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9.1

9. Dummy Variable Regression Models

= Regression wode| with qualiTative variablecs)

In the previous chapter, the dependent and independent variables in our multiple regression models
have had quantitative meaning. For example, the salary of CEO,annual 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 factors 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

the qualitative factors,

Describing Qualitative Information

Normally, qualitative factors often come in the form of binary information:
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Femee =V 4 T
o If pem

R proidn/

| "F penstas is

All of these examples, the relevant information can be captured by defining a binary variable rhﬂ'ﬁub
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[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. DAM < o

or a zero-one variable.
—

In econometrics, binary variables are most commonly called dummy variables, although this

name is not especially descriptive.
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162 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
capturing qualitative information using zero-one variable is that it leads to regression models where the
parameters have very natural interpretations.

\
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9.1 Describing Qualitative Information 153

9.1.1 A Single Dummy Independent Variable

Suppose we would like to estimate the following simple model of hourly wage determination:
wage; = Py + &female + Bredu + u;
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@.1 Describing Qualitative Information 155

Now, we added more variables into the wage model. Taking males as the base group, a model that
controls for experience and tenure in addition to education is

wage; = Py + &female + Biredu + Brexper + Sstenure + u;

If edu, expert, and tenure are all relevant productivity characteristics, the null hypothesis of no
difference between men and women (No wage discrimination) is:

Hot &

o

H, . §°<o C wage olistrimingtiom )

r Y 1
>/o (no wage dllscrl'miw.nm)

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

Table 9.1: A Partial Listing of the Wage Data.

File Edit Views Data Tools
EF bl | o | =] e A oS e T
wage[1] [5 0999999

k= wage educ exper Tenure female

= 2 [ =] 13 = o 2

§ = .2 iz 2= - RN

=

E = = i =2 o L=
- - - aa 28 o
s S.3 az rd 2 o
- a.s E N - - (=2
Ed i a8 as Fd o
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1o is ar 22 23 o
N . B A6 - - kY
az 8.1 a= = 3 o a
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1. 5.5 az a8 3 o
is 22 iz 31 is o
16 ar 16 14 L= L=]
ar T.5 =z 10 o a
a8 - ia= 16 10 a
a9 2.6 aa as o a
20 -.5 az 36 L3 a
=1 -. > iz 22 = a
22 a.s az 9 ias L=
23 &. = 16 - - kS
= -5 3 az 3 E S E S
25 - i 2> = a
43 2. 6 a6 3 3 o
27 TF.B8 a6 ia 10 o
28 as 16 =2 o o
29 as as 30 o o
30 3.3 -3 - ES S
=31 A% 1. -3 3 = L=]
a2 .. 5 i = 5 a
23 .7 ias 16 16 x
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156 Chapter 9. Dummy Variable Regression Models

Table 9.2: The command function to estimate the wage model in STATA program

File Edit Data Graphics Statistics User Window Help

A T W AT N - A S | )
P e R e N e A -
F / l /
2 gl ! f__r I VA 12.0 Copyright 1985-2011 StataCorp LP
Statistios/Data Analysis StataCorp
49508 Lakeway Drive
MP - Parallel Edition College Station, Texas 77845 USA
B00-STATA-PC
979-696-4600 @szata.com

979-£696-4601 (fax)

10-student 2-core Stata lab perpetual license:
Serial number: 850120840751
Licensed to: Faculty of Economics
Thammasat Universicy

Hotes:
1. (/v# option or -set maxvar-) S000 maximum wariables

2. Hew update available; type -update all-

. use C:\Users\wasin\AppData\lLocal)\Temp\Templ data.=ip\WAGEL.DTA

| Cammand
reg wage lfemale aeduc
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@.1 Describing Qualitative Information 157

Table 9.3: wage; = B +'?.?a'7l'emale + Biedu + frexper + Sstenure + u;

. reg wage female educ exper tenure

Cao

Source 55 df Ms Number of obs =
al
F( 4 521) = 74.40
€55 - )
Model | 2603.10658 4 650,776644 Prob > F = 0.0000
(RGQ, Residual | 51557.30771 521 8. E2317 R-squared = 0.3635
— Adj R-squared = 0.3587
TYS 1o | 7160.41429 525 13.6388844 A Root MSE = 2,9576
st = ol
wage Coef. Std. Err. @ B>t s E'[95% Conf. Interval]
female *IMEB}{- .2648252  -6.84 0.000  -2.331109 -1.290596
educ .5715048  ,0493373  11.58 0,000 .4745802  .6684293
exper .0253959  .0115694 2,20 0.029 .0026674  .0481243
tenure .1410051  .0211617 6.66 0.000 .0994323  .1825778
_cons | -1.567939 .7245511  -2.16 0.031  -2.991339  -,144538
-k 1
ol variable
Example: the Hourly Wage Equation: -}heta are (onirolt S
wage = —1.5679 18100 female +0.5715 adki+0.025 éxper+0.141 tenure
e (0.7246)  (0.2648 (0.0493) (0.0116) (0.0212)
I (9.1)

R?=0.3635 n=526

Interpret the model:
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}shows the owerage differmee i hovrly wege

betweem wnale ovndf .Fe'mode_ , DLV@M the same
level O,F eclucation , Rxperience owd Fenure |

——

——

Feniale earn  om avevasze  |.gjp9 §  lecs  ped hoor

Ch9new Page 13



Fevviale earn , o averaje ) 1.8109 § lecs ped hovr

‘H’\MV\ W\'\/e,
vote:  The datu set was in 193¢

Ch9new Page 14



Page 8

Tuesday, April 10, 2018 7:55 AM

158 Chapter 9. Dummy Variable Regression Models
Table 9.4:wage; = [& + Afemale +

reg vage female

Seurce 35 dt 4] Haomber of oba = 526
Fl 1, 54)= 65.54

B28.220467 1 828.220467 0.0000
£332.19382 524 12.0843354 0.1157
3 o 0.1140
Total TI60.4142% 525 13.6388844 Hoot MSE = 3.4763
A
So vage Coef, Std. Err. T Bt [95% Canf. Interval]

female \'-ﬂ-ﬁ't! .3034052 -8.28 0.000 -3.107878 -1.915782
cons 7.093485 2100082 33.81  0.000 6.686528 7.51205

Recall thyt Fvvwak (. _7_
o i &
7.0995 Hovrlb wagey  for
male ,on average]
ECwage | female =0) = 7.0805 &
—2.50%3 = overue woge oAiflevent il s ket wale
omd -ch\«lc

, v nage f‘” ]&(mqle_ tn the sample | =
F,0- 25 = 459 4 per hovr

It is informative to compare the coefficient on female in the above equation to the estimate we

zet when all other explanatory variables are dropped from the equation: H E E 9.; T-’stl»“}

]

The coefficient on female

7)

Wage = 7.0995 - 2AITY female
se = (0.2100)  (0.3034) @ Ho? £o>/o

H, !o <o (9.2)

@ £= <zsis - -b.2788

—_——

0.303¢
® fird criticl t

R =0.1157 n=3526

_’_4,._‘——
t - +K=°-°<', 5262 (n-£)
- %.23%)
N A
@ OGimee t--sz3es A

C(zrrrrh/
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Fewule ean~ HedsiMis: waale on averase
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9.2
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160 Chapter 9. Dummy Variable Regression Models

9.2 Interpreting Coefficients on Dummy Explanatory Variables When the Depen-

dent Variable is {oa(y)

In 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 a percentage interpretation.

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

I.g{n¢;3;a,i= Bo + &u.female + Bredu+ Brexper 4 Bsexper” + Batenure + Bstenure® + u;

The Stata result is shown in table 9.5.

Table 9.5:

reg lwage female educ exper expersq tenure tenursqg

Source 55 df M5 Number of obs = 526
F( 6, 519) = 68.18
Model 65.3791009 6 10.8965168 Prob > F = 0.0000
Residual 82.9506505 519 .159827843 R-aquared = 0.4408
Adj R-squared = 0.4343
Total 148.329751 ’QQS .28253286 Root MSE = ,39978
Se
AL Coe{)/, Std. Err. T P>|t| [95% Conf. Interval]
female —hzgﬂﬁ{l .0358055 -8.28 0.000 -.3668524 -.2261696
educ .0801967 .0067573 11.87 0.000 .0669217 .0934716
exper .0294324 .0049752 5.92 0.o000 .0196585 .0392063
expersq -.0005827 .0o01073 -5.43 0.000 -.0007935 -.0003719
tenure .0317139 .0068452 4.63 0.000 .0182663 .0451616
tenursq -.0005852 .0002347 -2.49 0.013 -.0010463 -.0001241
_cons .416691 0989279 4.21 0.000 .2223425 .6110394
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(o5 (waged = F( 1{1"-":"1&)

| | . g > [ozots]
9.2 Interpreting Coefficients on Dummy Explanatory Variables When the Dependent

Variable is log(y) 161 s we -expected
Example: Log Hourly Wage Equation:

- Reeal| this
log(wage) = 0.4167 —0.2965 female+0.0802 edu+0.0294 exper —0.0006 exper’
(0.0989) (0.0358) (0.0068) (0.0050) (0.0001) %y = Po t f'/X
+0.0317 tenure —0.0006 tenure® o /@h)(
(0.0068) (0.0002) 0‘)( - f7/
9.3
R?=0.4408 n=526 7 dx
ad
Interpret the model: wa; P/ % (00
The coefficient on female — 0. 2965 A¥

For 4he sewe level of edu €0-1LT0V)) yea of (,ypew':m{j \
omdl +evMYe/ fewmale eavns 0. (0.2945)

= 29.6% / lC’S$ ‘HW'M w\o\le . (O\P[)wyl'wla'"c[g,>
The aboe s 3v<1' aw o\rproxa'vmf fon dr the Wwage O’I‘Fﬁprmfc'\l‘
We cawn hare =« yrecfse caleulstion |y campufﬁ’ué

-“'i exact” Pew%w% ol feneme, " in PYedl'cfee( waged -

Hal oivg othey  faclor s CowsiwnWMM T

log (wage) - log Cwege ) = —g. 2945

[ og wm,;> = |- 0.295

o/n A\/ = PI )100
A%

Y\ ”\ WAZE M
WP e T WAPm = ExpP(-0.295)|— | =«
" EXP (-0.2965)|— | & -0.25%

~

Fiove ocavate estmate sugy thet Femmle’; Wee (g

o O\VCW\%/ 0.2¢>» -100 = 7/(,?-/ be/ow

[ —

o1 cdepowab/e Wale s wage
‘\’\/\/\/\/\%

N
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162 Chapter 9. Dummy Variable Regression Models

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:

f%’ !j‘fi'f{?é?{{f) = By + & female + Byedu+ Brexper + Bsexper® + Patenure + Pstenure® + u;

Now, Let us estimate a model that allows for wage differences among: fauir ius:

[1.] Married Men

[2] Married Women

Ch9new Page 24
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2.3 Using Dummy Variables for Multiple Categories 163

[3] Single Men

[4] Single Women et

Ch9new Page 26



Page 14

Tuesday, April 10, 2018 7:55 AM

MARRTE(D
164 Chapter 9. Dummy Variable Regression Models o ]
To do this, we must select a base group: OovR bAﬁE)éM
Ny v 0 (o,0 ©, I
Letus use © Singhe mam’ asour sinptemon | married moles
pase FEMALE
you
G ' @,o> o
aingle femaks| pyial flw"lbs
Now, we need to deffne dummy variables for cach of the remaining groups. Noﬂ:’ ¢ (
] (oo 1) —3 Moarried les —  MARRMALE GEWPER  MARLTTAL
(o, D) D 5TATY

(1 0) — Gingle Fewales —5  STWG-FEM
)
wARVIVG | 2 Tf we add Szl wile”

il this cowrent vmobl_/
we will evcomter © for pect
collineavity "ond the wode

(|) |) — Movried Fewmals —  ™MARR FEM

L

W = numbey ',F M‘faga‘rl'es .

Here , M=4
Thow  maxmum vomber of Aumpny  veniabley Connot be  estimated |
\ ) e
we can Pl/t— o the moded = W —| = 4-=3 vwr/c,)@o \
; \ This eveut is
Therefore, our model is: ('o,ue(,{ A DUW"M%
. L te vg & Venviable ¢ o
og(wage;) = Bo + Sooirrmale + Syl i - -+ 8 S 3 Maryvha marrtem ! w . T l/
log(wagei} = fo+ & + Syl - + 6 Sgla i | 0 o “% %l"ﬂ_y&' W'b/e {YO\() y) /\
Biedu + Prexper + Prexper’ + Bitenure + Pstenure® + 1y 2 l O o —) wmaoavryl oA e (Q
3 o o { — Slvole
3 0 ( o —> Myl
mursc drop the dummy variable (fe mum ( (O-V"V{‘L—
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2.3 Using Dummy Variables for Multiple Categories

Table 9.5:
reg lwage marrmale marrfem singfem educ exper expersq tenure tenursq
Source 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
PASE AP Ad) R-squared = 0.4525
-'S Total 148.329751 525 .28253286 Root MSE = _39329
SWALE MILE
lwage Coef. Scd. Err. Tt P>t [95% Conf. Interval]
(0,9>
marrmale .2126757 .0553572 3.84 0.000 .103923 .3214284
PEmd A -.1982676  .0578355 -3.43 0.001 -.311889 -.0B46462
§§E -.1103502 .0557421 -1.98 0.048 -.219859 -.0008414
educ .0789103 . 0066945 11.79 0.000 .0657583 .092062
exper . 0268006 .0052428 5.11 0.000 . 0165007 .0371005
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.z 0.001 .1249041 .5178521
— i e e it
log(wage) = 0.3214+4¢.2177 marrmale — ;1955 “marrfem ﬂ.i‘f-}?f sing fem

s.€ =—(0.1000)

(0.0554)

(0.0578)

(0.0557)

+0.0789 edu+0.0268 exper—0.0005 exper2+0‘0291 tenure —0.0005 tenure®

S€ « (0.0067) (0.0268) (0.0001) (0.0068) +
R =0.4609 n =526
° +0.2123 For MARRMawe (1, 9,0)

W/ e sawe cgualf-(\'mh‘aw%

€éa YHV? 21, '21 :r,)ﬁ

Wioyhey

9.4)

warried waleg  ore ,avpeci‘ecL 4o

Phon

© —0.19%% FrR ™MAreFm ( 0 ,1,9)
w/ the some  qualification

éenvwn

9.%% 7.
o -0/ 1104 FuR

Sing wals (our bese %mup)

worrlel  fewales  ave erpected o

lower than

sinsle

9,‘\/\;& flmﬂles ( O)O’l)

W/ the Sawme ?uq(if/mhh;
10.04/.

Onvn

Q;

N

lowey

Ch9new Page 29

n

Merles |

3insle €€YW>I‘25 one  expected ‘o

1]

How aboit wage olifferential

Si V‘VL an‘f'es
bo Tween

. A\

asamar~aN\

S Ladans r a <E>



N

A
SINGLUE  FEMALES " ol S MARRIED  FEMLE ”
™wortkm = —0-1982
si«na@vwl - = 0.ll0Y
= 0.1983 — @110 :.
A= oises = olioq = (D 0339)

4 :
% + mary[la‘, % + Sl”?/&/

Simgle  fewmles  eayn  abut 0.0339 xi00=> 8.3/
hl?hw ‘l’l’\ﬂ‘n WYY’QOL fem"l’eS/ o Dﬂ/&qu
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166 Chapter 9. Dummy Variable Regression Models

Interpret the model:
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168
9.3.1

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 to the model

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

log(wage) : 0.110 female +0.213 married

(0.100) (0.056) (0.055)
+0.301 fenwuile - marvied +

(0.072)

let5 considey the output
s akercept foy  simg@ naky =

0.32|
» Intercept f‘” Single f“""”ei =

0-32] - 0410C1) + 0.213(0)
* o030 1-0)

6.5 0.110 Ay
= ‘:‘T‘::oi'.é—i.”

(9.5)

0.32|

. Ivrhrapf -(vr warried males

0.%21 +|0.21% (1)
= +0.524
. W’\'eyce{ﬂ" ‘[o*/ yrowried —F@VM s

0.%2(~ o.0() + o.213C1)
t 0%l (1s()

to-FLs

\

)
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8.5.2 The interaction between Dummy Variable/s and Expl, 'y Variable/s: the All
for the Different Slopes

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

=

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

wage; = [y + dyfemale + fredu + & female - edu+ u;
Al

Men Group we plug female =0

o M
Therefore: wnge :/5, + IQL.eo(w + U — FOR ™MbV

suflects ~ Return 00(: Education

for wale ()
on-dL (rw Feymd¢ (/’}/ + g/)
Women Group we plug female =1

erefore: Wwa  fp t J‘ ¢ + /9 t .S‘(heoﬁ“) Hu,
Therefore: 9 /b ° /;’-

= (r’o + Jo) ’f‘f/(ﬂl + §|/>.eolu +U;
§, captwes the oitforene - ‘7v|1‘evtep'/! beltnesn
men and  women 9rnupS.

S, cap ture the differenae im “Slope " befieen

men md o min g e

g
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170 Chapter 9. Dummy Variable Regression Models

Figure 9.2: Graph of the Wage Model with an Interaction between female and education

Graphs of equation (7.16): (a) &,(0 5. <0; BB, < D,BI >0

wage wage

men

R’-f& ﬁ-:g;nen fb””

(a)
o For omy level o,f elu

womon, eorn less Hhawn

N’
for e<e] : for e>e’, womon usge

e - on avevege . men ~, “'{2“" >
» The hl'eh{v the eolumfl'W\) Me T ¥ ‘% Wun. nwage
The larger the wage T f
gop betwon theto  Te broor The l'wr
I s. e edu ( e elu leve|
leve| te wider
The varrowey- e wage 9ap. it
the weage

P
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Example

Table 9.5:
gen femed = female*educ

reg lwage female educ femed exper expersq tenure tennrsqg

Source 55 df M5 Humber of cbs = 526
F{ 7, 518 = 58.37
Model | 65.4081534 7 9.34402192 Prob > F = 0.0000
Residual 82.921598 518 .160080305 R-zquared = 0.4410 . fervale - edu &me‘(
Adj R-squared = 0.4334
Total | 148.329751, 525  .28253286 Root MSE = .4001 | o 17 '
1 / U
o o (
1wage Ger. = std. Ex:. T B>t [95% Conf. Intexrval] ? 6 l6
el S |
A T:.{vqr.‘bc,:t-:': .1675394  -1.35 0.176  -.5559289  .1023517 ¢ © 4
A /"'ﬂ;___-.gazsggz .0084699 9.72  0.000 .0657296  .0D990088 , ]
P Temed | CU783%c22d 0130618  -0.43  0.670  -.0312252  .0200962 o)
[ e .0293366  .0049842 5.89  0.000 .019545 0391283 ( o \
%persq | -.0005804 .0001075  -5.40 0.000  -.0007916 -.0003691 ,
A tenure .0318967  .006864 4.65 0.000 .018412  .0453814 |
S tenursg -.00059  .0002352  -2.51 0.012 -.001052  -.000128 / o |
( _cons (359606 ) 1186871 3.28 0.001 .1556388 6219732
\
(I
Pe wmale
fewnle
A
.
N e s Divergomee
Po+$o °
)

wage 9ap

log(wage) = 0.3889—0.2268 female+0.382 edu Yo female - edu

A

(0.1187) (0.1675) (0.0085) (0.0131)
+0.0293 exper —0.0006 e.vcp'er2 +0.0319 tenure —0.00059 tenure”
(0.0050) (0.0001) (0.0069) + (0.0002)

(9.6)

R =0.4410 n=526 0.0%2x lco= 3.2 /

Sivem  same Gb—uulc'ﬂ'tc.h'vws (LYFEY:'MQ el ‘f’ehulrc)/

1 Yeor increase \n education  wovlel increase wale wage
b% 2/ on arverage

A

P+ = otz —ooose = 0364

0.0%64 ¥(100= F.64¢/ — Estimetel Retomm of
Female g rovp.
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@: Is thoe amg  significame e olifperemee 1w ROE
bef. He o gyou,??
A: do hyPoﬂKSl's ‘hsh'v}
Ho® J|=O (No difftrene im IZOE)
H @ §,70 C Differonee '™ RoE extsts )

Modelp langagz) = Pt p'eo(u, Y — foy ey
log (W) = Po +:° +[P' +£I)e°l'“ L 2 +(('. —-;F)V Mm
£ = -0.005¢ _ 043
0.013| A
g""’“’ﬂ'_‘t—cr'<‘6 < {‘-Cw'h'rq‘

(oY

' %
(
“/\\ then we fal veject H,,:&,-.o.

é Y . A
creriae Thereforel — there is Mo sisnifiomit

? Aittevenea in Rog

b\;{ﬁfhe two grovps
/‘{0; Cfo :O

M. o £0
7/ o YQ'JFQof Ho * L=0O

SO female = nle
4

— e«
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