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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: if the returns

from 1 more year of education

at a junior college is the same as that of univ -

Ho : By = Be → Ho : B, -132=0

Ha : 13, t p, Ha :p , - Pe to

2 tailed test

area-- significant
- compute this t- statistic

b- = ( pi - pg - o f
and compare it with the

critical value

-

se
. Cpa, -p: )

where se . CB , - pad = Epi
-

- farinaceous
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another possible hypothesis test (one-tailed alternative)

5 Computing p-Values for t-Tests

! What is the signiÖcance level given the computed t-statistics?

! p-value : P (jT j > jtj)

Ho : Pi = P2 Ho : pi - Pe
- o

Ha : 131432 Ha : pi - Be so

• Assume that p ,
would not be more than 132 ( returns

to a 2-year
college would

never be more than returns to university education

ten f- ( pay - plz) - O

i¥h
Fasig

fct)
I tailed

✓¥t This faheadedpajeague in the rejection

t=pj -Pj
- set

t⇒÷÷÷

T = t- distributed random variable with d. f. = n- k - I

t -- computed t - statistic

p- value
= probability that a random 7 value will be greater ( in the absolute term

than our t - statistic in the Ho testing



Consider the multiple regression model
,

assume MLRI -6
are satisfied

y = pot pyx, t pzxz tpgxg th .

you would like to test Ho : 13 , - sp, = 1 Ha : otherwise is true

1) Write the t- statistic for testing Ho

t -- Cpa , -3827 - i
-

s.e. Cpa, - spin

2) Define OT = pi - spy → Ho : 0=1

Ha : A ¥1

( t.ee#-.::..::e!;:::::::::iIa.::eoiviiinitanm...i.
✓ Now pan = oytspz
or B , = fi -13Pa

substitute in the main regression and get

y -- pot CG -13Pa X, t Pzxztpgxz tu
= pot Oyxtspzk, tpzxztpgx, ta
= pd top Xy tpzcxz tsxy) tpgxg tu

* Now the explanatory variables are going to be Xp , ke t 3kg
and Xs

• We can calculate teh
se

. ,



6. Multiple Regression Analysis (Inference) 69

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 signiÖcance 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 signiÖcance level = 5%?

6 ConÖdence Intervals (CI)

! ConÖdence Intervales for the POPULATION PARAMETER (%j)

! A 95% CI of %j is given by

fee)
,
fcz)

P -value = what should be the significant level given the critical

value of -2.95 → find the shaded area

0.05t.io#Etii..c.¥÷÷
0.003

0.003

yes
we reject Ho if p value < sig level

← d.f. C 30
use t -table

-2.18 2.18HEBaima
-

-

0.02 to Oros

between 0.02 too 05

Yes
,
reject Ho because the area is less than 0.05

↳ The range ofvalues that would capture the true Pj
at 951. chance

Ce → 1% tox se . (pg )
reject a reject p
←

i T
' t o is the 9%5 percentile in the

Tota t -distribution with h - K - I d.f-

EE
-

95%01
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Example 1: 95% CI

Example 2: 99% CI

d.f
.

- 25

#l↳
value of the ar . sth percentile in the tzs distribution

-2.06 2.06

The 95% CI
.
for pi j = [ pig - 2.06 . se . Cfs;) , Bj t 2.06 . Sie . cfsj )

d. f.=25

for)

value of the 99.5% percentile in the t-distribution

0

The gg% CI for pg = [pj - 2.987ns-e. Pg y Bj t 2.787 . se. Cpg )



t-test
we want to test the significance of a group of hypotheses
( multiple hypotheses)

Grade
gas
.
= pot pg # times - front t 132 # times - back t pghr- study
+ 134 past -GPA tps gender tu

Ho : seat position doesn't have impact on GPA

p, =0 and pz=0 → pg ape - o

Ha : seat position matters

Pato and pz fo

or p , -40 and p, so {at least one of the p, ,p, ¥0

or pop - o and pz to
f-CFI

Ho : Pe -- 133=0
Ha : Ho not true^µt F~tfhn-F.de. ur model

hcalHBF # of
hypotheses being tested
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7 Testing Multiple Linear Restrictions: The F-test

Suppose the model is speciÖed 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):

→ want to test if X , and X,
both have

2 3
no impact on Y

← big model contain all
variables)

y = po tppxpgXg th is true → reject Ho

←small model

f- Pot pin
tu is true → do not reject Ho

fgsup.gg?nfIfhegfeofane, "og " numbers of p that we would like to perform

> e.g .

in this model, 9=2

y - pot pix tpzxzt
. . - Pang

Ho : Pk-qtr
= Pk-qtz = Pk = O

( the last G Ps - o

Ha : Ho is not
true

[
ssrur

smaller than
SSR,

everytime you
add 1 more X ,

the model will

*

F = (sRur) be better explained

9 ← number of explainatony variables we
want to test

-

SSR ur

⇐← d.f. of "
ur

" model

so if everytime you add 1 more X variable , Ssr tea and R29 , why
don't we keep

additional x in the model gvarcpag , p making the prediction of

→ everytime
we add 1 more x

X, if
it can improve

the model enough ,
p less precise .

→ so we
want to keep the additional

SSR to R2 P c.significant)


