6104640252
Jirathorn Chanthaweekul
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4 Testing Hypotheses about a Single Linear Combination of the
Parameter

Consider

log(wage) = By + B1jc + Byuniv + Byexper +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 5, = 8,. ———— |f Hye Hhurn ‘ﬁ’om 1 movd \/QO[W of
. B, = : educan . :
fo ﬁ1 PZ =2 H [31— By =0 (ahon qf Juvior COIIQgG 1§ the
against “0meas fhat of umverity

T fy 76> thog -, FO

2~ taled tost
£, f(2)

ject /\ oject ava = gonhant Jevel
- |
Tz

/

. (ﬂﬁ?_-ﬂm o0 we Compute this t-SJafisfics aud
) e with Hae rifial value

where  se (B -3
) =, -

—
—

/\ T
\I VqV(/ﬁ\/]) + VQV()/B\Z)-2 COV(@\D:B\Z)

UQvjaple  TVausTorimgT) on
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another possible hypothesis test (one-tailed alternative)

Ho \B’\=ﬁ2 - Ho : ﬁ1_P2 =0

Ho: f=8, = He = P, =B, <0

It would agryme ot i would not be  more Hagn 8,

(Revnis fo a 2-year collage would never be more than

retirn to university  educaion)
f
weck

P— b </{3\1—§2)-O
5e. (B, B,)

C

. Then, go 11 Mo ex
oren = sig.fevel /J e Lol
5 Computing p-Values for t-Tests

e What is the significance level given the computed t-statistics?

flg)
1~ tailed tject s shaded avee i e
—) vejechon Vegf(yv\ is Hne
T P-value
t = /\E. ’B‘
s.e.’P‘J
2~-tailed fit)
reject

%
e p-value : P(|T| > |t]) o

T =

b -dishbuted vandomvariable with df - popy
£ o=

compied - Stapshcs

p-vaue = pobabibty that o vandom T yalue
will e greater Cin e 11 Ham)

Han ouwr T n the He fest



n-Closs exercise

cowider the multigle repession model assume MLR 1~¢
are safisfied

Y2k f RO T BX t BX Tl
You would (Ike to test Hae  Ho o Bi-3p, = 1
Ha . otheryse js huye

" write U-stitishics for festivg Ho

b o= Bam, -0
§e. (B - 3)
o pefine 61 ?1-3?2 > Ho® 67=1 , Ho @ 61 71
QA .
t = 6i-1 > weneed ow \egession to have
$..(B) €1 in it

o, STATA ov 0LS eshmation
will aufomafically give

/9\1 & Se. @1

Now, Ry = B+ B2 ov g, = 614 Sﬁz



fubsthitute i the main ogression and gef
Y = Bt (B1£3B)X1 + BXo + BNz + U
= ot O1X1 + 3BX1 t BXe t BX, tU
= bt 01X F Blxet3x) v pox3 tU
Now, the explanatory vaviebles awe gojing fo be
X1, Xe + 3X1  and X3

o We (g calculate b= /9\1 -1
560
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Example 1: Ho:j3;>0, H,:p3;<0, df=140. > z- +Qb(9
) £(2)

> p-vaue = what should be the signifigut fevel

049 e in -2.95 1
05-0.4qy 11 / - given #1¢ cvitical value of -2.95 17
- 0.003 >l Tz = Find the Shaded aveq
suppose the calculated t = —2 75
= (hi-n )/se. (8 (%)
e From the z-table, the value -2.75 corresponds to area = 0. 003
e Thus, p-value = 0. 003

e Would we reject Hy if we use the significance level = 5%7?
RULEY - we vejecT Ho if p-valug < gig. Jewel
Example 2: Hy: (3, =a;, H,:[(,#a; df.=18.
Fy St

use t— table
1 )
i) ) | %M
-2182 o) PR
suppose the calculated tﬁj = —2.18
e From the t-table, the value -2.18 corresponds to area = 0.02 t0 005

e Would we reject Hy if we use the significance level = 5%7?

6 Confidence Intervals (CI)

e _Confidence Interval s for the POPULATION PARAMETER (§,)

C%'I)AQ Vquge of volue Hat would (qpruve the true p at 4 95 7. Chance
e A 95% CI of 3, is given by J

f/m
Tofal qieg
5.

| CI%%JiCX&e,(?J)

Cis #e | 99.9 Pewemﬁl@
in the t- dishibuton
n 6 T with  n-k-1 df.

'l




Inforene > Hypothhesis feshvg about *p" the frue pammerer
nage = Bo+ Breduc + B, expevitinee + ..+ W

We want fo test J hypotheses about the hvue impact™ (p)
of each x vasiables (educ, expevience) on e
dependent  Vaviables (Y)

BUT we don't kvow what e hue § are So, we yse B
eshimatory and ce. (By to test He hypriheses

@) 1. Test if B= sumé number

veject A Vﬂjeﬁf 0g. )BJ' =0 = X3 has no iVl’)PQUL
— > 0on Y
vai/\%w B =1 > 1 uatt n X
| >? (OI/VeSpol/ld 10
8= o hypofndsized value 1unt P in Y

@7 ox. p=0 Or B =1 etc.

(1)
i nject @ G- test > How 1!

vg)ect

& — -

M/\%m Hog o~ He
| - F 5.@.(33)

D _ p-
0= "Bj " B

$.e (]BJ)




£t aJSs. df. =100

i\ |

s iRject Ve s-lveject
/

7 7 )
/‘: :\_
o /

- 2.0 206 T

0\

2(0.5-0.4303)
2x 0.0197
0.039¢ = p-vglue |

o n

o Suppose  we  cqleylate o b-sffishc - Bop = 2.06
e (%)
o) 5 . . \ =O \ 1
Uppose, we are terhing LHo Bj =0, Ha pj 10,

2- faj lfC?f test

o p-valug = ofal shaded aren

% If p-value < ggnificance Cevel  — wject Ho
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Example 1: 95% CI d ]C' =29

“FET) X010 FOUDIID 1) S0, ()

| k valug of QV-SHA
“206 0 206 = peycentile jin Hhe feof dishibution

_ A - A
e 95/ cT for B = [@J—zxceo&e.(ﬁj)ﬁfr 2\06‘5\6@3)]

Example 2: 99% CI O{F AN

()
\ whgt pchile 72 949
[ Ol arfa. = 1-0.005 <= 0,995
l T e« 17. = 0.0 = 0005
—2.189 0 25189 Z 2

the @y cr o 4y - LBi- 270508, %*2”737-&9\(%)]

12 Mavr 2020



N 19 Mav 2020
F—tert motivehon

> we want o taf the smifi @uee of o gvaup of hypotheses
(mulfiple  hypotheses)

Gludege = B, + By#timer_front + pa#ﬁmey_bmk
+ By v Shudy + g, pasT_ GPA + B Jender + u

Ho = seat position doesw’t have impact on  GPA
By=0 auwd B,=0 > B =p =0

Ho . seqt posiion wmabtey ™09 2 hoaf fhesame fime = F fort
hto omd B 70 )
> oF least one of #he

o~ B, #0 and B =0 b, b FO

o B =0 and p,#0 -
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7 Testing Multiple Linear Restrictions: The F-test

Suppose the model is specified by

y = Bo+ Bix1+ Byxa + Baxs +u

Ha, Hi : Hoisnot true 3 waut fo fest if X, Qud x, BoTH have

no impact on vy
We can use the F-test to test this type of "multiple hypotheses".

v biy model
1. Our full model is called the "unrestricted" model (ur). Suppose it can be expressed
as:

y= Bo+ﬁqx1+?;Xa+§3X3 + U -IS ’fVuQ

%RQ)QCT Ho
Y = 50 + 51331 + 521‘2 + 53.T3 + ...+ ﬁkxk + u

2. The model which takes out = (which we think its associated § = 0) is called the
restricted model (7). small mwodel

Y = B, T P1X1+F1xa Fuwois hue = KeJ'ecJ( Ho

*uppose thee ove ‘o vumber of B Hel we woyld like fo parform
0 jont-test of =0 o9 indnig model o -

97 B PR T BX, e B Xk U

o ﬁk‘“{” Tfegqi TR 70
Hoe * Hy IS ot huwe

Yy = By + B"X'l t E2)<2+"‘+ ﬁK_G(Xk_q( +’3K-Q{+1 XK——O(+1+BK-G(+Z XK-%*Z

R

+ ﬁKXK + W
- - -
—
W
== (SSRr - S5R,)
&
SSRyr
(n-K-1)

N— o.f, of The wr. wde]



o, 1f ewryime you add 1moe X variable Hhe SFR & and P,
why dowt we just keep an addifional X jin e imodel

- because evlryhime we add 1 wor X Var(By) will Tnogase,
miking the prediction of B (e precise, so, we only feep

fhhe additional X, if 1t/ they an improve tie model enough

@ Can reduce SSR(1TR%) €noughn
' tgn S'/gl/l'lﬁCGWHy duce SSR. and 1R%

fex)
N
HOZ Fz :83 =1 =0
veject Ho,: Ho wnef tue
—
>/\ i F%/V)“k“/l
//////I/:>':
/I\
C

(evifical value)

We weject Ho of
Jointly o effect if F>c
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3. Some useful facts

I Ru > Ry because avy addifiondl X woyld incregse g2
Cmprove i) > 530, < sor,

5 \ :
By ncludivg wpre X, e mode| is cerfainly better explained.

However, we would like 1o wiect Hy & 4, mclusion of  expy

vaviables  does vt improve e model  enoygn
4. Other ways to calculate the F-statistics:
ZPom R = 1= sp wORSS
T = 105

Wwe have E o= (g%, - RY) (1- k3

1= Kur

o AL

n-k -1

ZIf we wanr 4 fort the ooy
H0:§7:P2:ﬁ3:“':ﬁ
F RE/ K

(1-R%) /(n-k-1)

slgvificauce  of Hae wmpdel

k =0, Ha obewise

Hi

Example: Suppose we are interested in understanding the determinant of a baseball
player’s salary.
salary = season salary

It we wnt +p teot whether

years = years in major leagues
ur { gamesyr = games per year in the league p?"'l[W'VYIQVI(P has any 'IWIPQC]L
" bavg = career batting average on
hrunsyr = homeruns per year Sl y
rbisyr = runs batted in per year

Ho ° =
0 ﬁva\q E(’)VHVU‘YV = MW =0

e the unrestricted model (ur) is defined by Ho: OHAQI/‘WU e 1 hue



The  more explanatovy vaviables = e wioi RZ
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- model
y X

C? . regress log salary years gamesyr bavg hrunsyr rbisyr
Source 55 df MS Number of obs = 353
F( 5, 347) = 117.06
SSE Model 308.989208 5 61.7978416 Prob > F = 0.0000
Sk Residual 183.186327 347 .527914487 R-squared = 0.6278
Adj R-squared = 0.6224
§ST Total 492.175535 352 1.39822595 Root MSE = .72658
log_salary Coef. Std. Err. t P>|t] [95% Conf. Interval]
1 years .0688626 .0121145 5.68 0.000 .0450355 .0926898
2. gamesyr .0125521 .0026468 4.74 0.000 .0073464 .0177578
3 bavg .0009786 .0011035 0.89 0.376 -.0011918 .003149
4 nrunsyr .0144295 .016057 0.90 0.369 -.0171518 .0460107
S  rbisyr .0107657 .007175 1.50 0.134 -.0033462 .0248776
hANVt”fé_cons 11.19242 .2888229 38.75 0.000 10.62435 11.76048

e the restricted model (r) is defined by Wwhen consi der g each of Hre performance X

Y X one ‘b\/_ o€, none of thom has o Siguific nt
. regress log salary years gamesyr |M4qu— qf 5. 9 a

Source 55 df MS Number of obs = 353
F( 2, 350) = 259.32
Model 293.864058 2 146.932029 Prob > F = 0.0000
Residual 198.311477 350 .566604221 R-squared = 0.5971
Adj R-squared = 0.5948
Total 492.175535 352 1.39822595 Root MSE = .75273
log_salary Coef. Std. Err. t P>|t] [85% Conf. Interval]
years .071318 .012505 5.70 0.000 .0467236 .0959124
gamesyr .0201745 .0013429 15.02 0.000 .0175334 .0228156
_cons 11.2238 .108312 103.62 0.000 11.01078 11.43683

o But when performmg an Ftert perfonmanes
lhave  joint iqucf—

Now, our Hy and H, becomes

F = (SR, s&,ew)/q(
SR e Hw
Ur / (n-k 1) . )
T (18311 - 1g3.18¢) / 3 v qo5c (1-R%) /== 1
= 1

83.96) /(353 -~ 5-
fF) (18360 /(53 -5-1)

reject ot 5. Sine = 455 > 2.6, W
T

Lotls uge ST fewl
of ,rj\g
> F
¢ = cihical value
> 2.6

wect Ho af 57 fevel and
conclude -(—(/|qu“ pQVfDVWla(/\(QS
have joint effects on sulayy
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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 Ho: 5, =0 2z tqlle
= If the d.f. > 30, then when ¢ > 1.96, we can reject Hy, with S/ 5‘[\9. love)

= When ¢t > 1.96, we can say that (3, is statistically significant at 5% level.
(value of 8, # 0)

= When ¢t < 1.96 we can say that [, is not statistically significant at 5%
level.

= Ift < 1.96 we can drop z; from the model
= After we drop z;, we estimate the new regression function and obtain a new set

of B

2. We can also perform other hypothesis testings of interest.
or Hy:B3,=5 etc

or perform an F-test for testing multiple linear restrictions

3. Usually, in economics, the estimation results are reported using this form

moit @ xplawdfory
/~ \Variables

Dependent Variable: Q}g(salary)
Independent Variables (€)) \ 2) 3)
cales — log(sales) 224 158 .188
(.027) (.040) (.040)
log(mktval) e 112 .100
c =
VV]PQV])/ (.050) (.049)
perfowiane || profmarg — — 0023 0022
(.0022) (.0021)
- ceoten e e .0171
(l/\uV;?PO . h (.0055)
(erls (¢ comten — — —.0092
(.0033)
intercept 4.94 4.62 4.57
(0.20) 0.25) (0.25)
Observations 177 177 177
R-squared 281 304 353

like @ Simple vegrersion with 1 ¢
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Multiple Regression Analysis : Further
Issues

1 Data scaling on OLS statistics Diffe-ent unit of  mepsutment

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

b@t = BO + Blcz’gs + /BQfa min c,

where

bwght = child birth weight, in grams.

cigs = number of cigarettes smoked by the mother while pregnant, per day.
famin ¢ = annual family income, in thousands of dollars.

o whet 1F we use b weight in Kilogram !

1kg- = 1,000 g
. 7\ ,
/{9'9"'*\ /elgm‘\ < %o +_Aﬂ1_ cigS + B2 faminc
1000 1000 1000 1000

A ~ ~ .
= ol ft oc,cugs + oL, faminc

0 "
o - fo 5 Q'{ - B = ﬁa
1000 1000 2 1000
Cwal O we g Lo

o ysp (inrtead of 1000 US)

b weiglaty B, + B1C’9S t 9, IC‘?WHVIC
The \ﬁlue of Hhis variable 15 gormg +0 be
o 1000 Hime lwger than famine
+ Py Cg8 + Faminc,,
>3, - 4,
1000

W other wovds /e\a - mpgct ofF 1 usp T

ﬁa T " 1000 usDl n(ome



o Wt if we yse bwe@l/ﬂ’ in kg and ineme In T

bwoht, = 7o R1cigS 4 B2 \faming .
AL (1000) i e
30,000

This value is 901m
to be 30000 times
moye thah famine
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2  More on functional forms

e Logarithmic Functional Form

0 ﬁ,l=

0 BZ =

7. Multiple Regression Analysis : Further Issues

usually weans natuval fog

e Models with Quadratics

ay = i— Vo
log(y) = By + By log(x1) + Poxa + u AX = Xy— Xyz
dogcyy - L dy Loy _ 1
= y = 100 ~ + 4y -
0“0\9()(1) Jy‘ dX 1 AKX Y
X o Kq 0 100 x 1}1 X
pvice demang
dlg(y) - L dy . ¢ 4y
Y y
dXZ d
X2 A X,
008, = 100 1yay
A Xa 1008, = 7.4 n oy given thet
00p, = 7oy Xz ncRases by 1 unit
AX 5

= aptue  Incrasing / decreasing  margingl  effects (slope of the velqﬁomgmp

befuween

Y( # of cases)

Y =8 +ﬁ1x+§2><2+u
dy

- + 28 X
4t - b 2h)
o{ays

> X(dayS)

Example : Effects of Pullution on Housing Prices

x qud Y 1§ pot consfant)

pvo fit (T)

= y= g FRX +8,X° 1 u
dy .

™ ﬁ,'f' Zan

9

T=(P-mc)q ;

Fo.c =l _

=y

> uait (q)
Assume
mMC =10
pemand :

log(price) = By + B, log(nox) + By log(dist) + Barooms + B,room? + Bsstratio + u
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where
price = housing price
nox = level of pollution
dist = distance from downtown

0 the Us. o wany other
Countvies, shuolent Can apply

to fehoolt 1w Hhe awva withouf

rooms = number of rooms
stratio = average student per teacher ratio
The estimation result is given by

haiivg o st auy ot

A lower #shudant yafio,
the better {0 ¢chool

regress lprice Tnox dist rooms rooms_sq stratio

source SS df MS Number of obs = 506
F( 5, 500) = 155.62
Model 51.4933152 5 10. 298663 Prob > F = 0.0000
Residual 33.0889098 500 .06617782 R-squared = 0.6088
Adj R-squared = 0.6049
Total 84.582225 505 .167489554 ROOT MSE = .25725
l09 (pV](Q) Tprice coef. std. Err. @ P>|t] [95% conf. Interval]
log (n OX) Tnox | P —-.9767545 . 0995938 -9.81 0.000 -1.172429 —. 7810806
dist |p. —.0321972 .0094013 -3.42 0.001 -. 050668 -.0137264
rooms |p; —. 5528032 .1612965 -3.43 0.001 —. 8697056 —. 2359007
rooms_sq (g, - 0624697 .0124867 5.00 0.000 .0379368 . 0870025
stratio B —- 0486667 .0058131 -8.37 0. 000 —-. 0600879 -.0372455
_cons 13.59154 - 5650901 24.05 0. 000 12.4813 14.70178
New of Him fhem 1 ffqpyhm”y
have | 11ess Han | ginif
' 16  of NI cant

Consider the effect of "room"

ol 09 CPIC®) - g, + 2B, voomS = -0.553 + 2(0.062) syooms

drogms .
109 prices) T oW many Viowng does 1 qddihong ;
room Inqs Ve | o
\\_ oo " q psitve mpact o log (price) !
S rooms rooms - ¢.¢

round ( -
up at 5 vaywmS o molp

What wold be the % change in price when the number of room increases from 5 to 67

M@ -0. 553 + 2(0.062) rooms

d vooms
.1 dm -

100 e e 100 (-0-9593 +2(0-042)-5)
dvooms = 100X (0.067 =

6.7 7 wmoeqse



what  aboul 7. 1in prie when gvooms Incases  from
5 fo 7 17
LA In i@ - 100 (=0.593 +2(0.062) +6)

= 191 1.

Is tofl 24 In price when #woms 4 from 5
¢ 9 i 67t 101y = 25% Y/
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3 Models with Interaction Terms = use when #eo ]Wlpqcfof ont vavigble
dQpends on o value (fevsl ) of

Consider
GMOW@V UQViqblqg
X3
"
price = By + B1sqr ft + Bobdrms + Bysqrft x bdrms + B,bthrms + u
X
1 X2 X1+ X, Xg¢.

where PV‘i( 0

price = housing price AN lavyey hou st

sqr ft = house size (square feet)

bdrms = number of bedrooms

all ho

bthrms = number of bathrooms {m | 15

price g, + gy sprft i

¢ b rms 7 100 Mg

S iF >0 fhen, an addifona bediroom  wow(d tncregre

PACe more for g [orger- hod&@y
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4 More on the Goodness-of-Fit and Selection of Regressors

e Adding more regressors ALWAYS improve fit - @2 qlwqy y T

° Buf we lofe the "“degee of freedom
(d.f= free dohy it used fo estimae Hae poiva meter)
1 dafa point iy sqarificed QUevy tmg  we estimal O pargmetey

o ; 2 :
using g would not punzrh u Mqvimg oo many g ressavs !

we use adjusfed_g*  or £°  when we wanf fo
PWUSW O(O(d}Vlg foo WlQVly Vggyemfg
RS = 1 =SSR < 1 - 58/

S§T SST/R
. 2
adj RT < 1- SSR/(n-K -1) [T we haw woie k70(.]£. = h-k=1 ¥,
SST/(n-1)

SSR/(h=k- T, odj— R \

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

Consider Model 1~ NoINg OH‘h@Q W\Od@" ane SubjngIL GMOJL"’IEV‘

salary  830.63 +0.0163sales +19.63ro¢
T (223.90)  (0.0089)  (11.08)
n = 209, R*=0.029, R*=0.020

Consider Model 2 (much ﬂAPQI/iW‘ {)‘QVWQA"MWV\CQ

—

log(salary)  4.36 +0.2751log(sales) +0.0179roe
~(0.29) (0.033) (0.004)
n o= 209, R*—0282, R>=0275 - 2957/ of vadiation in Y
i explained.

So, this model is
bettelr V
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Multiple Regression Analysis with
Qualitative Information:

1  Outline

e 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

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

e We arbitarily assign a dummy variable to decribe them.

1

if female

famale . .
0 otherwise (or if male)
od 1 if married
marrie . . .
0 otherwise (of if single)
A Partial Listing of the Data in WAGE1.RAW
person wage educ exper female married

1 3.10 11 2 1 0
2 3.24 12 22 1 1
3 3.00 11 2 0 0
4 6.00 8 44 0 1
5 5.30 12 7 0 1
525 11.56 16 5 0 1
526 3.50 14 5 1 0

+

This is page
Printer: Ope
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3  Models with a single dummy independent variable

Consider

ASS‘::_W\@ ;Z\]f— fhis wage = By + g female + Bieduc + u. —@
a

where

Ffamale — 1 if female
elta 1o otherwise (or if male)

In this case, the dg 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. Pop, pavg

(congTant)
1 ECwage [ female, educ)

«a

E(Byt 5, female + p,eduC +u | female, educ)
By t By Female + B edUC + E(u|female, educ)

(

By t 8o fFemale + pyeduc

1

2. Thus ) /add}h’omal mﬁ(?gg
9+ E(wagelfewdle =1, educ) = Byt §(1) +3p, educ - by Hd glt B, 20lUC

o7 - Elwige|femgle=o educ) =+ GO+, WUC= g 4 g odyc

Sp = Elwye | fomgle =1, edic) — € wagelfomgle = o, educ)
or o = E(wige [female, educ) - E (wage| male, educ)

¥ guen the same yalue of edyc (Same educahon level ) &y 15 the di Her-ance
i the oxpected woge of females aud wmgles

V=wqge
N Male = g + p, educ
/4 B+ So
Slope
Po
> x=educ

By e way  we wodel this vegression function ! fumgle " is going to
Ve o constfant impact on wage, wegair ey of Hhe level of educ.



8. Multiple Regression Analysis with Qualitative Information:

83

4 It is not possible to include all of the dummy alternatives in the same
model (g5 foing a5 there is an intercept e the model)

or

winfey = {?

the "perfect collinearity" problem.

e If we include all alternatives of a dummy variable in the same model, we will face

wage = ﬂo Xo + dy FG(VFQ)’Q t B, G(dXUC ID |fmale [male | X
1 (X
For example: iV\i‘CV‘(Bpf’x 7 2) 3) 1 1 0 1
Z ( 0 1
Ko = X9 tX 3|0 1 1
1 = female+ male ¢ 0 1 |
female = male+1 .
1 theve ot “n” catugories, we ounit v catagovies 1o %
avold mulficolingavity
1 = winter + spring + summer + fall
winter = 1 — spring — summer — fall
i winter 10 | wnty | pivg | suwmer | fal X0
o othevwise 1 1 0 0 1
( ‘ 2 0 0 0 1
1 {F .Sﬂ/7V19 3 0 1 0 1
) 4 0 0 1 1
0 othevwise -

siving = {
eft.

Fewale workersy
0 expected fo
have [ef wqge
ompared fo
Mmale wovievr

I Hiis case, male

the "BASE GROUP" or "BASELINE" or "BENCHMARK GROUP".

e At least one alternative has to be dropped. We treat the dropped alternative as

infercept + &

07
¢

f iF female 1 i€ male y
& d mg/ 0 if female
. regress lwage female malé—married educ exper .
Intevc ept
note: male omitted because of collinearity
Source 55 df MS Number of obs = 526
F( 4, 521) = 75.27
Model 54.3265253 4 13.5816313 Prob > F = 0.0000
Residual 94.0032262 521 .180428457 R-squared = 0.3663
Adj R-squared = 0.3614
Total 148.329751 525 .28253286 Root MSE = .42477
\ lwage Coef S5td. Err. t B>t [95% Conf. Interval]
\ﬁé female (:)3251146 .0377061 -8.62 0.000 -.3991892 -.25104
male 0 (omitted)
married .1380145 .0411197 3.36 0.001 .0572338 .2187953
educ .0872644 .0071554 12.20 0.000 .0732075 .1013213
exper .0076213 .0015314 4.98 0.000 .0046129 .0106297
.4690918 .1040575 4.51 0.000 .264668 .6735156

_cons

7> X




84 8. Multiple Regression Analysis with Qualitative Information:
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 variables— female and married.

1 jf femdle {1 it manied
{ g if othpwis / 0 If othevrwise
log(wage) = g+ 6ofemale + 6ymarried + B educ + By exp er + (5 exp er?
+B,tenure + Bstenure? + u.

regress lwage female married educ exper expersqg tenure tenursqg

Source 55 df MS Number of obs = 526
F( 7, 518) = 58.76

Model 65.6482326 7 9.37831895 Prob > F = 0.0000
Residual 82.6815188 518 .159616832 R-squared = 0.4426
Adj R-squared = 0.4351

Total 148.329751 525 .28253286 Root MSE = .39952
lwage Coef. Std. Err. t P>|t] [895% Conf. Interval]
female (:)2901838 .0361121 -8.04 0.000 -.3611279 -.2192396
married .0529219 .0407561 1.30 0.195 -.0271456 .1329894
educ .0791547 .0068003 11.64 0.000 .0657952 .0925143
exper .0269535 .0053258 5.06 0.000 .0164907 .0374163
expersq -.0005399 .0001122 -4.81 0.000 -.0007603 -.0003196
<B tenure .0312962 .0068482 4.57 0.000 .0178426 .0447499
tenursq -.0005744 .0002347 -2.45 0.015 -.0010355 -.0001134
_cons .4177837 .0988662 4.23 0.000 .2235557 .6120116

L& meqbes the impact of baing wanried. (waniage prewium)
But since 61 <108 o1 P>005 We do not veject Ho of no jwpact

Comments:

1 & wmeuures the  expeckd difference betwean female andl wiale wovkevs

gven the  same oty sratus gqud other facfors

dlog (wage)  _ u%age dwige —
3 femgle > Pomal
700 ° 1~ (ﬂUJQ e = 100 ¢« —
e 9 0 0.29
3 fomalg
- awage 2005 7.
3 femaole

o Female wovkers awe expecked o own 155 fhan wale workery by
20.027., holding other factng Hae squme
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) iVlg Singfem | singwale 8. Multiple Regression Analysis with Qualitative Information: 85

Consider a model which includes dummy variables for each gender/marital status
combination— marrmale, marr fem and singfem. (g S'JUIQWIQIQ o used g5 the bQJQ(Qfe)

log(wage) = B, + domarrmale + dymarr fem + d3sing fem + [yeduc + Byexper
+Bsexper? + B tenure + Bstenure® + u. (8.1)

regress lwage marrmale marrfem singfem educ exper expersq tenure tenursg

Source 55 df MS Number of obs = 526

F( 8, 517) = 55.25

Model 68.3617623 8 8.54522029 Prob > F = 0.0000

Residual 79.9679891 517 .154676961 R-squared = 0.4609

Adj R-squared = 0.4525

Total 148.329751 525 .28253286 Root MSE = .39329

lwage Coef. 5td. Err. t P>|t| [95% Conf. Interval]

marrmale .2126757 .0553572 3.84 0.000 .103923 .3214284

marrfem -.1982676 .0578355 -3.43 0.001 -.311889 -.0846462

singfem -.1103502 .0557421 -1.98 0.048 -.219859 -.0008414

educ .0789103 .0066945 11.79 0.000 .0657585 .092062

exper .0268006 .0052428 5.11 0.000 .0165007 .0371005

{é expersq -.0005352 .0001104 -4.85 0.000 -.0007522 -.0003183

tenure .0290875 .006762 4.30 0.000 .0158031 .0423719

tenursq -.0005331 .0002312 -2.31 0.022 -.0009874 -.0000789

_cons .3213781 .100009 3.21 0.001 .1249041 .5178521
Comments:

s wesion S vot the sqme a5 the previous e, Tt uges Vsingmalg !
A 1he base grvup. (e previous we wngle aud fivgle a5 2 bwse group)

0 S0 MeGUs Hae opedted diffortnf n wage of mayried wale g compaved
with sigle wales, balding other factns constqni-

° §1 MEQIUS  Hyo expecttd different in wage of maried fowgle q com paved

withh g‘z(@le males, Moldﬂ/\g other facta consfqni-
0§, 2 sume vafong|

intevrept
tuge .
\ Smgle male —
5’/1/1\919‘ female 5 py+ &, = 0.321 -0.71
- mavcjed fomale 5 p,+ &, = 0.321 - 0.19g
0.21
0.123

0 > educ



86 8. Multiple Regression Analysis with Qualitative Information:

Case 2 We can use dummy variables to represent multiple categories of a variable
Consider the relationship between law school rankings and starting salaries

log(salary) = B+ dotopl0 + 61711 25 + 63726 40 + 04741 60 + 5, LSAT
+58,GPA + (B5log(libvol) + (3, log(cost) + u.

where topl0, 711 25, r26 40, r41 60 would be equal to 1 when the variable rank falls
into the appropriate range.
** Rank below 60 would be the base case.

In many cases e ‘vange of value "Ssorve a5 a better exlanaluvy vaiable than fhe iyglue”

IJ’-\S\QIF eg . regress lsalary topl0 rll 25 r26 40 r4l 60 LSAT GPA 1llibvol lcost
QQQ l/na\/ prlq][/p Source SS df MS Number of obs = 136
F( 8, 127) = 120.15
tho VVlCdQI MQW Model 9.16538532 8 1.14567316 Prob > F = 0.0000
; S Residual 1.2109665 127 .009535169 R-squared = 0.8833
“C “S—P]H— ”ATU Adj R-squared = 0.8759
QQ[AQ[/QHMAS, Total 10.3763518 135 .076861865 Root MSE = .09765
young 0= 15
lsalary Coef. Std. Err. t P>|t| [95% Conf. Interval]
gehz 16-29
topl0 v .5393428 .053542 10.07 0.000 .4333927 .6452928
QJWI rll 25 v .4716199 .0390921 12.06 0.000 .3942637 .548976
r26_40 \/ .2790977 .0346972 8.04 0.000 .2104383 .3477571
H/\Q bQJQ[iVIQ -lS. Jr‘}l_so \/ .182382 .0283098 6.44 0.000 .126362 .238402
. LSAT .0060482 .0034919 1.73 0.086 -.0008616 .012958
qukMg 61ﬂn GPR .1305893 .0818678 1.60 0.113 -.0314122 .2925908
CWld Wovse 1libvol .0725522 .0289213 2.51 0.013 .0153221 .1297824
lcost .0249169 .0283224 0.88 0.381 -.031128 .0809619
_cons 8.363103 .4457314 18.76 0.000 7.481081 9.245125
omments: . .
C 1 &g Measures the differtnce i expected
rank | topto | rmoas | r26_s0 100 Uq{a‘/}/) of a (qw- Sthgol grady, qfe
! o . from o fo v
2 1 0 0 o 10p 10 WNVWJJJ‘\/ compared 9

3 1 0 0

] expecied  (ogCmlavy) gf fmope who

b ? gvodugled  from Hae sclrogl vanked 6
12 '

' P and  worre

25 | '
2 | 2 91 > use the sime  wikiong
' (Top 11-29)

4-.0 i 1




