Alternative Hypothesis

Classical Linear Model

Classical Linear Model (CLLM)
Assumptions

Confidence Interval (CI)

Critical Value

Denominator Degrees of
Freedom

Economic Significance

Exclusion Restrictions

F Statistic

Joint Hypotheses Test

Jointly Insignificant

Jointly Statistically Significant

Minimum Variance Unbiased
Estimators

Multiple Hypotheses Test

Multiple Restrictions

Normality Assumption

Null Hypothesis

Numerator Degrees of Freedom

One-Sided Alternative

One-Tailed Test

Overall Significance of the
Regression

p-Value

Practical Significance
R-squared Form of the
J Statistic
Rejection Rule
Restricted Model
Significance Level
Statistically Insignificant
Statistically Significamnt
f Ratio
I Statistic
Two-Sided Alternative
Two-Tailed Test
Unrestricted Mode)

Problems

T Which of the following can cause the usual OLS ¢ statistics to be invalid (that is. mot 1
have  distributions under Hy)?
(i) Heteroskedasticity.
(if) A sample correlation coefficient of .95 between two independent variables thar zre im
the model.
(iii) Omitting an important explanatory variable.

@ Consider an equation to explain salaries of CEOs in terms of annual firm sales. returm om
equity (roe, in percentage form), and return on the firm’s stock (ros, in percentage fionm)):

log(salary) = Bo + Bilog(sales) + Baroe + Bsros + u.

(1) In terms of the model parameters, state the null hypothesis that, after controlling for
sales and roe, ros has no effect on CEO salary. State the alternative that better stoack

market performance increases a CEO’s salary.
(ii) Using the data in CEOSAL1.RAW, the following equation was obtained by OLS:

log(salary) = 4.32 + .280 log(sales) + .0174 roe + 00024 ros
(.32) (.035) (.0041) (.00054)
n =209, R* = 283,

By what percentage is salary predicted to increase if ros increases by S0 points?

Does ros have a practically large effect on salary?
(iii) Test the null hypothesis that ros has no effect on salary against the altermative that

ros has a positive effect. Carry out the test at the 10% significance level.
(iv) Would you include ros in a final model explaining CEO compensation in termy of

firm performance? Explain.

3 The variable rdintens is expenditures on research and development (R&D) ax percentage
of sales. Sales are measured in millions of dollars. The variable profinarg i« profits as a

percentage of sales.
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Using the data in RDCHEM.RA
H 1 g 1 . id:
equation is estimate |
—Tmtens = % 3 log(sales) + 82? profmarg
rdinten: (1.369) (.210) (.046)

n = 32, R? = 099-
ales). In particular, if sales increases by 10%, whag i

ens? Is this an economically large effec

o .« not change with sales against the g
o < that R&D intensity does no alter.
(if) Test the hypolhcm? that R: with sales. Do the test at the 5% and 10% levels,
native that it does increase SR cnallv large?
(iii) Interpret the coefficient on .f”'”.ﬁ”f”‘ff' [" _l_t cconofmlfd nyrdmgte,',g')
(iv) Does profimarg have a statistically significant effect 0 L.
. . r f?

4 Are rent rates influenced by the student population 1n a‘collcge t.own. Let rent be the ayer.
a¢e monthly rent paid on rental units in a college town in the United States. Let pop denore
the total city population, avginc the average city income, and pctstu' the s-tuc-lent populatiop
as a percentage of the total population. One model to test for a relationship is

log(rent) = Bo + Bilog( pop) t Balog(avgine) + Bapctstu + u.

s of the student body relative to the population has
thly rents. State the alternative that there is an effec:.

yefficient on log(s

iy Interpret the n pr
! 1 soint change 1 rdint

the estimated percentage |

(i) State the null hypothesis that si
no ceteris paribus effect on mon

(i) What signs do you expect for B and B2?
(iii) The equation estimated using 1990 data from RENTAL.RAW for 64 college towns is

w= 043 + .066 log(pop) + .507 log(avginc) + .0056 petstu
(.844) (.039) (.081) (.0017)

n = 64, R> = 458.

What is wrong with the statement: “A 10% increase in population is associated with
about a 6.6% increase in rent”?
(iv) Test the hypothesis stated in part (i) at the 1% level.

@ Using the data in MSUECON.RAW, the following equation was estimated:

msugpa= 028 + .659 hsgpa + .0130 actmth + .0122 acteng
(.168) (.053) (.0052) (.0050)

n =814, R* = 256,

where msugpa is i ; ichi
GPA, acmﬁ is thirzrl;i:lllzg nt average at Michigan State University, hsgpa is high schoel
5. T os srantis) nmatlcs ACT score, and acteng is the English ACT score.
ormal approximation, find the 99% confidence interval for B

(ii) Can you reject Hy:
0. Bfu‘g[m = .55 ains G o o
level? What about Ho: By, = ‘lg‘? t the two-sided alternative at the 1% significd®**

(iii) Let actsum be the sum of (he m

i » a!h "lnd < 1Q
acteng. Using actsum in pl and English test scores, actsum = actmth +

ace of actenp pivec
MSUZPa= 028 + 50 cleng gives
(.168) (-05)’3,”@“ +.0008 actmth + 0122 actsum
e (.0085) (0050)

T h =814, R? = 256
JeCt Ho: B(cm h = . I
tetmih = Bcreng at any reasonable significance level? Explain-
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ally significant > 11:1 saleslemploy 15 associated with a 1% droy,
hat a 1%

Controlling for WO
have larger statistic
(iv) Test the hypothesis th
in the scrap rate. o independ

aoression model "
phi LR.1 through MLR.6:

increase

ent variables, under the cJagg;_

8 Consider the multipl .
linear model assumptions

cal
y = Bo t Pixi + PBoxz + B3%3 + u.
i = = 1.
sis Hit B1 = 382 ' ) .
You would like to test the null hypothes e e Bl

. ~s{imators O

(i) Let B and B2 denote the e csml?dtoovariance
 of the variances of B and f32 and the €

E error Ofﬁl - 3627 =1
' : . i for testing Ho: p1 — 3B2= 1- . T )

(ii) Write the 7 statistic for g 36, Write a regression equation involving g,

iii) Define @ :Bl~3ﬁzand(§1=ﬁl" ) ;
(iii) ele ; 2 anid 85 that allows you to directly obtain 6 and its standard error.

between them. What is the standard

9 In Problem 3 in Chapter 3, we estimated the equation

Seep = 3,638.25 — 148 rorwrk — 11.13 educ + 220 age
(112.28)  (.017) (5.88) (1.45)

n =706, R* = .113,

where we now report standard errors along with the estimates.

(i) Is either educ or age individually significant at the 5% level against a two-sided alter-
native? Show your work.

(i) Dropping educ and age from the equation gives

Sleep= 3,586.38 — .151 torwrk
(38.91)  (.017)
n =706, R* = 103,

Are educ and age jointly significant in the orj

your answer ginal equation at the 5% level? Justify

e in th !
between sleeping and WOI‘]fing? € model greatly affect the estimated tradeoff

(iv) Suppose that the sle i
g P equation containg het ici
j " < ero 4 i
O about the tests computed in partg (i) and (i1)? Sked“StICItY- hat docs thismeen
10 |

arket efficiently uses informa’ﬁp’n
ndur;:: be the total return from holding a firm's
11990 to the end of 1994. The efficient mar-

known in 1990 1¢ ¢ houl ) ot

qtoc‘lrrrle]l?l 1 ))O|.]“ firm characterig(jeg knowr? ntotLbe SYstematically related to informatior
§ ms, the s a inni . i

€ we could yge this inform'zlion ie btf:gmmng of the period help to predict

e N choosing stocks

For 1990, et g
; rbe a firy’
let netine denote ney ; mM's debt to cqp; :
net inc Pital ratio .
Ome, and |t salary denote tO’tgl;t eps denote the earnings per shar®:
COmpensation for the CEO.

stock over the four-year

b5 _ period from ¢
kets hypothesis says that thege rcturnsh -~
. S
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(1) Using the data in RETURN.RAW, the following equation was estimated: i

CHAPTER 4 Multiple Regression Analysis: Inference

returii= ~14.37 + 321 dkr+ 043 eps— 0051 netinc + 0035 salary
(6.89) (.201) (.078) (.0047) (.0022)
n =142, R* = (395,
Test whether the explanatory variables are jointly significant at the 5% level. Is any

explanatory variable individually significant?
(i) Now, reestimate the model using the log form for netinc and salary:

return = —36.30 + 327 dkr + 069 eps — 4.74 log(netinc) + 7.24 log(salary)
(39.37)  (.203) (.080) (3.39) (6.31)
n =142, R? = 0330.

Do any of your conclusions from part (i) change?
(i) How come we do not also use logs of dkr and eps in part (ii)?
(iv) Overall, is the evidence for predictability of stock returns strong or weak?

@F he following table was created using the data in CEOSAL2.RAW:

Dependent Variable: log(salary)
Independent Variables m (2) 3)
log(sales) 224 .158 .188
(.027) (.040) (.040)
log(mktval) — 112 .100
(.050) (.049)
profmarg — —.0023 —.0022
(.0022) (.0021)
ceoten —= — 0171
(.0055)
comten — — —.0092
(.0033) =
intercept 4.94 4.62 4.57 @
(0.20) (0.25) (0.25) §
Ohbservations 177 177 177 %
R-squared .281 .304 353 é

The variable mktval is market value of the firm, profmarg is profit as a percentage of sales,

ceoten is years as CEO with the current company, and comten is total years with the company.,

(i) Comment on the effect of profimarg on CEO salary.

(ii) Does market value have a significant effect? Explain.

(iii) Interpret the coefficients on ceoten and comten. Are these explanatory variables sta-
tistically significant?

(iv) What do you make of the fact that longer tenure with the company, ho[ding the other
factors fixed, is associated with a lower salary?
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Cross—Sectional Data

PART 1 Regression Analysis with

Computer Exercises

@ The following model can be used to study whether campaign expenditures affect ¢|

outcomes:

ECtioy

— By + Pilog(expendA) + Balog(expendB) + B3 priystrA + u,

ge of the vote received by Candidate A, expendA and exXpendp
Candidates A and B, and prtystrA is a measure of pan
entage of the most recent presidential vote that Wen);

voteA

where voreA is the percenta
are campaign expenditures by
strength for Candidate A (the perc
to A's party).

(i) What is the interpretation of B1? . _
(ii) In terms of the parameters, state the null hypothesis that a 1% increase in A’s ey.

B penditures is offsct by a 1% increase in B’s expenditures.
(i) Estimate the given model using the data in VOTE1.RAW and report the results

| form. Do A’s expenditures affect the outcome? What about B’s expendi-

tures? Can you use these results to test the hypothesis in part (ii)?
(iv) Estimate a model that directly gives the ¢ statistic for testing the hypothesis in part

(ii). What do you conclude? (Use a two-sided alternative.)

C2 Use the data in LAWSCHB85.RAW for this exercise.
(i) Using the same model as in Problem 4 in Chapter 3, state and test the null hypothesis

that the rank of law schools has no ceteris paribus effect on median starting salary.
(i) Are features of the incoming class of students—namely, LSAT and GPA—
individually or jointly significant for explaining salary? (Be sure to account for
missing data on LSAT and GPA.)
(iii) Test whether the size of the entering class (clsize) or the size of the faculty
(faculty) needs to be added to this equation; carry out a single test. (Be careful to

account for missing data on clsize and faculty.)
(iv) What factors might influence the rank of the law school that are not included in

in usua

the salary regression?

C3 Refer to Computer Exercise C2 in Chapter 3. Now, use the log of the housing price as the

dependent variable:

log(price) = Bo + Bisqrft + Babdrms + u.

the percent-

(i) You are interested in estimating and obtaining a confidence interval for
. In decimal

age change in price when a 150-square-foot bedroom is added to a hous

form, this is 1 = 1508, + Ba. Use the data in HPRICEI.RAW to estimate 01-
(fi_) Write 32 in terms of 0, and 8, and plug this into the log(price) equation.
(iii) Use part (ii) to obtain a standard error for §, and use this standard error to

construct a 95% confidence interval,
C4 In Example 4.9, the restricted version of the model can be estimated using all 1,388 ?b'

scntauons in lhf3 sum'ple. Compute the R-squared from the regression of bwght i
pam.y, and faminc using all observations. Compare this to the R-squared rcpofted or{
restricted model in Example 4.9,

C5 Use the data in MLB1.RAW for this exercise
| (i) }EJ:[(; the r:m::cl cslifnulcd in equation (4.31) and drop the variable rbisy’- What
appens 1o the statistical significance of / 7 ize of the
cocfficient on hrunsyr? trunsyr? What about the &

-~ ——— >
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