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Problems

' 1 Which of the following are consequences of heteronkedasticity?
(i) The OLS estimators. Bj. are inconsistent.
(ii) The usual F statistic no longer has an F disuribugion.
(iii) The OLS estimators are no longer BLUE.

beer = B, + Binc + B.price = Boeduc + B,female + u
E(ulinc, price, educ, female) = 0
Var(ulinc, price, educ, female) = ainc*.
Write the transformed equation that has 2 homeskedzstic error term.
@ True or False: WLS is preferred to OLS when zm importznt variable has been omitted
from the model.

4 Using the data in GPA3.RAW., the following eguztion was estimated for the fall and
second semester students:

frmgpa= —2.12 + 900 crsgpa + 193 cumzpa + 0014 rothrs

(.55) (.175) (061 .0012)
[.55] [.166] [074] [0012]

+ .0018 sat — .0039 ksperc + 351 fernale — 157 season
(.0002) (.0018) {I85) (.098)
[.0002] [.0019] {-079]) [.080]

n =269, R> = 465.

Here, trmgpa is term GPA, crsgpa is a weighted average of overall GPA in courses
taken, cumgpa is GPA prior to the current semester. torhrs is total credit hours prior
to the semester, sat is SAT score. hsperc is graduzting percentile in high school class,
female is a gender dummy, ar}d season is a dummyy varizble equal to unity if the student’s
sport is in season during the fall. The usual and heteroskedasticity-robust standard errors
are reported in parentheses and brackets. respectively.
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PART 1 Regression Analysis with Cross-Sectional Data

ave the expected estimated effects?

() Do the variables crsgpa, cumgpa, and tothrs b :
4 st at the 5% level? Does it matter

Which of these variables are statistically significant
which standard errors are used?

(ii) Why does the hypothesis Hy: B.rsgpu
the two-sided alternative at the 5% level, using bot
conclusions.

(iii) Test whether there is an in-season effect on term GPA, using both standard errors.
Does the significance level at which the null can be rejected depend on the standard

error used?

= | make sense? Test this hypothesis against
h standard errors. Describe your

5 The following equation was estimated using the data in BWGHT2.RAW:
Tbwght=7.96 — 0023 cigs + .0121 npvis — 00024 npvis’

(0.05) (.0012) (.0037) (.00012)

[0.05] [.0012] [.0051] [.00014]

— .00098 mage + .0022 fage — .0014 meduc + .0027 feduc
(.0015) (.0012) (.0030) (.0027)
[.0016] [.0012] [.0028] [.0027]

n= 1624, R? = 0194,

where Ibwght is the log of the birth weight, npvis is the number of prenatal visits, mage

is mother’s age, fage is father’s age, meduc is mother’s education, and feduc is father’s

education. The usual standard errors are in parentheses and the heteroskedasticity-robust
standard errors are in brackets.

(1) Interpret the coefficient on cigs. Does the 95% confidence interval for B, depend
on which standard error you use?

(ii) Comment on the statistical significance of npvis?, using both the usual and
heteroskedasticity-robust standard errors.

(iii) If the four age and education terms are dropped from the regression (and the same
set of observations is used), the R? becomes .0162. Is this enough information to
compute the heteroskedasticity-robust test of Hy: Bage = 0, Biuge = 0, Brequc = 0
Beauc = 07 Explain.

( 6\There are different ways to combine features of the Breusch-Pagan and White tests for
heteroskedasticity. One possibility not covered in the text is to run the regression

ﬁiz Onxilsxrz,-~~,x;k,}",-2,i= 1,...,n,

where the i; are the OLS residuals and the y; are the OLS fitted values. Then, we would
4 . - . - A2 . )
5 test joint significance of x;, x;, ..., x; and y7. (Of course, we always include an intercept
4 in this regression.)
b

(i) What are the df associated with the proposed F test for heteroskedasticity?

(i1) Explain why the R-squared from the regression above will always be at least as
large as the R-squareds for the BP regression and the special case of the White
test.

(iii) Does part (i) imply that the new test always delivers a smaller p-value than either
the BP or special case of the White statistic? Explain.
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CHAPTER 8 Heteroskedasticity B

(V) Suppose someone RUgRests also adding y; to the newly proposed test. What do you

ink of s jdeq:

s Ik oF thiw Tden?
L 1 "

( 7) Consldder i mode) the employee level,

Ve = B b Bivey + Byxvia + oo+ By + i + Vies ;
where the inobseryed variable f;
CIrortermev, s specific (o e
el s in equition (§,28),

() Assume th Vir(f)) = uf, Var(y;,) = o}, and f; and v, . are uncorrelated, Show that
Vautig,) = o + o2y enll this o,

(1) an Kuppose that for ¢ # g, v, and Vi are uncorrelated. Show that Cov(u;.1; ;) = of

(1) Lt ity =y, VY

i=11i be the average of the composite errors within a firm.
i\ -
Show that V(i) = ol + odm,

(V) Discuss the relevance of
liem level, where the wej

is 0 “firm effect” to each employee at a given firm i. The
mployee e at firm i, The composite error is Ue = fi + vy

part (iii) for WLS estimation using data averaged at the
ght used for observation i is the usual firm size.

Compulter Exercises

Cl Consider the following model to explain sleeping behavior:

sleep = [, -+ B tonwrk + Baredue + Byage + Bage? + Bsyngkid + Bgmale + u.
(1) Write down u model that allows the variance of u to differ between men and
women, The variance should not depend on other factors.
(i) Use the datn in SLEEP75.RAW to estimate the parameters of the model for

heteroskedasticity, (You have to estimate the sleep equation by OLS, first, to

obtuin the OLS residuals,) Is the estimated variance of u higher for men or for
women?

(iii) Is the variance of i statistically different for men and for women?

cR (i) Use the data in HPRICEL,RAW to obtain the heteroskedasticity-robust standard
errors for equation (8.17), Discuss any important differences with the usual stan-
dard errors,
(i) Repeat part (i) for equation (8.18).
(iii) What does this example suggest about heteroskedasticity and the transformation
used for the dependent variable?

| ced

4

C3  Apply the full White test for heteroskedasticity [see equation (8.19)] to equation -
(8.18). Using the chi-square form of the statistic, obtain the p-value. What do you f
conclude? '

S

L

Ca Use VOTELRAW lor this exercise.

(i)  Estimate a model with voteA as the dependent variable and preystrA, democA,
log(expendA), and log(expendB) as independent variables. Obtain the OLS re-
siduals, A, and regress these on all of the independent variables. Explain why

. bl
you obtain R = (), ‘ . -
(ii) Now, compute the Breusch-Pagan test for heteroskedasticity. Use the F statistic
)
version and report the p-value,

g

[ £V

.,
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PART 1 Regression Analysis with Cross-Sectional Data

est for heteroskedasticity, again using the

; White t - :
(iii) Compute the special case of the ™« for heteroskedasticity now?

F statistic form. How strong is the evide

| C5  Use the data in PNTSPRD.RAW for this exercise. £ the Las Vegas point

| (1) The variable sprdcvr is a binary variable equal to on¢ ! rctke.d valucl: o
spread for a college basketball game was covercc}. The exgc% e
sprdcvr, say u, is the probability that the spread is covere 02/1 ionifice ’ |
selected game. Test Hy: ot = .5 against Hy: o #.5at thfe 10% Slgntl) lCcln’CC.?Vcl
and discuss your findings. (Hint: This is casily done using a f test by regressing
sprdcvr on an intercept only.)

(ii) How many games in the sample of 553 were pl

(iii) Estimate the linear probability model

ayed on a neutral court?

sprdcvr = By + B, favhome + Baneutral + Bafav23 + Baund25 + u

and report the results in the usual form. (Report the usual OL'S Stan.dard errors
and the heteroskedasticity-robust standard errors.) Which variable is most sig-
nificant, both practically and statistically? .

(iv) Explain why, under the null hypothesis Hy: 8y = B2 = B3 = B4 = 0, there is no
heteroskedasticity in the model.

(v) Use the usual F statistic to test the hypothesis in part (iv). What do you conclude?

(vi) Given the previous analysis, would you say that it is possible to systematically
predict whether the Las Vegas spread will be covered using information avail-
able prior to the game?

Co In Example 7.12, we estimated a linear probability model for whether a young man
was arrested during 1986:

arr86 = By + Bypcnv + Bravgsen + Bitottime + By ptime86 + Bsqemp86 + u.

(i) Estimate this model by OLS and verify that all fitted values are strictly between
zero and one. What are the smallest and largest fitted values?
(i1) Estimate the equation by weighted least squares, as discussed in Section 8.5.

(ii1) Use the WLS estimates to determine whether avgsen and tortime are jointly
significant at the 5% level.

Cc7 Use the data in LOANAPP.RAW for this exercise,

(i) Estimate the equation in part (iii) of Computer Exercise C8 in Chapter 7,
computing the heteroskedasticity-robust standard errors. Compare the 95%
confidence interval on B, with the nonrobust confidence interval.

(ii) Obtain the fitted values from the regression in part (i). Are any of them less th

zero? Are any of them greater than one? What does this me
weighted least squares?

an
an about applying

C8 Use the data set GPA1.RAW for this exercise,

(i) Use OLS to estimate a model relating colGPA to hsGpa A ]
Obtain the OLS residuals. pALL, siappeds and FC.

(i1) (?omputzthe%case of the White test for heteroskedasticity. In the regres-
sion of 7 on colGPA;, colGPA?, obtain the fitted values, say /i
s O i

(iii) Verify that the fitted values from part (ii) are all strictly positive. Then. obtain
the weighted least squares estimates using weights 1/;. C0[11p-|,-;¢ the v\‘feighted

. iy ;
least squares estimates for the effect of skipping lectures and the effect of PC

h
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