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Abstract: Economists and other social scientists often employ data that is multicollinear. The ordinary least squares (OLS)
estimator using multicollinear data may have large sampling errors and other related features that researchers view as
undesirable. The multicollinear problem may arise when some or all of the explanatory variables in a regression are highly
correlated with one another. At least a brief discussion of this problem is, of course, included in every econometrics text book. A
method for assessing muticollinearity and compare their method with other methods proposed in the numerical analysis
literature. A serious problem that can occur in regression analysis is the presence of muticollinearity among the independent
variables in a regression equation

L. INTRODUCTION
Economists seek to understand the nature and functioning of economic systems. A linear model is a set of linear relationships
between a dependent variable and a set of independent variable. One objective of such an understanding is to be able to make
conditional predictions of the likely future development of the system to take action to control to some degree, the evolution of the
system. Considering the joint estimation procedures is of course generally more efficient than single equation procedures. The
properties such as unbiasedness, efficiency, and invariance are proposed as a basis for evaluating and choosing among estimators or
decision rules. These properties then form the basis for rating or ranking various estimators or rules.

1. BRIEF ABOUT GENERAL LINEAR STATISTICAL MODEL
Consider the following linear statistical model
Y=XB+ € .. (21)
Where
Y is a (nx1) vector of observable values of the dependent variable Y.
X is a known (nxk) no stochastic design matrix of rank k.
B is a (kx1) vector of unknown parameters
and € is (n x 1) vector of unobservable random disturbances.
With mean vector E( < )=0 and finite covariance matrix
E(e €)=
Where the scalar o is unknown and I is a "™ order identity matrix. The specification for the real random vector € as € ~(0, 6°1).
The (nxk) design matrix X is assumed to be composed of K fixed (explanatory) variables. The assumption that X is a matrix of fixed
variables means for all the possible situations that might take place under repeated sampling, the matrix X would take on the same
values. However the observable vector Y would vary from sample to sample. In estimating the unknown coefficient vector j3,
restrict the class of rules that are linear functions of Y, the general linear estimator or rule as.
Bo=AY
Where A is some (k x n) matrix, that appropriately summarizes the information contained in y. If the use of the criterion of choosing
the estimate of the coefficient vector 3 that makes the sum of the squared errors of the disturbance vector € a minimum, than the
quadratic form
I=ele = (Y-XB)' (Y-XB)
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= YAY-2BE X BY + BIXE X B ... (2.2)
This criterion results in the optimizing condition

LA _xix goxiy =0 .. (23)
2 0B

Which leads to the optimizing vector
~ -1
B=(X*X) X o (24)

This linear rule is appropriately known as the ordinary least squares (OLS) estimator.

A. Assumptions On Classical Linear Model
The various assumptions on classical linear model are given by:

1) Assumption of Unbiasedness

E(e)=00rE(Y)=XBie, € sarehaving zero means.

2) Assumptions of Homoscedasticity

E(e€')=clor Var (Y)=c°l,

Where o is unknown and I, is an identity matrix of dimension n x n.

i.e., € s are having constant unknown variance o and are uncorrelated with each other.

3) Assumptions of Linear Independence of Regressors:

Rank of x is k, k < ni.e., the regressors (columns of X) are linearly independent.
4) Assumptions of Fixed Data Matrix

X is a nonstochastic data matrix and has the property that

[ XX e . .
lim = Q ;Where Q is finite and nonsingular matrix.

n—ao n

5) Assumption of Non-Existence of Errors in Regressors:
X is measured without error. Also X is uncorrelated with €
6) Assumption of Normality

e~N(,I)orY~ N(XB,G2 l,)
i.e.,, € hasa multivariate normal distribution with mean vector zero and dispersion matrix o’ l, The linear model (2.1.)

with the assumptions given in (2.1) is referred to as the ‘Classical General Linear Model” or ‘Gauss — Markov Linear Model’.

B. Ordinary Least Squares Estimator
The hypothesized model is

le><1 = Xn><k ﬁkxl+ en><1 ... (2.5)

The first basic assumption of the model is that the vector of sample observations on y, as a linear combination of the sample
observation on the explanatory X variables plus a disturbance vector, that is

Y=X[+X B+ ... + X, B +€

Where each vector is a column vector of n elements.

E(g) =0, thatis, E (Y)=Xp

E(e €') = 6%l Since E(€)=0, E(e ) is a variance matrix. This assumption gives
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g2 0 ... 0
Eee)-| © 7 O
0 0 o’

P ( X ) =k , this assumption states that the explanatory variables do not form a linearly dependent set. X is a nonstochastic matrix.

2
The e vector has a multivariate normal distribution that is, el N (0, o |)
Let b. denote any arbitrary k-element vector. This serves to define a vector of errors, or residuals,

e.=Y-Xbh, ....(2.6)

The least- squares principle for choosing b is to minimize the sum of the squared residuals ere, from equation (2.6).
efe. = (Y = Xb.)" (Y = Xb.) =YY — 2b:XY +b!X 'Xb,

o(ete.)

Thus =-2XY +2X*Xb, .. 2.7

The resultant OLS solution for simply by b, gives

(Xt X) b= XY, b=(X*X)* XY ....(2.8)
These are referred to as the OLS normal equations. The vector of OLS residuals is likewise denoted by e, wheree=Y - Xb
o (29)

using this expression to substitute for y in equation (2.9) gives (X'X) b= (X'X) b + X’e.

X, e 0

Xle 0
Thus Xe=|"%"|=|"|=0 ... (2.10)

1

X8 0

This is a fundamental OLS result. The variance — covariance matrix of the OLS estimator is b-E (b) =b-

B=(X* X)t Xte

Thus var (b) = E {(X*X)* X'e €' X (X*X)}

= (XXt XE? 1 X (XEX)? (from assumptions (iii) & (iv))

var (b) = o® (X*X)™ (2.11)The most important result in least-squares theory is that no other linear unbiased estimator can have
smaller sampling variances than those of the OLS estimator in equation (2.11). OLS estimators are thus said to be best linear
unbiased estimators (B.L.U.E), that is, to have minimum variance within the class of linear unbiased estimators.

1. SAMPLING PROPERTIES OF THE ORDINARY LEAST SQUARES ESTIMATOR
In conventional sampling theory, properties such as unbiasedness, efficiency, and invariance are proposed as a basis for evaluating
and choosing estimators or decision rules. Thus properties are identified that may be desirable under certain circumstances, and
these properties then form the basis for rating or ranking various estimators or rules. Since the least squares estimator b is a
linear function of the random vector Y, it is also a random vector with mean vector.

E() = E(XX)'X'Y) = B+ E[ (XX)* X' €]
Eb) =B+ (XX)" X'E(e) =B e (3.2)
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Here the assumptions E( € )=0 is used and that X is nonstochastic.

These results imply that the linear decision rule (3.1) is on average correct and is thus unbiased, a property that is sometimes given
high priority in evaluating sampling theory estimators. The Linear unbiased rule (3.1) compares with other linear unbiased rules in
terms of the precision (variance — covariance) matrix. The covariance matrix for the random vector b is

Cov (b) =E[(b-E(b)) (b—E(b))']=E[(b-B) (b-B)]
=E][ (X1X)’1 Xt ee X (X1X)’1 ]
=c (Xt (3.2)
Which follows from the assumptions E (e el) = I and X is non stochastic.
Given this covariance result, the Gauss-Markov theorem provides proof that out of the class of linear unbiased rules for the

statistical model Y = X[3 + € the least squares estimator is best, which is defined in terms of minimum variance. That is, any
arbitrary linear unbiased estimator b, will have a covariance matrix

E[(b,—B) (b, -P)]=c® (XX) +A . (3.3)

Where A is a positive semi definite matrix. Therefore for the linear rule (3.3) the least square estimator is equal to or better in terms
of sampling precision than all others in its class.

V. ORDINARY LEAST SQUARES ESTIMATION FOR B AND &?
OLS Estimator for 3:Consider the classical general linear model as:
Y = Xp+e

Let S be a column vector estimator of . Now, the sum of squared residuals is given by,

ele=(Y=XB)(Y=XB) =YY -2BXYY +BXXPB ..(4.2)
= Y'Y - 2BX*XP
The least squares criterion results in the optimizing condition
1
128 _xixp-xly =0 (42)
2 B
Which eads to optimizing vector ﬁ = (X"X)*(XYY) ..(4.3)

known as the least squares estimator for §
Unbiased estimator for %consider the OLS estimator as

e=Y-XB=Y-X(XX)XY =[1, - X(XX) XY

:[|n ~x(x*x)™ xl](ngr €) 44
:[|n _x(xlx)_1 Xl]e ..(45)
=e=Me

where, M =[1 —X (X" X)™ X'] is of dimension (nxn) and symmetric idempotent matrix. i.e.,

MM = MM = M? = M. Further, MX =0

The OLS residual sum of squares is given by,
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ee=(Me)(Me)=c'Me ...(4.6)
Consider, € (€'¢) =< [e'M €]
= E[tr(E'ME)] = E[tr(MEE")] =tr{ME(e <"}
= 5’tr(M) = c*tr[l, — X(X'X)"X"]
=7[tr(1,) — tr{X(X"X) X'} = o*[tr(l,) — tr{ (X*X) " X'X}]
=o’[tr(1,)-tr(l,)] = *(n — k)

e'e )
Consequently, E . =0 e (A7)

Thus, an unbiased estimator of ol is

e (Y3 (v

SZ

= = ....(48
n-k n-k (48)
1 v pwl
SZZYMY:YY BXY ...(4.9)
n—k n—k
A. Maximum likelihood estimators for S and o’
The likelihood function for the linear model as
iz p\-ni2 Y - XB) (Y - XB)
L=(2I1)"*(c%) " ex ( . (4.10
(21)"(o*) " exp o (410
To maximize L, one can set the first derivatives of log L equal to zero.
logL 1 ~
aL=0:>A—2X(Y—X[3)=o . (410)
B c
dlogL -n 1 A\l A
— 0= +2—84(Y—XB) (Y—XB) =0 . (4.12)
Solving the equations (4.11) and (4.12) for ﬁ and &2 one can get the maximum likelihood estimators for 3 and o’ are
B=(x%)"(x'Y) . (413)
Azl A
o (YXB)(Y-XB) e
and o = =— ... (4.14)
n n

V. GOODNESS OF FIT MEASURES

A. Coefficient of Multiple Determination (R?)
In an applied work, a commonly used measure of the adequacy of an estimated linear model, is the coefficient of multiple
determination (R?). This measure has a number of interpretations. Consider the classical linear regression model as

Y=X f+¢€
It one of the regressors in the linear model is a constant term (intercept parameter) then one can partition the total sum of squares
(SST) as follows.

SST =SSR + SSE ....(5.1)
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Where SST: Total sum of squares
n _\2 —
=>¥-Y| =Y'Y-n¥
i=1

SSR: Regression sum of squares or explained sum of squares
LI —\2 LA —
=> (Y -Y) =YY -n¥?
i=1
1 A2
SSE : Residual sum of squares = Z:(Yi —Yi) =¢e'e
i=1
If the linear model is in the deviation form, then the partitioning of total sum of squares is given by

YY = B XYY +ete ..(5.2)
(SST)=(SSR) + (SSE)

Now, R? is defined as a measure at proportion of the total variance accounted for by the linear influence at the explanatory variables.

Rz _ SSR _ BXY ..(5.3)
SST Y
or
1
R_q_SSE _, ee (5.4)
SST vy

Because of the decomposition of total sum of squares in (5.2), the value of R? lies between 0 and | and may be interpreted as a
measure of the proportion of the variation in Y explained by the estimated equation. The coefficient R (the non-negative square root
of R%) is known as the multiple correlation coefficient of Y on given explanatory variables. bviously the closer R (or) R? to 1, the
better performance of the explanatory variables could be achieved.

B. Model Selection Using §2

To maximize §2 , one may start by regressing y on all the explanatory variables in the hypothesized model, then starting a
sequential deletion of the independent variable whose associated t-statistics are the smallest of all t values provides that they do not
satisfy t>1. The next step will be a re-estimation of all remaining regressions; again the variable whose associated t-statistics is the
smallest of all remaining values and does not satisfy t >1, will be dropped and this procedure will be continued, until all the t-values

—2
for the regression coefficients become greater than unity. There is a high chance of reaching the highest attainable R ,due such a
procedure. Most step wise regression routines will allow for it.

V. CONCLUSIONS
In presence of multicollinearity certain biased estimation procedures like Ridge regression, Generalized inverse estimator, principal
component regression, Liu estimator are used to improve the efficiency of ordinary least squares (OLS) estimates in the linear
regression model. The problem of multicollinearity in regression analysis is essentially a lack of sufficient information in the sample
to permit accurate estimation of the individual parameters. The primary purpose of regression models is the prediction of the value
of dependent variable with the help of many explanatory variables. In this paper we discuss about coefficient of determination and
adjusted R? for Multicollinearity problem.
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