475.101/102/107/108 Semester 1 2000
Assignment 5 Solutions

Question 1.

(a) (i) Paired, observational study. (i) Paired, experiment.
(iii) Paired, observational study.

(b) LetY be the number of positive signs. Assuming null hypothesis is true and ignoring
hypothesized values of 0 in the data, weYgetBinomialg=8, p=0.5). We observed 1
positive sign and 7 negative signs.

P-value = 2xpr(Y < 1) = 2¢0.035 = 0.07.

Note: We can calculate tHe-value for the test in a number of different ways, all of which are
equally valid. (You need to know how to use at least one of these approaches.)

Lety = minimum of the number of +'s and the number of -'s = minimum of 1 and 7 = 1.
P-value = 2xpr(Y < minimum) = Zpr(Y < 1) = 2x0.035 = 0.07.
or: Lety = maximum of the number of +'s and the number of -'s = maximum of 1 and 7 = 7.
P-value = 2xpr(Y = maximum) = Zpr(Y = 7) = 2¢( 1-pr(¥ < 6) ) = 20.035 = 0.07.
or: Lety = number of +'s = 1.
P-value = 2xminimum(pr( < 1), pr(Y = 1))
= 2xminimum(0.035, 0.965) =x0.035 = 0.07.

(c) df,=k—-1=5-1=4. dFEn-k =(8+11+9+10+12) -5 =50 — 5 = 45.

df,=df +df,=4+45=49. f= 22227 =3147,
6849

Question 2.

(a) The parameternof interesthereis (i, the underlyingmeanof the differencesin the
reaction times of male 100 metre sprinters. We wish to test H,:py; =0 vs
H; : Uty 2 0.
The P-value of 0.006 providesvery strong evidenceagainst H,. Thus we have very
strongevidencethat thereis a differencein the averagereactiontime of male 100 metre
sprinters between round 3 and roundWith 95% confidencethe meanreactiontime of
male 100 metresprintersin round 3 is between0.005and 0.024 secondsfaster than in
round 1.

(b) The null hypothesis being tested is that differences calculated betwe®ts3 and 1 are
Normally distributed versus the alternative hypothesisthat they are not Normally
distributed. The Normal probability plot and the W-test (P-value > 0.100) provide no
evidenceagainstthe null hypothesisthusindicating that the assumptiorof Normality is
valid.

(c) The purposeof this studywasto investigatethe reactiontimes of male 100 metre elite

sprinters, using dataeasuringhe reactiontimesfrom sprintersrunningin round 1 and
round 3 of the men’s 100 metres at the 1996 Atlanta Summer Olympics.
We canconcludefrom our resultsthat as they advancein the competitionthe reaction
times of male 100 metre elite sprintersare on averagefaster. Thereis a significant
difference in the average reaction timel6D metresprintersbetweenround 3 andround
1, with the mean reaction time of 100 metre sprintersimd 3 being between0.005and
0.024 seconds faster than in round 1.

The assumptionsequiredfor the analysisof the datato be applicablewere checkedand
found to be satisfied.

Question 3.

@ (i)

(i)

The parameterof interesthereis p. -, where . is the mean amount of
forward/backwardsway experiencedy an “elderly” group and L, is the mean
amount offorward/backwardsway experiencedy a “young” group.We wish to
testHy: g -y =0vs H : e —u, #0.

We have someevidence(P-value = 4%) of a differencein the meanamountof
forward/backwardsway experiencedoy “elderly” and “young” groups. With
95% confidencethe meanamountof forward/backwardsway experiencedby an
“elderly” group is between 0.3 and 16.1 millimetres more thatexperiencedy
a “young” group.

Minitab output
Two Sample T-Test and Confidence I nterval
Two sample T for elderly -fwd.bkwd vs young - fwd.bkwd

N Mean StDev SE Mean
elderly 9 26.33 9.77 3.3
young- 8 1813 4.09 1.4

95% CI for mu elderly - mu young -: (0.3, 16.1)
T-Test mu elderly = mu young - (vs not =): T = 2.BG= 0.044 DF =10

Excel output

t-Test: Two-Sample Assuming Unequal Variances

elderly young
Mean 26.33333333 18.125
Variance 95.5 16.69642857
Observations 9 8
Hypothesized Mean Difference 0
df 11
t Stat 2.303480324
P(T<=t) one-tail 0.020887664
t Critical one-tail 1.795883691
P(T<=t) two-tail 0.041775329
t Critical two-tail 2.200986273

The parametemf interesthereis [i — [i, where [i; is the median amount of
forward/backward swagxperiencedy an“elderly” groupand [, is the median
amount offorward/backwardsway experiencedy a “young” group.We wish to
testH, : iz — i, =0 vs H, : fip — i, #0.

Note: these hypothesesare a consequenceof testing the hypothesisthat the
distribution of forward/backwardswayfor the elderly is the sameas that for the

young versus the distributions are the same shape, but centred at different locations.

We havesometo strong evidence(P-value = 3%) of a differencein the median
amount of forward/backwardsway experiencedby “elderly” and “young”
groups. With 95% confidence the median amount of forward/backwardsway
experienced by an “elderly” group is between 2 andhillinetres morethanthat
experienced by a “young” group.



Question 4.

(b) Thte plots sh?wgat“lelﬂ?lrly’l’( dat;aji? c&ntredhigh(tak: thfaTéhel“)’{oung" ﬁata. Bottf|1_ dat? (a) Fromthe dotplotswe canseethat fabric 1 appearsto have longer burn times than the
sets appear to be slightly skewed to the righiso the “elderly” grouphasan outlier a otherfabrics. There doesnot seemto be large differencesbetweenthe burn times for
50 units. Due to the outlier and the small sitéoth samplesa 2 independensamplet- fabrics 2, 3 and 4. There is a possible high outlier for fabric 2. Efaeie effect of the
gesit would not be ideal here, so the Mann-Whitney test is the most appropritde teist outlier, there doesot appearto be muchdifferencein variability betweerthe burn times
ata. for the different fabrics.
By hand: (b) Boxplots would not be appropriate here as each sample only has 5 observations.
Back to back stem and leaf plot (c) The outcome of one test should heeany effecton the outcomeof anothertest. They

of Forwad/Backward sway by Age Grc are independent of each other. This satisfies the independence assumptioR-festhe

Young El derly (d) The highest standard deviatior2is3 for fabric 2. The lowestis 1.144for fabric 3. The

Dotplots of forward/backward sway by age group . ‘; ‘é i o 9 ratio of the highest standard deviation to the lowest is 2.33/1.144 = 2.04.
(e) There aresomedoubtsaboutthe validity of the F-test. The outlier in the Fabric2 group
° o 2 11210 1 4 h ! . . bl
Young 0o o0 o 525 9 shows problems with the Normality assumption. The differengariability betweerthe
3o groups isalsoat the extremeend of whatis acceptablegvenwith identical samplesizes.
3 (Thoughthis differenceis also due to the outlier in the fabric 2 group.) Thereare no
Elderly e oo oo . 4 problems with the independence assumption.
[ T I [ 1 : : H H
10 20 30 40 50 é 0 (f) The non-parametric alternative to thest is the Kruskal-Wallis test.

(9) (i) Letpy,be the mean burn time for fabric 1, similarly define u, andp, for fabrics
Units: 2| 0 =20 2,3and 4. Hg @, =, =l = 4,
Ho : The mean burn time is the same for the four different fabrics.
(i) Hq : The mean burn time is different for at least two of the four different fabrics.

Minitab output; (iii) As the P-value fronthe F-testis 0.000,we haveextremelystrongevidenceagainst
the null hypothesisThus,we have extremelystrong evidencethat the meanburn
time is different for at least two of the four different fabrics.

(h) (i) Fabricl hasthe highestaverageburntime. (Looking at the intervals, we seethat
Stem-and-leaf of elderly N =9 Stem-and-leaf of young- N =8 thereis evidencethat the burn time for fabric 1 is higherthanthatfor eachof the
Leaf Unit = 1.0 Leaf Unit = 1.0 other three fabrics.)

(i) Fabrics 2, 3 and 4 have the lowest average tiomes. (Note: asall the intervalsfor

pairwisedifferencesbetweenfabrics 2, 3 and4 contain0 we do not haveevidence

445 that any one of the fabrics leads ttmaer averageburn time thanany other,so we
77 must state all three fabrics.

(iii) We estimate, with 95% confidendbat the meanburn time for fabric 2 is between
1 3.3 seconds lower and 2.86 seconds higher than the mean burn time for fabric 4.
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5 Question 5.

Character Stem-and-Leaf Display

99
014 (
59

0

~
~

RPRREENAWN
TADWWNNE
PNWWN W
NN R R

(a) The most appropriatedesign for this experimentis to use two independentsamples.
Randomlyallocatehalf of the householdgo be surveyedwith the promiseof one $500
prize. The remaininghouseholdget the samesurveybut with the promiseof five $100
prizes. The hypothesege areinterestedn testingare Hg : thereis no differencein the
proportionof respondentso surveysbetweensurveyspromisinga chanceat one $500
prize and surveyspromising five $100 prizes. The alternativehypothesiswould be that
there is a difference in the two proportions.

a0 ° (b) The most appropriate desifr this experimentis a paireddesignin orderto attemptto
cut down on thevariability (which might otherwiseovershadowany differencein means)
0] betweenthe drivers. We have 20 drivers and 20 cars available. The cars should be
randomly allocated to drivers. Half of the cars (chosen randomly) should be fittetthavith
first type of carburettor and the remaining cars fitted withother type. After two weeks,
the fuel consumption should be measured and then the carburettors changedanteach
the other type. After the secondtwo weeksthe fuel consumptionshould be measured
again. The hypotheses we are interested in testinbl@repgz =0 versusHy : Uik

# 0, wherely  is the meandifferencein fuel consumptionwhen using the different
carburettors.

Dotplots of Fwidfwd sway by Age
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