\/\) OFO\LQQL\ MG\V\MJ‘ c]l\o\kl\)\
blotb4ob
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4 Testing Hypotheses about a Single Linear Combination of the
Parameter

Consider

log(wage) = By + B1jc + PByuniv + Byexper +u

where jc = number of years attending a two-year college
unitv = number of years at a four-year college

exp er = months in the workforce. . "\\)N’\J {FD"’\ ] MOre veddS cﬂl
We want to test whether 5, = 5. ° ' l{ ﬂ\e’ re \{

@i\JQQ/\.lOV\ oﬁ a :juf\‘”)/ COHQjQ |IJ ﬂICJQMﬁ a5

Hoo hoePar Bt bmen A of b uniaesihye

oge\'\f\;Y
Hyt B3P =7 Ha! By-go %o
Zﬂqx(eéw{m)ﬁ(z)
Fejee! areo < oignificant level
— f ,
77 =

T2

) ’ i - stadisiie
'E = ( - )‘- D WQ, con T( Tk(g t ¥ o~
F1 Bl/\ P /{\ GV\A comt:ue_ N?ﬂ. '”\\_ r_r;’\‘it“\ \,A‘\Jl‘-.
J.e. (P1 dBL)

—  —

wheee st (F 1) < { vor (£-10)

S vor () tvar () - 200V Cpt )(B,)
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another possible hypothesis test (one-tailed alternative)

Hol f1=Be Ho BVVL:O

Wooo Br<Pu 7 Had Bl <D

0 1‘—* 7 6\55\)7‘1&& ‘H’\od E1 \Nouké no L(,-mo(c‘l"ll‘\lr\ I'L Cr(j\)rnj to « Z“\fﬁa.— Cbuefe_ ww\cl nevC/r

LQ tore ‘H\c.u (‘CjJ/NfI\;)W\'IMT‘[ CA\KO\'\;O"' >

reyer nooA
S t= (Rop)-0
./ A N
v\p) 0 ! >0 C\71-[]2)
aree, t g;g. \P\/(\ X chl’l/jb %D/){/\Q ex‘(‘rq r\oJYQ\

5 Computing p-Values for t-Tests

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

£ )
4 aled v e
,_rg{,—? This Sl\qq\é aee e regectiva mj\w\ W The Vi
_—
/// .
N
el o) o)
) ] Total axaTrom 7 idy
o — | /7
e p-value : P(|T| > |t|) €< CoMfu’ch { = F/; -p;

S, Fj

T - '(—A,{S'tﬂ:»V'}CI FW\é—o"'l VN’)QH\ LN‘_“'\ c]‘f,f, (\—k.']

t < QDV\,\(JU*LJ £- dhaduhis

| han ot
= labqb\.k ’H’\od o faAC‘blV\ T V&(\J(, w\u Ioc_ reate Cl/\ 'Hu(_ l \ {UH ) '} 0
N f-vd«_ f \%}' 9 e W et
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9 -s500'C
Example 1: Hy:(; >0, H,:f3; <0, d.tf.=140. 21 _ ‘F ‘\
fCu),fC et ' Ca
-2 oﬁ' AR ~ ?~va\ut/ = what choyld be Treagadcan
0§-0- 40 * - 0008 ‘{VQ\ @‘ch\' _‘LL Dt‘:)“\%& UC&U?, a-f ’Zﬂy 7:7
J
™
0.05 - ), % A
suppose the calculated ‘5 = =2.75 <, 1 e (]5\-,—33)
J 3 -
. (B
e From the z-table, the value -2.75 corresponds to area = _O ;OQ 3_ _____

e Thus, p-value = 0.001

e Would we reject Hj if we use the significance level = 5%7 Yes

X RU\&V We PQ\JQQJ( Ho i(“?—vq\uc < /ig\ lgrve\

{74
Example 2: HO B =aj, H.:pB;#aj d.f=18.
e sl reyecl
— —
~1Af
\ Vs 2.1¢

, | T
suppose the calculated 5 = —2.18
J

e From the t-table, the value -2.18 corresponds to area = (). D 7 'tb 0. DY

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

\<QSJ we rject B, becaue the acca. 13 ks Than 007 e ?“‘M\)c < D05
6 Confidence Intervals (CI)

e Confidence Intervales for the POPULATION PARAMETER (§;)

g T range # vaoa Bt uo\ cuplue e Ane ¥, ol a
e A 95% (SI of f; is given by a3V . chang,
£07)

N n
CTaP,4 Cxse (B)

Cus Jdu‘ iﬁ‘q TUCU\*I\? ‘M _“'IC 't'J.s'\r\;Lv'\'.\on
with n-k1 4f,
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Example 1: 95% CI J\{: 215
)

vl 0—( Q‘Mﬂ‘: YQ!CU\’\\]Q—‘\V\)\L ‘\u 1,‘("«\)\1‘\9\4

h \R/
g

—2.0b 0 2.0bL

n A N A ’\\
Te a5y, 1 £ FJ: [23— 2.0b * S« (V\) )J ?_‘) + 2ol - Se. CBJ)J

Example 2: 99% CI
¢ What \:Q‘“\Q ) qQ.9
6 ot '\— .00 f§ = qus

— area = \/» oo ' =

AN 0 IR

n ’: A /)
T aal o fo )= LE-2907 se g g5 42007 decpy ]
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7 Testing Multiple Linear Restrictions: The F-test

Suppose the model is specified by

y = Bo+ Brx1 + By + Bars + u
Hy : By=0and By=0 - Want fo It ¥ % and ¥,
H, : Hjisnot true BOTH haw Nuhroﬁ'uw Y.

b

s}

We can use the F-test to test this type of "multiple hypotheses".

1. Our full model is called the "unrestricted" model (ur). Suppose it can be expressed
as: _ N - \

V= Bo PEOXG R % KT e J[Qg ) Leject Ho
y = Bo+ 0171+ BaTa + B33 + ... + Brap +u

2. The model which takes out = (which we think its associated § = 0) is called the
restricted model (r). — fmall myded

T S TR TS s g

0 fvﬂ)b(t ‘&Lm, 6. I %\\ i\\JM\.’JQf‘E(: LZ -H'](ﬁ Ny wou\é \\(’kL ’Ly Pc,FfopM q‘)n‘\/\)(/
‘F(ﬂ d'e:D
eg. in Tha Mo &l 7<1

\/c [go TB{ X1 T‘ZLXI‘* | BK“{/XK-?T W,

HD’: Plf'q,h - KK“ML‘}'“ “ Fl,\f 0
CThe Vot 4, p,.0)
l\Q . P\D \\3 P\‘?Jr %UQ,

\(: Bb’rlzd(\fp;)(ﬁ'“ yk—1,7<k‘1,+?k'?ﬁ\xk—q,+1 f IZK_%T\X k-er T BKXK t W

!i)__//\ﬁ —~

Wy
This 8 always ) because S3Pye < SoRy-.
Eveytie yovadd 1 ame ¥, the makl wllbe bether eaflained

T = (3w - 35k e )
v
&SF\,.,'»

Cn- ]'\—'( ) N — d-{ a'f -H'“ ,,U"\| hMLl-
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3. Some useful facts

® KLM 7 k‘Lr he caue Gy CLJ-(L}\‘\M(A\ ¥ would increwe L C‘merow_ ﬂ'\)
() g_mw ¢ S,

@ Rﬂ iV\O‘UJ\“’\j "M e XJ-‘\NK Mb(le( 1S C(’/F‘tﬂk{"‘\y L“;HU mr\a;“tA‘ l‘\ob\/eve,p_}\/\ﬂ' ww | \Ik(

4o f<\jtk‘t ‘V\o i3 ‘\Jpe_‘\r\t_lv(b!\ & extra vmm‘u\\\)\e} JW‘ hot }Meﬂ)\it ‘H-‘{/ Mb:lbk U\W_ql'\‘

4. Other ways to calculate the F-statistics:

N K Ry
- - §3k
| FFD“'\ b\ - }—:(MT”
(8 2
\/\JQL\&JcF < (KW—FI‘) b
q/.\/# £ B thad we st to 0
1— [ler>
h-V\-‘l"\/ YA"'—"“‘-\
T\
# :)‘rt p.

# of ohs.

2] Uf we want tp Test fhe ovenal) h-gh»"ﬁﬂ'\‘( of 1ke MD&(

e Br=8,=057 .. Py =0 R Ha= olhenmite

[ [LL.//K\/ 2 o the model = wn
U he® codel Rog no x od O\
(- 1) fan-ket)

Example: Suppose we are interested in understanding the determinant of a baseball

ypla};(jlyzrszjﬂary. season salary T v wand Ao 1ot whuther ?Qr‘f"m“& he “ \mf‘ﬁ
- g years = years in major leagues on §alany
gamesyr = games per year in the league l‘lo‘- Boo=f  Prgyne O
I bavg = career batting average bay ey Y
hrunsyr = homeruns per year W o otherwise
rbisyr = runs batted in per year

e the unrestricted model (ur) is defined by
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(i; . regress log salary years gamesyr bavg hrunsyr rbisyr

Source Y‘—’ﬂ——;;‘r—\l df MS Number of obs = 353
F( 5, 347) = 117.06
Model 308.989208 5 61.7978416 Prob > F = 0.0000
Residual 183.186327 347 .527914487 R-squared = 0.6278
Adj R-squared = 0.6224
Total 492.175535 352 1.39822595 Root MSE = .72658

\
log_salary Coef. Std. Err. t B>t [95% Conf. Interval]
vearsi .0688626 .0121145 5.68 0.000 .0450355 .0926898
gamesyr ) .0125521 .0026468 4.74 0.000 .0073464 .0177578
bavgj) .0009786 .0011035 0.89 0.376 -.0011918 .003149
hrunsyr 4 .0144295 .016057 0.90 0.369:g -.0171518 .0460107
rbisyr$ .0107657 .007175 1.50 0.134 -.0033462 .0248776
ilhﬂxﬁ — _cons 11.19242 .2888229 38.75 0.000 10.62435 11.76048

. . C When LOP\S’(L_ﬁv\j eath of he Ptr‘fvrv\u\ec X (M(-lfy-\oh(’.}
e the restricted model (r) is defined by nove & fhen ko wipitiant imped & 5.

y X

regress log salary years gamesyr

Source 55 df MS Number of obs = 353

F( 2, 350) = 259.32

SIE Model 293.864058 2 146.932029 Prob > F = 0.0000
$3SN Residual 198.311477 350 .566604221 R-squared = 0.5971
Adj R-squared = 0.5948

§ST Total N 492.175535 352 1.39822595 Root MSE = .75273
log_salary Coef. Std. Err. t P>|t] [95% Conf. Interwval]
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

Now, our Hy and H, becomes

E (ssbh =35k, ) /4§
TSRy, /[ Ch-ket)

haw vl 'metxd‘
18- = (14821 - 183, 168) /3 . 453
(1e2.8¢) / Ca53-5-1)

(TR 3
Snce F= &S5 24, We "ied Ho w 5\/~A\Q"‘-\ d c‘)v‘(\ult That I’”‘{""““\“‘ hor ‘P"\_\

Fg}_‘ A C= L offects ow Sq\o,rj\
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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 Hy : 3; =0

« 2 ~Takle X \ . \ ) l
= If the d.f. > 30, then when ¢t > 1.96, we can reject H L/\ll'{'L\ N ng. W ¢

MoA~AA— A~

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

= When t < 1.96 we can say that (3, is not statistically significant at 5%
level.

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

of B

2. We can also perform other hypothesis testings of interest.

e.g. Ho: B, =p;
or Hy:[B,=5 etc.

or perform an F-test for testing multiple linear restrictions

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

Dependent Variable: log(salary)
Independent Variables (1) 2) A3)
(ales —» Toptaley) 224 158 188
(.027) (.040) (.040)
log(mktval) — 112 .100
ofher com pany (.050) (.049)
performane { profmarg — —.0023 —.0022
(.0022) (.0021)
ceoten e e .0171
Ce0 dandendlic i (.0055)
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

hb‘ a flmf\t. 'tJl'Lu'm witk 1X
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Multiple Regression Analysis : Further
Issues

1 Data scaling on OLS statistics

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

[/ /
bweght = B, + B,cigs + By faminc,
g

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 What if e we l)wegld In k‘u\vﬁrms 7')
(LONER T 5

S .
L)Wea'/\:& V\j 12 Lwegk‘\j _ yv ; BI\ I A
—_— 1 C +
— — 2 .
Ao Do 1000 100p ¥ TEOO Tamine
N A
T X YA g )
° 1 L faminc
SR fo S A
0 < = B - A
o 7 1 0<z," 13
100U —

1000

W hat o e ‘qu{w\( m ST (‘mﬁmx & om0 \;SD)

ng \\\' [ pA ) N 1 i

k) j < Y 1?1 “f)l Ej_ 'F(\M‘"\C
A A 1000
g [50 1?1 dql‘ e,_fa_uid_ b

\ViY

The valo € it vaice € gsing $ole
*7 BL - B:' °o0 fimu (.uj,, han Fominc

10DV
in ol work O % ‘Iﬁrc\d oF 1 T in nsne
L+

)

Pz 1 — 7 opy wp ] ta N

o Wha\ o we ye Qulgk‘\" % lI\J Q mevme N THhY

‘ouo W =z N r A
) (8 . .
kj Z.,—b; 4 FT (.1( '\'(\BL ) {-\GM‘V\Q-{

000 1000

—_—

we

vaDDU

Thiy valoe is gaing bk

<
30,000 fimy more hon famine
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2  More on functional forms by = e

A X z 7( '\1— \K 12
e Logarithmic Functional Form

vsvally ewy natom\ vy

log(y) = By + By log(z1) + Bar2 +u

~m— e~e———

" 31: J\vg (\/) —;,— A\/ . l\[ Ay g ";TA\/ . ly
d oy A 1 t 00 % 1 J—
R S TR R

Witk the oy y 2 Loy Tormad Ahe odfficient is going To le e
qlo;ﬁu‘*\,‘{ (X 1 UM'\Q&Y of Y)

@) Clenend)
loay) 4 A
° B - A Jy Ay
S v S A S
d¥y Ky

<5t i we wand gy, R form fhe V. clxqvxg"»J o0 R,= 2 ‘m\/ g‘u\m\ T b Intrewe L7 1 unk
then 100 BL - 100% Ay

8%,

{00 B, = 7 by
Ay,

e Models with Quadratics CS?/\)M'ﬁ))
— Cf«p"\\r(’_ iV\c_reo.siY\J /citcrc_q'v\j M«rg\f\a\\ Hack CS]DPQ a‘f he ml(“v'\&‘m.f’ hveen X 8y 5 el st

(ovxp ~19q  Q%an p\t

it cws) D*'J!u'nyj idorn

R Y= 'D 1 h)( 1 FL%:‘V\- —!r-lﬁ(“’ ay Bt PaX P X A
Tz gyazh )
Ix ’11 11%\ b Unit Cg) |

7 A ¢y
) ) uloa{l

X C&\rf) We Gp-nQ) ¢ 5 Assuee Me:1
ReCmg19)g Demnlt Peoo-y

T Bis grsiue
fac I .0: qo-1n
W Uop, i negative

Example : Effects of Pullution on Housing Prices

log(price) = B, + B, log(nox) + B, log(dist) + Bsrooms + B,r00m? + Bystratio + u
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where
price = housing price Te He US o may ofhe countriet dodendS can 4{)[\\)

nox = level of pollution :
o sdooll X Mot hosiy to tale gny dert-
dist = distance from downtown fo s i Wb ovea v 3 AR

rooms = number of rooms Thore , e \owes J']r“\-\'\\sd e ot Hhe sdwl

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

regress Jlprice Tnox dist rooms rooms_sq stratio

source SS df MS Number of obs = 506

F(C 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 84582225 505 .167489554 RoOt MSE = .25725

k°3 Q‘,ri(t) — Tprice Coef. std. Err. t P>t [95% conf. Interval]
[ 0q CN oX) — 1 nox -.9767545 . 0995938 -9.81 0.000 -1.172429 —-.7810806
N dist -.0321972 .0094013 -3.42 0.001 —. 050668 -.0137264
rooms —. 5528032 .1612965 -3.43 0.001 -. 8697056 —. 2359007

rooms_sq . 0624697 .0124867 5.00 0.000 .0379368 . 0870025

stratio —-. 0486667 .0058131 -8.37 0.000 -. 0600879 -.0372455

_cons 13.59154 . 5650901 24.05 0.000 12.4813 14.70178

[€]> .y Yall¢p.05

~ ol yaiable are :i,ni‘ﬂm\'t
Consider the effect of "room"

 log Cprice)

¢ roons

- Fg t 2 [(q roons = —0.5334 2 (n.0pe) * foomS
\o L(l'-«’)
¥ ot hw May rang doos 1 adlifiom room has rbs\'“v{ 'mr o on lbj (f"‘ifl._) !)

‘l“’y 0= -06.557 ¢ 2(b.OL2) * roons

roons = 4.4

p roo g
4.4

/A_-? ‘\* 'S\: reong o~ nore

a5 (e or e

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

. (}\03 C\"’“) - 0553 4 2 (0.0b2) -tooey M;/—/

g boort) total Y. ) A eri(c
Whin B roops T from| 56,9 18 (X +RA /= 25 8.

100 - 3 fr%«-

r{lf‘

< oo (- 0.0% + 2(0-0bL) - %)

a voomSs _ .
S 1oox 06 = (Y. iacrese

o Whal abed V. {)(k( when # roons InCriue fivn St 7 77

/. Apsice = 100 (<0.553 + 2(v.002) " § )= @
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3 Models with Interaction Terms =) UJGJ when The i“(mc\} & one voriables & f“‘Jf
Consider on the vanable Clevel of ancthr vasicble.

X3

——

price = By + Bisqrft + Bybdrms + Bssqrft x bdrms + ,bthrms + u
S“ %7_ X‘ ' X'L )<Z
where
price = housing price
sqr ft = house size (square feet)
bdrms = number of bedrooms
bthrms = number of bathrooms

"‘C( \m,( lmlk-
. 0 I)_n'cc B vt syrt sl house
a Hms
hed rooeu

o i poro g - adlHmmal bedioon wayld

tncrease ?n'(c. core fon o lomer Wovse v
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4 More on the Goodness-of-Fit and Selection of Regressors

e Adding more regressors ALWAYS improve fit ~a kL a\(w«\jx 1

o But we \o&'t the # ijm_ £ frden

CLf = {ree ‘1%‘\ ?0“\,\‘\ ued b ohedgde T \oamnd\e,r)
1 L N focefieed ety fne we fimde o ()mmdef :

o Using LY wald ol ‘wr\h‘.\ | aving Yoo fany regeessor

We use Q({BJS_\QA -Y} o R‘L WL(V\ we want Sro ur\'lill &A&:’\‘j bov mawy Fegqresson.
P v Y

e e A (- S

$3 71 rn/;(

Q&J RS = 1= SsH enka)
07 /6-1)

Using adjusted R-squared to choose between non-nested models (one model is not a
subset of another). Tf e hake Mare k_, df. = n-kat IJ

Consider Model 1 .
Ssh [ on-k) 1, adj - )

salary  830.63 +0.0163sales +19.63roc
(223.90)  (0.0089)  (11.08)
n = 209, R?*=0.029, R*=0.020

Consider Model 2

—

log(salary)  4.36 +0.27511og(sales) +0.0179roe
~(0.29) (0.033) (0.004)
n = 209, R?=0282, R2=0275~_ &5% o vdcdesin¥
is GXQ\C«‘\MJ- T‘m\-ﬁ.m)
Ahie nodel ¢ betver |
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Multiple Regression Analysis with
Qualitative Information:

1 Outline

Describing qualitative information

e 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)
] 1 if married
married = . e
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

wage = By + 0o female + B educ + u. C'\)

where

1 if femal
famale = { if female

0 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.

@ E (Wo\gg \\CtV\«q\cJeA«/c)

E CYO u S, ‘ﬂmq\t + f1 eivc t wl {'\Lho,\e.JLJUC_)
¥°+§o fermale t f, educ 1 € (u ‘ ‘fma.‘cJe,Juc)

(\

@ Thes

9 . Ecm‘ee‘\ﬂm‘\tﬂ\) ‘A”C) = fot 50(1)1‘ B edve = ot 8ot h edue.
o E("\mﬁt\f\""“\":(J‘)Q—J"c)7 po+goC0) 18 edoe = Bothy edue

SO z E(—Wagcl 'fuvm-k :1ng\,() - E( wage \ {Q_mqk = 0_, Cé\l()
or §,° E(wxgckfenq\eJ cJuc) = 5lwage | mcheéut)

. ; les od males.
X gixn e came valoe of edic (same educadion lm\)_) So is T\ Serenw ia He ekre.dté Wage by fimales Males

\|<
T3 B Male! P, tp, td
k
FKHK\Q.' F)1 S_D Y g1 ‘-AU(
(aVall
b1 Antuee
C Assume {DCD)
} bot Su
; )(-_ Qid(

(N t?‘t the wag we model Hlys FEJN.&S.‘V"\ 'fux\c{\'m_) ¢ female™ is going Yo give a wwted tmpact on nage
regardless of the loel of educe
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4 Tt is not possible to include all of the dummy alternatives in the same
model

Cas l“’}} o J(\ww U an \V\Jf(’,rce‘ﬂ in the (V\D(l(,\)\

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

Wqﬁc ‘ FO%D + 50 fu\m\t t b educ+ 51 naled W

For example: ) %) Y id | female m\e )(D
'miuurl‘ﬂ \ 1 0 1
2 1 0 11
1
XD = X'l "‘ Xg i (; 1 1
1 = female+ male : 0 : g
0
female = male+1 11 0 !
or ’J_f *\w_re, arc ”r\\\ C«'\anﬁ(’.SJ we ot . 1\\ (’degofj \’o Mo;é :
Mu\'“ Cnll'.ng,wfk,\ 11
1 = winter + spring + summer + $a{{
winter = 1 — spring — summer — fall
. ‘o . \ “-
i = {1 o "1 Vel Sy St fal %
0 otheruise ) ) 0 0 o 1
3 0 0 1 0 1
I 1 6
Sphng = tif o 4 0 %
™ {D o“.cr\:{JSc, ' ] 1 0 0 1
o 0 1 o o 1
[ I

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

the "BASE GROUP" or "BASELINE" or "BENCHMARK GROUP". ‘\
1 i femak Y "
r { 0 if nale {L?FTF:'\':\{ P n thic cse nake
. regress lwage female male married educ exper ;..h-q‘
note: male omitted because of collinearity }I«hmﬂ*h
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. Std. Err. t P>|t]| [95% Conf. Interval]
|
Venale workess mﬂtd—!-ﬂ;_’ female @3251146 .0377061 -8.62 0.000 -.3991892 -.25104
'ku have \ews wage uuruué male 0 (omitted)
-\“ nae workert. 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
_cons .4690918 .1040575 4.51 0.000 .264668 .6735156
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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 variables— female and married.

1 ('F ‘('\LMGL\R. 11:"-;‘5:‘%
{ o f othernise {o' plerss

log(wage) = B, + dofemale —i—arm’ed + Beduc + By exp er + B3 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

Coef. Std. Err. t P>|t] [95% 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

N exper .0269535 .0053258 5.06 0.000 .0164907 .0374163
B expersq -.0005399 .0001122 -4.81 0.000 -.0007603 -.0003196
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
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Consider a model which includes dummy variables for each gender/marital status

combination— marrmale, marr fem and singfem.
— i ———

log(wage) =

+Bseaper? + By tenure + Bstenure® + u.

C or S)hgmade VA USEJ GJ T\\(_ LQSLCMC)

Bo + 50marrmale + dymarr fem + dzsing fem + Breduc + B, caper

BCE)

regress lwage marrmale marrfem singfem educ exper expersqg tenure tenursg

Source 55 df M5 Number of obs =

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. S5td. Err. t P>|t| [95% Conf. Interval]

59 marrmale .2126757 .0553572 3.84 0.000 .103923 .3214284
51 marrfem -.1982676 .0578355 -3.43 0.001 -.311889 -.0846462
g; singfem -.1103502 .0557421 0.048 -.219859 -.0008414
educ .0789103 .0066945 11.79 0.000 .0657585 .092062

o exper .0268006 .0052428 5.11 0.000 .0165007 .0371005
F 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
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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) = f,+ dotoplO+ 6171l 25+ §3726 40 + d4rdl 60 + 5, LSAT
+5,GPA + 5log(libvol) + (5, log(cost) + u.

where topl10, 711 25, 726 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. ‘
A In Many coses '“\q_”rw\ﬂt of \Io\lve.\\ cerve ag a bethe ue\w‘\-\ﬁ A vanable J‘\'\0\"\ the “valoe” ‘\‘“‘H}'
€. age foy “?““‘“ . regress ?.salary topl0 rll 25 r26_40 r4l 60 LSAT GPA 1llibvol lcost
the model hedes if SfH into gudo\‘\\w\s \orny (_D‘S‘\;)J gen 2 s\lv‘Zﬂ') e

Source £ M5 Number of obs = 136

F( 8, 127) = 120.15

Model 9.16538532 8 1.14567316 Prob > F = 0.0000

Residual 1.2109665 127 .009535169 R-squared = 0.8833

Adj R-squared = 0.8759

Total 10.3763518 135 .076861865 Root MSE = .09765

lsalary Coef. S5td. Err. t P>|t] [95% Conf. Interval]

topl0 v .5393428 .053542 10.07 0.000 .4333927 .6452928

rll 25 v/ .4716199 .0390921 12.06 0.000 .3942637 .548976

r26_40 / 2790977 .0346972 8.04 0.000 .2104383 .3477571

r4l 60 v/ .182382 .0283098 6.44 0.000 .126362 .238402

L / LSAT .0060482 .0034919 1.73 0.086 -.0008616 .012958

The L“‘“\“" ¢ GPA .1305893 .0818678 1.60 0.113 -.0314122 .2925908
rontiny A" and o 1llibvol .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

Comments: ‘l) So mears The Sffeence i qu_dg_l lo\, Galay) 5f a Lo -schos] T.den frou q*a‘ 10
uv\idersﬂ'y cmtm.l i q.‘,o_dté (03 (—It\w) o these who 3«&&01\;&. from The cchool runked 64 d worse.
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