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Multiple Regression Analysis (Inference)
Objectives

1. Students know how to test hypotheses about the parameter (�)

2. Students can test for the validity of the proposed population model.

Econometrics Analysis - The Steps
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1 Sampling Distribution of the OLS estimators (�̂OLS)

To be able to test hypotheses about the parameter (�̂), we need an assumption about
the distribution of u:
Assumption MLR 6 - Normality
The population error u is independent of the explanatory variables X1; X2; :::Xk and

is normally distributed with zero mean and variable �2:
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� By normality of the error term (u), we have nomality of �̂

Or, using the standardization Z��
�
� normal (0,1); we have

2 Testing Hypotheses about an individual regression coe¢ cient "the
t-test"

� But we do not have sd:(�̂j); we can only calculate the estimator of it :

� for degree of freedom > 30, t � z:We can use the Z�score table to �nd the critical
value(s).

2.1 Testing Against Two-Sided Alternatives

Consider the wage equation :

log(wage) = �0 + �1educ+ �2 exp er + �3tenure+ u:

Suppose we want to test whether experience has a partial e¤ect on wage:

H0 : �2 = 0 (experience has no partial e¤ect)

Ha : �2 6= 0: (experience has a partial e¤ect)

** Note that
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Suppose n = 34; degree of freedom = 34� 3� 1 = 30:
From the table t-table, the 5% critical value for a 2-tailed test with 30 d.f. is _________

� If we change the signi�cance level to 10%, then the 2-tailed critical value becomes
_________

� If we cannot reject H0 : �2 = 0 (at a given signi�cance level �e.g. 5%), we say that
X2 is statistically signi�cant at the 5% level.

� In other words X2 has a partial e¤ect on the expected value of Y .
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2.2 Testing Against One-Sided Alternatives

Suppose the rule for rejecting H0 becomes

Ha : �j > 0:

We could have the H0 as

H0 : �j � 0 or

H0 : �j = 0

depending on the context. ForH0 : �j = 0 ; it implies that we are ruling out population
values of �j less than zero. For H0 : �j � 0 ;it implies that we are not ruling out
population values of �j less than zero. To given an example of a test against the one-
sided alternative hypothesis, consider the wage equation again :

log(wage) = �0 + �1educ+ �2 exp er + �3tenure+ u

If we want to test whether experience has a positive partial e¤ect on wage

H0 : �2 = 0

Ha : �2 > 0:

We implicitly rule out the possibility that �2 < 0 here.
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3 Testing other hypotheses about �j

� Most common H0 is H0 : �j = 0:

� However, we can test other types of hypotheses. For example, H0 : �j = aj where
aj is a constant number.

If we want to test the H0 using a 5% signi�cance level, then we reject H0 if

twife_income > _______ or

twife_income < _______
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4 Testing Hypotheses about a Single Linear Combination of the
Parameter

Consider

log(wage) = �0 + �1jc+ �2univ + �3 exp er + u

where jc = number of years attending a two-year college
univ = number of years at a four-year college
exp er = months in the workforce.
We want to test whether �1 = �2:
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another possible hypothesis test (one-tailed alternative)

5 Computing p-Values for t-Tests

� What is the signi�cance level given the computed t-statistics?

� p-value : P (jT j > jtj)
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Example 1: H0 : �j � 0; Ha : �j < 0; d.f.= 140:

suppose the calculated t�̂j = �2:75

� From the z-table, the value -2.75 corresponds to area = ____________.

� Thus, p-value = __________.

� Would we reject H0 if we use the signi�cance level = 5%?

Example 2: H0 : �j = aj; Ha : �j 6= aj; d.f.= 18:

suppose the calculated t�̂j = �2:18

� From the t-table, the value -2.18 corresponds to area = ____________.

� Thus, p-value = __________.

� Would we reject H0 if we use the signi�cance level = 5%?

6 Con�dence Intervals (CI)

� Con�dence Intervales for the POPULATION PARAMETER (�j)

� A 95% CI of �j is given by
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Example 1: 95% CI

Example 2: 99% CI



6. Multiple Regression Analysis (Inference) 71

7 Testing Multiple Linear Restrictions: The F-test

Suppose the model is speci�ed by

y = �0 + �1x1 + �2x2 + �3x3 + u

H0 : �1 = 0 and �2 = 0

H1 : H0 is not true

We can use the F-test to test this type of "multiple hypotheses".

1. Our full model is called the "unrestricted" model (ur). Suppose it can be expressed
as:

y = �0 + �1x1 + �2x2 + �3x3 + :::+ �kxk + u

2. The model which takes out x (which we think its associated � = 0) is called the
restricted model (r):
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3. Some useful facts

4. Other ways to calculate the F-statistics:

Example: Suppose we are interested in understanding the determinant of a baseball
player�s salary.
salary = season salary
years = years in major leagues
gamesyr = games per year in the league
bavg = career batting average
hrunsyr = homeruns per year
rbisyr = runs batted in per year

� the unrestricted model (ur) is de�ned by
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� the restricted model (r) is de�ned by

Now, our H0 and Ha becomes
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8 How the Hypothesis Testing is done in Practice

1. Check the values of t � statistic reported by the statistical software (i.e. STATA,
SPSS, SAS)

) These t� statistics are to test H0 : �i = 0
) If the d.f. > 30; then when t > 1.96, we can reject H0

)When t > 1.96, we can say that �i is statistically signi�cant at 5% level.
(value of �i 6= 0)
) When t < 1.96 we can say that �i is not statistically signi�cant at 5%
level.

) If t < 1.96 we can drop xi from the model

) After we drop xi; we estimate the new regression function and obtain a new set
of �̂:

2. We can also perform other hypothesis testings of interest.

e.g. H0 : �i = �j
or H0 : �i = 5 etc.

or perform an F-test for testing multiple linear restrictions

3. Usually, in economics, the estimation results are reported using this form


