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B2 PART 1 Regression Anaiysis with Cross-Sectional Data

(i) Find Var(u,|x,).
(i1} When is Ver(u,|x) constant?

18 Letx be a bigary explanatory variable and suppose P(x = =pfor0<p<],

(i) If vou draw a random sampie of size i, find the
fails. [Hint: Find the probabhility of observ
a5 — X,

probability—call it v,—that Assumption SLR.3
ing all zeros or all ones for the X} Argue that y, — 0

(ity ¥ p = 0.5, compute the probublity in part (i) for » = 10 and n = 100. Discuss,
{#i) Do the caleulations from part {ii) with p = 0.9. How do your answers compare with part (ii)?

Computer Exercises

|

G2

c3

The data in 401K are u subset of data analyzed by Papke (1993} 1o study the refationship between
participation in a 401(k) pension plan and the generosity ol the plan, The variable prate is the per-
centage of eligible workers with an active account; this is the variable we would like to explain. The
measure of generosity is the plan match rate, mrate. This variable gives the average amount the firm
conlributes to cach worker's plan for each $1 contribution by the worker. For example, il mrare = 0.50,
then a $1 contribution by the worker is matched by a 50¢ conrribution by the firm.

(i) Find the average participation rate and the average match tate in the sample of plans,
(i)  Now. estimate the simple regression equation

—_—— 3 -
prate = B, + B, mrae,
and report the results along with the sample size and R-squared.
(i) Taterpret the intercept in your equation, Interpret the coetlicient on mraze.
{iv) Find the predicted prare when mrate = 3.5. Is this a reasonable prediction? Explain what is
happening here.
(v)  How much of the variation in prate is explained by mrare? Is this a lot in your opinion?

The data set in CEOSAL? contains information on chief cxecutive officers for U.S. corporations. The

variable salary is annual compensation, in thousands of dollurs, and ceofen is prior number of years as

company CEQ.

(1) Find the average salary and the average tenure in the sample.

(ii) How many CEOs are in their firs( year as CEO (that is, ceoten = ()7 What i3 the longest tenore
as a CEQ?

(i) Estimate the simple regression model

log{salary) = B, = Byceoten + u,

and report your resuits in the usual form, What i the (approximate) predicted percentage
increase in salary given one more year as a CEQ?

Use the data in SLEEP75 from Biddle and Hamermesh (19900 to study whether there is a tradeoff
hetween the time spent sleeping per week and the time spent in paid work. We could use cither variable
as the dependent variable, For concreteness, cstimate the model

sleep = B4 + Birotwrk +

where s/eep is minutes spent sleeping at night per week and ratwrk is to1al minutes worked duz-
ing the week.

(it Report your results in equation form along with the number of observations and R:. What does
the intercept in this equation mean”?

{ii) It forwrk increases by 2 hours, by how much is sleep estimated to fall? Do you find thisto be a
large effect?
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G4 Use the data in WAGE2 to estimate a simple regression explaining monthly salary (wage) in terms of

1Q score (IQ).

(1y  Find the average satary and average 1Q in the sample. What is the sample stundard deviation
of 1Q? (1Q scores are standardized so that the average in the population is 100 with a standard
deviation equal to 15.)

(iiy Estimate a simple regression modal where a one-point increase in J{? changes wage by a con-
stant dollur amousnt, Use this model o find the predicted increase in wage for an increase in
FC of 15 points. Docs I expluin most of the variation in wage?

(iily Now, estimate a model where each one-point increase in /Q has the same percentage effect on
wage. If 10 increases by 15 points, what is the approximate percentage increase in predicted wage?

For the populaion of firms in the chemical industry, let rd denote anpual expenditures on research and

development, and let sales denote annaal sales (both are in mitlions of dollars).

{iy Wrile down a model (not an eslimated equation) that implies a constant elasticity between
rd and sales. Which pacameler is the elasticity?

() Now, estimaie the model using the data in RDCHEM. Write out the estimated cquation in the
asual form., What is the estimated clasticity of rd with respect w soles’! HXplaim in words wic
this elasticity means.

We used the data in MEAPY3 for Example 2.12. Now we want to explore the relationship between the

math pass rate (marh [(7) and spending per student {expend).

(iy Do you think each additional dollar spent has the same effect on the pass rate, or docs a dimin-
ishing effect scem more appropriate? Explain.

(iiy  inthe population maodel

math10 = By + B loglexpend) + u,

argue that B;/10 is the percentage point change in mathlQ given & 1()% increase in expend.
Use the data in MEAP93 to estimate the model from part (ii). Report the estimated equ'ation in
the usual way, including the sample size and R-squared.
How big is the estimated spending effect’ Namely. if spending increases by 109, what is the
estimated porcentage point increase in math10?

(v) One might worry that regression analysis can produce fitted values for muthl0 that are greater
than 100. Why is this not much of a worry in this data set?

Use the data in CHARITY [obtained from Franses and Paap (2001)] to apswer the following questions:

{iy  What is the average gift in the sample of 4,268 peaple {in Dutch guilders)? What percentage of
people gave no gift?

(i)  What is the average mailings per year? What are the rinimum and maxinum values?

fii) Estimnate the model

gift = By + Pymailsyear +

by QLS and report the results in the usual way, including the sample size and R-squared.
Interpret the slope coefficient. If each mailing costs one guilder. is the charity expected to make a
net gain on each mailing? Daes this nean the charity makes a net gain on every mailing? Explain.

(v) What is the smallest predicted charitable contribution in the sample? Using this simpie regres-
sion analysis, can you ever predict zero {or gift?

To complete this exercise you need a softwarc package that allows you 0 generate data from the uni-

form and normal distmibutions.

(iy  Start by generating 500 observations on x—Lhe explanatory variable—frorn the uniform dis-
tribution with range {G.10]. (Most statistical packages have a command for the Unitorm{{},1)
distribution; just muliiply those ohservations by 10.) What arc the sample mean and sample
standard deviation of the x?
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(i} Randomly generate 500 errors, u;, from the Normal(0,36) distrbution. (If you generate &
Normal(0,1), as is commonly available, simply multiply the cutcomes by six.) Is the sample
average of the i, exactly zero? Why or why not? What is the sample standard deviation of the #;?

(ili) Now generate the v; as

v, =1+ 2%+ ;= o+ By v ' :

that is. the population intercept is one and the population slope is two. Use the daa to run the
regression of y; on x,. What are your estimates of the intercept and slope? Are they equal o the

population values in the above cquation? Explain. : :%
(iv) Obtain the OLS residuals, &, and verify that cquation (2.60) holds (subject to rounding etror). %
{vy Compute the same quauntities in equation {2.60) but ase the errors u, in place of the residuals, 3
s

Now what do you conclude”
{vi) Repeat parts (i}, {ii), and (iti) with a new sample of data, starting with generating the x,. Now
what do you obtain for 8, and 3,7 Why are these different from what you obtained in part (i}?

08 Use the data in COUNTYMURDERS to answer these questions. Use only the data for 1996.
{iy How many couniics had zero murders in 19962 How many counties had at least one execufion?
What is the largest number of execotions?
{(iiy Estimale the equaiion

murders = By + Bexecs ¥ u

by OLS and report the results in the usual way, including sample size and R-squared.
(iiiy Interpret the slope coefficient reported in part (ii}. Does the estimated equation suggest a deter-
rent effect of capital punishrent?
(iv) What is the smallest number of murders that can be predicted by the equation? What is the ' i
residual for a county with zero executions and zero murders? :
(v} Explain why a simple regression analysis is not well suited for determining whether capital pun-
ishment has & deterrent effect on murders. =

il i

C10 The data sct in CATHOLIC includes test score information on over 7,000 students in the United States
who were in eighth grade in 1988. The variables marh12 and read1? are scores on iwelfth grade stan-
dardized math and reading tests, respectively,

(iy  How many students arc in the sample? Find the means and stendard deviations of math12 and
readl2.
(ii) Run the simple regression of marh1Z on recd1? to obtain the QLS intercept and slope estimates.

Report the results in the form .
e -~ o
mathl2 = By + Breadl2
n=1R =1
where you fill in the values for B{, and @, and also replace the question marks. -

(i) Does the intercepl reported in part {ii) have a meaningful interpretation? Explain,

{(iv} Ave you surprised by the f)‘i that you found? What about R

(v) Suppose that you present yous findingsto a superintendent of a school district, and the
superintendent says, “Your findings show that to improve math scores we just necd 1o
improve reading scores, so we should hire more reading tutors.” How would you respond
to this comment? (Hint: i you instead run the regression of read1Z on mathl2, what would
you expect to find?)

£11 Use the data in GPA1 to answer these questions. 1t is a sample of Michigan State University undergrad-
uates from the mid-1990s, and includes current college GPA, colGPA, and a binary variable indicating
whether the student owned a personal computer (PC).
{i) How muny students are in the sample? Find the average and highest college GPAs.
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How muny students vwied their own PCY
Estimate the simple regression squation
ColGPA = G, + By P+ y

and report your estimares tor By and 8,1 Herpret these estimates, including 4 discussion ofthe
magnitudes,

What is the R-squared from the regression? What do you make of its magnityde?

Does your finding i DArT (iif) dmply: g oe Swuiing @ FU as a causal effect on 0iGPAT Explain,

—— T e——
APPENDIX 24

Minimizing the Sum of Squared Residuals
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We show that w2 01 o wsuimares 5, and B do minimize the Sum of squared residugls, 45 asserfz

in Section 2-2. Formally, the problem is (o characterize the sofutions 8, and 51 to the mindmization
problem

min ¥

j{_‘l’; - [70 - lb;.l'l;)’?,
[N T ]

where by, and 5, are the dummy argumens for the optimization problem; for simplicity, cail this
fenetion Qfb,, ). Bya fundamental resnjt from multivariahle calcutus (see Math Refresher A, a
necessary condition for Gy and B\ 0 solve the mivimization protiem is that the partial derivatives of
i B, with FERPRCT 10 Oy and b, must be zern when evaluated 4 BU, ;ﬁffg: E)Q[B{,. El)faz;n = (} and
a0 By, El)!‘ab! = (. Using the chain mle from caleutus. these twg squations hecome

WZS'}‘E{."‘I - )éﬂ - léi""{) = 0

=1
These tw cyuations are just (2,14} and 12.15) nlisd by — 20 a0 wmeEefor, are solved by the
3 ;’éi;. ard ,;5|
How do we know thyt we have actually minimized the sum of squared residuals? The first order
conditions are hetessary but not sufficient conditions. Ope way to verify that we hgve minimized the
sum of squared residyals i 1o write, [or any b, and b..

= [f‘; + {Bs} — by} + f,é* =By

i=

i N . - sy o . L
= 2{32 +n(B, ~ be) + B~ bi}'g-i}“ + 2B, — Go)ifB - bz)}.:-"}.-
£= i=
where we have ysed equations (2.30) ang (.31} The first ferm doss not depand on b, or by, while
the swn of the fagt three terms can be written as

Y

TF \ %2

%L{ﬁc = by) + (B~ bs.]-l?.“ s
as can be verified by straightforwarg algebre. Becauge this i5 2 sum nf sanared forins, e
smallest it can be 55 v Therafore, it iy smiaties: when &, = 8, and by = f,
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