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REPORTS OF EXAMINERS

Ordinary Certificate Paper |

As alwaysin suchexaminationscandidateshouldtake carethatthey answerthe actualquestionas
set.If thereis aspecificproblemscenaricdhenthe answershouldrelateto it.

As far aspossiblecandidateshouldrelatetheir answerdo realisticsituations.Discussiorof various
problemsandissuesshouldshov understandingf relatve magnitudesof problemsin a particular
scenario.For example,the factthat someindividualsin questionl may be illiterate (uncommonin

the UK) is dwarfedby the massie non-responsef thosewho canreadEnglishbut areapathetic.

Whereproblemscaneasilybe overcomethis shouldbe indicated. Thus, for example,in questions,
computercrashesancausdossof data- but fairly large datafiles caneasilybe baclked up evenon
floppy disks.A problemeasilyavoidedis nota problembut anindicationof necessarpractice.

Questionl

In a surney which estimatesa parameteof a target population,bias is the differencebetweenthe
true populationparameteralueandthe meanfigure which would be obtainedwerewe to repeatthe
suney alarge numberof timesusingthe sametools, proceduresindanalysis Biasis a featureof the
methodologysedhotof individual respondentd-ew candidategiave agooddefinitionof bias,most
justillustratedit.

Typesof biasinclude:

e SelectionBias [arising from deficienciesn samplingframe, faulty samplingprocedureor
non-response]

e Questionnairdias[arisingfrom leadingor poorly wordedquestions]
¢ Interviewer Bias[eitherstimulatedoy theinterviewer or in therecordingof theanswers]

In this suney therecertainlywasselectionbias. Firstly, certaingroupswould be excluded— those
not registeredor thosewho had moved or could not read English. This, however, all palesinto

insignificance(and this was a real exampletaken from an actualpublishedsurwey) comparedwith

the massie non-responswhich sawv only 52 responsesut of about43,342distributed copiesof the
guestionnaireThosewhodid reply arelik ely to beatypicalof theelectorateperhapshey have strong
feelingson the subject,have time to write, are habitualcomplainersetc. Theremay alsohave been
guestionnairdias(actuallytherewas)but we have no way to know thatfrom the paperasset. There
may have beeninterviaver bias for thosewho phonedin — we presumethat thosereceving such
calls hadno training on neutralpromptingetc andhadevery motivationin wantingcommentgo be
positie.

Somecandidateslid answetrthis well but commonerrorswere:
¢ Failureto give agoodgeneraldefinitionof ‘bias’ (ratherthanexamplesof it)

¢ Failureto list the possibletypesof biasanddiscussall of themin contet of this surwey



e Failure to get a senseof proportion— the absolutelymassie non-responsés the central
problem— andthe overwhelmingreasorfor it is likely to be apathyratherthanilliteracy or
blindness.

e Suggestinghatthe smallnes®f the sampleactuallyobtainedwasa sourceof bias. A simple
randomsampleof 52 would not have beenbiased althoughits ‘precision’ would have been
poorbecaus®f the samplingvariationresultingfrom the smallsamplesize.

Question2
Surprisinglyfew candidategase anexcellentanswerto this question.

Thefactthatthe sampleis unrepresentate doesnot in itself imply low reliability; it is quite possible
to aguethatthe sameprocedurevould consistentlyproducesimilar bias. Even strongbiasdoesnot
imply unreliability in this sense.The issueis not whetherexactly the samepeoplewould respond
anothertime, but whethersimilar peoplewould respondandproducea similar result.

Thesmallnes®f thesampleobtaineddoesraiseareliability issue.Thisis notbecaus®f non-response
bias,but becausea smallersampleresultsin highersamplingvariability, which in turnimplies‘unre-
liability’.

Whilst it might be relevantto mentionthatif a short-termchangeof time of suney radically altered
resultsthis would imply unreliability, the factthatover along periodof time opinionsmight change
doesnotimply unreliability in any worthwhile sense Obviously anything canchangeover suficient
time —thisis notamarkof unreliability.

Question3

For eachof parts(i), (i) and (iii) thereweretwo parts— how to do it, andthe advantagesanddis-
adwantages.Not all candidatesansweredoth. A commonfault againwasa failure to geta sense
of proportion. In generaltaking a randomsampleis not particularly difficult, arduousor lengthy
given a samplingframe. Someof the methodssuggestedeg writing all the namesof the 103,456
residenton piecesof paperand putting themin a hat) would have madethemso, but only because
thisis unnecessarilgumbersomeGettingpersonaintervievs for a goodsizedsampleis inevitably
time-consuming@ndexpensve - selectingarandomsampleisn't.

For (i), issuescould beraisedof inadequaciesf samplingframe, but with a postalsuney the major
issueis likely to be non-responseias. The main non-responseroblemis likely to relateto apathy
procrastinatioror concerrfor privagy. — peoplecant bebothereddon't getaroundto or simply don't
wantto participate.

For (ii) it maybenoted:

¢ Stratificationensuregepresentatenessand (usually) improves precision— but it doesnot
remove selectiorbiasasa simplerandomsample(assumingl00%responseis not biased.

e Personainterviens generallyimprove responseates.Thereareissueof traininginterview-
ersetc. Generallyintervieversareinstructedoy professionapolling groupsto promptstrictly
neutrally They might usetheir own words,perhapsto encourageooperatiorin answering
the suney, but shouldnot usually ‘explain the question’asthis is very likely to introduce
interviever bias.



e Ageis rarely availableasa basisfor stratification,sincepeoples agesarenot usuallylisted
publicly.

e Telephonesuneys arequick, cheapandareincreasinglyused.Olviously thereis biassince
not everyonein the electorates in the telephonedirectory It is mucheasierin atelephone
suney to enterresponseslirectly into a suitablecomputerpackage- expensve equipment
or laptopsarenot needed.

Questiond

Most candidatesoulddo part(i) of this, few coulddo part(ii) andsomeobtainedabsurdanswerdo

it. For part(iii), giventhattheinformationis availableandthe calculationtakesaboutten minutesijt

is worth usingtheoptimumallocation.Thelatterensuresnaximumprecisionfor givencost. Answers
whichreliedon gutfeelingsor a partiallook at somecomparisonsverenot corvincing.

Questions

This was a basicbookwork question,inviting standardote-learnedoullet points. Somecandidates
duly compliedandgot good marks— thoughsomeconcentratean just oneaspecifor example,the
wording of questionson the questionnaireaboutwhich they wroteatlength.

Questioné
Answersto this shouldhave beenappliedto the particularexample,which specificallymentions700
parentsetc.

Parts (a) and(b) werefairly standardthoughreferenceo a specificpackaggSPSS Excel etc) was
useful.

The answerto (c) primarily concernedautomaticcheckson datatype on entry (is it a numbey al-
phanumerichow mary digits etc). It would alsoconcernsomesamplingfor rechecking- thoughit
seemasunlikely thatthewholelot couldbeenteredwice.

The answerto (d) wasintendedto be alongthe lines of how missing obserationscould be dealt
with (for example,in SPSShy insertinga specialcodefor ‘Missing’ distinctfrom ‘Don’t Know’ or
‘Inapplicable’. The packagecanthenomit thesefrom tablesor list themseparatelyA large number
of candidatesuggestedhatthe missingnumberscould be ‘imputed’ or ‘estimated’from otherdata.
Thereare, of course,whole bookswritten on how to dealwith ‘missing values’. But the picture
suchcommentgave in the context of this questionwas(a) unrealistic(for example,it is hardto see
how onecould concludethata boy actuallyplayedfootball on the groundsof demographideatures)
and (b) liable to lead to productionof cross-tahlations someof which were actually madeup or
‘imputed’. It is hardto think of a questionor context for sucha suney by aLocal Authority, in which
descriptve tablesshouldbe producedndiscriminatelymixing factwith invention (or ‘imputation’).
A third suggestion- recontactinghe parentgo askaboutmissingvalues— might just be possiblein
thisinstancethoughin amoregenerakuney of the public mightwell beunrealistic.

A numberof peopleseemedo take this questionto be aboutOptical CharacteiRecognitionrather
thandataanalysis.| have not seenmary suchapplicationsn which OCRis used- andit is unlikely
to be available. No indicationwasgivenin the questionthatthis wasanissue,andfor mary of those
who discussedCRit wasadistractionfrom themorecentralissues.



Part (ii) producedsomeinterestinganswers. A goodcomputempackagesnablegjuick, accurateand
compl« analysis- including productionof tables/graphs;rosstahblations,andstatisticalanalysis.It

is hardto think of mary disadwantagesn computeranalysinga suney of (hopefully)near700forms.
Suggestionshat datacould be lost implies stupidity in not backingit up (large SPSSdatafiles can
fit evenon afloppy disk), just asthe ‘virus threat’implies usingan unprotectedandat-riskmachine.
Expensenf having a machineandpackagecould,in somecontets, be anissue thoughprobablynot
in a UK EducationAuthority.

Question7

Thewordingof this questiorcouldhave beeninterpretedasaskingfor themethodologyusedto obtain

weights(for example,in a Family ExpenditureSurwey), or for theactualcateyjoriesandweightsused.
Likewise part (i) could be answereckither by writing a generalpieceon difficulties of collecting

pricesor a descriptionof whatis actuallydoneto overcomethe problems.In view of the ambiguity

markingwasof coursdenient,but atleastsomeactualdetailsfrom aparticularindex andits connected
suneys wereexpected.

Question8

Thiswaslargely abookwork question put eventhenoftenhadoverly vagueanswersThewording of
the questionwas perhapsslightly misleadingin thatfor a quotasamplethereis no explicit sampling
frame,but whatwasrequiredwasclearenough.

Onquotasampling someanswerassumedhatthe‘quota’ wasjustthetotal samplerequired andthat
a quotasampleinvolved identifying the tamget groupandgettingresponsefrom themup to a certain
numberor quota. Thewhole pointof a quotasamples thatquotasof differenttypes(eg basecdnage,
s&, socialclass)malke up the total sample. Situationsin which it is mostusefularethoserequiring
speedandeconomyfor example,gettingquick public reactionto a particularrecentpolitical event.

On clustersampling,someseemedo assumehatthetamget populationitself wasactuallysomekind
of smallcluster Thecentralpoint hereis really thatclustersaresometimesandomlysampledrom a
populationbecausehey arein closerlocationalproximity andso cheapeandquicker to suney than
an equivalent simple randomsamplewhich are more spreadout geographically The populationis
not ‘put into clusters’(assomecandidatesvrote) but clustersamplingis usedin a situationwherethe
populationis in factalreadyin clusters. In generala clustersampleis lessprecisethana similarly
sizedsimplerandomsample but it is muchcheaperlt may be usedto maximiseprecisionfor given
expenditure.

Ordinary Certificate Paper I

Overall,theanswersvereclearlylegible with relatively few spellingmistales. Candidateshouldbe
remindedo follow therubric by startingeachquestionon anew page listing all answerson thefront
of thebookletandtying in graphpapersecurelypreferablycloseto theanswerto whichit applies.

A few candidatesisedredpenin graphsandtables—they shouldbeadvisednotto do so. Candidates
needremindingthatall tablesshouldbe neatlyalignedwith suitableheadingsAxeson graphsshould

be ruled and clearly labelled,with units statedwhereappropriate.If thereis morethanone series
plottedon asinglegraph theneachshouldbe clearlyidentified.
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Candidateshouldalsoberemindedto readthe questionsarefully For example,in 7(i), theanswer
wasto beroundedo 1 decimalplaceandin 8(i), theletterswereto be marked neartheplottedpoints.

Candidateshouldbe advisedthatthosewho attemptall partsof every questionstanda muchbetter
chanceof passing Candidateseemedeluctanto answelpartsof questiongequiringcommentsand,
whenthey did, thesecommentswere not always succinctandto the point. Only a few candidates
indicatedthatthey hadrun out of time.

Questionl

Although the majority of candidatesioticedthe unequalclassintenvals, a sizeablenumberdid not.

Having calculatedhefrequenyg density someplottedthegraphincorrectlyasaseriesof separatéars
of identicalwidth. Othersdid not labelwhatwasbeingmeasurean thevertical axis. It is important
thatcandidatesealisethatit is a continuousscaleon the horizontalaxis andthatthe scalemarkings
shouldincludethe classboundarieor the classmidpoints. As the variablewas Age last birthday

the classboundarieof the 15-19 class,for example,were at 15 and 20 with a classmark of 17.5.
Many candidatesvere half a yearout in their plotting. Also, in calculatingthe frequeng density

classwidthsof 4, 9 and14 wereincorrectlyusedinsteadof 5, 10 and15. The besthistogramsgyave a
unit of areato indicatethe scale.

Thosewhohadplottedthegraphcorrectlyconcludedhattheorganisatiormightbeageistoy reference
to thegraph.A few calculatedhe median althoughthis wasnot expected.Someof thosewhosefirst

languageis not English were obviously uncertainasto what was meantby ‘ageist’, althoughthe

meaningof thistermwasexplainedin the question.

Part (iii) wasgenerallywell-answeredandeventhosewho hadfailedto recognisehe unequalklass
intenalsin (i) realisedtheir misleadingconsequences.

Question2

Most peopleexplaineddispersiorsatishctorily but thensomedefinedthe mean,medianandmodeas
measure®f dispersion! Threedifferentmeasuresvere requestedo standarddeviation or variance
countsasonemeasure Similarly, only interquartilerangeor semi-interquartileange(quartiledevi-
ation) wasaccepted.The coeficient of variationwasnot acceptedasit is a compoundmeasureand
againincorporateshe standardleviation.

Question3

Formulaefor short-cutcalculationof thestandardieviation wereoftenincorrectlyrememberedviany
couldnotobtainthefrequeng tablecorrectly Candidateshould,attheveryleast,have checledthat
thetotal frequengy was100. Somedid not realisethatthe classmarks(i.e. midpoints)wereat 99.5,
299.5etc. In part(iv), mary candidateslid not comparetheresults.

Questiord

Thiswastheleastpopularquestion.The Venndiagramwasoftenincorrectlydravn assomeassumed
thateveryonetickedatleastonefactor;by part(ii), candidateshouldprobablyhave realisecthis and
definitely realisedit in part(iii). The conditionalprobabilitiesin (iii) werepoorly understoody all
but the bestcandidates.



Questions

In the line graph, it is advisablefor the pointsto be joined with ruled lines ratherthan freehand
draving. Somecandidatesverenot usedto finding an odd periodmoving averageandattemptedo
centrethe averages.Thetrendwassometimesplottedat the wrongtimes. All candidateshouldbe
advisedo checkthatthetrendlooks asthoughit goesthroughthe actualdataseriesandif it doesnot
they shouldrechecktheir work. Part (iii) wasvery poorly donewith mostassuminghatit wasthe
actualexpenditureratherthanthetrendthatwasbeingpredicted.Very few pointedout thatthe nature
of the averagingprocessneansthat the moving averagetrendis not known at the mostrecentdata
point.

Questioné

This questionwas poorly answeredwith most candidatesassumingmore was shovn on the graph
than was actually there. Many answeredonly part (i) andignoredpart (ii). In Diagram1, most
noticedthe absenceof a vertical axis with labelsandunits. In Diagram?2, only abouthalf realised
thatthe zeroon the vertical scalehad beensuppressednd even thougha handfulnoticedthe lines
wereindistinguishablendcrossedthey mostlyassumedhatit wasCompary A's Salesthatdropped
off anddid not considerthe possibility thatit might be Compary B. In Diagram3, the vastmajority
assumedhat the dottedlines were somesort of projection,althoughthis wasnot stated. This was
intendedas a questionon poor draving of graphsbut mary got boggeddowvn on the semanticof

whethermpoorsalesautomaticallymeantdisastrousesults.

Question7
(i) Thiswasgenerallydonesatishactorily apartfrom arithmeticslipsandnotroundingto therequested
numberof decimalplaces.

(i) Thechain-basedanethodwasobviously lessfamiliar andsomecandidategave atablegiving all
possibleearninggelatvesandexpectedthe examinerto selecttheappropriateones!

Most could explain the meaningof thefixed-basendex but notthechain-basedhdex.

Question8
This questiorwaswell answerean thewhole.

The questionindicatedwhich wasthe z andwhich they variableandit wasadvisablehatthe candi-
datesusedthe horizontalandverticalaxes,respectiely, for them.

In (i), mostscatterdiagramswere satistctory althoughthe choiceof scalescould have beenbetter
andtheletterswerenotalwaysmarked, asrequired.

In (i), rank correlationwas not wantedalthoughsomemarksweregivenif it had beencalculated
correctly Theformulaefor Sz, andS,, wereoftenincorrectlyrememberedSomecandidatesorgot
to commenton thevalueof the correlationcoeficient.

In (iii), mary gave themseles extra work by recalculatingS,, and.S;, insteadof usingthe values
foundin (ii). Someroundedthe valueof the slopetoo earlybeforecalculatingtheintercept.

In (iv) two pointsaresufficient to fix theline. To draw theregressiorline accuratelyit’s usuallybest
to calculateone point towardsthe left of the graphand onetowardsthe right. It is usually bestto
checkthat(z, 7) liesontheline.



Higher Certificate Paper | — Statistical Theory

The aim of this paperis to testthe ability of candidateso understandgndinterpretbasicstatistical
theoryandto applyandadaptit to simplepracticalsituations.

Therewere very few infringementsof the rubric this year: only 2 of the 30 candidatesprovided
answerdo morethantherequisite5 questions.

The generalstandardvas good. In all, 22 of the 30 candidateg73%) gaineda passmark on this
paperwith anaveragemarkof 64. It waspleasingo seel0 resultsat distinctionlevel (75%or more)
includingthreeat over 90%.

Areasof the syllakus that continueto give causefor concernare combinatorialanalysisand,in par

ticular, conditional probability Candidatesand thosewho preparethem shouldbe aware that the
fundamentaldeasof conditionalprobability areappliedthroughoutstatisticsandthatanincorrectly
calculated(or wrongly used)probability for a conditioningevent makes catastrophicerrorsalmost
inevitable. In thepresenpaperweaknesses thistopic werepercevedin questionL(ii), 4(ii), 5and
7 (albeitoftenaccompaniedby goodwork on otherareas).

Onthe positive side,mostcandidatesppearedo be competenin the morestraightforvard partsof
the syllakus, including useof the Normal distribution andthe centrallimit theorem the Poissorand
exponentialdistributionsandcorrelationandsimplelinear regressiorcalculations.

Questionl

This questionon combinatorialanalysiswas both unpopular(only 12 attempts)andweak (average
mark8.3outof 20). Therewereseveralderisoryattemptsavhichshavedconfusionin the (?) formula,
althoughmostothershadat leastsomenotion of the combinatorialprobabilitiesrequired. Thefinal

part,dealingwith the probability of a 3-3-3-4distribution of Clubs,wasbeyond the reachof almost
all candidateswho seemedo be unavare of the methodof successie selectionof hands,noting at
eachstagehow mary cardsareleft aseachsuccessie handis dealtwith.

Question2

A muchmore popularquestionwith 25 attempts put an averagescoreof only 9.6 marks. The pro-
portion morethan 168 cm tall wasgenerallywell done,but surprisinglymary candidatesould not
correctlyinterpret'within onestandardieviation of the mean’,eitheromitting this partor finding the
answeras®(1). Many candidatesiaddifficulty obtainingthe percentaggointsof a truncatedNor-
mal distribution andthe correctproportionin part(ii), althoughtheseanswersaresimply obtainedby
meansof conditionalprobabilities. The applicationof the centrallimit theoremin thefinal part (iii)

wassatishctoryin mostcases.

Question3

With 15 attemptsthis questionwasnot popular but it elicited several goodanswersandan average
scoreof 13.1marks.Most candidatesinderstoodhatthe set-upin (i) wasbinomial,althoughseveral
did not botherto identify p = 1/ andthenleft the meanandvarianceasgeneraformulae.Corvinc-
ing explanationsof the given probability wererare, but most candidatessomputedthe distribution
correctly Several found the meanandvarianceusingdecimals(which althoughslightly inaccurate
werenot penalisedyatherthanexactfractions. Only a few candidatesealisedthatthe total number
of correctguessesvas2.X.



Questiord

Anotherpopularquestion,with 25 attemptsand a satishctory averagescoreof 13.2. Surprisingly
several candidate®mittedto give a diagramof the Poisson(4) distrikution, althoughmostof therest
producectreditablebarcharts(not histogramswhichwrongly suggesthe continuity of databetween
integer values). The requiredprobabilitiesof eventsin this processhappeningover varying periods
of time were generallywell done. By contrast,only a few candidatesvere ableto producevalid
calculationof the conditionaldistribution of onecomponenbf a givensumof two independenPois-
sonvariates.Of these mostfoundthe requiredprobability by calculatingthreePoissorprobabilities
insteadof the easietbinomial (20, 0.25)form to whichthey cancel.

Questions

A deeplyunpopularguestion(only 9 attempts) but mostof theseaddressedt leastthefirst two parts
well andthe averagescorewas11.9outof 20. A seriousweaknesén the useof Bayes'theoremwas
exposedjn thatveryfew candidatesisedthe prior probabilities0.1,0.4and0.5to arrive atthecorrect
posteriorprobabilitiesof theeventsA, R andS. In thefinal part, mary candidatesubstitutech = 0.1

to find the dominantposteriorprobability of A in this case(0.9468),but very few shaved that this
probabilitywasa monotonicdecreasindunctionof p, sothatfor all p < 0.1 theresultingprobability
wasevengreater

Questioné

A popularand high-scoringquestion(21 attempts,averagemark 14.1), probably due to the large
proportionof bookwork, which was,in the main, competenbr well-rememberedHowever, only a
few candidate®otheredo shawv thatthe stationarypoint of the (log-)likelihoodwasa maximum,and
therewerefew soundderivationsof the asymptoticNormal-theoryconfidenceantenal.

Question7

This very popularquestionwasgenerallywell answeredwith 24 attemptsachieving the highestav-
eragescore(14.5marks),mainly dueto goodwork on parts(i), (ii) and(iv). However, in part(iii) the
conditionaldistribution of X causednuchconfusionwith mary candidatesailing to normalisetheir
answersPart (v) revealedthatmary candidatesrestill underthewrongimpressiorthatuncorrelated
randomvariablesarenecessarilyndependent.

Question8

This highly popularquestionwas generallydonewell (23 attempts averagescore14.0). However,
several inappropriatelyscaledgraphswould have beenimproved by telescopinghe distancedrom
the origin to the dataon boththe z andy axes,anda few candidatesvere muddledin their useof
formulaeto calculatethe product-momentorrelationcoeficient. The possibleoutlier arisingfrom
traineel wasnotedby most,andgenerallysensiblecommentsavere madeaboutthe high leverageof
thisindividual andhis effect onthe analysis.

Higher Certificate Paper Il — Statistical Methods

The StatisticalMethodspaperaimsto examinea candidates understandingf the fundamentaton-
ceptsof statisticalanalysisthroughquestionsnvolving estimationand hypothesistests. Particular
emphasisgs placeduponassessingandidatesability to summariseandinterpretthe resultsof statis-
tical analyses.



Candidatesremuchbetterat obtainingthe summarisedesultsof analyseghanatinterpretingthese
resultsandat draving appropriateconclusionsin general candidatesiemonstrateanadequatgrasp
of thebasictechniquesequiredwhenperforminga rangeof statisticatestsandaregoodatcalculating
basicdescriptve statistics. Candidatesare poor at explaining the meaningand usesof statistical
testsin generaltermsandhave greatdifficulty in correctlyinterpretingthe resultsof their statistical
analyses.Often sectionsaskingfor resultsto be commentedupon or reportswritten summarising
findingsareanswered/ery vaguely— or areomittedentirely by somecandidates.

As statedabove, candidatesare able to calculatedescriptve statisticssuchas means,mediansand
standarddeviations; however, therubric for the examinationstateshat‘when a calculatoris usedthe
methodof calculationshouldbestatedn full’. Asin previousyearscandidategontinueto losemarks
by just writing down the numericalvaluesof means,standarddeviation etc., presumablyobtained
from the statisticalfunctionsof their calculatorswithout giving ary associatedavorking. Full marks
canonly beachi&zedwhendescriptve statisticsareaccompaniedby the appropriatevorking suchas
the correctformulaand/oranadequatexplanationof how thevalueis obtainedasappropriate.

Candidateshouldbe encouragedo readthe questionsarefully Althoughnotasmary asin recent
years,somecandidategontinueto losemarksby not actuallyansweringhe questionasled or waste
time including additionalinformation not asled for in the question. Also, somecandidatesomit
sectionof questionsentirely

Graphicalpresentatiorof datais generallyuntidy and poorly presented.Graphpaperis not always
usedaxesnotlabelledandtitles omitted.

On the whole candidateshave a good graspof the basicrequirementf hypothesigestsand can
calculateheappropriatdéeststatisticneededHowever, mary have difficulty in presentingheanalysis
clearly in drawing correctconclusionsand in interpretingthe results. Particular difficulties with
hypothesigestsareasfollows

e Selectingthe appropriatestatisticattestto performif thisis not statedn the question.
e Listing andexplainingtheassumptionsequiredfor teststo bevalid.

¢ A failureto statethe null andalternatve hypothesesMany candidatexoncludea question
statingthatthenull hypothesisnaybeacceptear rejectedwvithouthaving statedwvhatthisis.
In additionmary candidate$having acceptedor rejected)the null hypothesidgail to explain
whatthis meansn relationto the problemposedn the question.

e Confusionbetweenone andtwo-tailedtests. Somecandidatestatea two-sidedalternatve
hypothesisandthenproceedo performaone-tailedtestandvice-versa.

A commonerrorin all two-tailedhypothesigestsis to statethatthe significancdevel for the testis
0.05andthenobtaina critical value at the 0.05 significanceevel ratherthanthe 0.025level. Alter-
natively whenperforminga one-tailedestat the 0.05significancdevel a critical valuefrom tablesat
the0.025significancdevel is erroneouslyused.

Many candidate$ail to give thevaluesobtainedrom statisticaltables.Someincludestatementsuch
as'this teststatisticis greatetthan(or lessthan)thevaluein thetables'without statingpreciselywhat
thetalulatedvalueis. (This may— just— be acceptablevhenthe valueof somewell-knowvn statistic



is quite extremeor is very closeto its expectedvalueunderthe null hypothesishut is otherwisebad
practice!) Further somecandidatedlandly statewhetherthe null hypothesishouldbe acceptedr
rejectedwithout giving anexplanationfor their conclusion.

Many candidatedind it difficult to explain the conclusionghat shouldbe dravn whenthe null hy-
pothesiss rejectedor acceptedn the contet of the problemposedn the question.

Questionl

(i) Candidatesppearedo have agoodbasicgraspof the differentsituationsin which atwo-sample
testanda pairedsamplet testmight be used.However, candidatehadmoredifficulty in explaining
the reasonsvhy onemight chooseto designan experimentusing paireddata;thatis, thatit reduces
the amountof variability betweernthe two setsof measurementssomecandidatesost marksby not
‘using exampledo illustrate’ their answerasinstructedn the question.

(i) Most candidatesunderstoodhat the appropriateanalysisto performwas a two-samplet test,
althoughnot all statedthe assumptionsecessaryor this testto be valid. The summarystatistics
for eachgroupweregenerallycorrectlycalculatedalthoughsomecandidate$ost marksby obtaining
standarddeviations usingthe statisticalfunctionsof the calculatorwithout shaving ary working or

the correctformula. Not all candidatesvere ableto calculatethe pooledsamplevariancecorrectly
andsomeattemptedo performat testfor the situationin which thetwo populationvariancesannot
beassumedo beequal.However, they wereunableto calculatethe correctdegreesof freedom.Note

thatthe two-samplet testwhenequalvariancescannotbe assumeds not currently on the syllabus

andcandidatesrenot expectedo have to performthis duringthe examination.

Othercommorerrorsincludedomitting thenull andalternatve hypothesesysinganincorrectnumber
of degreesof freedomor statingthattheteststatisticwaslargerthanthetatulatedvaluewithoutgiving
thevalueobtainedfrom tables.

Question2

(a) Thiswasgenerallywell answeredwith the majority of candidatedeingableto statea definition
for eachof thefour statisticaterms.Somecandidateslid have difficulty in explainingthe meaningof
the definitionsthey hadgiven especiallyfor ‘power’ which causedhe mostdifficulty for candidates.
Many could give a textbook definition for power without clearly demonstratinghatthey understood
what this meant. Somecandidatesrroneouslystatedthat the Type | error was the probability of
rejectingthe null hypothesisvhenit is true. Similarly thatthe type Il error wasthe probability of
acceptinghenull hypothesisvhenit is actuallyfalse.

(b) Provided a candidatevasableto identify thata one-samplé testwasrequiredto investigatethe
problem,both partswerefairly well answeredCandidatesvho lost marksdid sobecausef afailure
to includeall thenecessarygletailsandexplanationsaslistedin thegeneracommentsoncerningy-
pothesidests.Veryfew candidatesvereableto identify thattheincreasegower dueto theincreased
samplesizein (ii) wasresponsibldor thediffering conclusionf thetwo tests
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Question3

Veryfew candidateattemptedhis question It mayhave appearednattractie asit is open-endednd
requirescandidateso explorethe dataandproducesuchstatisticsanddiagramghatthey considerto

beappropriatd¢o supporttheir descriptiorof themainfeatureof thedata. Thesaaskscausgoroblems
for mary candidatesindmary chooseo avoid them.

A commonerrorwasto fail to commentuponthe useof currentprices,ratherthanthe morehelpful
constanprices,in thetableof data. Analysesinfluencedby this distortionwerenot acceptable.

Questiond

(a) The statemenbf the modelwaswell donebut mary candidategailed to stateall the necessary
assumptiongor the modelto bevalid. Very few candidatestatedthat the effectsin the modelare
additive andthatthe obserationscomefrom a Normaldistribution.

(b) Most candidatesancorrectlyconstructa two-way ANOVA tableandperforman F testfor differ-
encedetweertreatmentsandblocks. Somecandidatesorrectlyperformedwo hypothesigestsfrom
the ANOVA table(onefor gravel andonefor cement)out only provided onenull andalternatve hy-
pothesisgenerallyfor differencesn cement.Many failedto stateary null andalternatve hypotheses
atall. A commonweaknessvasto obtainthe teststatisticfrom the ANOVA tableandthenproceed
to statewhetheror notthis gave riseto a statisticallysignificantresultwithout giving ary explanation
of how this conclusiorwasdravn. Whencomparingthe valueof a statisticto an F' distribution, it is
importantto referto critical valuesobtainedfrom tables the appropriatedegreesof freedom,andthe
significancdevel; all of thesearenormallyrequiredfor full marksto be obtained.

Thequestionis open-endedyut mary candidategoncludedhe analysisaftercompletingthe F' test.

However, to obtainfull markscandidatesvere expectedto explore the datafurther as statistically

significantdifferencesetweerthe groupsexist. For exampletheleastsignificantdifferencecouldbe

obtainedor oneor more pairwisecomparison@sappropriate Many candidatedost marksunneces-
sarily by notincludingareporton thefindingsfor themanager

Questions

(i) Histogramswere often very untidy and graphpaperwas not always used. Full markswere not
awardedto histogramghatwerenotdravn on graphpaper As in previousyearsmary candidateslid
notincludetitles andalthoughaxeswerelabelledthesewereoftenincorrect,especiallyon they-axis,
which mary candidate$abelledas‘Number of trees’. This occurredon scriptsfrom candidatesvho
correctlyunderstoodhatin a histogramthe areaof each'bar’ representshe frequeng of the group
and not the height. Somecandidatesontinueto misunderstandhis and continueto representhe
frequeng of eachgroup by the heightof the ‘bars’, althoughthereseemedo be fewer candidates
making this mistale thanin previous years. Therewere somecandidatesvho appreciatedhat the
width of thebarsshouldincreaseaccordingto the rangeof valuesit covers,but unfortunatelydid not
adjustthe height of the bar so that the total arearepresentedhe frequeng of the class. Very few
candidatesndicatehow the frequenciesarerepresentedn the histogram(for example,1 cm square
represent$ trees). Rememberindo includethis may help candidateso understananorefully that
frequeng is associateavith areaandnot height.
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Marny candidatesvereuncertairhow to dealwith theopen-endedatayory. Candidatesvereexpected
to choosea suitableend-pointsuchas70 anddraw the histogramandcalculatehe summarystatistics
with referenceo their chosernvalue. Any sensiblevaluewasacceptedFull markswerenot awarded
for histogramghatdid notincludethis class.

(i) Mostof themarkslostin this partof the questionwereeitherfor carelesarithmeticerrorsor for
incorrectstatement®f the formulafor the standarddeviation. Somecandidatesvere unsureof how
to dealwith thefinal open-endedlassanderroneouslygnoredit entirelywhencalculatingthe mean
andstandardieviation.

(i) Candidatesaddifficulty in explaining the differencesetweerthe estimatecandactualvalues.
Of coursethe estimatesarebasedon a presumptiorthatthe dataareevenly distributedin eachinter

val, which neednot bethe case.Somecandidate®grroneouslystatedthatthe medianwasaffectedby
the open-endedatayory, whichit would notbe.

Questioné

(i) Generallycandidatesvereableto make thelink betweertheexperimentakituationandageometric
distribution, but were not always ableto explain fully all the necessarassumptionsandhow they

mightbeassumedo be satisfiedhere.In addition,somecandidate$ost marksby not explainingwhy

the probability of asucces$n eachtrial, p, mightreasonablypeassumedo be 1/3.

(i) Mostcandidatesinderstoodhattheappropriateanalysigo performwasa chi-squaredjoodnessf
fit testanddemonstrated goodbasicgraspof thistest. Thecalculatedorobabilitiesandexpectedval-
uesweregenerallycorrect,althoughsomecandidatesost marksby not explaininghow the expected
valueswereobtainedfrom the calculatedorobabilities.Whencalculatingthe teststatistic,mary can-
didatesmistalenly combinedall the cellsin which the obsered countwaslessthan5 (ratherthanall
thecellsin whichthe expectedcountwaslessthan5). Markswerealsolost by failing to give thenull
andalternatve hypothesesiisingthe incorrectnumberof degreesof freedom,or misunderstanding
whento rejector accepthenull hypothesis.

Question7
(i) Thiswasgenerallywell answered.

(i) In both partsof the questionmary candidatesvere unableto establishwhethera one-or a two-

tailed testwasrequired. Whenasled to testfor an effect it is more usualto performa two-tailed
testsincea significantincreaseor decreasen the outcomevariablewould constitutean effect. If

oneis only interestedn, or asledto investigate a changein onedirection,a one-tailedtestis used.
If candidateshoseto performa one-tailedtestandgave a goodexplanationwhy they haddoneso,
full markswereawardedfor correctsolutions. (For example,the following argumentwas perfectly
acceptable:The purposeof the educationaprogrammas to help overweightwomento loseweight.
It is only effective if it reducesveight,soaone-tailedestinvestigatingwhethertheinterventionleads
to a significantreductionin weightis required)

(a) Only asmallnumberof candidatesvereableto performa signtestsuccessfullyMost candidates
were able to calculatethe test statisticusing a binomial distribution with n = 14 andp = 15.
However mary wereuncertainof the critical valueandwhento acceptor rejectthe null hypothesis.
Somecandidateshoseto usea Normal approximatiorto the binomial distribution to obtainthe test
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statistic. Provided thatcandidatesvereableto explain why this approachwasvalid, full markswere
awardedto correctsolutions. In general,however, candidatedusing this approachwere not very
successful.

(b) Candidatesvere more successfulin carrying out a Wilcoxon signed-ranktestthan a sign test
andwere usually ableto obtainthe correcttest statistic. However, a numberof candidateslid not

ignorethe sign of the differencewhencalculatingthe ranks,with all negative differencesncorrectly
beinggiven the lowestranks. Marny candidatedost marksby obtainingthe incorrectcritical value
from tablesfor the Wilcoxon signed-rankestor by not understandingvhento rejector acceptthe
null hypothesis.Somecandidatesiseda large sampleNormal approximatiorfor the test. Whenthe
samplesizeis small (lessthan20, say)this methoddoesnot generallyprovide a goodapproximation
andfull markswerenot awardedto candidatesakingthis approachMost candidatesvho haddravn

thecorrectconclusionfrom thetwo testswereableto identify thatthediffering conclusionsveredue
to theincreasegowerin the Wilcoxon signed-rankestasit usesmoreof theinformationin the data
thanthesigntest.

Question8

(i) The box-plotsdravn were often untidy; not all includeda scaleon the axes,and somewere not
dravn on graphpaper Many candidatehaddifficulty in calculatingthe upperandlower quartilesas
thisrequiredinterpolationbetweertwo values.Surprisingly mary candidatesorrectlyidentifiedthat
thelower quartilewould berepresentetly the 5.25thsmallestdatapointandthenconcludedwithout
commentthatthelower quartilewasgivenby 79,950 the valueof the 5th smallestdatapoint.

(i) Most of the problemsencounteredvith this questionwere dueto the arithmeticratherthanthe
statisticalmethodsrequired.As the numbersnvolved arelarge, the numberof digits involvedin the
calculationsis more thancan be displayedon somecalculators. Candidatesieededo performthe
arithmeticeitherusingexponentialformator by expressinghe valuesin more corvenientunits (say
in units of £1000). Somecandidategailed to identify thatthe appropriataestto performwasan F
testto comparehe equalityof the variancef the selling priceanderroneouslyperformedat testto
comparghemeans.

Higher Certificate Paper Ill — Statistical Applications and Practice

Theaim of the StatisticalApplicationsandPracticesyllakusis to developskills in dataanalysisusing
the theoreticalconceptsdevelopedin the syllablusesfor the Ordinary Certificateand Papersl andll
of theHigher Certificate to analyserealdatasetsandcommunicatéheresultscomprehensely. The
guestionson the examinationpaperrequirecandidateso selectandcarry out appropriatestatistical
proceduresndto reportthefindingsandconclusionglearly Candidatesrealsoexpectedo beable
to interpretcomputemutputfrom statisticalpackagesDetailedknowvledgeof specificpackagess not
required.

Candidateseedto realisethatit is not sufficient just to do the computationsn the questions.They
needalsoto stateconclusionsgrom their analysesandto attemptthe discussiorpartsof questions.
They shouldpay attentionto the numbersof marksallottedto partsof questiondo checkthatthey
have attemptedareasonabl@roportionof aquestioror of a partof aquestion.They shouldalsoavoid
spendingime calculatingquantitieswhich aregivenin the questionsunlessinstructedo do so.
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Somecandidatesendto roundtoo earlyin their calculationsvhich introducesnaccurag.

In testsof hypothesesandidateshouldexplainwhy somethings or is notsignificant(for example by
quotingcritical values).If they do notit is not possibleto tell whetherthey have guessedA possible
exceptionis whena valueis clearly not significantor highly significant,for example,z = 0.2 or
z = 50; in suchcasesa statemensuchas‘clearly (not) significant’ shouldbe made. This comment
refersto severalquestions.

Questionl

This questionon a 2-way ANOVA with replicationwas very popularand was mostly well done.
Somecandidate$ost marksby not giving enoughdetailsof the ANOVA, including clearstatements
of hypothesesandanindicationof how conclusionsverereachedrom the F' values.Fewn candidates
attemptedpart (i) andsomeof thosewho did drew incorrectdiagrams. The twelve meansshould
have beenstatedas credit was given for theseeven if the diagramwasincorrect. Somecandidates
thoughtthat part (iii) was askingfor commentson the diagram,whereascommentson the whole
of the analysiswere expected. (This was indicatedclearly by the fact that this part was identified
separatelyratherthanjust beinga further requiremenof part(ii).) Attemptsat part(iii) wererather
poorandseveral candidateslid not attemptthis part. It shouldbe notedthat parts(ii) and(iii) were
togethemworth 50% of the markson this question.

Question2

This questionon testsof hypothesesn the differenceof meansof two populationsvasvery popular
but wasnot doneparticularlywell. In part(a) the testcould be basedon the Normal distribution as
the sampleswerelarge. The only assumptionsieededarethatthe samplesarelarge enoughfor the
Normal approximationto hold andthat the samplesare independent.Somecandidatesnistalenly
thoughtthatthe underlyingpopulationshadto be Normal and/orthey hadto have the samevariance.
Most candidatesgnoredtheinstructionin (a)(ii) to commenton furtherinformationwhich shouldbe
obtainedo throw greatetight ontheimpactof mobiletelephone®n studentexpenditure.

In (b) aNormality assumptions neededor at test,andthis shouldhave beenstated.Candidatesp-
pearedo beunavarethatthe pairingremoved between-companvariation. The commentatoshould
have madetheassumptionthatthe samplesareindependentClearlythey arenot, sothe methodused
waswrong.

More careneeddo betakenin statinghypothesesk-or example,' Hy: p1 = uo’ is meaninglessinless
u1 and s aredefined. Equally ‘ Hy: thereis no differencebetweenmalesand females’is clearly
untrue— mentionof meanexpenditureis needed. Somecandidatesappearedo be unawvare of the
differencebetweemotationfor samplesandthatfor populations.Somefound samplevariancesn-

correctly Usinganaturalnotation,the samplevariances definedas

Y(z —x)?, butis generally
n—1

- 1
mostefiiciently calculatedas — {2z? — (Zz)?/n}.

n —

Question3

This questionon simpleregressiorwasfairly popularandwasmostly well done. In (i) somecandi-
dateswerecarelesanduseda andg for the estimatorsnsteadof & andﬁ . In (i), wheninterpreting
2, the statemenshouldpoint out thatit measureshe proportionof variationin GDP explainedby
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alinear relation,in interpretinga and 3 the units of measuremerghouldbe statedand& shouldbe
relatedto theyear In (iv) anindicationof how the positionof the line wasdeterminedshouldhave
beengiven; for example,by calculationof two pointson the line suchasthevaluesof y att = —5
andt = 5. (Notethatthevaluet = 0 is not a particularlygoodchoicehere,asit is in the middle of
thegivenrangeof t.) Commentnthe predictionsin (v) weremostly poor

Questiord

This questionon time serieswas not popularandfew candidatesattemptedall of it. In (i) mary
candidatesdid not correctthe seriesfor seasonafluctuationsasinstructed,but just worked out the
seasonatorrectionfactors.Someof thosewho attemptedhis partapparentlydid not realisethatthe
valuesin the correctedserieshave to be the sameorderof magnitudeasthe obsered valuesasthey
madeno commentwhenthey werenot. Oneor two candidatesubtractedhe correctionto the mean
quarterlyvaluesbut shouldhave addedt asit is negative. Few candidatesattemptegarts(ii) and(iii).
Oneor two suggestedhe exponentialsmoothingmethodin (iii) but this is not a methodof seasonal
correction.

Questions

This questionwasbasedon computeroutputandinvolved draving boxplotsandwriting a report. It

wasnot popular Somecandidatezalculatedhe quantitiesneededo drav the boxplotsin (i). This
wasnot necessargastheseweregivenin the output. Outlierswerenot alwaysclearlyindicatedin (i),

andsomecandidateshiad somevery strangeideasasto what might be an outlier Therewassome
confusionasto the directionof the skew for E&REEqandSS.As thereis along tail to theright, that
is, the positive directionon a corventionalgraph,the skewnessis positive. Attemptsat (ii) tendedto

bepooror non-«istent.

Questioné

Therewerehardlyary attemptsatthis questionon methodsof sampling.Somecandidatesost marks
becausdt was not clear that they understoodhe methodthey were discussing. In somecasesit
was clearthat they did not understandhe method. Somecandidatesoverlooked the fact that the
gquestionnairesvereto besentby post.

Question7

This questionon estimationand a chi-squaretest was fairly popular but was not donevery well.

In (i) and(iv), both of which involved finding a maximum,few candidatexhecled on the second
orderconditionto confirmthatthey hadfound a maximumratherthana minimum. Insuficient care
wastakenwith the settingout. For example,in (iv), whenequatingthe deriative to zeroto find the
maximumlikelihoodestimator\ of ), theresultneedso be expressedn theform X = ... ratherthan
A = .... Similarly, in (iv), the expressiorfor the ML estimatorshouldbe written as\ = 2/z andnot
aszt = 2/X. In (i), a sketchcouldbedravn by notingthat f(z) = 0 whenz = 0, andf(z) — 0 as
x — oo, andmarkingthe positionof the mode. An accuratadiagramwasnot needed- this section
wasworth only 2 marksout of 20. Hardly anyoneattemptediii) or to find the momentsestimatorof

Ain (iv). In (v) somecandidatesoundthe probabilitiesneededo calculateexpectedfrequenciedy

integrating f (z). ThiswasnotnecessargasF(x) wasgivenin thequestion.
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Question8

This questionon transformationsand one-way ANOVA was fairly popular Somecandidatedid

reasonablywell on it, but othersscoredlow marks,often becausghey madeonly partial attempts
at this question. Part (i) really requiredthe statemenbf a model, eitherin words or symbols,as
assumptionglo not make sensein vacuo In (i) mostcandidatesgnoredthe part askingif there
wasevidenceof a bettertransformationlin (iii) thefollow-on analysisto determinewhich herbicides
differed from the othersasregardstheir effect on the meannumbersof weedswasNOT required
(thoughit wasgoodto seethat candidatesvere aware of this analysis).In (iv) a descriptionof the

plot underdiscussiorwasneededhsthereareseveral possibleplots. A residualis notthe sameasthe

residualsumof squares.Somecandidatesppearedo be confusedbetweena residualandthe error
termin themodel.

Graduate Diploma Paper: Statistical Theory And Methods|

This paperexaminesprobabilitytheory— Bayes' Theoremdiscreteandcontinuousandomvariables,
univariateandbivariatedistributions,transformation®f randomvariables simulation,orderstatistics,
simplestochastigprocesses.

Overall, the standardof attemptsat this years paperwasvery good. Thereweretwo outstandingly
good candidatesand almostall candidatesseemedwell prepared. One candidateansweredust 4

gquestionsratherthanthe required5, while anothercandidateattempteds questions.It wasparticu-
larly pleasingo find thatseveralcandidatesnadeexcellentattemptsatthequestioron Markov Chains
(QuestionB), atopic thathasbeenlargely ignoredin the pasttwo years’examinations.

Questionl

This questionexaminedbasicideasaboutthe cumulatve distribution function, expectedvalue and
varianceof a single continuousrandomvariable,andtransformation®f a randomvariable,though
thequestionwasbasedaroundthe concepbf thesurvivor function. It wasansweredby only one-third
of thecandidatesandtheir attemptsveregenerallypoor Severalof thosewho answeredhis question
attemptedo find the expectedvaluesin parts(ii) and(iii) by directintegrationof z.f(x), asusual,in
spiteof the mathematicatompleity of suchanapproactandtheexplicit instructionsto thecontrary
whichwerewritten into the question.

Question2

In this question,candidatesadto derive the meanandvarianceof the betadistribution, thenwork
with a bivariate distribution whosemaiginal distributions were also beta. Almost every candidate
attemptedhis question.The generalstandardf their answersvasvery good.

Question3

In this question,candidatesvere testedon their knowledge of transformationsf two continuous
randomvariables. About two-thirds of candidatesattemptedhis question,andthe standardf their

attemptsvasgood. Somecandidateseemedo be confusedaboutthe definition of the Jacobiarof a

transformation.
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Questiord

This questiontestednomentgeneratingunctionsandthe CentralLimit theoremin the context of the
exponentialdistribution. Virtually every candidateattemptedhis question.Their answerdo part (i),
in which they hadto derive the m.g.f. of the exponentialdistribution anduseit to find the meanand
varianceof the distribution, weregenerallygood. In part(ii), howvever, several candidatesappeared
notto know how them.g.f. of (aX + b) canbefoundfrom them.g.f. of X itself.

Questions

This guestionexaminedorder statistics. About two-thirds of the candidatesttemptedhis question,
with varyingdegreesof successSeveral of thosewho madepoorerattemptsventwrongearlyon, by

incorrectlyrememberinghegeneraformulaefor thep.d.f. of Uy andthejoint p.d.f. of (Uy), Ug)).

Thesecandidategroducedfunctionsthat they could not manipulateasrequiredfor the restof the
question.

Questioné
This questiontestedcandidatesknowledge of the Law of Total Probability and Bayes’ Theorem.
Only two candidatesittemptedhis question.

Question7

This questionwasaboutsimulationusingtheinversec.d.f. method.Almost all candidatesttempted
this question,andthe standardof their answersvasgenerallygood. Surprisingly a few candidates
did not seemto realisethat the distributions definedin (ii) (a) and(b) were continuousandtried to
simulateasthoughthesedistributionswerediscrete.

Question8
This questiontestedwork on Markov Chains. Half the candidateattemptedhis question;mary of
theiranswerswvereexcellent,andthe overall standardf their attemptsvasvery good.

Graduate Diploma Paper: Statistical Theory And MethodslI

The paperaimsto testunderstandingf a rangeof statisticalprinciplesandmethodsandtheir appli-
cationin simplesituations.

Questionsl—6 and 8 were the most popular with thesebeingansweredy at leastone-halfof the
candidatesOf these Questions3, 4 and8 wereansweredvell by atleasttwo candidatesQuestion?
washot popular

Questionl

Only afew candidategouldwrite down the correctlikelihoodfunctionin part(i). No candidategave
a completelycorrectanswerto part (ii). Several candidateslid not calculatethe relevant expected
valuesin part(iii), andonly afew gave the appropriatadegreesof freedom.

Question2

Few candidatezould definea lossfunction andthe Bayesrisk, but parts(i) and (ii) weregenerally
well done. No candidatewvas ableto minimise the Bayesrisk in part (iii) andtherewasonly one
correctsolutionto the uniform prior calculation.
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Question3
Only one candidatecould relatethe two correlationcoeficientsin part (i). In part (ii), only two
candidatesould properlyderive the p-value. In contrastpart (iii) wasgenerallywell done.

Questiond

Not mary candidategould explain howv samplesizecanbe determinedusingthe power. In part (i),
few candidate®btainedthe correctcritical region. Similarly, therewereonly a few correctanswers
to part(ii). Both parts(iii) and(iv) werepoorly answeredyith therebeingjusttwo correctsolutions.

Questions

No candidatestatecthe key resultthatd ~ N (6, 1/1(6)) for largen. Part (i) wascorrectlyanswered
by only a few candidateswith mary confusingE(YQ) with E (X1, X2) /n. In part(ii), several
candidateslid notwrite down thelikelihoodfunctionin termsof 8. No candidatecouldderive E(§2)
in part(iii), butthereweresomereasonablattemptsattheothertwo calculations.

Questioné

Therewere few good answersto the bookwork. Only one candidatecould obtain the distribution
functionin part(i). In part(ii), no candidatecouldexplainwhy W6 is a pivotal quantity Therewere
afew reasonabl@answerdo part(iii), but nonewerecompletelycorrect.

Question7
Thiswasnota popularquestion.Therewereonly threepoorattempts.

Question8

Part (i) wasonly answeredvell by two candidatesFewn candidategave completelycorrectanswers
to part (ii). Part (iii) wasgenerallywell done,but only three candidategyave correctsolutionsto
part(iv).

Graduate Diploma Paper: Applied Statistics|

This paperis designedo testwhethercandidategancarry out a rangeof importantstatisticaltech-
niques(linear model, multivariateanalysesand simple time series)in practicalsituations. This re-
quiresagraspof basictheoryandthe ability to applyit andto interpretcomputeroutput.

All candidatedollowed the rubric, althoughsomecandidatesvho submittedfour goodanswerdid
muchbetterthanthosewho did five sketchyanswers Apart from carelessnistalesthe main problem
was a failure to answerthe questionthat was asled. Most of the questionswere basedon a case
study Theappliedstatisticiameeddo useinformationaboutthe natureandbackgroundf datawhen
modelling: automaticmathematical-typ@approachesrenot suficient. Candidatesendedto repeat
bookwork without relatingit to the specificquestionbeingasked, andso attractedfew marks. Even
relatively simplequestionsvhich asledfor descriptionf graphsor simplesummarystatisticswere
not donewell. In contrast,thosecandidatesvho did well submittedanswersthat shaved a good
graspof bothbasictheoryandof the practicalitiesof dataanalysisthey wereablecritically to discuss
therelevanceof methoddgfor a particularsetof data,andproducedhoroughdescriptionof dataand
comprehensk interpretation®f output.
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Questionl

Thiswasvery popular—mostcandidateattemptedt. It wasgenerallyreasonablyvell-done although
theworkingwasoftenmessyandcarelessThereis usuallyaguestiorontime seriessoit isimportant
to be confidentof basicdefinitionsand simple manipulationsof series. However, working mustbe
accurate.

Question2

This was not popular althoughcandidatesvho attemptedt madea reasonablattemptat the parts
they answeredThe studydescribeds obserationalandnot atrue experiment,sotherearepotential
confoundingfactorsfor the feedbackmethod,especiallyprior ability. ANCOVA is oftensuggested
asaway of dealingwith suchstudies.lIt is importantto appreciatevhat ANCOVA does,andhow it
differsfrom at test. ANCOVA doesnot necessarihaddressll the problemsandit canbedifficult to
interpretif theslopesof theregressiorinesaredifferentfor thetwo groups.Theformsof thedifferent
linear modelsdemonstratehis, andthe questionis basedon the relative meritsof differenttypesof
analysedor thesedata.Theaim of the questionwasto explore thetheoreticabasisof ANCOVA and
its practicalapplication.

Question3

This wasquite popularandreasonablyvell done.Most candidateénterpretedhe plots correctlyand
wereableto discusshow they might tackle problemsrevealedby suchplots. The majorweaknesses
werethatcandidategave sketchydescription®f the plots—you shoulddescribeall thatyou see-and
lateranswersveregenerabsopposedo tailoredto the specificcasestudiesdescribedGoodanswers
werethosethatusedgeneraknowledge(for example,aboutgeographyjo make suggestionsandnot
merelyrepeatbookwork aboutdiagnosticplots.

It is importantto answerthe questiorasasled.

Questiord

Thiswasnot popular althoughit wasfairly straightforvard. It is basednarealconsultang problem
posedto a statistician,althoughthe applicationareais disguised.Thereis no evidenceof arelation
betweenthe initial gradingandthe succesgate. This shouldbe fairly clearin the graph,andthe
formal analysisconfirmsthis. Do not be afraidto concludethatthereis no evidenceof arelationship
—thisis whatyou oftenseein practice.Somecandidatesverinterpretedhegraph,andothersforgot
thatthe null modelis amodelto be consideredln this casethe null modelis the best,which confirms
theimpressiorfrom thegraph.

Statisticiansmight disagreeaboutwhethera formal analysisis appropriategiven that the resultis
‘obvious’ from thegraph.Thelastpartof the questionaskedfor acommentaboutthis. Any reasoned
answemwould have beenacceptedIn contrastthe statemenfor the managemustbe non-technical
andcertainlynot usetermslike ‘scaleddeviance’or ‘forward selection’.

Questions

Thiswaspopular but few candidategiraspedhe point of the question.Principalcomponenanalysis
is often adwocatedas a way of reducingthe numberof predictorvariablesand of remaving multi-
collinearity If the principal componentanalysisis performedon the predictorvariablesonly, the
selecteccomponentsnay not be stronglycorrelatedwvith theresponseariable.Thisis whathappens
in this questionrwhich containssomeodd resultsworthy of comment.
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Theproblemasposeds very difficult: therearemary morepotentialpredictorvariableshanobsenra-
tions. While thisshouldnothapperit does!Neitherforwardselectiomoruseof principalcomponents
yieldsawell-fitting model. However, thereis a setof variableshatgivesa perfectfit. This particular
combinationof variabless notencountereth forwardselectiorandis not suggestedby the principal
componentnalysis.

You are not told what the variablesare, and this makes interpretationof the principal components
(which hasa degree of subjectvity) and choiceof model difficult. Descriptionof the correlation
structurein the datawasreasonablyvell done,but mary peoplefailedto try to interpretthe principal
componentsMost lost the point of the questionandamazinglysomecandidatesvere suggestingn
the lastpartthat principal componentnalysismight helpto identify predictorvariableseventhough
it wasperfectlyohviousthatthis methoddoesnot helphere.

A guestionik e this teststhatyou know whathappensn practice— bookwork is not sufficient.

Questioné

This wasa mixture of practiceandtheory It waspopular but few candidateslid well in both parts
of thequestion.In contrasto Questiorns you aretold hereabouta setof variablesfor regression.n
practice,automaticvariableselectionis dangerousandone shouldtake into accountthe natureand
quality of the variablesaswell. The first part of the questionaslked aboutthis and testedwhether
candidatesould shav a true modellingapproackcombiningbackgroundknowledgeaboutvariables
with interpretatiorof formal analyses.

The secondpart of the questionwasbookwork. Thosewho could replicatethe bookwork did well
here.

Question7
Few candidatesttemptedhis question.

Of thosewho did therewas a tendeng to reproducetheory without relating it to the casestudy
described For example,the questiondoesnot askwhatdiscriminantanalysisis, but how it mightbe
usedin this problem.Generalnswersinrelatedo the casestudyattractedew marks.

Summarystatisticsweregiven, andthe questionasled for descriptionsof them. This wasnot well-
donein general. Theappliedstatisticianmust beableto describevhathe or sheseesn thedata. This
shouldnot bedifficult.

Discriminantanalysisis a multivariatemethod,which by definition usesmorethanonevariable. It
canthereforebe morepowerful thanunivariateapproachesin this examplethereis onevariablethat
appearso modelthe groupmembershipaseffectively asa multivariatemodel. This is the point of
thequestion.The questiorrequiredanunderstandingf the purposeof discriminantanalysis andthe
ability to describeandtheninterpretfairly simpleoutput. Fen candidatesoulddo this.

Question8

This wasvery popular but not alwayswell done. You needto be clearaboutthe hypothesedeing
testedandhow to interpretresults. The correctform of the modelis decidedduringthe designstage
andnotbasednthedata.In factthe conclusionsaaresomeavhatdifferentfor thetwo scenarios.

Working wasoftenuntidy andcarelessyhich did not help candidates.
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Graduate Diploma Paper: Applied StatisticslI

The Applied StatisticsPaperll syllakus coversthe applicationof statisticalmethodgo censusessur
veys anddesignedxperimentsandsomeelementantopicsin demographyA total of 31 candidates
registeredfor andsatthe paper

Overall, the performanceof candidatesitting AS Paperll wasdisappointing.Nine candidate®b-
tainedfewer than30 marks,andit is hardto view themashaving beenadequatelypreparedo sit the
paper

Generalstrengthsof candidatesncludedknowledge of how to obtain the analysisof variancefor
differenttypesof experimentaldesign for exampleblock designsandfactoriallayouts.

Weaknessemicludeda lack of knowledgeof basicprinciplesof experimentaldesign(for example,
confounding,bias,randomisationblocking); useof incorrectstandarderrorsfor treatmentcompar
isons(for example,in the presencef missingdataor for incompleteblock designs)confusionover
theappropriatenessf usingcritical valuesof thet distribution or Normaldistribution.

As in previousyears just over onethird of the candidatesttemptedhe questionon responseurface

designandanalysis. This is one of the mostpoorly understoodareasof the syllabus. Fewer can-

didatesansweredhe samplesuney questions.Candidatesverenot familiar with clustersampling,
andthe differentestimatorghat are widely used. Standardormulaefor estimatingthe population
proportionbasedn simpleor stratifiedrandomsamplingwerenotknown. Most candidatesnanaged
the more practicalpartsof questionson considerationgor designinga suney and/orconstructinga

guestionnaire.

Candidatesnsweredhe correctnumberof questionsandadheredo therubric.

Questionl (25 attempts)

Candidatesvereasledto commenibntheweaknes®f anexperimentalayoutin which the effectsof
treatmentndlitter wereconfoundedMost candidatesiotedthatthe betterlayoutwould beto regard
litters asblocks,andfor eachmousewithin a litter to receve a differentdiet — but could not always
explainwhy.

Very few candidateorrectly demonstratedhow treatmentsvould be randomlyallocatedin a ran-
domisedblock design.Therewasalsosomeconfusionover the purposeof randomisatiorandblock-
ing in designedexperiments.

Section(iii) requiredcandidatego obtain estimatesof two items of missingdataby finding those
values(of m andn) which madethe correspondingesidualszero. Only one candidateattempted
this, giving a correctexpressiorfor theresiduals All othercandidatesleviatedfrom thequestiorand
shavedtherequiredoutcomeusinganiterative procedurelosingafew marks.

Most candidateknen how to constructconfidenceintervals but lost marksdueto usingincorrect
standarcderrorsor anincorrectnumberof degreesof freedomfor theresidualerror (i.e. 2 df lostdue
to missingdata).

Question2 (26 attempts)
Part (a) asled candidateto obtainthe analysisof variancefor an experimentallayout consistingof
four replicatesof a2 factorialdesign.The effect estimatesveregivenaspartof the question.
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Most candidateglid not usethe information provided to calculatethe sumsof squaregor the main
effectsandinteractions.The sumof squaresould be obtainedby squaringeacheffect estimateand
multiplying by 2r. Somecandidateglivided by 2r. Otherslost time by re-analysinghe datausing
Yates'method. Oftenthe sumof squaredor differencedbetweengreenhousewasomittedfrom the
analysisof variance.Not all candidatesverefamiliar with theconcepf confoundingandseemedo
confusethis with fractionalfactorialdesigns Only afew candidatesuggeste@n appropriatedesign
(usingcompleteor partialconfounding)or four replicatef a2? factorialdesignarrangedn 8 blocks
of 4 units.

Question3 (20 attempts)

In part(ii), candidatesorrectlystatedheconditionsnecessarfor abalancedncompleteblock design
to exist but werelessfamiliar with how to applytheseconditions.A necessargonditionfor aBIBD
to existis that \, thenumberof timeseachpair of treatment@appearsn the sameblock, is aninteger.
Thus,aBIBD doesnotexist for 10treatmentsn blocksof 4 units,usingnotmorethan90 unitsin all.

Candidatesost marksin part(iv). Standardormulaefor the varianceof the differencebetweenwo
treatmenmeangko? /t)\) andtheresidualdegreesof freedom(rt — ¢t — b + 1) werenotknown, and
thuscandidatehaddifficulty in comparingthethreeBIBD designs.

Questiond (12 attempts)
This questionrequiredknowledgeof 22 factorial designsandtheir applicationasfirst-orderdesigns
in responseurfacemethodology

Therewas someconfusionover the designin part (i), with answersincluding: 2 factorial design,
compositedesign,single factorexperiment. Most candidate<ould explain how the steepestascent
procedurenvorked but could notapplythe procedurdo realdatain part(iii).

More candidateshanin previous yearswereableto calculatethe coeficientsof a first-ordermodel.
The easiestipproachis to analysethe dataasa 22 factorialdesign(with codedfactors+1), anduse
the fact that the coeficients of the first-ordermodelare one half of the correspondingactor effect
estimates.

Noneof the candidatesittemptedpart(iv).

Questions (20 attempts)
Somecandidateshoughtsystematiccamplingand/orquotasamplingwereequalprobability selection
methods Neithersamplingmethodis random(i.e. elementof subjectve choice).

Candidatesvereableto distinguishbetweerordinarystratificationandpost-hocstratificationbut were
not awareof the consequences post-stratificatioron the precisionof estimators.

Part (iv) was often omitted or poorly answered. Candidatesvere not familiar with how to deter
mine samplesizeto satisfy (i) a givenstandarderrorand(ii) arangeof valuesfor P, the population
proportion.Often,the formulafor the varianceof the estimatorof P wasnotknown.

Question6 (14 attempts)

Thisquestiorrequiredabasicknowledgeof clustersamplingandhow to calculatedifferentestimators
of the populationmean,andtheir standarderrors. Most candidatesvere not familiar with how to
obtainestimator$asedon the clustersampleratio or clustersampletotal.
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Question7 (18 attempts)

Most candidatedound part (a) difficult. Many candidatesould not write down an expressionfor
a stratifiedestimatorof the populationproportion. Standardormulaefor the varianceof estimators
wereoftenincorrectin part(ii).

Somecandidatesost marksdueto misreadingpart(ii), andthoughtvaluesof p,,, andp; in (a)referred
to DesignA andthosein (b) referredto DesignB.

Question8 (16 attempts)

Candidatesvereasledto compareandcommenton the crudeanddirect/ indirectrates.Oftencom-
parisonsveremadebetweerdirectandindirectrates without referenceo cruderatesandtheimpact
of standardisation.

Most candidatesould defineandapply directandindirect methodsof standardisatiotut failed to
statethe assumptionsinderlyingits use.

Graduate Diploma Option: Statisticsfor Economics

Many candidateseemednadequatelypreparedor this Option,with markssolow thatthey hadlittle
chanceof passinghe paperasawhole.

Candidatesveretoo readyto go throughfamiliar routineswithout pausingto considerwhetherthey
wereapplicableor valid in the particularcontexts of thequestions.

They werenotwilling or ableto considetheeffect of theeconomiacontets of thequestionstreating
the problemsasmerenumericalexercises.

QuestionAl

Thefirst regressioris unsatishctoryfor two obviousstatisticareasonsndoneeconomiaeason.The
standarcderrorsof the coeficientsarevery large, pointing to probablemulticollinearityamongthe E
variables. The DW valueis utterly unacceptable- thereis surelysomestrongautocorrelation.The
signsof the E' coeficientsmake no senseeconomically

Two of the E's arefar from beingsignificant,and are droppedin moving to the secondregression,
which makes good sense. The standarderrorshave droppedto acceptabldevels, but DW is even
worse.

The third regressionis a re-estimationof the modelin (b), usingfirst differences.This hasproved
very successfuin termsof the standarderrorsandof DWW, andmakesgoodsenseBut the possibility
of anexogenoushangdn GFCF is notconsideredso(d) is tried, addinga constantA constanin
amodelfor AF is equivalentto alineartime trendin F', anda negative coeficientis nosurprise.lt is
not statisticallysignificant,andacasecanbe madeoutfor either(c) or (d) asthepreferredregression.

Thetotal sumof square£(AF — AF)? canbeinferredfrom (d), andtogethemwith rss = 14034007
from (c) the R? for (c) canbe obtained.

Thequarterlydummies or their first differencescannotbe tested(meaningfully)oneat atime. One
hasto re-estimatehe modelomitting all threeanddo an F' teston thetwo residualsumsof squares.
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QuestionA2
Candidateshouldbe well practisedin somestandardroutine for doing the first three partsof this
gquestiongetting

C = 02537 + 09178, r?=0.9588, s=0.2287
(0.3340) (0.0448)

C(Y =9.40) = 8.881

95% Predictionintenal is 8.661to 9.101.

95% Confidencdntenal is 8.353t0 9.409.

GivenY = 9.40 andC = 9.20, onewould thereforeconcludethatthe previous, estimatedrelation
held,andthatconsumptiorwasunusuallyhigh for unexplained(stochasticyeasons.

It is standardpracticeto denoteincomeby Y, evenwhenit is actingasa predeterminedright-hand-
side)variable.Over hastycandidatesometimesisedwrongformulaeout of force of habit.

The lastpartof the questionwasbadly done. It doesnot sufice to confirmthat0.2537is not signif-
icantly differentfrom zeroand0.9178is not significantly differentfrom 1. A joint testis required.
SinceX(C —Y)? = £0? + Y% - 25CY = 3.5883, the F statisticis

(3.5883 — 0.941451)/2

= 25.303.
0.941451/18 5303

Underthe null hypothesisthis hasthe F{, 15 distribution. Theresultis very highly significant,and
thenull hypothesisnustberejected.

(It isreadilyfoundthattheresidualsumof squaresboutthefitted regressiongivenby theexpression
(1 —7?)%(c —©)?,is0.941451.)

QuestionA3
(a) Verbal explanationscould have beenfuller and more practical, and especiallymore relatedto
estimationof economiadatain particular

(b) For auniform samplingfractionwith n; = 100, ne = 60, ng = 40, & = 0.571 + 0.3/i2 + 0.2/i3.
Sincethe samplingin the variousstratais independent,

var(i) = 0.25 var(zz1) + 0.09 var (fz2) + 0.04 var(j3)
0.00492329 + 0.00374755 + 0.00291743
0.01158827

soSE(p) = 0.1076.

Thisis smallerthan0.1112for simplerandomsampling but not greatly

Thethreestratado not differ enormouslyin thesemeanssogettingthe ‘right’ proportionsfrom each
of themis not all that helpful. If the meanshadbeenl, 21 or 41 (say), with the samevariances,
stratificationwould have beenmorehelpful.

It wasnot necessaryo rememberary complicatedspecialisttormulae. An understandingf basic
principleswas sufficient to answerthis question. The practical benefitsof stratificationare often
exaggeratedasthis exampledemonstrates.
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QuestionAd

Investmenttrusts can be expectedto have lower meansand much lower variancesfor their yields
thando othercompaniesLower meandecauseisk-averseinvestorswvelcomethe safetyandsecurity
of investmenttrustsas comparedwith other companiesand becauseof the administratie costsof
runningtrusts.Lower variancedecausef theaveragingnatureof holdingwide varietiesof sharesn
portfolios. A little thoughtwould thereforehave suggestethatone-tailedtestswould be appropriate,
but mary candidatesisedtwo-tailedtestswithout explanation,out of sheerforce of habit.

Thefirst testis asimple F' testof thetwo variancesandgivesa significantanswer

The secondtestcanbe doneasat testor, equivalently asa one-way analysisof variance. Both
methodsassumeéNormality andequalvariancesThe dataarenecessarilyruncatedat zero,andshov
positive skewness soNormalityis implausible. The F' testrejectedhe hypothesiof equalvariances.

The usual non-parametridest would be a Mann-Whitnhg (or Wilcoxon) test. This is sometimes
thoughtof asatestof the hypothesighatthe mediansareequal,but formally it teststhe hypothesis
thatthedistributionsareidenticalin every respect.

Graduate Diploma Option: Econometrics

The overall standardvasnot high, but abouta third of the candidateg7 out of 20) did well on this
Option.Onemajorgenerakemarkis thatmary candidateslid notattemptall partsof somequestions.

QuestionB1 (7 attempts)

Thiswastheleastpopularquestionbut with the secondchighestaveragemark. Despiteits appearance,
this is not a difficult questionand most candidatesdid well. Somecandidateshowever, did not
distinguishbetweerthe distribution andthe densityfunctions.

QuestionB2 (16 attempts)

This wasthe mostpopularguestion.Althoughit wasmeantto be arelatively easyquestionandwas
rightly detectedhssuchby mostcandidatesthe attemptgo answerthe questiorweredisappointingly
poor (averagemark 7 out of 20). Although mostcandidateslid answerthefirst partsatisfctorily, in
the secondpart only a coupleof candidategpointedout that the parametersvere elasticities. Only
onecandidateansweredhe lasttwo partsof the questioncorrectly Othercandidate$ailedto usethe
only possibleformulaavailablefrom theinformationin the question.(Therestrictedandunrestricted
residualsumsof squareshouldbe used;theseareobtainedfrom the varianceandnot from eitherof
the R? values,)

QuestionB3 (10 attempts)

This questionhadthe lowestaverageof the paper A handfulof candidatesansweredhe first two
partssatishctorily No candidateansweredhe lastpartcorrectly Thisis mainly dueto thefactthat
the majority of candidateglid not know or remembetthe 2SLS formulain matrix form, andnone
couldcorrectlytranslatehe datagivenin the questioninto 2SLSestimates.

QuestionB4 (15 attempts)

This secondnostpopularquestiorhadthe highestaverage.Thisis not surprisinggivenits flexibility .
Almostall candidateslid well in this question.However, the ‘instrumentalvariables’and‘selecting
appropriatesetof regressorspartswerenot properlyunderstoodespeciallythe latter
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Graduate Diploma Option: Operational Reseach

Theperformancesf thefive candidatesor this Optionwerevery mixed. Threecandidateslid pretty
well. They seemedwell preparedand, by and large, to have understoodand appliedthe correct
methodsdespiteoneor two arithmeticalerrors. However, the othertwo candidateperformedvery
badly, evenon the purely numericalquestions.One candidatebarelywrote 3 sidesanddid not seem
to beatall preparedr to have ary realunderstanding.

QuestionC1

Critical pathandnetwork analysis:the network part(a) wasdonewell by both candidatesalthough
therewere somesmall arithmeticalerrorsin calculatingthe ESTsandLETs. (Candidatesvere not

penalisecheaily for arithmeticalslips.) They alsotendedto usean excessie numberof dummy
actvities. However one candidatedid not appearo have readthe questionproperlyfor the second
part(b) andthe othercandidatemadeatotally unjustified(andincorrect)assumptioraboutthecritical

pathnot changingsothis partwasnot answeredvell by eithercandidate.

QuestionC2

Linear programming: surprisingly no candidateslid part (a) particularly well, given thatit wasa
very standardproblem. Mostly, they did not useenoughartificial variablesandsomepeopledid not
realisethey neededo usea 2-phaseapproach.Marking wasgenerousn respecibf the arithmetical
slips which caneasily occurwith this type of question,but all candidatesnadesomefairly funda-
mentalerrors. Part (b), the transportatiorproblem,wasansweredvell by just one of the threewho
attemptedt. Anothercandidateattemptedo formulateit asanLP, which clearlyshavedatotal lack
of understandingf the method.

QuestionC3

EOQ question: both candidatesnaderatherheary weatherof part (a), but mostly the basicideas
seemedwell understoodand applied. The secondpart (b) was also quite well answeredalthough
one candidateworked it out from first principlesinsteadof using the standardformula, and thus
unfortunatelywastedime andwasunableto completeQuestionC4.

QuestionC4

Simulationquestion: This questionwasthe most popularand was attemptedby all five candidates
for this Option. One candidategainedfull marks,while two answeredt fairly well. However, the

answersf two of the candidatesvere extremelypoor Part (b) requiredsomerepetitve numerical

calculationsandagainthe examinerwas preparedo ignore minor errors,aslong asthe candidates
clearlyshavedthey knev whatthey weredoing.

Graduate Diploma Option: Medical Statistics

The numberof candidatesvassmall,anda meaningfulreportcould not be compiled.

Graduate Diploma Option: Biometry

QuestionE1l
Thequestionof how to dealwith missingvaluesin experimentshasof coursedevelopedrapidly with
the useof computerpackagesThe syllakus aimsto testknowvledgeof the basicmethodswhich can

26



be applied,someof which arestill perfectlyaccessibldy hand.The formulamethodis old andwell
known; it canbe extendedto two or more missingvaluesby aniteratve method,usinga first guess
atoneof thevaluesandwith the aid of this estimatingthe other The next stepis to put this estimate
into the dataandusethe formulaagainto find a betterfigureto replacetheinitial guess.Thesesteps
arerepeatedintil corvergenceis approachedCovarianceusinga dummy (0, 1) variateis described
in variousbooks,andcanbe usedfor asmary missingvaluesasrequired,given a standardnultiple
regressiorprogram.

QuestionE2

Themajorproblemusinga modelof the form specifieds thatleast-squaresquationsequireknowl-

edgeof someof the parameterdeforethey canbe solved for the others. However, after a graph
hasbeendravn carefully anda smoothcure fitted aswell aspossible two estimatesanbe found
from asymptotesisz approachegeroandinfinity. Thustwo parametersanbefirst-guesse@ndthis
formsthe basisfor estimatesf the othertwo, sothe processanbe repeated.If alogistic modelis
suggestedsanalternatve, it is certainlya possibility but is lesssatishctoryif the cure is not sym-
metrical. Themethodin (a) needsatransformatiorof the original equationinto a form thatcanmore
easilybe solved, andso the usualassumptiorof Normally distributedresidualtermsin the modelis
no longermade. Any statisticaltestsof fit will only be approximate.The ‘Message’pointsout the
leastwell-fitting dataitem, but it is in the middle part of the curve andthereis no otherevidenceof
difficulty with thefitted model.

QuestionE3

Fieller's Theoremis a standardtechniquefor dealingwith ratios of Normally distributed random
variates.Bioassaytexts, in particular explainit. But it is notlimited to bioassayandthe secondoart
of the questionappliesit to theratio of two linearfunctionsof Normally distributed randomvariates
which arisesin finding a change-point.

QuestionE4

This questiongave theopportunityfor anyonewith practicalexperienceo show thisin two choserar

easof agricultureor biometry As emphasiseth thequestion(andin the syllalus),generacomments
atanon-specialistevel arenot givenmarksunlessthey arealsoappliedin a suitablecontext.

Graduate Diploma Option: Statisticsfor Industry and Quality Impr ovement

QuestionF1

The medianof the absolutedifferencebetweenX; and X, correspondso the upperquartile of the
distribution of X; — X,. Theshiftsfollow oneanotheimmediatelybut thechartof the21 consecutie
obserationsrevealsa jump in meanat shift-changeslinstructionsfor finding the estimateof o arein
thequestionandits valueis usedin a standardype of chart.

QuestionF2
The standardshavhart Chartis requiredin (a),andin (b) a Poissorprocesss appropriate.

QuestionF3
Thisis standardQueueinglheory
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QuestionF4

Knowledge of experimentaldesignis requiredfor this question,with somebasicideasof response
surfaces.Thedesignis Resolution3. Aliasesof G areCD, AF, BE. Becaus®f the orthogonaldesign,
G is estimatedndependentiypf the otherfactors.Half-Normalplots areexplainedin variousbooks.
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