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True/False
32.5 points

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

01. [T/F] (2.5pts) In the presence of omitted-variable bias, ordinary least squares (OLS) is still consistent.

02. [T/F] (2.5pts) In the model Births; = By + B1Income; + uy, only the current period's income affects
the current period's number of births.

03. [T/F] (2.5pts) In the model Births; = By + B1Income; + B2Income;_1 + u, Only the current period's
income affects the current period's number of births.

04. [T/F] (2.5pts) In the model Births; = By + f1Income; + B2Births;_1 + uz, only the current period's
income affects the current period's number of births.

05. [T/F] (2.5pts) If an estimator is biased, then it is not consisent.

06. [T/F] (2.5pts) As long as the mean of a variable does not change with time, the variable is stationary.

F

07. [T/F] (2.5pts) With a p-value of 0.049 and a significance level of 0.05, we reject the null hypothesis.
T

08. [T/F]1 (2.5pts) Random walk walks are stationary.
F

09. [T/F] (2.5pts) If the average untreated outcome (tea#Y;;) in the treated group equals the average
untreated outcome in the control group, then we do not need to worry about selection bias.

T

10. [T/F] (2.5pts) Exogeneity requires E[uﬂ =02
F

1. [T/F] (2.5pts) Randomized experiments typically have issues with selection bias.

E

12. [T/F] (2.5pts) Causation has nothing to do with correlation.

F

13. [T/F] (2.5pts) Instrumental variables estimates can be consistent when OLS is inconsistent.

T
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Short definitions

33 points

14.

15.

16.

17.

18.

(3pts) Define the "standard error of an estimator".
The stondacd erve 4 4w estim@tor gves e stondacd daviattan -(-'
e estmptor's dishilevtion.

(3pts) Define "autocorrelation”.
Avtocorveohion moans @ varable 3 ewelekd o ith st —eg,
an indnidnals previevs cuicemes (dhocks Gvieloke ot Cuvieny

M/sh,udas.

(3pts) Define "nonstationarity".

NomshAisnacity waans @ vewdom wastalle is ‘skble” (behoves wd\)
Awroust k\l&-

Alkrm'fvclaz = Mran vnaffe ched bq-hmq EE*{})- E—[“t-xb] Ve
™ Varianes onaffecded Ty fine, Nar(e) = Var (Yaet) ¥

- Qevarienca uma’H:F:-kd LU Pt Qoo (K'l', \(tf&) e Cov (Xs, Xs—fk)
(3pts) Define "p-value". V’e, s,[r.

A pvaler Gives ?mbayln‘b <} a\”,.,m‘v e cup — o
Were  Qedremu gurCsnas — Wmela ¢ Hla Wl ho(ar\—\ns‘s.

(3pts) Define "causality".

CQ\NQ\;’U dells vy N Q{&C‘\' -F An euent MPQ(W‘D
o ovkcome of 9 Wwiverss |t veat o e sedowe
a0 omiverse wl-ovk Ao event (e thf-;m").
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19. (3pts) Define "selection bias".
Seackion Lias 15 o Kype of bias WAF eccers e o Coukel Gvee
ud  teatwea¥ ik re e Comparable.

20. (3pts) Define "the fundamental problem of causal inference"
The deamn\-al ?h‘-".M e‘- Cousal ’M‘c‘mnu. 15 Yuat we cannmat

Sim.vl\-a'\ens\\j observ e \ly\ (&ugkd:) and \[b'\ (C-\a.k:.\)
o e v adwcdual,

21. (3pts) What is a "random walk"?

A vandew WAl ¢s 9 Fw - Sevies prass seh “hat

¥e = et ¥ €

(\)v\masatau Avat &t 18 a th‘-\-\ard errev -kvvn..‘)
22. (6pts) What are the two requirements for a valid instrument? Briefly define each requirement.
(. E%-'isz-vs 1 The ustvement onl:) a-“:.u\-s \li (o.\-c.,,,,_.')
-\Mmbcj\« )(‘\ — wek d;r¢=+\3 o —\'m.usk sty vaiables .

2. Relevandt © Tha malomnt Cevvelgdes Ww|. owv Vactable
of  {nterest (KD

23. (3pts) What is "heteroskedasticity"?

Hexevoskedashci scenvs Wavt e Vaviav e =—§— L A

is wer cowstand, e, Nar (Z\') = 6\1 awd U:l# 037' ‘F“" Sawu.h\)

Atse Al Femept:  whew vercance of Mae drderbanee Covielates /. gwm
Q‘&P\av[.]ei-uva veraba.

N\aa vse \L'..
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Short answer
42.5 points

24. Suppose you want to estimate the causal effect of education on future earnings.

a. (epts) Explain why regressing earnings on education is not going to give you the answer you want
(i.e., the causal effect of education on earnings).
Regressing  €arnings on education  will lik.l\.] sffer Foun cumited — variable bias
( selction bias
-

Tlheve ave ouitad variables -fugt cvrelhle | edvcation AND 9{’{“"'2‘9(“"‘35
Tues Siroton coy lead do bac.

b. (4pts) Now imagine you know there is a scholarship program that randomly gives out scholarships.
Individuals who receive these scholarships. Explain how you could use instrumental variables to
estimate the causal effect of education on earnings.

We eud vse 281S (o :cﬂ wheve  sclelar sip Mhmma (5 swor (MMestvonaaat
Fv educatton -
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s TH ey Cuede s bax, dward 2 pis oad Wmove on o Quaskion 2.
[J Check this box if you want to skip all of question 25 and instead receive 2pts.
25. Each part of this question refers to the following R output which results from estimating
lm(income ~ education + experience + female, data = wage_df)

#> # A tibble: 4 x 5

#>  term estimate std.error statistic p.value
#>  <chr> <dbl> <dbl> <dbl> <dbl>
#> 1 (Intercept) 3177. 2606. 1.22 2.26e- 1
#> 2 education 952. 109. 8.74 7.66e-14
#> 3 experience 2898. 89.0 32.6 1.10e-53
#> 4 female -1761. 1570. -1.12 2.65e- 1

a. (2pts) Write down the model that we've estimated (do not include the estimates, just the Bs).

fVl[WM'I = F. ‘*'Pv Ed'-/m‘h'of\'l“' Fz ?KPCV'EQVIUL-I-I-FS F.wtalz', + W

Nok-. st (nclwele dester baaee ’{“" 'F'“ credlit

b. (3pts) Carefully interpret the coefficient on education.

H.,\o(wb all else Cconstant, Qu additiond \Qfﬂ‘ ’F“d“m"""“ {ucveases
IwCovae \ﬁs 952 .

c. (3pts) Conduct a hypothesis test for the coefficient on education. Describe each step and the
explain your conclusion.

HUr—\H—‘Mszj - Ho- ﬁ( =0 Hﬂr’[@( *0
prvsloe - prale = 7.6lx(0-" £ 005~ RBeyeek Re

Concnsieny  ~ Thve s SWtsdicell srsv.;{-um\- ewdane 9 We BT dew)
M edwcadion dtects imcows .

d. (3pts) Carefully interpret the coefficient on female (an indicator variable for female).

Hoding ol else Be"ﬂ\’ Women wiake \Fol Wss Han ey

e. (2.5pts) True/False Because the p-value on female is greater than 0.05, we can conclude there is no
gender-based difference in income.

Fase.
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residual

f. (2pts) If we remove female from the regression, do you expect the R? to increase or decrease?
Explain your answer.

g. (3pts) What assumptions/conditions must be satisfied for us to be able to interpret the coefficient

Decrease. A"‘At'/\s mere. Varidbs weveases R* VW‘““‘“““Q'

on education as causal?

10000

-10000

Edicaon Wwusk e Q&Bjemaus

p——

No mleiton bios

No onmitced -vartalde btas
h. (2pts) Examine the following plot of the residuals from the previous regression (on the y axis) and
experience (on the x axis). Describe any issues that suggests and how we might 'fix' them.
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[J Check this box if you want to skip all of question 26 and instead receive 2pts.
26. Consider the following model for the number of alcoholic drinks an individual consumes in a day.
Drinks; = By + 1Drinks;—1 + B2Income; + S3Income;—1 + us

a. (2pts) Carefully interpret the term B;.
l—[clo\(‘mj all else Cauche\*\, an adel¢Hona\ dvinke Lﬁakr:lag nereasas
He nowmbsey 4’ draes M\) \’Q %t.

b. (2pts) Carefully interpret the term B,.

HQHME Al eme CoustanY, aa addkiema\ owit ,{‘ aEm TOBAY
nevessas tur Viewaler °F drtaks -——N“ LU (bz‘

c. (2pts) Carefully interpret the term ;.

Ha\AmS AU else Constaat, du addirtond\  owit =\~Mcum. N ESTERDANY

roveageg W Mewabiar Gr}‘ drines  TODAN bd Fs_

d. (2pts) What does B2 + 83 tell us?
Ta ot @ffeot + MCowre  &m H -{- drinksS .

e. (2pts) What does this model assume about the effect of income throughout time?

Tncome. has ne effect on dh‘n\:{ms hev - ( (h-u d“'js)-

f. (2pts) What happens to our OLS-based estimate of 8 if u; is autocorrelated?

Piased andk (Acomsisteat
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