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7 — Joint Hypothesis Tests

Now that we have multiple “A7 variables, and multiple fs, our
hypotheses might also involve more than one 5.

* W shouldn't use ¢-tests
* W should use the f-test
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= A joinl hypothesis specilies a value (imposes a restriction) [or

two or mare cocfficients
# Usc ¢ Lo denote the or ol resirietions (g = 2 Tor 1
cxample, ¢ = 3 for sccond example)

F-tests can be used for model selection. Which variables

should we leave out of the model?
Wi fpzo Rk
» I variables are insignificant, we night want to drop them [rom

the model
* Dropping a variable incans we hypothesize its /5 is zero
* Dropping multiple variables at once means all of the associaled

fs arc all zero



Example: CPS data again
bkt wedl s
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summary(1m(wage ~ education + gender + age + experience))

| i . f b
coefficients: it

Estimate std. Error t value Pr(>|t|) Ay
9574 G B350 -0.Z86 ~

£ducalion 1.3073 S0l 1167 ;IQEED .

L3442 0 3885 -6.023 3 12a-0d H=k o _,ﬂ;[,...«\
L -0.3675 1.1195 -0.328  [0.743 _»'"'-
experience 0.4511 1.1205 0.428 gjgs_

Signif. codes: O "¥=F' Q001 ‘¢=7 0.0L ¢ 005 L7 0.1 7L
Residual standard error: 4,458 on 529 degrees of freedom

Multiple R-squared: (.2533, adjusted R-squared: 0.2477
F-statistic: 44.86 on 4 and 529 DF, p-value: < 2.2¢-16

The results of the above regression make me want to drop age and
experience,

This corresponds 1o the hypothesis:

o = and iy =
Ha: elthel s Oor ia7F Oor borh

Why would we want to drop variables?
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A bigger problem: 5 and ¢4 are likely nof independent

In the model: A&;{ becavse L’Z = ‘t (\ff XJ_J)(V(”YQ)

Y =Bo+BiXy + By + Baky + faky + € depeuds on all X

» suppose that X3 and Xy are mot independent (e.g. they are ﬁ"\ol {;p(qbse )<3 4 >(q, ore il
correlated)

» then the OLS estimators s and b4 will be correlated - the 4 L”“ 53 Q bi& wre (oil € |°‘\'l :’J

formula for As (ete, ) nvolves aff of the “X” variables ("/c;m
(remember OVE) {*3 = L;— g;,u ‘}q i gu.,n
oo TG 2 e b

# then i and ¢ will be correlated! -

see.(bu)

Lxamplc

Suppose that X5 and X, are positively correlated. Consider the
null:

Hufh=0and s =10

= i( 43 and Ay are boih positive {or negative), it"s nol that big ol a
deal '
¢ if onc is positive and the other ncgative, that's a big deal
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CPS data again
coefficients: e
Fstimate std. Frror t value PreziLl) i
(Intercept) -1.9574 68350 -0, 0. 775
education 1.3073 1.1201 1. lb}' 0,244
genderfemale -2.3442 0.3889 -6.028 3.12e-
age -0.3675 1.1195 -0.328 D 743
expariance 04811 1.1205 D.429 0.668

Signif. codess O 'F=x' 0,001 'F=" 0,01 = 00500 0.1 "1
Jg*sz = &;‘5"' 4 .Ia\,lr)!'ykb all else rr,us{-n.nJr |
B it e,
» do the signs of the coefhicients muke sense? / a9e
® what is the sign of the correlation between age and
experience? ()

= according Lo the two individual -lests, we lail o

[Ho: s = 0 aned s = 0



Let’s try the F-test

T'm going to estimate two models:

# One model under the alternative hypothesis — we'll eall ihe
unrestricted model (the fs arc allowed to beanything)

« One model under the null hypothesis — called the restricted
model. [ get this model by taking the null hypothesis to heart.
That is, substitute in the values £ = 0 and fis = @ into the full
model =

aye = ,fk /0; EJ“"' +/g"9€“2e:e%?d + €

Unrestrieted model (under Ha): fzaye +

unrestricted <- Tm(wage ~ educaﬂon + gender
+ age + experience)

Restricted model (under £fi):  \Wage = %0* ,4; é’r;!U:+ /1 3E“JW e
restricted <- Tm{wage ~ education + gender)

F-lest command:
anova{un restr ri cted restricted)
=

Output {F-stat in bluc, p-val in red):
Analysis of variance Tahle

oPPasITE
Model 1: wage ~ education + gender + age + experience Er_ij:?ﬁ{.(
Model 2 wage - education + gender l,
Res.Df  RSS Df sum af sqg F Pri=F}

0.00vvpooo0d 645
1 529 10511

2 531 11425 -2 —914,2??.6?59 16 wes RX=ThidAl

signif. cedes: © '#==¢' 0,001 '*=" 001 f*' 005 'L 0.1 ' T L

Interpretation? (A big f-stat still means reject)
——



A formula for the F-test statistic

* The f~test takes into account the correlation berween the
estimators that are involved in the test

« Note that if the unrestricted model “fits™ significantly better
than the restricted model, we should reject the null.

» The difference in “fit” between the mode] under the null and
the madel under the allernative leads Lo a formulation ol the F-
test statistic, for testing joint hypotheses.

The RSS is a measure ol i

where

The F-test statistic may be written as: Wer
SR

b\;?" “ b E : I » 0k vejed
(RSS?'cstr['rted_RSSum'cstr['cted)zq (€4} I i

F by sreje o

RSSHnrne.s'trl'{:f.e[!/(n = kunres{,ric'wd. - 1)
gl -

where g = £ of resirictions, k= # of "X
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Wotice that if the restrictions are true (if the null is true),

RSSestricten — RSSunrestricteq Will be small, and we'll fail to

Teject,

Another statistic which uses RSS is the R: 9,!\,4 [ -]Jm‘S \ +
: ; hes
iy Quli. rm’l"

This gives us another formula for the 1'-test statistic:
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where:

R2

rastricned

= the R” for the restricted regression
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where:
B ;= the £ for the restricted regression
R vinea = the R for the unrestricted regression

g = the number of restrictions under the null

funrestriered — the number of regressors in the unrestricted regression.

The bigger the difference between the restricted and unrestricted
R%*s —the greater the improvement in fit by adding the variables in
question — the larger is the F stadistic,

Tcsting vou on the cxam

» The F-test statistic can be obtained by comparing the 8% in the
restricted model (£ model) and the unrestricted model ({4
model).

* The decision to reject or not depends on whether the f-stat
exceeds the (5%) critical value:

7l 5% critical value
l 384

3 z

3

4

5

® These values are only accurate il s large {we'll always
assume Lhis)

Exercise
Test

oo ffs = 0 and fla =10
in the model:

wage = fi, + pyeducation + f§,genderfemale + fi,age
+ fiyexperience + ¢



~chedd

toefficients: ..\n?:}““x

Cstimate std. Crror t value pri=1t]) ¥ ll'!\"
{Intercept) -1.9574 G.8350 -D.Z286 75

—\ ecducation 1.3073 1.1201

5 ) genderfemale -2.3442 03688 -5 00k 3.125:333 way - 2 R 23 -0 gg 3 ~
= e Ry (M % 4
: (- 0.25%) [ (5344 -1)

signif. codes: O '7 f 0.0l ‘%' Q.05 'L 0Ll L

residual standard error: 4. 458 nnﬁz}_‘}mgraes ol Treadom
Multiple R-squared: 0, 2533, adjusted R-syuared: 0.2477 (I — E? 5 /(ﬂ-— l(u—i)
ik ! u

F-statistic: 44,86 on 4 and 529 DF, p-value: < 2,2e-16

coafficients: ﬂ.&
_ Estimate Std. Error t value pri=1t]) HSL’“
(Intercept) 0.21783 1.03632 0.210 0,834 u
3 & education 0.75128 0.07682  9.779 < Ze-16 °
genderfomale -2.12406 0.40283 -5.273 1.96c-07
Sigrif. codes: O 'FER QOO0 CEET QL0 C* 005 LT 001t T

rResidual standard error: 4,639 on 531 degrees of freedom
Multiple R-sguared: ©@.1B84, Aadjusted R-squared: O.1853
F-statistic: 6L.62 on 2 and 531 OF, p-value: < 2.2e-16



