagrange coefficient λ 

(Mahdavi, et al., 2014; Poline, et al., 2012).  

 

3
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2.2 Chronic Myeloid Leukemia  

Chronic Myeloid Leukemia (CML) is a type of leukemia 
characterized by the increased and unregulated growth of 

predominantly myeloid cells in the bone marrow and the 

accumulation of these cells in the blood (Besa, et al., 

2013). It is a cancer of the white blood cells characterized 

by expansion of proliferating myeloid cell pool especially 

in the bone marrow, spleen and peripheral blood. The risk 

of getting CML increases with age as it occurs in the 

Caucasians from the median age of 65 to 75 years (Eric, 

et al., 2014) and in the Africans from the median age of 

36 years (Range, 13-75) Based on the differences in the 

median age of occurrence, the Nigerian patients have their 

prognosis at an early age when compared with the 
Caucasians (Oyekunle et al., 2012). Chronic Myeloid 

Leukemia is a disease with three phases i.e. the Chronic-

Phase (CP), Accelerated-phase (AP), and Blastic 

transformation Phase (BP) but emphatically, the interest 

of this study is the chronic phase of CML because 

approximately 90% of patients are diagnosed in this phase 

(Hasford, et al., 2011).  

In predicting chronic myeloid leukemia-chronic phase 

(CML-CP), some scoring systems are used for risk 

stratification but mainly three (3) of them are widely 

accepted to stratify the patient into low, intermediate or 
high risk groups namely: Sokal, Hasford and EUTOS 

(European Treatment and Outcome Study) as described in 

Table 2.1. These scoring systems were long utilized in 

CML disease prediction till present and the outcomes are 

improving (Shouval, et al., 2014), but nevertheless, the 

procedure is still accompanied by high rate of morbidity 

and mortality due to the longer process of stratification, 

making the risk group selection a crucial issue. Hence, 

this calls for the reason to employ machine learning 

technique to improve the accuracy of stratification. Table 

1 is the tradition approach that has been used to define the 

risk group of a patient based on the input variables that 
are used for prognosis. 

 
3. METHODOLOGY 

 

A model that can be used for better stratification of CML 

dataset into their risk groups effectively was developed 
using the algorithm with minimal loss function. Hold-out 

(66%) and 10-fold cross-validation evaluation techniques 

were used to evaluate the performance of the four 

classification algorithms (supervised learning) to choose 

the best two algorithms. Hold-out was used on all the data 

points that are i.i.d (independently and identically 

distributed) because it is computationally easier to 

program and cross-validation was used to generate 

training and validation sets for the hyper-parameter 
tuning.  

 

3.1 Evaluation of Classification Algorithm 

Performance 

In evaluating the performance of the classification 

algorithms, the model was built in WEKA 3.8.0 using the 

hold-out (66% training data) and 10-fold cross-validation 

evaluation methods on BayesNet, Multilayered 

Perceptron, PART and Logistic Regression algorithms to 

train and test the classifiers. After the training process, the 

values of correctly classified instances, time taken to 

learn, kappa statistics, sensitivity and specificity were 
computed to compare their performances in which two 

algorithms with leading performances were chosen. The 

value of the Correctly Classified Instances (CCI) was 

determined by the percentage of correctness of outcome 

among the test sets, and that compares how close a new 

test value is to a value predicted by the rules. CCI was 

determined by dividing the sum of True Positive (TP) and 

True Negative (TN) values by the sum of TP, TN, False 

Positive (FP) and False Negative (FN) values multiplied 

by 100% as defined by Frank and Witten (2011) as shown 

in equation 4, 5 and 6.  

        CCI   =                                                                       

(4) 

Sensitivity was determined by dividing TP value by the 
sum of TP and FN values multiplied by 100% as shown in 

Equation 6. It measures the ability of a test to be positive 

when the condition is actually present. 

      Sensitivity =                                                                             

( 5) 

Specificity was determined by dividing TN value by the 

sum of FP and TN values multiplied by 100% as shown in 

Equation 6. It measures the ability of a test to be negative 

when the condition is actually not present. 

      Specificity =                                                                              

( 6) 

3.1.1 Model Building  

In the machine learning field, there are three basic phases 

in model building: pre-processing, processing and post-

processing in setting up a model. The pre-processing 

phase involves feature transformation and extraction, the 
processing phase involves model generation and tuning 

based on the chosen algorithms; and post-processing 

phase involves knowledge representation. Waikato 

Environment for Knowledge Analysis (WEKA) 3.8.0 was 

4
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used to build and evaluate the performance of the selected 

classification algorithms. WEKA was chosen because it is 
an open source machine learning package developed in 

Java that contains many machine learning algorithms 

including Bayesian classifiers, Functions, Lazy classifiers, 

Rules, Trees and Miscellaneous classifiers for data 

preprocessing, classification, regression, clustering, 

association rules and visualization. For the purpose of this 

study, four classification algorithms in machine learning 

such as Bayes (BayesNet), Functions (Multilayered 

Perceptron and Logistic Regression), and Rule (PART) 

were implemented on Explorer application of WEKA 

3.8.0 for easy and fair comparison of each algorithm. 

These classifiers were selected because they have been 
used in several researches, established as good classifiers, 

are “white box” classification models that provide 

explanation for the classification, and can be used directly 

for decision making. Since these are from different 

classifier families, they yielded different models that 

classify differently on same inputs. Hence, the decision of 

choosing the algorithms that are most suitable for the 

stratification problem was made by estimating the values 

of correctly classified instances, time to learn, kappa 

statistics, sensitivity and specificity. Afterwards, the 

empirical minimization technique was performed on the 
two classifiers to determine their minimum loss function 

(empirical risk).   

 

3.1.2 Empirical Risk Minimization Computation 

While determining the empirical risk minimization 

function, the learning hypothesis h: X → R was set with 

the training set = (x1, r1), … (xm, rm) where xi ϵ X is the 

input, and ri ϵ  is the output to give h(xi), while the 

probability distribution P(x, r) over x and r is 

independently and identically distributed (i.i.d). The loss 

function L( , r) was determined to measure the 

difference between the true or expected output r and the 

predicted output  of the hypothesis using: R(h) = 

E[L(h(x), r)] =  to find the 

hypothesis h* among a fixed class of function  for 

which the risk R(h) is minimal: h* = ; 

and empirical risk minimization was computed using 

Remp(h) =  on Logistic regression 

and PART algorithms, whereby Logistic regression which 

had the lowest and non-negative loss function value was 

selected as the optimal one.  
 

 

 

Problem Definition 

In order to obtain the desired results,  some 
assumptions on the class of the dataset were made. Given 

a CML dataset  of n individuals, where each 

observation di lies in this domain, the classifier that had 

the minimum loss function (empirical risk) was computed 

by averaging loss function on the training sets. From this 

point, it was assumed that the CML dataset had been 

processed, and the learning data has the specification of 

two spaces: X ≡ Input space and R ≡ Output space.  

  

Training Set of the dataset  

  = {Input set; Output set} = {Basophil count, 

Spleen size; Risk score} = {B, S; R} 

Input Set 

  = { , } = { 1, 2} 

where 1 =  = {b1, b2, …, bn} 

   2 =  = {s1, s2, …, sn} 

Test Set: Output Set 

  = {r1, r2, …, rn} 

There are two spaces of objects  and  which learn a 

function h:  →   in which:  

 Output r   given   

There is the training set ( i, i), … ( n, n), where i  

 is an input and i   is the corresponding output 

were the hypothesis h ( i) was derived from. It was 

assumed that there is a joint probability distribution P( , 

) over  and , and the training set consist of  

instances ( i, i), … ( m, m), drawn independently and 

identically distributed (i.i.d) from distribution P( , ). 

3.1.2.1    Loss Function 

The concept of loss function L was introduced and it was 

assumed that there are non-negative real-valued Loss 

function L(  ) which measures how the expected or 

true outcome  is different from predicted  of a 

hypothesis. The risk associated with the hypothesis h(x) is 

the expectation of the Loss function  using the equations 

7 to 12 as defined by Vapnik (2000): 

 R(h) = E[L(h(x), )] = 

                                               

(7) 

5
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In order to determine the risk of the hypothesis h in 

Equation 8, the integration of the product of the loss 
function, input x and the output r on the data distribution 

was done. However, the ultimate goal was to find a 

hypothesis h* among a fixed class of function  for 

which the risk R(h) is minimal: 

  h* =                                                                                      

( 8) 

Therefore Equation 8 gives the minimum hypothesis from 

the training set that has the minimum loss function. 
 

3.1.2.2    Expected Risk 

The expected risk was used to measure the expected 

performance of the algorithm with respect to L1-

regularized logistic regression solver. With a given 

function f, loss function L, and a probability distribution 

, the expected risk or true risk of f  was given to 

minimize the loss of test data. 

 RL,P(f) = , dP(x, )= 

P(x, ) d dx 

 =                                                                                            

( 9) 

where : Loss function 

            : Distribution of the data 

The expected risk of the loss function and distribution of 

the data was computed by finding the integration of the 

product of input x and output r, in which the derivative 
was done to give dr dx i.e. the output (risk group) as 

shown in equation 9. 

 

3.1.2.3    Empirical Risk Minimization Function 

The ERM was used to choose the hypothesis (rule) that 

minimizes the empirical risk = (h). 

In equation 10, the empirical risk of the hypothesis is 

averaged by  where m is the number of inputs 

considered in the training set. 

Remp(h) =                                                                          

( 10) 

Where n( ) = { , } = 2 

   = 2 

Remp(h) =                                                                           

(11) 

Therefore, equation 11 gives the empirical risk function 
on the hypothesis. However, the interest was to choose a 

hypothesis  that minimizes the empirical risk as shown 

in equation 12.  

 = (h)                                                                                 

(12) 
In equation 12, the mathematical operator ‘argmin’ 

returns a value minimizing the argument function, hence, 

the learning algorithm defined by the ERM principle 

consists in solving the above problem in equation 12. The 

ERM was tested on the Logistic regression and PART 

algorithms, and Logistic regression which had the 

minimum loss function (risk) was identified as the “best 

fit” algorithms for CML data stratification. Therefore, the 

ERM function was introduced in the Chronic Myeloid 

Leukemia Data Stratification model.  

 

3.2 Development of a model for stratifying 

chronic myeloid leukemia using algorithm 

with minimal loss function 

There are existing models that have been developed using 

the classification and prediction algorithm that perform 

best in their respective problem areas. The existing 

models are: (1) NCC-AUC: An AUC optimization 

method to identify multi-biomarker panel for cancer 

prognosis from genomic and clinical data by Meng et al. 

(2015); (2) Prospective stratification of patients at risk for 

emergency department revisit: Resource utilization and 

population management strategy implications by Bo et al. 
(2016); and (3) The SurvivalNet framework by Safoora et 

al. (2017). These models served as models leveraged on 

for the development of a stratification model that used the 

classifier with minimal loss function.  

 

The model aimed at stratifying CML dataset using the 

algorithm with the minimal loss function between the two 

algorithms that satisfied the standards of performance 

evaluation (i.e. the percentage of correctly classified 

instances, time to learn, kappa statistics, sensitivity and 

specificity). The model has nine (9) components namely: 

Data collection phase (retrospective and prospective data), 
pre-processing phase, learning phase, classifier selection 

phase, ERM computation phase, ERMDS algorithm 

phase, data stratification phase, ERMDS system and 

predictive score as shown in Figure 1.  

 

1. Data Collection Phase: In this phase Chronic 

Myeloid Leukemia – Chronic Phase patients’ 

data that were treated with imatinib was 

collected from the Haematology Department, 

OAUTHC, Ile-Ife, Osun State, Nigeria. The 

dataset contained both the retrospective and 

6
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prospective data between year 2003 and 2017 for 

the purpose of this study.  

2. Pre-processing Phase: Pre-processing of the 

data was done to improve the predictive accuracy 

of the dataset since it is susceptible to noise, 

missing and inconsistent data due to the nature of 

data collected and human error. This process 

reduced the amount of memory space consumed, 

computation power and over-fitting of the model.  

3. Learning Phase: Supervised learning approach 

of Machine Learning algorithms was applied on 

the retrospective and prospective data. Four 

classification algorithms were used where the 

class label predicted based on Holdout (66% 

percentile split) and 10-fold cross-validation 

evaluation performances. The determinants for 

the performance of the algorithms are correctly 

classified, time to learn, kappa statistics, 

sensitivity and specificity. 

4. Algorithm Selection Phase: Having carried out 

the learning, comparison of the four algorithms 

was done to choose the two with leading 

performances. 

5. ERM Computation Phase: The ERM technique 

was computed on the two leading algorithms 

using Remp(h) =  to choose 

one with the minimum loss function. 

6. ERDMS Algorithm Phase: The Remp(h) 

function was used to formulate the ERMDS 

algorithm for data stratification. 

7. Data Stratification Phase: At this phase, the 

classifier with minimal risk was chosen to 

determine the predictive score, thereby 

stratifying the patients’ into either high risk 

(score > 87) or low risk (score ≤ 87) based on 

European Treatment and Outcome Study 

(EUTOS) standard.  

8. ERMDS System: It is the system that interfaces 

with the user to give the predictive scores.  

9. Predictive Score: At this phase, the optimal 

algorithm employed was used to determine the 

predictive score, and then the patient was 

categorized to be in high or low risk group. 

 

 

 

 

3.3 Dataset Description 

The dataset used in this study was the Chronic Myeloid 

Leukemia data obtained from Obafemi Awolowo 

University Teaching Hospitals Complex (OAUTHC). The 

dataset contains one thousand, six hundred and forty 

(1640) patients’ data between the periods of 2003 and 

2017. The input variables of Basophil (x1) and Spleen size 

(x2) are used as the training inputs to generate the risk 

score (r) as the output, which informed the grouping of 

the patients to either low risk or high risk groups. The 

dataset was converted into Comma Separated Values 

(.csv) format and a data repository that interfaces with 
Waikato Environment for Knowledge Analysis (WEKA) 

was created for the data. The grouping of the variables is 

shown in Table 2. The risk group is the response variable 

while other variables are predictors. Each variable is 

suitably categorized to accommodate all the available 

information.  

 
4. RESULTS  

The four classification algorithms namely BayesNet, 
Multilayered perceptron, PART and Logistic Regression 

were built in WEKA 3.8.0 and evaluated with the holdout 

(66%) and 10-fold cross-validation techniques for training 

and testing on the CML dataset. The performance of the 

four (4) algorithms were measured based on five (5) 

existing performance benchmarks: correctly classified 

instances, time to learn, kappa statistics, sensitivity and 

specificity. Figures 2 to 9 depict the screen shots of the 

explorer view of the algorithms implemented in WEKA. 

4.1 Summary of Algorithm Performance 

Compared 
The performance of the four classification algorithms 

(BayesNet, Multilayered perceptron, PART and Logistic 

Regression) were compared using correctly classified 

instance, time to learn, kappa statistics, sensitivity and 

specificity metrics. Logistic regression and PART 

algorithm had correctly classified instance values of 

99.82% and 99.64% in holdout, and 99.76% and 99.58% 

in cross-validation respectively, which outperformed 

other algorithms. Considering the time taken in learning 

in relation to the performance of the algorithms, 

Multilayered perceptron consumed much time and 
computation resources, but it can be ascertained that 

Logistic regression and PART algorithms took shorter 

time and outperformed other algorithms relative to the 

accuracy level in this study with 0.02 and 0.09seconds in 

both holdout and 10-fold cross validation methods. In 

7
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kappa statistics, PART and Logistic regression had the 

greatest result in both holdout and 10-fold cross validation 
methods. In holdout, PART had 99.64% and Logistic 

Regression had 99.57% while in 10-fold cross validation 

method PART had 99.82% and Logistic Regression had 

99.71%. In sensitivity, Multilayered Perceptron and 

PART algorithm had the greatest value of 99.99% and 

99.60% holdout method while PART and Logistic 

Regression have the same value of 99.47% in 10-fold 

cross validation. The specificity of the algorithms showed 

that PART and Logistic Regression had the greatest value 

of 99.99% each in holdout method, while in 10-fold cross 

validation method the two algorithms had 99.55% and 

99.98% respectively. Therefore, it was deduced that 
Logistic regression and PART algorithms were the two 

good classifiers for stratifying patients’ risk group as 

against other algorithms used in this study. Table 3 

presents the summary of the performance of the models 

based on the benchmarks. 

 

Thus, from the performance evaluation carried out on the 

algorithms, Logistic regression and PART algorithms 

were discovered to have the best performance based on 

their ability to correctly classify the chronic myeloid 

leukemia patient dataset within the lowest possible time 
of 0.02 and 0.09 seconds.  

 

4.2 Determination of Minimum Loss Function of 

Algorithms 

The decision of choosing the minimum loss function (i.e. 

the empirical risk) of Logistic regression and PART 

algorithms was defined by finding the difference between 

the predicted output and true output of the algorithms for 

high and low risk groups in the holdout and 10-fold cross 

validation methods as discussed in sections 4.2.1 and 

4.2.2.  

 

4.2.1 Loss Function for Logistic Regression 

Algorithm 

In determining the loss function for logistic regression, 

the delta  (i.e. differences) between the values of the 

true output and the predicted output were computed for 

both high and low risk patients. The values in the 

numerator and the denominator are derived from the 

confusion matrix in logistic regression output. In holdout 

method the numerators 259 is the total number of patients 
classified as low risk and 308 patients are classified as 

high risk, while the denominator 558 is the total number 

of instances. The predicted output  for low risk and high 

risk patients were determined by finding the percentage of 

the confusion matrix value divided by the number of 

instances in both holdout (66% split) and cross-validation 

methods as shown below. The true output  is 46.20% 

for low risk patients and 53.80% for high risk patients. 

 

In Holdout Method  

Predicted output   for low risk =   x 100%  

                 = 46.42%  

and  

Predicted output   for high risk =   x 100%  

                 = 55.20%  

Loss function L in holdout method =  (  ) 

For low risk L =  (  ) = (46.42 – 46.20)% 

                    = 0.22% 

For high risk L =  (  ) = (55.20 – 53.80)% 

                    = 1.40% 

In 10-fold Cross-validation Method  

In 10-fold Cross-validation method, determining the loss 

function for logistic regression, the delta  (i.e. 

differences) between the values of the true output and the 

predicted output were computed for both high and low 

risk patients. The values in the numerator and the 

denominator are derived from the confusion matrix in 

logistic regression output. In this method the numerators 
754 is the total number of patients classified as low risk 

and 882 patients are classified as high risk, while the 

denominator 1640 is the total number of instances. The 

predicted output  for low risk and high risk patients 

were determined by finding the percentage of the 

confusion matrix value divided by the number of 

instances in both holdout (66% split) and cross-validation 

methods as shown below. The true output  is 46.20% 

for low risk patients and 53.80% for high risk patients. 

Predicted output   for low risk =   x 100%  

                 = 45.98%  

and  

Predicted output   for high risk =   x 100%  

                 = 53.78%  

Loss function L in 10-fold cross-validation method =  

(  ) 

For low risk L =  (  ) = (45.98 – 46.20)% 

                    = -0.22% 

For high risk L =  (  ) = (53.78 – 53.80)% 

                    = -0.02% 

8
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Hence, the findings from the loss function in holdout 

method gave the loss function of 0.22% for stratifying 
patient into low risk and 1.40% for stratifying patient into 

high risk. In 10-fold cross-validation method, the loss 

function gave the empirical risk of -0.22% for stratifying 

patient into low risk and -0.02% for stratifying patient 

into high risk. 

 

4.2.2 Loss Function for PART Algorithm  

In determining the loss function for PART algorithm, the 

delta  (i.e. differences) between the values of the true 

output and the predicted output were computed for both 
high and low risk patients. The values in the numerator 

and the denominator are derived from the confusion 

matrix in PART output. In holdout method the numerators 

249 is the total number of patients classified as low risk 

and 308 patients are classified as high risk, while the 

denominator 558 is the total number of instances. The 

predicted output  for low risk and high risk patients 

were determined by finding the percentage of the 

confusion matrix value divided by the number of 
instances in both holdout (66% split) and cross-validation 

methods as shown below. The true output  is 46.20% 

for low risk patients and 53.80% for high risk patients. 

In Holdout Method  

Predicted output   for low risk =   x 100%  

                 = 44.62%  

and  

Predicted output   for high risk =   x 100%  

                 = 55.20%  

Loss function L in holdout method =  (  ) 

For low risk L =  (  ) = (44.62 – 46.20)% 

                    = -1.58% 

For high risk L =  (  ) = (55.20 – 53.80)% 

                    = 1.40% 

 

In 10-fold Cross-validation Method  

In 10-fold Cross-validation method, determining the loss 

function for logistic regression, the delta  (i.e. 

differences) between the values of the true output and the 

predicted output were computed for both high and low 

risk patients. The values in the numerator and the 

denominator are derived from the confusion matrix in 
logistic regression output. In this method the numerators 

754 is the total number of patients classified as low risk 

and 878 patients are classified as high risk, while the 

denominator 1640 is the total number of instances. The 

predicted output  for low risk and high risk patients 

were determined by finding the percentage of the 

confusion matrix value divided by the number of 

instances in both holdout (66% split) and cross-validation 

methods as shown below. The true output  is 46.20% 

for low risk patients and 53.80% for high risk patients. 

Predicted output   for low risk =   x 100%  

                 = 45.98%  
and  

Predicted output   for high risk =   x 100%  

                 = 53.54%  

Loss function L in cross-validation method =  (  

) 

For low risk, L =  (  ) = (45.98 – 46.20)% 

                    = -0.22% 

For high risk, L =  (  ) = (53.54 – 

53.80)% 

                    = -0.26% 

The findings from the loss function in holdout method 

gave the empirical risk of -1.58% for stratifying patient 

into low risk and 1.40% for stratifying patient into high 

risk; while in cross-validation method, the loss function 
gave the empirical risk of -0.22% for stratifying patient 

into low risk and -0.26% for stratifying patient into high 

risk. 

 

Interpretation 

From the findings discussed in sections 4.2.1 and 4.2.2, 

the result showed that logistic regression had a minimal 

loss function with non-negative values in stratifying high 

and low risk patient in holdout method with values of 

0.22% and 1.40% and respectively. In cross-validation 

method both logistic regression and PART algorithms had 
negative real valued loss function. In essence, logistic 

regression is a good classifier with which the risk of the 

hypothesis was minimized, and that informs the decision 

of using Logistic regression algorithm in the model to 

stratify the dataset. 

Empirically, the loss functions of logistic regression and 

PART algorithm were compared, and the result showed 

that logistic regression in holdout method offered clear 

advantage in the presence of outliers. 
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5.  CONCLUSION  

 
Minimization of the empirical risk by finding the loss 

functions of logistic regression algorithm has played a big 

role in producing optimum and faster results for accurate 

predictions. The findings of this research in relation to 

other studies like Kamalika et al. (2011) showed how 

empirical risk minimization concept was used for privacy-

preserving approximations of Logistic regression and 

Support Vector Machine classifiers to predict whether a 

network connection was a denial-of-service attack or not. 

Sensitivity method and objective perturbation algorithms 

were used by tuning algorithm and Michael and 

S´ebastien (2015) and Yuchen (2016) agreed with this 
assertion. The findings of this research agreed with other 

studies that employed empirical risk minimization 

technique to determine the loss function of classifiers 

before choosing and employing an algorithm for 

stratifying or predicting a dataset from any problem 

domain. The use of ERM had helped to determine the loss 

function of the two algorithms (Logistic regression and 

PART), that had great performance using some metrics 

(correctly classified instances, time to build, kappa 

statistics, sensitivity and specificity). Hence, logistic 

regression had the lowest non-negative loss function in 
holdout method, and it enhanced the decision of using 

logistic regression for CML data stratification into their 

risk group.  

 

Therefore, determining the loss function (empirical risk) 

of machine learning algorithm is significant when 

building predictive or prognostic tools. This is important 

since it would aid the decision of choosing an algorithm 

for the dataset from the problem domain. 
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Table 1: Scoring systems and their calculation methods (Elbedewy & Elashtokhy, 2016) 

 

Scoring 

system 

Calculation method Risk definition 

Sokal score  

 

Exp [0.0116 x (age in years - 43.4) + 0.0345 x 

(spleen size cm below costal margin - 7.51) + 

0.188 x (platelet count⁄700)2 - 0.563) + 0.0887 x 

(blast cell % in peripheral blood - 2.10)] 

Low risk (score < 0.8) 

Intermediate risk (0.8 ≤ 

score ≤ 1.2) High risk 

(score >1.2) 

Hasford score 

 

[0.666 (when age ≥ 50 years) + (0.042 x spleen 

size cm below costal margin) + 1.0956 (when 

platelet count >1500 x 109 ⁄ L) + (0.0584 x blast 

cell % in peripheral blood) + 0.20399 (when 

basophil % in peripheral blood ≥3%) + (0.0413 x 

eosinophil % in peripheral blood)] x 1000. 

Low risk (score ≤ 780) 

Intermediate risk (score > 

780 ≤ score 1480) 

High risk (score > 1480) 

EUTOS score 

 

(7 x basophils % in peripheral blood) + (4 x spleen 

size cm below costal margin) 

Low risk ( score ≤ 87) 

High risk ( score > 87 ) 
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    Table 2: Description of variables  

 

S/N Variable Name Variable format Variable Type Data Type 

1. Basophil count (x1)  Continuous Numeric 

2. Spleen size(x2)  Continuous Numeric 

3. EUTOS Score  Continuous Numeric 

4. Risk Group (r) Low Risk, High 

Risk 

Categorical Nominal 

 

 

 

 

 

         
 

Figure 2: Screenshot of BayesNet in   Figure 3: Screenshot of BayesNet in  

Cross validation     Holdout method 
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Figure 4: Screenshot of Multilayer  Figure 5: Screenshot of Multilayer  

perceptron in Cross validation     perceptron in Holdout method 
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Figure 6: Screenshot of Logistic regression in Figure 7: Screenshot of Logistic regression in 

Cross validation          Holdout method 

     
 

Figure 8: Screenshot of PART in    Figure 9: Screenshot of PART in 

Cross validation                    Holdout method 
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Table 3: Summary of the model performances in holdout and 10-fold cross validation method 

 

 Hold-Out (66% train, remainder test) 10-Cross Validation 

S

/

N 

Classifier CCI 

(%) 

T (s) KS 

(%) 

Se 

(%) 

Sp 

(%) 

CCI 

(%) 

T (s) KS 

(%) 

Se 

(%) 

Sp 

(%) 

1 BayesNet 93.37 0.13 86.65 94.80 92.20 95.43 0.15 90.82 96.17 94.78 

2 Multilayered 

perceptron 

96.95 1.83 93.88 99.99 94.48 98.78 1.18 97.55 98.94 98.64 

3 PART 99.64 0.09 99.64 99.60 99.99 99.58 0.09 99.82 99.47 99.55 

4 Logistic 

Regression 

99.82 0.02 99.57 99.20 99.99 99.76 0.02 99.71 99.47 99.98 

 

Key: CCI = Correctly Classified Instances, T = Time to build, KS = Kappa Statistics,  Se = 

Sensitivity, Sp = Specificity 
 

18



Vol. 1, Issue 2, April 2019, pp. 19 - 29        

Ukaoha, Abdullahi & Nwankwo  (2019). Towards Achieving the Sustainable Development Goals of Education in 
Nigeria using Open and Distance Learning  

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

 
 

                  

 
 

Towards Achieving the Sustainable 

Development Goals of Education in Nigeria 

using Open and Distance Learning  

 
 

K. C. Ukaoha
1
, M. B. Abdullahi

2
 and W. Nwankwo

3
 

1
Department of Computer Science, University of Benin, Benin City, Nigeria. 

Email: kingsley.ukaoha@uniben.edu 
2
Department of Computer Science, Federal University of Technology, Minna, Nigeria. 

Email: el.bashir02@futminna.edu.ng 
3
Department of Computer Science, Edo University, Iyamho, Nigeria. 

Email: nwankwo.wilson@edouniversity.edu.ng 
 

      ABSTRACT 

The Millennium Development Goals (MDG) were unveiled in year 2000 and Nigeria as a member of the United 

Nations put the necessary modalities in place towards realizing the goals particularly with respect to quality and 

affordable education. However, towards the end of 2015, the set goals were not fully realized due to several problems 

necessitating the UN to come out with another set of goals; the Sustainable Development Goals (SDGs), which also 

highlighted education as a vital goal to be realized in the year 2030. In this paper, we examine the pitfalls of MDGs 

with respect to education and suggest how Open and Distance Learning methods via Information and 

Communications Technology (ICT) can quickly assist vital stakeholders especially, the Nigerian Government in 

fully realizing the goal of quality and affordable education of SDG in Nigeria. Finally, we highlighted some cogent 

points that require us to change the image of tertiary education through open and distance learning approach for 

national development. 
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1.  INTRODUCTION    
 

The United Nations (UN) is an umbrella body made up of 

independent and sovereign nations of the World. Her 

main aim is to maintain peace and better understanding 

amongst member countries and to promote sustainable 

development. As part of her efforts towards realizing 

these aim, member countries of the UN in 2005, adopted 
an eight-point agenda known as the Millennium 

Development Goals (MDGs), which are to eradicate 

poverty and ensure better standard of living amongst all 

member countries. The eight-point agenda or goals are: 
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 To eradicate extreme poverty and hunger 

 To achieve universal primary education 

 To promote gender equality and empower 

women 

 To reduce child mortality 

 To improve maternal health 

 To combat HIV/AIDS, malaria, and other 

diseases 

 To ensure environmental sustainability 

 To develop a global partnership for development 

These goals resulted from deliberations on how to make 

significant, measurable improvements to people’s lives, 

with the ultimate objective of reducing poverty 

throughout the world (Ejieh, 2003). Nigeria as a key 

member of the UN, adopted the MDG, which had a target 

of 2015 for realizing all the eight goals. Goal number two 

of the MDGs seeks to achieve universal primary 
education. Target was that by 2015, all children, 

irrespective of sex, could complete a full course of 

primary schooling through increase in the number of 

enrolments and ensuring that those enrolled complete 

their primary education.  

As part of efforts towards realizing these objectives, the 

Nigerian Federal, States and Local Governments 

collectively started the implementation of the Universal 

Basic Education (UBE) scheme, which made education at 

the primary level and the junior secondary school level 

free and mandatory. Several schools were constructed and 
renovated while more teachers were employed and trained 

in order to realize this all-important goal but the 

implementation of compulsory primary education even 

though it was never fully done in some states especially 

those in the Northern part of Nigeria, also diverted 

concentration away from the implementation of the 

secondary and post secondary education schemes 

(Durokifa and Abdul-Wasi, 2016). 

 

The UN observed that as the end of 2015 was 

approaching, virtually many member countries failed to 
achieve the full goals of the MDGs with some countries 

achieving some goals and others trying to do so. In 

September 2015, the UN member countries expanded the 

eight goals of the MDGs to include nine more goals, 

which were renamed as the Sustainable Development 

Goals (SDGs) with a take-off date of 2018 and a target 

implementation deadline of 2030. The aim of SDGs 

number 4 is to ”ensure inclusive and equitable quality 

education and promote lifelong learning opportunities for 

all” by 2030. Professor Asha Kanwar, President and CEO 

of the Commonwealth of Learning (COL), says ”the 

achievement of Goal 4 would be a remarkable success, 

but will require new and innovative approaches to 
overcome the many challenges that stand in its way” 

(Kanwar, 2017). It was observed that one of the most 

significant challenges to SDG 4 is that the continuing 

demand for education far outstrips supply. 

 

For the aforementioned reasons, implementing the SDGs 

4 would require additional efforts apart from the current 

system where the numbers of available institutions are not 

enough to cater for the current number of qualified 

candidates. The Open and Distance Learning (ODL), 

which allows any number of qualified candidate to access 

education from any location and at their own comfort 
would help assist in providing quality education to large 

numbers of students thereby helping in a large measure 

towards the realization of the SDGs in education. The 

concept of ODL education system focus on open access to 

education and training to make the learners free from the 

constraints of time and place, and offering flexible 

learning opportunities to individuals and groups of 

learners (Ghosh et. Al., 2012). Open and Distance 

Learning (ODL) is now one of the most rapidly growing 

fields of education around the world today and has helped 

to deliver quality and affordable education faster 
irrespective of geographical location and time ((Tony) 

Bates, 1995; Bradley, 2000). In this paper, we examine 

the present day Nigeria’s education system, especially, 

Tertiary education and then proffer a better method for 

helping to realize the SDGs for education in Nigeria using 

the Open and Distance Learning which is purely driven by 

Information and Communications Technology (ICT). 

 

The rest of this paper is organized as follows. In Section 2 

we discuss the related work. Section 3 examines the 

present day Nigeria’s education sector. In Section 4, we 

highlighted the prospects and challenges of ODL. Section 
5 discusses how to achieve SDGs for education through 

ODL. And lastly, we present concluding remarks in 

Section 6.  

 

2. RELATED WORK  

 

Oladipo & Julianah (2016) examines the level of 

commitment by Open and Distance Learning Institutions 

to the global development goals with emphasis on access 

to education in Nigeria. They presented documentary 

evidence relating to the demand and supply of university 
education as well as the level of enrolment and graduate 

output in the Distance Learning Institute (DLI), 

University of Lagos. 
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It was observed that the level of unsatisfied demand for 

university education has continued to rise over the past 15 
years, reaching its highest value in 2014. Simultaneously, 

a steady rise in the level of enrolment in DLI was also 

found with the highest enrolment recorded in 2012. In 

effect, a significant relationship between the level of 

enrolment in DLI and that of unsatisfied demand for 

education was established. Also graduate output was 

significantly related to students’ enrolment in the DLI, 

University of Lagos. 

 

On the other hand, the long term trend in enrolment was 

upward in all disciplines with Business Administration 

and Accounting recording the highest enrolment as 
opposed to Science Education. The author thus recognises 

the fact that Open Distance Learning is a giant step 

towards providing greater access to university education 

and recommends that more Open Distance Learning 

centres should be established in Nigeria so as to further 

broaden the access to university education for all. Finally, 

more disciplines should be included in the Distance 

Learning Institute (DLI) University of Lagos 

programmes. 

 

Ojewumi & Olasupo (2013) reviews the present status of 
unemployment situation in Nigeria with emphasis on 

university graduates. Effort was also made to examine the 

role vocational education through open distance learning 

can play to address this national problem. Included is 

recommendation of a vocational training programme 

developed for graduates seeking employment in areas as 

Fashion, Interior Decoration, Leather works, Accessories 

etc. The importance of this ODL based model of 

vocational education and training programme has great 

importance and relevance in countries where 

unemployment is a serious challenge and where there is a 

great need of providing training to multitude of 
unemployed youths at different levels to enable them have 

skills that will afford them the opportunity to contribute 

their quota to the economic advancement of their country. 

 

Robinson (2008) observes that the goal of ‘teacher quality 

for all’ is proving difficult to achieve in many countries, 

especially in rural areas, yet teacher quality is a key 

determinant of students’ participation rates and 

achievement levels. It also affects the attainment of social 

justice in terms of equity in educational quality for 

students. One contributor to teacher quality is professional 
development though limits on its availability and quality 

create inequity for many teachers. This paper described 

how distance education and ICT improved access, equity, 

and quality in professional development for rural teachers 

in one province in western China, viewed through the lens 

of a ‘rights-based’ framework. 
 

Rupande (2015) reviews that Most successful economies 

in the world are the ones that invest heavily in their 

human resources and the vehicle for this human capital 

development is the open and distance learning. Trinidad 

and Tobago stand out as typical examples of countries 

which were radically transformed by human capital 

development from the once “plantation economy” to an 

exporting industrialised nation. Education and sustainable 

development are intricately woven, but what is obvious is 

that basic education is the backbone of a nation’s ability 

to develop and achieve economic and sustainability 
targets. Higher education principally links workforce 

development to economic development by matching 

instructional programmes to the needs of industry. Work 

related learning opportunities need to be availed so as to 

drive the economy, and this is the niche that Open and 

Distance Learning ought to fill in. The advent of 

knowledge-based economies is giving comparative 

advantages to nations that thrive more on technical 

innovations and the competitive use of knowledge than 

the ones that depend on natural resources or cheap labour. 

Resource rich countries such as Nigeria still languish in 
the lower echelons of economic development because of 

high illiteracy rates, which subsequently lead to high 

poverty levels among its people. It is the intention of this 

article to examine how higher and tertiary education and 

ODL in particular can be used as a driver to socio-

economic development as noted by Aristotle, centuries 

ago; who pointed out that the fate of empires depends on 

the education of the youth. 

 

Jimoh (2013) observes the inability of qualified 

candidates to get a space in the conventional universities 

in Nigeria, calls for a strengthening of Open and Distance 
Learning programme to take in more prospective 

undergraduates. Thus, the paper expresses the limitation 

on the number of spaces in the universities, which 

imposes restrictions on access to conventional universities 

as only a ridiculous percentage of those applying for 

admission succeed in securing placement.  

 

This problem of unfulfilled quest for education versus 

actual supply of educational services contributed to the 

acceptance, growth, and implementation of distance 

education programme in Nigeria as a means to bridge the 
gap between demand and supply. In essence, the 

emergence of the system of ODL is an inevitable and 

unparalleled advancement in the history of educational 

development locally and internationally. Unfortunately, 
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ODL is still bedevilled with a number of teething 

problems which are a clog in the wheel of 
implementation. It was recommended that the Nigerian 

government should thus subsidise ODL programmes just 

like the conventional school system and improve 

electricity supplies to the nation which helps to power 

ICT-enabled devices and drive the ODL process 

effectively.  

 
3. NIGERIA’S EDUCATION SECTOR TODAY 

 

Nigeria today operates the Universal Basic Education 

(UBE) programme, which is a component of the 9-3-4 

education system and involves a mandatory nine years of 

primary and junior secondary education, three years of 

senior secondary education and four years of tertiary 

education. The UBE act was passed into law in 2004 as 

one of the strategies aimed at helping to achieve the 

educational component of the MDGs. The scheme 

provides for free nine years of compulsory primary and 
junior secondary education in the country and parents are 

required to ensure that they register their wards in schools 

and ensure they complete this basic education cycle with 

appropriate sanctions spelt out in case of default (Obong, 

2006). 

 

Education in Nigeria is a shared responsibility of the 

Nigerian federal, state, local government and private 

individuals and organizations. Basic education comprises 

six years of primary school and three years of junior 

secondary school and this first nine years of basic 

education is supposed to be free and compulsory. 
Nevertheless, unfortunately Education in Nigeria is 

bisected with myriads of problems. These include; poor 

funding and thus poor educational infrastructures, 

inadequate classrooms, teaching aids (projectors, 

Computers, Laboratories and libraries), paucity of quality 

teachers and poor/polluted learning environment. In 

addition to these inadequacies, our school system is 

plagued with numerous social vices such as examination 

malpractices, cultism, hooliganism and corruption (Odia 

and Omofomwan, 2007).  

 
In an attempt to avoid the problems, which impeded the 

realization of the objectives of the past educational 

programmes, the government outlined implementation 

guidelines to facilitate successful achievement of the 

stated objectives (Denga, 2000). The guidelines include: 

 

 Public enlightenment and social mobilization, for 

full community involvement; 

 Data collection and analysis; 

 Planning, monitoring, and evaluation; 

 Teachers; their recruitment, education, training, 
retraining, and motivation; 

 Infrastructural facilities; 

 Enriched curricula; 

 Textbooks and instructional materials; 

 Improved funding; and, 

 Management of the entire process. 

 

On the aggregate, the efficiency of primary education in 

Nigeria has improved over the years. In 2014, the net 

attendance rate for primary school was 68.70%, which 

represents a 3.2% decrease from 71% recorded in 2012. 
Secondary school net attendance ratio was 57.4% in 2014, 

recording a minimal increase of 4.7% from 54.80% in 

2012. Primary 6 completion rate was about 74% in 2014 

which dropped by 15.6% when compared to the 2012 

figure. There was also a slight increase in literacy among 

young women by 0.15% from 2012 to 2014. The survey 

revealed that the proportion of boys and girls attending 

primary school declined in 2014, while those attending 

secondary schools increased minimally. However, 

primary 6 completion rate recorded a slight decline in 

2014 (National Bureau of Statistics- UNDP 
MDGs performance survey report 2015). 

 

On the other hands, civilization and development are 

closely connected. Both of them leverage very much on 

education. Education is a weapon for liberation from 

ignorance and diseases. Hence, it cannot be isolated from 

any development agenda as it is the pivot upon which 

several other programs rotate. Although the emphasis is 

on achieving primary education, but it has to be realized 

that to sustain progress towards other goals such as full 

employment, poverty reduction, health related programs, 

etc., attention should be extended beyond primary 
education. 
 
4. OPEN AND DISTANCE LEARNING IN NIGERIA 

TODAY  

 

The term ‘open learning’ describes policies and practices 

that permit entry to learning with as few obstacles as 

possible. While ‘distance education’ refers to the 

separation of the teacher and learner. Because learners 

and teachers are separated by time and space, technology 

or media must be used for communication between them. 
So, Open learning is not the same as distance education 

but they are clearly complementary, which is why the two 

terms are used together – and the expression open and 

distance learning, or ODL (Kanwar, 2017). 
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Open and distance learning, basically refers to a style of 
instruction delivery by a non face-to-face approach in 

which the teacher and the learner are physically separated, 

and instruction is delivered via various types of media 

including print and modern ICT. 

 

Open and distance learning is an economical instruction 

delivery, which does not dependent on time, place, speed 

and space. It is possible to employ ODL in primary, 

secondary, tertiary, vocational and non-formal education 

and flourishes on economies of scale. Its emphasis is 

solely on quality assurance, well designed instructional 

packages, and succeeds on extremely well-structured and 
resourced student support. The aspect of open learning in 

the ODL relates 

to the flexibility of and access to instruction in order to 

ensure broad availability of educational opportunities to 

all. 

 

Openness and access pay no attention to age, previous 

level of academic achievement, and other factors which 

create artificial barriers to education as a life-long pursuit 

(Jegede, 2016). Today, the National Open University of 

Nigeria (NOUN), now with headquarters in Jabi, Abuja, is 
the only tertiary institution established by the Federal 

Government of Nigeria to operate Open and Distance 

Learning mode. It offers undergraduate (Bachelor 

degree), sub-degree certificate, diploma and Post graduate 

Diploma (PGD) Masters degree and Doctor of Philosophy 

(Ph.D.) programmes in various fields of human 

endeavours. It has a unit called the Regional Training & 

Research Institute for Distance education and Open 

Learning (RETRIDOL), which was jointly established by 

NOUN and the Commonwealth of Learning (COL) in 

2003 to identify and meet the needs of ODL-related 

research and capacity building in the west African sub-
region (Jegede, 2016). 

 

The National Teachers Institute (NTI), located in Kaduna, 

was established and operates the single mode programme 

for upgrading the qualification of under-qualified teachers 

as well as the continuing education of teachers using 

distance learning techniques. 

 

Presently, there are existing and emerging Distance 

Learning Centres approved by National Universities 

Commission (NUC) of Nigeria to operate as dual-mode 
tertiary institutions. Some of them have been accredited 

while others are in the process of accreditation. The 

Centres and the universities are as follows: 

 

1) Distance Learning Centre, University of Ibadan, 

Ibadan, Oyo State. 
2) Centre for Distance Learning, Obafemi Awolowo 

University, Ile-Ife, Osun State. 

3) Distance Learning Institute, University of Lagos, 

Akoka, Lagos State. 

4) Centre for Distance Learning, Modibbo Adama 

University of Technology, Yola, Adamawa State. 

5) Centre for Distance Learning and Continuing 

Education, University of Abuja, Abuja. 

6) LAUTECH Distance Learning Centre, Ladoke 

Akintola University of Technology, Ogbomoso, Oyo 

State. 

7) Distance Learning Centre, Ahmadu Bello University 
Zaria, Kaduna State. 

8) Centre for Distance Learning, University of Maiduguri, 

Bama Road, Borno State. 

9) Lagos State University Open and Distance Learning 

and Research Institute, Lagos State University, Badagry 

Express-way, Ojo, Lagos 

10) Distance Learning Centre, Joseph Ayo Babalola 

University, Ikeji – Arakeji, Osun State. 

11) Centre for Human Resource Development & Life–

Long Learning, Osun State University, Osogbo, Osun 

State. 
12) Babcock Centre for Open Distance & e-Learning, 

Babcock University, Ilishan – Remo, Ogun State. 

13) Centre for Open and Distance e-Learning (CODeL), 

Federal University of Technology, 

Minna, Gidan Kwano Campus, Niger State. 

14) Directorate of Distance Learning, Ekiti State 

University, Ado-Ekiti, Ekiti State. 

15) Centre for Distance Learning, University of Benin, 

Benin-City, Edo State. 

16) Centre for Open and Distance Learning, University of 

Ilorin, Ilorin, Kwara State. 

17) Open Distance and e-Learning (ODeL), University of 
Port Harcourt, Rivers State. 

18) Centre for Distance and e-Learning, University of 

Nigeria, Nsukka. 

 

4.1. JUSTIFICATION AND CRITICAL 

RELEVANCE OF ODL 

There are easily perceived long and short term advantages 

to the government in using open and distance learning 

mode to complement the traditional methods of education 

in Nigeria. (Jegede, 2016) in his keynote address at the 

3rd University of Ibadan Annual Distance Learning 
Centre Distinguished Lecture and Stakeholders’ Forum 

Held at the International Conference Centre on 15 July 

2015, opined that amongst the many advantages, which 

the government and the good people of Nigeria stand to 
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benefit from embracing ODL, can be grouped into the 

following areas: 
 

 access and equity for comprehensive national 

development; 

 alleviation of capacity constraints for economics, 

human resources and rural development; 

 education for all especially to reduce or totally 

eliminate illiteracy and poverty; 

 capacity building for human resource 

development especially in areas of acute 

deficiencies such as vocational and technical 

education, science and technology; 

 life-long and life-wide education in order to 

build a learning and knowledge-based society; 

 access to, and capitalising on, emerging market 

opportunities both within the African region and 

globally; 

 avenue for transforming our higher education 

sector to make our institutions respond to 

contemporary changes, developments and needs 

of Nigeria; 

 providing the answer to the perennial problems 

of teacher education; 

 appreciating, educating the citizens about, and 

using information and communication 

technologies (ICTs) to accelerate national and 

community development and provide an 

organised entry into the global information 

superhighway; 

 generating spin-off effects on other sectors of 

national development such as raising 

development in telecommunications, information 

technology industry, broadcasting, postal and 

informatics and the development of many 
education-related small-scale industries; and 

 alleviating budgetary constraints as expenditure 

on open and distance education has been shown 

in other countries to be as low as 30 per cent of 

the total cost of the conventional form of 

education beyond the take-off costs. 

 

From the foregoing, conclusively, he proclaimed in a 

concise words that distance education can complement 

human resource development, and satisfy the 

exceptionally large demand for education by our huge and 

rapidly expanding population, which is still mainly rural, 
remote, underrepresented, and marginalised through 

resources, location, economic and other reasons. Distance 

education will enable Nigeria to provide access for all and 

achieve equitable representation by ‘taking the distance 

out of education (Jegede, 2016).’ 
 

4.2. SOLUTIONS TO ODL CHALLENGES IN 

NIGERIA 

(Jegede, 2016) put forward that for Nigerian government 

and her supporting population to start enjoying the 

advantages of ODL to solve national development issues 

via human resources development, there are many things 

to be done. These include: 

 

1) Expanding existing ODL institutions, establishing new 

ones, and providing facilities and spaces using reliable 

statistics of those needing higher education in Nigeria. 
2) Integrating Distance Learning mode with the traditional 

face-to-face Education System in order to reduce the 

institutional resistance to the innovation and to overcome 

the negative perception of poor quality about distance 

education. 

3) Establishing Open Schooling, Open Colleges of 

Education and Open Polytechnics to enable us develop 

required middle level human resources for all sectors and 

at same time to achieve Education for all (EFA). 

4) Providing a large-scale mass higher education and 

democratisation of open access to tertiary education as 
laid down in the National Policy on Education (NPE) and 

the African Higher Education Summit of 2015. 

5) Using cutting-edge information and communications 

technology (ICT), including the internet, massive open 

online courses and other modalities in ODL that meet 

accepted quality standards to improve access to Higher 

Education. 

6) Designing Course Material with variety of methods 

that guarantee effective Web-based instruction. 

7) Effective and Efficient Management of the Dividend of 

Demography so that every citizen willing and able has 

unrestricted access to higher education.. 
 

4.3 ICT FRAMEWORK FOR ODL IN NIGERIA 

ICT is the driving force in Open and Distance Learning 

and a workable ICT-based framework as proposed by us 

is given in Fig. 4.1 below. The eTutors, Facilitators and 

other support staff use the Internet to connect to online 

resources and courseware and interact with students 

irrespective of distance and also connect offline to a 

database of learning resources in form of printed texts, 

audiovisual resources. The Internet and offline resources 

can also be used for course administration and research 
work. 

 

On the other hand, students who are learners can access 

their learning materials online by connecting via the 
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Internet where they could also carry out texts and 

assignments as well as online examinations. Provision is 
also made for offline access to course materials via the 

database provided which makes learning materials 

available in print and audiovisual formats. 

The database of offline resources could be maintained in 

physical stores or libraries and the materials distributed 

physically to the students and teachers. 

 

The internet connectivity is managed by a webmaster and 

a database administrator with rhe resources provided 

within a Learning Management System or online 

courseware repository. 

 

5.  ACHIEVING THE SUSTAINABLE 

DEVELOPMENT GOALS IN EDUCATION   

 

The International Community embodied by the United 

Nations has long recognized education as a vital 

component for enhancing development and eradicating 

poverty worldwide and that was why it was made a key 

component of the defunct MDG and a vital component of 

the current Sustainable Development Goals (SDGs) 

(Lane, 2017). The SDG goals are given as follows in Fig. 

5.1: 
 

5.1. SUSTAINABLE DEVELOPMENT GOAL 

NUMBER 4 

The aim of SDG 4 is to “ensure inclusive and equitable 

quality education and promote lifelong learning 

opportunities for all” by 2030. The SDG 4 has ten (10) 

targets encompassing many different aspects of education. 

There are seven (7) targets, which are expected outcomes 

and three (3) targets, which are means of achieving these 

targets. 

 

5.1.1. Seven Outcome Targets. These include the 
following: 

1) Universal primary and secondary education is expected 

by 2030 to ensure that all girls and boys complete free, 

equitable and quality primary and secondary education 

leading to relevant and effective learning outcomes. 

2) Early childhood development and universal pre-

primary education is expected by 2030 to ensure that all 

girls and boys have access to quality early childhood 

development, care and pre-primary education so that they 

are ready for primary education. 

3) Equal access to technical/vocational and higher 
education is expected by 2030 to ensure equal access for 

all women and men to affordable and quality technical, 

vocational and tertiary education, including university. 

4) Relevant skills for decent work is expected by 2030 to 

substantially increase the number of youth and adults who 
have relevant skills, including technical and vocational 

skills, for employment, decent jobs and entrepreneurship. 

5) Gender equality and inclusion is expected by 2030 to 

eliminate gender disparities in education and ensure equal 

access to all levels of education and vocational training 

for the vulnerable, including persons with disabilities, 

indigenous peoples and children in vulnerable situations. 

6) Universal youth literacy is expected by 2030 to ensure 

that all youth and a substantial proportion of adults, both 

men and women, achieve literacy and numeracy. 

7) Education for sustainable development and global 

citizenship is expected by 2030 to ensure that all learners 
acquire the knowledge and skills needed to promote 

sustainable development, including, among others, 

through education for sustainable development and 

sustainable lifestyles, human rights, gender equality, 

promotion of a culture of peace and non-violence, global 

citizenship and appreciation of cultural diversity and of 

culture’s contribution to sustainable development 

 

5.1.2. Three means of implementation. These are; 

1) Provision of Effective learning environments by 

building and upgrading education facilities that are child, 
disability and gender sensitive and providing safe, non-

violent, inclusive and effective learning environments for 

all. 

2) Provision of Scholarships opportunities by 2020 

through substantial expansion globally of the number of 

scholarships available to developing countries, in 

particular least developed countries, small island 

developing States and African countries, for enrolment in 

higher education, including vocational training and 

information and communications technology, technical, 

engineering and scientific programs, in developed 

countries and other developing countries 
3) Training of more Teachers and educators by 2030 

through substantial increase in the supply of qualified 

teachers, including through international cooperation for 

teacher training in developing countries, especially least 

developed countries and small island developing States 

From foregoing targets, the most logical pathway to 

achieve these SDG 4 targets is by embracing open and 

distance learning mode because of the following reasons. 

1). Thus, majority of citizens willing and able to attend 

higher education remain denied. 

2) There is growing demands of working adults for higher 
education. Majority of them could not complete their 

studies or education before joining workforce due to some 

reasons beyond their control. 
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3) The total carrying capacity of all face-to-face 

institutions of higher learning in Nigeria could not admit 
vast majority of Nigerian citizens thirsty and qualified for 

higher education. 

4) In some parts of Nigeria, religious belief and early 

marriage denies a good number of female population from 

higher education. 

5) Factors like physical disabilities, physical remoteness 

of localities from major population, and 

6) Payment of exorbitant tuition fees in most privately 

owned Universities drives away vast majority of Nigerian 

citizens thirsty and qualified for higher education. 

 

Therefore, there is a need to change the image of tertiary 
education in Nigeria to solve challenges of social 

dislocation, poverty, conflict, and marginalisation, as well 

as achievement of the human development goals 

especially with regards to Education for All (EFA). 

 

6. CONCLUSION 

 

Intuitively, the key to any human development and 

progress is education as it helps to enhance growth and 

development. Presently, the Nigerian educational system, 

especially, tertiary education lacks the capability to 
successfully find lasting solutions to educational problems 

in the country due to the unavailability of admission slots 

for every prospective undergraduate. 

 

Development of our nation depends on tertiary education 

and if we are to enhance the effective training of 

manpower and citizens at all levels in order to achieve the 

SDG goals on education, then Open and Distance 

Learning which utilizes ICT for its operation and delivery, 

needs to be massively invested upon as it would enhance 

a wider spread of tertiary education at affordable costs. 

More institutions should key into this initiative and the 
governments at all levels, should also be involved in 

developing useful policies and standards that would help 

increase the acceptability and quality of ODL certificates. 
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Fig. 4.1: ICT Connectivity model to support Distance Learning in Nigeria. 
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  Fig. 5.1: The UN Sustainable Development Goals. (www.news.un.org) 
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      ABSTRACT 

This paper proposes a machine learning approach for information extraction of structured academic data from unstructured 

web documents. The current challenges of information extraction have been critically examined as well as the state-of-the-art 

of structured data extraction. The proposed approach has been simplified and presented using a comprehensive flowchart. The 

proposed machine learning information extraction scheme is being validated using Kogi State University (KSU), Anyigba, 

Nigeria. The preliminary studies of KSU as well as an organogram of KSU are presented in the paper. The feasibility and 

realization of the proposed machine learning algorithm for information extraction of structured academic data from 

unstructured web documents have been justified and highlights on future directions have also been presented. 
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I. INTRODUCTION 

Information extraction (IE) is more about extracting (or 
inferring) general knowledge (or relations) from a set of 
documents or information. Note that here all the content of the 
documents could be considered as a whole corpus of data from 
where knowledge can be extracted. Of course also for this case 
somehow possible to specify what is to be extracted, but it is 
more about properties/relations than specific subjects/topics. 
Properties are more domain-specific; while generally relations 
cover more generic scenarios. On the other hand, information 
retrieval (IR) is about returning the information that is relevant 
for a specific query or field of interest. Note that this 
information could also be in the form of general documents, 
sure enough search engines are a notable example of such task. 
The most important entities recognizable for information 
retrieval are the initial set of documents/information and the 
query that specify “what to search for”. 

“Information science is the science and practice dealing 
with the effective collection, storage, retrieval, and use of 

information. It is concerned with recordable information and 

knowledge, and the technologies and related services that 

facilitate their management and use. More specifically, 

information science is a field of professional practice and 

scientific inquiry addressing the effective communication of 

information and information objects, particularly knowledge 

records, among humans in the context of social, organizational, 

and individual need for and use of information. The domain of 

information science is the transmission of the universe of 

human knowledge in recorded form, centering on manipulation 
(representation, organization, and retrieval) of information, 

rather than knowing information.” 

For IE one could instead, for example, ask to extract all the 
names of cities, or e-mail addresses, that appear in a corpus of 
documents. It is also possible to go much more generic, asking 
simply to extract knowledge. It is obvious that this is really 
generic, but it can be accomplish, for example, by obtaining 
triplets of the form subject-action-object for each valid 
sentence of a text (this is best suited for natural language texts). 
This work is particularly focused on IE. 

IE dated back to the late 1970s in the early days of natural 
language processing (NLP) (Anderson et. al., 1992). An early 
commercial system from the mid 1980s was JASPER, built for 
Reuters by the Carnegie Group with the aim of providing real-
time financial news to financial traders (Cowie and Wilks, 
1996). Beginning in 1987, IE was spurred by a series of 
Message Understanding Conferences (MUC). The MUC is a 
competition-based conference that focused on the following 
domains, namely: 1). MUC1 (1987) and MUC2 (1989) for 
naval operations messages; 2). MUC3 (1991) and MUC4 
(1992) for terrorism in Latin American countries; 3). MUC5 
(1993) for joint ventures and microelectronics domain; 4). 
MUC6 (1995) for news articles on management changes; and 
5). MUC7 (1998) for satellite launch reports [3]. Considerable 
support came from the U.S. Defense Advanced Research 
Projects Agency (DARPA), who wished to automate mundane 

tasks performed by government analysts, such as scanning 
newspapers for possible links to terrorism (Wiki, 2018). 

Information extraction (IE) is the task of automatically 
extracting structured information from unstructured and/or 
semi-structured machine-readable documents. In most of the 
cases this activity concerns processing human language texts 
by means of natural language processing (NLP). Recent 
activities in multimedia document processing like automatic 
annotation and content extraction out of images/audio/video 
could be seen as information extraction. IE on non-text 
documents is becoming an increasing topic in research and 
information extracted from multimedia documents can now be 
expressed in a high level structure as it is done on text. This 
naturally led to the fusion of extracted information from 
multiple kinds of documents and sources. Due to the difficulty 
of the problem, current approaches to IE focus on narrowly 
restricted domains. 

The world wide web (www) is the world’s largest 
repository of knowledge, and it is being constantly augmented 
and maintained by millions of people (Akbik and Broβ, 2009; 
Arasu and Garcia Molina, 2003). However, it is in a form 
intended for human reading, not in a database form with 
records and fields that can be easily manipulated and 
understood by computers. In spite of the promise of the 
Semantic Web, the use of English and other natural language 
text will continue to be a major medium for communication 
and knowledge accumulation on the Web, in e-mail, news 
articles, and elsewhere. 

Eventually we will reach the point at which the answer to 
almost any question will be available online somewhere, but 
we will have to wade through more and more material to find 
it. The next step in improved search tools will be a transition 
from keyword search on documents to higher-level queries. 
Queries where the search hits will be objects, such as people or 
companies instead of simply documents; queries that are 
structured and return information that has been integrated and 
synthesized from multiple pages; as well as queries that are 
stated as natural language questions for example: “Who were 
the first three female U.S. Senators?” and answered with 
succinct responses (Akbik and Broβ, 2009 ).  

The first half of the Internet revolution consisted of the 
creation of a wide area network for easy data sharing, enabling 
human access to an immense store of knowledge and services. 
The second half of the Internet revolution is yet to come (Arasu 
and Garcia Molina, 2003). It will happen when there is 
machine access to this immense knowledge base, and we are 
thus able to perform pattern analysis, knowledge discovery, 
reasoning, and semi-automated decision-making on top of it 
(Berners Lee, 2009). Information extraction will be a key part 
of the solution making this possible. 

 

 

 

 

31

http://en.wikipedia.org/wiki/Unstructured_data
http://en.wikipedia.org/wiki/Machine-readable_data
http://en.wikipedia.org/wiki/Natural_language_processing


Vol. 1, Issue 2, April 2019, pp. 30 - 43        

Agbogun, Akpan, Oluwade & Yemi-Peters (2019). A Prototype Machine Learning Algorithm and Its Possible Application to 
Information Extraction  

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

 

  

 

 

Table 1: Examples of structured and unstructured data and the possible sources of their generation 

S/N Sources Structured Data Unstructured Data 

1. Characteristics  Pre-defined data models 

 Usually text only 

 Easy to search 

 No pre-defined data model 

 May be text, images, sound, video or other 

formats 

 Difficult to search 

2. Resides in  Relational databases 

 Data warehouses 

 Applications 

 NoSQL databases 

 Data warehouses 

 Data lakes 

3. Generated by  Human or machines  Human or machines 

4. Typical applications  Airline reservation systems 

 Inventory control 

 CRM systems 

 ERP systems 

 Word processing 

 Presentation software 

 Email clients 

 Tools for viewing or editing media 

5. Examples  Dates 

 Phone numbers 

 Social security numbers 

 Credit card numbers 

 Customer names 

 Addresses 

 Product names and numbers 

 Transaction information 

 Text files 

 Reports 

 Email messages 

 Audio files 

 Video files 

 Images 

 Surveillance imagery 

 

Simply, a data is something that provides information about 
a particular thing and can be used for analysis. Data can have 
different sizes and formats. For example, all the information of 
a particular person in curriculum vitae (CV) or resume 
including his educational details, personal interests, working 
experience, address etc. in pdf, docx file format having size in 
kb’s. This is very small-sized data which can be easily retrieved 
and analyzed. But with the advent of newer technologies in this 
digital era, there has been a tremendous rise in the data size. 
Data has grown from kilobytes (KB) to petabytes (PB). This 
huge amount of data is referred to as big data and requires 
advance tools and software for processing, analyzing and 
storing purposes. 

The data that has a structure and is well organized either in 
the form of tables or in some other way and can be easily 
operated is known as structured data. Searching and accessing 
information from such type of data is very easy. For example, 
data stored in the relational database in the form of tables 
having multiple rows and columns. The spreadsheet is a good 
example of structured data. 

The data that has no structure and is unorganized either in 
the form of tables or some other way and cannot be easily 
operated is known as unstructured data. Operating on such type 
of data becomes difficult and requires advance tools and 
softwares to access information. For example, images and 
graphics, pdf files, word document, audio, video, emails, 
powerpoint presentations, web pages and web contents, wikis, 
streaming data, location coordinates, etc. 

Semi-structured data is basically a structured data that is 
unorganized. Web data such as JSON (JavaScript Object 
Notation) files, BibTex files, .csv files, tab-delimited text files, 
XML and other markup languages are the examples of Semi-
structured data found on the web. Due to unorganized 
information, the semi-structured is difficult to retrieve, analyze 

and store as compared to structured data. It requires software 
framework like Apache Hadoop to perform all this. 

On top of this, there is simply much more unstructured data 
than structured. Unstructured data makes up 80% and more of 
enterprise data, and is growing at the rate of 55% and 65% per 
year. And without the tools to analyze this massive data, 
organizations are leaving vast amounts of valuable data on the 
business intelligence table as illustrated in Table 1 (Aggarwal 
and Zhai, 2012; Freitag, 2000). 

Structured data is far easier for Big Data programs to digest, 
while the myriad formats of unstructured data create greater 
challenges. Yet both types of data play a key role in effective 
data analysis. Again, structured data is traditionally easier for 
Big Data applications to digest and yet today's data analytics 
solutions are making great strides in this area. 

We are proposing the use of neural network-based machine 
learning (NN-ML) techniques because it is the application of 
artificial intelligence whereby we use available information 
through algorithms to process data and the machine learning 
algorithms have strong mathematical and statistical basis that 
do not use to take domain knowledge of data and pre-
processing into account. Based on the leaning that happened in 
the previous stages, from the input dataset fed to the system, 
predications are made. As such we are using machine learning 
in order to make very good predictions that are good enough to 
be useful. Neural Network-based Supervised Machine Learning 
Algorithm based on The Teacher-Forcing method is employed. 

II. LITERATURE REVIEW 

A. Preliminary Studies 

The main task of applying information extraction on text is 
linked to the problem of text simplification in order to create a 
structured view of the information present in free text. The 
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overall goal being to create a more easily machine-readable text 
to process the sentences. Typical sub-tasks of IE include (Wiki, 
2018; Freitag, 2000): 

1). Named entity extraction which could include: 

i).  Named entity recognition: recognition of known entity 
names (for people and organizations), place names, 
temporal expressions, and certain types of numerical 
expressions, employing existing knowledge of the 
domain or information extracted from other sentences. 
Typically the recognition task involves assigning a 
unique identifier to the extracted entity. A simpler task is 
named entity detection, which aims to detect entities 
without having any existing knowledge about the entity 
instances. For example, in processing the sentence “M. 
Smith likes fishing”, named entity detection would 
denote detecting that the phrase "M. Smith" does refer to 
a person, but without necessarily having (or using) any 
knowledge about a certain M. Smith who is (or, “might 
be”) the specific person whom that sentence is talking 
about. 

ii). Coreference resolution: detection of coreference and 
anaphoric links between text entities. In IE tasks, this is 
typically restricted to finding links between previously-
extracted named entities. For example, “International 
Business Machines (IBM)” and “IBM” refer to the same 
real-world entity. If we take the two sentences “M. 
Smith likes fishing. But he doesn't like biking”, it would 
be beneficial to detect that “he” is referring to the 
previously detected person “M. Smith”. 

iii). Relationship extraction: identification of relations 
between entities, such as: 

a). PERSON works for ORGANIZATION (extracted 
from the sentence “Bill works for IBM”). 

b). PERSON located in LOCATION (extracted from the 
sentence “Bill is in France”). 

2). Semi-structured information extraction which may refer to 
any IE that tries to restore some kind information structure 
that has been lost through publication such as: 

i).  Table extraction: finding and extracting tables from 
documents; and 

ii). Comments extraction: extracting comments from actual 
content of article in order to restore the link between 
author of each sentence 

3). Language and vocabulary analysis 

i). Terminology extraction: finding the relevant terms for a 
given corpus 

4). Audio extraction 

i). Template-based music extraction: finding relevant 
characteristic in an audio signal taken from a given 
repertoire. For instance in (Zils et. al., 2002), time 
indexes of occurrences of percussive sounds can be 
extracted in order to represent the essential rhythmic 
component of a music piece. 

Note that many approaches combine multiple subtasks of IE in 
order to achieve a wider goal. Machine learning, statistical 
analysis and/or natural language processing are often used in 
IE. 

IE on non-text documents is becoming an increasing topic 
in research and information extracted from multimedia 
documents can now be expressed in a high level structure as it 
is done on text. This naturally led to the fusion of extracted 
information from multiple kinds of documents and sources. 

Furthermore, three standard approaches are now widely 
accepted for IE from structure and non-structured text as well 
as IE from web pages. These approaches include: 

1). Hand-written regular expressions (perhaps stacked) 

2). Using classifiers: 

i). Generative: naïve Bayes classifier; and 

ii). Discriminative: maximum entropy models such as 
Multinomial logistic regression. 

3). Sequence models 

i).   Hidden Markov model; 

ii).  Conditional Markov model (CMM) / Maximum-
entropy Markov model (MEMM); and 

iii). Conditional random fields (CRF) are commonly used in 
conjunction with IE for tasks as varied as extracting 
information from research papers in (Peng and 
McCallum, 2006) to extracting navigation instructions in 
(Shimizu and Hass, 2006). 

It should be noted that several other numerous other approaches 
exist for IE including hybrid approaches that combine some of 
the standard approaches previously listed above in this sub-
section. 

B. Information Extraction (IE) Methods 

There are a variety of approaches to constructing IE 
systems. One approach is to manually develop information-
extraction rules by encoding patterns (e.g. regular expressions) 
that reliably identify the desired entities or relations. For 
example, the Suiseki system (Blaschke and Valencia, 2002) 
extracts information on interacting proteins from biomedical 
text using manually developed patterns. 

However, due to the variety of forms and contexts in which 
the desired information can appear, manually developing 
patterns is very difficult and tedious and rarely results in robust 
systems. Consequently, supervised machine-learning method 
trained on human annotated corpora has become the most 
successful approach to developing robust IE systems (Cardie, 
1997). A variety of learning methods have been applied to IE. 

One approach is to automatically learn pattern-based 
extraction rules for identifying each type of entity or relation. 
For example, the previously developed system by Rapier 
(Califf and Mooney, 1999; Califf and Mooney 2003) learns 
extraction rules consisting of three parts: 1). A pre-filler pattern 
that matches the text immediately preceding the phrase to be 
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Table 2: Sample extraction rule learned by RAPIER 

S/N Pre-Filter Pattern Pre-Filter Pattern Pre-Filter Pattern 

1. syntactic: {nn.nnp} word: undisclosed semantic: price 

2. list: length 2 syntactic: jj  

 

extracted, 2). a filler pattern that matches the phrase to be 
extracted, and 3) a post-filler pattern that matches the text 
immediately following the filler. Patterns are expressed in an 
enhanced regular-expression language, similar to that used in 
Perl (Wall et. al., 1996) and a bottom-up relational rule learner 
is used to induce rules from a corpus of labeled training 
examples. In Wrapper Induction (Kushmerick et. al., 1997) and 
Boosted Wrapper Induction (BWI) (Freitag and Kushmerick, 
2000), regular-expression-type patterns are learned for 
identifying the beginning and ending of extracted phrases. 
Inductive Logic Programming (ILP) (Muggleton, 1992) has 
also been used to learn logical rules for identifying phrases to 
be extracted from a document (Freitag, 1998). 

An alternative general approach to IE is to treat it as a 
sequence labeling task in which each word (token) in the 
document is assigned a label (tag) from a fixed set of 

alternatives. For example, for each slot, X, to be extracted, we 

include a token label BeginX to mark the beginning of a filler 

for X and Inside X to mark other tokens in a filler for X. Finally, 
we include the label order for tokens that are not included in 
the filler of any slot. Given a sequence labeled with these tags, 
it is easy to extract the desired fillers. 

One approach to the resulting sequence labeling problem is 
to use a statistical sequence model such as a Hidden Markov 
Model (HMM) (Rabiner, 1989) or a Conditional Random Field 
(CFR) (Lafferty et. al., 2001). Several earlier IE systems used 
generative HMM models (Bikel et. al., 1999; Freitag and 
McCallum, 2000); however, discriminately-trained CRF 
models have recently been shown to have an advantage over 
HMM’s (Peng and McCallum, 2004; Sarawagi and Chen, 
2005). In both cases, the model parameters are learned from a 
supervised training corpus and then an efficient dynamic 
programming method based on the Viterbi algorithm (Viterbi, 
1967) is used to determine the most probable tagging of a 
complete test document. 

Another approach to the sequence labeling problem for IE 
is to use a standard feature-based inductive classifier to predict 
the label of each token based on both the token itself and its 
surrounding context. Typically, the context is represented by a 
set of features that include the one or two tokens on either side 
of the target token as well as the labels of the one or two 
preceding tokens (which will already have been classified when 
labeling a sequence from left to right). Using this general 
approach, IE systems have been developed that use many 
different trained classifiers such as decision trees (Bennett et. 
al. (1997), boosting (Carreras et. al., 2003), memory-based 
learning (MBL) (Meulder and Daelemans, 2003), support-
vector machines (SVMs) (Mayfield et. al., 2003), maximum 
entropy (MaxEnt) (Chieu and Ng, 2003), transformation-based 
learning (TBL) Tanabe and Wilbur, 2002) and many others 
listed in (Sang and Meulder, 2003). 

Many IE systems simply treat text as a sequence of 
uninterpreted tokens; however, many others use a variety of 
other NLP tools or knowledge bases. For example, a number of 
systems preprocess the text with a part-of-speech (POS) tagger 
(e.g.Church, 1988; Brill, 1995) and use words’ POS (e.g. noun, 
verb, adjective) as an extra feature that can be used in 
handwritten patterns (Blaschke and Valencia, 2002), learned 
extraction rules (Califf and Mooney, 2003), or induced 
classifiers (Ssang and Meulder, 2003). Several IE systems use 
phrase chunkers (e.g. (Zelenko et. al., 2003) to identify 
potential phrases to extract (Sang and Meulder, 2003; 
Ramshaw and Marcus, 1995). Others used complete syntactic 
parsers (e.g. (Collins, 1997), particularly those which try to 
extract relations between entities by examining the syntactic 
relationship between the phrases describing the relevant entities 
(Culotta and Sorensen, 2004; Ray and Craven, 2001). Some use 
lexical semantic databases, such as WordNet (Fellbaum, 1998), 
which provide word classes that can be used to define more 
general extraction patterns (Califf and Mooney, 2003). 

As a sample extraction pattern, Table 2 shows a rule learned 
by Rapier (Califf and Mooney, 2003) for extracting the 
transaction amount from a newswire concerning a corporate 
acquisition. This rule extracts the value “undisclosed” from 
phrases such as “sold to the bank for an undisclosed amount” or 

“paid Honeywell an undisclosed price”. The 
pre-filler pattern matches a noun or proper noun (indicated by 

the POS tags ’nn’ and ’pn’, respectively) followed by at most 
two other unconstrained words. The filler pattern matches the 

word “undisclosed” only when its POS tag is 

“adjective”. The post-filler pattern matches any word in 

WordNet’s semantic class named “price”. 

C. State-of-the-Art in Information Extraction 

Arasu and Garcia-Molina (2003) from Stanford University 
wrote on Extracting structured data from web pages. They said 
the earliest information extraction techniques rely on a human 
to encode knowledge of the template into a program called 
wrapper. Their goal was to deduce the template without any 
human input and use the deduced template to extract data. The 
paper presented an algorithm called EXALG for extracting 
structured data from a collection of web pages generated from a 
common template. EXALG first discovers the unknown 
template that generated the pages and uses the discovered 
template to extract the data from the input pages. EXALG uses 
two novel concepts, equivalence classes and differentiating 
roles, to discover the template. It has been shown in Arasu and 
Garcia-Molina (2003) that experiments on several collections 
of web pages, drawn from many well-known data rich sites 
indicated that EXALG is extremely good in extracting the data 
from the web pages. Another desirable feature of EXALG is 
that it does not completely fail to extract any data even when 
some of the assumptions made by EXALG are not met by the 
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input collection. In other words the impact of the failed 
assumptions is limited to a few attributes. 

Andrew McCallum (2005) stated that the U.S. Department 
of Labor course extraction problem was solved by a company 
called WhizBang Labs using a combination of several 
machine-learning components. To find the Web pages likely to 
contain course listings, text classification was used in 
conjunction with a spider. Statistical language modeling 
methods hypothesized segmentations and classifications of the 
different fields, which also were put into a classifier responsible 
for coarse-scale segmentation of one course from another. A 
method called scoped learning was then used to learn 
formatting (wrapper-like) regularities on the fly from each 
page, without human intervention. Logistic-regression 
classifiers were used to complete the association and 
deduplication phases. (Conditional random fields were not used 
only because they had not yet been developed.) In the end, the 
project was deemed a success—data was extracted with 
sufficient accuracy so that it could be deposited directly into the 
Web site’s structured database. 

According to Tang et. al. (2007), information is hidden in 
the large volume of web pages and thus it is necessary to 
extract useful information from the web content, called 
Information Extraction. In information extraction, given a 
sequence of instances, they identified and pull out a sub-
sequence of the input that represents information they were 
interested in. In the past years, there was a rapid expansion of 
activities in the information extraction area. Many methods 
have been proposed for automating the process of extraction. 
However, due to the heterogeneity and the lack of structure of 
Web data, automated discovery of targeted or unexpected 
knowledge information still presents many challenging 
research problems. They investigated the problems of 
information extraction and surveyed existing methodologies for 
solving these problems. Several real-world applications of 
information extraction were introduced. Emerging challenges 
were also discussed. 

On 21st April 2014, the Visual Web Ripper V2.123.0 was 
released while on 23rd April 2014, the Visual Web Ripper 
V2.123.2 was also released (Sequentum, 2014). Visual Web 
Ripper is a powerful visual tool used for automated web 
scraping, web harvesting and content extraction from the web. 
This data extraction software can automatically walk through 
whole web sites and collect complete content structures such as 
product catalogs or search results (Sequentum, 2014). 

Sunandan et. al. (2014), presented a solution to the problem 
of structuring unstructured online ads with a < key; value > 
style representation. They proposed a graph-based 
unsupervised algorithm which gave a performance with an 
accuracy of 67.74% for cars and 68.74% for apartment ads 
downloaded from Craigslist. They also presented an alternative 
supervised learning algorithm where they used conditional 
random field (CRF) to compute the most probable label 
sequence given an observed sequence of words in an ad. The 

supervised algorithm achieved an accuracy of 74.07% and 
72.59% respectively for car and apartment ads. Lower 
accuracies in the unsupervised method can be attributed to the 
fact that there are some aspects to the problem which are very 
difficult to model in an unsupervised method. Implementation 
of the supervised algorithm actually shows that some of the 
shortcomings of the unsupervised method can be reduced by 
the supervised method. They are currently exploring the 
possibilities to further enhance the accuracy of their algorithms. 

In the work of Gowri and Sundaram (2015), they wrote that 
Text mining studies are gaining more importance recently 
because of the availability of the increasing number of the 
electronic documents from a variety of sources. In the current 
scenario, text classification gains lot of significance in 
processing and retrieval of text. Automated document 
classification becomes a key technology to deal and organize 
huge volume of documents and it frees organizations from the 
need of manually organizing document bases. A traditional 
approach to text categorization requires encoding documents 
into numerical vectors. This type of traditional document 
encoding causes two main problems: huge dimensionality and 
sparse distribution. Information retrieval techniques such as 
text indexing have been developed to handle the unstructured 
documents. The related task information extraction (IE) is 
about specific items in natural language documents. 

Arvinder and Deepti (2016) noted that most of the data is in 
the form of text these days. While databases store only 
structured data, most of the data is unstructured like text 
documents, web pages, emails etc. Text mining is what is 
required if useful information needs to be extracted from tons 
of text. But where to begin, what are the popular tools, which 
techniques are used, what are the features. Beginning is always 
the toughest, so their paper tries to explore the tools available 
for text mining to help new researchers and practitioners in the 
field of text mining. 

The work on information extraction in illicit web domains 
(Kejriwal and Szekely, 2017) showed that extracting useful 
entities and attribute values from illicit domains such as human 
trafficking is a challenging problem with the potential for 
widespread social impact. Such domains employ a typical 
language models, have `long tails' and suffer from the problem 
of concept drift. In their paper, they proposed a lightweight, 
feature-agnostic Information Extraction (IE) paradigm 
specifically designed for such domains. Their approach uses 
raw, unlabeled text from an initial corpus, and a few (12-120) 
seed annotations per domain-specific attribute, to learn robust 
IE models for unobserved pages and websites. Empirically, 
they demonstrated that their approach can outperform feature-
centric Conditional Random Field baselines by over 18% F-
Measure on five annotated sets of real-world human trafficking 
datasets in both low-supervision and high-supervision settings. 
They also showed that their approach is demonstrably robust to 
concept drift, and can be efficiently bootstrapped even in a 
serial computing environment. 
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Fig. 1: Structure of Kogi State University website. 
 

Furthermore, Yanshan et. al. (2018) pointed out that with 
the rapid adoption of electronic health records (EHRs), it is 
desirable to harvest information and knowledge from EHRs to 
support automated systems at the point of care and to enable 
secondary use of EHRs for clinical and translational research. 
One critical component used to facilitate the secondary use of 
EHR data is the information extraction (IE) task, which 
automatically extracts and encodes clinical information from 
text. Their Objectives: In their literature review, they presented 
a review of recent published research on clinical information 
extraction (IE) applications. The authors conducted a literature 
search for articles published from January 2009 to September 
2016 based on Ovid MEDLINE In-Process as well as Other 
Non-Indexed Citations, Ovid MEDLINE, Ovid EMBASE, 
Scopus, Web of Science, and ACM Digital Library. Finally, it 
has been shown in Yanshan et. al. (2018) that a total of 1917 
publications were identified for title and abstract screening. Of 
these publications, 263 articles were selected and discussed in 
their review in terms of publication venues and data sources, 
clinical IE tools, methods, and applications in the areas of 
disease- and drug-related studies, and clinical workflow 
optimizations. Their conclusion was that clinical IE has been 
used for a wide range of applications; however, there is a 
considerable gap between clinical studies using EHR data and 
studies using clinical IE. Their study enabled them to gain a 
more concrete understanding of the gap and to provide 
potential solutions to bridge this gap. 

 

III. THE ARCHITECTURE OF THE PROPOSED SCHEME FOR 

UNSTRUCTURED INFORMATION EXTRACTION 

A. Open Information Extraction 

Information-extraction (IE) systems seek to distill semantic 
relations from natural-language text, but most systems use 
supervised learning of relation-specific examples and are thus 
limited by the availability of training data. Open IE systems 

such as TextRunner, on the other hand, aim to handle the 
unbounded number of relations found on the Web (McCallum 
and Jensen, 2003; Abteboul et. al., 1999; Bergert et. al., 1996). 
But how well can these open systems perform? 

An open information extractor is a function from a 

document, d, to a set of triples,  1 2arg , , argrel , where the 

args are noun phrases and rel is a textual fragment 
indicating an implicit, semantic relation between the two noun 
phrases. The extractor should produce one triple for every 
relation stated explicitly in the text, but is not required to infer 
implicit facts. In (Wu and Weld, 2010), it was assumed that all 
relational instances are stated within a single sentence. Note the 
difference between open IE and the traditional approaches (e.g., 
as in WebKB), where the task is to decide whether some pre-
defined relation holds between (two) arguments in the sentence 
(Abteboul et. al., 1999; Bergert et. al., 1996 ). 

Furthermore, Wu and Weld (2010) made an attempt to learn 
an open extractor without direct supervision, i.e. without 
annotated training examples or hand-crafted patterns. Their 
input was Wikipedia, a collaboratively-constructed 
encyclopedia. As output, Wikipedia-based Open Extractor 
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Fig. 2: Structure of KSU site showing links to the case study area only. 

(WOE) produces an unlexicalized and relation-independent 
open extractor. Their objective was to construct an extractor 
which generalizes beyond Wikipedia, handling other corpora 
such as the general Web. 

B. Structure of Kogi State University 

Before the university website is designed, Fig. 1 is the 
organogram of Kogi State University. This is the basic 
structure of KSU to show you the schematic of how KSU looks 
like. Therefore with the advent of internet and the need to 
develop a website for Kogi State University, based on the 
organogram in Fig. 1, the website was developed. Fig. 2 is the 
same organogram but removing the arrow branches to other 
links showing only the links to the area of interest to this 
project work. 

The proposed system will be implemented using the 
Structure of Kogi State University website (Fig. 1) which was 
reduced to the area of case study (Fig. 2). Furthermore, Fig. 1 
shows the information of the complete Structure of Kogi State 
University Website in the form of an organogram, including 
programmes, students and Scholars (staff). Fig. 2 contains 
some WebPages of Kogi State University (areas of case study) 
corresponding to the structure in Fig. 1, with other links 
removed but contains only areas of case study WebPages of 
Kogi State University corresponding to the structure in Fig. 2 
with all other unwanted links removed. The task is to extract 
important data of Fig. 1 from the data source of webs 
corresponding to Fig. 2 and to organize the data with 
relationships of reality. In the university, the most important 
units are: the Scholars (staff), students including the 

Programmes, department and laboratory, the most important 
people are the staff members and they work in different 
faculties and departments with different identities. 

KSU Scholars block in Fig. 2 is one of the web pages on 
KSU website. It contains the following options: Home, View 
All Scholars, Login, Contact, Search any keyword and Search 
Name(s) of Scholar. It is from this webpage that View All 
Scholars can be reached. The link is www.scholars.ksu.edu.ng. 

C. Instances of KSU Website 

1) KSU Diploma & Predegree Portal (CPDS) 

The main page of the KSU Diploma & Predegree 
programme portal is shown in Fig. 3 which has the following 
menu options: Home, About us, Programmes, Admission, 
Transcript, Student Login, Help desk, Portal Home, Screening 
Officer, Official website. It also displays further information 
like welcome to CPDS official website, vision and mission 
statement and general information from KSU News centre.  All 
the menu options listed and all other links can be accessed from 
here. The web link is http://cpds.ksu.edu.ng/ 

 

2) KSU Undergraduate Portal (100 to 400 Level Students) 

The main page of the Undergraduate portal for KSU is 
displayed in Fig. 4. It has the following menu options: Home, 
Instruction, Calendar, Student E-Mail, iTranscript, Help desk, 
FAQ, Student Login, Registration Steps, Help Desk, Official 
website, Portal Home, Screening Officer. It also displays 
further information like Quick Links and Hot News. All the 
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Fig. 3: KSU Diploma & Predegree Portal (CPDS). 

 

 

Fig. 4: KSU Undergraduate Portal (100 to 400 level students). 

 

 

Fig. 5: KSU Business school portal. 

 

menu options listed and all other links can be accessed from 
here. The web link is http://portal.ksu.edu.ng/. 

 

3) KSU Business School Portal 

Fig. 5 is the main page of the KSU Business School Portal. 
It has the following menu options: Home, About us, 
Programmes, Admission, Admission requirement, Our staff, 
Alumni, Tuition Fee, Contact Us, Official website, KSU 
Scholars, Student Login. It also displays further information 
like welcome to Kogi State University Business School and its 
history and general information from KSU News centre.  All 
the menu options listed on that page and all other links can be 
accessed from here. The web link is http://kbs.ksu.edu.ng/ 

 

D. The Proposed Implementation Flowchart 

This work aims at the development of neural network-based 
machine learning algorithms for information extraction of 
structured academic data from unstructured web document(s) 
and the flowchart for the proposed methodology to achieve the 
aim is as shown in Fig. 6. 

The application will wait for the webpage by checking if 
the webpage is available. If the webpage is not (NO) available, 
it will continue to check until the webpage is available. When 
available (YES), it will show the webpage and will accept it as 
INPUT and continue to the next stage. At the next stage the full 
web page will be recognized by passing through a Neural 
Network-Based Adaptive Recursive Least Squares (ARLS) 
Algorithm based on Teacher-Forcing method in order to 
recognize the pattern, at the same time, the full webpage will be 
classified by passing through the Naïve Bayesian Neural 
Network-Based Classification Algorithm for pattern 
classification based on Posteriori parameter distribution with 
hyper-parameter optimization. Data integrity check will be 
performed on the two results to be sure that there is no lost of 
data (i.e. is the result Dataset same as the input Dataset?) after 
which the two results will be combined with a Model 
combination algorithm based on AdaBoost Algorithm then the 
result of the combination will pass through a Binary Tree-
Based Model for partitioning the input space (i.e. unstructured 
data) to the desired output space (i.e. structured data).  The 
machine learning Algorithms for information extraction of 
structured academic data from unstructured web document(s) is 
implemented and deployed by using Natural Language 
Processing (NLP) Scheme. 

IV. DISCUSSIONS 

While information extraction has applications in a wide 
range of domains, the specific type and structure of the  
information to be extracted depend on the need of the particular 
application(s) (Brin, 1998). Some example applications of  
information extraction include but not limited to the following: 

1). Biomedical researchers often need to sift through a large 
amount of scientific publications to look for discoveries related 
to particular genes, proteins or other biomedical entities. To 
assist this effort, simple search based on keyword matching 
may not suffice because biomedical entities often have 
synonyms and ambiguous names, making it hard to accurately 
retrieve relevant documents. A critical task in biomedical 
literature mining is therefore to automatically identify mentions 
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of biomedical entities from text and to link them to their 
corresponding entries in existing knowledge bases such as the 
FlyBase; 

2). Financial professionals often need to seek specific 
pieces of information from news articles to help their day-to-
day decision making. For example, a finance company may 
need to know all the company takeovers that take place during 
a certain time span and the details of each acquisition. 
Automatically finding such information from text requires 
standard information extraction technologies such as named 
entity recognition and relation extraction; 

3). Intelligence analysts review large amounts of text to 
search for information such as people involved in terrorism 
events, the weapons used and the targets of the attacks. While 
information retrieval technologies can be used to quickly locate 
documents that describe terrorism events, information 
extraction technologies are needed to further pinpoint the 
specific information units within these documents; and 

4). With the fast growth of the Web, search engines have 
become an integral part of people’s daily lives, and users’ 
search behaviors are much better understood now. Search based 
on bag-of-word representation of documents can no longer 
provide satisfactory results. More advanced search problems 
such as entity search, structured search and question answering 
can provide users with better search experience. To facilitate 
these search capabilities, information extraction is often needed 
as a preprocessing step to enrich document representation or to 
populate an underlying database. 

 

V. CONCLUSION AND RECOMMENDATION 

As a future direction, the main aim of the proposed research 
will be focused on the development of machine learning 
algorithms for information extraction of structured academic 
data from unstructured web documents which will be 
accomplished according to but not necessarily limited to the 
following set goals: 

1). formulate a robust neural network-based supervised 
machine learning algorithm based on the teacher-forcing 
method for pattern recognition; 

2). formulate a Naïve Bayesian neural network 
classification algorithm for pattern classification based on 
posteriori parameter distribution with hyper-parameter 
optimization; 

3). combine the neural network-based supervised machine 
learning algorithm based on teacher-forcing pattern recognition 
with the Naïve Bayesian classification algorithm using 
Bayesian model Averaging technique with AdaBoosting 
Algorithm; 

4). develop a binary Tree-based model for partitioning the 
input space to the desired output space; 

5). implement and deploy the proposed machine learning 
algorithms for information extraction of structured academic 

data from unstructured web documents using natural language 
processing (NLP) scheme; and 

6). compare the performances of the proposed machine 
learning algorithms with a standard automatic information 
extraction algorithm for given document(s). 
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Fig. 6: Flowchart of the proposed machine learning information extraction scheme. 
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      ABSTRACT 

Energy conservation is a major concern today prompting individuals, companies, and organizations to seek for 

energy-efficient products and services as the energy cost to run equipment has grown to be a major factor. 

Therefore, software engineers, hardware engineers and system designers explore new directions to reduce the energy 

consumption of their products and services. The aim of this study is therefore to carry out a comparative 

experimental analysis of the energy consumption of Quick, Merge and Insertion sort algorithms using three 

programming languages. The three sorting algorithms were implemented in three programming languages (C, Java 

and Python) and two algorithm implementation styles (Iterative and Recursive). Time stamp was used to capture the 

execution time of the sorting algorithm. Power consumed was measured using Joule meter. From the experiments, it 

was observed, among others, that the data size, programming language used and algorithm implementation styles 

affect the total energy consumption. It was also observed that the energy consumption is dependent greatly on the 

time performance of the Algorithm. Using scripting language has clear drawbacks in terms of energy efficiency 

which should be taken into consideration when using them. Therefore, this paper provides information for choice of 

sorting algorithm type and its algorithm implementation style in order to minimize energy consumption, most 

importantly in the current period of explosive growth in the use of resource-constrained devices that run majorly on 

battey life. This gives developers knowledge on energy efficiency in software leading to choosing some code over 

others based on their energy performance. The paper is a follow-up to the analysis carried out on execution time in a 

preceding paper. 
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1.  INTRODUCTION    

Energy conservation is a major concern today with so 

many programs and bodies providing incentives to 

save energy and promote the use of renewable energy 

resources. As the energy cost for running equipment 

has grown to be a major factor, individuals, 

companies, and organizations seek energy-efficient 

products and services. 

 
This Energy consumption is also critical in computer 

devices, in terms of both cost and availability. Google 

engineers, maintaining thousands of servers, warned 

that if power consumption continues to grow, power 

costs can easily overtake hardware costs by a large 

margin (Barroso, 2005). 

 

Power dissipation is also a major concern in portable, 

battery-driven devices that have proliferated rapidly 

in recent years with battery of laptop or mobile phone 

easily depleted. Also, in the case of distributed 

devices like sensor networks where the charging of 
batteries is difficult or impossible, energy issue is 

even more serious and noticeable. Furthermore, 

energy dissipation causes thermal problems. Most of 

the energy consumed by a system is converted into 

heat, resulting in wear and reduced reliability of 

hardware components. 

 

For these reasons, energy has become a leading 

design constraint for computing devices. Therefore, 

the goal of software engineers is to design energy-

efficient algorithms that reduce energy consumption 
while minimizing compromise to service.  

 

Therefore understanding energy usage/ consumption 

of an algorithm has become a major issue in 

determining and improving the energy efficiency of 

any algorithm. 

 

More so, estimating energy consumption is a 

laborious task. High energy consumption affects the 

environment which necessitate for greenness in 

software development. 
 

Energy conservation which is one of the areas of 

Green computing is now a major concern in today’s 

world with its conservation of uppermost importance 

due to its high cost and limited availability. The 

exponential growth in computing activity and the 

ever increasing energy consumption of data centers 

which doubles between year 2000 and 2006 

(http://www1-

eere.energy.gov/Femp/Program/dc_energy_consumpt
ion.html) with adverse effect of energy emission on 

the environment and rising concern for energy 

conservation which  has made energy efficiency of 

algorithm of uppermost importance. It has been found 

that ICT is responsible for 2% of total world 

emissions (www-

03.ibm.com/press/attachments/GreenIT-final-

mar4.pdf). Therefore, protecting the environment by 

saving energy and thus reducing cabondioxide 

emissions is one of today’s hottest and most 

challenging topics (Bunse et. al., 2009A). From a 

technological point of view, the realization especially 
for mobile systems still falls behind expectations. 

 

In all of these, energy efficiency studies have mostly 

focused on the hardware side of energy efficiency 

solution, the software role still requires deepening in 

terms of methods and techniques. Algorithmic 

techniques can provide effective solutions for energy 

savings, complementing hardware and system-based 

approaches. 

 

This paper is therefore in that direction, studying and 
comparing the energy efficiency of sorting algorithms 

based on Programming language, Algorithm 

implementation styles and Data size. 

 

This work is a continuation of an earlier paper which 

focused on executime time analysis (Ayodele and 

Oluwade, 2019).  

 

2. RELATED WORK  

 

Deepthi et al., (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 
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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 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. 

 

Aaron et al., (2010) performed a detailed analysis of 

energy consumption of a smart phone, 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 smart phone as hardware 

but not on the installed software. 

 

Ahmad Elkahlout et al., (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 algorithm 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., [15] 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 different dataset size consume different 

amount of energy for executing the same algorithm? 
RQ2: Does different programming languages 

consume different amount of energy for executing the 

same algorithm? 

RQ3: Does different Algorithm implementation style 

(Iterative and Recursive) have effect on energy 

consumption? 

RQ4: Is there a relationship between Energy Usage, 

DataSize and Programming language used? 

 

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 energy is consumed 

when changing the implementation 

language. 

ii.  Give a clue as to why energy 

consumption varies between languages. 

 

The sorting algorithms used in the study, 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: 

 Virtual machine based languages: Java 

(compiled and interpreted language) 
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 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 

 

3.3 Data Size 

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

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

hundred thousand. The data was randomly generated by 

importing random function from the language(s) libraries. 

The power consumption and energy efficiency of random 

generator are measured. This is to ensure that the power 

consumption and energy efficiency captured is solely for 

the algorithm. 

 

To reduce measurement error, each data size being 

considered was executed five times, the average captured 

and recorded for use. 

 

3.4 Measurement  

TimeStamp and Joulemeter 

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. Power consumed 

was measured using Joule meter.  

 

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. 

 

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. Power consumed was measured 

using Joule meter.  

 

To carry out the experiment, launch Joule meter and the 

IDE (Dev C++ or Net beans). Run the program, a request 

to input data size was displayed. Click on browse on Joule 
meter and specify file name to store power consumed by 

sorting algorithm per millisecond and recorded. Click on 

the start button on the Joule meter to record power 

measurement. Immediately, input data size and click ok to 

start sorting. The power measurement was stop 

immediately sorting is completed. The execution time was 

displayed in millisecond. The start time and end time was 

used to trace power consumption for the sorting. The 

experiment is 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.           
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Algorithm Energy 

…(1)  

 

where P = CPU power 
utilization and T = the execution time 

Microsoft Excel was used to compute the Energy from 

the formula above. (See Table 3.2 as screen shot) 

4. RESULTS  

 

Below are the lists of tables developed from the results of 

the experiments. The results are on: 

i. Table 4.1: Energy Comparison of 

Iterative sorting Algorithms Implementations in 

C 

ii. Table 4.2: Energy Comparison of 

Iterative sorting Algorithms Implementations in 

Java 

iii. Table 4.3: Energy Comparison of 

Recursive sorting Algorithms Implementations 

in Python 

iv. Table 4.4:  Energy Comparison Of 

Recursive Quick Algorithms Implementations in 

C++, Java And Python 

v. Table 4.5:  Energy Comparison Of 

Recursive Merge Algorithms Implementations In 

C++,   Java And Python 

vi. Table 4.6:   Energy Comparison of 

Iterative Insertion Algorithms Implementations 

In C++, Java and Python 

vii. Table 4.7:  Energy Comparison Of Iterative 

Merge Algorithms Implementations In C++, Java 

and Python 

viii. Table 4.8:  Energy Comparison Of 

Iterative Quick sort Algorithms Implementations 

In C++, Java and Python 

ix. Table 4.9:  Power (Watt) of three Iterative 

and Recursive sorting Algorithms implemented 

in Java 

x. Table 4.10:  Power(Watt) of three Iterative 

and Recursive sorting Algorithms implemented 

in C 

xi. Table 4.11: Power (Watt) of three Iterative 

and Recursive sorting Algorithms implemented 

in Python 

5.  DISCUSSION OF RESULTS  

 

All corresponding figures are in the Appendix 

 

5.1 Impact of Data Size on Energy Consumption 

(Energy versus Data Size) 

 

From figure 1, which is the figure of Data Size Analysis 

of the three Sorting Algorithms implemented in two 

algorithm implementation styles? 
As the data size increases from 100,000 to 500,000 at a 

range of 100,000, the energy also increases. 

  

Checking the trend in the shape of the different graphs 

from each of these graph lines, the higher the data size the 

higher the energy consumption. From this figure, there is 

continuous upward flow of the graph lines in all cases.  

Therefore the following conclusions were made: 

  

1. There is an increase in Energy usage as data size 

increases in the three programming languages 

used  

2. Also there is an increase in energy consumption 

in the two algorithm implementation styles used 

as the data size increases. 

3. Generally, from these observations, the table and 

figures indicate decrease in energy efficiency 

(increased energy consumption) with increase in 

data size. 

4. This implies that both data size and energy have 

strong impact on the efficiency of the algorithm. 

 

5.2 Impact of Data Size on Execution Time (Execution 

Time versus Data Size) 

From the previous work of same authors (Ayodele 

and Oluwade, 2019), the following conclusions were 

drawn: 
 

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. 
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4. Average Execution time of recursive 

implementations of all the sorting Algorithms 

and in all programming languages used is higher 

than its equivalent iterative implementations. 

5. From figure 4.10C – 4.10E, both the execution 

time and energy have an impact on the efficiency 

of the algorithms. 

 

5.3 Impact of Data Size on Power Usage (Power versus 

Data Size) 

From Figures 3 – 6, 

Observations: 

The Power consumption over various levels of data 

sizes was plotted. The power consumption of four 

different sorting algorithms, their relative 

implementation in three distinct languages and two 

algorithm implementation styles were analysed. 

 

The power consumption for iterative merge and quick 

sort is relatively stable with increasing data size. 

However, insertion sort consumes high quantity of 

power with increase in data size. From the graphs, 

insertion sort is not suitable for large data size. The 

KSU hybrid sort has the lowest power consumption. 

 

Power consumed by Merge sort and Quick sort 

implemented in C fluctuates with increasing data size 

while insertion sort is relatively stable with 

increasing data size though with high power 

consumption. From the graph, Quick sort is more 

power friendly. 

 

Power consumed by iterative insertion, merge and 

quick sorts implemented in python is high compared 

to other programming languages. Merge sort 

consumed less power compared to quick and 

insertion sort. Insertion sort had the highest power 

consumption. 

 

Power consumption for recursive merge and quick 

sorts implemented in Java, recursive quick sort 

consumed lesser power compared to recursive merge 

sort. Hence, recursive merge sort is more power 

efficient. 

 

Power consumption for recursive merge and quick 

sort implemented in C, quick sort is unstable with 

smaller data size but consumed lesser power 

compared with merge sort. 

 

Recursive merge sort implemented in python 

consumed very high power compared to recursive 

quick. The result shows that recursive merge 

implemented in python is not suitable for platforms 

where energy is highly prioritized. 

 

Insertion sort implemented in Java consumed a 

noticeable high power compared to iterative merge 

sort, recursive merge, iterative quick and recursive 

quick sorts. Insertion sort implemented with java is 

not suitable for power critical devices. 

 

Data size, algorithm, programming language and 

algorithm implementation style all affect the power 

consumption of an Algorithm. 

 

In all programming languages used and 

implementation styles, KSU hybrid sort has the 

lowest power consumption. 

 

5.4 Impact of Programming Languages on energy 

consumption 

Observations: 

From Figure 1-figure 10, Checking the trend in the 

shape of the graph, from figure 10 which has the 

plotting of the three sorting algorithms implemented 

in the all the programming languages used and also 

the two algorithm implementation styles. In all cases 

the energy consumption also increases with increase 

in data size. 

 

The following were observed: 

1. The Energy consumed by same algorithm varies 

from one programming language to the other. 

2. As data size increases, the energy consumption 

increasing in the three programming languages. 

3. The Energy consumed by the scripting language 

(Python) is significantly higher than the virtual 

based language and also to the native code 

language.  
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4. It was noted the high energy consumption of the 

scripting language which can be attributed to the 

fact that there is the need to interpret then 

execute the algorithm. This additional step 

clearly has a higher value in terms of energy 

consumption. 

5. Programming languages are diverse in terms of 

design and specifications. The experiment on 

programming languages with this diversity gives 

us hints as to why energy consumption varies 

from one programming language to another.  

 

5.5 Impact of Algorithm implementation Style (Iterative and 

Recursive) 

 

     Observations: 
From figure 4 the Insertion sorting algorithm using 

the Iterative algorithm implementation style 

implemented in python programming language has 

the highest energy consumption. As the data size 

increases, the energy consumption 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 energy consumption of 

the recursive version is higher than the iterative. 

Checking the trend in the shape of the graph, 
 

The following were observed: 

1. The algorithm under review determines the 

energy efficiency of a particular algorithm 

implementation style. 

2. Generally, iterative implementation of sorting 

algorithms are more energy efficient than 

equivalent recursive implementation.  

3. The recursive insertion algorithm implemented in 

Python has the highest energy consumption. This 

implies that this sorting algorithm implemented in 

this language is not energy efficient. 

 

5.6 Relationship between Energy Usage, Data Size, 

Algorithm Implementation Style and 

Programming language used. 

 

It is worth noting that Sorting Algorithms have 

looping structures. If the loops iterate n times, 

then the time for all n iterations is T1. N where 

T1 indicates number of times the computation 

takes place in one loop iteration. The value of T1 

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 T1 has negligible effect on computing 

the asymptotic complexity, the impact is evident 

in actual implementation of the algorithms. 

 

The impact of T1 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. Obviously, T1 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 energy consumption. 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. In conclusion 

we can say that energy consumption is strongly 

related to execution time. 

 

From all the Figures presented it can be seen that 

Data size, Algorithm implementation Style and 
programming language are factors that impact 

the energy consumption of Algorithm. It can be 

noted that the same sorting algorithm has 

different energy consumption 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 power consumption, the higher the 

time taken for sorting and invariably the higher 

the energy consumption. Also, how software is 
written and the programming language used are 

important factor for energy efficiency. 
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Varying the parameters values (Data size, 

algorithm implementation style, programming 
language) impacts the energy consumption with 

different evolution patterns based on which 

parameters are varied. 

 

6. CONCLUSION 

 

Energy management has become an important issue 

in computing environments. Therefore, measuring the 

energy consumption of software is the first step in 

order to produce an energy efficient code to 

complement other hardware and system-based 

approaches. 

 

Developers over the years made significant effort to 

optimize hardware component in pursuant of an 

energy efficient devices treating the algorithm as a 

black box. 

 

The energy, time execution and power consumption 

of different sorting algorithms were analysed, the 

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 
impact the energy consumption of software. Varying 

the parameters values (Data size, Programming 

language, Algorithm implementation style) impacts 

the Energy consumption with different evolution 

patterns based on which parameters are varied. 

 

Our work therefore provides the basic information to 

choose a specific sorting implementation to minimize 

energy consumption depending on the usage of the 

sorting algorithm and type of computing devices in 

which the sorting algorithm will be used most 
especially in any handheld battery driven devices. 
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   Figure 3.3: The algorithm for execution time 

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 

 

1. Start 

2. Input: Data 

3. Load a Sorting Algorithm 

4. Sort data 

5. Output  

i. Execution Time of sorted data 

ii. Measure CPU power utilized 

6. i. Calculate Energy per unit 

ii. Print value of Energy utilized 
7. Stop 

 

Figure 3.2: Program flow of the Sorting 

Algorithm 

Start_Time        Invoke _System_clock 

Call_sortingAlgorithm_class/method 

 End_Time Invoke_System_Clock 

 Execution_Time = End_Time-  Start_ 

Time 
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     APPENDIX 

 

Table 4.1 Energy Comparison of Iterative sorting Algorithms Implementations in C 

 Energy Consumption(Joule) of three Iterative sorting Algorithms 

implemented in C 

Data Size Insertion  MergeSort Quick sort  

100,000 124.6739091 0.323556 0.143748 

200,000 564.4451987 0.726528 0.2375 

300,000 1203.689149 1.414728 0.485688 

400,000 2173.657483 1.791912 0.678912 

500,000 3360.210425 1.926332 1.32668 

 

 

Table 4.2 Energy Comparison of Iterative sorting Algorithms Implementations in Java 

 Energy Consumption(Joule) of three Iterative sorting Algorithms implemented 

in Java 

Data Size Insertion  MergeSort Quick sort  

100,000 76.92423296 0.417088 0.38864 

200,000 886.2912867 0.899096 0.717664 

300,000 3942.79201 1.7496 0.9885 

400,000 10900.63841 2.174592 1.365188 

500,000 25093.63495 2.6344 1.65624 

 

Table 4.3 Energy Comparison of Recursive sorting Algorithms Implementations in Python 

 Energy Consumption(Joule) of three 

Iterative sorting Algorithms 

implemented in Python 

Data Size MergeSort 

 

Quick sort 

100,000 124.6739091 

 

58.84715509 

200,000 564.4451987 

 

124.9685281 

300,000 1203.689149 

 

185.6125664 

400,000 2173.657483 

 

263.97059 54
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500,000 3360.210425 281.3010236 

 

 

 

Table 4.4 Energy Comparison Of Recursive Quick Algorithms Implementations 

In C, Java And Python 

        DATA 

SIZE 

('000)  C  JAVA  PYTHON 

    100 0.349168 0.41238678 58.84715509 

    200 1.114224 0.792816928 124.9695281 

    300 1.909656 1.115287744 185.6125664 

    400 2.6784 1.527858364 263.97059 

    500 3.578646 1.600245976 281.3010236 

     

 

 

Table 4.5 Energy Comparison Of Recursive Merge Algorithms Implementations In C, Java And 

Python 

        DATA SIZE 

('000)  C  JAVA  PYTHON 

    100 0.77364 130.452224   

    200 1.590732 531.14712   

    300 2.45616 1325.416704   

    400 3.616644 2600.851968   

    500 4.396648 4107.6272   

     

 

Table 4.6  Energy Comparison of Iterative Insertion Algorithms  

Implementations In C++, Java And Python 

        DATA 

SIZE ('000) C  JAVA  PYTHON 

    100 124.6739091 76.92423296 76723.02136 

    200 564.4451987 886.2912867 334925.2484 

    300 1203.689149 3942.79201 678011.6974 

    400 2173.657483 10900.63841 1219684.322 

    500 3360.210425 25093.63495 2097651.857 
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Table 4.7  Energy Comparison Of Iterative Merge Algorithms Implementations In C++, Java And 

Python 

        DATA SIZE 

('000) C  JAVA  PYTHON 

    100 0.323556 0.417088 75.25877822 

    200 0.726528 0.899096 147.4104068 

    300 1.726528 1.7496 229.2594413 

    400 1.791912 2.174592 320.2936903 

    500 1.926332 2.6344 448.7777238 

     

Table 4.8 Energy Comparison Of Iterative Quick sort Algorithms Implementations In C++, Java And Python 

      DATA SIZE 

('000)  C++  JAVA  PYTHON 

  100 0.143748 0.38864 61.55288501 

  200 0.2375 0.717664 132.4095482 

  300 0.485688 0.9885 205.3952788 

  400 0.678912 1.365188 282.8371916 

  500 1.32668 1.65624 335.5805971 

   

 

Table 4.9 Power (Watt) of three Iterative and Recursive sorting Algorithms implemented in Java 

  

  

Power(Watt) 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 30.4 7.84 8.96 6.94 5.98 

200 93.8 12.02 13.54 10.94 8.56 

300 199.06 14.58 15.24 13.18 11.84 

400 333.1 16.18 16.64 15.62 12.26 

500 502.4 17.8 16.96 16.08 11.62 
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Table 4.10 Power(Watt) of three Iterative and Recursive sorting Algorithms implemented in C 

 

 
Power(Watt) 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 8.1782342 3.54 18.42 2.42 6.28 

200 9.5526198 3.84 18.54 1.9 13.36 

300 9.567683 5.88 18.06 3.54 16.84 

400 9.568679 5.91 18.49 2.56 16.74 

500 9.7038726 4.39 18.52 3.4 17.09 

 

 

Table 4.11 Power (Watt) of three Iterative and Recursive sorting Algorithms implemented in Python 

 

  

  

Power(Watt) 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 35.94 27.78 8.1782 35.78 35.66 

200 38.06 30.26 9.5526 35.9685713 36.22 

300 37.18 31.8 9.5677 36.14 36.9 

400 37.04 32.76 9.5687 35.98645963 36.92 

500 36.7 36.08 9.7039 35.96 36.98 
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Figure 1: Data Size Analysis of the three Sorting Algorithms implemented with two algorithm 

implementation styles and three programming languages 
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Figure 3: Power (Watt) Analysis of three   Figure 4: Power (Watt) Analysis of three Iterative and 

Iterative and Recursive Sorting Algorithms in C Recursive sorting Algorithms implemented in Python  

   

 
Figure 5: Power (Watt) Analysis of Three Iterative and Recursive Sorting Algorithms in Java 
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Figure 6 Power Usage Analysis Of Three Sorting Algorithms Implemented In Three Programming 

Languages And Two Algorithm implementation styles. 

 
Figure7: Energy Comparison of Iterative and  Figure 8: Energy Comparison Of Iterative Merge Sort 

implemented in Python    Algorithms Implementations in C, Java and Python  

 

 

Figure 9: Energy Comparison of Iterative Quick sort   

Algorithm Implementations in C, Java nd Python  
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Figure 10: Energy Consumption Analysis of the three Sorting Algorithms implemented in three 

programming languages. 
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Table 3.1: Computation of the Average Execution Time of Iterative Insertion Sort Algorithm
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      ABSTRACT 

As the number of employees, customers, and transactions continue to grow in an organisation it becomes more 

multifaceted and the required information for effective management and decision making becomes more complex 

and difficult to achieve. However, with the advent of the Management Information System (MIS), useful 

information from all relevant sources that would enable management at various levels of the organisation to make 

timely and effective decisions using formalised procedures is provided. Decision making is regarded as being among 

the most crucial functions of senior managers and it occurs at every level of management in the presence of easily 

accessible and reliable information. This study aims to provide a theoretical review of the roles of MIS in 

management decision making in an organisation. The study expounds on the basic elements that make up MIS and 

its functions in an organisation. Moreover, the paper explores the concept of decision making, its levels, and 

classifications. From the study it shows that MIS plays a significant role in providing a wide range of information 

from which decision makers are able to make their preferred choices, thereby enhancing an organisation’s decision 

making. 
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1.  INTRODUCTION    
 

Information is a quintessential commodity for the 

operation and development of a modern business 

organisation. It is distinguished from data in that 

information has been processed in order to serve some 
purposes within the business environment. In order to 

understand the nature of management information, it is 

imperative to understand the purposes for which it is 

provided. Information is used in the planning, controlling, 

and monitoring of business activities and in making 

decisions. The first two, planning and control, in of 

themselves involve decisions, so the primary purpose of 

information is to aid decision making (Curtis, 1999). 

 

The roles of information in decision making cannot be 

over-emphasised, and effective decisions demand 
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accurate, timely, and relevant information. As the number 

of employees, customers, and logistics continue to grow 
in an organisation, the more it becomes multifaceted and 

the information needed for effective management, 

planning, decision making, and control invariably become 

more complex. Decision making is the task of every top 

management employee in an organisation and they need 

relevant, and timely information to assist in making these 

decisions (Olumoye, 2013). 

 

Information basically assists management in two ways, 

which are stated as follows: 

 Alleviation of Uncertainty: Uncertainty exists 

where there is less than perfect knowledge. 
Rarely, if ever, is there perfect knowledge, but 

relevant information helps to reduce the 

unknown. This is particularly relevant in 

planning and decision making. 

 It Supports Monitoring and Control: With the 

provision of sufficient information about 

performance and the degree of nonconformities 

from planned levels of performance, 

management is able to control the operation 

better (Lucey, 2005). 

 
However, according to Olumoye (2013), there are 

difficulties in producing relevant and timely information 

within organisations, but with the advent of MIS, which is 

an application of information system, most organisations 

collect data which are raw facts. This data can, in turn, be 

processed into useful and meaningful information, which 

can be used to make decisions on issues that affect the 

current and future operations of the organisation. 

 

During the mid–1950s, computers were first 

commercially used to carry out business data processing. 
These were limited to processing transactions, the most 

common application areas were payroll, high-volume 

billing (such as in the electricity industry), and simple 

ledger accounting activities. The results of this processing 

was stored, and soon it became obvious that this wealth of 

stored transaction data could provide management with 

useful information. This information needs to be extracted 

and processed to be digestible and exist in a suitable 

format useful to management (Curtis, 1998). 

 

Historically, the managerial uses of MIS were focused on 

making internal operations faster, more accurate, and 
more efficient. Planning, directing, and controlling are the 

essential ingredients for management. In essence, the 

transformation of data into information and 

communicating the resulting information to the user is the 

key function of MIS. It should therefore be noted that 

MIS exists in organisations in order to help them achieve 
their objectives, plan and control their processes and 

operations, to help deal with uncertainty, and to adapt to 

change or initiate change (Oladejo, 2013). 

 

Moreover, the increase in the power of computing 

technology witnessed over the last two decades together 

with its decreasing cost has meant that computers are used 

more and more by business organisations to carry out 

routine data processing. Over this period there has also 

been a change in management thinking in order to accept 

the importance of the fast and effective provision of 

targeted information for management planning and 
control. The combined effects of these factors have led to 

an increased growth in MIS, thereby providing relevant 

information, which aids the making of decision (Curtis, 

1999). 
 

2. REVIEW OF RELATED WORKS  

 

Several studies have discovered and reported diverse 

findings regarding MIS usage in decision making. MIS is 

useful in the area of decision making as, by itself, it can 

monitor disturbances in a system, determine a course of 
action, and take said action to get the system in control. 

This was buttressed by Markgraf (2018), who states that 

MIS assists in making valid decision through the 

provision of accurate and the latest information and 

performance of analytic functions. It was further stated 

that a suitable MIS helps to structure the basic data 

available in the organisation’s operational records into 

reports which can be used as a guide for decision making. 

  

Samer and Rawan (2018) opine that MIS is positively 

correlated and significantly impacts on decision-making 

process efficiency in an organisation. According to 
Yassine (2017), modern MIS contributes to 

accomplishing planned results better than before, thereby 

producing timely, effortlessly, flexible, and more accurate 

decisions. This connotes that the development of MIS 

supports or increases the effectiveness of decision making 

in an organisation. Oladejo (2013) concurs that the roles 

played by an effective MIS in an organisation are quite 

enormous and cannot be over emphasised.  

 

Moreover, the survival of any business unit or 

manufacturing firm in this technological era depends 
purely on the manufacturer’s ability to include the use of 

MIS in their day-to-day activities. This was buttressed by 

Harsh (2011), who states that the importance of MIS to 

improve decision making has long been understood by 
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farm management economists. Financial and production 

records have long been used by these economists as an 
instrument to measure and evaluate the success of farm 

businesses. However, when computer technology became 

more widely available in the late 1950s and early 1960s, 

there was an increase in enthusiasm for information 

systems to enhance management decision processes. 

Nowduri (2011) reinforces the fact that a good MIS leads 

to good decision making in businesses in the same way 

poor management leads to poor decision making. 

 

Al-Zhrani (2010) opines that MIS has improved 

effectiveness of the decision making of a range of 

different tasks. MIS increases productivity, effectiveness, 
sharing of information with others, and the speedup of 

management operations. In addition, the efficiency and 

effectiveness of decision making is corrected with the 

improved use of MIS. Moreover, it was revealed that the 

adequate use of MIS enhances accurate and timely 

information required for effective decisions on issues 

related to staff promotion, staff training and development, 

appointment of staff to duty posts, and the allocation of 

resources, among other things. 

 

Furthermore, MIS delivers summarised and brief 
information that helps managers quickly with knowledge 

in business conditions (Abbadi, 2010). Then the manager 

can use MIS to “drill down” and isolate the data that 

relates to the cause of the problem. These days, MIS is 

becoming so widely used by managers, analysts, and 

other knowledge workers that they are sometimes 

humorously called “everyone’s information systems”. 

More popular alternative names are Enterprise 

Information System (EIS) and Management Support 

Systems (MSS). 

 

Adebayo (2007) argues the need for MIS in decision 
making as it provides information that is needed for better 

decision making on issues affecting the organisation 

regarding human and material resources. Obi (2003) 

highlights the relevance of MIS in non-programmed 

decisions as it provides support by supplying information 

for the search, analysis, evaluation, and the choice and 

implementation process of decision making.  

 

However, in spite of the immense benefits that result from 

using MIS in decision making, some critics (e.g. 

(Nowduri, 2011; Olumoye, 2013)) have reportedly been 
slowly but surely asserting that MIS poses surmountable 

and detrimental effects to organisations. Hence, MIS 

should be used sparingly or avoided if possible. 

According to Nowduri (2011), despite the positive 

benefits associated with the roles of MIS in the decision-

making process, there are few challenges that limits its 
efficacies, such as: 

 The dynamic nature of MIS makes it difficult for 

some organisations to keep up with the 

principles, strategies, propositions, or even ideas. 

 Different situations call for different decisions to 

be made. This poses challenges to MIS theorists 

since some MIS tends not to be adaptable. 

 The running of MIS programs tends to be 

relatively costly for some organisations 

especially small ones who are not well endowed 

financially. 

 Most organisations do not have a well-defined 

decision-making system. Even with the right 

MIS tools, very little can be achieved in terms of 

improving decision making.  

By and large, for the successful implementation of MIS in 

an organisation, the following suggestions are made: 

 There should be an increase in monitoring of 

MIS so as to avoid falling victim to unobserved 

MIS, which has appalling implications. 

 Managers and business owners should find a way 

of tailoring information in a way that fits various 
decision-making processes in variant businesses. 

 A well-defined decision-making system should 

be fledged in businesses so as to provide a 

variable working environment for MIS. 

 Business managers must ensure that they 

employ, or alternatively outsource, professional 

personnel who are able to ardently run both MIS 

and the decision-making process (Nowduri, 

2011). 

 
3. CONCEPTS OF MANAGEMENT 

INFORMATION SYSTEM (MIS) AND DECISION 

MAKING      
 

1. Management information System 

The concept of MIS evolved over a period of time 

encompassing various facets of the organisational 

function. However, MIS is a necessity for all 
organisations. The initial concept of MIS was to process 

data within the organisation and present it in the form of 

reports at regular intervals. The system was capable of 

handling the data from the collection to processing stages, 

thereby allowing various individuals to choose the 

processed data and use it for their requirements. This 

concept was further modified when a distinction was 

made between data and information, that information is a 

product of an analysis of data. Later the concept of MIS 
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was further transformed, it was established that the system 

should present information in such a form and format so 
as to create an impact on its users to inspire a decision or 

an investigation. 

 

MIS can be described in an infinite number of ways. 

There is no universally accepted definition for MIS and 

those that exist reflect the emphasis and prejudices of the 

particular writer (Lucey, 2005). The term MIS has almost 

been synonymous with computer-based data processing. 

Many books with MIS as the title turn out to be 

exclusively concerned with topics such as system 

analysis, file design, and other forms of the technical 

facets of computer-based systems. 
 

Nofiu et al. (2012) refer to MIS as an organised method 

of providing each manager with all the necessary data 

which they need to make the right decision on time and in 

the form needed, as well as being in a manner that will aid 

understanding and stimulate action. The continued 

existence, development, and growth of an organisation is 

largely dependent on the existence of a good management 

information system, because it is upon the accurate and 

timely information of MIS that management decisions 

will be made. Reddy et al. (2009) describe MIS as the 
study of providing information to people who make 

choices about the disposition of valuable resources in a 

timely, accurate, and complete manner, and at a minimum 

of cognitive and economic cost for acquisition, 

processing, storage, and retrieval.  

 

The primary objective of MIS is to provide the 

management of an organisation with useful information 

from all relevant sources so as to enable them to make 

timely and effective decisions using formalised 

procedures. When MIS was first developed, its focus was 

on providing top management with the strategic 
information needed (Abbadi, 2010). Thus, the first goal of 

MIS was to provide top executives with immediate and 

easy access to information about a firm’s critical success 

factors (CSFs); that is, key factors that are critical to 

accomplishing an organisation’s strategic objectives. 

  

Moreover, a highly efficient MIS ensures a reduction in 

industrial accidents and a reduction in losses of assets 

such as raw materials, financial assets, and finished 

goods. MIS also guarantees improved resource utilisation 

and general performance. MIS primarily serves the 
functions of planning, controlling, and decision making at 

a management level. Besides, MIS is generally thought of 

as an integrated system providing information to support 

operations, management, and decision-making functions 

in an organisation (Al-Zhrani, 2010; Ajayi and Omirin, 

2007). 
 

MIS is basically made up of four elements namely 

management, information, system, and communication. 

 Management: Fayol’s classic definition of 

management is derived from his own experience and 

is stated as thus: “To manage is to forecast and plan, 

to organise, to command, to coordinate, and to 

control” (Lucey, 2005). A more modern and detailed 

definition of management is provided by Drucker, 

which lay emphasis on the need to guide, lead, and 

motivate people rather than merely commanding 

them. Drucker’s definition of management goes as 
thus: Management is a practice, not a science; it is 

not knowledge, but performance. Management is the 

primary source in the organisation that coordinates 

all the activities within the system and relates them 

to the environment. It is management that makes the 

decisions about work, people, strategies, and 

systems (Lucey, 2005). 

 

 Information: Information is the result of 

processed data. It is the basis for management 

decisions and actions, without which it would be 
impossible for management to fulfill their 

fundamental managerial assignment. 

 

 Systems: A system can be described as a 

collection of interrelated components connected 

together in an organised manner with the common 

purpose of achieving an objective. 

 

 Communication: It is the process by which 

information is transmitted in an organisation. It is 

the basis of management information and involves 
three basic elements which are the source, message, 

and destination. 

 

The basic functions performed by MIS in an organisation 

are as follows:  

(i) Data Processing: MIS collects raw data and processes 

it into valuable information through the use of a 

computerised system, making it readily available for the 

organisation. 

 

(ii) Planning: Planning is an act of deciding in advance 

what is to be done and how it is going to be done. Also, it 
involves all the activities leading to the formulation of 

goals and establishing the strategies to help achieve them. 
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(iii) Controlling: This is the process of ensuring that 

operations proceed according to plan. MIS helps to 
compare the actual result with the planned result in order 

to bring activities in line with plans or amend the plans. 

 

(iv) Decision Making: MIS monitors the activities of a 

system, determine the cause of an action, and takes action 

to get the system in control. 

 

(v) Communication: MIS helps to communicate the result 

of data processing activities, which is information, to the 

user.  

 

2. Decision Making 
Decision making is an integral part of management that 

happens in every function and at all levels (Lucey, 2005). 

Basically, the type of decisions that are taken vary, but all 

decision makers just have to go through a similar process. 

All of them must decide by some means to choose the 

outcome, which is considered necessary for them. Shaker 

(2011) opines that decision making is the point at which 

plans, policies, and objectives are translated into concrete 

actions. Moreover, decision making is at the core of 

planning; for instance, the choosing of objectives, 

policies, procedures, programs, rules, strategies, and 
tactics require the entire process of decision making. The 

purpose of decision making, as well as that of planning, 

are to direct human behaviour and effort towards future 

objectives. Good planning enhances sound decision 

making by providing the opportunity to select from 

alternative courses of action. 

 

Shaker (2011) expresses decision making as a conscious 

process, and a particular course of action from among a 

set of possible alternatives. To decide means to come to a 

conclusion or resolution. Decision making refers to the 

conscious and human process that involves both 
individual and social phenomenon based upon factual and 

value premises, which concludes with a choice of one 

behavioural activity from among one or more alternatives 

with the intention of moving towards some desired state 

of affairs. 

 

The process of making decision consists of different 

activities. According to Simon (1977), an authority in 

management decision, the four stages in decision making 

are highlighted as intelligence, design, choice and 

implementation (Curtis, 1999). These are discussed 
accordingly. 

 Intelligence: The first stage of decision making 

consists of identifying and understanding the 

problems occurring in the organisation; why the 

problem exists, where, and with what effects? 

Traditional MIS systems that deliver a wide 
variety of detailed information help to identify 

problems, especially the systems report 

exceptions (Laudon and Laudon, 2001). 

 Design: This is the second stage of decision 

making where an individual conceives of 

possible alternative solutions to a problem. It 

also involves the recognition of the range of 

acceptable decisions and the implications of 

each. At this stage, information needs to be 

supplied to aid the decision maker in predicting 

and evaluating these implications (Curtis, 1999). 

 Choice: This stage of decision making involves 
selecting among the various alternative solutions 

investigated in the previous stage. 

 Implementation: This is final stage of decision 

making where the chosen decision is carried out. 

It is imperative to know that decision making is 

an iterative process that involves a general flow 

from intelligence, to design, to choice, and to 

implementation. At any time, there could be a 

return to an earlier stage. Moreover, decision 

making is based on information. Information 

helps to define and structure the problem, 
explore and select among the alternative 

solutions, and then implement the selected 

choice. 

 

Levels of Decision Making 

Decision making in an organisation can be categorised 

into three levels with distinctly different characteristics. 

These are the strategic, tactical, and operational levels.  

 Strategic Level: Decision making is carried out 

by the most senior management employee in an 

organisation and deals with broad issues that 
concern the organisation’s development over a 

long term. According to Lucey (2005), at the 

strategic level, decision making is much more 

dependent on human factors and judgment. Such 

decision making is based on guided trial and 

error and, because of uncertainty and 

ambiguities, all possibilities cannot be explored. 

This type of decision making is known as 

heuristic and is based on rules of thumb rather 

than explicit decision rules. In order to make 

strategic decisions, the senior management 

employee needs information. This information 
may be informal and qualitative. 

 Tactical Level: This is a managerial activity that 

deals with middle stratum of management. The 

information required for decisions at the tactical 
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level will be mainly generated internally within 

the organisation, though some external 
information may be necessary. Decisions made 

at this level are for the medium term, between 

now and the next few months or a year. 

 Operational Level: This refers to the decisions 

made in the normal day-to-day operations within 

a business organisation. Decisions made at this 

level are designed for ensuring the effective and 

efficient use of existing resources to realise 

budget objectives. These decisions may involve 

how personnel are treated within the 

organisation, the control of inventory and 

production levels, pricing decisions, and other 
forms of accounting and cash controls. The 

Information required for operational decision 

making is generated almost exclusively within 

the organisation and is highly detailed, certain, 

and relevant for immediate use.  

 

Classification of Decisions 

Within each of these levels of decision making, 

researchers classify decisions as unstructured, semi-

structured and structured. 

 
(i) Unstructured Decisions: In this case, decision makers 

must provide judgment, evaluation, and insights into the 

problem definition. Each of these decisions is novel, 

important, non-routine, and there is no well understood or 

agreed upon procedure for making them (Laudon and 

Laudon, 2001). In essence, unstructured decisions involve 

situations where it is not possible or desirable to spell out, 

in advance, most of the decision procedures to follow.  

 

(ii) Semi-structured Decisions: These are decisions that 

lie between being structured in some stages and 
unstructured in others. Semi-structured decisions occur in 

a situation where the relevant parameters are mostly 

known and where the influencing relationships are 

suspected or are approximately known. In such cases, the 

MIS can give assistance to the decision maker through the 

provision of information. For semi structured decisions 

(e.g. production, scheduling, cash management, overall 

budget, new product planning), semi-structured 

techniques can be used (Shaker, 2011).  

 

(iii) Structured Decisions: These types of decisions are 

governed by clear rules. The decision procedure can be 
expressed as a set of steps to be followed, can be 

incorporated in a decision table, or revealed by a 

procedural logic flowchart. The information that is needed 

before a structured decision can be made is clearly 

specifiable, unambiguous, and once it is obtained, the 

process of arriving at the decision action is 
straightforward (Curtis, 1999). 

 
4. ROLES OF MANAGEMENT INFORMATION 

SYSTEM IN DECISION MAKING  
 

Basically, MIS lays a solid foundation for the 

establishment of concrete decisions through its automated 
tools which provide accurate, timely, cost effective, and 

relevant information as well as adequate management 

policies and regulations. According to Kumar (2006), 

MIS provides a fitting platform for good decision making. 

This was buttressed by Nowduri (2011) that, without the 

established systems of getting information in MIS, it 

would be extremely difficult for organisation to make 

their decisions. This is because organisations would be 

forced to make baseless decision due to a lack of accurate 

information. 

 
Awan and Khan (2016) expound that MIS helps to 

enhance organisational performance in the areas of 

innovation, growth, and profitability. Additional, MIS 

fulfils diverse needs through various means such as the 

analysis system, query system, modeling system, and 

decision support system. MIS also assists top-level 

management in setting their goals, strategic planning, 

emerging business plans and their implementation, to 

generate and communicate information, and to identify 

problems in the process of making decision. 

 

According to James (2017), the role of MIS in MIS-based 
enterprises is critical to the survival and growth in this 

modern and complex, competitive world. Moreover, 

small-scale enterprises and start-ups have the challenge of 

‘David competing with Goliath’ in their respective 

markets. This makes the MIS based planning, controlling, 

strategic decision making, human resource management, 

and other vital sectors crucial for such organisations. 

These are of course the basic necessities of MIS in 

business. 

 

It is very crucial for an organisation to have a good MIS 
since decision making is based on the available 

information. In support of this, Rhodes (2010) states that 

MIS give managers quick access to information. This 

includes the interaction with other decision support 

systems, information inquiries, cross-referencing of 

external information, and potential data mining 

techniques. Going by general observation, a good MIS 

ensures good decision making as it provides useful, 
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accurate, and relevant information in the same way that 

bad MIS produces bad decisions. 
 

Moreover, Nowduri (2011) states that most MIS programs 

are endowed with the capacity to give real time updates of 

the occurrences in a company or system. By ‘real-time’, 

scholars simply refer to immediate updates of occurrences 

in a system. These immediate updates help managers to 

take the necessary actions as soon as it is deemed 

appropriate, especially during the discovery and 

management of crises. This was buttressed by Allen, 

Heurtebise and Turbull (2010), who state that the 

programmability of most MIS saves a lot of valuable time 

and resources for owners. In other words, through 
programmability, business managers can program the 

systems to automatically discover certain deficiencies and 

even solve them.  

 

Consequently, the manager or system operator can use the 

time and resources they would have used in monitoring or 

fixing of problems for other key uses. By routinely 

programming a MIS, the business is bound to make 

positive progress since time and resources can be easily 

channeled into their rightful business paths. This was 

accentuated by Pedarpur et al. (2013), who states that 
MIS helps managers at all levels to make more accurate 

and precise decisions and also reduce the barriers to 

internal and external decisions. Obviously, the review and 

study of proper method of use increases the efficiency and 

effectiveness of organisation functions and provides better 

coordination between short-term, middle-term, and long-

term goals of the organisation. This was equally supported 

by Ajayi and Omorin (2007). 

 

MIS improves the effectiveness of decision making within 

a range of different tasks. The efficiency and effectiveness 

of decision making is corrected with the improved use of 
MIS. These days, MIS is more complex than it used to be 

in the 1960’s and 1970’s when it was first born, it is now 

used not only for transaction processing but also for the 

provision of information for managerial decision making. 

 

MIS and its organisational subsystems contribute to 

decision-making processes in many basic ways. 

Nowadays, some of organisations use MIS to assist 

managers in decision making; for example, to assist 

managers and decision makers in extracting synthesised 

information from a massive database such as the Current 
Public Transport Record (CPTR) of Durban, South 

Africa, the Durban Unicity Council decided to make use 

of a Public Transport Management Information System 

(PTMIS) developed by Steward Scott. This system is used 

by transport planners and managers (Asefeh et. al., 2011). 
 

In addition, MIS plays two important roles in 

management decisions; firstly, it helps managers to work 

on the provided information and make decisions. 

Secondly, in terms of decision making, decision patterns 

remain constant and only input data changes as a repeater 

will be supportive of all kinds of management decisions 

(Asefeh et. al., 2011). Also, MIS is a tool that acts as an 

organisation’s information resources which provides 

needed information for manager and prepare them for 

their decision making.  

 
MIS in an organisation provides decision-making process 

information. The system is a formal commitment by 

executives to make the computer available to all 

managers. MIS sets the stage for accomplishments in 

other areas, which are the Decision Support System 

(DSS), the virtual office, and knowledge-based systems. 

The main idea behind MIS is to keep a continuous supply 

of information flowing to management. This was further 

highlighted that MIS is very important for every 

organisation because it does not only collect and manage 

information but it also presents it in various formats 
useful for management to make important business 

decisions (Asefeh et. al., 2011; Awan and Khan, 2016; 

Nowduri, 2011). 

 

Furthermore, MIS helps clerical personnel in transaction 

processing and it answers their queries regarding the data 

pertaining to the transaction, the status of a particular 

record, and references on a variety of documents. MIS 

also assists the junior management staff in providing the 

operational information required for planning, scheduling, 

and control; it also helps them further in decision making 

at an operational level to control each situation. MIS helps 
the middle echelon of management to plan and control. 

MIS aids top-level management to set goals, develop 

strategic planning, and evolve the business plans and their 

implementation. Unendingly, MIS acts as an information 

generator, communication facilitator, problem 

identification system, and it helps in the process of 

making decisions. 

 

Conclusively, MIS plays a crucial role in providing a 

wide range of streamlined actions from which decision 

makers are able to make their preferred choices. This 
ensures that whatever choice is made by decision makers, 

the outcome more often than not becomes positive. This is 

one of the reasons why many decision makers tend to 
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prefer using MIS tools when making tough business 

choices. 
 

5.  CONCLUSION AND 

RECOMMENDATIONS    

 

The study revealed that MIS forms an integral part of 

modern organisations and businesses as it provides 

needed and relevant information to management at 

different levels in order to make timely and useful 

decisions. Also, MIS is designed to support management 

activities, and the effective use of it in decision making 

empowers personnel and helps the organisation to 

succeed. Moreover, MIS makes it possible for 

organisations to dig up the right information for the right 

personnel at the right time by enhancing interactions 
between the organisation’s personnel, the data collected 

by the data processing system, and the procedures 

involved in encouraging their personnel to use MIS when 

making decisions.  

 

Some of the benefits of implementing MIS includes 

increased motivation and improved productivity, 

effectiveness, and information sharing among staff as well 

as facilitating the speed up of management operations. 

MIS also improves the effectiveness of decision making 

within a range of different tasks and allows information to 
flow along functional areas and departments within the 

organisation instantaneously. Thus, MIS helps in reducing 

the need for face-to-face communication among 

employees, thereby improving productivity. 

 

Based on the underlying issues that arose in the study, the 

following recommendations are made: 

 MIS department should be passably financed and 

maintained to ensure the free flow of information 

and adequate use of MIS in decision making. 

 Also, training and retraining programs should be 
organised for all the managers at all levels to 

ensure the proper and adequate use of MIS in 

generating and disseminating information for 

better decision making in the organisation. 

 A centralised database management system 

should be introduced and implemented in the 

organisation. The system will help to provide 

information to the users at any required time 

within the organisation. 

Organisations should also develop suitable computer 

software and procure appropriate hardware to meet the 

ever-growing needs and expansion of their business. 
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      ABSTRACT 
University education system in Nigeria currently aims at increasing individual’s institution’s position on annual 

webometric reports as well as creation of new academics fields in response to the unfolding demands of a constantly 

evolving society. Thus, there is need to ascertain the place of innovation as a determinant of competitive advantage 

in private universities. The study adopted correlational research design. A total of 255 senior academic staff selected 

from 3 faculties (Sciences, Art, Social sciences) in six private universities were selected using simple random 

sampling techniques. Three research hypotheses were generated and tested at 0.05 level of significance. Reliable 

instruments (competitive advantage Scale, Innovative Products Scale, Innovative Process Scale and Innovative 

Administration Scale) were used in collecting the data. A response rate of 94% was achieved with 240 questionnaires 

returned. Data collected was analyzed using Pearson Product Moment Correlation and Multiple Regression 

Analysis. The analytical tool used is Statistical Packages for Social Sciences Version 22 (SPSS). It was discovered 

that there is significant relationship between innovative administration, innovative products, innovative process and 

competitive advantage. Regression analysis reveals that the strongest predictor of competitive advantage is 

innovative administration, followed by innovative products and innovative process. It is recommended that the 

university administrators make deliberate effort to be innovative in administration, especially as it relates to 

procedures, strategies, management systems and staff development programmes. 
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1.  INTRODUCTION    
 

The consciousness of a global society as well as global 

standards have been on the increase and evidences of this 

are readily observable across various sectors including 

commerce, manufacturing, politics, religion and 

education. This growing awareness seems to be 

responsible for the current unprecedented drive for 

national and global relevance among private universities 

in Nigeria as each institution strives to take proactive 

steps towards creating and sustaining competitive 
advantage. Competitive advantage consists of all those 

strategies, moves and approaches within an organization’s 

disposal with which it attracts buyers, withstand 

competitive pressure and improves its market position. 

Private universities, for example, have unreservedly 

amassed and wielded their competitive advantage as their 

selling point. When compared with the budding years of 

private university education in Nigeria, these universities 

currently seem to be more aggressive in putting strategies 

in place to outrun competing institutions    in terms of 

quality of services, students’ enrollment, and a physically 

appealing learning environment.  . 
 

As a result of this increase in drive for higher global 

rating, private institutions of higher learning must be 

equipped to handle impeding challenges of managing 

expansion occasioned by increase in student enrollment, 

with the accompanying required upgrade in human and 

physical resources, quality of lectures, relevance of 

courses, sustainable funding, labor market attractiveness 

of students, managerial and staff capacities, and 

innovation in both teaching and administration. . Vinayan, 

Jayashree, and Marthandan, (2012)  opined that as a result 
of the global competition,  public higher education 

institutions are increasingly characterized by the new 

dimension of commoditization where education has been 

classified as a marketable service in a competitive 

environment, because the education market is assumed 

the same as a normal market.  

 

Competitive Advantage 

Competitive advantage among public universities appears 

to be at variance to that of private universities. Mathooko 

and Ogutu, (2014) argued that public higher education 

institutions have to face competition in respect to 
obtaining governmental and/or research funds, which  

requires the possession of specific qualities of teaching 

and research.   They also compete for patronage which 

calls for specific marketing strategies needed to make the 

institution most attractive to prospective students. The 

most significant challenges facing higher education 

institutions include the need for strategic leadership, 

flexibility, creativity, academic quality and sustainable 
relevance. The private universities has also continue to 

grow in numbers and this has intensifies the competition 

for market survival (Kamau, 2013).  

 

The establishment of private universities was endorsed by 

the government in order to reduce the rate of spill-over 

admissions that should have been catered for by public 

universities. The number of public universities available 

has not been able to absorb the large number of 

candidates passing the Nigerian Unified Tertiary 

institution Matriculation Examination (UTME) yearly 

leading to a palpable aggravation among candidates 
aspiring for higher education. Clark (2013) argued that the 

number of students at the tertiary level has grown from 

under 15,000 in 1970 to approximately 1.2 million today 

in Nigeria. As a result of the huge surge in demand, 

hundreds of thousands of aspiring tertiary institution 

students were annually being denied admission because 

there were simply not enough seats to meet the demand. 

In 2013, 1.7million students registered for Nigeria’s 

centralized tertiary admission examinations conducted by 

Joint Admission and Matriculation Board JAMB, all 

competing for the half million places available; 
potentially leaving over a million qualified college-age 

Nigerians without a post-secondary place (Clark, 2013). 

The Federal Government, despite the number of 

universities already established, has stated that more 

universities should be created so as to avert this vicious 

cycle of enrolment problem. 

 

Private universities in Nigeria have therefore continued to 

increase in number owing to the growing demand for 

higher education and a subsequent strain on public 

universities to handle this demand. Dwelling on this state 

of affairs, Kamau (2013) noted that the growth of the 
Private University sector in Africa has been fuelled by 

several factors, including: the limited opportunities 

available in public universities; the constant closures of 

state funded universities and the need to complement 

government managed higher institutions.  However, 

private universities are often faced with numerous 

challenges such as maintaining a consistent enrollment  of 

students who can afford to pay for private university 

education, stiff competition from  other public universities  

who have introduced parallel degree courses for full 

paying students, aggressive competition from foreign 
universities who have launched an aggressive campaign 

for recruiting local students, lack of  a strong research  

focus comparable to public universities as well as narrow 

archaic programs (Kurniaty, Lewangka, Sumardi, Jusni, 
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2015). To gain the largest share of the market in terms of 

increased students’ enrollment each private university 
must position itself for a cutting edge competition. 

 

Competitive advantage can be conceptualized as the edge 

or chances organizations have over others in the industry. 

Yogyakarta (2018) argues that a firm is said to have a 

competitive advantage when it is implementing a value 

creating strategy not simultaneously implemented by any 

current or potential competitors and when other firms are 

not able to duplicate the benefits of such strategy. The 

core of a firm’s competitive strategy consists of its 

external and internal initiatives taken in order to deliver 

superior value to its customers. It includes offensive and 
defensive moves to counter the maneuvering of rivals, 

actions to shift resources around to improve the firm’s 

long term competitive capabilities and market position 

and tactical efforts to respond to  prevailing market 

conditions  An educational institution with competitive 

advantage  is  characterized by  high financial gains, 

progressive university administration, stable academic 

calendar, high enrollment rate, infrastructural facilities, 

affordable fees and human capacity to adequately cater 

for a rising student population. Private universities with 

lower financial supply, human resource and infrastructural 
facility would not be able to compete successfully 

because it might be struggling with the same problems 

confronting public universities or even worse. 

 

Owing to the fiercely competitive educational market 

which is driven by global competition, strategic 

management plays a key role in facilitating the quest of  

higher education institutions  to achieve sustainable 

competitive advantage  because competition has become 

an inescapable reality of the higher education 

environment(Mathooko & Ogutu, 2014). Strategic 

management can help private universities to achieve and 
sustain their competitiveness in that it promotes 

innovation in various aspects such as administration, 

products and process.  

 

Innovation 

Innovation can be referred to as the integration of new 

ideas and approaches into fulfilling an organizational 

pursuit. It describes strategies and methodologies higher 

educational institutions adopt in winning a larger market 

share. It could as well be considered as pivotal for 

creating competitive advantage in any organization 
(Ussahawanitchakit, 2012). In the same vein, a university 

system could be said to be innovative when superior ideas 

and approaches are adopted in the administration, process 

and product, thereby placing them above that of their 

contemporaries. Meutia & Ismail (2012) argued that an 

organization’s success depends on their ability to 
determine market perceptions, needs and demands in 

order to create products of superior value. This superior 

value is highly subjective and lies only in the customer’s 

mind which implies that organizations need to under-

study the entrepreneurship required to meet the demands 

of their customers (Meutia & Ismail, 2012).  Factors that 

attract students, parents and organizations to a university 

are numerous, such could include mode of administration 

(fast school calendar, zero record of industrial action, 

respect for human rights, quality content delivery and a 

conducive environment), procedures in carrying out 

academic activities and nature of course offered. 
Application of innovation in the running of an educational 

system clearly involves meeting the needs of the 

customers to gain their attention and interest which 

further indicates that, estimating the predictive role of 

innovation on competitive advantage necessitates an 

explanatory inclusion of some indicators of innovation 

capable of initiating required changes in various aspects 

of the university system. As indicated by Jimenez and 

Vall (2011), innovation can be measured in terms of 

innovative product, innovative administration and 

innovative process. 

 

Innovative Products 

Innovative products can be conceptualized as the creation 

of new services or products to meet the needs of 

customers and to create an edge among competitors. 

University systems create various products in form of 

numerous academic opportunities through which students’ 

academic/professional aspirations can be met. In meeting 

these needs, private universities function within a 

formidable competitive environment in which other 

private as well as public universities that deliver similar 

products operate. Innovative product becomes a crucial 
point in the industry where through innovative products, 

customers often benefit from both old and new features, 

designs or functions specified by an organization (Khalid, 

Imtiaz & Muhammad 2013). An organization is said to be 

able to innovate once it is successful in utilizing creative 

ideas in the generation of its product/service (Damanpour, 

& Aravind, 2012). Private universities in Nigeria, for 

instance, have, at various times imported various courses 

from foreign universities, while others created 

opportunities of distance learning  for working class 

students who might not fit into conventional university 
programs and inflexible public  universities.  More so, 

competitive universities no longer offer stale products 

neither do they only compete on the basis of traditional 

reasons such as price and quality. Particularly for private 

76



Vol. 1, Issue 2, April 2019, pp. 74 - 92       

Haliso and Adenekan (2019). A Correlation Analysis of Innovation Products, Process and Administration in the 
Determination of Competitive Advantage of Private Universities in Southwest Nigeria 

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

 
 

                  

 
 

universities offering full university service such as 

Covenant University and Babcock University, the 
inevitable trend is to differentiate products offered 

through innovation in order to gain competitive advantage 

over their contemporaries. Empirical literature has 

confirmed that product innovation is a  main factor for 

sustainable competitive advantage in various educational 

universities (Steiber, 2012; Gebauer, Gustafsson, & 

Witell,2011;Tohidi, Seyedaliakbar, & Mandegari, 2012).  

 

Innovative Administration 

Innovative administration in the university system can be 

described as adopting a more attractive managerial style 

which is capable of making both staff and faculty creative 
in their discharge of duty. Administrative innovation 

involves adopting a more subtle manner of making staff 

deliver university objectives and targets. An educational 

institution cannot possibly gain competitive advantage 

without adopting an innovative administration as a core 

value.  Creating an innovative administration 

encompasses the dynamics of leadership styles, superior 

and subordinate relationship, welfare package, and 

promotional opportunity. It affects the productivity of 

academic staff more directly than that of the students. As 

such, private universities often    rate staff competence 
and productivity higher than most public universities in 

Nigeria, in view of the market relevance and financial loss 

that they are likely to experience as a result of 

administrative error.  

 

Surprisingly, private universities are still perceived to be 

less innovative due to high levels of risk aversion and 

negative attitude towards change (Mappigau, & Hastan, 

2012; Osborne, Brown 2011). This attitude gets magnified 

as usual public scrutiny focuses on innovation failures in 

the public sector rather than successes (Wei, Samiee, & 

Lee, 2013). While innovations can fail due to a number of 
reasons – technology uncertainty, reaction by users or 

lack of resources/capabilities for 

developing/implementing innovations (Nuryakin, & 

Retnawati, 2016), there is a high need for accountability 

to ensure innovative ideas and policy adopted by 

university administrators do not  fail while relying on 

strict legal frameworks that standardize operations (Tan, 

and Sousa, 2015). Thus, bureaucratic organizational 

structures and process protocols influence change in the 

public sector; which could as well affect private 

universities (Isett et al. 2012). Consequently, risk-averse 
private organizations can prevent experimentation of new 

ideas when the administrator is not dogged.   

 

University administrators are expected to be at the fore 

front of the competition for the topmost place in the 
market by adopting possible strategies to make all 

members of staff work in unison towards common goals. 

There are many factors that influence both innovation 

culture and activities in the public sector: for example, 

structural-instrumental (managerial autonomy, result 

control, budget size), cultural-institutional (agency age, 

organizational performance culture, individual 

incentives), task-related (service delivery as the primary 

task, source of income, external factors (citizen/business 

demand)) and environmental-institutional factors 

(political-administrative regime; type of governance) 

(Lægreid et al. 2011). Also, the motivation behind 
innovating is very different in the public and private 

sector. For companies in the private sector, innovation 

gives a competitive advantage and through that supports 

revenue growth.  

 

In a nut shell, innovative administration naturally creates 

a feedback channel in a manner that encourages 

employees to generate ideas that can help the university to 

gain an edge over others. It might be difficult to attempt 

gaining competitive advantage without putting the human 

resource available within the system into consideration. 
For instance, leading companies in the world with the 

most developed systems of innovation suggest that one of 

the key factors for the development of an innovative 

enterprise is a clearly organized system with an appointed 

officer in charge, that is, a Chief Innovation Officer. In 

terms of innovation capacity of enterprises and with 

regards to the source funding for the development of 

innovation, 57% of companies stated that funding for 

innovation development comes solely from their own 

resources (Ostojić Mihić, Umihanić, Fazlović, 2015). In 

such companies, innovative process may be spontaneous. 

 

Innovative Process 

Innovative process can be described as the initiation of 

novel procedures in the delivery of a service in pursuing 

organizational objective. It describes the various 

procedure private universities adopt in delivering their 

services. Some of such include the adoption of modern 

technology in the teaching learning process, payment of 

school fees, student registration and feedback on student’s 

progress. Innovative process often fails when some 

members of the university management and or academic 

staff resist change. Member of staff could resist change 
because it alters their knowledge of how things work, 

procedures and old university operation. This refusal 

might not record failure in all areas of the university 

operation, however, expected changes would not be 
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possible since the mechanism of innovation put in place 

by the university administrator is frustrated. According to 
McNally (2014), process innovation requires much 

economic impact as it brings in changes in the whole 

system of manufacturing, distribution, production and 

service delivery. Likewise, in the university system, 

innovative process shows that teaching learning can take a 

new shape, style of submitting assignment, developing 

relationship with students and parents and educational 

procedure can take a new dimension. Mohammed and 

Rashid (2012) suggested that process improvement is a 

kind of innovation which involves the introduction of new 

modifications to the existing activities and operations 

without complete changes, and the result is the reduction 
of costs and quality improvement. Despite the differences 

between the created values of each type of innovation, the 

main and essential objective is to increase the global 

benefit and competitive edge of a   university system. 

 

Purpose of the Study 

This study is geared towards exploring innovation as the 

major determinant of competitive advantage in private 

universities in southwest, Nigeria. Specifically it 

examines:  

I. The relationship between innovation variables 
(innovative products, innovative administration 

and innovative process) and competitive 

advantage among private universities in 

Southwest, Nigeria. 

II. The joint effect of innovative variables to the 

prediction of competitive advantage among 

private universities in Southwest, Nigeria. 

III. The relative effect of innovative variables to the 

prediction of competitive advantage among 

private universities in Southwest, Nigeria. 

 

Hypotheses 
The following null hypotheses are tested at 0.05 level of 

significance. 

1. There is no significant relationship between the 

independent variables (innovative process, 

innovative administration and innovative 

products) and dependent variable (competitive 

advantage) among private universities in south-

west, Nigeria. 

2. There is no significant joint contribution of the 

independent variables (innovative process, 

innovative administration and innovative 
products) on the dependent variable (competitive 

advantage) among private universities in south-

west, Nigeria. 

3. There is no significant relative contribution of 
the independent variables (innovative process, 

innovative administration and innovative 

products) on the dependent variable (competitive 

advantage) among private universities in south-

west, Nigeria. 
 

2. THEORETICAL FRAMEWORK 

 

This study is guided by the resource based view theory 

and knowledge-based view theory. These theories explain 
the determinants of competitive advantage in the global 

business context. Resource-Based View (RBV) Theory  

The resource-based view (RBV) of Wernerfelt in 1984, 

holds that competitiveness can be achieved by 

innovatively delivering superior value to customers. The 

extant literature focuses on the strategic identification and 

use of resources by a firm for developing a sustained 

competitive advantage (Barney, et al 2011). According to 

Resource Based Theory, resources are inputs into a firm's 

production process; and can be classified into three 

categories as; physical capital, human capital and 

organizational capital (Crook, 2008). A capability is a 
capacity for a set of resources to perform a stretch task or 

an activity. Each organization is a collection of unique 

resources and capabilities that provide the basis for its 

strategy and the primary source of its returns. In the 21st-

century hyper-competitive landscape, a firm is a 

collection of evolving capabilities that is managed 

dynamically in pursuit of above-average returns. Thus, 

differences in firm's performances across time are driven 

primarily by their unique resources and capabilities rather 

than by an industry's structural characteristics (Crook, 

2008). The Resource based view theory is used in this 
study to explain how private universities gain 

competitiveness through innovatively delivering superior 

value to customers, and also focus on the strategic 

identification and use of resources for developing a 

sustained competitive advantage (Kamau, 2013). 

 

Knowledge-Based View (KBV) Theory  
The KBV theory is an extension of the RBV theory. The 

main tenet of the approach is that a firm is like an 

institution for generating and applying various types of 

knowledge (Grant, 2010). While incorporating much of 
the content of the RBV, the KBV pays more attention to 

the process or path by which specific firm capabilities 

evolve and develop over time. This kind of development 

of knowledge through learning could be seen as a key 

element in achieving competitive advantage and superior 

performance (Wei & Wang, 2011). Firm growth is not 

sustainable without the dynamic re-development of 
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knowledge-based resources and capabilities because an 

organization becomes, less capable of discovering new 
opportunities.  

 

Although the emphasis on knowledge and 

capabilities has strengthened during the last decade it 

seems that empirical research has still not reached 

maturity, and there are no universally accepted guidelines 

for studying capabilities (Ussahawanitchakit, 2012).  A 

review of extant literature revealed that there are many 

ways of defining “knowledge” and “capabilities”. 

Knowledge in particular is an ambiguous phenomenon, 

but the same applies to capabilities, regardless of the 

many efforts to reframe and simplify the two concepts. 
The following working definitions would be adopted for 

the purpose of this paper. First, knowledge would be 

conceived of as a distinctive production factor that has a 

huge impact on productivity, innovation, and product 

development. It is also important to note that 

organizational capabilities such as marketing and 

technical capabilities are not the only things that matter, 

as often, it is the nature of the knowledge that has an 

effect on the sustainability of the competitive advantage, 

and  the potential growth strategies as well (Su, et al. 

2011). The knowledge based view theory can serve as a 
framework for exploring how private universities use the 

knowledge based view theory to gain competitive 

advantage through generating and applying various types 

of knowledge to initiate innovation in the aspect of 

products, process and administration. The application of 

knowledge is essential in driving innovative products, 

process and administration because these three are the 

core of a university system. 

 

Conceptual Model 

As mentioned earlier, a university is said to have 

competitive advantage when such is able to gain an edge 
over competing organizations in the aspect of student 

enrolment rate, quality of staff, staff strength, financial 

base, offering highly demanded courses and other related 

factors. Institutional competitive advantage heavily 

depends on innovative administration, process and 

products adopted. The model below is a diagrammatical 

explanation of the place and relationship that exist 

between innovative products, innovative process, 

innovative administration and competitive advantage. 

 

Competitive advantage is a product of the 
innovative efforts of various universities in winning a 

larger market share. A university with innovative products 

could win the interest of aspiring undergraduate students 

who desire to pursue a career in nascent and typical 

disciplines. Universities with novel process and procedure 

could attract more students and webometric ratings 
through the use of technology in the admission process, 

mode of examination, presentation of results, as well as in 

the overall teaching and learning process. Such 

uniqueness in the procedure of undertaking university 

activities could easily place a university above 

competitors. Innovation in administration is also a strong 

factor that could help private universities gain a 

competitive edge over other universities. A university 

with a unique and innovative administrative style will be 

original in their method of handling the academic 

calendar, meeting staffs demands, and in providing 

suitable learning environment. On this premise, one can 
safely assume that innovation variables have a huge 

potential to determine  the competitive level of a 

university system. 

 
3. METHODOLOGY      
 

Design 

The correlational research design was adopted for this 

study. This design is appropriate because the research 

intends to examine the relationship between variables and 

a predictive model of competitive advantage using 

innovation variables.  

 

Study Population 

The population for this study comprised of all academic 

staff in the twenty-eight registered private universities in 

Southwest Nigeria. Southwest Nigeria consists of six 

states:  Lagos, Ogun, Oyo, Osun, Ondo and Ekiti. Of 
these private universities, the six that were established 

between 1999 - 2010 were considered in this study. 

Academic staff in the context includes senior faculty 

members with administrative responsibilities from the 

management or experience such as Deans of faculties and 

Heads of departments, Programme coordinators or staff 

with such experience. 

 

Sample and Sampling Technique 

This study made use of the two-stage random sampling 

technique in the selection of private universities and 
respondents. The first stage involved the random selection 

of at least one private university from each of the south 

western states in Nigeria, except Ogun state with the 

largest number of private universities. Thus, two private 

universities were selected from Ogun state. The second 

stage involved the selection of all academic staff in four 

faculties that these universities have in common, namely 

law, science, management and humanities.  In the whole, 

two hundred and fifty-five academic staff were randomly 
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selected for the study, while two hundred and forty of 

them participated in the study at the point of questionnaire 
collection. 

 

Sample size Determination 

The sample size was determined using the Slovins’ 

formular (N= N/1+NE2) (Sevilla, et. al. 2007) in 

calculating the sample size after getting the staff strength 

from the National Universities Commission (NUC), 2017 

report.  

 

Slovins’ formula (n= N/1+NE2);  

 

where n=sample size, N= population and E=margin of 
error desired. 

 

Private universities in South Western Nigeria established 

within 1999-2000 have a documented staff strength of 

701 with a margin of error of 0.05 (i.e 5%). 

 

Sample size =701/1+(701)( 0.05x0.05) 

= 701/1+1.7525 

=701/2.7525 

= 255 

 

Instrumentation 

Self-rated questionnaire was used for data collection on 

the variables under study. The competitive advantage, 

innovative products, innovative administration and 

innovative process (CIII) scale were used in this study. 

The adaptation was made after extensive review of 

literature as advised by experts within and outside the 

Faculty of Social and Management Sciences. The 

questionnaire was divided into three sections. The 

sections are: A, B, and C. 

 

Section A: Demographic information of the staff such as 
gender and years in service and position.  

 

Section B: Competitive Advantage Scale (CAS) 

This 10-item scale was adapted from the developer, 

Verma, Rajeev and Jayasimha (2014) through three 

dimensions: excellence, effectiveness and responsiveness. 

The scales also measured in a five-point Likert-scale 

format from “strongly disagree” (1) to “strongly agree” 

(5). Sample of items on this scale includes; university 

management excellently carries out work through 

participation and employees interaction in order to build 
sustainable competitive advantage and the university's 

staff turnover was lower than that of the competitors 

indicating sustainable competitive advantage.. High score 

on the scale indicates high competitive advantage, while 

low score on the scale indicates low competitive 

advantage. Item 1-7 measures organizational excellence, 
item 8-14 measures organizational effectiveness, while 

item 15-21 measures organizational responsiveness. The 

author reported a Cronbach's alpha of 0.87. 

 

Section C: Innovation Intelligence Scale (IAS) 

Innovation Intelligence Scale was adapted from Ceserani' 

(2017) electronic innovation quotient scale. The scale was 

adapted to suit academic staff and also measure three 

aspects of innovations:  products, process and 

administration. This is to ascertain the level of innovation 

involved in the drive towards the fulfillment of each 

university’s aims and objectives. All item scales are 
anchored on a five point scale with 5 = strongly agree, 4 = 

agree, 3 = neither agree nor disagree, 2 = disagree and 1 = 

strongly disagree. It is rated on 5-point response scale 

ranging from 1-strongly disagree (SD) to 4-Strongly agree 

(SA). Sample of items on this scale includes; our 

university is delivering new courses for members of staff 

and our university often develops new teaching materials 

and methodologies. Item 1-7 measures innovative 

products, item 8-14 measures innovative administration, 

while item 15-21 measures innovative process. The author 

reported an overall Cronbach alpha value of 0.83 and in 
this study recorded a Cronbach alpha value for each:  

innovative products- 0.87, innovative process- 0.85 and 

innovative administration- 0.72. 

 

Procedure for Data Collection 

A letter of introduction was obtained from the Department 

of Information Resources Management of Babcock 

University to the Dean of each faculty within the selected 

private universities. After gaining approval to undertake 

the research, the researcher explained the essence of the 

study to the participants, provided clarification on how to 

respond to each enquiry  in the questionnaire and also  
assured them of the  confidentiality of whatever 

information they supply.  The data collection covered a 

period of two weeks with 94% return rate. 

  

Method of Data Analysis 

Data collected was subjected to data analysis using 

inferential statistics to test the hypotheses stated in the 

study. Pearson product moment correlation was used to 

test hypothesis one while hypothesis two and three were 

tested using multiple regression statistical tool at 0.05 

level of significance. 
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4. RESULTS  
 

Hypothesis 1: There is no significant 

relationship between the independent 

variables (innovative process, innovative 

administration and innovative products) 

and dependent variable (competitive 

advantage) among private universities in 

south-west, Nigeria. This was analyzed 

using Pearson Product Moment 

Correlation and the result is presented in 

the Table below: 

 

Table 3 reveals the inter-correlational matrix between the 
independent variables (innovative process, innovative 

administration, and innovative products) and dependent 

variable (competitive advantage) among private 

universities in south-west, Nigeria. Innovative 

administration (r = .441, p<0.01), innovative products (r = 

.460, p<0.01) and innovative process (r = .407, p<0.01) 

positively and significantly correlated with competitive 

advantage among private universities in South-west, 

Nigeria. This implies that competitive advantage among 

private universities in South-west, Nigeria can be 

developed if the administration can be made innovative 
enough with innovative process and products. 

 

Hypothesis 2: There is no significant 

joint contribution of the independent 

variables (innovative process, 

innovative administration and 

innovative products) on the dependent 

variable (competitive advantage) 

among private universities in south-

west, Nigeria. This was analyzed using 

multiple regression statistical tool and 

the result is presented in the table 
below: 

 

Table 4 shows the joint contribution of the 

independent variable (innovative process, innovative 

administration, and innovative products) on the dependent 

variable (competitive advantage) among private 

universities in South-west, Nigeria. The result shows that 

innovative process, innovative administration, and 

innovative products yielded a coefficient of multiple 

regressions R= 0.525, multiple regressionsR2= 0.275 and 

the Adjusted R2 =0.545 This shows that about 54.5% of 
the total variance of competitive advantage among private 

universities in south-west, Nigeria was accounted for by 

the linear combination of the innovative process, 

innovative administration, and innovative products while 

the remaining 44.5% could be assigned to other estranged 

factors not considered in this study. The result in  Table 4 
also indicated that innovative process, innovative 

administration, and innovative products had significant 

joint influence on competitive advantage among private 

universities in South-west, Nigeria (F(3,236)= 29.893; 

p<0.05).   

 

Hypothesis 3: There is no significant relative contribution 

of the independent variables (innovative process, 

innovative administration and innovative products) on the 

dependent variable (competitive advantage) among 

private universities in South-west, Nigeria. This was 
analyzed using multiple regression statistical tools and 

the result is presented in the Table below: 

 

Table 5 revealed the relative contribution of innovative 

process, innovative administration, and innovative 

products on competitive advantage among private 

universities in South-west, Nigeria. The table also shows 

that the highest predictor of competitive advantage among 

university academic staff was innovative administration 

(=0.292; t = 4.227; p<0.01), followed by innovative 

process (= 0.186; t = 2.568; p<0.05), but not with 

innovative products (=0.071; t = 1.811; p>0.05). 
Therefore, the null hypothesis was rejected. This implies 

that innovative process, innovative administration, are 

potent predictors of competitive advantage among private 

universities in South-west, Nigeria. 
 

5.  DISCUSSION OF FINDINGS    

 

The first hypothesis examined the relationship between 

the independent variables (innovative administration, 

innovative process and innovative products) and 

dependent variable (competitive advantage) among 

private universities in South-west, Nigeria. The result 

shows that innovative administration, innovative products 

and innovative process positively and significantly 

correlated with competitive advantage among private 

universities in South-west, Nigeria. By implication, 
increase in the innovative administration, innovative 

process and innovative products will initiate a resultant 

increase in private university competitive advantage. This 

result is in harmony with results of Ussahawanitchakit’s 

(2012) study of 121 managers of electronics companies in 

Thailand which showed that product innovation and 

process innovation have the ability to improve 

competitive advantage, profitability, and performance. 

Based on this result, it can be argued that product 

innovation do have a significant positive role in creating 
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sustainable competitive advantage of private universities. 

This indicates that the competitive advantage of a 
university system depends on their innovativeness in 

administration, procedures and products marketed.   

  

Furthermore, the result of this study showed that 

innovative process significantly correlated with 

competitive advantage of private universities. This result 

corroborated Jimenez and Vall (2011) who investigated 

451 Spanish firms using structural equation modelling 

(SEM) with data, and found  that organizations with 

greater process innovation capabilities can achieve a 

better response from the environment and more easily 

build the capabilities needed to enhance organizational 
performance. In the university system, apart from 

innovation in product generation, , the process is also 

pivotal in determining the  standard of the university 

because it encompasses how students are cared for, that is 

“customer services”, logistics, and management 

innovation such as strategic planning, project 

management and employee assessment. Suffice to say, 

innovative process is a mirror of innovative 

administration because nothing works in the process and 

procedure a university adopts without it emanating from 

the management or administrator of the university.    
 

The result of this study also confirmed that innovative 

administration also correlated with competitive 

advantage. This result supports the position of Drew 

(2010) who conducted a cohort study on senior leaders 

from an Australian university and discovered that the 

most significant challenges facing universities are within 

the scope of innovative administration. On this premise, it 

is quite clear that innovative administration plays a major 

role in putting a university ahead of its contemporaries.  

 

The second and third hypothesis examined the relative 
and joint contribution of the independent variables 

(innovative process, innovative administration and 

innovative products) on the dependent variable 

(competitive advantage) among private universities in 

South-west, Nigeria. The result showed that innovation 

factors jointly contributed to the prediction of competitive 

advantage. The highest predictor of competitive 

advantage among university academic staff was 

innovative administration, followed by innovative 

process, and innovative products. This finding 

corroborates a study by Ganter and Hacker (2013) who 
collected a large sample of German firms drawn from the 

2005 “Community Innovation Survey” (CIS IV) and 

found that organizational innovation has a significant 

effect on sustainable competitive advantage. Similarly 

Ostojić Mihić, et al (2015) who conducted a study from a 

sample of large manufacturing companies from Bosnia 
and Herzegovina, found  that product innovation and 

process innovation have the ability to improve 

competitive advantage, profitability, and performance  

while, Jimenez and Vall (2011) found both product and 

process innovation to affect firm performance.   

 

The result of this study justifies the need for private 

universities to put the three factors (innovative products, 

innovative process and innovative administration) into  

consideration knowing  that innovation is both expensive 

to initiate and sustain.  Novelty in administration, which is 

the strongest predictor of competitive advantage in this 
study, should be given top priority followed by novelty in 

procedure and product.  This submission is at par with 

Mathooko and Ogutu,(2014) who also reported from their 

studies on environmental changes in the universities in 

Kenya, that universities are confronted with a big 

challenge in finding a balance between traditional 

academic operation and the new but increasingly 

dominating market-driven dimension of global 

competition. Going by this observation, there seem to be a 

paramount need for private universities in Nigeria to 

engage the services of an innovative administrator at the 
management level, who would be saddled with the 

logistics of generating innovative products through which 

such institutions can gain competitive advantage over and 

above competitors in the private education sector in 

Nigeria.  
 

6. CONCLUSION 

 

This study investigated innovation as the major 

determinant of competitive advantage in private 

universities in Southwest, Nigeria. The result showed that 

there is a significant relationship between innovation 
variables and competitive advantage in private 

universities. The regression model revealed innovative 

administration as the highest predictor of competitive 

advantage followed by innovative process and innovative 

products. It can be inferred that the more innovative a 

university administration is, the better the competitive 

advantage the university will gain. More so, the more 

innovation is infused into the university process and 

products, the higher the competitive advantage achievable 

by the university. 

 
 

 

 

 

82



Vol. 1, Issue 2, April 2019, pp. 74 - 92       

Haliso and Adenekan (2019). A Correlation Analysis of Innovation Products, Process and Administration in the 
Determination of Competitive Advantage of Private Universities in Southwest Nigeria 

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

 
 

                  

 
 

7. RECOMMENDATIONS 

 
Based on the findings reported, the following 

recommendations are put forward for consideration: 

University administrators should be intentional in being 

innovative in administering rules, procedures, 

management systems and staff development programmes 

to enhance staff commitment towards gaining competitive 

edge over other private universities. Management teams 

of universities ought to passionately seek novel ideas on 

procedures which can place them ahead of their 

contemporaries. They should particularly consider the use 

of technology to reduce cost and man hours for both 

students and the university in the areas of mode of school 
fee payment, course registration, mode of learning, and 

student assessment feedback. Various tertiary institutions 

should adopt more innovative ideas in packaging 

additional qualification programmes that can attract more 

intending students. This will, by extension, also address 

the larger problem of the teeming population of students 

who are unable to gain access to public universities 

through UTME.   
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   Figure 1: Conceptual model of competitive advantage. 

 

 

Table 1: Showing number of Private Universities considered with Staff strength 

S/N State No. Of Private 

Universities 

No. Of Private 

Universities to 

be sampled 

Name of 

sampled 

Universities 

Staff 

strength 

1 Ekiti 1 1 Afe Babalola 

University 

110 

2 Lagos 3 1 CETEP 

University 

99 

3 Ogun 4 2 Babcock 189 

    Bells 

University 

89 

4 Osun 3 1 Bowen 

University 

114 

5 Oyo  2 1 Lead City 

University 

100 

Total     701 

Source: National Universities Commission (NUC), 2017. 

 

 

 

Innovative 

products 

Innovative 

process 
Competitive 

advantage 

Innovative 

administration 

Innovation 
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Table 2: Showing Mode of selection of private Universities and Staff in south-western Nigeria 

 

S/N State Name of sampled 

Universities 

Staff 

strength 

Number of 

questionnaire 

administered 

Number of 

questionnaire 

returned 

Return 

rate 

1 Ekiti Afe Babalola 

University 

110 40 38 95% 

2 Lagos CETEP University 99 36 34 94% 

3 Ogun Babcock 189 65 64 98% 

  Bells University 89 33 30 90.9% 

4 Osun Bowen University 114 42 39 92.9% 

5 Oyo  Lead city University 100 39 35 89.7% 

Total   701 255 240 94% 

 

 

 

Table 3: Correlation matrix showing the relationship between the variables of the study 

 

Variables  Mean SD 1 2 3 4 

Competitive advantage 67.0125 7.5912

8 

1.00  
  

Innovative products 21.1708 2.6018

9 

.460** 1.00 
  

Innovative administration 22.2875 2.5721

1 

.441** .595** 1.00  

Innovative process 22.5417 2.6932

3 

.407** .429** .643* 1.00 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 4: Multiple regression analysis on innovative process, innovative administration, and 

innovative products on competitive advantage 

 

R= .525 

R
2
 = .275 

Adjusted R
2 
 = .266 

Standard error of estimate = 6.5031 

Model Sum of Squares Df Mean Square F Sig. 

1 

Regression 3792.512 3 1264.171 29.893 .000
b
 

Residual 9980.451 236 42.290   

Total 13772.963 239    

 

 

Table 5: Multiple regression analysis on innovative process, innovative administration, and 

innovative products on competitive advantage 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

T Sig. 

B Std. Error Beta 

 

(Constant) 27.411 4.233  6.475 .000 

Innovative 

administration 

.853 .202 .292 4.227 .000 

Innovative products .436 .241 .148 1.811 .071 

Innovative process .525 .205 .186 2.568 .011 
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SNAP SHORTS OF HOW THE ANALYSIS WAS DONE 

 
Figure 1: Competitive advantage data set. 

After considering assumptions such as normality and co-linearity the analysis was done 

 
Figure 2: showing the process of doing a multivariable correlation. 
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Figure 3: showing the process of doing a multivariable correlation. 

 

 

 
Figure 4: showing the process of doing a multivariable correlation. 
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Figure 5: showing the result of multivariable correlation. 

 

 

The process of conducting a standard multiple regression analysis 

 
Figure 6:showing the process of doing a multiple regression analysis. 
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Figure 7: showing the process of doing a multiple regression analysis. 

 

 
Figure 7: showing the result of multiple regression analysis. 
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      ABSTRACT 
In this paper, the author pays tributes to intellectuals from the Nigerian academia who have been in the vanguard 

for promoting effective management in government business. The specific focus is on Ayodele Awojobi (1937 - 1984) 

and Pius Adesanmi (1972 - 2019), who were professors of mechanical engineering and literary studies (French) 

respectively. The author compared the lives of these two scholars, identifying the similarities and differences. Among 

others, both scholars obtained first class degrees in their respective fields, one from the University of London, United 

Kingdom and the other from the University of Ilorin, Nigeria. Furthermore, both became university professors in 

their 30s, one in Nigeria and the other in Canada. Both died at the age of 47. While one scholar operated in the past, 

the other operated in contemporary times. That is, many of the present youth would not have been alive during the 

life of Professor Awojobi. The paper is thus a link to the past, remembering the great work done by Nigerian 

intellectuals and connecting it to the present. It is hoped that the paper will stimulate a renascence of campaign and 

action on the need for effective management, as the present societal scenario does not appear to have radically 

departed from the past. The paper is on management history. 
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1.  INTRODUCTION    
 

Volume 1, Issue 2 of the African Journal of Management 

Information System falls within the short period in which 

Nigeria, indeed Africa lost one of her relatively young 

frontline campaigners for effective management, 
leadership and governance in the affairs of nations. His 

name is Pius Adesanmi (1972 - 2019), a professor at 

Carleton University, Canada. The author finds an 

interesting similarity between this great scholar and a 

Nigerian scholar who lived earlier, Ayodele Awojobi 

(1937-1984), a professor of mechanical engineering. It is 

thus the aim of this short paper to share the similarities 

and differences between these two scholars. Among 

others, the surnames of both authors start with the 

alphabet ‘A’! 

 

First, it is worth saying that this author did not know 

much about Pius Adesanmi until his death. That is, he 

never met him in person, and curiously, he did not seem 

to have critically read his works during his lifetime. But 
certainly, he heard about his name occasionally in the 

media. How the author’s attention could not be drawn to 

the writings of this prolific and articulate scholar during 

his lifetime still remains baffling! The reason might have 

been due to some societal distraction during the period. 
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The author only had the opportunity to read Adesanmi’s 

biodata and literary works, shared in the social media, 
after his demise. Some of his published articles include: 

(i) An Open Letter to a Citizen Trapped in the 

Port-Harcourt Rubble. 

(ii) ASUU: A Personal Voyage around a Strike. 

(iii)  Shortage of Oxygen: Is Nigeria Still Human? 

(iv) Before It Is Too Late for Her. 

(v) Education in Nigeria: An Unimportant Detail. 

(vi) The Tragedy of Lagos. 

(vii) Nigeria’s Future Twenty Years Ago. 

(https://opinion.premiumtimesng.com/category/nigerian-

matters/pius-adesanmi-column/; 

http://www.saharareporters.com/column/pius-adesanmi).  
 

Adesanmi’s articles were witty, uncanny, interesting and 

satirical. To put it mildly, he was a great achiever. 

 

The author’s experience with Adesanmi is in contrast to 

that of Awojobi. Ayodele Awojobi was otherwise 

nicknamed as ‘The Akoka Giant’, ‘Awo Jay’ and 

‘Professor Dead Easy’. The author read several of this 

professor’s newspaper writings and interviews during his 

lifetime. His writings were particularly showcased in 

Nigerian Tribune (Sunday Tribune), the oldest surviving 
Nigerian newspaper which was established in 1949 and 

published by African Newspapers of Nigeria Ltd 

(https://www.tribuneonlineng.com). The newspaper was 

established by one of Nigerian leaders who fought for the 

independence of the country, a former premier of Western 

Nigeria, Chief Obafemi Awolowo (1909 – 1987). Chief 

Awolowo was a successful social thinker and manager, as 

well as a prolific author. Among others, he authored many 

significant and thought-provoking books and articles on 

effective management, leadership and governance. These 

include the following: 

 
(i) Path to Nigerian Freedom (1947); Taber 

Press. 

(ii) Awo - The Autobiography of Chief Obafemi 

Awolowo (1966); Oxford University Press. 

(iii) Thoughts on Nigerian Constitution (1966); 

Oxford University Press.  

(iv) The People’s Republic (1968); Oxford 

University Press. 

(v) Strategy and Tactics of the People’s Republic 

of Nigeria (1970); Macmillan Nigeria Ltd, 

Ibadan. 
(vi) Path to Nigerian Greatness (1981); Fourth 

Dimension Publishers, Enugu, Nigeria. 

(vii) Awo on the Nigerian Civil War (1982); John 

West Publications, Lagos, Nigeria. 

(viii) The Problems of Africa – The Need for 

Ideological Re-appraisal (1977); Macmillan 
Nigeria Ltd, Ibadan. 

(ix) My March Through Prison (1985); Macmillan 

Nigeria Ltd, Ibadan. 

 

Apart from reading Professor Awojobi’s articles in 

newspapers, this writer physically met him once during 

his lifetime. According to records, that was 37 years ago, 

precisely on Thursday, 11th May, 1982 when he visited 

the then University of Ife (now Obafemi Awolowo 

University) Ile-Ife, in the present Osun State of Nigeria, to 

deliver a public lecture. This author was then a Year 1 

student of the institution. The lecture, entitled ‘Where Our 
Oil Money Has Gone’, was delivered based on invitation 

by campus groups. It was really a very captivating, 

incisive and thought-provoking lecture. An account of this 

lecture and biodata of the distinguished professor can be 

found in an earlier article by the present author (Oluwade, 

1997).  

 

Furthermore, this writer also had the priviledge of 

participating in the funeral ceremonies organized for 

Professor Awojobi by the University of Lagos. This writer 

participated fully in all the ceremonies, including the 
lying-in-state at the Faculty of Education auditorium and 

the burial programme proper in Ikorodu, Lagos State, 

Nigeria. The writer joined other admirers of the departed 

professor in making the trip from the University of Lagos 

main campus in Akoka-Yaba, Lagos to Ikorodu, courtesy 

of the free bus services provided by the Management of 

the institution. 

 

Awojobi’s writings in Nigeria’s second republic (1979 – 

1983) were particularly focused towards effective 

management and probity in government business. The 

titles of some of his writings include: ‘Nigerian 
Consumers and Inflation’, ‘Awojobi Replies FEDECO’, 

and ‘Honourable Minister of Steel, You Have Reversed 

Truth and Concealed Facts’. In particular, his guest 

speech entitled ‘Nigerian Consumers and Inflation’, 

delivered at an event of the Consumers Protection Council 

of Nigeria in 1981 is instructive and revealed courage and 

strength of his personality. Here was a person invited to 

‘celebrate’ with a host for her ‘achievement’ now turning 

around to tell the truth straight to his host’s face. Hear 

him: ‘…and I regret most humbly to return the verdict 

that the Consumers’ Protection Council of Nigeria is 
impotent and will continue to be irrelevant to the Nigerian 

society until our socio-economic system is given direction 

by the overthrow of the present mixed or contractor-

oriented economy and the replacement with an ‘equal pay 
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for equal work’ socialist system entrenched in our 

constitution (Awojobi, 1981A).  Hear him again in 
another article: ‘…the only solution to the problem 

[Nigeria’s economic development problem] is for 

government to invest massively in technological 

education. This requires as a first step, free education at 

all levels in order to give opportunity to all possible 

geniuses who exist in the country irrespective of the status 

of their parents’ (Awojobi, 1981B).  

 

This paper is a celebration of two Nigerian scholars who 

made their impact on the sands of time. An earlier paper 

celebrated two notable American scholars (Oluwade, 

2018). From the macroscopic point of view, a basic lesson 
on the lives of the two main scholars discussed in the 

present paper is that it is not really how long a human 

being lives but how well (Onabamiro, 1980).  

 

In Section 2 of this paper, a comparative discourse on 

Professors Awojobi and Adesanmi is presented. In 

Section 3, tribute is extended to other departed scholars 

from the Nigerian academia. Section 4 is on discussion 

where, among others, some quotable quotes relevant to 

the general theme of management, leadership and 

governance are presented. Section 5 concludes the paper. 
 

2. AYODELE AWOJOBI AND PIUS ADESANMI: A 

SHORT COMPARATIVE DISCOURSE 

 

In this section, some similarities and differences in the 

personalities of Professors Ayodele Awojobi and Pius 

Adesanmi are highlighted. 

 

First, while Professor Awojobi was a native of Ikorodu in 

Lagos State, South-western Nigeria, Professor Adesanmi 

was a native of Isanlu in Kogi State, North-central 

Nigeria. Both are however of the Yoruba lineage.  
 

Both had first class bachelor’s degrees, one from (the 

Imperial College of Science and Technology) University 

of London, United Kingdom (in the field of mechanical 

engineering), and the other from the University of Ilorin, 

Nigeria (in French studies). 

 

While Professor Awojobi received his bachelor’s and 

doctoral degrees from the University of London without 

obtaining any master’s degree, Professor Adesanmi 

received his bachelor’s, and master’s degrees in Nigeria, 
from University of Ilorin and University of Ibadan 

respectively. He however received his doctoral degree 

(Ph.D.) from University of British Columbia, Canada.  

 

Both became full professors in universities in their 30s, 

one (Awojobi) at the University of Lagos at age 37, while 
the other at the University of Carleton, Canada at age 33. 

 

While Awojobi rose to promotion to full professorship by 

climbing the ladder in the Nigerian University System, 

Adesanmi rose to full professorship by direct appointment 

in Canada, following an earlier teaching appointment in 

the USA. 

 

Both Awojobi and Adesanmi held management/leadership 

positions in the academia. The former was at various 

times Head of Department of Mechanical Engineering as 

well as Dean of the Faculty of Engineering. The latter, on 
the other hand, was Director of an academic institute. 

 

It is worth noting that Adesanmi was born within the 

period (1971 – 1974) in which Awojobi was an Assocate 

Professor. During this period, the latter was on leave of 

absence from the University of Lagos to University of 

London where he received Doctor of Science (D.Sc.) 

degree in mechanical engineering by examination. This is 

a degree higher than the Ph.D. degree which only few 

universities in the world award. He was immediately 

promoted to full professorship on the completion of the 
leave. 

 

Both Awojobi and Adesanmi were university professors 

as at the time of their demise. The former was professor 

of mechanical engineering while the latter was a professor 

of literary studies. Interestingly, both died at the age of 

47, in their prime, though with a lot of phenomenal 

achievements. 

 

In ending this section, the following poem, due to Ben 

Jonson (1573 – 1637), an English poet and dramatist, is 

dedicated to the duo of Awojobi and Adesanmi as a 
tribute to their rather short but eventful lives: 

 

“It is not growing like a tree 

In bulk, doth make men better be 

Or standing long an oak, three hundred year, 

To fall a log at last, dry, bald, and sere: 

A lily of a day, 

Is fairer far in May, 

Although it fall and die that night; 

It was the plant and flower of light. 

In small proportions we just beauties see; 
And in short measures, life may perfect be”. 
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3. TRIBUTE TO OTHER DEPARTED SCHOLARS 

FROM THE NIGERIAN ACADEMIA 

 

In this section, glowing tribute is paid to all members of 

the Nigerian academia/intelligentsia, living or dead, for 

their technical contributions in their respective fields and 

in administration/management. These fields include pure 

sciences; social sciences and mass communication; 

engineering, technology and environmental design; 

education; humanities and liberal studies; law; as well as 

medical and paramedical sciences. Some of these scholars 

also are/were also active campaigners for effective 

management, especially in government business. There is 

no doubt that the work of an academic is remarkable, 
combining three distinct schedules/works in one. These 

well-known schedules are teaching, research and 

administration/community service. 

 

The following departed academics are remembered, as 

representatives of scholars who have contributed 

significantly to the development of Nigeria, many of 

whom were unsung during their life times: 

 

(a) Sciences (Pure and Applied):  

Adetokunbo Sofoluwe (Computer Science), Chike Obi 
(Mathematics), Haroon Tejumola (Mathematics), J. O. C. 

Ezeilo (Mathematics), Olumuyiwa Awe (Physics), 

Adegoke Olubunmo (Mathematics), Christopher Olutunde 

Imoru (Mathematics), R.F.A. Abiodun (Mathematics), 

Simeon Olatunde Fatunla (Computational Mathematics), 

Reuben O. Ayeni (Mathematics), C.O.S. Sowunmi 

(Mathematics), Gabriel Olaofe (Mathematics), Anthony 

Uyi Afuwape (Mathematics), Sanya Onabamiro 

(Biological Science/Zoology), Babatunde Fagbemi 

(Mathematics/Computer Science), Bola O. Balogun 

(Mathematics), Olusegun A. Olubuyide (Chemistry),  

Hezekiah Oluwasanmi (Agricultural Economics), Andrew 
Nok (Biochemistry), Samuel O. Awokoya (Chemistry), C. 

R. Nwozo (Mathematics), V. F. Payne (Mathematics), B. 

O. Adejo (Mathematics), M. A. Ibiejugba (Mathematics), 

Femi Agbalajobi (Computer Science), F. Akinbode 

(Computer Science), Tolu James (Computer Science), C. 

O. Sowunmi (Mathematics), J. O. Oyelese (Mathematics), 

A. R. Bestman (Mathematics), A. Ette (Physics), Awele 

Maduemezia (Physics), Eni Njoku (Botany), S. T. Bajah 

(Chemistry) and  A. S. Ukpera (Mathematics).  

 

(b) Social Sciences and Mass Communication: 
Claude Ake (Political Economics), Samuel (Sam) Aluko 

(Economics), Kola Olufemi (Political Science), T. O. 

Odetola (Sociology), Bassey Anda (Anthropology), Frank 

Ugboajah (Mass Communication), Ojetunji Aboyade 

(Economics) and Adebayo Adedeji (Economics) 
 

(c) Engineering, Technology and Environmental Design: 

I. Ifedapo (Civil/Structural Engineering), V. A. Williams 

(Electronics/Electrical Engineering), Gabriel Olalere 

Ajayi (Communications Engineering), V.O.S. Olunloyo 

(VOS) (Mechanical/Systems Engineering), M. O. 

Ogedengbe (Civil Engineering), O. O. Adewoye 

(Metallurgical and Materials Engineering), O. O. 

Ohwovoriole (Mechanical Engineering) and L. O. 

Olajuyin (Urban and Regional Planning).    

 

(d) Education: 
Ayo Ogunsheye (Adult Education), Babatunde Fafunwa 

(Education) and Olubunkola Osibodu (Mathematics 

Education).  

 

(e) Humanities and Liberal Studies: 

I. A. Akinjogbin (History), J. F. A. Ade-Ajayi (History), 

Chinua Achebe (Literature),  E. Bolaji Idowu (Religious 

Studies), Pius Okigbo (Literature), Kenneth Dike 

(History), Ola Rotimi (Theatre Arts), Abiola Irele 

(Linguistics) and Akinwunmi Isola (Theatre Arts) 

 
(f) Law: 

Taslim Olawale Elias (Law), Jelili Omotola (Law), 

Obarogie Ohonbamu (Law), Akinola Aguda (Law), 

Olakunle Orojo (Law), Ademola Yakubu (Law) and 

Muritala Okunola (Law), 

 

(g) Medical and Paramedical Sciences: 

Thomas Adeoye Lambo (Medicine/Psychiatry), 

Babatunde Odeku (Medicine/Neuro-surgery), Benjamin 

Olukayode Osuntokun (Medicine), F. O. Dosekun 

(Medicine), Oladele Ajose (Medicine/Public Health) and 

Olikoye Ransome-Kuti (Medicine/Peadiatrics),  

 

The author also seizes this opportunity to acknowledge 

the leaders and members of the association of Nigerian 

University teachers over the years, presently known as 

Academic Staff Union of Universities (ASUU), for their 

steadfastness and persistence in fighting for the creation 

of the right intellectual atmosphere for sustainable 

management of all the resources of Nigeria. The key is 

scientific management of the 5Ms of management, 

namely, men, materials, money, machine and methods 

(Covey, 2004; Drucker, 1955; Taylor, 1911; Turan, 2015; 
Spohn, 2018; Oluwade and Oluwade, 2015). The struggle 

continues in translating the research outputs of the 

nation’s several universities (federal, state and private) 

and research institutes into national wealth creation, in 
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synergy with the relevant governmental agencies and the 

industry! Such agencies include, among others, National 
Agency for Science and Engineering Infrastructure 

(NASENI), National Information Technology 

Development Agency (NITDA), Raw Materials Research 

and Development Council (RMRDC) etc. 

 

4. DISCUSSION  

 

In this section, quotable quotes from some public writers 

and opinion leaders are presented. These quotes were 

documented in the early 1980s by the present author in his 

unpublished books of memoirs. These opinions, at least to 

a large extent, synchronize with the thoughts and vision of 

Professors Awojobi and Adesanmi on effective 

management, leadership and governance. 
 

But first, this author ponders on what is fundamentally 

wrong with Nigeria, the supposed Giant of Africa! This is 

a country that has been blessed with abundant natural 

resources and also blessed with human resources. This is 

a country which bagged her independence in 1960, some 

59 years ago!  

 

And prior to that time, the first primary school in the 

country was established in 1843, some 176 years ago! The 

school was set up in Badagry, Lagos State by a 
missionary, Rev. Henry Townsend (1815 – 1886).  This 

(Nigeria) is a country in which the first secondary school 

was established in 1850, some 169 years ago! The school, 

C.M.S. Grammar School, Lagos was founded by the 

C.M.S. (Church Missionary Society) missionaries. The 

first teacher training institute, St Andrews Teachers 

College, Oyo, was founded in 1896, some 123 years ago, 

by the same C.M.S. The first technical school, Yaba 

College of Technology (formerly known as Yaba Higher 

College), was established in 1932, some 87 years ago! In 

addition, the first university in Nigeria, University of 

Ibadan (formerly known as University College Ibadan) 
was established in 1948, some 71 years ago! (Osokoya, 

2010). 

 

In the northern part of Nigeria which is generally believed 

to be educationally disadvantaged, the first school in the 

region was established in 1865, though opened in 1873, in 

Lokoja, the present Kogi State of Nigeria by the CMS 

mission. The school was opened by a Nigerian 

missionary, Bishop Samuel Ajayi Crowther (c. 1809 – 

1891), the first African bishop. Some other schools were 

opened in Northern Nigeria later, such as the one opened 
in 1904 (some 115 years ago!) by the Roman Catholic 

Mission in the current Dekina Local Government area of 

Kogi State (Farragher, 2002; Adamu, 1969) 

 

The quotable quotes are as follows: 

 

(i) ‘...There should be a Voice. A society devoid of 

effective Voice can never survive. For 

throughout history, it has been inaction of 

those who could have acted, the indifference 

of those who should have known better, the 

silence of the voice of justice when it 

mattered most that has made it possible for 

evil to triumph...’. 

(Adeniyi, 1976) 
(ii) ‘Nigeria is not an ungovernable country. Neither 

is it a very difficult country to govern. That 

Nigeria is a country with diverse tribes, 

religions and cultures does not make 

governing the country an intractable task. 

The trouble with Nigeria is our failure to 

create the correct structural framework 

necessary for the building of a prosperous 

nation from the abundance of our human and 

natural resources and also the perennial 

failure of our leadership to rise above 
narrow tribal and religious interests...The 

only condition for the success of any 

leadership in the Nigerian situation is for it 

to interprete and translate its programme of 

action along the lines of dialectical 

materialism’.                     

(Ukwuegbu, 1984) 

(iii) ‘...African leaders should recognise the 

difference between luxury and necessity, 

between needs and want, between bread and 

cake. To mistake one for the other, or to play 

one up to the detriment of the other is to 
continue to invite troubles and upheavals’ 

(Tola Adeniyi, in the early 1980s) 

(iv) ‘...in spite of all these, in spite of enormous 

evidences of history here and there, in spite 

of all the obvious fact that the will of the 

masses is as potent as a curse, in spite of the 

apparent illegitimacy of piracy, and in spite 

of the all too-known consequence of 

betrayal, some people still find pleasure in 

doing exactly what the generations before 

now did and earned them death’s wrath’ 
(Tola Adeniyi, in the early 1980s) 

(v) ‘History has shown that it is the leader who lives 

an abstemious life that continues to lead. 

The leader who leaves the common man to 
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his penury whilst he lives in an ivory tower 

and in opulence does not last’ 
(Tai Solarin (1922 – 1994), in the early 

1980s) 

(vi) ‘A nation that cannot face reality can never 

develop, instead it indulges in obsessional 

grandeur, it becomes artificial and 

superficial and engages in triviality when 

useful energy is expended on wrong things. 

Such a nation always puts its cart before the 

horse. Such a nation is Nigeria the sleeping 

giant of Africa’. 

(Editorial, Nigerian Tribune, in the early 

1980s) 
(vii) ‘In a real bid for change, we have to take off our 

coats, be prepared to lose our comfort and 

security, our jobs and our positions of 

prestige, our families; for just as it is true 

that “leadership and security are basically 

incompatible”, it may well be true that a 

struggle without casualties is not worth its 

salt’ 

(Steve Bantu Biko (1946 – 1977), South 

African freedom fighter) 

(viii) ‘It is only possible to move against 
corruption after bringing to an end the 

dependent capitalist economy and its whole 

ethos of subservience and parasitism’. 

(Dr. Yusuf Bala Usman, a deceased 

University academic, in the early 1980s) 

(ix) ‘I have been taught by European mentors. I am 

aware of a profound gratitude for what I 

have learned. I remain an African. I think as 

an African, I speak as an African, I act as an 

African, and as an African I worship the 

God whose children we all are. I do not see 

why it should be otherwise’. 
(Albert Luthuli, 1962; b. 1898, d. 1967 in 

his autobiography; South African activist, 

secular and religious teacher, and winner of 

the 1960 Nobel Peace Prize). 

(x) ‘I don’t feel humiliated in any way (about my 

impeachment). How many ex-this and ex-

that do you have in this country? Why am I 

more important than any of them? I am not 

ashamed of it, and I am not proud of it. As 

far as I am concerned, it is just one of those 

experiences, and we are bound to meet more 
because our cause is a protracted struggle. In 

the course of it we’ll have a number of 

experiences, some favourable, some 

unfavourable’. 

(Balarabe Musa, in the early 1980s; his 

response to his impeachment as Governor of 
Kaduna State of Nigeria in 1981, after just 2 

years in the saddle, by the State House of 

Assembly). 

(xi) ‘The government of modern time is planned and 

run scientifically. The idea of what to do 

with power for the benefit of the masses is 

preconceived, premeditated, preplanned, 

precalculated and the result predetermined. 

The implementation is usually carried out to 

the nearest accuracy. This is the modern 

concept of political power’ 

(Editorial, Nigerian Tribune (newspaper) in 
1981) 

(xii) ‘Nigeria is an underdeveloped country par 

excellence. It is of course fashionable these 

days to refer to underdeveloped countries as 

developing countries. But both in a semantic 

and an economic sense, all countries of the 

world, including Japan, U.S.A, U.S.S.R, the 

Common Market countries, Nigeria and 

India are in a continual process of 

developing. The division of the world into 

developed and developing economies is, 
therefore, false and illusive. And I prefer the 

more factual division into developed and 

underdeveloped’. 

(Chief Obafemi Awolowo (1981), b. 1909, 

d. 1987) 

 

5.  CONCLUSION  

 

This paper has showcased the lives and achievements of 

two distinguished Nigerian intellectuals who were 

campaigners for effective management, leadership and 

governance in the affairs of nations. By extension, the 
paper showcased the special contributions of intellectuals 

from the academia towards Nigerian growth and 

development. 

 

As the paper draws to an end, it is pertinent to ponder on 

some fundamental questions: What actually went wrong 

with Nigeria? And, what is going wrong with Nigeria? 

That is, why is a country so blessed with rich natural and 

human resources be drifting aimlessly and directionlessly 

from time immemorial? Why are countries like 

Singapore, India, China, Malaysia recording substantial 
development why Nigeria is apparently not making any 

concrete progress? What warranted Nigeria to be 

classified as one of the countries that are ‘shitholes’ by 

the incumbent American President Donald Trump despite 

98



Vol. 1, Issue 2, April 2019, pp. 93 - 99        

Oluwade (2019). Like Awojobi, Like Adesanmi: Tale of Two Ivory Tower Campaigners for Effective Management in 
Nigerian Government Business 

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

 
 

                  

 
 

the myriad of Nigerian professionals doing well in ‘God’s 

own Country’? Why? Why? Why? 
 

The simple glaring answers to the above posers are lack 

of effective management, lack of visionary leaders and 

lack of capable leaders. Good leadership ought to 

stimulate good planning and then good results.  

 

A few recommendations for effective management of 

Nigeria’s resources include effective (statistical) planning, 

pursuit of welfare for all which will minimize crime in the 

society and solution of the power generation, transmission 

and distribution challenges. In addition, a more favourable 

environment needs to be provided for academia-industry 
partnership, which would lead to massive industrialization 

and the conversion of research results to manufactured 

products. This is expected to stimulate an industrial 

revolution, as it happened in many advanced countries, 

for instance Great Britain from the year 1760 to about 

1840.  

 

Finally, and more importantly, there should be conscious, 

sincere and transparent elimination of the hydra-headed 

monster called ‘corruption’ in high and low places. This 

can be effectively, easily and effortlessly achieved via 
leadership by example. 

 

It is hoped that this paper will provoke renew thoughts on 

positive leadership and effective management in all strata 

of the society. 
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