475.101/102/107/108 Semester 2 2000
Assignment 5 Solutions

Question 1.

(@ (i) Two independent samples, observational study.
(i) Paired, experiment.
(i) Two independent samples, experiment.

(b) We observed 8 positive signs and 2 negative signs. Assuming null hypothesis is true
and ignoring hypothesized values of 0 in the datayus8inomialf=10, p=0.5).

Lety = minimum of the number of +'s and the number of -’s = minimum of 2 and 8 = 2.
P-value = 2xpr(Y<y) = 2xpr(Y < 2) = 2<0.055 = 0.11.

(c) df,=k—-1=4-1=3.
df,=n—k = (14+11+8+13) — 4 = 46 — 4 = 42,
df., = df, + df, = 3 + 42 = 45,

f= 252 - 5 562
74.88

Question 2.
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The plot of the datashow no major departurefrom Normality. Thereis one slightly
unusuallow value (-20) and possiblesignsof two modes,but no major problems.The
small sample size means we cannot read too much into these features.

(b) The parameter of interest hereLis, , the underlying mean of the differenceshe repair
estimates between the 2 panel beaters. We wish tblfegt,; =0 vs H, : iy # 0.

Pai red T-Test and Confidence |nterval

Paired T for Panel beaterl - Panel beater2

N Mean St Dev SE Mean
Panel beater 1 17 663. 2 312.5 75.8
Panel beater 2 17 603. 9 286. 6 69.5

D fference 17 59. 35 37.82 9.17



(c)

(d)

95% Cl for mean difference: (39.91, 78.80)

T-Test of nean difference = 0 (vs not = 0): T-Value = 6.47 P-Value =
0. 000

The P-value of 0.000 providesvery strong evidenceagainstH,. Thus we have very

strong evidencethat the averagedifferencein repair estimatesbetweenthe two panel
beatersis not 0. With 95% confidencethe repair estimatefor Panel Beater1 is, on
average, between $39.91 and $78.80 more than that for Panel Beater 2.
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The null hypothesisbeing testedis that differencesin repair estimatebetweenthe two
panelbeatersare Normally distributedversusthe alternativehypothesishat they are not
Normally distributed. The Normal probability plot and the W-test (P-value > 0.100)
provide no evidenceagainstthe null hypothesisthus indicatingthat the assumptiorthat
the underlyingdistribution of the differencesin repair estimatesetweenPanelBeater1
and Panel Beater 2 is Normal is reasonable.

From the plots and test in (ahd (c), we appearto be no major problemswith assuming
that the underlying distribution of the differencesis Normal. As there are no major
problems with this assumption, we have no reason to doubt the validitytattiearried
out in (b).



Question 3.

(a) (i)

Dotpolt of noise levels by jet

Boxplot of noise levels by jet
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(i) The plots showthat the noiselevel from narrow-bodiedets is centredhigherthan

(iii)

(b) (i)

the noise level from wide-bodied jetsile the datafor wide-bodiedjets appeardo
be more spread out.

It appears that the noise le¥edm wide-bodiedjets is skewedto the left while that
of narrow-bodiedetsis very slightly skewedto theright. Neither datasetlooks
badly skewed.

The parametenf interesthereis p,, — u,, where p,, is the meannoise level (in
decibels) of the wide-bodied jets apg is the mean noiskevel (in decibels)of the
narrow-bodied jets.H, : t,, — 4y =0 vs H, : i, — 4y 0.

We have very strongvidence(P-value = 2.73E-10~= 0.000)of a differencein the
mean noise level between wide-bodied and narrow-bodied jets. With 95%
confidencethe meannoiselevel of the wide-bodiedjetsis between6.04 and 9.46
decibels less than that of the narrow-bodied jets.

A | E C
1 |[t-Test: Two-Sample d=szuming Unequal VYariances
2
! W ide Marrow
4 |Mean 106 022727 113769231
3 |Variance 121542202 193897436
& |Obserwvations 22 13
T |Hypothesized Mean Difference ]
g |[df 30
3|t Stat -2.2481707
10 |PIT<=t) one-tail 1. 3673E-10
11 |t Critical one-tail 1 697260365
12 |PLT<=t) two-tail 2 73E-10
13 |t Critical two-tail 204227035
14

(ii) The parameteof interesthereis i, — i, where 1, is the mediannoiselevel (in

decibels) ofthe wide-bodiedjets and 1, is the mediannoiselevel (in decibels)of
the narrow-bodied jets. We wish to tésf: i, — [y =0 vs H, : i1, — i, 0.

We have very strong evidence(P-value = 0.0000)of a differencein the median
noise level between wide-bodied and narrow-bodied jatish 95% confidencethe
median noise level of the wide-bodied jets is betwdrand 9.4 decibelslessthan
that of the narrow-bodied jets.

(c) Due to the fact thaboth datasetsare not badly skewedandthereare no severesignsof
non-Normality a 2 independent samplest is most appropriate for this data.



Question 4.

(a) From the dotplots we can see that lubricant 2 appiedravelower averagewearandtear
scores than the other lubricantheredoesnot seemto be large differencesbetweenthe
averagewear and tear scoresfor lubricants1, 3 and 4. The wear and tear scoresfor
lubricant1 seemto be muchlessvariedthanthatfor the otherlubricants.The wear and
tear scores for lubricant 2 seem to be a little right skew.

(b) The outcome of one test should atveany effect on the outcomeof anothertest. They
are independent of each other. This satisfies the independence assumptioR-festhe

(c) The highest standard deviationa$6 for lubricant2. The lowestis 2.09 for lubricant1.
The ratio of the highest standard deviation to the lowest is 6.66/2.09 = 3.2.

(d) There are doubts about the validity of Batest. The difference in variabilitidsetweenthe
groups is greater than that which is acceptable, eitbridentical samplesizes.Thereare
no major problems with assuming normality or the independence assumption.

(e) The non-parametric alternative to fheest is the Kruskal-Wallis test.

(f) (i) Letu,be the average weandtearscoresfor lubricantl, similarly definep, , 1, and

u, for lubricants 2, 3and 4Hq =y, = U, = 4y = U,

Hoy : The mean wear and tear score is the same for the four different lubricants.
(ii) H; The mean wear and tear score is different for at least two of the four lubricants.

(iii) As theP-value from theF-test is 0.000, we have extremely str@wienceagainstthe
null hypothesis. Thus, wieaveextremelystrongevidencethat the meanwearand tear
score is different for at least two of the four different lubricants.

(9) (i) We can not determine which single lubricant has the lowest mean wear and tear score.
(i) We can not determine which single lubricant has the highest mean wear and tear score.
(iii) We estimate, with 95% confidence, that the mean wear and tear sdot#it@nt?2 is

between 5.3 and 16.2 units lower than the mean wear and tear score for lubricant 3.
(iv) Therearessignificantdifferencesin the averagewear and tear scoresat the 5% level
between: lubricants 1 and 3; lubricants 2 and 3; lubricants 2 and 4.

Question 5.

(a) The mostappropriatedesignfor this experimentwould be to usethreesamplespne for
eachof the two daily dosagesof antibiotic and one control group (that receivedno
antibiotic), and use one-wayanalysisof variance.Theremustbe someform of blocking
on the weight othe pigs. For example the pigs could be formedinto two blocks of 30:
the heaviest30 pigs and the lightest 30 pigs. Pigs from the heavier block are then
randomly allocated to each treatmgnbup and similarly for pigs from the lighter block.
The hypotheses we would be interested in testing woeildl ,: The meanweight gainis

the samefor the threegroups versus H,: At leastone of the meanweight gains is
different from another.

(b) The most appropriate design for this experinveotlld be a paireddesignin orderto cut
down on the variability (which might otherwiseovershadowany differencein means)of
the bacteriacountsbetweensubjects.There are 32 subjectsavailable.Each subjectwiill
wear a ring on one day and not wear a ring on the other. Randthoaigte16 subjectsto
wear a ring orthe first day. The hypothesesve would be interestedn testingwould be:
Ho: Uy = O versusH;: pg« # 0 whereu is the mean difference in the bacteria counts.

Question 6. [6 marks]

(a) “It skips over the fact that the way most polls are done, one in 20 wikt&rong — that
is, outside the margin of error’'s seven point envelope.”

The margin of error has been determined@8% confidence level.

(b) Selection bias. These polls are telephone polls and miss the 6% of New Zealaviuers
haveno phoneand alsothosewho are unlisted. Nonresponse bias:. Somepeopleare
difficult to contact and sompeopledon’t wantto give answershe questions. l.e., there
are a group of people with whom the pollisters can't talk.

(c) understatesthe true margin of error. dY overstatesthe true margin of error.



