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A. True/False and Multiple Choice

40 points
Note: You do not need to explain to your answers in this section.

01. [T/F] (2pts) For the model log(y:) = Bo + Prxi + ui, we interpret the coefficient ) as the expected
percentage change in y; due to a 1-percent increase in z..

f.'

02. [T/F] (2pts) The difference between the White test for heteroskedasticity and the Breusch-Pagan test
for heteroskedasticity is that the Bruesch-Pagan test uses interactions and squared terms.

F

03. [T/F] (2pts) If the p-value corresponding to our estimate of ) is 0.08, then we reject the null
hypothesis at the 5-percent level.

9

04, [T/F] (2pts) Heteroskedasticity occurs when Elu;|z;} # 0.

F-'

05. [T/Fl (2pts) Omitted-variable bias results in OLS estimates that are biased toward zero.

f.':

06. [T/F] (2pts) If we have an omitted variable, we can use weighted least squares (WLS) to avoid bias.

1[‘:

07. [T/F] (2pts) Exogeneity requires that the mean of the disturbances (E[w]) is uncorrelated with all
explanatory variables {z;).

.T"

08. [T/Fl (2pts) If you omit a variable from your regression, then you will have omitted-variable bias.

3

09. [Y/F] (2pts) OLS's consistency is also affected by omitted-variable “bias"

T
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10. [T/F] (2pts) In the presence of heteroskedasticity, OLS estimates for the coefficients are biased.

F—'

1. [T/F] (2pts) In the presence of heteroskedasticity, OLS estimates for the standard errors are biased.

12. [T/F] (2pts) If an estimator is biased, then it is also inconsistent,

F

13. [T/F] (2pts) Weighted least squares (WLS) gives more weight to observations with low-variance
disturbances and less weight to observations with high-variance disturbances.

.r

14. Consider the model Employed, {M@chaolg +emale.— + u;, where Employed, is & binary
indicator for whether individual 7 is employed, Schoo); gives the number of years of schooling for individual
i, and Female; is a binary indicator for whether i is female.

a. [T/F1 (2pts) The coefficient 8, gives the expected increase in the probability of employment
(in percentage points) for a one-year increase in schooling (holding everything else constant).

-[’

b. [T/F] (2pts) This model allows the effects of schooling to vary by gender.

F

c. [T/Fl (2pts) if race is correlated with education and does not affect employment status, then
OLS estimates of 8; will be biased.

F

15. Multiple choice (4pts) Choose all correct answers,
If an estimator & is unbiased for 8, then

Af=0 B.E[é]=9 c.mm(é):e u.E["]—e=o

5,0

16. Multiple choice (4pts) Choose all correct answers.
Which of the following are part of our assumptions?
A Eludz;j=0 B Var(z)=0 C E[u)]=0 D. Var(y;)=0

AL
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B. Short Answer

60 points
Note: You will typically need to explain/justify your answers in this section.

17. {3pts) Define what we mean by "the standard error of an estimator".

S\-d dG\J- 4: 23‘\'-\“’\1'&0\'5' 0‘\?(‘\‘(;\0\--‘(—{—*\.

18. (3pts) What does it mean if the estimator f is consistent for 87

optons -
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19. (3pts) What is the difference between e; and u; in the following models?

y; = fo + Bz + u;
% = By + Byzi + €

W, Is sn v kvow Etv\a-\-ioh tev uat emixos
Arccvilees Wewo -Fav individeal L is O L

(a)
(b)
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20. (2pts) What is measurement error?

Miasure want evvoy [k 3 siuafien 1 which o "F
e vaviablus is "MQCCU‘“)‘*b Masuv.CA (Mkwas»r-u;l).

Also: Muasurenant eyroy- b wlun our Vasiable "8 hieasu. ool
Wit nevse.

21. (2pts) How does measurement error in an explanatory variable affect OLS estimates?
([n-l—[u_ xpl. Vdm'a'vk)
Measore mant- evrovr, dfomvals OLS esHmak:) .".e..)
[+ biases cuv estmales dsward zerp.

22, For the model Health; = Sy + f1Income; + u;

a. (4pts) Which two conditions must be true for an omitted variable to bias our estimates of 8;?

[. The omibed Voriable musk dffect Health.
z. The bmfﬂzc( vasalble Mmest bc (anfebkc{ e Triconme .

b. (2pts) Provide an example of an omitted variable that could cause bias in this scenario. Explain
your reasoning.

T'd?'e °F df&-‘—’ CKCVCfM, ajc’ Aly q_}la\\'*-37...

Fo- ‘aor,'. Aﬁ" |n‘lu.lJ &ch-l-s HeslHe and @& covrelales
Wit Ao -

5/10



23. For the model Income; = S + S1Female; + u;, where Female; is a binary indicator for whether
individual  is female,

a. (3pts) The term @n gives the average income for men.

b. (3pts) The term gives the difference between the average income for women and
the average income for men.

c. (3pts) The sum ﬂg + [‘?’ i gives the average income for women.

24. In our proof of the consistency of the OLS estimator for By (for simple linear regression), we showed

. Cov(z, u)
plimf; = A1 + Vara)

a. (2pts) If the OLS estimator f, is consistent for 1, then what does the right-hand side of this
equation equal?

CUV("\JUD
t 2t — = O
p G Var (&)

b. (3pts) What is the "next step" (and last step) in this derivation? How/why do we get the result
that OLS is indeed consistent for £;7

Cdv (xr;\&) =0 ‘/D ggc,uvv\qd'h'on ('ewxm;@
\\IM i LAlgu . Var(x) q‘:o_l

25. (4pts) Compare and contrast the concepts of consistency and unbiasedness.
Hint: "Compare" means how they are similar; "contrast’ means how they differ.

Bﬂ""h levwas descvibe ®Re Sowvme +bP"- 5-? ‘ﬂ-f-lha\ole\r '%\_
an esiwmater and thr dishibuhon,

The diffevenca Cemsisknc tiucv.'bss hows the estimator
Veaues 35 T SowepliTsrke (M) Oppvedebias 0O,
Unlptagedwness onty aske et ue O\t—p(al-fd value ( H&ﬂss—l)

of o aAbimalor T dreivilouton ﬁra"-ﬁ\tcd Qhple e
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26, Time for some drawing.

a. (3pts) For y; = Bo + Prz; + u;, draw a picture/plot that depicts homoskedastic disturbances.
Make sure you label both axes. Add an explanation if you'd like.
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b. (3pts) For y; = Bg + Przi + i, draw a pictup/plot that depicts heteroskedastic disturbances.
Make sure you label both axes. Add an explanation if you'd like.
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27. Suppose we model the relationship between crime and policing at the city level using

Crime; = fo + ﬁlPolice}-l- Uu; (2)

where i indexes a city, Crime; gives the number of crimes committed in city 7, and Police; gives the
number of police officers working in city .

a. {(2pts) We estimate B, = —3.1. How do we interpret this coefficient?

Fov ea. additional polies~ offley | e expect Y nomber of
Cvimeg fo clavease \c:] 5[ )

b. (2pts) We estimate f§, = 537.3. How do we interpret this coefficient? Explain why this
interpretation doesn't really make sense.

TC a o as Zevo VO\IU- %‘m—v';, Wwe ewpeck
taere Je 5’5?»3 Cetin.s.

Twis mt—«.-Ty.du—'.on s oo+ coha e hetaise ‘om
clow + ek[wc\— Preve o be CiHes DL dent -

c. (5pts) We're concerned about heteroskedasticity and decide to run a White test. Write out the
steps we need to carry out to conduct a White test, describing each step (including any hypotheses,
regression equations, etc.).

gt (1-) Estimole via OLC Q"“W—; = F" t (5: FPirea i+ ”‘i
(A LZT)G-walp vesiduals -an- Shep (1) dnd  Yun V‘OWW\‘m:
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d. (4pts) Suppose we ran a White test and calculated an LM test statistics of 7.3, which implies a
p-value of 0.026 (using a x* with 2 degrees of freedom). What do we conclude from this test statistic
and p-value? Include an interpretation.

zl"’ We Vc;‘ec..‘r NEPPRRVIT A kJPUh«SIS CH‘D).

r}- We cuecvole faure 18 STHiHWlW  gqpitrea-t evtclesce
0{— \f\-kvos\:aclarho.h H e ST feval.

e. (2pts) Which part of the White-test procedure that you outlined in part {c.) changes if we opt for
a Breusch-Pagan test (as opposed to a White test)? What is the change?

BesRs We weold c\ro? V-,__?p\:cu\z -gmu_ e
Yzo)uss\'ow. W ot e %Qfe&_ vectdual\S,

f. (2pts) We are also concerned about omitted-variable bias—specifically with respect to a city's
average income (Income;). In class we showed that the probability limit of the OLS estimator for 3

e
is @a—‘*" efleck of tncome on cripe
.,-'-""-H--'-FH_F
lim 3, = Cov (Police, Income) @)
im
2 e Var(Police)
T"SV ® If (i) cities with higher incomes have more police officers and (ii) higher incomes lead to less crime,

then how (which direction) will OLS be biased for 8, in equation (2)? Explain your answer.

k Dve ¥+ ’rD?O 2\'4'-qu 63¢.+c N 2F{.s
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C. Extra Credit

8 points

EC, [T/F] (2pts) Omitted-variable bias has nothing to do with whether we interpret regression estimates

as causal.

F

EC; (2pts) Write down the regression equation that we would estimate in the following line of R code {i.e,,

the equation with 8s}).
lm{crime ~ police + income + police:income, data = city_df)

CﬁWlLi = & Fo + @‘ ?c.\:c.c-( i (5-‘. iﬂcov\M-‘ A (55 Incowady « ‘:v'b\.‘u_-l

+V«-‘

EC3 ({(2pts} Draw & plot of disturbances that depicts a violation of exogeneity.
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EC, (2pts) Draw a plot of heteroskedastic disturbances for which the Gotdfeld-Quandt test would fail to

find significant evidence of heteroskedasticity.
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