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4.1 Dummy Variables.
Definition and use in the GLRM.
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Dummy Variables: Definition

v

® Qualitative explanatory var ~» subsamples T, To, ...
according to category or characteristics
B examples:
¢ pure qualitative vars:
= individual diffs: sex, race, civil state, etc.
= time diffs: season, war/peace, etc.
= spatial diffs: countries, A.C.'s, urban/rural, etc.
# quantitative vars by sections: income, age, etc.
®m Recall: we cannot use qualitative vars. ..
then substitute by dummy vars. ..

® Def. of Dummy Variable:

Do — 1, ift €category j;
= 0, otherwise.

= Djt: f(t ETJ)
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1 QV with 2 categories

Consumption = f([ctnt], income, sex)

1 1 ! b7

At (1] R M_F

Sp=SteM) Sp=I(tecF)

|ty flemt|R [ST] [t]Y [emt|R S S|
11| 1 |R|M 1vi| 1 |Re|1 O
212 1 |R|F 22| 1 |Re|O 1
sample:|| 3| Y3 || 1 |Rs|F —~ || 3]s 1 |RR| 0O 1
Tlve| 1 |rwm v 1 lr|1 o

x| R

In principle: substitute QV by
as many DVs as categories we have.

Introductory Econometrics - p. 170/192

Dummy Var Trap: 1 qualitative var

Model: Yt = Bo+ B1R+71Su + 125 + U
Problem (Dummy Variable trap):
Xis a (T x 4) matrix, but

S+ S =[1] (exactl.c) = rk(X) =3 <4 (i.e. perfect MC)

n = det(X'X) =0
= (X’X)~1 doesn't exist!! and
B cannot be calculated!!

General Solution: eliminate ONE of the col's causing the problem: [1]or S or S .
(POSSIBLE Solution: eliminate intercept. .. but. ..
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Solution: DV without a category

MOST USUAL SOLUTION: eliminate category: e.g. F (& ):
B Model to estimate:

Yi =Bo+ PiR+nSi+ /5 +

= Po+ B1R+71Su +
without category F
B Subsample Models:
w0 YIM
: Y|F
E(%IS=F) =Bo+BiR =
E(%|S=M) = Bo+piR+n T

EM%R=0,S=F) =fo

m Coefficient interpretation: E(Yt|S: |\/|) — E(Yt|S: F) =n
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Coefficient Interpretation

without category F
10 YIM

YIF

E(Y|S=M)-E(%|S=F)=n B
EM%|R=0,S=F) = f
m thatis,

Bo = expected consumption Women (base) if R = 0.
71 = diff expected consumption of Men

(vs. base = Women).
B1 = A consumption if AR, = 1 (c.p.).

Recall: This case just means different intercepts for each category.
Note: Eliminating a category ~- transforms it into reference base.
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Usual Tests with 1 QV

Hypothesis: qualitative variable (Sex) not significant
(it doesn't affect Consumption)
i.e. M and F same Consumption:

Unrestricted Model

Yt = Bo+ BLR + ¥Su + Ut

Hypothesis: Hp: y=0vs. Hy: y#0
Restricted Model:

Yt = Bo+ 1R +

Use usual t Statistic (or F Statistic based on RSS)
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1 QV with 2 cats + 1 QV with 3 cats

Consumption = f([ctnt], income, SEex, territory CAV)
| ! 1 N\ YEAN
Yt [1] R M F A B G
wosnew B
Sy=S(teF)
Sample: T = I (teG)
| tfy [Jemt|r [s]T] [ty [emt|R |8 [T T T
1(VY 1 |RR|M|B 1(Y 1 |RR|212 0|0 1 O
21| 1 |R|F |G 22| 1 |R|O0O 1|0 0 1

3l 1 |Rs|F|B| =|3|B| 2 |R|O 1/0 1 0

tlve | 1 reim|a v | 1 |rR]1 0]1 0 0
I H X H

Recall: In principle, substitute qualitative var
by as many Dummy vars as categories we have.
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Dummy Var Trap: 2 qualitative vars

® Model: Y = Bo+ B1R + 7S + %2t + 61 Tat + 62Tor + 3Tat + e
® Problem (DV trap):
X'is a (T x 7) matrix, but
S+S=Ti+To+Tg=1]
(2 exactl.c.) = rk(X) =5<7 (i.e. perfect MC)

] = det(X'X) =0
= (X'X)~! doesn't exist!! and
B cannot be calculated!!

® General Solution: eliminate ONE of the col’s causing the problem: [1] or (5 or &)
or (Tyor Toor T3).
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MOST USUAL SOLUTION:

eliminate last category of each DV: $ and Ts:

® Model to estimate:

Y = Bo+ PR + 1S + oo + 61 Tat + STt +
= Bo+ P1R+71Sut + 61Tat + &2 Tor + Uy

Solution: DV without combination of categories

+ U

S=M S=F M—F
T=A| Bo+tPiR+1n+061 | Bo+ PR+ n
T=B || po+PiR+11+0 | fo+PiR+62 "
® Subsample Models: T =G Bo+ BiR +n Bo+ P1R: N
A—G 5 51
B—G 5 5
A-B 01— 0 01— 0
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Coefficient Interpretation

without categories F nor G

EMMIS=M) —E(MIS=F) =n
E(HIT = A) ~E(KIT = G) = &

EMGIT =B) —E(4[T=G) =& -
E(4R=0,S=F,T=G) =fo N

m thatis,

Bo = expected consumption Women G (base) if R, = 0.
71 = diff. expected consumption Men vs. Women .
01 = diff. expected consumption Avs. G.
0, = diff. expected consumption Bvs. G.
B1 = A consumption if AR, = 1 (c.p.).
Recall: This case just means different intercepts for each category. Recall:

Eliminating a (combination of) category(ies)
~» transforms it into reference base.
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Usual Tests with 2 QVs

Hypothesis: Variable Sex doesn't affect Consumption
(but place of residence might do)

® Unrestricted Model:
Yt = Bo+ B1R + 71Si
+ 61 Tat + G2t + Ut

(71 = diff. exp. Cof M vs. F )
m Hypothesis: Hp: 71 =0vs. Ha: 11 #0
®m Restricted Model:
Y = Bo+P1R
+ 01 Tar + 82T + U

®m Use usual t Statistic (or F Statistic based on RSS)
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Other usual Tests with 2 QVs

® Unrestricted Model (without $ nor T3 ):

Y = Bo+ 1R + 71Sit + 61 Tae + ST + W

+ Recall: y is diff. expected C of M vs. F (base)
01 and &, are diff. exp. C of Aand B vs. G (base)

® Hypothesis: Same Consumption overall

(independently of Sex and Residence):

¢ Hy:nn=0=686=0
¢ Restricted Model:

Y = Bo+ PR + U

® Hypothesis: Place of Residence doesn't affect Consumption

(but M vs. F might do):

¢ Hyp:01=86=0
¢ Restricted Model:

Y = Bo+ 1R + 71Sit + e
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Other usual Tests with 2 QVs

®m Unrestricted Model (without S nor T3 ):

=Po+ PR+ 11Si + 01Tt + ST + Uy

# Recall: 61 and 6, are diff. expected C of Aand Bvs. G
(base)
m Hypothesis: Residents of same sex in A and B have same consumption level (but G
might be different):
* H0151:52VS. Ha1517552
¢ Restricted Model:

Yt = Bo+ BLR +71Su + 6 (Tae + Tt ) + W
N—_——
1-Ta
B Hypothesis: Residents of same sex in B and G have same consumption level (but A
might be different):

¢ Hy: 0o =0vs. HaZSZ#O
¢ Restricted Model:

Yt = Bo+ PR + 718wt + 61 Tae + U
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4.2 Seasonal effects
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Seasonal effect

B Seasonal effect:
[
B Seasonal var ~» subsamples Ty, To, . ..
according to seasons/months
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Seasonal Dummy Variables: Definition

"m Def. of Seasonal Dummy Variable:

1

ift € season j=1,2,3,4,...;

Dijt = ’
jt= .
0, otherwise.
date (t) | IPIt Xt Dy Dy Dg Dy
1975.1 . B 0 0 0
1975.2 0 1 0 0
1975.3 0 0 1 0
1975.4 0 0 0 1
1976.1 1 0 0 0
1976.2 0 1 0 0
1976.3 0 0 1 0
. 1976.4 0 0 0 1

m e.g. for quarterly data:
1977.1 1 0 0 0
2000.1 1 0 0 0
2000.2 0 1 0 0
2000.3 0 0 1 0
2000.4 [ 0 0 1
2001.1 1 0 ) 0
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Seasonal Dummy Variables: Definition (2)

. Model to estimate:

[Pl; = Bo+ B1X% + 71D1t + 12Dt + 13Dz + //
= Bo+ B1X+71D1t + y2D2at + 3Dzt + Wt

+ U

B interpretation of y parameters?
® What if data are monthly observations (as in the IPl example actually)?

date(t) | IPlt | % | Dy | Dx | Da | Dg Dy ... ...Din
1975 jan 1 0 0 0 1 0 o0ofo0o o o0 o0 0[O0 o0 O

1975 feb 1 0 0 0 o 1 of|o0o o of|o0o o of|0 0 0
1975.mar 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

1975.apr 0 1 0 0 o o o1 o o]0 o 0|0 o0 o0
1975.may 0 1 0 0 o o of|o0o 1 of|o0o o o0 0 o0

1975.jun 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0

1975.jul 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0

1975.ag0 0 0 1 0 oo 0 o oo o oflo 1 oo 0o o

1975.sep 0 0 1 0 o o of|o0o o ofo0o o 1|0 0 o0

1975.0ct 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0

1975.nov 0 o 0 1 0 0 0 0 0 0 0 0 0 0 1 0

1975.dec 0 0 0 1 o 0o o|o o of|o o oo 0o 1

1976 jan 1 0 0 0 1 o oo o of|o0o o oo 0o o

1976.feb 1 0 0 0 o 1 of|o0o o ofo0o o of|0 0 o0

1976.mar 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
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4.3 Interaction between DVs and quantitative Vars
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Interaction between DVs and quantitative Vars

Instead of different intercepts, we require
different slopes for each category:

10 YIM

P e /Y|F

Y2

2

B
9

that is, different response “Y” for same “X”

S—— Introductory Econometrics - p. 187/192




Dummy Var Trap: interaction

® Matrix X:
cnt | R | RxS Rx$S ctnt | R | RS, RS
1 Rl Rl x1 Rl x0 1 R1 Rl 0
1 R2 R2 x0 R2 x1 1 R2 0 Rz
1 | Ry | Rsx0 Rsx1 =l 1|R| 0 Rs
1 |Rr| Rrx1 Rrx0 1 |Rr| Rr 0
m Model:

Yt = Bo+B1R+1R S + 2R S + W
® Problem (DV trap): X is T x 4, but
RS + RS, = R=rk(X) =3<4 (exact MultiCol!)

B General Solution: eliminate ONE of the col’'s causing the problem:Ror RS or RS, .
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Solution: Interaction without a category

'm MOST USUAL SOLUTION:
eliminate last category of the DV: F (RS, ):

® Model to estimate:

Yi = Bo+ PR + 1R St + W

no RS
B Subsample Models: VM
’ Y|F
E(M[S=F) =Bo+BiR = (
E(%IS=M) = o+ (B + 1R : o
— B
ﬂl 2 4 [ 8 10
E(%|R =0) =fo
JE(V|S=F)
m Coefficient interpretation: IR =B
8E(Yt|S: M)
T Bit+n
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Coefficient Interpretation

no RS
a6 YIM
T—ﬁl ? P
JE(M|S=M bl
(ta|Rt):Bl+71
H thatis,

Po= expected consumption if R = 0.
B1= A consumption Women if AR, = 1 (c.p.).
1= diff A consumption for Men (vs. base = Female).

Recall: This case means different slopes for each category. Recall: again eliminating

a category ~>
transforms it into reference base.
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Usual Tests with Interaction

Hypothesis: M and F equal Consumption
or variable Sex doesn't affect Consumption:

® Unrestricted Model:

Yi = Bo+ B1R + RSt + W

Hypothesis: Hp: 1 =0vs. Ha: 11 #0
Restricted Model:

Y; = Po+ PR+

Use usual t Statistic (or F Statistic based on RSS)
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The End

THE END




