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Abstract - This paper is on comparisons of Theil’s and simple regression on normal and non-normal data set with different 
sample sizes. Data used for this study were collected from a real life practical conducted by the researchers in their homes on 
the weight of soap and the number of days it had been used. Thus dependent variable(y) is weight (grams) of the soap and 
independent variable is the number of days (x). To know the efficiency of one method over the other, the Akaike Information 
Criterion (AIC), Bayesian Information Criterion (BIC), and Mean Square Error (MSE) were used. From the analysis, the 
result revealed that there is a significant relationship between dependent and independent variables for both the parametric 
OLS regression and non-parametric Theil’s regression with and without residual normality validity. Hence, an inverse 
relationship between x and y, that is as the number of days increase, weight of the soap decreases. It can be concluded that 
the parametric OLS regression performs better than its non-parametric Theil’s regression since their Residual standard error, 
AIC and BIC values are all smaller for both the normal and non-normal real data. The result of the real life data was used for 
data simulation of sample sizes of n = 30, 50, 100, 150, 200, 400, 500, 700, 900, 1000, and 1500, and the results revealed 
that the parametric OLS regression performs better than its non-parametric Theil’s regression since their EMS, AIC and BIC 
values are all smaller. It can be concluded that the regression line gave a good fit to the observed data since the line explains 
over 99% of the total variation of the Y values around their mean for both models. Even though the both models are good in 
this study, the OLS is more efficient. Therefore the researchers recommend that future research should look at a similar work 
with both high and low coefficient of variation of different sample sizes with normal and non-normal data, and also with 
more than one explanatory variable to examine the differences between the parametric and nonparametric Regression.  
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I. INTRODUCTION 
 
Regression analysis is a statistical technique that 
express mathematically the relationship between two 
or more quantitative variables such that one variable 
(the dependent variable) can be predicted from the 
other or others (independent variables). Regression 
analysis is very useful in predicting or forecasting 
(Inyama and Iheagwam, 2006). It can also be used to 
examine the effects that some variables exert on 
others. However, regression analysis may be simple 
linear, multiple linear or non linear. In this study, 
simple linear case is applicable with its non-
parametric equivalent. The simple linear regression 
model is the ordinary or traditional equation 
representing the relationship between two variables; 
the response and the explanatory variables. 
Sometimes the residuals in a regression analysis may 
deviate far from the others. In this case, an outlier 
occurs. It is obvious that no observation can be 
guaranteed to be a totally dependable manifestation 
of the phenomena under study. Therefore, the 
probable reliability of an observation is reflected by 
its relationship to other observations that were 
obtained under similar conditions. Observations that 
in the opinion of the investigator stand apart from the 
bulk of the data have been called “outliers”, “extreme 
observations” “discordant observations”, “rouge 
values”, “contaminants”, “surprising values”, 

“mavericks” or “dirty data” (Ranjit; 2005). An outlier 
is one that appears to deviate markedly from the other 
members of the sample in which it occurs. An outlier 
is a data point that is located far from the rest of the 
data.  
 
Again, the presence of outliers may contribute to non-
normal distribution. Consider a situation where the 
distribution of the errors is not normal. If the errors 
are coming from a population that has a mean of zero, 
then the OLS estimates may not be optimal, but they 
at least have the property of being unbiased. If we 
further assume that the variance of the error 
population is finite, then the OLS estimates have the 
property of being consistent and asymptotically 
normal. However, under these conditions, the OLS 
estimates and tests may lose much of their efficiency 
and they can result in poor performance (Mutan; 
2004). To deal with these situations, two approaches 
can be applied. One is to try to correct non-normality, 
if non-normality is determined and the other is to use 
alternative regression methods, which do not depend 
on the assumption of the normality (Birkes and 
Dodge; 1993). In straight-line regression, the least 
squares estimator of the slope is sensitive to outliers 
and the associated confidence interval is affected by 
non-normality of the dependent variable. A simple 
and robust alternative to least squares regression is 
Theil regression, first proposed by Theil (1950). 
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Theil’s method actually yields an estimate of the 
slope of the regression line.  
 
II. REVIEW OF RELATED LITERATURES 
 
There is need to review works done by past 
researchers in order to have a proper guide. Here are 
some recent works done by past researchers. 
Opara et al (2016) researched on the comparison of 
parametric and non-parametric linear regression. 
First, the set of data was subjected to normality test, 
and it was concluded that all errors in the y-direction 
are normally distributed (i.e. they follow a Gaussian 
distribution) for the commonly used least squares 
regression method for fitting an equation into a set of 
(x,y)-data points using the Anderson-Darling 
technique. Data used for the study were collected 
from a trader in Dauglas Owerri Market in Imo State 
Nigeria who sales pears. The numbers of rotten pears 
(y) in 20 randomly selected boxes from a large 
consignment were counted after they have kept in 
storage for a studied number of days (x). The use of a 
programming language software known as “R 
Development” and Minitab were used in the study. 
From their analysis, the result revealed that there 
exists a significant relationship between the numbers 
of rotten pears and the number of days for both the 
ordinary least squares and the Theil’s regression. It 
was concluded that the parametric OLS is better than 
its non-parametric Theil’s regression since their AIC 
and BIC are both lower than that of Theil’s 
regression. 
 
Okenwe et al (2016) worked on Parametric Versus 
Non-Parametric Simple Linear Regression on Data 
with and Without Outliers. Data used for the study 
were collected from the department of Mass 
Communication, Imo State University Owerri Imo 
State Nigeria. Twenty five (25) students were 
selected at random to determine the Cumulative 
Grade Point Average (CGPA) at the end of 
2014/2015 Academic session (Y) and their respective 
Joint Admission Matriculation Board (JAMB) score 
(X). The set of data was subjected to normality test, 
and it was concluded that all residuals in the y-
direction are not normally distributed via the 
Anderson-Darling technique. The data after removing 
outliers were re-analyzed. From the analysis, the 
result revealed that there was a significant 
relationship between students CGPA and their JAMB 
scores for both the parametric OLS regression and 
non-parametric Theil’s regression with and without 
outliers. It was concluded that the parametric OLS is 
better than its non-parametric Theil’s regression for 
both data with and without outliers since their 
standard error, AIC and BIC are lower than that of 
Theil’s regression. It was also concluded that the 
standard error for the parametric regression with 
outliers which is 0.3405 reduced to 0.1962 for the 
parametric regression without outliers. On the other 

hand, the standard error for the non-parametric 
regression with outliers which is 0.3609 reduced to 
0.2087 for the non-parametric regression without 
outliers. It implied that the model for the data without 
outliers is more efficient than the model for the data 
with outliers for both the parametric and non-
parametric regression.  
Ohlson and Kim (2014) in their work titled “Linear 
Valuation without OLS: The Theil-Sen Estimation 
Approach” said that OLS confronts two well-known 
problems in many archival accounting research 
settings. First, the presence of outliers tends to 
influence estimates excessively. Second, in the cross-
sections, models often build in heteroscedasticity 
which suggests the need for scaling of all variables. 
Their study compared the relative efficacy of Theil 
(1950) and Sen (1968) (TS) estimation approach vs. 
OLS estimation in cross-sectional valuation settings. 
Next-year earnings or, alternatively, current market 
value determines the dependent variable. To assess 
the two methods’ estimation performance the analysis 
relied on two criteria. The first focused on the inter-
temporal stability of coefficient estimates. The 
second focused on the methods’ goodness-of-fit, that 
is, the extent to which a particular model’s projected 
values come close to actual values. On both criteria, 
results showed that TS performed much better than 
OLS. The dominance was most apparent when OLS 
estimates have the “wrong” sign. TS estimations, by 
contrast, never lead to such outcomes. Conclusions 
remained intact even when variables have been scaled 
for size. 
 
Ekezie and Opara (2014) researched on Estimation of 
Bivariate Regression Data via Theil’s algorithm. The 
method was adopted since all errors in the y-direction 
are not normally distributed (i.e. the do not follow a 
Gaussian distribution) for the commonly used least 
squares regression method for fitting an equation into 
a set of (x,y)-data points using the Kolmogorov 
Smirnov test. The algorithms for Theils were stated in 
the study. The data used for their research were 
collected from selected primary schools in Owerri 
Municipal, Imo State Nigeria. The data were on 
weights and shoulder heights of 100 randomly 
selected pupils in primary four, five and six. The use 
of a programming language software known as “R 
Development” was used to write an appropriate 
expression in the study. From the analysis, the result 
revealed that there exist a significant relationship 
between weights and shoulder heights of primary 
school pupils, and the estimated fitted Theil’s is 

ii xy   0.1177 42.5833ˆ  and it was observed 
that both the intercept and slope were significant.  
 
Having reviewed some of these past researches, we 
shall embark on Parametric Versus Non-Parametric 
Simple Linear Regression on Data With and without 
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Outliers using real life data of CGPA and JAMB 
scores. 
III. METHODOLOGY 
 
Simple Linear Regression 
This is a regression line that involves only two 
variables as it is applicable in this research study. A 
widely used procedure for obtaining the regression 
line of y on x is the Least Squares Method. 
The linear regression line or y on x is  
 y =  + x + e     
   … (1) 
where y is the response or dependent variable, x is the 
predictor or independent variable.  is the intercept,  
is the slope, while e is the error term. 
Using the least squares method, the parameters are 
estimated as shown in equations (2) and (3); 

 2
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   … (2) 

 xy  ˆˆ      
   … (3) 
The calculation is usually set out in Analysis of 
Variance (ANOVA) table as shown in Table 1 
 

Variance 
Degree 

of 
freedom 

Sum of 
square Mean square 

Regression 1 RSS = 
xy RSSRMS   

Error n – 2 
ESS = 
TSS – 
RSS 

2 n
ESSEMS  

Total n – 1 TSS = 
y2  

Table 1: Regression Table 
 
The test statistic is given by 

 
EMS
RMSFcal      

   … (4) 
The Fcal is now compared with the F-value obtained 
from the F-table or F-tabulated with 1 and (n – 2) 
degree of freedom. 
 
Theil’s Regression Method 
Theil’s regression is a nonparametric method which 
is used as an alternative to robust methods for data 
sets with outliers. Although the nonparametric 
procedures perform reasonably well for almost any 
possible distribution of errors and they lead to robust 
regression lines, they require a lot of computation. 
This method is suggested by Theil (1950), and it is 
proved to be useful when outliers are suspected, but 
when there are more than few variables, the 
application becomes difficult. 

Sprent (1993) states that for a simple linear regression 
model to obtain the slope of a line that fits the data 
points, the set of all slopes of lines joining pairs of 

data points  iyix ,  and 






jyjx , , xj  xi, for 1  i 

< j  n should be calculated by; 

                      
ixjx
iyjy

ijb



                                                      

    … (5) 

Thus b  is the median of all Equation (5) 
Hence, in this study, for n observations, we have 

2
)1( nn

 algebraic distinct jibijb   

But a  is the median of all ixbiyia   

The mean square error is given in equation () 

kn

2)ŷiy(
n

1iMSE



    

 … (6) 
 
Akaike Information Criterion (AIC) 
The Akaike’s information criterion AIC (Akaike, 
1974) is a measure of the goodness of fit of an 
estimated statistical model and can also be used for 
model selection. Thus, the AIC is defined as; 

n
RSSe

n
û

eAIC n
k22

in
k2

 
   

 … (7) 
where k is the number of regressors (including the 
intercept) and n is the number of observations. For 
mathematical convenience, Equation (7) is written as; 
















n
RSSln

n
k2)AICln(    

 … (8) 

where ln (AIC) = natural log of AIC and 
n
k2

 = 

penalty factor. 
 
Bayesian Information Criterion (BIC) 
Bayesian Information Criterion BIC (Schwarz, 1978) 
is a measure of the goodness of fit of an estimated 
statistical model and can also be used for model 
selection. It is defined as 

n
RSSn

n
û

nBIC n
k2

in
k

 
   

 … (9) 
Transforming Equation (3) in natural logarithm form, 
it becomes (See Equation (9)); 
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n
RSSln)nln(

n
k)BICln(    

 … (10) 

where )nln(
n
k

is the penalty factor. For model 

comparison, the model with the lowest AIC and BIC 
score is preferred. 
Data Analysis 
Data used for this study were collected from a real 
life practical conducted by the researchers in their 
homes of the weight of soap and the number of days 
it had been used. Thus dependent variable(y) is 
weight (grams) of the soap and independent variable 
is the number of days (x). The data generated from 
the experiment conducted by the two researchers are 
presented in Table 1 and Table 2. 

 
Table 1: Weight (y) and Number of days (x) 

 
Table 2: Weight (y) and Number of days (x) 

 
The data set was subjected to normality test using 
Anderson-Darling Technique via Minitab software, 
and it can be concluded that the error term in Table 1 
is not normally distributed, while the error term of 
Table 2 is distributed normally. Hence, we go ahead 
to analyze the parametric OLS with its non-
parametric counterpart for the two Tables using R 
Software. 
 
Having carried out the analysis with normal and non-
normal data for both parametric and non-parametric 
regression, we can conclude that from the result that 
there is inverse relationship between x and y, that is 
as the number of days increase, weight of the soap 
decreases in both the parametric and non-parametric 
regression models. Again, it can be concluded that the 
parametric OLS regression performs better than its 
non-parametric Theil’s regression since their 
Residual standard error, AIC and BIC values are all 
smaller for both the normal and non-normal data. The 
coefficient of determination for OLS versus Theil’s 
for the non-normal data are 99.73% and  99.73% 
respectively, while that of OLS versus Theil’s for the 
normal data are 99.99% and 99.99% respectively. 
Hence; it can be concluded that the regression line 
gives a good fit to the observed data since the line 
explains 99.73% and 99.99% of the total variation of 
the Y values around their mean for both models. 
 
Let us go further to perform simulation based on the 
results obtained above on different sample sizes for 
the both models. The summary result is displayed in 
Table 3 

 
Table 3: Simulation based on different sample sizes 

 
Looking at the simulated result in Table 3, it can be 
concluded that there is inverse relationship between x 
and y, that is as the number of days increase, weight 
of the soap decreases in both the parametric and non-
parametric regression models. Again, it can be 
concluded that the parametric OLS regression 
performs better than its non-parametric Theil’s 

regression since their EMS, AIC and BIC values are 
all smaller.  
 
CONCLUSION 
 
From the analysis, the result revealed that there is a 
significant relationship between dependent and 
independent variables for both the parametric OLS 
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regression and non-parametric Theil’s regression with 
and without residual normality validity. Hence, an 
inverse relationship between x and y, that is as the 
number of days increase, weight of the soap 
decreases. It can be concluded that the parametric 
OLS regression performs better than its non-
parametric Theil’s regression since their Residual 
standard error, AIC and BIC values are all smaller for 
both the normal and non-normal real data. The result 
of the real life data was used for data simulation of 
sample sizes of n = 30, 50, 100, 150, 200, 400, 500, 
700, 900, 1000, and 1500, and the results revealed 
that the parametric OLS regression performs better 
than its non-parametric Theil’s regression since their 
EMS, AIC and BIC values are all smaller. From the 
result of this study, it can be concluded that the 
regression line gives a good fit to the observed data 
since the line explains over 99% of the total variation 
of the Y values around their mean for both models. 
Even though the both models are good in this study, 
the OLS is more efficient. Therefore the researchers 
recommend that future research should look at a 
similar work with both high and low coefficient of 
variation of different sample sizes with normal and 
non-normal data to examine the differences between 
the parametric and nonparametric Regression. The 
researchers further recommend that future researchers 
should study a similar work by examining a 
regression model with more than one explanatory 
variable for both the parametric and non-parametric 
cases.  
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