April 13, 2010

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

1. [20 pts]Multiple Choice (4 parts).

(@) [5 pts]Thebiasbetweery andeop, due to missing responses, is

Which statement below is false (or, circle iv. if all are OK)?

[ i. JAll other things being equal, the more people who wautt respongthe 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 IG@easures
i. The correlation between observations iffelient clusters.
ii. The correlation between the cluster means ffedent clusters.

[iii. [The correlation between observations in the same cluster.
iv. The correlation between the cluster mean and the indalidbservations in the cluster.

(c) [5 pts]Some respondents are never presented with the last page sfithey, due to a
bug in the website software. This is most likely an example of
i. Unit nonresponse, Missing At Random (MAR)
Item nonresponse, Missing Completely At Random (MCAR)
iii. Unit nonresponse, Missing Completely At Random (MCAR)
iv. Item nonresponse, Missing At Random (MAR)

(d) [5 pts]If observationsvithin groups are moresimilar to each otherandobservations
between groupsare moreifferent 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.
The variance of the stratified sample m&gywill go down and the variance of the cluster
sample meag, will go up.
iii. Both variances will goup.
iv. Both variances will galown.
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2. [20 pts]Stratified Sampling (3 parts).
Stratum 1 Stratum 2 Stratum 3
Alpha Berea Rural Area
Number of households 1N 155 N, = 62 N3 = 93
Stratum sample size 1& 20 n,=8 ng =12
TV viewing time, hivk 35 28 26 41 27 4 49 10 81521 7
43 29 32 37 2541 25 30 14 30 20 11
36 25 29 31 12 32 34 24
39 38 40 45
28 27 35 34
Stratum Statistics Yy, = 339000 y, = 25125 y; = 19.000
s = 35358 s =232411 S5 = 87.636

Note: The given value ofy, is incorrect, given the data in the table (the
correct value was 26.375). However, | asked everyone tdhesgiven value.

(a) [6 pts]Computey,; andyy,.. If they should be the same, explain why. If they should be
different, explain why.
We first calculate the stratum weights,

W; = N;/N = 155/310=0.5; W, = N,/N =62/310=0.2; W5 = N3/N = 93/310= 0.3.
Then we calculate
Voo = Wi, + WLy, + Wiy, = (0.5)(339) + (0.2)(25125)+ (0.3)(19000) = | 27.675

The value foly,, is the samg because this design is self-weightedou can verify
that by calculating,, explicitly.

(b) [6 pts]Compute SB,) and use this to create an approximate 95% confidence interval
for the mean household TV viewing time fimg in Jgferson County.
We need the sampling fractions

f1 = ny/N;y = 20/155=0.129; f, = ny,/N, = 8/62=0.129; f3 = n3/N3z = 12/93=0.129
The variance is then
S E()_/St)z Wl(l - fl)ﬁ/nl + W2(1 - fg)g/nz + W3(1 - f3)§/ﬂ3

(0.5)(1 - 0.129)(35358/20) + (0.3)(1 — 0.129)(232411/8)
+ (0.2)(1-0.129)(87636/12) = 9.633

1A stratified design with the same sampling fractiom each stratum is self-weighted. See answer to part (b) also
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and the standard error is

SHY,) = V9.633=3.104,

so the 95% Cl is about 26875+ 2 x 3.104, or (21467, 33.883)|
(c) [8 pts]If we were to treat this as an SRS rather than a stratified santhe sample
variance would be%= 83.658

i. Estimate the DEFF (designfect) for this design.
ii. Was it a good idea to do the stratified sample rather thanS®S? Why or why
not?

The DEFF is

Var(yy)  9.633
DEFF = = = =10.12
Var (Y, ) 83658 -

Since Var{y,) is almost 10 times smaller than V), it is
definitely better to do the stratified desi@n.

Note: Vaiy,s) is actually wrong here. It should have be¥ar(y,) =
11.136, instead of 83.658. In that case, DEFB.63311.136= 0.87. Thig
is still a win for the stratified sampling design.

3. [18 pts]Approval Rating of Sen. Diane Feinstein, Part | (3 parts).
Approximately equal numbers of Democrats (342) and Regautdi (298) were contacted by
phone; 267 of the Democrats and 98 of the Republicans apgroivthe job Sen. Feinstein
was doing.

According to the Ballot Access News (hitpww.ballot-access.org008120108.html), there
were 7,683,495 registered Democrats and 5,428,052 regidteepublicans in California at

approximately the same time as the Field Poll was being taken

(@) [6 pts]Computepqyem the proportion of Democrats who approve of Sen. Feinsgeid,
its standard errorSE (@gen)-

267/342=
\/(1 - f) I’jdern(:L - rjderrb/(ndem - 1)
/(1 - 342/7683495)(078)(1- 0.78)/(342- 1)

ﬁdem

S E(Iaderrb
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(b) [6 pts]Do the same for Republicans: complitg, and SE ([Gyep)-

Prep = 98/298=
S E(ﬁrep) = \/(1 - f)I'jrep(:l- - Iarep)/(nrep - 1)
V(1 - 298/5428052)(®B3)(1- 0.33)/(298— 1)

= [0.027

(c) [6 pts]Using the SE for the gierence,/SEBgem)? + SE(Brep)?, cOMpute an approxi-
mate 95% CI for the dference between the true proportions of Democrats and Repub-
licans who approve of Senator Feinstein.

The combined SE is

\/SE(ﬁdenbz + SEErep)? = v(0.022) + (0.027F = 0.035
and the diference vetween the twos’is

ﬁdem_ ﬁrep = 0.78_ 0.33 = 0.45

so the Clis M5+ 2 x 0.035, or] (0.38,0.52).

4. [24 pts]Approval Rating of Sen. Diane Feinstein, Part Il (4 parts).

(a) [6 pts]Combining Democrats and Republicans, estimate the overgtliortion of vot-
ers in California who approve.

p = (267+ 98)/(342+ 298)=

(b) [6 pts]Using political party registration to define two post-seatompute post strati-
fication weights to apply to this survey.

Note that the total population size i = Ngem + Nrep = 13,111,547, and the total
sample size i® = Ngem+ Nrep = 640.
Using this information, the weights are then
(Naer/N)/(Naem/1) = (7, 683 495/13, 111, 547)/(342/640)=
(Nrep/N)/(Nrep/n) = (5,428 052/13,111 547)/(298/640)=| 0.889
(c) [6 pts]Compute the weighted proportion of voters in California vapprove of Sen.
Feinstein’s job.
__ Xiwy (L097)(267x 1+ 75x 0) + (0.889)(98x 1 + 200x 0)
Yo = 5w T (1.097)(342)+ (0.889)(298) B

since eacly, is either 1 (approve) or O (disapprove).

For Democi’s: w;

For Repubi’'s: w,
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(d) [6 pts]Use the values of the weights to explain thgedénce between your answers in
parts (a) and (c).
The weight for Democratic respondents, 1.097, is largem tha weight for Republi-
can respondents, 0.889 (to make the Democratic and Repualdmntributions tg,,
proportional to their population counts). Since 1.80889, the favorable Democratic
responses will count a bit more than the disfavorable Regabkresponses, leading to
a higher estimated proportion of voters approving of Semdtein.

5. [18 pts]Data Collection Methods (3 parts.) In each situation belogose the best mode of
data collection, and give a reason why.

Note: Below | have given the intended mode of data collectioth “model”
reasons for those answers. You might come up with other nseso thesg
answers. You might even come up withfdrent modes of data collectign.
Your answer anfbr reason will be counted correct, ifftBrent from mineas
long asyou provide aclear and convincing reasonThe grader’s decisions
(or mine, if he asks for my help) will be final.

A4

(a) [6 pts]Your market research firm has been asked to conduct a suritaurgh 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.
e Why?
Here are some possible considerations:

— An Internet survey would not reach enough of the target patpri (almost
anyone buys sodas, but not everyone has consistent insecexs). This could
introduce some bias into the survey, since we would not hpiugans of peo-
ple who for economic or other reasons did not have internsgtss:

— A telephone survey would reach most households and consufieis is a
good, not too expensive choice. A drawback of this choicéas you can'’t
have consumers actually try to the new soda; and this isrimdton consumers
might need before deciding whether they would purchase it.

— Face to face interviews are expensive but you can have carsurng the prod-
uct directly, rather than asking them to respond to a coralylétypothetical
question.

(b) [6 pts]The Governor of your state has asked you to design a survesstsa the views
of residents of the state toward public transportation anevaluate how likely they
would be to use alternative modes of transportation.
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e Which mode of data collection (circle the best answer)?
[ i. [Telephone survey.
ii. Face to Face interviews.
iii. Internet (web-based) survey.
° Why?
Here are some possible considerations:

— An Internet survey would not reach enough of the target pdjmri (almost
anyone has to consider modes of transportation, but noyewerhas con-
sistent internet access). This could introduce some btaghe survey, since
we would not have opinions of people who for economic or otleasons
might not have internet access (and this might be correlattdtransporta-
tion choices).

— Face to face interviews are expensive and there is almostfaomation on
this topic that you could provide the respondent with in a&facface setting,
that you could not also provide on the phone.

— A telephone survey would reach most people in the state (gowdrage of

the target population by the sampling frame). This is a gaotlfoo expensive
choice.

(c) [6 pts]The ASA wishes to do a survey of its members across the Unéttes 8n their
views toward certification of statisticians (statisticewould need pass a test in order
to get a license to practice statistics, like doctors, somgareeering professions, etc.).

e Which mode of data collection (circle the best answer)?
i. Telephone survey.
ii. Face to Face interviews.
Internet (web-based) survey.
e Why?
Here are some possible considerations:
— Face to face interviews would be prohibitively expensivesfoationwide sur-
vey.
— A telephone survey would reach most members of the ASA. Ehé& good
choice, but. ..

— An Internet survey would be much cheaper than a face-to$aceey, and
also cheaper than a telephone survey. If there is a greabtieadt to consider
(e.g. a description of the certification process) it is bgitesented on a web
page than verbally over the phone. Moreover, since mossttzns are white
collar workers with ready access to the internet, few dtei@s would be
unable to complete the survey for lack of access to the sumebgite.
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