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where
price = housing price
nox = level of pollution
dist = distance from downtown
rooms = number of rooms
stratio = average student per teacher ratio
The estimation result is given by

Consider the e§ect of "room"

What wold be the % change in price when the number of room increases from 5 to 6?

logcpnicerlogcnox
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Ifl 71.96 50.05

→ all variables all significant

dtogcpne) = Pg t 2134 rooms = -0.553+20.0627 rooms

d rooms

1 additional room
has a

bgcprice) * at how many rooms does

positive impact on log
(price)

0=-0.553 t 210.062) rooms¥ rooms
= 4.4↳

room At
.
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d log (price) = - 0.553 t 26.062) . rooms

÷ total % o change in price
when # of rooms 9 from 5 to 7

is 6.7 +19.1 = 25.8%

100.ptqdpn.ae =
100 (-0.553 t 2100621 . s) ya
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d rooms = 100×0.067=6.7 % increase
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3 Models with Interaction Terms

Consider

price = .0 + .1sqrft+ .2bdrms+ .3sqrft! bdrms+ .4bthrms+ u

where
price = housing price
sqrft = house size (square feet)
bdrms = number of bedrooms
bthrms = number of bathrooms

→ used when the impact of one
variable depends

on the value of another variable
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house

price
N Ouse
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dprice = pztpzsqrft
↳

bedrooms
dbdrms

→ if p, so then ,
an additional bedroom would increase price more for a

larger house
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4 More on the Goodness-of-Fit and Selection of Regressors

" Adding more regressors ALWAYS improve Öt

Using adjusted R-squared to choose between non-nested models (one model is not a
subset of another).
Consider Model 1

\salary
=

830:63

(223:90)

+0:0163sales

(0:0089)

+19:63roe

(11:08)

n = 209; R2 = 0:029; ,R2 = 0:020

Consider Model 2

\log(salary)
=

4:36

(0:29)

+0:2751 log(sales)

(0:033)

+0:0179roe

(0:004)

n = 209; R2 = 0:282; ,R2 = 0:275

R2 q

• But we lose the degree of freedom

(d.f
-

- free data point used to estimate
the parameter)

↳ I data point is sacrificed everytime we estimate a parameter

• Using R2 would not punish
" having too many regressor

• We use adjusted R2 or R
-Z when we want to punish adding

to many regressor,

R2 = I R

SST

adj R2 = I
- t)

SST (n- 7)

d.f
.

-

- n - k- I do
If we have more k, d.f. B , Safra, A. , adj

- R 'T

G.5% of variation in Y is

explained . This model is better !
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Multiple Regression Analysis with
Qualitative Information:

1 Outline

" Describing qualitative information

" Using a single dummy independent variable

" Using dummy variables for multiple categories

" Interactions involving dummy variables

" A binary dependent variable (Y variable): The linear probability model

2 Describing Qualitative Information

" "Female" and "Married" are qualitative variable.

" We arbitarily assign a dummy variable to decribe them.

famale =

!
1 if female
0 otherwise (or if male)

married =

!
1 if married
0 otherwise (of if single)
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3 Models with a single dummy independent variable

Consider

wage = .0 + ;0female+ .1educ+ u:

where

famale =

!
1 if female
0 otherwise (or if male)

In this case, the ;0 notation is used to highlight the interpretation of the parameters
multiplying dummy variables. In other cases, we can use any notation that is the most
convenient.

1) ECW / female
,
e-duo ) = ECPo toofemale tpp educ tu l female

,
educ)

= Pot of female tp , educt ECUI female, educ)
t
= O

↳
assume MLRI-4 hold

= Pot Totemale t p , educ2) Thus

I : E (wage I female - 1, educ) = Pot @ (1) t pop educ- pot got p,educ

£ : ECwage 1 female ,
educ) = Po too co) +p, educ

= Potpieduc

Jo = ECW age I female -- 1
,
educ) - EC wage I

female = o
,
educ )

or go = Ecwagel female, educ) -Ecwagelmale,educ)

* given the same value
of educ (given education level)

do is the difference in the expected wage of females and
males .

n
'twage

✓
Male : Potts , educ

In Female : pot oft Reduce
-6131 W

assume Joc o%€¥.edu#*:::s::i:odei.t:i:venaes::sni:Iat.!nm.i:÷÷÷a..
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4 It is not possible to include all of the dummy alternatives in the same
model

" If we include all alternatives of a dummy variable in the same model, we will face
the "perfect collinearity" problem.

For example:

1 = female+male

female = male+ 1

or

1 = winter + spring + summer + fall

winter = 1# spring # summer # fall

" At least one alternative has to be dropped. We treat the dropped alternative as
the "BASE GROUP" or "BASELINE" or "BENCHMARK GROUP".

(as long as there is an intercept in
got the model )

2 Variables can
be expressed as a

linear

relationships
values of 2

variables exactly the
same .

e-g. use price in THB
and Usp in

thesame equation

Xo - xitxs id

wage -_ poxotoofemaletpyeductogmaletu#
p (xp (Xd (Xo) 2 1 O l
intercept-- I

winter - stiffening. id winter spring mega"

2 I O
O O

spring ={f÷tofPrein9w.se/3oof&/Addtoi4 O l

S O i 0

If there are n categories, we omit y category to avoid
multioollinearity

in this case, mate

9-qsi.it: sittin:%"
in.ra¥i

Female workers
are expected
to have less

wage compared
to male workers
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5 Using dummy variables for multiple categories

Case 1 We can use many dummy variables in the same model
Consider a model which includes 2 dummy variablesñ female and married:

log(wage) = .0 + ;0female+ ;1married+ .1educ+ .2 exp er + .3 exp er
2

+.4tenure+ .5tenure
2 + u:

Comments:

pfoiffotehmeam.se/qi if marriedo if otherwise

2) of measure the impact of being married (marriage premium )
but since Itt s 1.96 or p> o.es, we do not reject Ho of no impact .

1) of measures the expected
difference between males and

female given the same marital status and
other factors

d log (wage)
=
wtaged wage

=
- 0.29

- -

d female d female

= 100 . wigged wage
= too . -0.29

¥
% o wage = za .

02%

Female

female workers are expected to earn less than male workers by
29.02% , holding

other factors constant .



8. Multiple Regression Analysis with Qualitative Information: 85

Consider a model which includes dummy variables for each gender/marital status
combinationñ marrmale; marrfem and singfem:

log(wage) = .0 + ;0marrmale+ ;1marrfem+ ;3singfem+ .1educ+ .2exper

+.3exper
2 + .4tenure+ .5tenure

2 + u: (8.1)

Comments:

basecase

do

%

This regression is not the same as the previous one as
it uses " single

male
"

as base group ( The previous one

uses male & single as a base groups)

• of measures the expected diff in wage of married male as compared

with single males, holding other factors constant

• of measures the expected diff in wage of
married female

as compared with single male

wage male →pot 80=0.3211-0.2127
^

I
married
single male → po

emale → Pot of = 0.321 -0.110

0.534 married female → pot G = 0.327 - 0.198

#
single f

0.321

%:#
eduo


