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SYNOPSIS

The Inaugural Lecture shows noble contributions in the areas of 
nonparametric statistics namely – Kernel Density Estimation (KDE) and 
its applications, Quality Control and recently, Data Science.

The choice of the bandwidth in KDE is examined using different 
methods for both the Univariate and Multivariate cases. This was done 
from the higher order derivatives approach, the hybrid approach and 
using boosting and bagging to reduce the two components of the error 

2term (Asymptotic Mean Integrated Squared Error (AMISE) – Bias  and 
the variance respectively.

New control charts were introduced in quality control for 
producers/manufacturers to maintain standards during the course of 
producing goods for daily human needs. These include the Bivariate 

2control chart, Hotelling'sv T  control limits and the permutation 
approach in obtaining control limits.

Finally, the application of KDE was shown in the areas of Agriculture, 
Material Science and Meteorology combining effectively with Data 
Science.  

ix
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1.0 INTRODUCTION
Mathematics is the 'language' of science which gives birth to theories, 
methods and models in various fields of life like Finance, Medicine, 
Insurance, Engineering, Agriculture, Linguistics  and Statistics.

Statistics is a science that deals with the collection, analysis and 
interpretation of data for the purpose of guided decision making when a 
problem is put before us. Data is a collection of facts or figures which can 
be very useful in decision making. A set of data to a mathematician is 
used to find parameters like mean, median, variance, standard deviation 
etc. The mathematician can also use a set of data to model. For a 
statistician, he is interested not just in the data, but the arrangement of the 
data, the distribution (pictorial view) of the data, the smallest value and 
largest value when arranged in ascending or descending order, the range 
etc. 

Data can be of two simple forms – discrete and continuous. Discrete data 
is when it can be listed or countable like 2,3,5,7,9,11; while continuous 
data is the type that is in form of a range eg height of everyone in this 
Akin Deko Auditorium is between 1.5m – 1.9m. We have primary data, 
which is used by the person who collected the data and secondary data, 
which is made use of by someone else who did not collect the data. 
Collection of data can be in different forms like experimental data in 
labs, field data from surveys and even some from the use of 
questionnaires.

As a toddler, we were taught basic numerals (numbers), alongside 
pattern of numbers and the use of alphabets (letters) to represent a 
missing number or an unknown number.
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This led to the task of finding the  value of the letter “X” in our day to day 
activity. Hence, this Inaugural lecture: I have found “X”. This can be 
likened to looking at A as equivalent of 1, B as equivalent of 2 and so on, 
such that X is the equivalent of 24. That is the simplest illustration of X 
and people should stop looking for X.  The value of  X is not 'fixed' but  a 
representation of an unknown. It is a dependent variable whose value 
changes with every problem.

This simple “X” has crept into basic family expenses like upkeep? If for 
instance, the total(exact) money spent monthly by a household is X but 

* 'Oga' normally gives 'Madam' X every month. This means that there is a 
difference called R – residual. i.e. 

If this R (the difference between what is given to madam) and the exact 
amount spent monthly is positive, Madam doesn't complain because the 
money given to her is in excess (surplus). But if, the difference between 
what is given to madam and the exact amount spent monthly is negative, 
Madam would complain because the money given to her cannot meet the 
essential needs of the family (less than what is needed). This   (money 
given to Madam by Oga), represents the estimated family upkeep by 
Oga, from the family revenue X.  

Another example is to imagine a conversation between a husband and 
wife:

Wife:  Honey, I think you have to review the monthly allowance for 
running the house oh, because every day I go to the market, it is as if I 
misplaced money because prices of everything keeps going up.

Husband:  Can you do a list of what you think we spend monthly?

Wife: It would be difficult because we buy items like Rice and Beans in 
bags that lasts like 3 – 4months.    

*
X

*R = X  - X
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Husband: Then divide the amount for the rice and beans into three to get 
the monthly cost.

Wife: If I divide into three, how do I now buy a bag?

Husband: The money can be given for the bags of rice and beans once 
but omitted in the next 2 months or I would still give the monies as if you 
would be the one to save them till it gets complete at the third month to 
buy. This is after buying the first bags

After some days, the wife gives the husband a list which they debate on 
and the man sums up the total and gives to the wife. Three months later, 
since money was given to buy the first bags of rice and beans, the wife 
again says that she is confused as the money was still not enough.

The above scenario between the husband and wife can be likened to “X”, 
the unknown amount required for the upkeep of a family monthly. This 
X in the above example of husband and wife has variables like rice, 
beans, yam, plantain, meat, fish, eggs, tomatoes, pepper, egusi, ogbonor, 
gas etc. If for any reason the wife forgot to list some items like bread or 
electricity cost etc., the value of X would only be an estimate 
(approximate) of the actual value of X. These items can be represented as 
a simple model: X = x  + x  + x  + ××× + x ,  where each of the x , i = 1,2,3, ×××, 1 2 3 n i

n represents the items listed above.

The interesting part of this problem is, how do we find X? As early as in 
our primary school days, we used a book called Lacombe for 
intermediate primary (for primary 3 and primary 4) where we were 
taught simultaneous equations in two unknown variables in two 
equations eg

3x + 4y = 11 (1)

5x - y = 3 (2)

This kind of problem can be solved simultaneously by the elimination 



4

and substitution methods. Not trying to scare anyone in this gathering, it 
is this kind of problem we encounter at Secondary School level, 
Undergraduate University courses like numerical analysis for those in 
the sciences, business mathematics for social sciences, etc. 

QUOTE: In our day to day activities, we consciously and unconsciously 
encounter X as a solution to our daily challenges

In reality, “X” is any problem or quantity that has not been found. To the 
financial analyst, it can be shares index in a stock market. To an electrical 
engineer, it can be the amount spent on power (electricity) consumption 
monthly. To the medical researcher, it can be dose of a particular drug to 
be administered to a sick patient. To the agriculturist, it can be the yield 
(output) for a crop in a particular farming year. And finally, to me a 
statistician, it can be the probability density function (pdf) of a data set.

Given a set of data  x , x , x , ×××, x ; we are interested in finding (drawing) 1 2 3 n

a probability density function (pdf) ¦(x)which is assumed not to be from 
any known family of distributions e.g. Binomial distribution, 
Hypergeometric distribution, Normal distribution, Exponential 
distribution, Weibull distribution, among many others. The data is 
allowed to 'speak' for itself and this kind of problem is known simply as 
nonparametric density estimation. The one that is tied to a particular 
family of distribution is referred to as the parametric density estimation. 
Several methods exist in the nonparametric density estimation to find the 
density estimate ¦(x). These includes the histogram method- which is the 
oldest, general weight function, naive estimator and the kernel density 
estimator which shall be the focus of this presentation.
 
The Histogram method

(3)
The kernel density estimator is defined as:

(4)
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where n is the sample size, K(n)is a kernel function which is symmetric 
and satisfies certain conditions, while h is the bandwidth. When using 
equation (4), we are faced with two basic problems viz

(i) The choice of the kernel function and (ii) the choice of the 
bandwidth

Some Kernel functions

Gaussian Kernel 

Epanechnikov Kernel

Uniform Kernel  

Biweight Kernel

All these kernel functions must be symmetric and satisfy the following 
conditions

Recent works have shown that the problem of the choice of the kernel 
has been resolved via central limit theorem (CLT), while that of the 
choice of the bandwidth remains a task that has attracted so much work 
worldwide. This problem of the choice of bandwidth constitutes most of 
my research work, though I have worked in some other areas like quality 
control and recently data science which I veered into because it is the 
'key' to the world's problems.

During the course of finding this bandwidth, we started with what we 
call the univariate case and later the multivariate. The univariate case 
deals with a single type of variable while the multivariate deals with 

(i) (ii) (iii)
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multiple variables though we mainly focus on the bivariate (two 
variables) at most. Works on this area of statistics became popular with 
the advent of computers in the early 80's because it is not easy to solve 
manually. 

Authors like Silverman (1986) introduced the Rule of Thumb (ROT) for 
finding the bandwidth as h . Rudemo (1982) and Bowman (1984) ROT

worked on Least Squares Cross Validation (LSCV) method for finding 
the same bandwidth as h . Scott & Terrell (1987) used the Biased LSCV

Cross Validation (BCV) scheme as h .BCV

We shall briefly illustrate how the choice of bandwidth is key in density 
estimation. Consider a data set of forty car battery lives in years, were 
several bandwidths (h) are used to estimate the density function and 
comparing it with the histogram method. The results can be seen in the 
figures displayed below.
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Figures 1 to 6, shows the density estimates using various bandwidth 
sizes (0.25, 0.5, 0.75, 1.00. 1.25, 1.5), in comparison with the histogram 
method for the same data. Figure 7, shows all the density estimates in 
comparison with the histogram. The results show that the smaller the 
bandwidth size, the closer it depicts the histogram chart. This brings us to 
the problem of finding an ideal choice of the bandwidth  which has been 
my focus all through my research in Kernel Density Estimation.

2.0 MY CONTRIBUTIONS TO KNOWLEDGE IN KERNEL 
DENSITY ESTIMATION (KDE)

Ishiekwene and Afere (2001) introduced Higher Order Window Width 
Selectors for Empirical Data.

The problem of a data-based window width selector for the Kernel 
density estimation is considered in terms of higher order derivatives. A 
generalised expression for the Mean Integrated Squared Error (MISE) as 
well as the window widths are obtained alongside with their efficiency.

An appreciable reduction in the values of MISE (i.e. both bias and Var) is 
realised. The test graphs of the Kernel density function using various 
higher order window widths obtained were plotted for different sets of 
data.

These higher order choices of window widths were found to behave 
better than the conventional order two and order four suggested by Jones 
and Signorini (1997). Also, it was found at their MISE's were dropped as 
the order increases. This shows improvement over orders two and four. 
Their test-graphs also behaved better until a point where all the graphs 
became the same from order ten above. It was also noticed that the 
MISE's after order ten became almost the same value.

Finally, their efficiency dropped as the order increases. This is not 
beneficial thus extensive work continues to find a “breaking-point” 
between the MISE and the efficiency so as to determine which higher 
order window width choice is “best " or which order gives the best test-
graph.
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The use of a single fixed window width limits the characterizing 
smoothing impacts on the non-parametric theory. Thus, the automatic 
method shown above gives a variety of window widths which shows the 
various smoothing effects and one has the option of choosing the best 
test graph. 

ISHIEKWENE  & OSEMWENKHAE  (2006) did A Comparison of 
Fourth-Order Window Width Selectors in Kernel Density Estimation (A 
Univariate Case)

The choice of an ideal window width in kernel density estimation was 
proposed using a fourth-order derivative kernel method. It was found to 
be exactly the same with that of Jones and Signorini [1997]. Its 
efficiency, asymptotic mean integrated squared error (AMISE) and 
graphs are looked at using three sets of data. A comparison between this 
method's efficiency, AMISE and graphs and that of the conventional 
order-two is done and is clearly seen that the superiority of this method 
over that of order-two is interesting.

Both methods are higher order. (fourth order) window width choices in 
Kernel Density Estimation (KDE) which arguably are the best compared 
to order-two.

The window widths obtained are acceptable by standard (see Scott and 
Factor [1981]). The measure of discrepancy used in this work is the 
Asymptotic Mean Integrated Squared Error as shown by Marron and 
Wand [1992]. The result of the AMISE shows order - four behaved better 
by giving smaller values when compared with that of order - two. Also, 
the ratio of their efficiency as compared to the standard Epanechnikov 
kernel showed 87% efficient.

Finally, the graphs also support the fact that order - four behaved better 
than that of order -two. Since the graphs gave a true picture of the data 
used. In general, our proposed method is an equivalent of Jones and 
Signorini [1997] which arguably is the best window width choice than 
the conventional order-two choice.
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In 2007, Osemwenkhae, and Ishiekwene utilised the Application of 
Adjustable Kernel Method in Test Evaluation.

The work was motivated by the appearance of heavy tails when 
estimating learners' performances in most psychological tests. 
Explaining this appearance of heavy tails poses a problem. Over-
smoothing the target density by using large bandwidth may tend to 
remove this abnormal tail behaviour, but this result in masking some 
essential features in the distribution. Conversely, smaller bandwidth can 
result in under-Smoothing of the true density and thus gives a biased 
estimate of the density under study. Therefore, in any psychological test 
involving heavy tails. We observed that the adjustable kernel method is 
better for fitting this density than its fixed kernel method. However, 
when heavy tails are not suspected, fixed kernel method may be easier in 
assessing learners' performances

When heavy tails are suspected in a set of any psychological test, a better 
estimation scheme would be adjustable kernel method. Conversely, 
when heavy tails are not suspected, the adjustable kernel method easily 
decomposes to the fixed scheme if the sensitivity parameter, á=1.

Osemwenkhae and  Ishiekwene (2007b) Constructing Asymptotically 
MVUE in Univariate Kernels

The work considered the construction of asymptotically minimum 
variance unbiased estimator (MVUE) in univariate kernels. The method 
used are both analytical and empirical. The practice of going up till order 
four is seen not to produce MVUE in univariate kernels. The work 
concluded that this desirable property. Asymptotically MVUE is only 
possible at higher order value (specifically from 8 and beyond) of the 
smoothing parameter, h in kernel density estimation.

Osemwenkhae, Ishiekwene and Osagiede (2007) This study generalizes 
global errors for nonsymmetric kernels for any given order by using the 
most acceptable way for this measure-Mean Integrated Squared Error 
(MISE). It further obtains these MISE for some common nonsymetric 
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kernels. This is aimed at removing the rigor of obtaining MISE for any 
specified order of the smoothing parameters when researchers are 
working on these important kernels.

The work  removed the rigor of specifying the order of the bandwidth, h 
when estimating the global error - MISE. This was done by generalizing 
this important property of any nonsymmetric kernel. So, researchers no 
longer have challenges when considering these kernels.

Ishiekwene, Odiase and Ogbonmwan (2007c) looked at Bootstrap in 
Boosting Kernel Density Estimates.

This article proposes a re-sampling algorithm for boosting kernel 
density estimates. The algorithm is a bias reduction technique. Empirical 
studies were carried out and it was observed that the proposed 
resampling algorithm for boosting is better in terms of time complexity 
and removes the problem of function evaluation in existing boosting 
algorithms. The accuracy of the results of existing schemes is achieved 
by the proposed scheme in just a fraction of the time it takes the existing 
schemes.

It is clearly seen from the graphs that both schemes produce equivalent 
results but the proposed re-sampling scheme achieves the same results in 
a shorter time with less function evaluations. It shows that the proposed 
bootstrap re-sampling scheme is better in terms of time complexity and 
does not actually evaluate the functions like in the leave-one-out 
scheme. It is therefore recommended for use in place of the leave-one-
out.

Ishiekwene,  Ogbonmwan and  Oyegue (2008)  Considered the Choice 
of Smoothing Parameters in Boosting Kernel Density Estimates.

The work provided a scheme for choosing the smoothing parameter in 
boosting kernel density estimates. Several boosting algorithms were 
implemented using different choices of smoothing parameters and the 
"best" choice is found to be at order - four after considering different sets 
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of data.

The values of h - the smoothing parameter obtained using orders m = 
2,4,6,... 20, were displayed  and were used for the different boosting 
algorithms for all three data set. Some selected smoothing parameter 
choices (namely, orders 2,4,18 and 20) were used in plotting estimates 
for the kernel density function for the three different data sets, and the 
density estimates on display gave fantastic results. In all, the order two 
choices showed some noises at the 'peaks' of all three density estimates. 
Thus, we recommend the use of higher orders greater than or equal to 
four smoothing parameter choices when using boosting algorithms in 
kernel density estimates. This also supports Jones and Signorini's [9] 
órder four choice of smoothing parameter arguably the “best”. The 
estimates for the density curves were done for all three algorithms 
namely; Algorithm 1(Mazio and Taylor [11]), Algorithm 2 (Ishiekwene 
et.al 2007a [8]) and Algorithm 3 (Ishiekwene et.al 2007b [7]). The 
results showed that apart from the order two choice of the smoothing 
parameter, all other smoothing parameter choices are appropriate for any 
of the boosting algorithm employed. We therefore recommend the use of 
these higher order smoothing parameter choices in boosting in kernel 
density estimation.

Ishiekwene,  Ogbonmwan and Osemwenkhae (2008)  A Meshsize 
Boosting Algorithm in Kernel Density Estimation

The paper proposed a new algorithm for boosting in kernel density 
estimation (KDE). This algorithm enjoys the property of a bias reduction 
technique like other existing boosting algorithms and also enjoys the 
property of less function evaluations when compared with other 
boosting schemes. Numerical examples are used and compared with 
existing algorithm and the findings are comparatively interesting.

From the graphs for the three sets of data, we can clearly see that our 
proposed algorithm compares favourably if not arguably better than that 
of Mazio and Taylor (2004). Also, the results revealed the biás reduction 
targeted by both algorithms.
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Since our algorithm does the same task with fewer function evaluations 
and in fact better in terms of time complexity, we are recommending it 
for use in boosting in KDE.

Ishiekwene  and Nwelih (2011). Adaptive Kernel In The Bootstrap 
Boosting Algorithm In KDE

The work proposes the use of adaptive kernel in a bootstrap boosting 
algorithm in kernel density estimation. The algorithm is a bias reduction 
scheme like other existing schemes but uses adaptive kernel instead of 
the regular fixed kernels. An empirical study for this scheme is 
conducted and the findings are comparatively interesting.

We have shown that the adaptive kernel can be used in place of the 
classical fixed kernel in boosting in kernel density estimation. The 
charts- clearly reveals that the adaptive kernel method does better than 
the classical fixed kernel method in kernel density estimation. It is 
therefore recommended for use in place of the classical fixed kernel 
method in boosting in KDE having exhibited the qualities of bias 
reduction and revealing the data features at the tails.

Ishiekwene and Nwelih (2012)   Adaptive Kernel in Meshsize Boosting 
Algorithm in KDE

The publication proposes the use of adaptive kernel in a meshsize 
boosting algorithm in kernel density estimation. The algorithm is a bias 
reduction scheme like other existing schemes but uses adaptive kernel 
instead of the regular fixed kernels. An empirical study for this scheme is 
conducted and the findings are comparatively attractive.      
                               
We have shown that the adaptive kernel can be used in place of the 
classical fixed kernel in boosting in kernel density estimation. The 
charts- clearly reveal, that the adaptive kernel method does better than 
the classical fixed kernel method in kernel density estimation. It is 
therefore recommended for use in place of the classical fixed kernel 
method in boosting in KDE having exhibited the qualities of bias 
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reduction and revealing the data features at the tails.

shiekwene and Afere (2012)  Higher-Order Hybrid Gaussian Kernel in 
Bootstrap Boosting Algorithm

This paper proposes the use of higher-order hybrid Gaussian kernel in a 
bootstrap boosting algorithm in kernel 'density estimation. The 
algorithm is a bias reduction scheme like other existing schemes but uses 
the higher-order hybrid Gaussian kernel instead of the regular fixed 
kernels. An empirical study for this scheme is conducted and the findings 
are rather impressive when compared with regular fixed kernels.

We have shown that the higher-order hybrid Gaussian kernel can be used 
in place of the classical fixed kernel in boosting in kernel density 
estimation. This clearly reveals that the higher-order hybrid Gaussian 
kernel method does better than the classical fixed kernel method in 
kernel density   estimation.   It   is   therefore recommended for use in 
place of the classical fixed kernel method in boosting in KDE having 
exhibited the qualities of bias reduction which translates to a reduction in 
the MISE.

Ishiekwene and Afere (2013)  Higher-Order Hybrid Gaussian Kernel in 
Meshsize Boosting Algorithm

In the paper, we used higher-order hybrid Gaussian kernel in a meshsize 
boosting algorithm in kernel density estimation. Bias reduction is 
guaranteed in this scheme like other existing schemes but uses the 
higher-order hybrid Gaussian kernel instead of the regular fixed kernels. 
A numerical verification of this scheme is conducted and the results are 
compared with the regular fixed kernels.

Higher-order hybrid Gaussian kernel has been used in place of the 
classical fixed kernel in boosting in kernel density estimation and the 
results compared. This clearly reveals that the higher-order hybrid 
Gaussian kernel method does better than the classical fixed kernel 
method in kernel density estimation. It is therefore recommended for use 
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in place of the classical fixed kernel method in boosting in KDE having 
exhibited the qualities of bias reduction which translates to a reduction 

2
in the MISE (ie bias + var).

Ishiekwene and Afere  (2013b) Higher-Order Gaussian Kernel in 
Bootstrap Boosting Algorithm

The bootstrap boosting algorithm is a bias reduction scheme. The 
adoption of higher-order Gaussian kernel in a bootstrap boosting 
algorithm in kernel density estimation was investigated. The algorithm 
used the higher-order Gaussian kernel instead of the regular fixed 
kernels. A comparison of the scheme with existing fixed kernel methods 
indicated the results were better.

Higher-order Gaussian kernel had been substituted for the classical 
fixed kernel in boos-ting kernel density estimation. The plots of bias 
reduction and MISE revealed that the higher order Gaussian kernel 
method performed better than the classical fixed kernel method in the 
estimation of kernel density. Therefore, the higher order Gaussian kernel 
method should be used in place of the classical fixed kernel method in 
boosting in KDE having exhibited the qualities of bias reduction which 
translated to a reduction in the overall MISE.

Ishiekwene, Siloko and Ezeh (2013) Bootstrapping in Boosting Kernel 
Density Estimates

A new boosting algorithm which makes use of the bootstrap technique 
was introduced in this paper. It is a bias reduction technique which 
behaves better than existing algorithms in terms of time taken to execute 
the algorithm and avoids function evaluations that might be tedious to 
resolve. Studies show that this scheme achieved accurate results in a 
fraction of time it took existing scheme to achieve same result.

It is clearly shown that both schemes produce equivalent results but the 
proposed re-sampling scheme achieves the same result in half the time it 
took the existing method with less function evaluations. It shows that the 
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proposed bootstrap re-sampling scheme is better in terms of time and 
does not actually evaluate the functions like in the leave-one-out 
scheme. Also, its bias is seen be smaller than existing schemes which the 
greatest achievement in this paper by implication of bias reduction is a 
reduction in the MISE. It is therefore commended for use in place of the 
leave-one-out scheme.

Siloko and Ishiekwene (2013). Smoothing Parameter Choices in 
Multivariate Kernel Density Estimates.

The choice of an ideal or appropriate smoothing parameter in 
multivariate kernel density estimation is considered by looking at six 
different methods. A comparative study of these six methods is done 
using simulated data. The higher-order smoothing parameter choice is 
seen to have behaved better than the others with the smallest bias value, 
mean integrated squared error (MISE) and also gave the best 3-D graph.
It is clearly seen that the higher-order choice of the smoothing parameter 
gave the least MISE and also gave the best 3-D graph. We thus conclude 
that it should be used in place of all others when dealing with 
multivariate kernel density estimation.

Siloko and Ishiekwene (2014)  Bias Reduction in Multivariate Kernel 
Density Estimation Via Higher-Order Kernel

The rules for choosing smoothing parameter are generally based on the 
relatively simple but important ideas of balancing bias and variance 
globally. We focused on how to reduce the bias term by using the 
generalised higher-order kernel in multivariate kernel density 
estimation particularly the. A comparison of the higher-order smoothing 
parameter choices and the data-driven choices shows a reduction in the 
bias term and the mean integrated squared error (MISE) with higher-
order smoothing parameter than the data-driven smoothing parameter 
using sets of simulated data.

From the results, coupled with the 3-D plots and contour plots, it 
therefore an established fact that the order four choice of smoothing 
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parameter would always do better than the data-driven choice of 
smoothing parameter in multivariate kernel density estimation just like it 
has been established in the univariate case.

Ikpotokin and Ishiekwene (2014) Constructing Hotelling's T2 Control 
Limits for Different a. Levels of Significance

When the quality of à product is controlled by combinations of two or 
more variables, a high-level decision quickly determines the out of 
control signals, while simultaneously, evaluating the variable(s) 
responsible for the false alarm rate (á) levels of significance. In this 
connection, bootstrap algorithm for constructing Hotelling's T2 control 
limits was developed and implemented using Visual Basic Code to 
resolve such problem. The results obtained using industrial production 
process data proved that the bootstrap control limit at different levels of 
significance performed better when compared with other existing 
methods. Akaike Information Criterion (AIC) was also applied to 
identify the variable(s) responsible for the out of control signals.

Using numerical examples from industrial production process, the 
bootstrap control limits obtained at different alpha levels of significance 
were better than values obtained previously from the Existing Method. 
The AIC method was used in identifying the quality characteristics 
responsible for out of control signals. Therefore, methodologies adopted 
and the data values for the bootstrap control limits and AICs obtained 
would assist Quality Managers to take decisions for monitoring future 
production purposes.

21Ikpotokin  and Ishiekwene  (2014b) Identifying out of Control Signals 
in a Bivariate Control Chart via the Bootstrap Approach.

In manufacturing and service industries, most multivariate statistical 
quality control charts are usually used to determine whether a process is 
performing as intended or if there are some unnatural causes of variation 
upon an overall statistic. Once a multivariate control chart signals, 
identifying which or combination of the quality characteristics 
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responsible for the signal has been a difficult task. To address this 
problem, a bootstrap approach in setting up control limits is presented, 
and the decomposition method is presented to identify which or 
combination of variables responsible for the signals in a bivariate case.

This study introduced the bootstrap approach as a means of determining 
the control limits of a T'2 control chart when observations do not follow a 
normal distribution. The multivariate quality control has become 
important as the growth technology has made it relatively easy to 
monitor many quality characteristics on each unit of product 
manufactured practice, there are not a few situations in which the 
simultaneous monitoring and control of two or more related 
characteristics is necessary. The decomposition approach of identifying 
out of control signal has been introduced. numerical example, the 
effectiveness of this approach has been shown. Therefore, the values of 
bootstrap control limit and decomposition (di) obtained in this study will 
assist the management to take decision for monitoring future pro 
purposes.

Siloko  and Ishiekwene (2014)  A Brief Review of Kernel Density 
Estimation with Applications to Data Analysis

Kernel density estimation is an important smoothing technique with 
direct applications such as exploratory data analysis and data 
visualisation. This review summarizes the most important theoretical 
aspects of kernel density estimation and provides a description of 
classical methods for computing the smoothing parameter. The 
performance of the kernel estimator will be considered based on the 
classical methods of obtaining the smoothing parameter and this will be 
fully illustrated by real data examples.

A very natural use of kernel density estimates is in the informal 
investigation of the properties of a given set of data. Kernel density 
estimates can give valuable indication of features such as skewness and 
multimodality in the data. In some cases that will yield conclusions that 
may be regarded as self-evidently true while in other cases all they will 
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do is to point the way further analysis.

Despite these important roles played by kernel density estimation, there 
is the problem of selecting the most suitable smoothing parameter for the 
kernel density estimator. In this review, we only considered the cross-
validation bandwidth selectors where the unbiased cross validation tends 
to select smaller smoothing parameter while the biased cross validation 
and the smoothed bootstrap method selects smoothing parameter that 
produced similar estimates in the univariate case. In the sets of data 
examined, the second and third data sets displayed one of the functions of 
kernel density estimation and that exploratory data analysis in which 
case these data sets were bimodal. In terms of data visualization, the 
kernel estimates especially in the bivariate case can be viewed using 
familiar perspective ('wire frame') or contour plots.

Afere and Ishiekwene (2014) On the Efficiency of Multivariate 
Spherically Symmetric Polynomial Kernels: A Biweight Kernel 
Perspective

The efficiency of d-dimensional spherically symmetric biweight kernel 
that have support on [-1,1] is presented in this work. We proposed a d-
dimensional spherically symmetric biweight kernel and derived its 
generalized efficiency. This was done by eliminating the problem of first 
computing the second moment and its corresponding L2-norm in each U 
dimension before computing their efficiencies.

As the order of the efficiency increases, the efficiency decreases. The 
computation of the second moment and its L  norm of the spherically 2

symmetric biweight kernel for each dimension before calculating their 
efficiencies are simplified.

Ikpotokin' and Ishiekwene (2015) Performance Evaluation on Bootstrap 
Hotelling's T2 Control Chart for Bivariate Data

Statistical Process Control (SPC) is one of the mostly used techniques to 
monitor processes and to help in reducing variability and improving 



20

process performance. A basic assumption in theoretical statistical 
quality control is that the observations are independently and identically 
distributed; however, this assumption is usually violated in many 
production processes. Also, autocorrelated data are commonly present 
in many process control applications; this can seriously affect the 
performance of classical control charts if not properly accounted for. In 
this paper, a bootstrap T2 control chart is proposed for monitoring and 
controlling multivariate autocorrelated processes. To illustrate the 
power of the proposed control chart, its Average Run Length (ARL), 
Standard Deviation Run Length (SDRL) and Median Run Length 
(MRL) performance is evaluated against the statistical F-distribution T2 
control charts, in bivariate autocorrelated processes. Illustrative 
examples shown that the bootstrap T2 control chart performs better than 
the F-distribution T2 control chart when it is used to detect small to 
moderate shifts, i.e., shift size < 2ó.

This study critically looked at the performance of the bootstrap 
Hotelling'scontrol ch whether or not the underlying distribution is 
known, and the assumption of normality satisfied. Using a numerical 
example, the bootstrap results obtained in this study at different mean 
shift levels has been shown to be better than the existing method when 
compared Generally speaking, the out of control ARL decreases with the 
increase of the the magnitude. This is because it is logically easier to 
identify a larger shift than a smaller shift. Finally, it was shown that the 
proposed control chart outperforms the F-distribution control chart in 
terms of ARL, SDRL and MRL. Therefore, the performance of bootstrap 
control chart obtained in this study will assist quality manager to take 
decision for monitoring future production purposes.

Siloko and Ishiekwene (2016). Boosting and Bagging in Kernel 
Density Estimation

Boosting is a bias reduction technique while bagging is a variance 
reduction method. These two methods aim at reducing the asymptotic 
mean integrated square error (AMISE). This study aims to show that 
bagging is a boosting algorithm in kernel density estimation since both 
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techniques use large smoothing parameter(s): This relationship was 
verified by real and simulated data.

Boosting and bagging in kernel density estimation are bias, and variance 
reduction techniques characterized by using larger smoothing 
parametér(s) suggested a powerful new   tool for addressing the curse 
dimensionality effects (Marzio and Taylor, 2004).Since large 
bandwidths reduce the variance term of the AMISE and increases the 
bias term, the study carried out two boosting steps to demonstrate the 
reduction of the bias and variance term that translated to a reduction in 
the AMISE using the over smoothed bandwidth. As can be seen, bagging 
can be considered as a boosting algorithm in kernel density estimation 
since both methods used larger smoothing parameter aimed at reducing 
the AMISE. Although boosting and bagging depend on larger smoothing 
parameter but we have demonstrated that their targets are different in 
terms of their contribution to the AMISE.

Ejakpovi, Siloko  and Ishiekwene  (2016) Performance of Some Higher 
Order Beta Polynomial Family Kernels

This article introduces two new higher-order kernels of the beta 
polynomial family when  p = [5,6]. The most commonly used measure 
of discrepancy which is the mean integrated squared error (MISE)that 
shows how close an estimated density is to the targeted true density was 
considered for both kernels. We obtained their expressions and the 
asymptotic mean integrated squared error for the proposed higher order 
kernels was given. Different data sets of various sizes were used to 
illustrate the behaviour of the proposed procedure and the results 
obtained was quite interesting.    
                             
Ikpotokin and Ishiekwene (2017) On the Bootstrap Multivariate 
Exponentially Weighted Moving Average (BMEWMA) in Setting 
Control Limits and P-Values for Interpreting Out of Control Signals.

The effects of control limits that are too narrow increase the rate of false 
alarms, while those that are too wide may not be able to identify special 
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causes of variability in any given process. It is of this view that control 
chart methodology that can detect small to moderate shifts in the mean 
vector should be developed so that the probability of detecting or not 
detecting false alarm rate should be minimized. The bootstrap 
multivariate exponentially weighted moving average is proposed in 
setting control limits, while p-value method was introduced to identify 
out of control signals.

This study specifically considered the BMEWMA method as a means of 
determining control limits from multivariate control charts. The 
intension is to reduce the rate of not discovering false alarm in any given 
process. Procedures that can carry out a systematic generation of 
bootstrap replications for two or more quality characteristics have been 
proposed in this work; it is straight forward but computer intensive. 
Using numerical example, control limits obtained from the proposed 
method performed very well when compared with the existing methods.

Ikpotokin, Ishiekwene and Ekhosuehi (2017) Performance Evaluation 
of Bootstrap Multivariate Exponentially-Weighted Moving Average 
(BMEWMA) Control Chart

A fundamental hypothesis in theoretical statistical quality control is that 
samples are independently and identically distributed; but this 
assumption is frequently violated in many production processes. 
Moreover, the presence of auto correlated data in many process control 
applications gravely affects the performance of classical control charts if 
not appropriately accounted for. In this paper, bootstrap T2 and bootstrap 
multivariate exponential weighted moving average (BMEWMA) 
control charts are proposed for monitoring and controlling multivariate 
autocorrelated processes. From numerical illustration, results obtained 
from the Average Run Length (ARL), standard deviation run length 
(SDRL), median run length (MRL) and percentiles run length (PRL) 
displayed in tabular and graphical forms, shows that the proposed 
bootstrap control methods performed better than the F-distribution T2 
control method.



This study critically looked at the performance of the bootstrap 
Hotelling's T2 and BMWEMA control charts whether or not the 
underlying distribution is known, and the assumption of normality is 
satisfied. Using an empirical data set, the bootstrap results obtained in 
this study at different mean shift levels has been shown to be better than 
the existing method when compared.

Generally, out of control ARL, SDRL, MRL and PRL decrease with the 
increase of the shift magnitude. The BMEWMA detects a shift at least as 
quick as both the F-distribution T2 and the Bootstrap T2 charts. This is 
expected since the smoothing parameter (0.1) for the BMEWMA chart 
was chosen to detect small shifts. Finally, it was shown that the proposed 
control charts outperform the F-distribution control chart in terms of 
ARL, SDRL, MRL and PRL. Therefore, the performance of bootstrap 
control chart obtained in this study will assist in detecting small shift.

Siloko, Ishiekwene, and Oyegue (2017). The Effect of Smoothing 
Parameter in Kernel Aggregation. Canadian Journal of Pure and Applied 
Sciences, Vol. 11 (2), pp. 4255–4262.

Kernel density estimation depends on appropriate smoothing parameter 
selection in its implementation since the method is mainly for data 
exploration and visualization purposes. While considering the effect of 
the smoothing parameter, the form of aggregation employed will 
determine the size of the smoothing parameter required for better 
performance. This paper considered two aggregating methods with 
respect to the asymptotic mean integrated squared error (AMISE) as the 
criterion function by introducing the multiplier factor that regulates the 
selection of smoothing parameter in the multiplicative aggregation. The 
results of the forms of aggregation considered were compared using real 
life data.

The additive and multiplicative aggregations were considered with the 
later displaying better results than the former in terms of performance 
using the AMISE as the error criterion function. The multiplicative 
aggregation technique targets reduction in the AMISE without 

23



considering features such as multi-modality that might be present in a 
given data set due to the principle of over smoothing which means using 
larger smoothing parameters. As observed from the data sets considered, 
the additive aggregation retained the features of the data set such as 
bimodality while the multiplicative aggregation at times may smooth 
out this feature as a result of using larger smoothing parameters but with 
a reduction in the AMISE. The smoothing parameter used for the 
multiplicative aggregation was obtained using the bandwidth multiplier.
Ejakpovi, S.U., Siloko, I.U. and Ishiekwene, (2018). On the Efficiency 
of Beta Polynomial Higher Order Kernels. Journal of Mathematical 
Association of Nigeria (ABACUS, Mathematics Science Series) 
Volume 45 (1), pp. 175–179.

This paper deals with the efficiency of some higher order kernels of the 
Beta polynomial family and their hybrid. The generalized efficiency 
expression for the kernel functions was derived. Also, the efficiency 
expression was implemented for the different kernel functions. The 
results obtained showed that the hybrid kernel of the higher order 
kernels of the Beta polynomial family considered was more efficient 
than their respective higher order versions.

We proposed higher order kernel functions and its Hybrid from the 
classical Beta polynomial kernels and examined their efficiencies 
respectively. In terms of the efficiency, the proposed higher order 
kernels were closer to the optimal kernel which is the Epanechnikov 
kernel with respect to the mean integrated squared error despite the 
decrease of efficiencies values as the orders of the kernel functions 
increases. Another key contribution of this work is the fact that the 
Hybrid kernel outperformed the optimal kernel in terms of efficiency as 
presented above, and this simply suggests that the Hybrid kernel is also 
efficient.

Siloko, Siloko, Oyegue, and Ishiekwene  (2018). On the Efficiency of 
Beta Polynomial Family in Multivariate Kernel Density Estimation. 
Nigerian Journal of Science and Environment, Volume 16(1), pp. 
174–179. 
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The efficiency of the beta polynomial kernels in the multivariate setting 
is the focus of this paper. The univariate kernel density estimation is of 
wide applications in nonparametric density estimation. The applications 
of kernel density estimation in terms of exploratory data analysis and 
data visualization are mainly in the multivariate context; however, the 
multivariate kernel function needs more smoothing parameters in its 
implementation. The univariate kernel form of the beta polynomial 
kernels has been extensively studied. We obtained the multivariate form 
of the beta polynomial kernel functions from their univariate counterpart 
using the product approach. The statistical properties of the multivariate 
kernel functions were compared with the univariate kernel functions and 
the results show that the efficiencies tend to be smaller with increase in 
the dimensions of the kernel function. The efficiencies also decrease 
with higher powers of the beta polynomial kernels.

The paper focused on the efficiencies of the beta polynomial kernels by 
considering higher values of the powers of apart from the known lower 
values of like the Epanechnikov, Biweight and Triweight kernels for the 
univariate and bivariate kernels only, although a generalization to higher 
dimensional cases is given. The bivariate kernels were obtained using 
the product strategy. The choice of a kernel function should be based on 
its degree of differentiability since kernel with higher values of tends to 
be smoother and possesses more derivatives unlike those with fewer 
derivatives that tend to be noisy. Also noted from the results is that the 
efficiency decreases as the dimension of the kernel function increases, 
and this was obviously seen in the Uniform and Gaussian kernels.

Siloko, Ishiekwene,  and Oyegue (2018). New Gradient Methods for 
Bandwidth Selection in Bivariate Kernel Density Estimation. Journal of 
M a t h e m a t i c s  a n d  S t a t i s t i c s ,  Vo l u m e  6 ( 1 ) ,  p p .  1 – 8 ,  
http://dx.doi.org/10.13189/ms.2018.060101

The bivariate kernel density estimator is fundamental in data smoothing 
methods especially for data exploration and visualization purposes due 
to its ease of graphical interpretation of results. The crucial factor which 
determines its performance is the bandwidth. We present new methods 

25



for bandwidth selection in bivariate kernel density estimation based on 
the principle of gradient method and compare the result with the biased 
cross-validation method. The results show that the new methods are 
reliable and they provide improved methods for a choice of smoothing 
parameter. The asymptotic mean integrated squared error is used as the 
measure of performance of the new methods.

The methods presented are compared with the biased cross-validation 
method because they are based on a suitable estimate of the asymptotic 
mean integrated squared error (AMISE). The results presented show that 
the new methods are reliable and they provide improved methods for a 
choice of smoothing parameter. An advantage of the gradient methods is 
that they can easily computed provided the function ¦ is at least twice 
differentiable.  As for the bivariate  case that sits between the  univariate 
and higher dimensional kernel, and that K is a standard normal product 
kernel, the gradient methods based on their performance is at least as 
competitive as the existing biased cross-validation.

Siloko,  Ikpotokin, Oyegue, Ishiekwene and Afere (2019). A Note on 
Application of Kernel Derivatives in Density Estimation with the 
Univariate Case. Journal of Statistics and Management Systems, 
Volume 22(3), pp. 415–423, https://doi.org/10.1080/ 09720 510.2018. 
1524956.

The paper considered the application of kernel density derivatives to real 
life data. Kernel density derivatives estimation is very fundamental and 
critical in statistical data analysis especially for exploratory and 
visualization purposes. As a result of the wide range of its applications, 
appropriate estimation of the kernel derivatives from its function and 
locating some statistical features such as bumps and modes of a set of 
observation is of a great importance. We consider the first and second 
derivative of the Gaussian kernel and compare their results in terms of 
performance using asymptotic mean integrated squared error as the error 
criterion function. The results of the comparison show that as the 
derivative of the kernel function increases, the AMISE decreases with an 
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increase in the smoothing parameter.

The first and second derivative in kernel estimation is about the point of 
inflexion of the function and the curvature of the function respectively. 
Higher derivatives order in kernel estimation is an AMISE reduction 
strategy that is characterizes with oversmoothing as the derivative order 
increases. As the order of the derivative increases, the smoothing 
parameter also increases respectively and this is due to the presence of 

ththe roughness of the r  derivative of the kernel function and the 
throughness of the r  unknown probability density function.

Siloko, Siloko, Ikpotokin, Ishiekwene and Afere (2019). On 
Asymptotic Mean Integrated Squared Error's Reduction Techniques in 
Kernel Density Estimation. International Journal of Computational 
and Theoretical  Statistics,  Volume 6(1),  pp.  89–98, 
http://dx.doi.org/10.12785/ijcts/060110

The techniques of asymptotic mean integrated squared error's reduction 
in kernel density estimation is the focus of this paper. The asymptotic 
mean integrated squared error (AMISE) is an optimality criterion 
function that measures the performance of a kernel density estimator. 
This criterion function is made up of two components, and the 
contributions of both components to the AMISE are mainly regulated by 
the smoothing parameter. Kernel density estimation is of vitally 
importance in statistical data analysis especially for exploratory and 
visualization purposes. In performance evaluation, a method is better 
when it produces a smaller value of the AMISE; hence effort is being 
made to develop techniques that reduce the AMISE while ensuring that 
in practical implementation using real data, the statistical properties of 
the given observations are retained. We consider the kernel density 
derivative and kernel boosting as the AMISE reduction techniques. In 
kernel boosting, we introduce the optimal smoothing parameter selector 
for each boosting steps as the number of iteration increases. The 
presented results show that the AMISE decreases with higher kernel 
derivatives and also as the number of boosting steps increases.
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The study is on the techniques of reducing the asymptotic mean 
integrated squared error using the kernel density derivative and kernel 
boosting approaches. Both methods depend on the smoothing parameter 
which must be larger than the classical second order smoothing 
parameter. Kernel density derivatives and kernel boosting may smooth 
away some desirable features of a data set such as multimodality but 
retained the characteristics of reducing the AMISE. While kernel 
boosting and kernel density derivative tends to produce smaller value of 
the AMISE, the proposed kernel boosting bandwidth selector produce 
AMISE values that are smaller than the AMISE values of the kernel 
density derivative method in kernel density estimation.

Siloko, Ikpotokin, Oyegue, Siloko and Ishiekwene (2019). Numerical 
Computation of Efficiency of Beta Polynomial Kernels Using Product 
Method. Journal of Applied Science and Technology, Volume 23 (1 & 2), 
pp. 33–39.

The efficiency values of beta polynomial kernel functions were 
computed using bivariate product approach, which involved 
multiplication of two univariate beta kernel functions. The statistical 
properties of bivariate beta kernel functions, in terms of roughness and 
variance, were evaluated to compute the efficiency values. The 
efficiency values of univariate form of beta polynomial kernels were 
also determined, and compared with values of bivariate beta kernel 
functions, since most applications of kernel estimators are in the 
bivariate form. The kernel estimator is a nonparametric density 
estimator with direct applications in data analysis and visualization. The 
computations showed that efficiency values tended to be smaller for 
bivariate beta polynomial kernel functions than for univariate kernel 
functions, due to effects of dimensionality associated with 
nonparametric statistics.

There was decrease in efficiency of kernel functions with increase in the 
dimension of the kernels, implying that the efficiencies of beta 
polynomial kernel functions were affected by dimension. The variations 
in efficiency values due to increase in dimension were faster in higher 
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dimensions. The decrease in efficiency with increase in dimension was 
due to the difficulty associated with nonparametric statistics in dealing 
with multidimensional analysis. The problem of dimensionality effects 
were the difficulties associated with handling many variables 
concurrently in statistical processes, either in the industrial sector or 
decision making.

Siloko,  Ukhurebor, Siloko, Enoyoze, Bobadoye, Ishiekwene,  Uddin 
and Nwankwo (2021). Effects of some Meteorological Variables on 
Cassava Production in Edo State, Nigeria via Density Estimation. 
Scientific African, e00852, https://doi.org/10.1016/j.sciaf.2021.e00852

Agricultural productivity depends on weather variables because crop 
yield and animal productivity are directly affected by these variables. 
Due to the significant roles of weather variables in agriculture and the 
environment; studying their effects is therefore unavoidable because this 
will help in the general performance and evaluation of agricultural 
productivity. The effect of weather variables on agricultural productivity 
globally is a major issue due to the fact that the existence of humanity is 
directly dependent on agricultural products. This study employs the 
nonparametric statistical approach in investigating the interactions 
between temperature and relative humidity and their direct effects on 
cassava production in Edo State, Nigeria. The statistical analysis of the 
variables for purposes of exploratory and visualization is examined 
owing to the fact that underlying structures of the variables form the 
basis of decisions and policies making by weather experts. The study 
investigates the interactions between temperature and relative humidity 
and their effects on cassava production for a period of six years which is 
from 2014 to 2019 in Edo State, Nigeria using kernel method. The results 
obtained revealed that quality cassava yields annually is associated with 
higher relative humidity and lower temperature and vice-versa with 
2014 producing the best yield while 2017 produced poorly for the period 
under consideration

This paper investigates the effects of temperature and relative humidity 
on cassava production in Edo State, Nigeria using kernel method for a 
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six-year period. The investigation show that cassava yields in Edo State 
is determined by higher relative humidity and lower temperature and 
vice-versa. The results of the study show that the years of best yield are 
attributed to higher probabilities which usually resulted in producing 
minimum AMISE values while lower probabilities is an indication of 
poor yield with large AMISE values. The investigation also revealed that 
the value of correlation coefficient is a major performance indicator of 
cassava production capacity in the State. For correlation coefficient 
values within the range of - 0.45 and - 0 .47, the production capacity will 
be high while values outside the range tend to produce large AMISE 
values which denotes low cassava yield.

Siloko, Ukhurebor,  Ishiekwene,  Siloko, Uddin, and Enoyoze (2021). 
Statistical Estimation of Some Meteorological Variables Using the Beta 
Kernel Function. Ethiopian Journal of Environmental Studies and 
Management, Volume 14(4), pp. 474–486, https://ejesm.org/doi/v14i4.7

The study of meteorological variables is imperative due to their 
usefulness in our daily activities. Climate change which is now a global 
issue has received considerable large volume of research owing to the 
fact that its effects cut across all aspects of life. It is generally known that 
the effects of climatic change pose a great threat to agricultural activities 
in Africa continent and the world at large. Temperature and relative 
humidity are inversely related and this inverse relationship as 
investigated using real life data shows its devastating effect on the 
environment if neglected without urgent control measure. Hence, this 
study investigates the relationship between temperature and relative 
humidity using the beta kernel function with the asymptotic mean 
integrated squared error (AMISE) as the criterion function. The results 
of the study using real data reveals that temperature and relative 
humidity greatly determine climatic fluctuations which can adversely 
affect the environment.

Temperature and relative humidity are inversely related and this inverse 
relationship as investigated using real life data shows its devastating 
effect on the environment if neglected without urgent control measure. 
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The probability of their interaction is high using the statistical tools of 
nonparametric density estimation. Activities that could result in 
depletion of the Ozone layer should be avoided and environmentalists 
should as a matter of urgency sensitize the citizenry on the importance of 
urgent need of maintenance of the environment. Government at all levels 
in every nation should come up with stringent policies that regulate the 
activities of individuals and industries towards the maintenance of the 
environment to reduce the effects of climatic fluctuations.

Siloko, Ejakpovi, Ukhurebor, Siloko and Ishiekwene (2022). 
Comparison of Kernel Density Function in Detecting Effects of Daily 
Emission of Sulphur (IV) Oxide from an Industrial Plant. Ethiopian 
Journal of Science and Technology, Volume 15(1), pp. 53–66, 
https://dx.doi.org/10.4314/ejst.v15i1.4  

Air pollution is a major concern of environmentalists because of the 
importance of air to man and other living organisms. This paper is about 
the investigation on the effects of daily emission of Sulphur (IV) oxide 
from an industrial pollutant using a nonparametric estimator which is the 
kernel estimator. Nonparametric estimators are free from distributional 
assumptions owing to the fact that most real-life data are not from a 
particular family of distribution. The functionality of this estimator is 
contingent on the smoothing parameter also called the bandwidth that 
determines the degree of the smoothness applied when analyzing the 
data. The bandwidth is extrapolated by minimizing the asymptotic mean 
integrated squared error which is the objective function of the kernel 
estimator. In this investigation, we selected some kernel functions of the 
beta family with the Gaussian kernel and obtained their bandwidths or 
smoothing parameters with respect to their distribution. The result of the 
analysis showed that an increase in number of tons of Sulphur (IV) oxide 
was associated with higher concentration level of the gas which suggests 
a potential danger of the gas to humans, animals and plants in the 
environment.

This paper discusses the potentials of kernel estimators in detecting the 
effects of the volume of Sulphur (IV) oxide released into the atmosphere 
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daily from an industrial plant. The rising level of the effects of the gas is 
displayed in the kernel estimates and the regions of high number of tons 
of the gas with adverse effects in the environment are vividly shown. 
When the number of tons emitted daily is above 20 tons, the prescribed 
concentration levels of the gas in the atmosphere will be exceeded which 
resulted in increase in probabilities values. The increase in probabilities 
values associated with increase in the number of tons emitted daily is an 
indication that human lives, plants and animals shall experience the 
negative effects of the gas in the environment. Hence; appropriate 
government authority should enact laws that should regulate the 
emission of Sulphur (IV) oxide into the environment.

Siloko, Siloko, Ojobor, Wasan, Enoyoze,  Ishiekwene, Ikpotokin, and 
Ogbeide (2023). A New Multivariate Product Kernel Function of the 
Beta Polynomial Family. Journal of Statistics Applications and 
P r o b a b i l i t y ,  Vo l u m e  1 2  ( 3 ) ,  p p .  1 3 8 5 – 1 3 9 8 ,  
http://dx.doi.org/10.18576/jsap/120340

Multivariate analysis of data is of wide applicability in data science 
especially in big data analytic due to the volume of concealed 
information to be analyzed. Accurate analysis of multivariate variables 
is pertinent because predictions from analyzed data are good statistical 
indicators for making helpful decisions economically and industrially. 
One of the statistical analytic tools for analyzing multidimensional 
observations is the kernel density estimator in data exploration and 
visualization. The functionality of the kernel depends on the kernel 
function and bandwidth which influences smoothness of estimates. 
Several kernel functions and bandwidth selectors exist in literature; 
however novel estimators are being introduced to handle complex 
circumstances. This paper introduces a new multivariate beta kernel 
functions whose derivation is contingent on the product techniques. The 
performances of the newly introduced and existing kernels are evaluated 
with a known objective function and the numerical results distinctly 
indicating that the introduced family transcended the traditional beta 
family.
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This paper introduces a new multivariate beta family from its classical 
kernels with the aid of the multivariate product construction techniques. 
On numerical evaluation with the AMISE as performance measure, the 
introduced kernel has established its superiority over the classical 
kernels in empirical verification and data application with emphasis on 
the univariate and bivariate cases. Features retention is a vital aspect of 
multivariate kernel density estimation especially in bivariate estimation 
primarily for extraction of information in decision making and future 
prediction. Multivariate kernel estimate provides enormous information 
with reference to essential features of data, hence the proposed kernel 
functions like their classical counterparts also retained the statistical 
properties of the data investigated.

Siloko, Siloko, Ojobor,  Agwemuria, Ishiekwene, Ikpotokin,  Ogbeide 
and Enoyoze (2024). A new second-order kernel of the beta polynomial 
family in density estimation. International Journal of Computing 
Science and Mathematics, Volume 20(4), pp. 273–289, 
https://doi.org//10.1504/IJCSM.2024.10065595.

Data exploratory analysis and data visualizations are the main functions 
of kernel density estimation. The kernel density estimation techniques 
depend fundamentally on the bandwidth that determines its smoothness 
and a kernel function. In this paper, a novel second order beta kernel 
from its classical counterpart with improved performance is introduced. 
The improvement of the newly introduced kernel family is ascribed to 
their possession of additional powers of derivatives since they are 
polynomial families. Although several techniques of kernel construction 
exist in literature, the proposed kernels were derived by modifying the 
additive higher order kernel construction rule. A real data and different 
sample sizes were employed in authenticating and validating the 
efficacy of the proposed kernels' performances using the asymptotic 
mean integrated squared error (AMISE) as the measure of accuracy. The 
results of the proposed kernels were compared with existing kernels with 
the proposed kernels outperforming the traditional kernels family.

A new beta kernel family with superior performance is proposed using 
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the additive higher order construction techniques. The performance of 
the proposed beta kernel functions is authenticated numerically with the 
AMISE as the performance metric. Empirically, the outcomes of the 
newly introduced kernel functions show superiority and improvements 
over the classical beta kernel functions. In exploration of intrinsic 
characteristics of data, the introduced kernel functions also 
demonstrated dominance over the traditional kernels in revealing the 
statistical composition of the data examined.

Ejakpovi, Siloko, Ojobor and Ishiekwene (2025). Probability density 
function estimation using a new series nonparametric estimator with 
data applications. Global Academic and Scientific Journal of 
Multidisciplinary Studies (GASJMS), Volume 3(3), pp. 91–98, 
https://doi.org//10.1528/zenodo.15588414

In the paper, we studied a new nonparametric density estimation method. 
We proposed this estimator in series univariate form that incorporates 
the kernel density estimator and kernel density differential estimator and 
derived its normality and variance. We have also compared the 
asymptotic normality of the mean integrated squared error (AMISE) of 
the proposed estimator, kernel density estimator and bias reduced kernel 
estimator. The results obtained have shown that the proposed estimator, 
Hermite series kernel density estimator one has better performance than 
the kernel density estimator and bias reduced kernel estimator when real 
data are applied.

In this study, we conclude that the results obtained from the Hermite 
series kernel density estimator are better that the kernel density estimator 
and bias reduced kernel estimator. We showed this by computing the 
asymptotic mean integrated squared error (AMISE) and the rates of 
convergence. The work showed the Statistical qualities and performance 
parameters of the estimators, it becomes evidential that the Hermite 
series kernel density estimator one has the least asymptotic mean 
integrated squared error (AMISE) when compared with the other exiting 
estimators under real data applications.
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Ejakpovi, Siloko & Ishiekwene, did a Comparative Study of Kernel 
Density Functions in Detecting the Malleability of material Viscosity in 
a chemical Process.

Viscosity is the internal intermolecular flow of a material (fluid or gas) in 
a chemical process.  The flow characteristics of the material viscosity 
determines the malleable nature of the material in predicting its value.  
This paper focuses on the material viscosity in a chemical process using 
a nonparametric method, which is the kernel density estimator whose 
potentials is domicile in its smoothing parameter and kernel function.  
The smoothing parameter applied on the material viscosity is the 
improved rule-of-thumb (IROT) smoothing parameter algorithm which 
evolved from the derivatives of the kernel density estimator.  The beta 
kernel functions were used to achieve the levels of the material 
movement using the smoothing parameter.  The results showed that the 
material has two major regions of high viscous resistance amidst other 
low regions during the chemical process.

The paper dealt with the potentials of the kernel density estimator in 
detecting the regions of material viscosity during a chemical process 
with the aid of the improved rule-of-thumb (IROT) smoothing 
parameter selector.  The rising and falling bumps of the estimates depict 
the slow and quick level of material flow as reflected in the malleability 
of the material viscous data.  Therefore, it is imperative for product 
manufacturers to determine material viscosity before embarking on the 
chemical process to ensure the durability of their finished products. 

At the beginning of this lecture, we set out to find ‘X’ the unknown in all 
situations. Thus we did by using simple illustrations of our day to day 
activities, then looking at the problem of finding the bandwidth choice in 
both univariate and multivariate kernel density estimation, the use of 
control charts in our manufacturing/production process and finally, 
application of kernel density estimation with data science to areas like 
agriculture, meteorology, environment and material science.
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3.0 RECOMMENDATIONS 
The problem of density estimation has clearly been discussed 
extensively and we have been able to show how the problem of finding 
an ideal bandwidth (windowwidth or smoothing parameter) has received 
great attention worldwide. We have also seen its application in various 
fields of human lives. Agriculture and climate issues are now being 
addressed using the density estimation methods combined with Data 
Science.

Now that governments everywhere are trying to do new things outside 
the conventional methods, we must embrace the use of density 
estimation and data science to do forecasting/predicting so as to achieve 
data driven solutions to problems as they arise instead of relying on 
'historical methods' .

Specifically, government and its agencies are encouraged to put in place 
policies that would ensure that manufacturers are adhering to quality 
control standards, maintain acceptable climatic conditions for safe 
agricultural and environmental conditions for its populace. 

4.0 CONCLUSION
Data on its own is useless unless when properly analysed and 
interpreted. We have seen how univariate set of data is used in 
constructing density estimates via different methods and different means 
of choosing the bandwidth which is very crucial in the construction of 
the density estimates. We also dealt with the multivariate case of kernel 
density estimates using various choices of bandwidths. The quality of 
goods in a production process also received attention by constructing 
new versions of control charts that are used to monitor production 
processes so as not to go out of control.

Application of kernel density estimates was seen in the fields of 
agriculture, meteorology, material science and environment. 
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98. Prof. Mike I. Obadan Economic Globalization, Markets and
National Development: How Sensibly
Do the Poor Countries (Nigeria Included)
Stand?                 18-09-08

99. Prof. E.P. Kubeyinje Skin Diseases and the Advent of the HIV/
AIDS Pandemic: Our Awesome Responsibility     16-10-08

100.  Prof. U.B. Gbenedio Can “Schizophrenic” English-as-a-Second
Language  Teaching Practices Solves the
Problem? I Doubt                     20-11-08

101.  Prof. M.J. Ikenebomeh Microbes: The Unseen Entities in Human
Economy, Environment, Food and Industry     11-12-08

102.  Prof.  A.O. Imogie Death and Dying Education for Healthy Living        08-01-09

103.  Prof. Ijeoma  Ahonkhai They are in and Around us: Good or Bad,
But with knowledge, we co-exist     22-01-09

104.  Prof. MacDonald Idu The Plant Called Medicine     05-02-09

105.  Prof. P.I.O. Campbell Chemistry of Life: My Odyssey     28-05-09

106. Prof. C.O. Eregie PROGRAMMING THE END FROM 
BEFORE THE BEGINNING: Juxtaposing 
TECHNOLOGY with The “TEA Triad”      17-12-09

107.  Prof. V. I.  Iyawe Twin for Good, Twin for Bad:
The Heart and Lungs work Together     04-02-10

108.  Prof. M. O. Kadiri They Bop, They Sink: Nature’s Energy
Charger and Aquatic Environmental Purifier     15-04-10

109.  Prof. I. Evbuomwan The  Child  Needs  His  Own  Surgeon,
Distress  Call        29-04-10
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110.  Prof. E.O. Ojeme Shouldering The Burden of  Sports 
Development  in Nigeria: Is The School
Physical Education Curriculum Living
Up to Expectations? 19-08-2010

111.  Prof. C. O  Usifoh  Heterocycles: Life-Saving Agents                   16-12-2010

112.  Prof. M. O. Ibadin The Child’s Kidneys: Source of  Water
of Life  or  Harbinger of Distress, 
Diseases and Death. 20-01-2011

113.  Prof. E.E. Okpere The Time of the Woman, Her Reproductive
Health and Footprints in the Sands   17-02-2011

114.  Prof. J. O. Okhuoya  Mushrooms: What They Are 
And What They Do  03-03-2011

115.  Prof. C.E. Ohanaka A Clarion Call: Save The Breast
For The Benefit of All  19-05-2011

116.  Prof. S.O. Elusoji For The Poor Shall Never Cease Out
Of The Land: The Surgeon’s Concern  16-06-2011

117.   Prof.  F. O. Ogisi  Let Them Hear: Oto-micro-Surgery
And Hearing Restoration   21-07-2011

118.   Prof. C.O. Mokwenye Black Literature As Testimony: 
The Francophone Caribbean’s Quest
For His African Identity                15-09-2011

119.   Prof. E.A. Onibere Software: The Changing Changer                20-10-2011

120.   Prof. C.E.E. Okojie Achieving Gender Equality and Women’s
Empowerment in Nigeria: Should Women
Wait in Hope or Expectation?   01-12-2011

121.   Prof. D.A. Enobakhare Insects and Agriculture: The Nigerian
Farmers’ Perspective  and Dilemma  16-02-2012

122.   Prof. E.O. Egbochuku Counselling and Psychotherapy - The Talking 
Treatment:  Discovery and Creation within
 The Counselling Process                                          15-03-2012

123.    Prof. C.O. Idehen  Health Education Curriculum: Addition, 
Subtraction  and The Equation for its Effective
Implementation.  19-04-2012

124.   Prof. C.N. Omoifo Dance of the Limits-Reversing the Trends
In Science  Education in Nigeria                               17-05-2012
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125.   Prof. V.E. Omozuwa  Mr. Wright, Is Saying It Right necessarily
 Writing it Right?: Understanding the 
 “Soundscape’ of a Language for a Better 
 Orthographic Rendering   21-06-2012

126.   Prof. (Ven) M. Nwadiani  Educational Expectations and Realities:
  Functional Dilemmas in Education Planning         19-07-2012

127.  Prof. A.O. Asagba  Beyond the Rhetorics of Theatre: Enhancing 
 the Platform for National Development   18-10-2012

128.  Prof. (Rev)S.E. Omosigho  Management of Stochastic Processes:
    Where Do You Come In?   20-12-2012

129.  Prof. L.I.N. Ezemonye  Ecotoxicological Assurance of 
 Environmental Integrity: Policing  

                                                 The Pollutants                   17-01-2013

130.   Prof.  (Mrs) O.H. Okojie    That They May Prosper and 
     Be in Good Health              19-02-2013

131.  Prof.  A. A. E. Orhue  From Barrenness to Abundance of the 
 Fruits of the Womb: The Role of Medical  
 Science in the Fulfilment of the Divine
 Injunction   07-03-2013

132.  Prof.  J. U.  Aligbe  Birth, Life, Disease and Death:
 What you know, what you need to know  
 The role of the Pathologist in Medical Practice          21-03-2013

133. Ven. Prof. I.O. Osamwonyi  The Nigerian Financial Market 
    And a Tale of Two Foolish Acts   18-04-2013

134. Prof. A.I. Omoigberale  From Cradle To Adulthood:
                                 Does It Depend On Destiny Only?   16-05-2013

135.  Prof. A.E. Ogbeibu  Who Is There? What Is There? 
 The Modi Operandi of A Hydrobiologist in 
 Confronting Environmental Challenges                   20-06- 2013

136.  Prof. E.K.I.  Omogbai   The Drug Story from Molecule to Medicine:
  An Epic Enactment of the Ingenuity of the 
  Pharmacologist   30-01-2014

137.  Prof. (Mrs.) M.O. Edema   Help From Nature: Addition To Nature:
  What Does It Contain?                   20-02-2014

138. Prof. (Mrs.) S.C. Chiemeke   Software: The Invisible Things Being 
     Understood By The Things That Are Made   20-03-2014
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139.  Prof. N. H. Achime Economics of Health and Illness: The Victim’s
Choice  17-04-2014

140.  Prof. A.M. Orheruata Animals with Low Productivity Everywhere:
Increasing Productivity, The Breeder’s Task             15-05-2014

141.  Prof.  A.D.A. Ighoroje The Heart, The Vessels and The Blood Ever
Intertwined - The Story They Tell  19-06-2014

142.  Prof. C. E.  Okaka Parasites: The Unseen Enemy  17-07-2014

143.  Prof. E. Oviasu Advancing Clinical Practice To Scholarship
in a Resource Constrained Environment:
A Nephrological Perspective  07-08-2014

144.  Prof. C.F. Okolocha The Afropolis and the African Urban Revolution  18-09-2014

145.  Prof. L. E. Otoide Dynamic Imperatives of Nigeria’s
International Boundaries  02-10-2014

146. Engr. Prof. S.O. Onohaebi Darkness At Sunrise In Nigeria: Illuminating
The Dark Spot Before Sunset  16-10-2014

147. Prof. F.F.O. Orumwense Engineering Powder, God’s Creation of Man:
Re-Engineering Nigeria From Engineering Powder 27-11-2014

148.  Prof. (Mrs.) R.I. Ogbimi  The Health System: Leadership Imperative
For Effective Management in Nigeria  04-12-2014

149.  Prof.  A. O. Isah  The Clinical Pharmacologist: Sentry, 
Ombudsman, Arbiter and Custodian of
Therapeutic Care in The Health Care System  08-01-2015

150.  Prof. A. Falodun  And the Leaves of the Tree shall be for the Healing
of the Nation: My Pharmaceutical Chemistry
Research Experience  15-01-2015

151.  Prof. O.A. Afemikhe Assessment in Schools: A Look at the Big Picture  05-02-2015

152.  Prof. (Mrs.) O.A. Dawodu Childhood Blindness: A Changing Picture 
   With Changing Challenges  19-02-2015

153.  Prof. E. G. Imeokparia The Applied Geochemist and the Challenges of
Georesource Evaluation for Sustainable
Development and Environmental Management  05-03-2015

154.  Prof. (Mrs.)P. Tawari-Fufeyin  Man Disposes, Environment Reacts, 
          Man is at Risk  19-03-2015
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155.  Prof. P.F.I.O. Izedonmi If  You Want to be Poor, Be An Employee
Only: An Accountant’s Perspective of
Wealth Creation  02-04-2015

156.  Prof. M.S.O. Aisien Living Big at Other’s Expense: The Modus
Operandi of the Parasitic Mode of Life  16-05-2015

157.  Prof.  I. N. Ibeh Wholesome Foods and the Intervening
Variables Between Government and People  21-05-2015

158.  Prof. (Mrs.) E.I. Unuigbe  He Gave Them for Your Purification and Good
  Health: Protect Those Amazing Kidneys                18-06-2015

159.  Prof. K.N.D. Halim We Should Pay More Attention to Our Blood,
Or Else 16-07-2015

160.  Prof. S.O. Nwokoro From The Known to The Unknown: Some
Glimpses and Dances to A Scient 20-08-2015

161.  Prof. (Mrs). A.A. Umweni  Perfecting Nature’s Seeming Imperfections         17-09-2015

162.  Prof. A. O. Obasohan The Heart: Nature’s Quintessential Creation.
What goes wrong with it? Why People Die 
Suddenly! What Remedies? 08-10-2015

163.  Prof.  P. O. Eriki Entrepreneurial Finance: On Earth As It Is
In Heaven: Who Will Not Look For His 
Naira and Kobo? 22-10-2015

164.  Prof.  C.O. Osime Medicine, Law and Ethics: Is There A
Meeting Point? The Role of The Surgeon 17-12-2015

165.  Prof. S.M Ogbonmwan Lifting Oneself With The Bootstrap:
My Research Experience and Other Non-
Parametric Statistics Paradigms 21-01-2016

166.  Prof. O. Oviawe Untying Nature’s Knots on Breath of Life:
The Paediatrician As a Watchman 04-02-2016

167.  Prof. F.A. Asien Engineering of Waste Ends In WHL 18-02-2016

168.  Prof. I. A. Ikhuoria Geospatial Solutions for Development:
What, Where, When & Why? 03-03-2016

169.  Prof. M. P. Awodiya Managing Our Culture and Securing
Our Future 17-03-2016
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170.  Prof. G. E. Ofovwe Vulnerability of the Vulnerable: Conception
Misconceptions and Solutions to Neurologic
Disorders in the Nigerian Child 21-04-2016

171.  Prof. F.E.U. Osagiede A Society in Critical Needs: Mathematics 
The Panacea 05-05-2016

172.  Prof. G.O. Anoliefo Man and His Environment: Unsustainable
Exploitation of the Land and the Dilemma
of the Dog 19-05-2016

173.  Prof. P. O. Ekoko Operations Research Modeling for Economic
Development: The Dance of A Mathematician 16-06-2016

174.  Prof. B. A. Agbonifoh Power, Powerlessness and Ambivalence in
The Nigerian Marketplace: Consumers,
Who Will Save You? 14-07-2016

175.  Prof. M. I. Momoh The Ravaging Breast Cancer Scourge:
The Situation Alert 28-07-2016

176.  Prof. A.B.A. Ande Blessed Amidst Women: The Odyssey of
An Obstetrician Gynaecologist 18-08-2016

177.  Prof. S.E.O. Iyamu Social Studies for ‘HOOD’: Can The School
Compensate For The Nigerian Society? 15-09-2016

178.  Prof. M. E. Aziken “There shall be None Barren in the Land”.
Fulfilling This Divine Injunction Against All
Odds: The Intervention of Assisted Reproduction
Technology 29-09-2016

179.  Prof. E.O. Aluyor Biology,  Biotechnology and Emerging
Frontiers of Chemical Engineering 06-10-2016

180.  Prof. (Mrs.) B.N. Iloba Insects Our Witnesses in Life and in Death 27-10-2016

181.  HRH Prof. S.E.O Aduwa-
         Ogiegbaen Integrating Educational Technology into

Classroom: Issues, 21st Century Skills, and
Tpack to Energize Teaching and Learning 10-11-2016

182. Prof. (Mrs.)F. E. Eichie Drugs: A Blessing to Mankind, Formulated
Into Pharmaceuticals As Keystone To Heal
The Troubled Spot 01-12-2016

183. Prof.  E. A. Ogujor “Two Limit Versus A Non-Limit: The
Settlement Problem” 16-02-2017
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184.  Prof. Mrs. C.J. Ifedili Human Resource Production, Utilization
and Development in Nigerian Universities:
Current Managerial Challenges 09-03-2017

185. Prof. Mrs. B.O. Ogonor Square Peg in a Round Hole: Redressing
The Anomalies in Education Administration
In Nigeria  30-03-2017

186. Prof.  U. L. Airauhi African Trypanosome: A Review of the Lethality
and Control of An Enduring Pathogen  20-04-2017

187. Prof. J.O. Ehiorobo Securitazation of Environmental Hazards:
From Natural to Man-Made Hazards  27-04-2017

188.  Prof. P. E. Iribhogbe Injury: Rumination of a Trauma Surgeon      04-05-2017

189. Prof. Mrs. F.I. Ofoegbu Attaining the Milestone Without Doing the Mile: The
Burden of the Educational Administrator in Managing

 Nigerian Education Crisis for Quality Education  18-05-2017

190. Prof. A.O. Ogbemudia Corpus Orthopaedos Erga Omnes - Seasons  and
The Salutary Symbioses for Healthy Movement 25-05-2017

191. Prof. Mrs. A.I. Osahon That No Nigerian Becomes Blind Needlessly:
The Burden of Avoidable Blindness in Nigeria 08-06-2017

192. Prof. O.N. Obuekwe  Navigating The Maxillofacial Wilderness:
A Surgeon’s Journey                 22-06-2017

193. Prof.  V. U. Aihie Equations Everywhere But Only The 
Righteous Sees Them 06-07-2017

194. Prof. I.A. Ogboghodo A Hidden World: Its Impact on Us All In
The Quest for Our Daily Bread   20-07-2017

195. Prof. G.E. Eriyamremu Is It A Myth Or Shift In Culture? The
Environment As A Judge 03-08-2017

196. Prof. (Mrs)P. A. Isenmila  Nigerian Securities Market: The Twists
And The Turns Towards Engendering
Growth 02-11-2017

197. Prof.  F. O. Ekhaise Microbes, Man and The Environment:
The Constant Interactions 26-04-2018

198. Prof. C.O. Imarengiaye The Curse of Eve: Critical Perspectives
On The Management of Peripartum Pain   10-05-2018
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199.  Prof. W.E. Sadoh A Hole in A Child’s Heart: The Burden and The
Complexities, But Whither The Panacea?  24-05-2018

200.  Prof. P.F.A. Umebese That Was Then, This Is Now: Landscape of
Orthopaedics in Contemporary Medicine
In Nigeria                 07-06-2018

201. Prof.  Mrs. C.C. Oronsaye     Zooplankton: A Necessity To Humanity
     And The Aquatic Environment 21-06-2018 

202.  Prof.  J. U. Ogene In Front of Behind The Image: Art As A
Human Activity Form and Index of History  05-07-2018

203. Prof. M.E. Enosolease This Sickle Blood Must Not Go Awry:
The Haematologist Must Intervene 19-07-2018

204. Prof.  C.  Okafor Mentoring, Teamwork, Reconciliation
Models and Organizational Effectiveness:
A Call for Paradigm Shift in Accountancy
Profession and Nigeria                 02-08-2018

205. Prof. (Rev.) L.U. Edigin The Public Bureaucracy in Nigeria: Fifty-
Eight Years In A Quandary: What Is The
Way Forward? 16-08-2018

206. Prof. Mrs. L.I. Salami If  The Scientists Don’t Know, How Can I?
Is It A Case of Too Much Information? 30-08-2018

207. Prof. Mrs. E. U. Ikhuoria Advancement of Quality of Life With
Materials and Nano Chemistry 13-09-2018

208. Prof. L. E. Ekpenyong Creating Makers of Reality In Nigeria Higher
Education Students Through Paradigm
Transition Learning 27-09-2018

209. Prof. Lady E. N. Ugwu The Great Power of Knowledge and The Greater
Power of Language: Thinking, Acting and 
Interpreting Meaning 11-10-2018

210. Prof. C.U. Edema Fishes and Some Neighbours In The Aquatic
Ecosystem: Keeping Our Share 25-10-2018

211. Prof. S. O. Aibueku Sport Development Without The  Compass:
Why Nigerian Sports Fails To Blossom      08-11-2018
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212.  Prof. S. E. Edo The Worrisome Cycle External Borrowing 
In Nigeria: How Can Domestic Capital Market

 Provide Remedy    12-04-2019

213.  Prof. U.E.A. Ogbeide Peasants, The State and Public Policy In Nigeria:
Mobilizing The Peasantry For Rural Transformation 02-05-2019

214. Prof. (Mrs.) R. U. Obi Gender Issues In Industrial Sociology and Labour
Relations In Nigeria: Which Way Out?    16-05-2019

215.  Prof. I.O. Omoruyi Advancing The Law As An Instrument of Human
Development And Human Protection: Municipal
And International Perspectives    23-05-2019

216.   Prof. C. J. Eboka That They May Have Good Quality Drugs For
Improved Quality of Life    06-06-2019

217. Prof. O.B. Osadolor Nations and National Security: The Historical
Context of Security Sector Reform In 
Contemporary West Africa    13-06-2019 

218.  Prof. O.J. Abolagba Do You Know If That Smoke-Dried Fish Is Safe
For Your Consumption?    27-06-2019

219.  Prof. E. P. Gharoro The Earth, The Population and The Divine
Injunction: A Celebration of Women’s 
Reproductive Health    11-07-2019

220.  Prof. R.I. Ozolua The More You Look, The More You See: An
Adventure In Pharmacological Discovery    25-07-2019

221.  Prof. F.I. Obahiagbon The Golden Tree: The Neglected Daily Life
Supporter and The Food Chemist’s Judgement   08-08-2 019

222.  Prof. E.U. Edosomwan Invasion of Territories Without Limits:
Parasites and Their Hosts    22-08-2019

223.  Prof. K.O. Obahiagbon The Battered Environment: Action and 
Reaction Are Equal and Opposite; The
Chemical Engineer As  A Mediator    29-08-2019

224. Prof. J.E. Osemwenkhae Development From The Cradle:
The Statistician’s Footprint    12-09-2019

225. Prof. M.O. Omoigberale Water Everywhere, None to Drink:
The Paradox  of  A Thirsty World    19-09-2019
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226. Prof. G.C Ovuworie Problem Tractability and Solution Complexity:
The Operations Research, Industrial and 
Systems Engineering Perspective    03-10-2019

227. Prof. S. E. Omonigho Food Security in Nigeria: The Role and
Control of Unseen Entities    17-10-2019

228. Prof. L.C. Yuka On Mentalism and the Value of the
Mother Tongue                    31-10-2019

229. Prof.  K. A. Eghafona Anthropology Matters: Living in the
Intersection of the Humanities, Sciences
And Social Sciences                    05-12-2019

230. Prof.  Mrs. E.C. Isah Man and His Occupation: Choose Rightly,
Work Healthy and Keep Safe    12-12-2019

231. Prof. S.E. Idogun Biochemical Changes in Life and Disease:
Balancing The Equations of Life    19-12-2019

232. Prof. G.O. Ekuobase Service Innovation Computing – Nigeria’s
Pilot To El Dorado    16-01-2020

233. Prof. J.N. Mokwunyei Music and Theatre: A Quintessential
Marriage of Convenience    01-30-2020 

234. Prof. Mrs. C. O. Okieimen   Chemical Engineering: Meeting The
Challenges of Industrial Development
In Nigeria                                    13-02-2020

235. Prof. Mrs. F.I. Okungbowa  They Are Good, They Are Bad: Periscoping
    The Biological Entities Called Fungi          27-02-2020

236. Prof. Olajire Bosede Ajayi  The Eye: Beyond Seeing, The Great Story
  Teller Of The Soul          25-02-2021

237. Prof.Mrs. S.I. Akhuemokhan  The Fluid and The Flexible: Empowered
      African Personhood in African Literature          11-03-2021

238. Prof. Mrs.  A.N.G. Alutu That They May Truly Excel In Character And
Learning: The Professional Counsellor’s
Mission    25-03-2021

239. Prof. J.A. Akpobi Advances on The General Problem of Stability
And Stabilization, System Analysis And Design:
From Chaos, To Balance And Harmony    08-04-2021
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240.  Prof.  D. N. Izekor Wood Utilization: The Tree, Man  And
His Environment, What Alternative
Do We Have?       22-04-2021

241. Prof. B.D.O. Saheeb The Mouth, Face And The Personality of Man     29-04-2021

242. Prof. M. O. Emina The Watchmen At The Gate: The Eye Witness     06-05-2021

243. Prof. (Mrs.) M.A. Anyiwe  Wealth and Health of Nations: Statistical Pointers
 to the Promised Land of Economic Development or
Economic Doom. Which Way Nigeria, Which Way
Africa?     20-05-2021

244. Prof. (Mrs.) H.A. Oboh There is Every Herb Bearing Seed and Every Tree
Bearing Fruit: To You It Shall Be For Meat     27-05-2021

245.  Prof. A. E. Afejuku The Autobiography of Nigeria     10-06-2021

246. Prof. F. I. Aigbodion Strategy of Our Unfavourable Visitor:
Can We Use It     17-06-2021

247. Prof. (Mrs.) F.A. Egbokhare     The Most Neglected ‘P’ In Software
Development Projects: My Journey So Far
Towards Reconciliation and Restitution     24-06-2021

248. Prof. (Mrs.) C.E. Ofovwe    Unveiling The Mask, Understanding Behvaiour
And  Empowering Humanity: The Clinical
Psychologist  In  A Complex World     08-07-2021

249. Prof. B. A. Chokor Cognized Space: Can We Improve  Our
Environment From What We See?                     15-07-2021

250. Prof (Mrs.) N.P. Edomwonyi    Pain, The Scourge of Mankind Has
        Finally Met Its Match     29-07-2021

251.  Prof.  J. M. Okuo Air Quality and Quality of Life - The Nexus,
The Urban and Rural Dichotomy                     12-08-2021

252.  Prof.  A. O. Ikelegbe Hegemony and Counter-Hegemony:
The Open Wounds of  A  Nation     19-08-2021

253.  Prof. P. O. Adobamen Ear, Nose, Throat, Head & Neck Surgery,
My Eye through which I have Seen the 
Whole World     26-08-2021
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254.  Prof. H.E. Oaikhenan Nigeria And (Economic) Globalization:
A Benefitting Player Or A Contented Loser?     09-09-2021

255.  Prof. P.O.A Ilenikhena Physics for Innovation     23-09-2021

256. Prof.  C.U. Ukponmwan Reducing The Scourge of Avoidable Blindness
In Nigeria: Everybody Has A Role To Play     30-09-2021

257.  Prof. T. T. Marchie Against All Odds, The March Is On, Promised
Land Yet In Sight. Critical Appraisal of Radio-
Diagnosis In Nigeria     28-10-2021

258. Rev. Prof. V. A. Josephs In The Turmoil of The Heart, There Is No
Soundness In The Flesh                     09-12-2021

259.  Prof.  V.  A.  Okonji In Search of Sustainable Fish Supply
Through Aquaculture     16-12-2021

260. Prof. Mrs. G.I.Osa-Edoh Substance Abuse/Addiction, Youth Unemployment
Crime and Security Challenges in Nigeria:
Counselling and Therapeutic Measures     27-01-2022

261. Prof.  E.  Iyamu The Eye and Vision: How Healthy? The
Optometrist’s Perspective                     10-02-2022

262. Prof. Mrs. I.N. Ize-Iyamu The Magic of Transformation: Blessed Are
Ye That Weep Now, For Ye Shall Laugh     03-11-2022

263. Prof. Mrs. A. N. Ofili Bernardino Ramazzini: Work and Health                    17-11-2022

264. Prof. Mrs. V. Aigbokhaevbo      Green Conflicts in Nigeria: Ticking The             24-11-2022
Gender Vulnerability Clock with Timed Sword
of Justice

265. Prof.  S. U. Ighedosa Hands: Risky Friends and Controlable Foes     01-12-2022

266. Prof. A. E. Ehigiegba The Pains and Gains of Championing/Pioneering
A  New Surgical Paradigm - The Caesarean
Myomectomy Story     08-12-2022

267. Prof. Mrs.  A. E. Sado WAR OF THE MICROBES: The Context and 
Conundrums of the Weapons of Defence of the 
Nigeria Child    15-12-2022

268. Prof. O.A. Olafuyi From Grain To Fines: Every Cent Counts    12-01-2023
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269. Prof. I. O. Onoagbe Diabetes Mellitus: Cure Prospects   19-01-2023 

270. Prof  (Mrs)  M. I. Ikhatua “That The Forest May Be Well: The Input
of The Plant Pathologist”    26-01-2023

271. Prof. E. O. Aiyohuyin The Very Small and The Very Large    09-02-2023

272. Prof.  B.  A.  Ayinde Therapeutic Spirits In Medicinal Plants:
Explaining The Theory of Curing All
Ailments (Gbogbonise) In Herbal Medicines    16-02-2023

273. Prof. (Mrs) J. A. Ebeigbe From Unseen to Seen: The Eye And Vision
of The Beholder     23-02-2023

274. Prof. (Mrs) A. O. Aisien Every Woman deserves the Right to Deliver Safely
and be Alive to Plan Her Family. Let Us All Contribute
to Reducing Maternal Morbidity and Mortality 
Among Our Women     06-04-2023

275. Prof. D. O. Osifo The Paediatric Surgeon To The Rescue As The
Evil Forest Beckons     13-04-2023

276. Prof. (Mrs) R.O. Olubor Education Resources As A Source of Societal
Inequalities: Concerns of The Educational
Planner     20-04-2023

277. Prof. T. O. T.  Imoobe Minute Aquatic Animals: Biomonitors of
Aquatic Ecosystem Wellbeing     11-05-2023

278. Prof. C. E. Ugolo Journey Towards A Nigerian National Dance
Culture: The Paradox of Many Nations, One
Dance Step     18-05-2023

279. Prof. C. A. Ighodaro Nigeria’s Paradoxes: Implications of Public
Corruption for Sustainable Economic Growth
and Development     25-05-2023

280. Prof.  E. B. Omoregie Nigeria’s Federal System In A Quandary:
The Whys and Hows To Fix It    01-06-2023

281. Prof. (Mrs) O.A. Awodu The River of Life Flows Freely When Nature’s
Scale is Balanced: Blood Clot, Friend and Foe     08-06-2023

282. Prof. (Mrs) E.O. Osime Bleeding, Bleeding, Bleeding: Blood Transfusion
Science To The Rescue     15-06-2023
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283. Prof.  O. C.  Izinyon The Fugitive Resource Called Water, and 
The Environment: A Civil Engineer’s Engagement 
In Conservation and Management     22-06-2023

284. Prof. G. O. Ariavie Design, Uncertainty, and Fuzziness: The Triple
Albatross of The Mechanical Engineer    13-07-2023

285. Prof. N. E. J. Orhue Religion, Science and Tradition: A Tale of 
Conflict and Harmony    20-07-2023

286. Prof. (Mrs.) L.A. Okukpon   They Are Adults, Learning From The
     Cradle To The Grave     27-07-2023

287. Prof.  M. A.  Okhakhu Communication and Theatre: A Montage of 
Discontinuous Geographies     10-08-2023

288. Prof. (Mrs.) M.I. Ebomoyi  How Would What I Take In Affect My Normal
Bodily Function? The Endocrine Physiologist’s
Viewpoint     17-08-2023

289. Prof.  A. O. Oladipupo The Epistemology of Auditing: A Spiritual 
Metaphor      24-08-2023

290. Prof.  P. O. Uadia  

    07-09-2023

291. Prof.  O.  Aigbovo Stanley Meets Mutesa: Legal Pluralism and the
Quest for Harmony in the Nigerian Legal System        14-09-2023

292. Prof.  F.  O.  Agoreyo The Journey From Baby Girl to Motherhood:
Is It Physiology or Pathology?     21-09-2023

293. Prof.  K. O.  Akhigbe Kolomental and The Elephant In The Room-
Our Mental Health     05-10-2023

294. Prof.  L. O.  Obasuyi Utilisation of Information Resources and Services:
Problem Solving Research and Value Addition by
An Information Professional     19-10-2023

295. Prof. O.F. Omoregie       The Good, The Bad, And The Ugly Face and 
Mouth Diseases                     26-10-2023

296. Prof. D. E. Obaseki Microscopes, Milestones and The Maelstrom:
A Pathologist’s Odyssey     07-12-2023

Cancer, Malaria Immunochemotherapy and 
Malaria Vaccine Development: Perspectives of 
a  Biochemist
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297. Prof.  J. O. Anyaduba Government And The Taxpayer: The Lingering
Vexatious Insincerity and Distrust Dilemma    14-12-2023

298. Prof. N. A. Onyiriuka Children Living with Endocrine Disorder in Nigeria:
The Burden, Challenges and Way Forward                25-01-2024

299. Prof. V. V. N. Akwukwuma   Metrics of The Invisible Enabler: My Journey
     As A Software Engineer    08-02-2024

300. Prof.  A. Otoghile Military Constructivism and Democratic Deficits
in Nigeria: Fanciful Models and Ugly Facts    15-02-2024

301. Prof.  E. E. Ugiagbe Standing Between The Dead and The Living To Stay
The Plague: The Role of  A Pathologist In
Saving  Lives    22-02-2024

302. Prof.  O.  J.  Ilaboya Punishment, Policing and Financial Crime
Deterrence: Plea Bargaining As A Wife    07-03-2024

303. Prof.  J. O. Olomukoro Mystery Benthos: Hidden Treasures of The
Aquatic Ecosystem    14-03-2024

304. Prof.  C. O.  Emokaro Inefficiencies and Resource - Poverty Amidst
Abundance: the Dilemma of Smallholder
Farmers    21-03-2024

305. Prof. A.I. Monye-Emina Attaining Economic Development: Are There
Necessary and Sufficient Imperative
For Nigeria?    04-04-2024

306. Prof. N. P. Okolie Toxins, Poisons and Carcinogens, With Herbs
On Our Side   18-04-2024

307. Prof. E. I. Atuanya Microbes, Xenobiotics and The Environment;
A Microbiologist’s Journey    25-04-2024

308. Prof. G. O. Atedhor Ravaging Impacts of Climate Change and Nigeria’s
Response Strategies: A Dilemma of Business As
Usual?    02-05-2024

309. Prof. I. T. Aighewi Environmental Reverberation from The Foods
We Produce: Let’s Change The Paradigm    09-05-2024

310. Prof. (Mrs) F. K. Idu That They May See Men as Men, Not as Trees:
Ocular Fluids in Eye Health and Optimal Vision    16-05-2024
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311. Prof. (Mrs) B. O. Agoreyo  The Critical Role of Post-Harvest Biochemistry
  In The Enhancement of Health, Food Security
  And Foreign Exchange Earnings                    23-05-2024

312. Prof. (Mrs) A.O.  Akhigbe  Seeing The Unseen: Medical Imaging To The
   Rescue                    06-06-2024

313. Prof.  S. O. Igbinovia Suffering and Pains in Human Existence: Electrical
Power Systems and Machines, As Panacea    13-06-2024

314. Prof. D. I. Olorunfemi When Toxicity Meets Heredity: Understanding the
Impact of Environmental Genotoxins on The 
Molecules of Life    27-06-2024

315. Prof.  A. A.  Adeyekun Invisible Rays, Silent Sounds and The Rewards 
For Chasing Shadows    04-07-2024

316. Prof.  H. A. Okeri, mni Love Your Neighbour As Yourself: Peregrination
Of A Pharmacist-Lawyer    11-07-2024

317. Prof.  C.  Mgbame Profit  vs  Planet - When Two Elephants Fight,
The Grass Suffers: Who Will Save The Grass?    18-07-2024

318. Prof.  A. O. Enofe I Am A Thief, So Are You, We Are All Thieves,
How True? Role of Forensic Accountant    01-08-2024

319. Prof.  A.  C.  Oparah Pharmaceutical Care For The King    08-08-2024

320. Prof. E. O. Oghre Mathematics, The Hidden Thread of Our Universe:
The Ubiquitous World of A Mathematician    15-08-2024

321. Eng. Prof.  S.  A. Ike Navigating The Nigerian Complex Power Network,
Trajectory of One And Same, To Making  A
Difference    22-08-2024

322.  Prof. F. E. Omoregbee Facilitating Food and Nutritional Security: Tracing
The Agricultural and Advisory Services Pathway    12-09-2024

323. Prof. E. O. Erhagbe Nurturing The Umblical Cord: Historicizing The 
Diasporan Factor in The Developmental Matrix
of Africa    26-09-2024

324.  Prof.  E. F. Enato What You Sow is What You Reap: The Journeys and
Trajectories of  A Clinical Pharmacist    03-10-2024

325. Prof. O.A.O. Alegimenlen  From Slave Trade to Petroleum Slavery: The Tale
of Petroleum and Nigeria, Prophesying  the Future    10-10-2024
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326. Prof.  A.  S.  Omoye Bankruptcy and Corporate Failure: Averting
The Dreaded Evil Twins    17-10-2024

327. Prof. B.O.E. Igbinedion Feeding a Multitude with Two Fish: Anecdotes
Of A Radiological Frontier    24-10-2024

328. Prof. M. E. Imonikebe Art Education in Nigeria, The State of Art Teaching
and Teacher Education: The Tragedy of Our Case
and Remedy    07-11-2024

329. Prof. (Mrs.) V.E. Onuoha The Ass in The Law and The Dynamics of Equity
In An “Idiotic” Legal System    14-11-2024

330. Prof. (Mrs.) O.J. Owolabi   Unending Pharmacological Quest: My Odyssey    05-12-2024

331. Prof. Dr.  C. L.  Sakpa Anatomy and Surgery, The Meeting Point:
A Reproduction Enigma    12-12-2024

332. Prof. (Mrs.) L. Eraikhuemen   They Do Need It, They Don’t Want It: The
       Dilemma of Mathematics Education in
       Nigeria    23-01-2025

333. Prof.  C. U. C.  Ugorji Sociophonology - Gateway to Community and 
Dialect Vitality, English, Igbo and More    06-02-2025

334. Prof. S. E. Uwamusi Error Approximation Catastrophy: Can Interval
Analysis Be The Panacea?    20-02-2025

335. Prof.(Mrs.) O.I. Enabulele   Minute, Prokaryotic, Serial Assaulters of 
    Man On The Prowl: Be On Your Guard    06-03-2025

336. Prof. (Mrs.) E.M. Omoregbe   The Task of The Grammarian In A
       Digital Era    13-03-2025

337. Prof.  M. E. Osawaru Plant Taxonomy  and Plant Systematics:
Distinctions and Synergies    20-03-2025 

338. Prof.  A.O. Awharitoma Parasites: Foes and Friends in The Ecosystem    03-04-2025

339. Prof. V. O. Igbineweka The Higgledy-Piggledy in Funding Public
University Education in Nigeria: Stop The
Lamentation and Do The Needful    24-04-2025

340. Prof.  A.  R.  Isara Responding to Lung Health and Food Safety
Challenges: The Journey of a Public Health
Physician    08-05-2025
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341. Prof.  M.A. Adaikpoh Spermageddon: Nigerian Herbs to the Rescue            15-05-2025

342. Prof.  E.  Uwadiae Substance Use in Our Society: The Silent Epidemic
Preying on Our Youth    22-05-2025

343. Prof. R. Ehigiator-Irughe Imperative of Change: Geomatics Engineering As
Backbone of Sustainable Development in the Face
of Artificial Intelligence/Machine Learning    05-06-2025

344. Prof. M. A. Emokpae Disappearing Sperm: It’s Even Worse Than What
You Think, But It Was Not So From The Beginning    26-06-2025

345. Prof. E. P. Oseyomon Creative Destruction and Customer Satisfaction-
The Jawbone of An Ass for Business Success and
Sustainability    10-07-2025

346. Prof.  O.  Eiya Unwilling to Die, Yet Desirous of Heaven:
Taxpayers’ (Non) Compliant Behaviour and
The Quest for Economic Development    17-07-2025

347. Prof.  J.  I. Mbegbu The Romance of Mathematics, Statistics and
Data: Walking The Talk in The Development of 
Statistical Methods    24-07-2025

348. Prof.  F.I. Akinnibosun Microbial Mischief or Mastery?: The Magic,
Mystery and Measurable Impact    07-08-2025

349. Prof.  O. P.  A. Odjugo At The Climate Change Crossroads: Unmasking
Drivers, Counting Costs, and Rethinking
Survival Pathways    21-08-2025

350. Prof. G. O.  Arishe The Legitimacy Question of Nigeria’s 1999
Constitution: Rethinking Philosophical
Underpinning  and Constitutional Design    04-09-2025

351. Prof. (Mrs) N.F. Unuigbe The Weight of the Wind: Climate, Colonialism
and The Law’s Long Reckoning    11-09-2025 

352. Prof. M. E. Isikhuemen Our Rainforest of Inestimable Biodiversity is
Degraded and Endangered: My  Experiential
Salvage Prescriptions    18-09-2025

353. Prof.  B.  Bazauye The Turtles Beneath: Jurisprudential Ambivalence
In the Foundations of Law and Legitimacy    09-10-2025

354. Prof. (Mrs) M.N Ezemonye    Water Scarcity, Water Stress and Water
       Security: The ‘S’ Syndrome    16-10-2025
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355. Prof. O. K. Omorogiuwa    Test Psychometrics: Measuring The Invisible
  From The Visible - Is Examination A True Test
   Of Knowledge?       23-10-2025

356. Prof. N. I. Aniekwu Elephants in Our Room? The United Nations ICPD,
Reproductive Rights and Cultural Relativism in
African Jurisdictions    30-10-2025
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