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Sampling Distributions

Can write
β̂j = βj+

Distribution of β̂j follows

Causal Inference: The Mixtape
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Sampling Distributions (cont.)

(MLR.6) Normality
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Sampling Distributions (cont.)

Under MLR.1 to MLR.6

β̂j ∼ N(βj ,Var
(
β̂j

)
)

So
β̂j − βj

sd(β̂j)
∼
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Sampling Distributions (cont.)

Using σ̂ in place of σ
β̂j − βj

se(β̂j)
∼

As df → ∞
tn−k−1 →
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Sampling Distributions (cont.)
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Single Hypothesis - Single Parameter

Test hypotheses about βj
Null (H0) and alternative hypotheses (H1)

https://xkcd.com/892/

Jayjit Roy (ASU) ECO 5720 February 19, 2024 8 / 28

https://xkcd.com/892/


Single Hypothesis - Single Parameter (cont.)

Two-tailed test
Model

y = β0 + β1x1 + β2x2 + ...+ βkxk + u

Test whether xj has a
H0 : βj = 0
H1 : βj ̸= 0

t statistic, or t ratio
tβ̂j

≡
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Single Hypothesis - Single Parameter (cont.)
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Single Hypothesis - Single Parameter (cont.)

Choose a significance level
Reject H0 if
Rejection rule ∣∣∣tβ̂j

∣∣∣ > c

Critical values
▶ Table G.2: t distribution
▶ Table G.1: standard normal distribution
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Single Hypothesis - Single Parameter (cont.)
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Single Hypothesis - Single Parameter (cont.)

Testing Other Hypotheses about βj
Null and alternative (two-tailed test)

H0 : βj = aj
H1 : βj ̸= aj

t statistic, or t ratio
t =
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Single Hypothesis - Single Parameter (cont.)

p-value
Two-tailed test
t : t statistic, or t ratio
T : t distributed random variable with df = n − k − 1

p-value =

▶ If t > 0, p-value =
▶ If t < 0, p-value =
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Single Hypothesis - Single Parameter (cont.)
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Single Hypothesis - Single Parameter (cont.)

Rejection rule
p-value < α

Economic or practical significance: related to
Statistical significance: related to
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Single Hypothesis - Single Parameter (cont.)

https://www.npr.org/sections/13.7/2014/06/02/318212713/
science-trust-and-psychology-in-crisis
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Single Hypothesis - Single Parameter (cont.)

Confidence interval
Two-tailed test
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Single Hypothesis - Single Parameter (cont.)

Significance level
Confidence level
Null and alternative (two-tailed test)

H0 :
H1 :

Reject H0 if
Confidence interval for βj

β̂j±
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Single Hypothesis - Multiple Parameters

Null and alternative (two-tailed test)

H0 :
H1 :

Accordingly
H0 :
H1 :

t statistic, or t ratio
t =
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Multiple Hypotheses

Model
y = β0 + β1x1 + β2x2 + . . .+ βkxk + u

Null and alternative (two-tailed test)

H0 :
H1 :
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Multiple Hypotheses (cont.)

Unrestricted model
y =

Restricted model
y =
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Multiple Hypotheses (cont.)

Check for change in fit due to restrictions
SSRur :
SSRr :

SSRr ≥ SSRur

F statistic
F =

Under H0, F ∼ Fq,n−k−1
▶ q :
▶ n − k − 1 :
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Multiple Hypotheses (cont.)

Reject H0 if
Rejection rule

F > c

Critical values - Tables G.3a, G.3b, and G.3c
t2n−k−1 is identical to
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Multiple Hypotheses (cont.)

Example
▶ q = 3 and n − k − 1 = 60
▶ Critical value for α = 0.05 is 2.76
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Multiple Hypotheses (cont.)

R-squared form of the F statistic
Since

R2 = 1 − SSR

SST

We have
R2
r = 1 − SSRr

SST
and R2

ur = 1 − SSRur

SST

Accordingly
SSRr =
SSRur =
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Multiple Hypotheses (cont.)

F statistic
F =

Alternatively
F =
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Multiple Hypotheses (cont.)

The F statistic for overall significance of a regression
Model

y = β0 + β1x1 + β2x2 + ...+ βkxk + 0

Null and alternative (two-tailed test)

H0 :
H1 :

Here, R2
ur = R2 and R2

r = 0
F statistic

F =
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