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STATISTICS
SECTIONTT
Parl A
Quesilors 1-3
Spend sbout 63 mimuden on e part of the exam.
Mercent of Sectlon 11 prade—T3

Nrectionn: Show all your wrork. [ndicass clearly the mathods you uss, becauss you 'will be graded oo the
comectnesy of your methods aa well = on the wccurecy eod complesoss of your: wsults and axplanstion.

1. The depactmeat of sgriculium st & unl vers ity was Inkerested. ln determinlog whether s presecvative waa alfective
ia reducing discolorstion ka fioasn smwberde. A ;mwpla of 30 cips stuwbecries wan prepared for freexiag.
'LII: mmhrm d Ivided loto trogroups of 23 srawberries sach. Bach srawberry was placed

[

Tha 25 baga Ia the control group wera sedled. The praservative waa addad to the 23 baga contalnlng strewberries
I the treatment group, and then thems bag ware 3aaled. ATl bags wars sored o D" Tor o perlod off 6 moats. Az

the and of thiy thoe, efier the strcwbervies were thawed, o iacholchm rand ssch drewbecry's discolorstion fom
1 o 1D, with & Tow scoee od icerkag Thela discoloration.

Tha dotpioty balow showr the distributiom of discoloration veting for the contrel end restaent groups.
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(a) The xexderd devieion of mtiogs forthe control group By 2.141. Explain bow this valus summardaes
varlabllky lu the conrol groop.

(b) Dasad on the dotplors, conmuant on the offactivenes off the peosaryvative ln lowering the sooumnt of
dincoloration la strewbaerios. (No calculetioes ure oecewery.)

() Rezsarchiecs at the universky decidad to calculae s 93 paccent confldeace nxval for the difference lo mean
dincoloratinn rating betwesn strawberrios tat wom oot tresbad writh presorvative aod thoss thet wate reakad
whth pressrvetive. The confideace koervel ey obtaloed waa (D16, 2.72). Asnooethet the cood oo
oocarsey for the r-confldeoce lowevel e met.

Basd on the coafidence lowrvel, comment ca whethear there would be o diffesocs ja the populatinn e
dincoloration retings for the troeied wd untrested strawbecria.

it [1mr stminre ol parerial,
Q0 ON TO THE NEXT PAGE.



answers OE.notebook April 29, 2013

Q)
«Q
wn O

ating from the mean.

-]
- -

strawberries' discoloratio

«©
*

E - interpreted correctly and in context

P - correct defn - no context
OR commented the control group
appeared normal and applied
the empirical rule

| - empirical rule without saying normal or
wrote the formula for standard
deviation
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1. (b) The preservative seems to lower the amount of
discoloration (is effective). The median is 6 for this
group vs. 7 for the control group. Also, the ratings are
more symmetric around 5 (mound-shaped), where the
controi group is more skewed left with most of it's
ratings at 6 or higher.

The preservative does appear to have been effective
in lowering the amount of discoloration in
strawberries. The discoloration ratings for
strawberries that received the preservative are clearly
centered at a value that is lower than the center of the
rating distribution for the control group.

By looking at the dotplots it can be seen that the
preservative was somewhat effective because it
yielded a greater number of low scores, indicating
less discoloration overall (15 strawberries with the
treatment had discoloration scores of 5 or less,
whereas only 6 in the control group had discoloration
scores of 5 or less.)

E - indicates that the preservative appears to be effective
and explicitly links this decision to comparison of a
characteristic of relative standing from the dotplots for
the two groups.

P - says it appears to be effective because the ratings
appear lower for the treatment group, but does not
link... or correctly compares one or more
characteristics but never states that it was effective at
lowering discoloration.

| - stays it is not effective because the centers are roughly t
he same, or says it's effective with incorrect or no
justification.
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1. (c) Yes, based on this confidence interval, there appears
to be a difference in the population mean discoloration
ratings. The C.l. does not contain 0, which would
indicate no difference. you are 95% confident that the
mean difference in discoloration ratings between the
treatment and control groups is between .16 and 2.72,
meaning the preservative was between .16 and 2.72
lower than the control group.

E - indicates 0O is not included in the C.I. so there is a
difference in population mean and states the
conclusion in the context of the experiment.

P - indicates that 0 is not included so there is a difference
in pop. means but does not state in context, or
correctly interprets 95% conf. in context and indicates
there is diff in pop. means without indicating 0O is not
included.

| - concludes it's not effective or says that no conclusion
can be made or states a conclusion that refers to
sample means instead of pop. means.
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1. As dogauge, dimlalshed jolot end bip beaith mey lead to jolot palo ead tes reduce & dog's sctivity Tevel. Such
u mduction la wctiviky can lead o other beakth concerm such a3 welght galn and lathargy dua bo leck of anercisa.

A study B to be coaducksd to 30s which of two distary supplements, glucoswios or chondroktin, s more
affective kn prowctiag |olot end hip bealth and reduciag the cozet of canloe rewosrtindiths. Researchers will
modowly select a total of 300 dogs from bea dHYerent lugge velecioary practioss sround the country. All of the

dogs wre more then 6 years old, end thele nwoees bave glven comset o participes la the sudy. Chagen la jolat
wnd b iy boakth will be eveluaind afine & mooths of restweat

{u) What would be wn sdventags o wdding « coatrol group la the design of thiy sudy?

(&) Asmuming a cootre] group b wdded o the other two groups in the stady, axpla o bow you would exaign the
JOO dogs tor these thres grourn for o complately rexdow Lad desiga.

{c) Rather than uaing & completsly randow Lad desige, ooe group of resserchers propcses blockiog ca clia les,
wod eocther group of resesrchers propose blockiog oo bread of dog. [low would you declda which ggg of
thems two variables o use = & bleckdng verlabla?

). Dig Towa Fboria woootly atocled s oow Teke kn & cky park whh 2,000 fish of verlous alom, The distribution
ofthe leagts of thess fish by spproxhasely oormoe .

(1) DBig Town Fliberios clahe thet the woun length of the fish I 8 lachey. I tha claira b trus, which of the
ol lowing would ba waes Ihsly?

» A remdow soaple of 15 fish baving « mom loogth that by grester than LD lnches

or
« A nmdow seaple off 30 fish baving o oo loogth that by greater than LD laches
Justify your werwer.

(b) Suppose the staderd deviation of the soupliag distvibution of the saaple wesn for raadow savples of 3w
30 b D.) loch. [ the wem Teogth of the s in 8 loches, ue the soroe] disxibution to coxpus the
penbabllicy ther « mndom sumple of 30 fish will bave o wemn leagth les than 7.5 laches.

(c) Supposethe dixribution of fish leogtts lu this ke we soooomual but bed the sawe wean exd sacdard
deviation. Would k will bs eppxopciate to use the oormal disrfbution o cowpuss the probabliky ln petib) 7

Juntify your: amrwer.

e carapamar: (1nr umiarie ara parerisd}
GO ON TO THE NEXT PAGE.

-7-
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2. (a) A control gropu gives the researchers a comparison group
to be used to evaluate the effectiveness of the treatments. It
allows them to compare the changes in hip and joint health in the
dogs receiving the two drugs vs. dogs receiving no treatment.

E - the advantage of using a comparison group is described in the
context of this study

P - the advantage of using a control group is described, but not in
context

| - says that control groups should always be used but gives no
further explanation or an incorrect explanation.
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2 (b) Roll a die for each dog: Each dog will be assigned a

number 001 - 300. Using a

4 N Aacni~ni~ +A ~liiA

', £ assign o giuc RNT, read 3 digit numbers
ignoring repeats and numbers

3 4 assian to chond X

=, % assigh to chond not assigned. The 1st 100
number selected will receive

5’ 6 ContrOI group tha navt 1N ~hAn nA th

N
9IUb, lIIC IHTAL 1VVU UIIVII., cu u Ile

last 100 will be the control

continue until all dogs have group.

been assigned a group.

****DO NOT 'dump’ the rest when
one group is full!

E - randomization used correctly and the method can be
implemented after reading the student response (so that two
knowledgeable statistics users could use the same method.)

P - randomization is used, but the method could not be
implemented after reading the student response.

| - randomization not used in a planned way OR the solution
does not yield a completely randomized design.
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2. (c) The key question is which variable has the strongest
association with joint and hip health. The goal of blocking is to
create groups of homogenous dogs. It is reasonable to assume
that most clinics will see all kinds and breeds of dogs so there
is no reason to suspect that joint and hip health will be strongly
associated with clinic. On the other hand, different breeds of
dogs tend to come in different sizes. This size of a dog is
associated with joint and hip health so it would be better to
block by breed.

Breed of dog is more likely going to affect joint and hip health
than the clinic, so | would block by breed.

You could look at past studies/clients to clinics and see if there
is a bigger difference between clinics or breed of dog in hip
and joint health. Block the one that has the biggest difference.

E - argues var. with the stronger relationship to joint and hip
health (response var.) should be used as the blocking var. OR
states that the var. with the larger anticipated var. in the
response measure should be used. A rationale is required, but a
var. does not have to be selected.

P - indicated the purpose of blocking is to create homogeneous
exp units but makes an error in application OR does not
acknowledge that there may be more variability in one than the
other OR does not recognize that both var are associated with
variation in the response.

| - does not exhibit an understanding of the purpose of blocking.
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3. (a) The random sample of 15 fish is more likely to have a
Sample mean Iﬁnn’rh greater t than 10 inches. The Qnmnlmg
distribution of the qamnle mean is normal with mean 8 and
standard de |at|on/r Thus, both sampling distributions will be

centered at 8 inches, but the one when n=15 will have more
variability than the sampling distribution of the sample means
when n=50.

A random sample of 15 fish having a mean length that is greater
than 10 inches is more likely. The standard deviation of the
sampling distribution increases as the sample size decreases so
greater deviation from the true population mean is more likely with
a sample of 15 fish as opposed to 50.

E - says 15 is more likely AND the justification is based on the
variability in the sampling distributions.

P - says 15 - makes correct statements about the sampling dist.
of the sample mean or the probabilities but does not specifically
refer to the variability in these two sampl. dist. OR remearks that
the sample mean approaches the pop. mean as the sample size
increases. (Law of Large Numbers)

| - no or incorrect justification or chooses 50.
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E - Prob. correct and a reasonable sketch or calculation is

shown.

P - incorrect but plausible calc. is shown. ex using
OR switches 7.5 and 8 to get a z of 1.67.

| - answer provided with no justification or incorrect.
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3. (c) Yes, because the sample size is 50, which is large (<30).
According to the CLT, the sampling distribution will be normal
even for nonnormal populations with a large sample size.

E - yes because of the CLT (sampl. dist.) and large n.

P - yes, but weak justification - ex. mentioning CLT without
reference to sample size, and mentioning sample size without
reference to CLT.

Parta-E=2pts, P =1

bandc-E=1pt P=1/2

4 = 4 pts
3=30r31/2
2=2o0r21/2

1=10r11/2
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4. [ovestigetors st the U.S. Department of Agriculture wishad to compere methods of determining the Tevel
of E rof bacterls contem inetion In beaf. Two different wethods (A md B) of deerminlag the level of
cootsmlcaion were used on each of wea randowmly selected spechoens of'a osrtaln gype of beef’. The dat
obtuioed, la miTlimicrobeylker of ground beaf, for sach of the wmethods e showa in the mble belovr.

Spechosa
l 2 ] 4 3 & T a 9 Lo
AlRT | D6 UD WL 24 173 | M4 | ¥l | 404 | 462
BlAD AL |27 |26 2WsH W1 | N2 | ¥BD | 405 | 478

In them o sigaificant diYerence b the wem emount of £ rofl bacterls desactad by the two meathodx for thiy
typo of beaP? Provide u statisloa] justification to suppoet your snswer. \

\@K natchad pairs 1 -Test Lor Mmeans

SRS From pop- 0K int D IO fand -seleckd
P|QC6’§ ot (@9?_%
*N>=30,no n=10 DR POP- 1S Ne ( e
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5. Rossarchees waot to determioe wbether delvers e aigaificantly move distrecied whille deiviog whea uslag o
coll phone than when talkdng o & pesseagar ln the cor. In o sidy lavolving 43 pscpls, 24 peopie were rendowly
enigoad to drive la o del viog 3ka ulator whille uaiog s cell phooe. The remala lng 24 were anigoed to deive b
tha driving skaulater whlle talidag to & pasenger In the shoulstcr. Paet of the driviog slwulation for both groups
lavoived esidag, deivers to ax ktha freaway at & particularaxit. b tha sudy, 7 of the 34 cell phooe usern wleed
the axit, whila 2 of the 24 lidog to & paseenger wabesad the axie

{a) Would this study ba clenified &1 m exparhoent or en observations] sdy? Provids wo axplemation o suppert
YOLE mywer.
(b) State the oull exd sloroative bypothese of lalecet to the rasesrchers.

fc) One wx of sigaificance thar you m g comlder using t weswer the ressarchers’ quasion B ¢ two-Mmple
;:hmmmmmmhmnhmm:umuum

(d) Uszing m advaced xuxixica] methed for soall zomphex o e the ypotheses 1o pat (B), the eaearchers

ropoet o p-valus of D.063). Inkspret, lo averyd oy leoguags, what this p-valua wsesures la the comaxt
of thilxy study g ste what conchalon sbould be wads based on th s p-value.

GO ON TO THE NEXT PAGE.
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STATISTICS
SECTIONTI
PanB
Quatsii oy &
Spend shout 25 mimudos on this part of the cxam.
Mervent of Sectlon 11 prade—233

Directionn: Show all your sroric. [ndiceis clearly the Tosthods you uss, bacause you will be graded ca the
cocectnesn off your methods a3 well s on the sccurecy end cowploeoss of your: sesults and axplanetion.

6. A stdy wea deiigoed o axplos mbjects’ ability bo judgs the disnce betwesa two objects placed ko & dimly 1k
mow. The ressercher arpacind that the subjects would geaerally overest s tha distence batween tha objects

ia the room and that this cveresthaation would locveams the farther apat the objects w-ore.

‘The two cijectn were placed et rendow Jocations ks the roows belfom o ubject ext hostad the distence {in fhet)
batvwasn those two objects. Afer sech subject estimeted the distance, the locations of the objects ware
revend o beed befiore the paxt subjact viewead the cnom.

Afer data were collacied for 40 subjacts, two Tioser modeln were it ko m wtbempe to descelbe the relsticaship
botsrosn the subjocty” peccelved distances (y) md the sctus] dismnce, b fost, betwosn the two objects,

Model L: # =0.238 + 1.080 X {actual distance)

Thie sumderd ermes of the esthueed coefMichnts for Model | aee 0.260 and .1 13, respectively.
Model 2: § = 1102 X (actus] dintance)

Thio stmdard erwe of the est bnstad coafMicient e Modsl 2 b 0393,

{4) Proovide n lowepretation l coomaxt fhe the exthosted siops ln Model 1.

(b) Explaln wiry the researcher w1 ight prefer Moded 2 o Mode! | lu this connext.

(c) Usiog Modal 2, s the wasarchec's hrypothesls thet la dha Eght participants overesthoais the dista oce, with
the overastimee locressiog a3 the actual d istance locssese. (Asnooe spexopcies conditdom for knfemoce

e met)

Tha renearchers 10 warmad o axplom whather tha parformance oo thls ook diffared bervrosn mubjects who waar
coatect Tecsm wod subjects who do oot wesr contict kases. A oew warleble v created o lndicaws whether or
oot & subjact waars contact leosen, Tha data for thly warlabla were codad oumiecically {1 = contact wearer,

D macocostact wreamr), md this wew veriable, sonad “coatact.” was lacluded ba tha followlng modsl.

Model 3: § = 1.08 X (actua] distmsce) - D.12 X {contact) X {actua] distance)
The stndard ev e of the astimeed cosficients for Modsl 3 awm 0,357 and D032, respactively.

Vit spcurtmLcaliageimenioera [lar AP prafouiarals ard wes.collngrimerd car 2t (I aminrie aval pareri).
GO ON TO THE NEXT PAGE.
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(d) Using Modal 3, shetch theesthosed regrssion model Jor contact weawr md the esti weed mgression

mrxdel for noncontact wesrers on the grid balow. G
2t %V\DV\
2/

1
10

=

non
Y= Losx

1
| 32 3 456 78 910

Actual Distance (feet)

fe) [n the cootext of thix study, proviie m1 lobarpretation of the extiosbad coefTicleots for Modl .

Perceived Distance (feet)

oL e h O~ 0D

</\/\t | OS %+, I X

Y= 147
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