
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



6. Multiple Regression Analysis (Inference) 71

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)
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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
playerís 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 deÖned by

1) R'ur 7 R: because any
additional x would increase

R2 (improve
f't)

SSR ar S SSR r

is certainly better explained. However, we
would

does not explain the
2) By including more x.

the model

like to reject
Ho if the inclusion of variables

model enough

R2 = I -SSI
SST

we have F z ( Nar - RT )
T fiery
9 h- K-I ←intercept

# of p that q
X# of slope 13

are set to 0
# ofobserve

→ If we want to test the overall significance
of the

model

Ho : p g
- 132=133

.
. .

= 13h - o

F -=r
a-R2 Hn -k - I

If we want to test whether performance has
y

any impact on salary

tho : Pbavg = Phren =P rbisyr =o" f
ur } Ha : otherwise

is the
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! the restricted model (r) is deÖned by

Now, our H0 and Ha becomes

y x

%:S
.

.

"
"÷:*::::"¥¥¥

,

*

2

I a.q poosintercept s

↳

when considering each of the performance
× one by one , none of them has a significant
impact at 5% (0.057

¥: O

• but when performing F -test
,

performances have joint impact

F- = Iq
SSRar In-K- I

= figs . 311 - 183.186) /
B Nn 9.55

T.io/ssz-

^

t¥⇐.si:÷÷÷÷÷÷:
":c:# ana: naive:*



74 6. Multiple Regression Analysis (Inference)

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 signiÖcant at 5% level.
(value of "i 6= 0)

) When t < 1.96 we can say that "i is not statistically signiÖcant 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

Z table with 5% sig level

-

sales→

copmegopanrnidance {
Ioanaotenstics)

F.
like a simple regression
with IX

omitted variable bias
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Multiple Regression Analysis : Further
Issues

1 Data scaling on OLS statistics

When we change the unit of measurment of a variable, the value of estimators would
chance accordingly. For example

\bweght = b"0 + b"1cigs+ b"2famin c;

where
bwght = child birth weight, in grams.
cigs = number of cigarettes smoked by the mother while pregnant, per day.
famin c = annual family income, in thousands of dollars.

•• What if we use
b weight in kilograms , 1kg = tooo

btweightug = bweightg = ,p÷. + gP÷o Cigs tpzfam.no1000 1006

= Iot In Cigs t Iz famine

Io -
- p÷ . In ;E÷ , I. -- ¥.

What if we use famine in USD ( instead of 1000 USD)

bweghtg = pao tpgcigs tpzfamincusp
1000

= Pao tp, Cigs t Iz
famine ← The value

of this variable is going to
be

1000 times larger than
famine

Ea =pI
1000

in other words £2 = impact of 1USD 9 in income

13^2 =
k -

n 1000 USD9 increase in income

What if we use bweght in kg & income in THB

bweghtag = ,oP÷ t ,R÷ tattoo famine"'
t
This value is going to be so

,ooo times

more than famine
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2 More on functional forms

! Logarithmic Functional Form

log(y) = "0 + "1 log(x1) + "2x2 + u

! Models with Quadratics

Example : E§ects of Pullution on Housing Prices

log(price) = "0 + "1 log(nox) + "2 log(dist) + "3rooms+ "4room
2 + "5stratio+ u

Po , Py , Pz have to
be linear

Xi , Xz - anything

← usually means natural log oy -

" 'aol.gg#X=ya.

'II!:*.

^

Ed,
=

= ""
XP" too 1*0×1I ÷i÷

with the log Cy) & log format , the coefficient is going
to be the

elasticity (X, elasticity
of y)

Pa Y' = 'za×d÷ = II
8×2

if we want the upper term to be % change
100132 = 1001g Oy
¥ goop,

= Too in Y given that Xz increases

100132 =%o→ / by
1 unit

OXL

(squares)

→ capture increasing / decreasing marginal effects (slope of the relationship

between X & Y is not constant

YC# of cases) avid 19 Decreasing returns
n y - pot Ppxtpex't "

y = pot p ,
X t Pex

'
th

# ⇒ it:'t:÷if÷÷÷:*.
q*

>x (days) q =p -mgq ; mo⇒o ,
demand:P 400-9

IT - Goo - g - tog l

Foo 31g -- 0=990 -Ep
, ishCH


