6. Multiple Regression Analysis (Inference)

4 Testing Hypotheses about a Single Linear Combination of the

Parameter

Consider

log(wage) = By + Byjc + Bauniv + Bzexper +u

where je = 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 8, = 3,.
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68 6. Multiple Regression Analysis (Inference)

another possible hypothesis test (one-tailed alternative)
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e What is the significance level given the computed t-statistics?

R,t\ A m\\e

This Shaded ates 0
e YRjediion tegion
1 'S Br p-nalwe

L taved fn s&.§

Total ayea figpm o sides

1
troamputed b= -0
S.e.?")

e p-value : P(|T| > [t|)
T = trdstgguted Yantem vasiade  WIAE sqcq

b= omautes ¢-stagiskc

Prvalug = pdoRoility Boar a cantom Tuale, wil e,

< :
RATRY Cin e V- LMY Saan ovrds iy W sy

Aaw, te S%planay
ety qang Ray

o W& calcwlatg =841

Yy variow, gs gre Atng ty g mpg

§eq,

i



6. Multiple Regression Analysis (Inference) 69

Example 1: QI‘{O :08; 20, H,:B;<0, defi==1d0: = 1’;"“\7\%

7
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suppose the calculated t; = —2.75
J A

e Pya®

e Thus, p-value = V.4

e Would we reject Hj if we use the significance level = 5%7? Y3
BULEL e reieet Wy 1% p-valve <Significant Level

Example 2: Hy: 3; =a;, H,:pB;# aj, d.f.:@\m
fm
f ke

24% 1%

suppose the calculated tis, =-2.18

e Would we reject Hj if we use the significance level = 5%?
\'ejm\- Y, because thearea ts sstinan 0.0 or p-valve,

6 Confidence Intervals (CI)

e Confidence Intervales for the POPULATION PARAMETER (5;)
The range of valye thak would caghure,
e true g ok o At chance,

o A 95:70 CI of ; is given by
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70 6. Multiple Regression Analysis (Inference)

Example 1: 95% CI
(4] af. a9 " A
Me antey Gorby T L8 -1ov S8 hivaone g em))

3 D
N N

1
1ot 6 196 valye o f Q1S percentile
W the te, dwsixisunon

Example€2: 99% CI 9% 23
)
what ferenie?V33g o axea = 1-0.08 0489

ared = Al <0.005
2

S 2

™eadl eT for B, = [ §- 115§y B +anee s.e.Q‘.)\

Note, T-Lest  pnotgalion

We wan g test WYk sigmiicance of a qroup o8 ypotheses (mulige, Wypaneses)

Orade,,, = B0 TR K Vives-fromiy By ¥ Kies-Dack TEp\r. Sudy B, RASKL GR t B, qender Tu

o' Seak position D0esvph ave igoacy O G¥A

§\=Q QY\Q $2=Q » %\:$’}.:{)

Ha bt Sedt pasitign maliers

By %0 Qg #0

# *0 ang 70 at \eqey Ong of

= Me 84,99 0
B and B0 b




6. Multiple Regression Analysis (Inference)
7 Testing Multiple Linear Restrictions: The F-test

Suppose the model is specified by

xy) = Lo+ 121 + By + Byrs +u
,,/ HO 5 61 =0 and ’Hg =0
1:\-\%1-11 : Hy is not true have 90 imgacy ony.
|

We can use the

est to test this type of "multiple hypotheses".
%'vs; mrxm\
1. Our full
as: k . \J .
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Y= Po+ B121+ Boxa + Baxs + ... + Brxr +u

2. The model which takes out  (which we think its associated 3 = 0) is called the
restricted model (7).  swmal modd)
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2 6. Multiple Regression Analysis (Inference)

3. Some useful facts
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4. Other ways to calculate the F-statistics:
fom g = 4 -SSR
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Example: Suppose we are interested in understanding the determinant of a baseball

player’s salary. € W wan kg test Wttney perfarmante e any
\ salary = season salary fmpacy onsalay
years = years in major leagues ] N =8 =q
U ) gamesyr = games per year in the league My g)‘mm ﬁ'“‘_"“s‘&“ roeyr
bavg = career batting average Rq - otheyWise s Wk
hrunsyr = homeruns per year
rbisyr = runs batted in per year

e the unrestricted model (ur) is defined by
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6. Multiple Regression Analysis (Inference)

rs gamesyr bavg hrunsyr rbisyr

73

P ——
Source ss ar MS Number of obs = @
F( 5, 347) = 117.06 E 92
z %)
Model 308.989208 5 61.7978416 Prob > F = 0.0000 (7\‘__—‘%,’_—)‘_,
Residual 183.186327 347 .527914487 R-squared - 627 -39 n-
Adj R-squared = 0.6224 = i
Total 492.175535 352 1.39822595 Root MSE = .72658
log_salary Coef. Std. Err. t P>t [95% Conf. Interval]
years\ .0688626 .0121145 5.68 0.000 .0450355 .0926898
gamesyr! .0125521 .0026468 4.74 0.000 .0073464 .0177578
bavgﬁ) .0009786 .0011035 0.89 0.376 -.0011918 .003149
hrunsyrg .0144295 .016057 0.90 0.369X -.0171518 .0460107
rbisyr5 .0107657 .007175 1.50 0.134 -.0033462 .0248776
_conso 11.19242 .2888229 38.75 0.000 10.62435 11.76048
T AL

e the restricted model (r) is defined by

suhen consiiexing each of Kne, perfarmante, A

TR -y -0I0R, 000, OF B \ong 4 S wiicark

impack o 51
. regress log salary years gamesyr
o

Source Ss df MS Number of obs =
F{ 2, 350) = 259.32
S5L  Model 293.864058 2 146.932029 Prob > F = 0.0000
&R Residual 198.311477 350 .566604221 R-squared = 0.5971
o Adj R-squared = 0.5948
Total 492.175535 352 1.39822595 Root MSE = .75273
log_salary Coef. Std. Err. t B>|t] [95% 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
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74 6. Multiple Regression Analysis (Inference)
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
z- Ty

= If the then when we can reject Hy w\ sl sig \ewe)

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

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

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

of /3.

2. We can also perform other hypothesis testings of interest.
e.g. Hy: B3, = B,
or Hy:pB,=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 E (1) 2) 3)
Salks log(sales) 224 158 188
(.027) (.040) (.040)
oMty oy log(mktval) ~— d12 100
92«“\“’\““\@% (.050) e L,,,‘:‘,”"’ o
profmarg — —-.0023 | 0022
(0022) | 0021y
CRY O OQRYSYS, | ceoren —_ —_ 0171
(.0055)
comten —_ _— —.0092
(.0033)
intercept 494 4.62 4.57
(0.20) 0.25) (0.25)
Observations 177 177 177
| R-squarcd 281 304 353

ke o Simge Yegression wl am
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Multiple Regression Analysis : Further
Issues

1 Data scaling on OLS statistics

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

¢ J J
bu.'eght9= Bo + B,cigs + By faminc,

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.
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76 7. Multiple Regression Analysis : Further Issues
2 More on functional forms
e Logarithmic Functional Form A=Y~V
AWM= A" Ayq
ssualy Means ndkuval Vogy

log(y) = By + 3, log(x1) + Bax2 +u

e T dvooNY L A dy -_\_Aq/ =‘\Q_Q_.jﬂ_ = 1 AN
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Example : Effects of Pullution on Housing Prices P ks 1)

log(price) = B, + B, log(noz) + B, log(dist) + B3rooms + B,room* + Bsstratio + u
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7. Multiple Regression Analysis : Further Issues 77
wh(?r.o . . Th Nt LS 8 any cbuekiigs 5 Sthdenys Can apply s senos\s
price = housing price 0 the area wilhou navie 'a Yake any Yed S v lower
nox = level of pollution SEYAND 5 e eher g 5 oo\ 2
dist = distance from downtown
rooms = number of rooms
stratio = average student per teacher ratio
The estimation result is given by

regress lIprice 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
Lpnte)
9 X'Iprice coef. std. Err. t p>|t] [95% conf. Interval]
baten ——— qn0x (8, —. 9767545 .0995938 -9.81 0.000 -1.172429 -.7810806
dist |#,-.0321972 .0094013 -3.42 0.001 —-. 050668 -.0137264
rooms p, -. 5528032 .1612965 -3.43 0.001 —-. 8697056 —. 2359007
rooms_sq (s, -0624697 . 0124867 5.00 0.000 .0379368 . 0870025
stratio [ps —. 0486667 . 0058131 -8.37 0.000 -.0600879 -.0372455
—cons 13.59154 . 5650901 24.05 0. 000 12.4813 14.70178

w oyt tal cam
™ all vanddies ag significany

Consider the effect of "room"
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What wold be the % change in price when the number of room increases from.5 to 62
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78 7. Multiple Regression Analysis : Further Issues

3 Models with Interaction Terms = vse8 When e, wmgacy of

onR Wanav\e degends
st e wue L\ewe)

Consider
_”'/XQ\
price = [y + B15qr ft + Bybdrms + Bssqrft x bdrms + B,bthrms + u
Y Xo ot Ry ¥q
i MR
where ' . e owe
price = housing price
sqr ft = house size (square feet) smal howe
bdrms = number of bedrooms
bthrms = number of bathrooms 3 %ed (domn
3 pute = Dy ¥ By ONCE
A L3ty
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7. Multiple Regression Analysis : Further Issues 79
4 More on the Goodness-of-Fit and Selection of Regressors

e Adding more regressors ALWAYS improve fit ® Ay
o Bl we \agg, tre ‘\QQ\R Kfn Ao
WE. = Tz dma ot used W gghurnate o pavamey e

oY
WA 9 15 gaert ey RULEY ity WO 2s\imale a patametes.
A .
SUSNY A WON vt punian Thaning W owany veqressots

SR bse AdJusted_ R ax & When WR Wkt puviish \N\m MO0 vy (g Qrpesorg
R=A-s38 = 4= SSRIK
S SSTIW

< A= i)

8 55 /un -
TR Nawe, maxe qu-\(“.l\l)l a1V, SSR) (n-k-4 % % o«és-\z’\

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

Consider Model 1

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 +0.2751log(sales) +0.0179roe
~(0.29) (0.033) (0.004)

n = 209, R*=0.282, R2—.

27.97, of Waviahgn it \
® enluned S 4 Bais wmade) i oeher\
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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.
f I 1 if female
amale i 2
0  otherwise (or if male)
od 1 if married
marrie . e
0 otherwise (of if single)
| TABLE 7.1 |
A Partial Listing of the Data in WAGEIL.RAW
person JI wage : educi { exper i[ female married |
e = e ] |
1 | @5Ho 11 2 \ 1 | 0
2 | s | 2 | 2 | 1 > |
3 3.00 1 2 QO J 0
4 6.00 8 44 0 | !
|
5 5.30 12 7 o | 1
i
i
525 11.56 16 5 0 1
526 3.50 14 5 | 0 ‘
1 |
T TR T DS e A TR T T I Y A WS R T AT T T BT T Y TS
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8. Multiple Regression Analysis with Qualitative Information:

4
model \ong A% MR A6 an MTRLcepY e mo§e)

e If we include all alternatives of a dummy variable in the
the "perfect collinearity" problem.

83

It is not possible to include all of the dummy alternatives in the same

same model, we will face

VAR = Bohg * Sofemall ¢ Byedue ¥ 8, mak TW W [fomale | wale [ 2

) ) oy % \ \ A

For example: OARYGREY \ %

0 \
L) " i}
% = Ar AN i “

1 = female+ male 1
female = male + 1 N

or

¥ Mo are 0 caleqaricss We it AY gateyary Yo avoid pagh cu\\\‘\tm\\‘

@

winter + spring + summer + fall

winter = 1— spring — summer — fall
WX = {\ A wm ey W@ woter  sernd  sommer fa\ %o
o ORVRYWISE, A A ° o i N
n A ° o o A
Swing = (4 it senng i ° " : = A
0 ofhgruns
eke.

WIS Caseq AV R

e At least one alternative has to be dropped. We treat the dropped alternative as
the "BASE GROUP" or "BASELINE" or "BENCHMARK GROUP".

1iftemale A ma\ . 3
o pnale /o frmalt )
. regress lwage fﬂi}e m&i}e married educ exp&k‘“""%
note:,male omitted becausesofrcollinearity | \"\\“CW\* S > 0
Source S5 df MS Number of obs = 526
F( 4, 521) = T5.2%
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
Rmae WO ale lwage Coef. Std. Err. t P>|t] [95% Conf. Interval]
emedd to vow \es
«female =L3251146" .0377061 -8.62 0.000 -.3991892 -.25104
BUR compaed to male 0 (omitted)
Malg workkys 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




