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This paper attempts to explain how the problem of multicollinearity can be reduced in 
polynomial regression analysis. A simple standardizat ion technique is il lustrated to deal 
wi th curvi 1 ineari ty and mul ticoll ineari ty problems, 

Suppose we have a cubic relationship to solve, and that the independent variable .1’ has 
large values. 

(1) Y = co + clx + @X2 + QX3 

Then, it is very likely that the problem of multicell 
variables X, A’: and X3 in equation (1) are collinear 

inearity arises s inte the independent 
wi th each other. In case of severe 

multicollinearity, this regression equation cannot be solved sinte the rank of the matrix is 
less than its order, If the tolerante is very small, but still larger than the specified 
tolerante level, unstable beta weights(standardized regression coefficents) and calculations 
can be expected. In this case, multicollinearity can also be detected by size of the 
standard errors o f beta, 

The problem of multicollinearity can be removed or reduced substantially by 
standardizing the linear, quadratic, and cubic terms in the polynomial regression equation. 
First, it is suggested that the independent variable is transformed in such a way that the 
resul ting mean is zero and the resul ting standard deviation is one. For example, the 
independent variable J’can be standardized by using the following linear transformation: 

(2) Standard i zed Vari ab 1 e (Z) = ~%,T’)/Sx 

Then, new quadratic and cubic terms are created by taking squared and tubed values of this 
standardized variable, 

(3) Squared Variable(ZZ) = (ciu_.~~/S~)~ 

(4) Cubed Variable@) = ~~A1-1$‘Sx)3 

Then, a polynomial regression equation (1) becomes 

(5) Y = & + c&Z +d2Z2 + ~$2: 

The rationale is that, as illustrated in equation (2), no information is lost as a 
result of this standardization. The original metrit can always be recovered when the mean 
and the standard deviation of the original variable are given, One of the advantages of this 
standardization is that multicollinearity among the linear, quadratic, and cubic terms is 
substantial ly reduced, while the correlation coefficients with other variables are not 



affected by this transformation, After the above standardization, under the standard normal 
distribution, 99.73 percent of the sample falls in the range of Z value between -3 and 3, 
regardless of the value range of the original variable. Therefore, the quadratic and cubic 
terms of the standardized variable vary between 0 and 9, and between -27 and 27, 
respectively. As a result, multicollinearity, as well as correlation coefficients among the 
linear, quadratic, and cubic terms of the standardized variable, declines substantially, 

Theoretically, the equations (1) and (5) should provide the same fit and resul t in the 
same value of R! However, severe multicollinearity is likely to exist among X, _Yf and X3 in 
equation (1). If so, one or more independent variables may be dropped from the stepwise 
regression procedures mechnically sinte their coefficients are not significantly different 
from zero. But the true situation may not be that the variable has no effect but simply that 
the set of sample data has not enabled us to pick it up. 

To justi fy the above standardization, Kim(1987) tried to examine a cubic relationship 
between family income and ferti 1 i ty, by applying actual survey data to the regression models 

(1) and (5). It turned out that the empirital resul ts from the these two regression 
equat ions are completely di f ferent, It was found that the quadratic term .? in equation (1) 
was dropped sinte the specified tolerante leve1 was not met by this variable, It was als0 
indicated that the problem of multicollinearity in equation (1) resulted in a very large beta 
value for the cubic term, 

Severe multicollinearity also results in reduced precision of estimation so that it 
becomes vary difficult to disentangle the relative effect of each independent variable on the 
dependent vari ab1 e, In addition, estimates of regression coefficients may become very 
sensitive to a particular set of sample data, and the sampling variances of the coefficients 
may be very large(Johnston, 1972: 160). 

Another advantage of the above transformation into the standardized form is that 
ca1 cul at i ons become more accurate. Without the above standardization, we may lose accuracy 
because of rounding errors in the course of calculating the variance or covariance, This is 
especially true when a variable with large values, such as income, is included as an 
independent variable in the regression equation, involving many variables and many cases, 

For more discussion on the problems of multicollinearity and advantages of the 
standardization in this paper, see Kim(1987, 1993). 
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