36-303: Sampling, Surveys and Society
Exam 2
Tue Apr 13, 2010

You have 80 minutes for this exam.

The exam is closed-book, closed notes.

A calculator is allowed.

Two formula sheets are provided for your convenience.

Please write all your answers on the exam itself; your worktbe your own.

Question | Points Possible| Points Earned
1 20
2 20
3 18
4 24
5 18
Total 100

Name:

Signature:



Some Useful Formulas From the Statistics of Survey Samplind
Equally-Likely Outcomes & Counting
e If K outcome®s,..., Ok are equally likely, then the probability of any one of thenl j&.
e Consider taking a sample ofobjects from a population df objects.

— Sampling with replacement, there a8 possible samples of sizg the probability of any one of them
is 1/N".

— Sampling without replacement, there é’ﬁé = ﬁ possible samples of sizeflwhereN! = N - (N —
1)- (N=2)---3-2-1], so the probability of any one of them d(j:)

Discrete Random Variables
Let X andY be random variables with sample spafes. .., xx} and{y, ..., Yk} and distributions

K K
PIX=xY=y] = pj, PIX=x]=p.= > pj, PIY=yl =p; = > my
=1 i-1
Then, for example
K K K
EIX] = > xp., VarX) = > (x—EXD%p . CouX.Y) = > (x—E[X)(yi - E[Y)p;
i=1 i=1 i=1

K
PIX=xlY=yj] = pj/pj ., EXIY=yj] = inP[sz.-leyj] , E[aX+bY+c] = aE[X] + bE[Y] + ¢
i=1

Random Sampling From a Finite Population
Consider a population of sia¢ and a sample of size Lety; be the (fixed) values of some variable of interest in
the population (such as a person’s age, or whether they wotddfor Obama). Let

2 1, if i is in the sample
7] 0, else

be the random sample inclusion indicators, andyldbe the random observations in the sample. Then the sample

average can be written
n

-1 1
Y = s Yi = HZZiYi
=1 i=1
TheZz;’s are Bernoulli random variables with
n n n 1 n n
E[Z] = =, V z—=—(1——), CoUZ, Z, =———(1——)
(] N ar(z) N N oMUz, Zj) N_IN N

Confidence Intervals and Sample Size

(@) A CLT-based 100(% @)% confidence interval for the population mean¥s«(z,2SE, Y + z,2S B).
(b) For sampling with replacement from an infinite populati® E= S D/ y/n.
(c) For sampling without replacement from a finite populatihe SE has to be multiplied by the finite population
correction (FPC).
(d) For a given margin of error (ME, half the width of the Cl)daconfidence level % «, we can find the sample
size by solving
Z,2SE< ME

for n. The same approach works for both SRS with replacementgtise'\SE in (b)) and SRS without replace-
ment (using the SE in (c)).



Some Useful Formulas From the Statistics of Survey Samplindl

Stratified Sampling
ConsiderH strata with population countd = 2;': Nn and sample counts = Zril Nh. Let fn = nn/Np; Wh = Ni/N;
andy, = n—lh > yin in each stratum, and lef = a1 2i(Yin — ¥1)? be the sample variance in each stratum. Then

Var(y) | ShaWR(L- )3
VarFsd  (1-f)E

H H
Voo = O Wh¥h » Var@y) ~ Zwﬁ(l—fh)nih , DEFF =
h=1 h=1

Cluster Sampling
Consider a population dfl clusters. We take an SRSof n clusters, and all units within each sampled cluster (one-
stage clustering). Assume clusters all have sameldizeety, = ﬁ Z',-Vll yij in each cluster. Then

Yo = Zyl . Var(yy) ~ (1—N)%§i = (1—%)% rllZ(yi_ycl)z}
ies

|€S

and

M
vargy) _ Ms) ~1+(M-1)p

Var (ysrs) %j

wheres§ is the sample varance of the cluster me@sgs the sample variance of the individual observations,aisd

the intraclass (intracluster) correlation, or ICC.

Post-Stratification Weights and Means

As part of survey data collection it is a good idea to get galndemographic information (e.g. in our surveys: sex,
age, class, major, hometown, etc.). After data collectiercampare the proportions in each of these categories in our
sample with the same proportions in the population. If trgrea, great. If not, calculate

2i WiYi
ZI Wi

DEFF =

w; = (Nn/N)/(nn/n) for eachi in post-stratunh , and Y, =

Post-Stratification Variance Calculations
Taylor series

Varrs() * = . s Var(ZW.y.) 2yWCOV(ZW.y.,ZW.)+(yW)ZVar(Z w)

wherey,, is as above = 1 ¥ wi, Wy= 13wy,

Var (T w) ~n- 2 30w - W), Var(CL, yiw) ~ n- L 3 (wy — Wy)?,

Cov (T, yiwi, X w) ~ n- =L 30 (wiy; — Wy)(w; — W)
Jackknife

¢ Replicatentimes (by removing one obs. each time and recalculatinghtg)g

y(r) — in:1 Wi(r)yi(r)
w
Zrow?

e Calculate
B 1< _ n-1< _
Yik = = Z y(vsr/) , Vank(Y) = n_ rZ:I;(y(vsr/) - yjk)2

n r=1
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1. [20 pts] REVISEMultiple Choice (4 parts). For each part, circle the romanmeral of the
one best answer.

(@) [5 pts] LetY; be the number of monthly neighborhood watch meetings att oy
thei™ resident in a neighborhood, in the last year. You are goingptaluct a survey,
using a SRS to estimaté,,,, the population mean number of meetings attended by
neighborhood residents. Among thiz residents whavould respondo your survey,
the mean number of meetings¥g, and among thaly number of residents who would
not respongthe mean number of meetings attendewyjs In class we showed that the
biasbetweenYg andY p,p, due to missing responses, is

— — Ny — —
Yr— Ypop = WM(YR - YM)

whereN = Ng + Ny.

Which statement below is false (or, circle iv. if all are OK)?
i. All other things being equal, the more people who woutd respondthe smaller the bias
due to missing responses.

ii. All other things being equal, the bigger thefdrence between mean number of meetings
attended by nonresponders, vs the mean number attendedgmnders, the bigger the
bias due to missing responses.

iii. The larger your SRS, the better you can estiméte
iv. All of the above statements are true.

(b) [5 pts] In one-stage clustered sampling, the [@easures

i. The correlation between observations iffelient clusters.
ii. The correlation between the cluster means dffedéent clusters.
iii. The correlation between observations in the same etust
iv. The correlation between the cluster mean and the indalidbservations in the cluster.

(c) [5 pts] A 36-303 survey project constructs an SRS of ugideluates and directs them
to a website where they can answer the survey questions. \ldo\8eme respondents
are never presented with the last page of the survey, dueug ia bthe website software
(the error can happen at any time to any respondent, but dely eespondents fail to
complete the survey for this reason). This is most likely xemeple of

i. Unit nonresponse, Missing At Random (MAR)

ii. Item nonresponse, Missing Completely At Random (MCAR)
iii. Unit nonresponse, Missing Completely At Random (MCAR)
iv. Item nonresponse, Missing At Random (MAR)
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(d) [5 pts] Suppose we divide a sampling frame into groupscivtve may treat as either
strata for stratified sampling, or clusters for cluster siamgp If we make the groups
so thatobservationvithin groups are moresimilar to each otherandobservations

between groupsare moredifferent from each otherthen, all other things being equal
we expect

i. The variance of the stratified sample méapwill go up and the variance of the cluster
sample meag, will go down.

ii. The variance of the stratified sample mé&aywill go down and the variance of the cluster
sample meag will go up.

iii. Both variances will gaup.
iv. Both variances will galown.

[This space intentionally left blank]
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2. [20 pts]Stratified Sampling (3 parts).

Most local advertisers have a choice of TV, print or radioeatigements. In J&erson County

there are two towns: Alpha is built around a factory, and nodshe households contain
factory workers with school-age children; Berea is an esigkisuburb of the city of Danville
in the next county, and contains mostly older people with ¢eildren at home. To see if it
is worthwhile to advertise on TV, a stratified sample of hdwdés with three strata—Alpha,
Berea, and the remaining rural area in the county—is tak&shielevision viewing time, in

hours per week, is recorded for each household in the sample.

The data are as follows:

Stratum 1 Stratum 2 Stratum 3

Alpha Berea Rural Area
Number of households 1N 155 N, = 62 N3 = 93
Stratum sample size 1B 20 n,=8 n; =12

TV viewing time, hivk 35 28 26 41 27 4 49 10 81521 7
43 29 32 37 25412530 14 30 20 11
36 25 29 31 12 32 34 24
39 38 40 45
28 27 35 34
Stratum Statistics y; = 339000 y, = 25125 y; = 19.000
s? = 35358 s =232411 S5 = 87.636

(@) [6 pts] Comput§,, andy,,.. If they should be the same, explain why. If they should be
different, explain whyuse the back of this page to show work, if you need to]
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(b) [6 pts] Compute SH;) and use this to create an approximate 95% confidence ihterva
for the mean household TV viewing time (jw&k) in Jefferson County.

(c) [8 pts] If we were to treat this as an SRS rather than aiséésample, the sample SD
would bes? = 83.658.

i. Estimate the DEFF (desigritect) for this design.

ii. Was it a good idea to do the stratified sample rather thaBR8? Why or why
not?
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3. [18 pts]Approval Rating of Sen. Diane Feinstein, Part | (3 parts).

In late February 2009, the Field Research Corporation:{imtpw.field.comfieldpollonline)
conducted a poll of Democrats and Republicans in Califormiassess voters’ approval of
US Sentator Diane Feinstein, and judge whether any pote@tmidates might be able to
unseat her in the midterm elections in November 2010.

Approximately equal numbers of Democrats (342) and Repabs (298) were contacted by
phone; 267 of the Democrats and 98 of the Republicans appiviae job Sen. Feinstein
was doing.

According to the Ballot Access News (httfwrww.ballot-access.ofg008120108.html), there
were 7,683,495 registered Democrats and 5,428,052 reggisRepublicans in California at
approximately the same time as the Field Poll was being taken

(a) [6 pts] Treating the sample of Democrats as an SRSreplacement, compui@em
the proportion of Democrats who approve of Sen. Feinsteid, its standard error,

SE(ﬁdem)-

(b) [6 pts] Do the same for Republicans: comppig, and SEfrep).
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(c) [6 pts] A confidence interval for theftierence between the true proportions of Democrats
and Republicans who approve of Senator Feinstein can beutechpiith the help of
the pooled SE /SE(Ben)? + SE(Brep)>. Compute this pooled SE and give an approxi-
mate 95% confidence interval for thidi@irence in proportions of voters who approve
of Sen. Feinstein.
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4. [24 pts]Approval Rating of Sen. Diane Feinstein, Part Il (4 parts).

(a) [6 pts] Combining Democrats and Republicans, and trgdtie survey as an SRSav
replacement, estimate the overall proportion of votersahf@nia who approve of the
job Sen. Feinstein has been doing. (You do not have to contipet8E).

(b) [6 pts] We really do not know if the Field Poll was an SRS,atvthe response rate
was, etc., but it seems clear that the proportions of Den®earad Republicans in the
poll were diterent from the population proportions in California. Uspulitical party

registration to define two post-strata, compute post ftration weights to apply to
this survey.
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(c) [6 pts] Using the weights you computed in part (b), conepthie weighted proportion
of voters in California who approve of Sen. Feinstein’s jpt(do not have to compute
the SE).

(d) [6 pts] Use the values of the weights to explaime diference between your answers
in parts (a) and (c).

LIf you were unable to complete part (c), use the weights toenaagrediction about whether your answer to part
(c) would be higher or lower than your answer to part (a), aquaén why.
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5. [18 pts]Data Collection Methods (3 partsli each situation below, choose the best mode
of data collection, and give a reason why. For the “why” gisestwrite complete, clear
sentences. Your response does not need to fill all of theadlaibpace Strong reasoning
and clear writing count much more than length.

Think about tradefbs between feasibility, cost, response rate & nonresporasg availabil-
ity of information on which respondents can base their ansyetc. You may assume there
is a good sampling frame, and that a strong sampling metke@&IRS, stratified or clustered
sampling, will be used.

(a) [6 pts] Your market research firm has been asked to coradsetvey in Pittsburgh to
see who would purchase a new, sweet, fruity carbonated Sok. d
e Which mode of data collection (circle the best answer)?
I. Telephone survey.
ii. Face to Face interviews.
iii. Internet (web-based) survey.
° Why?

20n the other hand, if you need more space, use the back of ¢fee pa
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(b) [6 pts] The Governor of your state has asked you to desgymaey to assess the views
of residents of the state toward public transportation aneviluate how likely they
would be to use alternative modes of transportation.

e Which mode of data collection (circle the best answer)?
i. Telephone survey.
ii. Face to Face interviews.
iii. Internet (web-based) survey.
° Why?

(c) [6 pts] The American Statsitical Association wishes tbalsurvey of its members
across the United States on their views toward certificaif@tatisticians (statisticians
would need pass a test in order to get a license to practitist&ts, like doctors, some
engineering professions, etc.).

e Which mode of data collection (circle the best answer)?
i. Telephone survey.
ii. Face to Face interviews.
iii. Internet (web-based) survey.
e Why?
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