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There are two types of estimates
•Point estimates

• The estimate b2 is a point estimate of the unknown population 
parameter in the regression model.

• Interval estimates
• Interval estimation proposes a range of values in which the true 

parameter is likely to fall

• Providing a range of values gives a sense of what the parameter 
value might be, and the precision with which we have estimated 
it

• Such intervals are often called confidence intervals.
• We prefer to call them interval estimates because the term 

‘‘confidence’’ is widely misunderstood and misused

Interval Estimation



• The normal distribution of b2, the least squares estimator of  β2, is

• A standardized normal random variable is obtained from b2 by 
subtracting its mean and dividing by its standard deviation:

• We know that:

• Substituting:
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Rearranging:

( ) ( ) 95.096.196.1
22

22

22

2 =







−+−−  xxbxxbP ii 

• The two end-points                                      
provide an interval estimator.

• In repeated sampling 95% of the intervals constructed 
this way will contain the true value of the parameter 
β2. 

• This easy derivation of an interval estimator is based 
on the assumption SR6 and that we know the variance 
of the error term σ2.
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Replacing σ2 with ො𝜎2creates a random variable t:

The ratio    𝒕 =
𝒃𝟐−𝜷𝟐

𝒔𝒆(𝒃𝟐)
has a t-distribution with (N – 2) degrees of 

freedom, which we denote as: 𝑡~𝑡(𝑛 − 2)
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In general we can say, if assumptions SR1-SR6 hold in the simple 
linear regression model, then

𝒕 =
𝒃𝟐 − 𝜷𝟐

𝒔𝒆(𝒃𝟐)
~𝑡 𝑛 − 2 𝒇𝒐𝒓 𝒌 = 𝟏, 𝟐

Interval estimates
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Student t- distribution

• The t-distribution is a bell shaped curve centered at zero; 

• It looks like the standard normal distribution, except it is 

more spread out, with a larger variance and thicker tails; 

• The shape of the t-distribution is controlled by a single 

parameter called the degrees of freedom, often 

abbreviated as df

Interval estimates
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We can find a “critical value” from a t-distribution such that

where α is a probability often taken to be α = 0.01 or α = 0.05. The 
critical value tc for degrees of freedom m is the percentile value t(1-

α/2, m)

Each shaded ‘‘tail’’ area contains α/2 of the probability, so that 1-α
of the probability is contained in the center portion.
Consequently, we can make the probability statement
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• When bk and se(bk) are estimated values (numbers), based on a given sample 
of data, then bk ± tcse(bk) is called a 100(1-α)% interval estimate of bk.
• Equivalently it is called a 100(1-α)% confidence interval. 

• Usually α = 0.01 or α = 0.05, so that we obtain a 99% confidence interval or a 95% 
confidence interval.

• The interpretation of confidence intervals requires a great deal of 
care 
• The properties of the interval estimation procedure are based on the notion 

of repeated sampling

• Any one interval estimate, based on one sample of data, may or may not 
contain the true parameter βk, and because βk is unknown, we will never 
know whether it does or does not

• When ‘‘confidence intervals’’ are discussed, remember that our confidence 
is in the procedure used to construct the interval estimate; it is not in any 
one interval estimate calculated from a sample of data

Interval estimates

Chap 9-8



Chap 9-9
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Example on food expenditure data

( ) ( )  95.0024.2024.2 22222 =+− bsebbsebP 

The critical value tc = 2.024, which is appropriate for  = .05 and 
38 degrees of freedom
To construct an interval estimate for 2 we use the least 
squares estimate b2 = 10.21 and its standard error

( ) ( ) 09.238.4râv 22 === bbse

A “95% confidence interval estimate” for 2:

When the procedure we used is applied to many random samples of 
data from the same population, then 95% of all the interval estimates 
constructed using this procedure will contain the true parameter
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Is β2 actually in the interval [5.97, 14.45]?

• We do not know, and we will never know…
• What we do know is that when the procedure we used 

is applied to many random samples of data from the 
same population, then 95% of all the interval estimates 
constructed using this procedure will contain the true 
parameter

• The interval estimation procedure ‘‘works’’ 95% of the 
time

• What we can say about the interval estimate based on 
our one sample is that, given the reliability of the 
procedure, we would be ‘‘surprised’’ if β2 is not in the 
interval [5.97, 14.45].

Interval estimates
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What is the usefulness of an interval estimate of 𝜷2?

When reporting regression results, we always give a point 
estimate, such as b2 = 10.21
However, the point estimate alone gives no sense of its 
reliability

Thus, we might also report an interval estimate
Interval estimates incorporate both the point estimate and 
the standard error of the estimate, which is a measure of 
the variability of the least squares estimator

Interval estimates
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Example on food expenditure data

Interval estimates
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Example on food expenditure data
Confidence interval computation

Interval estimates
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Hypothesis Tests

Hypothesis testing procedures compare a conjecture we
have about a population to the information contained in a
sample of data

• Given an economic and statistical model, hypotheses are
formed about economic behavior.

• These hypotheses are then represented as statements
about model parameters

• Hypothesis tests use the information about a parameter
that is contained in a sample of data, its least squares
point estimate, and its standard error, to draw a
conclusion about the hypothesis
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1. A null hypothesis H0

2. An alternative hypothesis H1

3. A test statistic
4. A rejection region
5. A conclusion

Hypothesis Tests

Steps to follow
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Null vs alternative hypothesis

A null hypothesis is the belief we will maintain until we are
convinced by the sample evidence that it is not true, in which
case we reject the null hypothesis
The null hypothesis is stated as H0 : βk = c, where c is a
constant, and is an important value in the context of a specific
regression model. A common value for c is 0

Hypothesis Tests

Paired with every null hypothesis is a logical
alternative hypothesis H1 that we will
accept if the null hypothesis is rejected
The alternative hypothesis is flexible and
depends to some extent on economic
theory.

H1: βk > c
H1: βk < c
H1: βk ≠ c

Chap 9-17



Based on the value of a test statistic we decide either to reject the null 
hypothesis or not to reject it 

• A test statistic has a special characteristic: its probability
distribution is completely known when the null hypothesis is true,
and it has some other distribution if the null hypothesis is not true

The primary test statistic is:

If the null hypothesis H0 :bk= c is true, then we can substitute c 
for bk and it follows that:

If the null hypothesis is not true, then the t-statistic does not have 
a t-distribution with N-2 degrees of freedom. 
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Rejection region

The rejection region depends on the form of the alternative.
It is the range of values of the test statistic that leads to rejection of the null
hypothesis.

It is possible to construct a rejection region only if we have:
• A test statistic whose distribution is known when the null hypothesis is

true
• An alternative hypothesis
• A level of significance

Hypothesis Tests

The rejection region consists of values that are unlikely and that have low 
probability of occurring when the null hypothesis is true. The chain of logic 
is: 

‘‘If a value of the test statistic is obtained that falls in a region of 
low probability, then it is unlikely that the test statistic has the 
assumed distribution, and thus it is unlikely that the null hypothesis 
is true’’ Chap 9-19



• If the alternative hypothesis is true, then values of the test 
statistic will tend to be unusually large or unusually small. 

• The terms ‘‘large’’ and ‘‘small’’ are determined by choosing a 
probability α, called the level of significance of the test, which 
provides a meaning for ‘‘an unlikely event’’.

• The level of significance of the test α is usually chosen to be 
0.01, 0.05 or 0.10

Hypothesis Tests
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Types of error

• If we reject the null hypothesis when it is true, then we 
commit what is called a Type I error 

The level of significance of a test is the probability of 
committing a Type I error

P(Type I error) = α
• If we do not reject a null hypothesis that is false, then we 

have committed a Type II error

Do you reject the null hypothesis, or do you not reject the null 
hypothesis?
➢ Avoid saying that you ‘‘accept’’ the null hypothesis. 
➢ Make it standard practice to say what the conclusion means in 

the economic context of the problem you are working on and 
the economic significance of the finding

Hypothesis Tests
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Rejection Regions for Specific Alternatives

To have a rejection region for a null hypothesis, we 
need:

1. A test statistic
2. A specific alternative
3. A level of significance, α, for the test

Chap 9-22



When testing the null hypothesis H0:βk = c against the alternative 
hypothesis H1:βk > c, reject the null hypothesis and accept the 
alternative hypothesis if 

t ≥ t(1-α;N-2)
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When testing the null hypothesis H0:βk = c against the alternative 
hypothesis H1:βk < c, reject the null hypothesis and accept the 
alternative hypothesis if 

t ≤ t(1-α;N-2)
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When testing the null hypothesis H0:βk = c against the alternative 
hypothesis H1:βk ≠ c, reject the null hypothesis and accept the 
alternative hypothesis if 

t ≤ t(1-α;N-2) or t ≥ t(1-α;N-2)
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Examples of Hypothesis Tests

1. Determine the null and alternative hypotheses.

2. Specify the test statistic and its distribution if the null 

hypothesis is true.

3. Select α and determine the rejection region.

4. Calculate the sample value of the test statistic.

5. State your conclusion.

Chap 9-26



The null hypothesis is H0:β2 = 0
The alternative hypothesis is H1:β2 > 0

The test statistic is: 
In this case c = 0, so t = b2/se(b2) ~ t(N – 2) if the null hypothesis is true

Select α = 0.05
The critical value for the right-tail rejection region is the 95th

percentile of the t-distribution with N – 2 = 38 degrees of freedom, 
t(0.95,38) = 1.686. 

Examples of Hypothesis Tests

Thus we will reject the null hypothesis if the calculated 
value of t ≥ 1.686. 

If t < 1.686, we will not reject the null hypothesis

Example 1
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Examples of Hypothesis Tests

Using the food expenditure data, we found that  b2 = 10.21 
with standard error se(b2) = 2.09

The value of the test statistic is:
( )

2
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4.88

se 2.09

b
t

b
= = =

Since t = 4.88 > 1.686, we reject the null hypothesis that  β2

= 0 and accept the alternative that β2 > 0

That is, we reject the hypothesis that there is no 
relationship between income and food expenditure, and 

conclude that there is a statistically significant positive 
relationship between household income and food 

expenditure

Example 1
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Examples of Hypothesis Tests

Example 2

The null hypothesis is H0:β2 =5.5
The alternative hypothesis is H1:β2 > 5.5

The test statistic is 
t = (b2 - 5.5)/se(b2) ~ t(N – 2) if the null hypothesis is true

Select α = 0.01
The critical value for the right-tail rejection region is the 
99th percentile of the t-distribution with  N – 2 = 38 
degrees of freedom, t(0.99,38) = 2.429 

Thus we will reject the null hypothesis if the calculated 
value of t ≥ 2.429

If t < 2.429, we will not reject the null hypothesis Chap 9-29



Using the food expenditure data, we found that  b2 = 10.21 
with standard error se(b2) = 2.09

The value of the test statistic is:

Examples of Hypothesis Tests

Example 2
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Since t = 2.25 < 2.429 we do not reject the null hypothesis 
that  β2 = 5.5

We are not able to conclude that the new supermarket 
will be profitable and will not begin construction
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Examples of Hypothesis Tests

Example 3

The null hypothesis is H0:β2 = 15
The alternative hypothesis is H1:β2 < 15

The test statistic is
t = (b2 - 15)/se(b2) ~ t(N – 2) if the null hypothesis is true

Select α = 0.05
The critical value for the left-tail rejection region is the 5th

percentile of the t-distribution with N – 2 = 38 degrees of 
freedom, t(0.05,38) =  -1.686.

Thus we will reject the null hypothesis if the calculated 
value of t ≤ -1.686
If t > -1.686, we will not reject the null hypothesis Chap 9-31



Examples of Hypothesis Tests

Example 3

Using the food expenditure data, we found that b2 = 10.21 
with standard error se(b2) = 2.09

The value of the test statistic is:
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We conclude that households spend less than $15 from 
each additional $100 income on food

Since t = -2.29 < -1.686 we reject the null hypothesis that  β2 = 15 
and accept the alternative that β2 < 15
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Examples of Hypothesis Tests

Example 4

The null hypothesis is H0:β2 = 7.5
The alternative hypothesis is H1:β2 ≠ 7.5

The test statistic is 
t = (b2 – 7.5)/se(b2) ~ t(N – 2) if the null hypothesis is true

Select α = 0.05
The critical value for the two-tail rejection region is the 
2.5th percentile of the t-distribution with  N – 2 = 38 
degrees of freedom, t(0.025,38) =  -2.024 and the 97.5th

percentile t(0.975,38) =  2.024

Thus we will reject the null hypothesis if the calculated value 
of t ≥ 2.024 or if t ≤ -2.024
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Examples of Hypothesis Tests

Example 4

Using the food expenditure data, we found that b2 = 10.21 
with standard error se(b2) = 2.09

The value of the test statistic is
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Since -2.024 < t = 1.29 < 2.024 we do not reject the null 
hypothesis that  β2 = 7.5

The sample data are consistent with the conjecture 
households will spend an additional $7.50 per additional 
$100 income on food.
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Examples of Hypothesis Tests

Example 5

The null hypothesis is H0:β2 = 0
The alternative hypothesis is H1:β2 ≠ 0

The test statistic is
t = (b2)/se(b2) ~ t(N – 2) if the null hypothesis is true

Select α = 0.05
The critical value for the two-tail rejection region is the
2.5th percentile of the t-distribution with N – 2 = 38
degrees of freedom, t(0.025,38) = -2.024 and the 97.5th

percentile t(0.975,38) = 2.024

Thus we will reject the null hypothesis if the 
calculated value of t ≥ 2.024 or if t ≤ -2.024
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Examples of Hypothesis Tests

Example 5

Using the food expenditure data, we found that   b2 = 10.21 
with standard error se(b2) = 2.09

The value of the test statistic is
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b
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Since 4.88 > 2.024 we reject the null hypothesis that  β2 =0 
We conclude that there is a statistically significant 

relationship between income and food expenditure

From typical output, we can easily find the calculated t value used in this example
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The p-Value

When reporting the outcome of statistical hypothesis tests, it
has become standard practice to report the p-value (an
abbreviation for probability value) of the test.

➢ If we have the p-value of a test, p, we can determine the
outcome of the test by comparing the p-value to the chosen
level of significance, α, without looking up or calculating the
critical values. This is much more convenient

Reject the null hypothesis when the p-value is less than, 

or equal to, the level of significance α. 

That is, if p ≤ α then reject H0. 

If p > α then do not reject H0. Chap 9-37



The p-Value

If t is the calculated value of the t-statistic, then:
➢ H1: βK > c

p = probability to the right of t
➢ H1: βK < c

p = probability to the left of t
➢ H1: βK ≠ c

p = sum of probabilities to the right of |t| and to 
the left of  – |t|
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The p-Value: examples

The null hypothesis is H0: β2 = 5.5
The alternative hypothesis is H1: β2 > 5.5

The t-statistic is 

The p-value is

( )
2

2

5.5 10.21 5.5
2.25

se 2.09

b
t

b

− −
= = =
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Example 1
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The p-Value: examples

Example 2

The null hypothesis is H0: β2 =15
The alternative hypothesis is H1: β2 < 15

T-statistic is: 

The p-value is: 
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The p-Value: examples

Example 3

The null hypothesis is H0: β2 = 7.5
The alternative hypothesis is H1: β2 ≠ 7.5

The t-statistic is:

The p-value is:
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The p-Value: examples

Example 5

The null hypothesis is H0: β2 = 0
The alternative hypothesis is H1: β2 ≠ 0

T-statistic is:

The p-value is:
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From typical output, we can easily find the calculated p-
value used in this example
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