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9.1

9. Dummy Variable Regression Models

In the previous chapter, the dependent and independent variables in our multiple regression models
have had itati i For the salary of CEOLannual firm sales.return on equity
in percent, and return on firm's stock, In each case the magnitude of the variable conveys useful

information.

However, in the empirical work, we must also incorporate qualitative Tactors into regression
models. The gender or race of an individual, the industry of a firm { manufacturing, retail. and so on),
and the region in Thailand where a city is located ( north, south, west, and so on) are all considered as

Describing Qualitative Information

MNormally, qualitative factors often come in the form of binary information:

Example:
[1] A person is female or male or female,
[2] A firm offers a certain kind of employee pension plan or it does not
[3] A farm is located nearby the dam or not,

All of these examples, the relevant information can be captured by defining a binary variable

or a zero-one variable.

s, binary variables are most commonly called dummy variables, although this

In econ
name is not especially descriptive,

CH9 Page 1

SALARY YEAR?’ GEVPER
\ e P Eoummf\/ -
PR U Y X, Xy PuUM,  PumM,

A
3 ! \ ° (
« Lo
.< \ f ? I
o | | 9
i \ L \
' | \ { ) 9
Co ! [
) ¢ ¢ o ¢
\ .

—_—

pm, =0 if simgle
/WMy 2t f mavried

MARTTTAL

STATLE



152 Chapter 9. Dummy Variable Regression Models

In defining a dummy variable, we must decide which event is assigned the value one and which is
assigned the value zero,

Question: Why do we use the the values zero and one to describe qualitative information?
Answer: These values are arbitrary: any two different values would do. The real benefit of

p 2 qual ion using variable is that it leads to regression models where the
parameters have very natural interpretations,
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2.1 Describing Qualitative Infarmation 153

9.1.1 A Single Dummy Independent Variable

Suppose we would like to estimate the following simple model of hourly wage determination:
wage; = fo -+ Gfemale + B edu + w; (n=526 ’W‘P’"Y“’f )
FeMALE = | If the pewsom is femule
FEMhke = o '«F e pogm ks vale
FOR FEMRE T woag; = fo+ INORY 7 e 14
R M : Wage, = ot © + P,edﬂ. fu
$ o measure s / e F(eof s S wate DIFFRREMTIA, ' BET. MAES AuD

I the sume Wo(F eclucation ':EWS/
¥ § <o ; it wmeans thaT om avevage | female earn §7%2)
frn W“"“S/ 9ivem e same LeheL ;’ 2d U tim.
E( wage | female = edi) = p, + § 41 +P/9d‘(
= (po+dp) 4 predu —Q
E(mazl female =0 edu) = fo * §,00 + P,.ed(

( =mak
" S e —@

0) -@, E (wage | {emk::}aﬂ(u) - E(W{fcm«/e:.o} eoly )
P (Prale)
= '§°‘.

\ /\ (Lre/v\olev Eﬁlu,‘f‘ o | wuge o{i#emffa[!

~ -
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154 Chapter 9. Dummy Variable Regression Models
Figure 9.1: Graph of Wage
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le % intercepT
-F(uv;\'ﬁcsm Clnee

Now, we added more variables into the wage model. Taking males as the base group, a model that FEMALLE

controls for experience and tenure in addition 1o education is

fernales | 77 female

If edu, expert, and tenure are all relevant produehivity characTeTsTes: | hypothesis of no
‘f(ﬂ\ﬁ la 0 '} %’\I’S{qﬂcc between men and women (No wage discrimination) is: r,) > o

wage; = fip+ dyfemale + fiedu + Faexper + Batenure + 1

Ho: &, =0 (vo wa3e descriving fion
‘;0; mq,e H]‘ Jo <O (M("/l O{I'S(‘V(WV'VH{!\:/V\')

\
is the
In table 9.1, it represents the partial listing of the sample data of wage model. We see that Person 1 is
bﬁSQ gV"VP female, Person 2 is female , Person 3 is male, and so on.

Table 9.1: A Partial Listing of the Wage Data.

Fiie o Wi Date Toaks
bl | =ficxl w 24 e oea 'y
wwagell] »
[ ey ——u—e —ar Tenure | remaie
" —rw | aa = - .
& * o * * a .
E » » . > o -
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156 Chapter 9. Dummy Variable Regression Models
Table 9.2: The 1 function to esti the wage model in STATA program
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9.1 Describing Qualitative Information 157

Table 9.3: wage; = fiu + difemale + §jedu + frexper + fitenure + w;

- reg wage female edoc exper tenure

Zouzce i3 df 2 Husber of cba = 526
Bl o4 21) = 4.0

Model 2603.10658 4 650776644 Frob > F = 0.0000
Residual 4557.30771 521 . T4T231Y R-squared = D0.3635
Adj R-sguared = 0.3587

Tocal T160.41429 525 13.6388844 Root MSE - 2.9576
wage Coef. Eed. Ere. R ] [55% Ceaf. Interval]

female | -1.010852 .2648252 -6.84 0.000 -2.3M109 -1.290596

educ LA715048 0433373 11.58 0.000 AT45802 6684293
exper 0253539 0115654 2.20 0.028 0026674 0481243
cesure «1410031 0211617 6.66 0.000 0954323 182578
_cons | -1.567939 9248811 -2.16 0.0 -2.951339 =. 144538

Example: the Hourly Wage Equation:

wage = female +0.5715 edu+0.025 exper+0.141 tenure

(0.2648) (0.0493) (0.0116) (0.0212)

\D.7246)
(9.1)

R =0.3635 n=3526
Interpret the model:
s The infercept fov mum is megalive, This | negalive
wtereept s woT so informative since |no emphy ee
m The sample hes 2evo value of wage ,For allof
edu , exper, Fewure ,

The Codfciont for female = -1, %103 .

H owe ke o woman omd & maw with the same levedsy
%L education | experience | omel Yenure , the woman eams
on averase ;1% §/hr less thow the Man,l
The wage diffoemtia| Comes from eoaq gemdey oy F;,u‘uy;
og, (o1 § associatecl v/

gﬂﬂdﬂ’ Hat we
have wet cmtro Jled.
for The agressioy
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Table 9.4swage; = fiy + &female + u;

reg wage fesale

Source 55 dt M5 Bumber of cba = 526
] 524) = 8.8

Hogel B28.220467 1 828.220467 Frob > F = [,0000
1 6332.15382 54 12.0843354 E-squared = 01157

Adj R-aquared = 0.1140

Total TI60.42425 325 13.6388844 Root MSE = 3.4763
wage Coef. Std. Err. t Bt [95% Canf. Interval]

female <-?.511!3:.1ﬂ31ﬂ!? -8.28 0.000 -3.107878 -1.515782

_cons 7.09%48% 2100082 33.81 0.000 6.686928 7.51205

A A
t

A\ fe )
e 5
g - 3210 ~2.5] FEMALIE
E(wuge | femal=0) = 3 6 § /by
nnmmnmnﬁo(nm.?f, fomsle =1) = 110 <2500 = | 4.59 ff/hy
The estimgtect D{lfflrww 5 < 9. ¢/

Motlo Hhet  +he wmodel W/ odu oxoer tevure alves
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—Wvly?

It is informative to compare the coefficient on female in the above equation to the estimate we
get when all other explanatory variables are dropped from the equation:

wage = 7.0095 - 2.5118 female
se = (0.2100)  (0.3034)

9.2)
RY=0.1157 n=526

Ho: ‘(o"o
H| ‘ ! <0 [,,(—,o.or)

-€= ~2.50 = -9%.28
0.%
+—Z==
-9.28 .
o.os’)qzé-;_
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Interpreting Coefficients on Dummy Explanatory Variables When the Depen-
dent Variable is log(y)

I this section, we will study a model that has the dependent variable appearing in logarithmic form,
with one or more dummy variables approving as independent variables.
Question: How do we interpret the dummy variable coefficients in this case?

Answer: Not surprisingly, the coefficients have ap e interp

Let us reestimate the wage equation , using log (wage) as the dependent variable and adding
quadratics in expert and tenure;

log(wage;) = P+ & female + Byedu + Prexper + Prexper® + Bstenure + Bstenure® + u;

The Stata result is shown in table 9.5,

Table 9.5:

rog lwage female educ exper expersq tenure tenursq

Sgurce 53 af Mz lusber of cbs = 526
FL & 519 = 68.18

Model €5.379100% 6 10.8963168 Frob > F = 0.0000
Ressdusl | 82.5506303 519 139827843 R-squared = D.4d08
Ad) R-squared = 0.4343

Toral | 148.329751 523 28253206 Root MSE = 39978
Tuage Coef, Sud. Err. t  Pie [35% Conf, Interval]
tesate | Co 20610 .0358088  -8.20 0.000  -.3668524  -.2261696
.0801967 0067573 11.87  0.000 0665217 .0SI4TIE

0294324 0049752 5.52 0.000 0198383 .0392063

-.0005827  .0001073  -5.43  0.000  -.0007333 -.0003T19

031TIIF  .D0EB4S2 4.63  0.000 (0182663 0451616

-.0003852  .000Z3T  -2.4% 0.013  -.0010463  -.0001241

416651 0989279 4.21 0.000 2223425 L6110354
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Example: Log Hourly Wage I{quation:S Re m” "1’”’5
o
logiwage) = 0.4167—0,2965 female +0.0802 edu+0.0294 exper —0.0006 exper’ ﬁh)’ = /% "’ﬁ X
(0.0989)  (0.0358) (0.0068) (0.0050) (0.0001)
+0.0317 renure — 0006 tenure” 0{ I" Y - f/
(0.0068) (0.0002) Ax
(9.3) |
R = 04408 n=3526 v % i /;’
Interpret the model: ﬂy’w | ﬁ/ )(/()0
The coefficient on female . — (0 2968 _l =
For e same Lol o (f Jw«hw\ x%penow-a AX
A
o tenure fzmqle earng oo (a,z} 1y /e Aj - /%, «floo
= 2937 less than  yale, o x
Howwcr) this  methed s Qn hP{)rOYl mation .

We con hare 4 F"CM'SC calew |latiown l’)ld (om‘wﬁ'wo{
the ecoct pevcentrge diffrwe larevh’dcd, wages

\NQMQT, hololin othey {ucﬁ»r}' (om ,'fb\n‘f’/

\J

[03(\"0.4an - 09 (wage ) —0.296¢

[09 ( M%F> = —0.R%uC
WAR M /

ExP ( —o.z465) — [ = WkéEP — WhéE,,

\/\,\/ o,

N~ —0.25F kv

/' A}
More accarate  estimate o s T female S wage Is

A Comfc.mble male 5 wagg,

on avevage 25077 below

feovale male
-?- Vg o/i
\/\/\/

Sume edue, 2xpey, tevure

162 Chapter 9. Dummy Variable R ion Model:

9.3 Using Dummy Variables for Multiple Categories

We can use several dummy independent variables in the same equation. For example, we could add the
dummy variable married to the wage model.

The previous model:
log(wage;) = o+ & female + Predu+ Paexper+ Prexper’ + Patenure + Pstentere” + 1,
Now, Let us estimate a model that allows for wage differences among four groups:

[1.) Married Men

12] Married Women

CH9 Page 9



12] Married Women

9.3 Using Dummy Variables for Multiple Categories

3] Single Men

4] Single Women
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164 Chapter 9. Dummy Variable Regression Models
To do this, we must select a base group: ED
o [
. | swece MARecED
’ N [/

ts vse Slhé/& men " as  our base 9P Ol mev M
— — (0,0 (2,1

Pemhs. o arED

W

I LE won WerFA

(Ild) (") ’)

Now, we need 1o define dummy variables {or each of the remaining groups.

Feue o MR UE Vorz (GMﬂz)mmmL )
(0o,) —+ Mavrieal Mo —  MARRMALE ghATS
(1,0) —» Simle Women = Swvérem
a,n = Mavvie . Women — MARR FEM

Therefore, our model is: MARR MALE. MARR FEM SIEFEN ST GMALE
o o 0 - STVOLE m A |
log(wage;) = By + &umarrmale + 8 ymarr fem + +ysing fem+ ! ° o g WIE o
o ° ! —n SWGLE  Femyppz fo)
Bredu + Prexper + Prexper® + Bytenure + ﬁ_r.rrmm“: + it 0] | () _ =
—  MARLIZO FeMus

Defive w = # of cotugorier

We of course drop the dummy variable (female). (Why?) C here mws= ¢)

e wewivmum number o dumw; varviab &y
we @n fuf' infe e wiedet = M — D variable g

Heve | it we L \\Qi\nyeL wem ' v the
Mey-vy:fmq wmoolal . we. will ,chg w/
® Pey(zeo‘(' ro“lweqvi"{’z omed than the wmooled
oot e solvecl .

<+ WARMIVG- ¥

C 7 DUMMY  VARIABLE AP

9.3 Using Dummy Variables for Multiple Categories 165
Table 9.5:
rog luage marrmale sarrfes singfes edoc aNpar arpersg Lenure Lenursg
Source as ar M Nunber of cby = 526
ey — — — - e e, 57 - 55.23
Hodel €8, 3617623 8 8.54522029 Pred > F = 0.0000
Residusl TH.HETHESL n7 154676361 = 0.4609
4= 0.4325
148329731 523 L 20253286 Roct M3E - 35329
Coaf. Sed. EzE. T izl Interval]
-2126757 ~0533572 3 0.000~" 1023523 S3314284
-. 1982676 -08TEASS =3.43 0.001 -.31188%9 = . 0846462
=.1103303 0857421 =1.98 0.048~ -. 219859 - . 0008414
.o785103 .DOEES4S 1.7% 0.000 . 0657588 052062
-O268006 ~0033438 2.31 0.000~ ~0163007 ~0371003
=. 0005352 .0001104 -4.85 I'I.DCI]/ -. 00073522 =. 0003183
.0290873 006762 4.30 0.0007 0138031 0433719
=.D00S331 .0002312 2.0 n.e::/ =-.0009874 = . 0000789
LANe -10000% 3. 0. 00y ~124%041 5178521
logiwage) = 0.32144+0.2127 marrmale —0.1983 marrfem —0.1104 sing fem
(01000} (0.0554) (0.0578) (0.0557)
L0789 edu+0.0268 exper — 0.0005 exper’ +0.0291 tenure — 0.0005 renure’
— iy —_ e _—
0 NNATL 0 NARY (00T 0 NAR L 0 o
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log(wage) = 032144 0.2127 marrmale — 0.1983 marrfem < 0.1104 sing fem

(0.1000)  (0.0554) (0.0578) (0.0557)
L0789 edu+0.0268 exper — 0.0005 exper” +0.0291 tenure — 0.0005 renure’
(0.0067)  (0.0268) (0.0001) (0.0068) + (0.0002)

(9.4)

~ ”
R = 04609 n— 526 RECAC TAT SWite MEv” FS OUR BASE Geoup

(o, 1,0) : Co,o0
—ouasy mavv few” - 7! Vs, sivgle male €0, 9)

On aveyage | wnavried fermle workers eavn 100 (0.198%)=( 9,33
SLower!  compared  f,  cingle Wl workey ¢ (our loase grocp) >
given the same qualifiction § (ie, came ol | came exper | samg tenore,
simsle wmmle
Winyried ‘aLMM'e

(1, o, 0)
C 4 0.2127marrmde — 1 7
Wy ke same gualificmfims yeaove. Wrried male ave expectel 1o

AVt 9(.3y, HIGHER  TMw Sinele wom (= luse groep)

(0,0,1)
_o,ng.sfvaﬁ\z(»M -

wy fe same q,uﬁlift'faﬁws’ sivgle feowvale 2am (1047,
LOWER TMA/  sin )& wm 9roup-,
@ How ohout  wage oiftwal hefuesn = swece  ap " wreren 1 )

Ferms FemE ~
$ + workeL T -0.198% O sweu mev
$ ¢ swdwe -0.lo# Q ™eu wumev
pURRGEN  WOMFA,
166 Chapter 9. Dummy Variable Regression Models
Interpret the model: A w = 0.;‘!’} - O.lloq = .08 39
4 + wapried 4+ swee

Qivgfe  wommr  gamn  abget  0.0379 3100 = 337 [lor
feanm Mewriel wWomm , O average ,

CH9 Page 12



9.3 Using Dummy Variables for Multiple Categories

167

CH9 Page 13



9.3.1

168

Chapter 9. Dummy Variable Regression Models

Interactions Involving Dummy Variables
8.5.1 The Interactions Among Dummy Variables:

We can recast the model by adding an interaction term between female and married 1o the model

where female and married appear separately. This allows the marriage premium to depend on gender.
The estimated model with the female-married intgraction term is :

log(wage) 0.321 — 0.110 female +0.213 married
(0.000)  (0.056) (0.055)
+0.301 female - married + ...,
(0.072)
(9.5)
Tet7  considev Mamrieat Women—.
Tntereept = 0321 = g.dio (1) + 0251y + 0301 (141)

= {03129
o Tntereept for  civgle wem = 0.32)
, Tatoragt for Singk womm > 05U - 0.110(1) + o023 (o
+ 0391 CI
= 0% - o.llo
= 0.2

+ Pteespt for wawiel wan = 0,321 + 0213 (1)
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9.3 Using Dummy Variables for Multiple Categories 169

8.5.2 The interaction between Dummy Variable/s and Explanatory Variable/s: the Allowing
for the Different Slopes

There are also occasions for interacting dummy variables with explanatory variables that are not
dummy variables o allow for a difference in slope.

To see the interaction between female and edu, we can rewrite the model as follow:

wage; "(ﬁ. + a;ﬂ:mah:) l{ﬁﬂ!dll + é‘;ﬁ'mrrh'-fda\:- I

2280 Group we plug female =()

Thmrmc:rmu "(P° + go) {( P+ {,) ede ¢u
| Retum o Eol
. Jo captares the dtoence i iydcycepT”
betweeann Mo ovacd Women
. O(l captorss e Afrue “s'oPe "
hetneen Mo omedt Wenn, |

Mern
AN Group we plug female =0

Therefore: wage = o + p,eoLu. + (

ucertivy
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170 Chapter 9. Dummy Variable Regression Models
Figure 9.2: Graph of the Wage Model with an Interaction b female and ed

Graphs of equation (7.16): (a) 8, < 0,6 <0; (b8, <0,8 > 0.

wage wage
men women

7\
i men

)

\

|

|

women B

|
(a) educ (572 educ
S ——

* own avrmu) ﬁrv am}

level o((', .lo‘wq'h'w\/ oy Ty

Women. 2ovn  less than
Mem
0 ’n/\l.l'\l'ghlv the_ 2du caion
M/ the lavger the
wWag 2 5enr )>e‘fmw
Womsn ondf. Mo
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Example

Table 9.5:

gon femed = femaleoteduc

rog lvage femals sduc femed exper expersq tesure tenursq

zoe s ar M

634091534 7 s.34402192
82.521398 518 160080303

148325751 223 20233306

Cosf.  S:d. Err ® Pzl 1958 Conf. Interval]

= 2767886 | 1673304 -1.3%  ©0.178 -.555320% 1823517
.oszaesz | .ocesess s.72  0.000 .ceaTzee .oss008n
.00558 o130618 0.43  0.670 NPT 0200962
[0233366  .OCAIRAD 5.83  ©0.000 018543 0391283
-.0D058C4  .ODOL07S -5.40  ©.000 -.000THLE - .D003631
NI (12T 4.63  0.000 NETTIE 433814
-.0003%  .0D023AF -2.51  0.013 -.981053 -.000120
anesce 1106871 3.zs .00 1356208 6219732

S'I

-

logiwage) = 0.3889 @@ +0.082@IDC 0.005 JM’

(0.1187) (0.1675) (0.0085) (0.0131)
+0.0293 exper —0.0006 exper’ +0.0319 renure —0.00059 renure’
(0.0050) (0.0001) (0.0069) + (0.0002)

(9.6)

R = 04410 n=526

For

l"ﬁ(

mue Geovr ( FEwmee = o)
wage) = 0.9839 + ooszedy + . _ __

pr FRvme  Saap C FEMKE =1)

(G5wage> = (0.3999 —0.2261) + (0.082 ~0.0gs6)edu +. ..

Po S, 2 §

—o Eslimeted ROE for Mem = 0.092 x (0o = 8.2

—n Eslimaled ROE eﬂl WOM—_

172

7

Zbinnagg

(0.0%2 -0.005T ) x (00

0.0FH G »(vo0 =

—~ P-T -Y

Chapter 9. Dummy Variable R ion Model:

He: §,=0
w: d #o
Ertuer T-test ov F-test cqn ke 2mployey

A
t= - 00056 = —0.42
0.01%1

A
20,07 Sinee 1 &l

2.6/

Is mto

ﬁ\ acu,{ff’omcc ALgion y

S e fon we §

- =9
czmm-/.h’ ttzcm‘f) Ho' $=o
|

Tl,m/w;} thae &5 vo difforevee. v ROE

M omed  Women ( otrrerevt e
Bet
g SAME  swpe ]

fo

u{' to ALJ‘QQL

betwagi
RCEPT

n.(
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