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Agenda

• Econometric tests

• Hypothesis testing example



Linear regression

- dependent variable;

- independent variables;

- residuals.
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Multiple Regression Tests

• Test residual for normality

• Test parameter significance

• Overall model

• Individual coefficients

• Test for multicollinearity

• Test for model stability

• Test for residuals autocorrelation

• Test for residuals homoscedasticity

• Test for specification

• Test for stationary process



Test residual for normality

Check normality of residuals:

• Jarque-Bera statistics

• Shapiro–Wilk test



Jarque-Bera statistics

• S is the sample skewness, 

• K is the sample kurtosis.
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Example



Residuals
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Check for normality



Test parameter significance: Overall model

• Hypotheses

• H0: 𝛽𝛽1 = 𝛽𝛽2 = ... = 𝛽𝛽k-1 = 0 

• No Linear Relationship

• Ha: At Least One Coefficient Is Not 0 

• At Least One X Variable linearly Affects Y
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Overall Significance Rejection Rule

• Reject  H0 in favor of Ha if Fcalc falls in colored area

• Reject  H0 for Ha if P-value = P(F>Fcalc)<α

F k-1, n-k, 1-α)(
0

Reject H0

Do Not
Reject H0

F



Example



Test of slope coefficients

• Hypothesis

• H0: 𝛽𝛽i=m

• Ha: 𝛽𝛽i≠m



Slope Coefficient Test Statistic
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Test of Slope Coefficient 
Rejection Rule

• Reject  H0 in favor of Ha if t falls in colored area

• Reject  H0 for Ha if P-value = P(T>|t|) < α

T=t(n-k)0 t1-α/2, (n-k)

Reject H0 Reject H0

α/2

-t1-α/2, (n-k)

α/2



Special case: significance of coefficient

• Hypothesis

• H0: 𝛽𝛽i=0

• Ha: 𝛽𝛽i≠0
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Example



Wald test
Null Hypothesis:          0: 3210 === βββH   
Alternative hypothesis 11 : βH or 2β or 3β  
   or any two of them or all are nonzero.  
                                 At least one of them is significant. 
In matrix notation 
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Test statistics with J numbers of restriction 
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Calculate F and compare it with the critical values F(J, n-k) 
from the Table. 


Null Hypothesis:          
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Alternative hypothesis 
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or any two of them or all are nonzero. 


                                 At least one of them is significant.


In matrix notation


Hypothesis:  

[image: image5.wmf]r


Rb


=


=>

[image: image6.wmf]ú


ú


ú


û


ù


ê


ê


ê


ë


é


=


ú


ú


ú


û


ù


ê


ê


ê


ë


é


ú


ú


ú


û


ù


ê


ê


ê


ë


é


0


0


0


1


0


0


0


1


0


0


0


1


3


2


1


b


b


b




Test statistics with J numbers of restriction
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Calculate F and compare it with the critical values F(J, n-k) from the Table.
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Test for multicollinearity

• High correlation between X variables

• Coefficients measure combined effect

• Leads to unstable coefficients depending on X variables in model

• Always exists;  matter of degree

• Example: Using both total number of rooms and number of bedrooms as 

explanatory variables in same model 



Detecting Multicollinearity

• Farrar-Glauber Multicollinearity

• VIF-test

• Few remedies

• Obtain new sample data

• Eliminate one correlated X variable

• Standardize your independent variables.



Example
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Test for structural breaks
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Chow Test

• Tests whether the coefficients in two linear regressions on different data sets 

are equal.
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Test for residuals autocorrelation

• Durbin-Watson test (only checks for first order serial correlation in residuals)

• Breusch-Godfrey Test (checks for higher order autocorrelation AR(q) in 

residuals)



Durbin-Watson statistic

d =
(ei − ei−1)
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Breusch-Godfrey Test
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Tests for Heteroskedasticity

• There are two types of tests: 

• Tests for continuous changes in variance: White test, Breusch–Pagan tests, 

etc.

• Tests for discrete (lumpy) changes in variance: the Goldfeld–Quandt test
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Test for specification
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Stationary process

• A stationary process is a stochastic process whose joint probability 

distribution does not change when shifted in time. 

• Parameters such as the mean and variance, if they are present, also do not 

change over time and do not follow any trends.

Solutions:

• Taking differences (Dickey-Fuller test)

• Trend-stationary processes



Why stationarity is important?

№ X Y T X* Y*
1 35 33 20 55 53
2 31 38 40 71 78
3 16 35 60 76 95
4 30 21 80 110 101
5 42 19 100 142 119
6 47 16 120 167 136
7 12 46 140 152 186
8 17 30 160 177 190
9 26 20 180 206 200

10 23 41 200 223 241
11 34 22 220 254 242
12 22 16 240 262 256
13 40 44 260 300 304
14 30 30 280 310 310
15 29 45 300 329 345
16 30 11 320 350 331

…
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R² = 0.0952

0

10

20

30

40

50

0 20 40 60

Y

X

y = 0.9849x + 3.3088
R² = 0.9888

0

100

200

300

400

500

600

700

0 200 400 600 800

Y

X



Question

“What should we do, if we 
fail to find an appropriate 

model that satisfy all tests?”





File: Basics.wf1

• M1 – Money stock: M1 (BIL$,SA)

• IP - Industrial production: total index (1987=100,SA)

• Interest rate: U.S.Treasury bills (% PER ANN,NSA)



Variable-View-Graph-Line
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Variable-View-Unit Root Test - 1



Variable-View-Unit Root Test - 2



Variable-View-Unit Root Test - 3



Variable-View-Unit Root Test - 4



Variable-View-Unit Root Test - 5



Model



Normality test – 1 



Normality test – 2



Wald test – 1 



Wald test – 2 



Wald test – 3 



Omitted Variable Test – 1 



Omitted Variable Test – 2 



Omitted Variable Test – 3 



Redundant Variable Test – 1  



Redundant Variable Test – 2 



Redundant Variable Test – 3 



Multicolinearity test – 1 



Multicolinearity test – 2 



Autocorrelation test – 1 



Autocorrelation test – 2 



Autocorrelation test – 3 



Autocorrelation test – 4 



Heteroskedasticity Tests – 1 



Heteroskedasticity Tests – 2 



Heteroskedasticity Tests – 3 



Stability test – 1 



Stability test – 2 



Stability test – 3 



Stability test – 4 



Stability test – 5 



Stability test – 6 



Elasticity and normalized coefficients – 1 



Elasticity and normalized coefficients – 2



Review



Linear regression

- dependent variable;

- independent variables;

- residuals.
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Multiple Regression Tests

• Test residual for normality

• Test parameter significance

• Overall model

• Individual coefficients

• Test for multicollinearity

• Test for model stability

• Test for residuals autocorrelation

• Test for residuals homoscedasticity

• Test for specification

• Test for stationary process



Thank you for attention!
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