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Abstract  

This paper undertakes a comparative analysis of estimation efficiency of Ordinary 
Least Square and Ordinary Least Square-Adjusted (OLSA) in a small sample when 
the economic model contains a spherical and non- spherical disturbance. A 
covariance matrix estimator that can consistently estimate the covariance of the 
model parameters which have been receiving attention in the econometric literature 
in recent time is employed But so much attention has been paid only to the asymptotic 
property, while pure OLS has continued to be the dominating estimation technique in 
small samples even in the face of non-spherical errors. This paper examines the small 
sample properties of OLS-Adjusted for moving average (MAJ, auto regression (AR), 
auto regressive moving average(ARMAJ .when the sample size is small and there' is 
a spherical and non-spherical error term. . Since Monte Carlo experiment remains 
one of the best approaches for empirical estimation of, finite sample properties It is 
herein employed in examining the small sample properties of OLSA compared to 
OLS. It is found that when the sample size was deliberately made small and the errors 
fixed at 0.4, 0,6, and 0.8 at lower error, OLS dominates and as the error increases 
OLSA dominates.  
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Econometric data are scarcely free of spherical and non-spherical disturbances, 

especially! when time series data .are involved. In almost all. cases the covariance 

structure are unknown, consequently the form of autocorrelation, heteroscedasticity and 

non-spherical disturbance is unknown. In such cases, model parameters can typically 



still be :"estimated consistently using the usual estimating functions but for valid 

inference in such models, a consistent covariance matrix estimate is essential. Over the  

 

past 10 years several procedures for non-spherical consistent covariance estimation 

have been suggested in the econometric literature for the adjustment of OLS Adiele 

[2017]  

It is important to recall that under non- spherical disturbance the usual OLS estimators 

although Linear, unbiased, and asymptotically, normally distributed are no longer 

minimum variance among all linear unbiased estimators. However the effect of 

spherical and non-spherical disturbances is yet to be investigated.  

In short they are not efficient relative to other linear and unbiased estimator, that is, they 

may not be best, linear, unbiased, efficient (BLUE) and as a result, the usual t, F and i 

may not be valid.  

However, in large sample, it is appropriate to use the Newey-West method to obtain 

standard errors of OLS estimators that are corrected for non-spherical error Adiele 

[2017]. This method is actually an extension of White's consistent standard errors 

method for large sample and may not be appropriate in small samples, since researchers 

have not shown interest in investigating the small sample properties. This paper wish to 

investigate this. Thus, it is known that when the sample is reasonably large, the 

Newey-West procedure to correct OLS for standard errors is employed not only in 

situations of-autocorrelation but also in cases of heteroskedasticity, and nonspherical for 

the extended HAC method can handle all Chalk [2014]  

In the presence of autocorrelation, OLS estimators, although unbiased consistent and 

asymptotically normally distributed, are not efficient.  

Therefore, the usual inference procedure based on the t, f and x: test is no longer 

appropriate. On the other hand OLS-Adjusted procedure estimators are efficient, but the 

finite or small - sample, properties of these OLS-Adjusted estimators might actually do 

worse than OLS especially in the presence of spherical and non-spherical disturbances.  

This paper seek to provide a well documented small - sample properties of OLSA 

compared to OLS especially at various degrees/levels of (p) spherical and nonspherical 

disturbances by employing the Monte-Carlo method - since Monte Carlo are particularly 

useful to study the behavior of estimators in small or finite samples. In a similar work 

Griliches and Rao [1969), carried out a Monte Carlo study to compare OLS and FGLS 

and found that if the sample is relatively small and the coefficient of the autocorrelation, 

p, is less than 0.3, OLS is good or better than FGLS, in the spirit of their study we 

investigate OLS and OLSA since OLSA is dominating in today's econometric literature 

for large samples.  
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The linear regression model  

To fit notations, we considered the linear regression model  

Yt =X
T
 I β +  μ

i
 i = 1, …… . , n     

         (1) 

With dependent variable Yi k- dimensional regressor Xi with coefficient vector β and  

error term μ
i
. In the usual matrix notation comprising all n observations this can be 

formulated as y = Xβ + u.  

In the general linear model, it is typically assumed that the errors have zero mean and 

variance Var [u] = Ω.  
Suitable regularity conditions. Adiele [2012], Green [1993], White [2000] the 

coefficients β can be consistently estimated by OLS giving the well-known OL'S  

Estimator β  with corresponding OLS residuals U i: 

 β = (XT
X)r

-1
 XT

y,  (2)  

 U  = (In - H) U = In - X(X
T
 x)-1 X

T
)U,  (3)  

Where In is the n-dimensional identity matrix and H is usually called hat matrix. The  

estimate β  are unbiased and asymptotically normal [4]. Their covariance matrix Ψ is  

usually denoted in one of the two following ways:  

 

Ψ = Var [β] = X(X
T
 x)-1

X
T
 Ω𝑋 (XT)-1

, 
 

 

= 
1

n
 (X

T
 X)

-1 
1

n
 θ 

1

n
 (X

T
 X)

-1
,      (5) 

Where θ = 
1

n
 X

T
 Ω X is essentially the covariance matrix of the scores or 

estimating n  

functions Vt(β) = Xi (yi - xi
T
 β). The estimating functions evaluated at the 

parameter  

estimates Vi = Vi( β  ) have then sum zero.  

For inference in the linear regression model, it is essential to have a consistent estimator 

Ψ. What kind of estimator should be used for Ψ depends on the assumptions about Ω. 
In the classical linear model independent and homoscedastic errors with 02 arc assumed 
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yieldiny n = 02 In and  

'I' = (i (X .X)' which can be consistently estimated by plugging ill the usual OLS  

estimators cr2 = (n - k)"1 L:ni=1 G I ~. But if the independence and/ or nonspherical  
 t  ,  

assumption is violated inference based on this estimators 'Vc(Jnst == 02 (x
f
 xr' will be  

biased. OLSA estimators tackle this problem by plugging an estimate 0. or (I> into (4) or 

(5) which are consistent in the presence of heteroskedasticity, autocorrelation, and 

nonspherical respectively. Such estimators and their implementation »re described in the 

following section.  

 
Dealing with the joint effect of spherical and non-spherical disturbances  

If the error terms UI, are not independent, n is not diagonal and without further 

specification of a parametric model for the type of independence it is typically 

burdensome to estimate n directly.  

However, if the form of disturbances, spherical and non-spherical, hcteroskedasticity 

and autocorrelation is known, a solution to this problem is to estimate IT) instead which  
 

 

  

David Adiele 



 

  

The Effect of Spherical and Non-Spherical Disturbances on OLSA And OLS 

Estimation Method: an Optimal Choice using Monte Carlo  

The Effect of Spherical and Non-Spherical Disturbances on OLSA And OLS 

Estimation Method: an Optimal Choice using Monte Carlo  



 

  

David Adiele 



 

  

The Effect of Spherical and Non-Spherical Disturbances on OLSA And OLS 

Estimation Method: an Optimal Choice using Monte Carlo  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

David Adiele 



 

 

 

Conclusion 

This study examined a specification of independent variable often associated 

with Linear models when the error terms take any shape spherical or 

non-spherical. Attention is focused on the ordinary least square (OLS) method 

and on Newy West spherical and non-spherical heteroskedasticity and 

autocorrelation consistent estimation method for OLSA. The specification of the 

independent variable considered is such that the data are generated so that they 

resemble data obtained from control1ed laboratory experiment. The primary 

emphasis of the study has been on examining the sampling properties of OLSA 

and OLS when the sample size is relatively smal1and the error term jointly 

spherical and non-spherical. Monte Carlo experiment yield results which are of 

practical and methodological relevance in conducting empirical studies, the 

Monte Carlo evidence shows that the effect of increasing non-spherical or 

spherical error terms on the comparative performance of the estimators are 

remarkably significant. It is difficult to make a conclusive statement regarding 

the performance which depends on a number of factors including the size of 

error and on the individual coefficient being estimated. 
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