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Econometrics V Lecture 7
More on Multicollinearity?
• Multicollinearity is the condition where the 

independent variables are linearly related to 
each other.  

• Variables need not be causally related, only 
correlated.

• X’s are usually related to some extent, it is a 
matter of degree.
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Perfect  Multicollinearity
• Recall to estimate b, the matrix (X’X)-1 had to 

exist
• This meant that the matrix X had to be of full 

rank 
• That is, none of the X’s could be a perfect 

linear function of any combination of the 
other X’s

• If so, then b is undefined
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: Definition
• If multicollinearity is not perfect, then (X’X)-1

exists and analysis can proceed.
• But multicollinearity can cause problems 

even if correlations are not perfect.
• As the level of multicollinearity increases, the 

amount of independent information about the 
X’s decreases

• Problem is insufficient information in the 
sample 
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Multicollinearity: Implications
• Our only assumption in deriving b and 

showing it is BLUE was that (X’X)–1 exits.
• Thus if multicollinearity is not perfect, then 

OLS is unbiased and is still BLUE
• But while b will have the least variance 

among unbiased linear estimators, its 
variance will increase
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Multicollinearity: Implications
• Recall our multivariate equation for b in 

scalar notation:

• As multicollinearity increases, the correlation 
between X and Xhat increases
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Econometrics V Lecture 7
Multicollinearity: Implications
• Reducing X’s variation from Xhat is the same 

as reducing X’s variation from Xmean in the 
bivariate model

• Recall the equation for the variance of b in 
the bivariate model: 

• σhat-b
2 = σhat-u

2 / ∑ (X-Xhat)2
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Multicollinearity: Implications
• Thus as the correlation between X and Xhat

increases, the denominator for the variance 
of b decreases – increasing the variance of b

• Notice if X1 is uncorrelated with X2…Xn, then 
the formula is the same as in the bivariate 
case.
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Multicollinearity: Implications
• In practice, X’s that are causing the same Y 

are often correlated to some extent
• If the correlation is high, it becomes difficult 

to distinguish the impact of X1 on Y from the 
impact of X2…Xn

• OLS estimates tend to be sensitive to small 
changes in the data.
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Illustrating Multicollinearity
• When correlation 

among X’s is low, OLS 
has lots of information 
to estimate b

• This gives us 
confidence in our 
estimates of b Y

X1

X2

25



Econometrics V Lecture 7
Illustrating Multicollinearity
• When correlation 

among X’s is high, 
OLS has very little 
information to estimate 
b

• This makes us 
relatively uncertain 
about our estimate of b

Y

X1

X2
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Multicollinearity: Causes
• Poorly constructed sampling design causes 

correlation among X’s
• Poorly constructed measures over-

aggregate information and make cases 
correlate

• Statistical model specification: adding 
polynomial terms or trend indicators.
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Multicollinearity: Causes
• Too many variables in the model – X’s 

measure the same conceptual variable.
• X’s are causally related to one another
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Multicollinearity: Warning Signs

• F-test is significant but coefficients are not.
• Coefficients are substantively large but 

statistically insignificant
• Standard errors of b’s change when other 

variables included or removed, but estimated 
value of b does not
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Multicollinearity: Warning Signs
• Multicollinearity could be a problem any time 

that a coefficient is not statistically significant
• Should always check analyses for 

multicollinearity levels
• If coefficients are significant, then 

multicollinearity is not a problem.
• Its only effect is to increase theσb

2
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Multicollinearity: The Diagnostic
• Diagnostic of multicollinearity is the auxiliary 

r-squared
• Regress each X on all other X’s in the model
• R-squared will show you linear correlation 

between each X and all other X’s in the 
model
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Multicollinearity: The Diagnostic
• There is no definitive threshold when the 

auxiliary r-squared is too high
– Depends on whether b is significant

• Tolerance for multicollinearity depends on N
– Larger N means more information

• If aux-R2 is above .9 and b is insignificant, 
you should be concerned
– If N is small then .7 or .8 may be too high
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Multicollinearity: Remedies

• Increase sample size to get more information
• Change sampling mechanism to allow 

greater variation in X’s
• Change unit of analysis to allow more cases 

and more variation in X’s
• correlations
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Multicollinearity: Remedies
• Disaggregate measures to capture 

independent variation
• Create a composite scale or index if 

variables measure the same concept
• Construct measures to avoid 

correlations
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