475.101/102/107/108
STATISTICS

Assignment 5, Semester 2, 2000
Due: 4pm Thursday, 12th October

Note:

¢ Assignment5 will be markedout of 60 marks,56 marksfor questionsl - 6 as shown below and 4
marks for communication, style and presentation. Please refer to Section B, Quéstm8, in your
purple coveredCourseResourceManual for examplesof how to set out your assignmenanswers.

Your final mark will be converted to a mark out of 10 which will be recorded towards your course worl

Question 1. [ 9 marks]

(a) For each of the following descriptions of studies, state whether:
- they are experiments or observational studies.
- they are paired designs or produce two independent samples.

(i) A sample of 20 first semester data analysis students and a secondafa?ipséecondsemester
data analysis students are tak€he students’gradepoint averagesre comparecdbetweerfirst
and second semester.

(ii) A chemical additive is designed to decrease the dtyimgfor paint. 10 different typesof paint
are sampled Eachof the 10 sampleds divided into two halves,one half of which is randomly
chosento havethe additive mixed into it, the otherhalf is left unchanged10 boardsare spray
paintedwith the different paintswithout the additiveand 10 boardsare spray paintedwith the
different paints with the additive. The drying times of the paint are recorded.

(iii) 32 soft-drink bottles were filled by a machine. Half of these were randomly allocdtedilted
by the machine with a dial settimg 25 psi operatingpressureandthe other half werefilled by
the machine when the operatipgessurevassetat 30 psi. The averagevolumewas compared
between the two settings.

(b) The signs of 12 differences that were calculated for a Sign test are:

+ + 0 - + — + 0 + + + +
Calculate thé-valuefor testing the hypothesesl,: fipg =0 vsH;: [y #0.

(c) An experiment conducteoh 4 groups(with samplesizes14, 11, 8 and 13) resultedin the following

ANOVA table:
Analysis of Variance for Time
Source DF SS MS F P
Group df, 575.46 191.82 f, 0.068
Error df , 3144.94 74.88
Total df .., 3720.40

What are the values of dfif,, df, and §?

ot

NOTES: i you are asked to carry out a significance test, you will need to:
1. state the parameter of interest in words.
2.  state the null and alternative hypotheses and interpret the results.
3. when instructed to use eithexcelor MINITAB:
- makesureyou arepreparedfor both questions2 and 3 before you beginto usethe
computer.
- include a copy of the computer output in your answers.
- when using the computer repBrvaluesto 3 decimal places.
4.  when instructed to carry out-dest usingexcelassume unequal variances

Question 2. [ 8 marks]

(@)
(b)
(c)

(d)

An insuranceassessofrom an Aucklandinsurancecompanyis concernedaboutthe high estimates
the companyhasrecentlybeenreceivingfrom a particularpanelbeater(PanelBeaterl) comparedo
thoseestimategeceivedfrom anotherpanelbeater(PanelBeater2). To investigate,17 cars,eachof
which had recently beeninvolved in an accident,were randomly selectedand takento both panel
beaters for separate estimates of repair costs. The estimates (in dollars) from the panel beaters we
Car 1 2 3 4 5 6 7 8 9
Panel Beaterl 760 1020 950 130 300 630 530 620 220
Panel Beater2 730 910 840 150 270 580 490 530 200

Car 10 11 12 13 14 15 16 17
Panel Beaterl 480 1130 1210 690 760 840 685 320
Panel Beater2 420 1100 1100 610 670 750 623 293
In this question you will investigate whether there is there a significant difference, on average, in ref
estimates between Panel Beater 1 and Panel Beater 2.
Use MINITAB to draw an appropriate plot of these data. (You should consider the design of this
study to ensure the relevant plot is drawn.) Comment on any interesting features in the plots.
Use MINITAB to investigate whether there is a significant difference, on average, in repair estimates
between Panel Beater 1 and Panel Beater 2. Interpret your results.
Use MINITAB to test the assumptionthat the underlying distribution of the differencesin repair
estimatedetweenPanelBeaterl and PanelBeater2 is Normal. Statethe hypotheseseing tested.
Interpret the plot and the relevant teldbte: to carry out the testin MINITAB choosethe Ryan-
Joiner option under the Normality Test in Basic Statistics

Discuss the validity of the test performed in (b). You should use your answers in (a) and (c).

Question 3. [ 13 marks]

(@)

(b)

Birds beinghit by aircraftis regardedo be a safetyhazardto aircraft. A study investigatingfactors
that may influence the frequencyof birds being hit by aircraft was conductedat an international
airport. As part of the study the noise levels of 22 randomly selectedwide-bodiedjets and 13
randomlyselectecharrow-bodiedets were measuredmmediatelyafter their wheelsleft the ground.
The data below gives the noise levels (in decibels) for the two types of jets taking part in the study.

Wide: 106.5 107.9 99.7 103.9 108.6 102.2 107.2 110.4 112.5 103.7
98.4 105.6 101.6 104.8 107.7 103.2 107.1 107.8 108.0 108.8
108.4 108.5

Narrow: 112.4 113.9 113.0 113.1 114.9 113.5 114.9 113.1 113.0 117.0
111.5 113.9 114.8
(i) Draw appropriate plot(s) for this data set preferably using a computer.
(i) Compare the data sets in terms of centre and spread.
(iit) Do the sets of data look skewed? Briefly justify. Do the sets of data look badly skewed?

(i) Isthere a significant difference in the underlying mean noise levels tfdhgpesof jet? Use
Excelto investigatethis question. Note: a 95% confidenceinterval for this difference, ;4. —
uNarrow' is [_9461 ‘604]

(ii) Below is the MINITAB outputfor the Mann-Whitneytestinvestigatingif thereis a significant
differencein the averagenoiselevelsof the two typesof jet. Statethe hypothesebeing tested
and interpret the output.

MANN-WHITNEY TEST JET NOISE LEVELS
Mann-Whitney Confidence Interval and Test

Wide N=22 Median= 107.15

Narrow N= 13 Median=  113.50

Point estimate for ETA1-ETA2 is -7.00

95.0 Percent Cl for ETA1-ETAZ2 is (-9.40,-5.40)

W = 255.0

Test of ETA1 = ETA2 vs ETA1L not = ETA2 is significant at 0.0000
The test is significant at 0.0000 (adjusted for ties)

(c) Which of the two tests frortb) is most appropriate for this data? Justify your answer.



Question 4. [14 marks]

The durability of heavy machinerybearingswas evaluatedfor four experimentallubricant types
(labelled L1, L2, L3and L4). Twelve bearingswere randomlyselectecand assignedo eachlubricant

type. After being run through a series of tests, a wear and tear score was assessed for each bearin

A copy of computeroutputfor analysingthe wearandtearscoreby type of lubricantis includedon
the following page.

(a) Briefly comment on what the dotplots of the data show.

(b) Would the outcomeof the test on one bearinghave any effect on outcomeof the test of another
bearing? What assumption for theest relates to this issue?

(c) Calculatethe ratio of the sample standarddeviation from the most variable group to the sample
standard deviation from the least variable group.
(d) Briefly comment on the validity of the-test.
(e) Name the non-parametric test equivalent td=est.
(f) Assume that aR-test is an appropriate test to use here.
(i) State the null hypothesis for the test both in words and using symbols.
(ii) State the alternative hypothesis for the test in words.
(ii1) What doesthe resultof your F-testtell you aboutthe meanwear and tear scoreof the four
lubricants? Explain your answer in 1-2 sentences using plain English.

(g) Assuming the Tukey's pairwise comparisons are valid:

(i)  Are we ableto determinewhich single lubricanthasthe lowestunderlyingmeanwearand tear
score? If so, name the lubricant.

(ii)  Are we able to determine which sindléricanthasthe highestunderlyingmeanwearandtear
score? If so, name the lubricant.

(iii) Use an interval to estimatethe underlying difference in meanwear and tear score between
lubricant 2 and lubricant 3.

(iv) Betweenwhich pairsof lubricantsweretheresignificantdifferencesin the meanwearand tear
scores at the 5% level?

Question 5. [6 marks]
For each of the situations below write a brief report in which you:
« Describe an experiment you could tsenvestigatethe problemposed.Include detailsof how you

would allocate treatments to subjects. Justify your choice of experimental design.

« Describe the hypotheses you would test.

(a) An agriculturalscientistis interestedn investigatingeffects,if any, of two different daily dosagesof
antibiotic on the weight gain of pigs. The scientist suggests daily dosages eh8rh@mng. Thereare
60 pigs available for experimentation angitikely thatthe effectivenes®f the antibiotic will depend

on the starting weight of the pig. The weight gain of each pig over a two-month period is the
measurement to be recorded.

(b) A hygieneresearcheis interestedin investigatingwhetherhealth-careworkers who wear rings are
more susceptibleto spreadingbacteriathan those who do not wear rings. There are 32 subjects
availablefor experimentationThe measuremento be recordedis the bacteriacount madeon each
subject’s hands after careful washing. This measurement aafteirsompletionof a normalworking
day. Thereis likely to be considerablevariation in eachsubject’s care takenwith washing his/her
hands.

Question 6. [6 marks]

Turn to the page before the start of Chapter 10/ 1 in your green cbeetade WorkboakRead the
article “The politics behind opinion pollsSunday Star Times, 14 March 1998 answer the
following questions.

(a) Readagainthe last sentencen the article. Quotethe sentencesarlierin the article referring to this
point. Using statisticaierminology,explainwhat this sentencas telling us abouthow the margin of
error has been determined.

(b) Name and describe the source of any two non-sampling errors discussed in the article.
(c) What does the article say about the reported margin of error for subgroups in a poll?
(d) What does the article say about the reported margin of error for estimates which are close to 0?

Computer output for question 4:

Dotplots of L1234 by CODES

{group means are indicated by lines)
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One-way Analysis of Variance

Analysis of Variance for L1234
Source DF SS MS F P
CODES 3 804.8 268.2 10.76 0.000
Error 44 1096.5 249
Total 47 1901.3
Individual 95% Cls For Mean
Based on Pooled StDev

Level N Mean StDev -+ + + +
1 12 9775 2.09 (-----*-=--)
2 12 9275 6.66 (-----*---)
3 12 10350 4.30
4 12 10150 5.70

S S  — S
Pooled StDev = 4.99 90.0 95.0 100.0 105.0

Tukey's pairwise comparisons

Family error rate = 0.0500
Individual error rate = 0.0105

Critical value = 3.78
Intervals for (column level mean) - (row level mean)
1 2 3
2 -0.447
10.447

3 -11.197 -16.197
-0.303  -5.303

4  -9197 -14.197 -3.447
1.697 -3.303 7.447




