ROYAL STATISTICAL SOCIETY EXAMIN ATIONS, 2001

REPORTS OF EXAMINERS

Ordinary Certificate Paper |

OnthewholePaperl waswell donethisyearwith anoverall averageof 60.7anda75%pass-rateThe
mainweaknessesf the candidatesverethenumericalsections.May couldnotwork outtherequired
percentagei Questionl andmary hadtroublefinding the requiredsamplesizesin Questions.

Candidateslid not alwaysfollow the instructionson the front of the answetbook. In particular the
following causedifficultiesthis year

1. Begin eachansweron anew page.
2. Write on bothsidesof the paper(to avoid having unnecessarlposesheetof paper).

5. Besuretofill in numbersf questionattemptedatthe bottomof thefirst answembookbut
notto fill in thesidepanels.

8. Make surehandwritingis legible.

Questionl

Most candidateattemptedhis questionandthe averagemark was more than half the total allotted
mark. The main problemwasthat somecandidateslid not realisethat the samplewas only being
choseratagel6 andthenfollowed over the subsequertime periods.

Candidatesverenot ableto carryoutthe calculationgequiredin part(iii).

Question2

This was a popularquestionand mary candidatescoredwell and draftedlogical and easyto use
forms. Thereweresomegoodindividual toucheswith suggestiongor suitableprizesanddisqualifi-
cationof photocopiedorms. Severalformsincludeda dataprotectionstatement Several forms did
notindicatewhereto sendtheentry Many assumedhatonly onepaperwasboughton Sunday Some
goodanswersuggestethatrequestinga forenameatherthana Christiannamemight bediplomatic.
Severalmadetheform longerthannecessarpy askinghow mary timesaweekthe papemwasbought
andthenaskingwhich daysit wasbought.

Question3

This wasa popularquestionwhereit waseasyto scoresomemarksbut difficult to getfull marks.
Marny candidatesansweredhe questionin generatermsratherthanrelatingit to the specificelectoral
roll context. In this instance a samplingframealreadyexists andit is alreadystratifiedby ward so
the costsassociateavith stratificationareminimal. Worriesthatsomestratawould betoo smallwere
unfounded. Somecandidategjave a generaldescriptionof the methodsratherthan answeringthe
questionset. Many assumedhatin the quotasampling,equalnumbersvould be sampledrom each
ward. Eventhoughthe questionspecifiedthat quotaswerebasedon wards,mary seemedo assume
that quotasbasedon agegroup,gender(i.e. sex) andincomegroupwere automaticallyrequiredas
well. A few confusedstratifiedsamplingwith multi-stagesamplingand assumednly a sampleof
wardswereto besuneyed.



The consequencesf the electoralroll beingout-of-datewere generallywell appreciatednd candi-
datesseemedo have beenwell preparedn this point.

Questiond

Almost all candidatesttemptedhis questionandthe averagemark washigh. Almost all knew the
additionalnumberneededn part(i) andgave anappropriatesxtra questionin part(iii). Many could
list threeproblemsassociatewvith thesamplingmethodbut surprisinglyfew pickedup onthefactthat
the percentaggesvote wasannouncegartway throughthe time period producinga very olvious
sourceof bias. Many did however point out thatdog ownersmight be out walking their dogsat the
vital time!

Questions

Again all but a handfulof candidatesattemptedhe questionandthe averagemark was quite high.
Marny definedthe reciprocalof the samplingfraction. Most candidatesould work out the required
numbersin the sampleusing a uniform samplingfraction but mary were not ableto completepart
(iii). A large numberusednumberin sampleproportionalto standarddeviation ratherthansampling
fractionproportionalto standardieviation.

Questioné

This wasa popularquestionbut mary candidatesailedto appreciatehe practicaldifficulties of ob-
senation. It is unreasonabl& expectto obsere morethanonecustomerat atime. Marny students
gotsidetrackd into trying to getsampleghatwereof equalsizeandage/gendecompositionon the
two days.Althoughsex canbe easilyobsered,agecannot.A few candidatesuggestedhtervieving
customersatherthanobservingthem. Specificdetailsof how timesandvalueof purchasesvereto
be obsered werelacking in mary answers.Therewere someexcellentanswerghat describedhe
choiceof customemppropriatelyandsuggestediseof stopwatchesandtill rolls. Somenotedthatthe
useof CCTV, if installedandableto cover the whole shop,might be valuablehere.Onthewholethe
answersveretoo long for the numberof marksallocatedo this question.

Question7

This questionwas attemptecby about90% of candidatesandthe averagemark washigh. It wasa
bookwork questionandcandidatefiadmainly learnedhebookwork well. Therewassomeconfusion
in part(iv) betweenvaysof trying to minimisenon-responsandwaysof adjustingfor non-response
bias.

Question8

A considerablenumberof candidateslid not attemptthis question. Many answerdsdid not specify
field typesandwidths. Othersconsistedf aform, which wasnot asledfor. Someanswersndicated
thatthe candidatesverefamiliar with arelationaldatabassuchasAccessandthey tendedto answer
the questiorwell. It is usuallygoodto split up the variouselementsf a nameandaddressandinput
themseparatehasthis allows for greaterflexibility in searchingandusingthe database.

Ordinary Certificate Paper I

As in previousyears,the paperwasdesignedo testcandidatesunderstandingndinterpretationof
statisticsaswell ascheckingon their technicalability to performstandardcalculationsandto drav
appropriateggraphs.The majority of candidatesttemptedall questionslthougha substantiahnumber
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attemptednly themoreroutinepartsof questionsandomittedtheinterpretation.

It would be helpful if candidategouldremembeto studytheinstructionson thefront of the answer
book,concentratingn particularon thefollowing:

1. Begin eachquestiononanew page.

3. Write on bothsidesof the paper

4. Attachgraphpaperoppositetheanswerto which it relates.
5

. Fill in the numbersof questionsn orderattemptedn bottompanelof first booklet(not side
panel).

6. Legibility andclarity of expressionparticularlywhenusingtechnicalterms)

It is alsoimportant,and very muchin candidatesintereststo make absolutelysurethat all extra
sheetsarefirmly attached.

The overall standardwas disappointingthis year This perhapseflectsthe factthattherewasless
routinecomputationon the paperthis yearwith moreemphasison interpretatiorandunderstanding.
The chartsand graphsrequestedilsorequiredmore understandingind Question3 (cumulatve per
centagdrequeng polygons)waspoorly donein generalalthoughthe scatterdiagramin Questioné
wasbetter

Probabilityis still difficult for mary —encouragemenb usetreediagramsandVenndiagramswhere
possiblewould seemnto helpunderstanding.

Marny candidatesvere shortof time, but often this was self-inflicted throughlack of understand-
ing/knowvledge. For example,in Questiord, therewasno needto corvert to degreesFahrenheiand,
in question7, somereworkedthetrendvalueseventhoughtheseweregivenin the question.

Questionl

A substantiahumberof candidateslid not attemptthis questionandthe averagemarkwasvery low.
Somecandidateslid managehelinearinterpolation(possiblyby draving agraph)but very few could
expresgheresultinganswerasa weightedcombinationof the givenp values.

In part (i) therewasstill muchconfusionaboutwriting down the minimum andmaximumpossible
valuesfor avaluewhich is givencorrectto a numberof decimalplaces.Somecandidategnsistedon
writing the maximumvalueas0.7642499999andothersappearedo think thateitherthe maximum
or minimumvaluemustendin a 4 ratherthanallowing thembothto endin 5.

Not surprisingly very few managedhelastpartof the question.

Question2

Most candidatesattemptedthis questionand all but a handful were familiar with a stem-and-leaf
formatbut mary studentdailedto obtainfull marksbecaus®f carelessneds the executionof their
diagrams.

Thereare several different formatsthat are acceptabldor the diagramas shavn in the suggested
answerdsbut two pointsarecrucial— the leavesmustbe vertically alignedandthe units of both stem
andleaf mustbe statedclearly The units of the stemsmustbe constant- somecandidatesiseda
stemof 10 for valuesbelon 100secondsanda stemof 100for 100secondsandabove. If two digits



are usedfor the leaves, thenall leaves mustbe displayedwith two digits including thoseunder10
(00,01,...09). Somecandidatesittemptedo usea stemof 10 throughoutbut they did notremember
to include thosestemswith no leaves. This choiceof stemleadsto an unsatisictorily spread-out
diagram.

Therewasno needto changethe datato minutesandseconddor the diagram,althoughat the com-
mentsstagethe useof minutesoften helpedunderstanding.

Most candidatesdentifiedthe modal stembut they were carelessn the wording of their comments
aboutit. It is nottrue to saythat mostof the calls were between200 and 299 secondsor that the
majority of callswerebetweer200and299 seconds A handfulof candidatedailedto commenton
this specificstem-and-leatliagramand insteadwrote in generaltermsof what thesediagramsare
meantto achieze. The bestanswergelatedthe diagramto the call centresituation,identifying three
groupsof calls: thoseunder3 minutes(perhapgust an enquiry); thosebetween3.5 and5 minutes
(perhapsa standardrderor repeattustomerandthoseover 6 minutes(perhapsnorecomple orders
or new customersandsuggestinghatfurtherwork wasnecessaryo characteris¢hesegroups.

Question3

Several candidatesnadeno attemptat this question. This was surprisingin view of the numberof
marks(16) it attracted.Some who wereshortof time or unsureof how to drav the graph,attempted
thefinal partonly andwereableto gaina few marksfor suitablecomments.

Theusualcommentsaboutall graphsapplyhere:thatthey shouldhave aheadingclearlylabelledaxes
andunits,ruledaxesandakey or legend.As the graphsfor Compay A andCompalry B intersected,
thetwo linesneedto bedistinguishedy weightof line, colouror type of marker. Almostonethird of
attemptdhadanincorrectscaleor no scaleatall onthehorizontalaxis,presumabljbecauseandidates
wereusedto drawving cumulative frequenyg polygonsfor equal-interal distributions. The scalehas
to beanarithmeticscaleandthe ‘lessthan’ cumulatve frequenciesreplottedat the upperboundary
of the classinterval not the midpoint. It wasappropriateto add the point at the lower end of the
distribution to indicatethat 0% of leaversleft afterO monthsservice.lt wasnotappropriatehowever
to includea pointto indicatethe maximummonthsof servicel00%of the leavershadsened — this
informationwasnot givenin thequestion.

Mostwho drew thegraphknew how to obtainthe medianandquartilesfrom it but did notalwaysread
their scalesaccurately Someworked out the quartiledeviation ratherthanthe interquartilerange.

A few candidateslrew inappropriategraphs- frequeng polygons stacledbarchartsandcumulatie
‘histograms’.Somedid not corvertthe frequencieto percentages.

Questiord

Most candidateattemptedhis questionandthe averagemark wasslightly morethanhalf the total
mark. Most could give anadwantageanda disadwantageof usingthe standardleviation asa measure
of spread.

In part (i) a surprisingnumberof candidatesalculatedhe standardieviation usingdivisor n rather
than(n — 1) eventhoughthe datagivenwereclearlya sample. They werenot penalisedor this.



In part (i) mostgave themseles muchextra work by converting the datato degreesFahrenheitand
calculatingthe meanandstandardieviation of the new datainsteadof usingtheappropriatdormulae
for finding themeanandstandardieviation of onevariablewhichis linearly relatedto another Those
who could use the formula for the meancorrectly mostly usedexactly the sameformula for the
standarddeviation forgetting that the additionof 32 is irrelevant asfar asthe standarddeviation is
concerned.

Part (iii) seemedo puzzleall but thevery bestcandidatessomeof the otherscould obtaina meanof
zerobut could not copewith the unit standarddeviation. Candidateshouldremembethat, here,the
rangeis thelargestvalueminusthesmallestvalue.

Questions

This questionwasattemptedy about90%of thecandidatesndthe averagemarkwasalmostexactly
half thetotal available. Candidatestill seemto have troubleswith elementaryprobability Thebetter
candidatesiren atreediagram(ratherthana Venndiagramwhich would have workedjustaswell) to
helpwith their calculations.

Theideaof conditionalprobability seemedot well understoodothin (ii) (b) andalsoin part(iii).
Few candidatesealisedthat,in calculatingthe probability of anaccidentthetreediagramneededn
extralayet

Questioné
This questionwasagainattemptecdby about90% of the candidateshowever bettermarkswere ob-
tainedby thosewho did attemptit andseveral candidatescoredvery highly on this question.

Somecandidateshad trouble writing down pairs of rankingsto give the maximumand minimum

valuesof the coeficient. Almost all the candidatecould drawv the scatterdiagrambut somewere
careles$n plottingandsomedid notindicatetheoutlier. Onthewholemostcandidatesouldcalculate
Spearmars rank correlationcoeficient for the completedatasetthoughsomedid attemptto usethe
actualvaluesto find the requireddifferences.Whenthe outlier was excludedseveral candidateslid

not recalculateherankingsbut justremovedthedifferencefor the outlier from their calculations.

Question7
Almostall candidatesttemptedhis question.

Part (i) wasvery poorly done.Very few could explain the term‘seasonabomponentwithout tautol-
ogy. Mary statedwhenit wasappropriateo useanadditive or amultiplicative modelbut did not say
whatthemodelsare.

Part (i) wasgenerallywell donealthoughsomecandidatesvorked out the trendvalueseventhough
they weregivenin the question Mostlaid out the calculationsappropriatelyandunderstoodhe need
to adjustthe averagesalthoughseveraladjustedn thewrongdirection.

In part (i), afew appliedthe seasonaVariationsin the wrong directionand somedid not usethe
estimate®f trendgivenin the question.In both parts(ii) and(iii), very few candidategave the units
andmostgave theanswergo anunjustifiablenumberof decimalplaces.

Part (iv) wasgenerallycompetentlyansweredy thosewho attemptedt.

Severalanswersverefragmentaryandsomecandidatesndicatedthey wereshortof time.



Question8

Almostall candidatesittemptedhis questiorbut only afew scoredhighly. Part (i) wasnotwell done
with only a handfulof candidatedeingableto explain the fallagy. Many interpretecthe coeficient
asa probability andsaidthatif it hadbeenl, thenthe statementvould have beencorrect! Someof
theoverseazandidatedroughttheir own preconceptionsf ageat marriageto theansweratherthan
basingtheirresponsesn the statemenin the question.

Marny candidatesealisedthatthe problemwasthatthe indiceswerebasedon 1994 but they did not
all usethe datato work outthetrueincreasen pricesfrom April 1995to April 2000asmeasuredy
theindex.

Part (iii) wasreasonablyvell answered.

Higher Certificate Paper | — Statistical Theory

The aim of the paperis to testcandidatesability to understandindinterpretbasicstatisticaltheory
andto applyandadaptit to simplepracticalsituations.

Several candidateattemptednorethantherequisitenumberof questions.

The overall standardvaspoorerthanusual. Resultsin this papersuggestea continuingdeclinein
candidatesabilitiesto carryout algebraicmanipulationsaccurately Analysisinvolving

(i) theuseof disjointsets,

(i) momentgeneratingunctions,

(iii) conditionalprobabilitiesandBayes’theorem,

(iv) maximumlik elihoodestimationandCramefRaobound
wasparticularlyweak.

Onthepositive side,basicmanipulationsvith the Normaldistribution aregenerallysatishctory asis
theinterpretatiorof statisticalcomputeroutput.

Questionl
With the exceptionof oneperfectanswerall 23 attemptgainedfewer thanhalf the marksavailable.

(i) Mostanswersverecorrect.

(i) Most answerswvrongly assumedhat B andC wereindependentVery few wrote A N B asthe
unionof thedisjointeventsAN BN C andANBNC,

(iii) wasweakfor asimilarreasonwherep(BN C) =p(ANBNC)+p(ANBNC) isakey step.
(iv),(v) wereusuallywrongly solved on the basisof independence.
(v) Veryfew candidatesvrote (AN B)N(ANC)=ANBNC.

Question2

Therewerefew attemptsat this question,and mostwere poor Candidatesnay have beenput off
by the circulartable: it may be usefulin sucha caseto placea given man(e.g. the host)in a fixed
positionandcountthe arrangementsf otherpeoplearoundhim. Disappointingly(andsurprisingly)
therewereno goodattemptsatthe Bayesiamrmedicaldiagnosigroblem.
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Question3

This wasa popularquestionwith 51% of answergyainingmorethanhalf-marks. Part (a) wasgen-
erally well done,but (b) waslessgood. Candidatesvereseldomableto dealwith the mixture distri-
bution (representetly arandomlychosercomponentpnthe basisof first principles.Many assumed
that the lifetime wasa single Normal variatewith a pooledmean(correct)anda ‘pooled variance’
(whichis incorrect).Very few representeg(X > 2600) as

p(X > 2600|standard) x p(standard) + p(X > 2600|high) x p(high).
Attemptsto applythe centrallimit theoremin (b)(iii) wereusuallyontheright lines.

Questiond

Thisquestionwasalsopopular with 57%of passablattempts However, in mary caseshebookwork
algebrawas‘wishful’ or ‘fudged’: very little usewasmadeof generatingunctionsor of the simple
derivationvia thesumof independenBernoullitrial randomvariables.

(i) Part (a) waswell done,but part (b) was poor, the correctanswerl — [1 — 0.75'%]'2 beingvery
rarely obtained.

(i) Severalcandidatesoundthe correctN(—4,7) approximatiorandthenneglectedto usea conti-
nuity correction.

Part (iii) wasa sourceof greatconfusion,as mary candidatesonfusednumbersof studentswith
numbersof questionsandansweredn termsof proportionsof questionsorrect,ratherthanscoresn
thewholetest.

Questions

This slightly lesspopularquestiorwaspoorly done.Graphicalwork wasusuallygood,andtherecur
rencerelationfor p(x + 1) wasgenerallycorrect.lt is clear however, thatmostcandidatesireunable
to derive a momentgeneratingunctionandseveralwereunclearhow to useit oncefound. Very few
correctdeductionf Poissoifn\) from a correctmgf wereseen.In thefinal part, several candidates
confusedhe questionwith the meanof 50 Poissofil/2) randomvariablesandthe correctcontinuity
correctionin the NormalapproximatiorsotheintendedPoissof(25) distribution wasrarelyseen.

Questioné

40% of the 25 attemptsat this questiongainedmorethanhalf marks,weakalgebran constructinghe

likelihoodanddifferentiatingit beinga major causeof lossof marks. Very few candidatedothered
to checkthat dZZ;L wasnegative atp = p, andtherewerefew sensibleattemptsat E(XX;) (despite
E(X)beinggiven!). In the numericalpart, several candidatesisedthe samplevarianceof the data
ratherthan substitutingtheir p into the given (CramerRao) formula. Someof thosewho usedthe
correctformulawent on to divide its squareroot by v/n, so obtaininga confidencentenal 1/v/n

timesaswide asit shouldbe. No candidatesnadethe commentclearly intended- that sixeswere

significantlyrarerthanthey shouldbeif the die werefair.

Question7

Therewerefew attemptsatthis questionput six of thellweregood.Again,weakalgebrdostseveral
candidatesnarks,therebeingseveral fudgesof the given formulae[F(z)]" and[1 — F(z)]" anda
lack of ability to manipulateasrequiredto obtainthe medianof X .



Only a few answersobtainedthe Paretdna) distribution for the sampleminimum, and several of
thoseobtainingthe conditionn > 7.27 asan equality subsequentlyoundeddown to n = 7 rather
thanupton = 8.

Question8

Nine of the 16 attemptsat this questiongainedmorethanhalf marks. In (i), only a few candidates
referredto a ‘f asterthanlinear’ trend;moresav the endpointsof the graphas‘outliers’. R? waswell
understoodbut somecandidatesisedt;; insteadof ¢, andintroduceda spuriousl /+/n whencalcu-
lating the confidenceantenal for slope.Part (d) revealeda commonmisinterpretatiorof a confidence
interval asif it werefixedratherthanrandom.

In Part (ii), the graphicalcomparisorwas donewell but (b) wasweakwith correctexponentiation
beingrare (estimated profit = 0.3027 x 1.0416°PC%P<%) Therewerefew correctcomparison®f
the confidenceantenalsin (c).

Finally, in (i) thelog modelwasusuallycorrectlypreferreddueto its higher R2. However, only rare
referencesveremadeto its betterresidualplot andits inability to predictaloss.

Higher Certificate Paper Il — Statistical Methods

Theaim of the StatisticalMethodspapetris to testcandidatesunderstandingf the fundamentaton-
ceptsof statisticalanalysis.The questiongequirecandidate$o solve problemsinvolving estimation
andhypothesigesting.Particularemphasiss placeduponassessingandidatesability to summarise
andinterprettheresultsof statisticalanalyses.

In generatandidateslemonstratanadequatgraspof the basictechniquesequiredwhenperforming
arangeof statisticaltestsandaregoodat calculatingbasicdescriptve statistics.As in previousyears,
despiteherubric for theexaminationstatingthat‘when a calculatoris usedthe methodof calculation
shouldbe statedin full’, markscontinueto belost by mary candidategailing to shav the associated
working whenstatingthe numericalvaluesof means standarddeviationsandso on, obtainedfrom
the statisticalfunctionsof their calculators.

Matterswhich causedyreatestifficulty includedexplainingthemeaninganduseof statisticakestsin
generakerms listing or explainingtheassumptionsequiredfor procedureso bevalid, andcorrectly
interpretingthe resultsof statisticalanalyses.Thereappearedo be fewer candidateghanin recent
yearschoosingo omit thesepartsof the questionsentirely; however, mary of theinterpretationsvere
incorrect,vague very muddledor confused.

Candidateshouldbe encouragedo readthe questionanorecarefully Many continueto losemarks
by not actually answeringthe questionasled Whetherthis is dueto carelessnessr an inability to
understandvhatis requiredis not alwaysclear In additionmary candidatesvastetime by including
additionalinformationnot asledfor in the question.

Otherweaknessearesummarisedsfollows.

1. Graphicalpresentatiorof datais untidy and poorly presented.Graphpaperis not always
used,axesnot labelledandtitles omitted.



2. Candidatesare particularlypoor at selectingthe appropriatestatisticaltestto performif this
is not statedn the question.

3. Frequentlycandidategail to statethe null andalternatve hypothesesvhenperforminghy-
pothesigests.Many candidategoncludea questionstatingthatthe null hypothesisnay be
acceptear rejectedwithout having statedwhatthisis.

4. Many candidatesireconfusedetweerone-sidecndtwo-sidedtests.Somecandidatestate
a two-sidedalternatve hypothesisand then proceedto performa one-sidedestand vice-
versa.

5. Mary candidatedailed to give the valuesobtainedfrom statisticaltables. Many included
statementsuchas ‘this teststatisticis greaterthan (or lessthan)the value in the tables’
without statingpreciselywhatthe tatulatedvaluewas.

Questionl

() In the main the statement®f the centrallimit theoremwere poor with mary candidatesaving
difficulty in clearly explainingthe key points. Thosecandidatesvho wereableto quotea ‘textbook’
definitionoftenappeareahot to understandts meaning.

(i) Not all the working was given. Mary candidategquotedthe formula for the 95% confidence
intenval with the point of the Normal distribution alreadysubstitutedfor a numericvalue. This is
not sufficient. Somecandidategalculateda pooledsamplevarianceandappearedo be confusedby
differencesbetweenthe small sampleand large sampletestsfor the differencebetweentwo means
andtheequalandunequalvarianceassumption.

(iii) Very few candidategyave a correctstatemenbf the formula to constructthe 95% confidence
intenal for the differencein the two proportions.Many could establisithattherewasalink between
theformulaandthe Normalapproximatiorto the binomialdistribution but wereunableto follow this
throughappropriately

Question2

(i) Generallycandidatesvereableto make thelink betweerthe experimentakituationandabinomial
experimentbut were not always able to explain fully all the necessanassumptionsand how they
mightbeassumedo be satisfiedhere.

(i) This wasgenerallywell answered.Somecandidatedost markshy failing to give the null and
alternatve hypothesesjot explainingthatcellswith expectedcountslessthan5 needto becombined
when calculatingthe test statistic, using the incorrectnumberof degreesof freedom,or misunder
standingwhento rejector acceptthe null hypothesis.

Question3
Theleastpopularquestioronthe paperitheattemptsnadeweregenerallypoor. Possiblythequestion
wasallittle long andcandidatesoundit difficult to completeall the partsin thetime available.

(i) Many dot-plotswere untidy and poorly labelledand mary were carelesslydravn with dots not
beingplacedat the appropriatevalues. Somecandidatesvere unsurewhat to drav whenmorethan
onesubjectsharedhe samevalue.



(i) This partof the questionwasansweredetterthanothers. Most candidategorrectlyrecognised
thatthey neededo performaMann-Whitng U test. Unfortunatelysomecandidatesailedto readthe
guestiomndperformedatwo-tailedtestwhile otherslostmarksby not statingthe null andalternatve
hypothesesMost candidateshoseto performthe testusingthe Normal approximatiormethod.As
thetablesprovideddo give valuesfor theMann-Whitng U testfor thesubjecthumbersn thequestion
thiswasnot necessary

It is aguablehow large eachsamplehasto be beforethe approximationmay be used. Textbooks
do differ on this. Provided that candidatesstatedthat the sampleswere large, so that the Normal

approximationcould be used(e.g. n; andny > 10), full markswereawardedfor correctanswers.
In generalcandidatesusing the standardnethodratherthanthe Normal approximationwere more

successful.

(iii) Answershereweresurprisinglypoor Many candidategailedto recognisehatthey shouldper
form atwo-samplet testandmary otherslost marksby omitting the null andalternatve hypotheses,
calculatingmeansandstandardieviationsfrom statisticalfunctionsof the calculatomwithout shaving
the working involved, usingthe incorrectnumberof degreesof freedomor by statingthat the test
statisticwaslarger (or smaller)thanthetakulatedvaluewithout giving thevalueobtainedrom tables.

(iv) Very few candidatesttemptedhis partof the question put generallythosewho hadunderstood
the previous partsof the questiongave the correctanswer

Questiord

Both partsof this questionwere generallywell answeredoy thosecandidatesvho understoodhe

conceptsheing examined. However, mary candidatedailed to include statement®of the null and

alternatve hypothese theiranswerandmary haddifficulty in explainingtheconclusiongprecisely
andstatingthe assumptionsecessaryor the analysisto bevalid. In additionin (ii) somecandidates
incorrectlyperformeda two-sidedtestwith thealternatve hypothesisaso; # os.

Questions

(a) Thiswasnot well answeredgenerallybecausdew candidatesvereableto understandvhatwas
requiredand performthe appropriatesigntest. A commonmistale wasfor candidateso performa
Mann-Whitng U testusingthe judgenumberto rankthe datafor thosepreferringA andB.

(b)(i) The majority of candidatesnadereasonablattemptsat this part of the questionasthey were
told in the questionwhattestto perform. Again, failing to statenull andalternatve hypothesesost
marksandfrequentlywhentheseweregiventhey wereimpreciseor incorrect.

(b)(ii) Only afew candidatesverecorrectlyableto explainthatthedifferencein conclusionsvasdue
to theincreasegower involvedin utilising thefactthatthe dataarematchedn McNemars 2 test.

Questioné

(i) Histogramswereoften very untidy andgraphpapernot alwaysused. As in previous yearsmary
candidateslid notincludetitles andalthoughaxeswerelabelledthesewereoftenincorrect,especially
on they axis, which mary candidatedabelledas‘Number of houseflies’. This occurredon scripts
from candidatesvho correctlyunderstoodhatin a histogramthe areaof each'bar’ representshe
frequeng of thegroupandnotthe height. Unfortunatelymary candidategontinueto misunderstand
this andcontinueto representhe frequeng of eachgroupby the heightof the‘bars’.
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(i) Not all the working was given. Mary candidategquotedthe formula for the 95% confidence
interval with the point of the Normalor ¢ distribution alreadysubstitutedor a numericvalue. Thisis
not suficient.

Question7

(i) Thestatemenof themodelwaswell donebut mary candidate$ailedto statethenecessargssump-
tionsfor the analysisto be valid — thatthe termsin the modelare additive andthat the obserations
aresampledrom Normaldistributionswith equalvariances.

(i) Candidatesancorrectlyconstructa one-way ANOVA tableandtestfor a differencebetweerthe
groups.Having established differenceit washopedthatcandidatesvould continueto commenton

whichwoodland(shave soil with superiomwaterholding capacityby examiningthemeanwaterhold-

ing capacityperwoodland.For examplepairwisedifferencesdbetweerthe meanscould be obtained.
Many candidatedost marksunnecessarilypy not including the null andalternatve hypothesesthe
numbersof degreesof freedomor the taktulatedvalue obtainedfrom F' tablesusedto testthe null

hypothesis.

Question8

(i) Somecandidategailedto readthe questiorproperlyandproducedseparatédox-plotsfor the prac-
tical andwritten partsof the examinationratherthanfor the total mark. The box-plotsdravn were
oftenuntidy, notall includeda scaleandsomewerenot dravn on graphpaper

Almostall candidatestatedthatthe endpointsof the whiskersarelocatedat the minimumandmax-
imum valuesin the dataset. Whilst this is not incorrect,it represent®nly oneapproach.A more
meaningfulrepresentatiorf the distribution of the datais achieved by an alternatve approachin
which the maximumpossiblelength of eachwhisker is given by 1.5 timesthe interquartile range;
ary outlier (thatis, avaluein the datasebutsidethis rangein eitherdirection)is representetdy a dot
attheappropriatevalue.

(i) This was generallywell doneby thosecandidatesvho understoodvhat was required. Marks
werelost by candidategailing to shawv the full working involved in the calculationsandby failing to
interpretthe correlationcoeficientsobtainedcorrectly

Higher Certificate Paper Ill — Statistical Applications and Practice

Thesyllakusfor this paperstateghattheaimis to developskills in dataanalysisusingthe theoretical
conceptgdevelopedin the syllalusesfor the Ordinary Certificateand Papersl andll of the Higher
Certificateto analysereal datasetsand communicatehe resultscomprehensely. The objectve of

the paperis to testtheseskills.

The candidatesgeneralexaminationstratgy seemedo beto attemptthe questionghey were most
comfortablewith first ratherthanfollow the sequencerder

Threecandidatesttemptednorethanfive questions.

Theoverall standardvasdisappointing.Therewasa generalack of understandin@f conceptsThe
mathematicatlerivationsandcalculationsverereasonablyvell done.
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Questionl (22 attempts)
Most candidatesappearedo be ignorantof the relationshipbetweenthe pairedt valueandthe F'
value.

Question? (21 attempts)
Therewasalack of understandingsto whatinteractionis, i.e. anextra effect over thatof the sumof
themaineffects.

Question3 (25 attempts)
This questionwasa somevhatchangedrersionof thatfrom apreviouspaper It waspoorly answered,
calling into questionthe candidatesunderstandin@f the answergo previousyears’papers.

Questiord (13 attempts)
The introductionto this questionwherean explanationof circumstancesvas requiredwas poorly
answeredIn contrasthe mathematicatlerivationwaswell done.

Questions (11 attempts)
Parts(iv) and(v) werepoorly answeredAgainthey testedunderstandingf conceptsAn understand-
ing of overdispersiorwasgenerallylacking.

Question6 (17 attempts)
The bestansweredjuestion at leastwith regardto parts(i) and(ii). It wasa questionwith a strong
focuson mathematicatierivationsandvery closein form to a previousyears question.

Question7 (20 attempts)

Althoughthis wasanotherquestionvery closein form to that of a previous year it wasvery poorly
answered. The fact that no mathematicaterivationsand only a small amountof calculationwas
requiredcouldexplainthis.

Question8 (13 attempts)
Rathera bimodaldistribution of scores.Therewasa suggestiorthat somecandidateshad not been
taughtthis material.

Graduate Diploma Paper: Statistical Theory And Methods |

This paperexaminesprobabilitytheory— Bayes'Theoremdiscreteandcontinuougandomvariables,
univariateandbivariatedistributions,transformationsf randomvariables simulation,orderstatistics,
simplestochastigrocesses.

Overall, the standardf attemptsat this years paperwasvery good,betterthanin recentyears.Last
yearsreporthighlightedthreeparticularareasf concern At thattime, it seemedhatcandidatesvere
beinghandicappetty poormathematicahbility; thisyear therewasno evidenceof this problem.Un-
like lastyear candidateshis yearseemednuchbetterpreparedo tacklestandardexamplesnvolving
standardprobability distributions. Finally, while candidatedastyearseemedinableto exploit links
betweemartsof the samequestionthis years candidatesverealertto thesepossibilities.

Questionl
This examinedjoint, maginal andconditionaldistributionsof two discreterandomvariablesandwas
attempteddy abouttwo-thirdsof candidatesAnswersto this questionwerepoorerthanthoseto ary
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otherquestionon the paper Candidate$ad particularproblemswith part(ii), which requiredthem
to find P(X = z|X + Y = z), for z fixed. Many candidatesvereunableto write down the correct
form for this conditionalprobabilityin termsof P(X = z), P(Y =z —z) andP(X + Y = z).

Question2

This testedcandidatesknowledgeof the Law of Total ProbabilityandBayes' Theorem(with an ex-
ampleof theNormalapproximatiorto thebinomialattheend). Abouthalf of all candidatesttempted
it. Thestandardf theiranswersvasvery variable,with somecandidatesnakingexcellentattempts
while otherscould hardly getstartedon the question.

Question3
Candidatesadto derive themeanandvarianceof the gammadistribution, thenwork with a bivariate
distribution whosemauginal distributionsweregamma.The generaktandardvasexcellent.

Questiond
Candidatesveretestedon their knovledgeof transformation®f two randomvariables.Fewer than
half the candidatesattemptedhis questionput the standardf their attemptsvasgood.

Questions
This testedmomentgeneratindgunctionsandthe centrallimit theoremin the context of the binomial
distribution. Virtually every candidatattemptedhis questionandtheiranswersveregenerallygood.

Questioné

This questionexamineda variety of material: probability generatingfunctions; joint, conditional
and mamginal distributions; iteratedexpectationand variance. About half the candidatesattempted
this questionwith variablesuccess Somecandidatesventwrong right at the start,whenthey mis-

specifiedthe basicrandomvariableasa standardyeometricdistribution.

Question7
The questionwasaboutsimulation,usingtheinversec.d.f. method. About two-thirdsof candidates
attemptedhis questionsandthey all gave very goodanswers.

Question8
This testedwork on Markov chains but just onecandidatenadea seriousattemptat it.

Graduate Diploma Paper: Statistical Theory and Methods |

The paperaimsto testunderstandin@f a rangeof statisticalprinciplesandmethodsandtheir appli-
cationin simplesituations.

Questionsl-7 werethe mostpopularwith thesebeingansweredy atleasthalf of the candidatesOf
these Question and5 wereansweredvell by atleasttwo candidatesQuestion8 wasnot popular

Questionl

Therewereonly threegoodattemptsat part(i). Although several candidatesnsweredgarts(ii) and
(i), nonewascompletelycorrect.Part (iv) wasnot answeredtorrectlyby anyone.

Question2

Part (i) wasgenerallywell done.In parts(ii) and(iv), few candidategouldanswelttheefficiengy and
consisteng questionsSeveralcandidategonsidered” = max;(X;) in part(iii).
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Question3

Part (i) was generallywell done, but therewas only one good solutionto part (ii). No candidate
correctlyderived the critical region in part(iii) andtherewereonly two reasonablattemptsat part
(iv).

Questiond

Only onecandidatagave a correctanswertto thebookwork. In part(i), candidategouldnotcomplete
the squarefor the posteriordistribution. Therewasonly onegoodsolutionto part (ii) andonepoor
attemptat partiii).

Questions
Part (i) was generallywell done, but few candidatescould properly define A(z) in part (ii)). No
candidateprogressedbeyond definingthecritical regionin part(iii).

Questioné
Only onecandidatesvaluatedthe stoppingboundariesn part(i). Part (i) wasansweredvell by one
candidateandtherewereonly two reasonablygoodsolutionsto part(iii).

Question7

The bookwork wasgenerallywell done,but part (a) wasnot answeredcorrectlyby anyone. In part
(b)(i), candidatesould not properly constructthe confidenceinterval. Therewere no completely
correctsolutionsto part(b)(ii).

Question8
Thiswasnota popularquestion.Therewasonequitegoodsolution.

Graduate Diploma Paper: Applied Statistics|
Objectivesareto testcomprehensionf theoryandmethodologyappliedto arangeof problems.

Candidatesvere generallyableto replicatebookwork relatedto a questionbut were very weak at
demonstratinginunderstandingf how thetheoryshouldbeapplied.Very oftencandidatesanswered
a moregeneralquestionthanthat asled, failing to engagewith the actualdataor with the problem
beinganalysedFurther descriptiondendedo betoo concisewith inadequatattentionpaidto detail.
Somescriptswereuntidy anddifficult to follow.

In preparingfor this exam candidatesnuststudyanalysisnotjusttheory They mustpractisedescrib-
ing dataandthinking aboutthetypesof variablesused.

Questionl

Candidatesvereableto quotethe relevant theory but not ableto apply it to this problem. This be-
traysafundamentalack of conceptuatinderstandingCandidateseedto make surethey understand
principlesof parameterisatiom generalinearmodels.

Question2

Candidatesoulddescribehe methodof backward elimination,atleastin generaterms.Few hadthe
confidenceto demonstratdow it operatesn practice. Candidatexould defineinfluential statistics,
but hadlittle ideawhatto do wheninfluentialobserationswereidentified.
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Question3

Thepointof thequestionwasthat,in generalisedinearmodelling,thedeviancealoneis not sufficient
to definea ‘good model’.Fav candidatesvere able correctlyto interpretthe deviance. Description
andinterpretatiorof diagnostigplotswasgenerallypoor.

Questiond
Again, few candidatesould describethe residualplots or interpretthem. This is fundamentako
appliedstatistics.

Questions
Therewasa lack of attentionto detailon this question.

Questioné

The mathematicsn (a) wasgenerallyaccurate.Answersto (b), which requiredthoughtratherthan
memory werelesscorvincing. Candidatesnustlearnhow to interpretthe basictools of analysisfor
therangeof methodscoveredin the paper

Question7

Few candidatesdentifiedthe correctfactorialmodelwith possibleinteractioneffect. Consequently
mary analyseswvereincorrect. Somewere difficult to follow. Candidatesieedto be methodical.
Interpretatiorwasgenerallyery poor It is notsuficientto quoteap-valueandto saythataneffectis
significant.For practicalpurposest is importantto assesshe natureandsizeof ary effect. Herethe
natureof theinteractionshouldbe explored— preferablygraphically Therewasfartoo muchreliance
onp-values.

Question8

A key featureof this questionis thatsomevariablesneasurdime andothersdistance Fen candidates
appearedo have thoughtaboutthevariables.The natureof thevariablesnfluencegheway in which
oneinterpretsthe principalcomponentsToo few candidate&knewn how to do a screeplot. Clustering
ontheraw valuesis dangeroushecaus®f the possibledominanceof afew variablesfew candidates
identifiedthis. Descriptionsof the plotsweresimplisticandlacked anoverall graspof their purpose.

Graduate Diploma Paper: Applied Statistics Paper Il

The Applied StatisticsPaperll syllakus coversthe applicationof statisticalmethodgo censusessur
veys anddesignedxperimentsandsomeelementantopicsin demographyA total of 23 candidates
registeredfor andsatthe paper

Overall, the performancesf candidate®n this werepoor, andonly abouta quarterof all candidates
were consideredvorthy of a passmark. Most candidateshad limited knowledgein a few areasof
the syllakus prohibitingthemfrom answeringall partsof questionshosen Nine candidatesttained
fewer than 30 marks,andthesecandidateseally would requireconsiderablybetterpreparatiorto
have areasonablehanceof passinghe paper

On the positive side, six candidategainedmarksof 50 or more. Of these,two candidategained
very goodmarksof 79 and70. Generalstrength<of candidatesn experimentaldesignincluded:the
analysisof datai.e. constructiorof the analysisof variancefor block designsandLatin squaresand
otherdesignssuchasnestedandsplit plot designsiot coveredin the syllakus,assumptionsinderlying
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linear models,andhow thesecanbe tested. Weaknessemcluded: significancetestingi.e. compar
isonsof treatmenimeanspartitioningof sumsof squares.e. in the testingof interactionsor lack of
fit, andinterpretatiorof results.As in previousyears’paperscandidatesvoidedansweringjuestions
onresponseurfacedesignandanalysis.

Fewer candidatesansweredhe samplesuney questions. Candidatesvere familiar with analysing
samplesuney datai.e. estimationof meansyariancesandtotalsbasedon simpleor stratifiedran-
domsampling.Candidatedadlimited knowledgeof the techniqueswvailablefor managingpractical
problemsthatarisein planningand conductingof samplesuneys e.g. non-responseandwe would
encouragehemto readmorewidely onthetopic.

Candidatesnsweredhe correctnumberof questionsandadheredo therubric.

Questionl (18 attempts)

Candidatesvererequiredto identify theexperimentaldesignin section(b). Answersincluded:nested
andsplit plot designgneitherexaminedin thecurrentsyllatus),anda4 x 3 x 2 factorialdesign.Only
afew candidateorrectlyidentifiedthe designasa 3 x 2 factorialdesignin 4 blocks. Candidates
shouldbe familiar with the basicconceptsof experimentaldesigni.e. treatmentfactors,blocking,
replicationandrandomisationCandidatesnalysedhe datain part(b) usingananalysisappropriate
totheiranswetpart(i). Oftenthetemperature x heat time interactiorwasomittedfrom theanalysis
of variance andin somescriptsa noteaddedthatthis could be assessedia plots. Candidateshould
be familiar with moreformal testingproceduregor assessinghe significanceof interactions.Plots
shouldbe usedto aid theinterpretatiorof results.

Question2 (13 attempts)

Part (ii) asledcandidateso write down asetof meaningfulorthogonakontrastghatassessef types
of treatmentdifferencesamong8 treatments. Most candidateslefinedfive contrasts,omitting the
quadraticeffect of sulphurandtheinteractionbetweenapplicationtiming andthe quadraticeffect of
sulphur Overall, candidatesverelessfamiliar with constructingcontrastgdhat assesseduantitatve
effectsamongtreatments.e. linearor quadraticresponséo increasingsulphurlevels.

Question3 (23 attempts)

Inadequateestingproceduresvere usedto identify pairsof treatmentavhoseeffects could be con-

sideredsignificantin parts(iii) and(v). Only afew candidatesipplieda multiple testingprocedure
suchasthe leastsignificantdifference.Most candidatesvereawarethata variancestabilisingtrans-
formationwasrequiredin part (iv) but werelessclearwhy a squareroot transformationwould be

appropriate Why not a log transformation?Candidateshouldbe familiar with the assumptionsin-

derlying certaintypesof data.Only afew candidatesommentedhatthe datawerecounts,andmay

be Poissordistributedwith varianceproportionalto the mean.

A few candidatesmisreadthe questionin part (iv), and re-analysedhe datausing a log transfor
mationwhereaghe questionasled themto transformthe datafor treatmentA usinga squareroot
transformationThus,time waslost.

Candidatesverefamiliar with the assumptionsinderlyinglinear modelsanalysisbut lessclearhow
suchassumptionsf violated,would impacton the resultsof the analysisof variancei.e. significance
levelsandsensitvity of the F' andt tests.
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Questiond (9 attempts)
This questionrequiredknowledgeof 2* factorialdesignsandtheir applicationasfirst-orderdesigns
in responseurfacemethodologyMarksrangedirom 0-8, with onecandidategaining16 marks.

Candidategouldnot explain how Normal probability graphpapemworkswith respecto a plot of the
effect estimatesand interactionsfrom a 2* factorial design. This is a techniquecandidateshould
be familiar with in analysingdatafrom unreplicatedactorialdesignswherethereare no degreesof
freedomfor error.

Three candidategperformedthe necessarngcalculationsto testfor lack of fit. Only one candidate
suggestednappropriatelesignfor a 2* factorialdesignplusfour centrepointsin 2 blocksof 7 units.
Othercandidatesglid not attemptthesepartsof the question.

To answerpart(iii) severalcandidatese-analysedhedatausingleastsquareso fit afirst-ordermodel
to the data. The regressioncoeficientscould be obtaineddirectly from the effect estimategivenin
the questionwithoutthe needfor furthercalculations.

Questions (14 attempts)

Examplesof samplesuneys in which face-to-&ceinterviens, telephonéntervievs andpostalques-
tionnaireswould beusedwereoftenomittedin section(a). Insteadthe disadwantagesandadwantages
of usingeachmethodof datacollectionwerelisted. Someinterestinganswersveregivenin section
(b) thoughrefusalof respondentso answersensitve or personalquestionswvas seldomassociated
with non-responserror Approximately50% of candidatesverefamiliar with randomisedesponse
methodsalthoughsomecould not explain the principle.

A few candidategave alternatve wordingfor thequestionnairguestionsn section(c) withoutthink-
ing aboutotherinformation that could be collectedto checkon the reliability of the respondeng
answer

Question6 (11 attempts)
Thisquestiorrequiredabasicknowledgeof thecalculationof meansyariancestotalsandproportions
for frequeng data.Onecandidategainedl7 marks,but others’marksrangedirom 0 to only 4.

Candidateslid notknow how to calculatebasicdescriptve statisticsfor datapresenteésafrequeng
table,andcould notthereforeanswerthe question.

Thedatarepresented simplerandomsampleof 1 in 20 householdsMost candidatesvereunableto
usethisinformationto calculateN, thetotal numberof householdén thetown. Oftenn (= 500), the
numberof householdén thesamplewasusedto calculatea point estimateof thetotal numberof cars
in thetown’s householdsn part(a).

Question7 (17 attempts)
In parts(iii) and (iv) therewas someconfusionin the constructionof 95% confidenceintenals,
whetherthe percentag@ointsof the Normalor ¢ distribution shouldbe used.

Part (iv) wasoftenansweredncorrectlysincecandidatesisedthe estimatedoopulationstandardie-
viation, givenas7.75in the question,asan estimateof the standarddeviation of the simplerandom
samplemean.

Candidatesverenot familiar with the basicconsiderationi the constructiorof strata.
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Question8 (5 attempts)
Candidatesvho attemptedhis questiorwerefamiliar with the constructiorof life tables,andits use
in estimatingexpectedagedistributions,expectedageat deathandlife expectanyg.

Graduate Diploma Option: Statisticsfor Economics

This sectionof the optionspaperis not intendedto concentraten candidatestechnicalability and
powers of mathematicamanipulation.Rather it seeksto testcandidatesunderstandingf familiar
methodsandthe principlesunderlyingthem,andtheir ability to apply themin economiccontexts to
tacklereal problemswith realdatathatmaynot have thefeaturesassumedby theoreticians.

Candidatesshould use the mark allocationsprinted on the papersas an indication of the relative
importanceof varioussectionsin the paper For example,it shouldbe clearthatansweringonly the
first two partsof question2 would notleadto a clearpass.

QuestionAl
The coeficientsof ¢ in equationsA andC areestimate®f elasticitiesof M with respecto ¢. Equa-
tionsB andC do not give elasticitieswith respecto time, but exponentialgrowth of imports.

EquationD canbe usefullyre-written M = —10.2496 + (1.7086 + 0.000217¢)c, shaving no expo-
nentialgrowth but slowly rising elasticity

In part (i) onemustuseVar(X —Y) = Var(X) + Var(Y) — 2Cov(X,Y), so the test statistic
is \/(0.3569)2 + (0.5851)2. With the original data,an approachusingdummy variableswould be
possible.

QuestionA2
Theworst-answeredjuestion.The constantvariancehypothesishouldbe rejectedby an F test,but
somethoughtaboutone-tailedandtwo-tailedtestswascalledfor.

Inferencesaboutthe meansof populationsfrom which smallsamplesaretaken dependon Normality
andhomoscedasticity thoughthe latter assumptiorcanbe relaxed by usingan approximatdest,as
exemplifiedby Minitab.

Candidatesappearedo be unavare that a one-way analysisof varianceis identical to the usual
two-samplet testwith pooledvariance;notethatthe outputgivesPool ed St Dev = 3. 91 and
Pool ed StDev = 3.906;alsop = 0.87 andp = 0. 869.

QuestionA3
Despiteindifferenttime chartsandpoordiscussionthis wasthe best-answereduestion.

The‘standarderrorsof the coeficientsin theregression'referto & andg in I = & + j3t, NOT to the
standarddeviationsof I andt.

Most time chartsomitted the sourceof the data,and mary also usedunlabelledaxes and lacked
headings.

The regressiorline superimposedn the time chartshouldhave provided the basisfor anintelligent
analysisof UK (under)ivestmenin thecontet of the LawsonBoom,explainedin thefirst paragraph
of the questiornbut ignoredby mostcandidates.
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QuestionAd

Thewords'and explain’ wereignoredby mary candidatesThe LaspgresandPaaschegriceindexes
canbe usefully explainedandunderstoodhsthe ratios of the costsof baskets of commoditieswhich
mustbe preciselyspecified

TheLaspgresindex is theanswerto thethird andfourth partsof the question put justificationswere
required.

For 1998the Paaschepriceindex (1995 = 100) was

Ypiq; 224.2
1 =1 — =093.
Oozpoq,- 00 x 5= = 930,
TheLaspgresquantityindex (1995 = 100) was
Ypoq; 241.1
100 =100 x —— = 119.1.
Spodo " 202.4

Graduate Diploma Option: Econometrics

Thenumberof candidatesvassmall,anda meaningfulreportcould not be compiled.

Graduate Diploma Option: Operational Reseach
Theoverall standards fairly poor, althoughonecandidatedid reasonablyvell.

QuestionC1 (Critical pathanalysis)
Answersto the partsaboutnetwork analysisand calculationof meanand SD of actiity durations
weresatishctory Therewaslittle understandingf PERT assumptions.

QuestionC2 (LP)
Simplex methodappearedo be understoodmarredby arithmeticslips. Transportationproblem
solvedverywell.

QuestionC3 (Queuingtheory)
Not attemptedy arny candidate.

QuestionC4 (EOQ)
Extremelysimple questionpoorly answeredn the whole. EOQ formula seemedo be memorised
with little understanding.

Graduate Diploma Option: Medical Statistics

Thenumberof candidatesvassmall,anda meaningfulreportcould not be compiled.

Graduate Diploma Option: Biometry

QuestionE1l

This shouldhave beena standardactorialanalysiswith onequantitatve (4 level) andonequalitative
(2 level) factor Only oneanswershaved ary understandingf single-dgree-of-fredan orthogonal
constantsDiagramsasalways,werepoot
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QuestionE2
A split-plot wasrecognisedoy some,but the importanceof interactionandtestingof meanswhen
thereis one,arenotwell understood.

QuestionE3
Onecandidateansweregart(a), andseemedo have somepracticalexperience.

Surprisingly (b) wasnotevenchoserasa part-questiorio make up afew marks,for which purposet
wasprobablythe easiesbn the paper!

QuestionE4
Threecandidatesansweredhis. All gotsomethingrom it —theonly questiorfor whichthiswastrue!

Explanation®f atolerancedistribution ignored,for the mostpart,theideaof a variationin subjects’
reactionlevels,evenif explainingthe meaningof tolerance.

Somefair-sizedjumpsoccurredn thetheoreticakexplanationgi) and(ii). Some but notall, answers
containedsketchesof probitsandlogits; but eventhosewhichdid sowerenotgoodonthecomparison.

Therewasonegoodanswerto this question- the only answersubstantiallyabove half markson the
whole paper

Arithmeticin thefinal partwasabit unreliable.

Graduate Diploma Option: Statisticsfor Industry and Quality Impr ovement

The objective of the paperis to allow candidatedso shav thatthey have the ability to usestatistical
methodsto improve the performanceof industrialprocessesThey will needa goodgeneralknowl-
edgeof statistics,togetherwith a clear understandingf specifictechniquesand how they should
be appliedin practice. Thesetechniquesnclude statisticalquality control chartsandrelatedstatis-
tics, the designof experimentsfor improving the productandits manufcture,the useof statistical
distributionsto modelcomponenteliability, andsimpleprobability modelsfor systenreliability.

QuestionF1

Candidatesvere asled to setup standardShevhart meanandrangecharts. The questionexplicitly
referredto thetareweight;thatis, theweightof abottle,whichwhensubtractedrom thegrossweight
givesthe (net)weight of the contents.This practicalaspecbf quality controlis not alwaysdiscussed
in text books,but direct measuremendf the volume of viscousliquids would be difficult and quite
unnecessaryThe standarddeviation of an individual measuremenof volumeis increasedy less
than4%, from 0.94to0 0.973. The meanfalls abore the upperactionline at samplenumber4, andthe
rangeis above the upperwarningline on the R-chart. In part (iii), the ARL reducedrom 500 when
the processs ontamgetto 1.26 whenthemeanis at 111 ml. Sincelllml is below thelower action
line the ARL mustbelessthan2.

QuestionF2

This questionconcernecomponent®f varianceat threelevels. Sufficientinformationwasgivenfor
thecomponent®sf varianceto be calculatedvithoutexplicitly draving upanANOVA table,but it was
quite acceptabldo do so. The within batch(estimatedstandarddeviation 2.18) and betweenbatch
(estimatedstandarddeviation 2.00) variation dominatethe variation betweendeliveries (estimated
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standarddeviation 0.83),andthe standarddeviation of a singlesampleis 3.07. In part(ii) the batch
numberis a fixed effect andit is pairedover the deliveries,which are thereforeblocks. The 90%
confidencéntenal for thedifferencan mearyieldsexcludes), sothereis someevidencethatReactor
B givesthehigheryield.

QuestionF3

This beganwith an analysisthat ignoredthe possibility of an interaction,andwhich led to a con-
clusionthattherewasno evidenceof ary effectsfrom varying temperaturendhumidity. Themore
appropriateanalysisof part (ii) providessomeevidencefor aninteraction,althoughwith only 4 de-
greesof freedomit doesnot reachstatisticalsignificance anda statisticallysignificant(at the 10%
level) humidity effect. The decisionto ignorethelengthof time for which the processds runis some-
whatdubious becausé¢hereis someindicationof aninteractionbetweertime andhumidity. It would
have beenmore satishctory to replicatethe experimentand have a reasonableaumberof error de-
greesof freedomfor investigatinginteractions.It would alsobe usefulto monitorthe varianceof the
measurementsf thicknessof thefour glovesfrom eachbatch.

QuestionF4
Thequestionwasstraightforvard if candidatesadcoveredthis partof the syllakus.
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