ROYAL STATISTICAL SOCIETY EXAMINATIONS, 2006

REPORTS OF EXAMINERS

General comments

Most comments made by examiners refer to specific featurgsastions set in this year's papers. But
every year examiners draw attention to aspects of exaraimétichnique which could be improved.
As we have noted in earlier reports, it is disappointing ® cgndidates losing marks unnecessarily.
Several comments made by examiners in 2006 echo those mesteim years. We therefore repeat
here the advice to candidates given at the start of lastg/egpbrt, revised so as to incorporate further
general comments made by examiners following the 2006 paper

e Read any question you intend to answer slowly and carefatig ensure you answer the
question actually asked. Every year, some candidatesdepedbookwork which may have
some relation to the topic, but does not answer the quegtieli.iExaminers award marks in
accordance with detailed marking schemes, which assighatiair specific answers to each
part of each question. There is therefore no point in writllogvn what you know about a
different (if similar) topic, since the marking scheme wilve no marks available for this.

e Take note of the marking scheme printed on the paper. It isstena your time writing a
detailed two-page description of some topic, if this carydmd awarded 2 marks.

e When preparing for an examination, you will of course knowatitinere will be certain de-
tails (definitions, formulae and the like) you will be expsgttto memorise. For any paper,
candidates will of course be expected to know the definitafral concepts relevant to the
syllabus. As for formulae, it will be clear that (for exampéecandidate who does not know
the formula for a binomial probability function cannot fulinderstand the binomial distribu-
tion, so examiners may expect candidates to be able to chettprobability function when it
is relevant to a syllabus. Similar examples can be giventlwercareas; formulae for sample
variance and conditional probability (at Ordinary Certfee level) and sums of squares for
appropriate analysis of variance models (at higher levels)

e Make sure you understand the difference between the itistngexplain and define An
explanationof some concept requires one or more sentences; the cormemroed should
be described in words and (if appropriate) the purpose osligeld be outlined. In a math-
ematical examination, definitionis a short and precise statement, which may require the
use of mathematical notation. If a definition is requiredpagh description is likely to be
awarded no marks.

e Ensure that you include sufficient reasoning in your ansvi@rshe examiners to be sure
about the basis for any conclusions you draw. For examplédingrthe test statistic is
greater than the value in tables’ without stating the vatloe relevant sampling distribution
or the degrees of freedom will gain very few marks, if any.

¢ In questions requiring calculations it is understandalé ¢rrors will be made under exam-
ination conditions. When a candidate shows his or her wgrklearly, it is possible to give



credit for use of a correct method, even if there are errotisdmumbers presented. However,
when little or no working is shown it is rarely possible toesseither the method being used
or the source of the error. Candidates are therefore adwisetlow sufficient working to
make it quite clear which method is being used.

e When you complete a calculation, or finish answering a prakcpart of a question, try to
check the plausibility of your result. For example, a vacmrcannot be negative, and a
correlation coefficient cannot be outside the ranrdeto +1. Similarly, a trend or regression
line which does not pass through the main part of the datdpisinery unlikely to be correct.

e If a rough sketch diagram is required, this can be done in ymswer book; there is no
need to draw it accurately on graph paper. This might for etarapply to a sketch of a
probability density function. Of course, such sketchestralygays be sufficiently clear that
salient features stand out properly. However, when an atewgraph or chart is required,
this should always be done on graph paper; and you should sua&e/ou include a title and
label the axes. This might for example apply to histograms.

It is important to follow the instructions on the front covef the answer book. We realise that
candidates will not wish to spend time during the examimatieading the front cover, so we have
produced a copy you can consult on the Society’s website.avestrongly encouraged to look at this
before the examination, and to ensure that you follow th&lngons. We draw your attention to the
following instructions in particular:

1. Begin each answer on a new page.
(You donotneed to begin eackectionof an answer on a new page.)

2. Write the number of each question at the top of each page.
4. Graph paper should be attached opposite the answer tb winidates.

5. Enter in the space below (NOT in the side panel) the numifdte questions attempted.
(The question numbers should be writierthe order in which you answered the questions
Note that the side panel is for the examiners’ use only.)

It is also helpful to examiners, as well as simpler for caatid, when the answer to a question is
written on consecutive pages of the answer book. We do eeHiat in practice candidates may
sometimes need to return to a question later. If you do this hielpful if you indicate this clearly on
the page where the earlier attempt was made.

Ordinary Certificate Paper |
General

The Ordinary Certificate syllabus covers the essentialsiadédastatistics in practice. Paper | on the
collection and compilation of data includes the key topitslata collection in the field: what data
should be collected, who from, and how data should be caghture

The overall standard on Paper | was fairly good with some Iltdeanswers from many candidates
and a few candidates obtaining high total scores. There alstesome scripts of very poor quality
where candidates appeared to know almost nothing aboubfiieston the syllabus. In general,
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knowledge of sampling techniques (stratified, cluster,systiematic) was poor, with many candidates
appearing to be very confused as to the differences betweémns.

Too many candidates did not answer the questions set. Sopearga to have noticed one or two
words in the questions and to have written on the topic theggested to them, instead of concen-
trating on what was asked. Some candidates did not make anxbinction between the questions,
carrying over parts of earlier questions into later onesnastioned in comments on individual ques-
tions below. On this paper, all questions were self-coethinlt was only information displayed in
boxes which related to more than one question, as was stétgid the boxes themselves.

Question 1

Although part (i) asked about criteria to be considered wdedacting villages, many candidates in-
stead wrote about selection of farms or farmers (a latergialte study). In parts (ii) and (iii) some
candidates concentrated more on discussing technicattaspiethe sampling methods used and al-
most ignored the practical aspects such as choosing amdigwéng farmers at a meeting (method A),
and the difficulty of obtaining a systematic sample in a counthere there are no reliable large-scale
maps (method B). Very few mentioned that an advantage ofuaimd) interviews at a farm is that
interviewers would be able to supplement information gilegrfarmers by observation. Many can-
didates implied that the views of farmers who did not growftid crop attacked by the pest were
not important, whereas the reason why some did not grow tgeasuld be because of attacks by the
pest, and their views would therefore be important.

Question 2

Some candidates designed excellent questionnaires waith ipstructions for the interviewer (as re-
quired), but a very small number of candidates designedtignegires which were clearly for self
completion by the farmer. In addition a considerable nunatbeandidates gave as answers something
which was more in the nature of a record form, with tables egilty designed for an interviewer to
fill in and questions for the interviewer such as ‘Does thenfar have any livestock?’. These candi-
dates did not appear to have considered that the intervieweld have to ask the farmer questions
in order to find out the answers, nor to realise the importarficgandard wording in questionnaires.
When a question requires a questionnaire to be designedided®s should take note of the way in
which information will be collected (by interviewer, by fgpstc) and design the form accordingly.

Question 3

Judging from the answers, few candidates appeared to hdvachzal experience of dealing with the
results from surveys. Many suggested that there should &eanable to show the type of livestock;
however, this would only work if every farmer interviewedljast one type of livestock. Itis possible
(and, indeed, likely) that farmers will have more than orgetgf livestock and that different farmers
will have different combinations of types. Since the nursbefr each type are also to be stored in
electronic form, it is necessary to have one variable fohdgge, and this would show the number the
farmer possessed. Variables giving livestock numbersdavallibe discrete. Similar comments can be
made about crops grown, where the variables would be canigjiand about pest control measures
where the variables would be binary. Answers to open-endedtipns would help determine the
coding system.



Question 4

This was reasonably well done, with many candidates scduihgharks on parts (i) and (ii). Part (iii)
required comments on the advantages and disadvantagestefdimethods. Not all candidates gave
these. Many failed to mention that there was little diffeemetween the sample sizes required for
the two methods.

Question 5

Part (i) was about selecting a sample of districts, but aelamgmber of candidates wrote about the
selection of adults, sometimes with no mention of samplistyidts first. Note that a good answer to
the wrong question will obtain few or no marks.

Many candidates said that they would group districts or tadato employment categories. Here
they had not read the given information carefully. Emplopiréata were not available for individual

adults, and the information for districts was in terms of thi&l number employed in different cate-
gories. However, a stratification factor taking accounthef mix of employment in districts might be

devised; for example, by grouping districts according mpkrcentage of the population in full-time
employment. Many candidates appeared to be unaware offteeedice between stratified and cluster
sampling.

Question 6

A few candidates wrote general accounts of non-samplirgy®riT his was not required. Some wrote
about errors which were not a result of the selection metfmdexample, about the possibility of
interviewers influencing the responses.

In general candidates need to write more concisely. For piegreome voters on the list will no longer
be at the address shown because they have moved or have die@. i3 no need to present these as
separate items.

Question 7

This was done reasonably well by most candidates and sontegmots were made. A few candi-
dates spent time commenting on the disadvantages and ageantf collecting time-use data by a
questionnaire, whereas the question was about diariese $andidates wrote as if a questionnaire
had to be used in an interview, but some of the points they rabdet diaries apply also to self-
completion questionnaires, and some of the points they rabdat questionnaires do not apply to
self-completion questionnaires.

Question 8

In part (i) some candidates wrote about all children in thE65age group, although this part was
about ‘younger’ children. A few produced a general accodnwioat can and cannot be done in
an observational study, instead of relating their answethé situation described. Some candidates
seemed to think that the time use was to be recorded in 10tensiats for a week as in the diary
described in Question 7. In general candidates were pooornisidering the practicalities of the
method.

In part (ii) some candidates wrote about all children in th&65age group, although this part was
about ‘older’ children. Some very elaborate multi-stagkesges for choosing samples of children
via samples of schools were suggested in part (ii)(a), withttvo schemes differing mainly in the



sampling methods used at different stages. Simpler metlodkl have been sufficient. Some can-

didates lost marks as they did not then go on to suggest hoehtlteen might get access to the web

questionnaire. In part (ii)(b) not all candidates relategit answers to questionnaires on the web or
to questionnaires that were designed for children to cotaple

Ordinary Certificate Paper Il
General

The overall standard of graph and chart drawing is imprgwmith ruled axes, labels, headings and
use of broken-scale convention now the norm. Candidatagdghe encouraged to choose convenient
scales with which to work (for example, based on units of 5@rvherever possible. A handful of
candidates failed to make use of the graph paper providdide§aeed to be given more consideration
and planned, e.g. as to appropriate number of columns,éfiong in the numbers. Short but clear
headings are needed. Columns should be ruled.

Question 1

This question was the least popular on the paper. The avenagewas less than half of the marks

available. Some candidates, on the other hand, suppligdyeed succinct solutions occupying only

one page. In part (b)(i), which was only worth 1 mark, mostdidates failed to spot that, since 35

is midway between 30 and 40, straight linear interpolati@uld mean that the required answer was
midway between the two quoted values. In part (b)(ii) caatdid failed to read the question and did
not quote the values df/n to 5 decimal places, as was required.

Question 2

Most candidates attempted this question and the averadewaar quite good. In parts (i) and (iii)
they lost some credit for failing to rewrite the quotatioas,was required. It was surprising that in
part (i) many candidates could not evaluate the percertagectly. In part (iii) they failed to spot
that it was the increase in the number filing on-line which weguired. In part (iv) some failed to
spot the obvious error in the percentages.

Question 3

Candidates clearly have different methods of drawing a stethleaf diagram. Some truncated the
units figure from the value to be entered, some rounded and sotered a double figure. (The first
two were considered acceptable but not the third). Some csennas to separate the values; this
was also allowed but we do not recommend it as it makes alighaiifficult. The labelling of the
diagram including a title, labels of stem and leaf and theitsuwas not always present. Though not a
necessary part of a stem and leaf diagram, it is useful tadiech column giving counts of values. The
best candidates included such a column, and were thus abletk that they had 100 values in the
diagram. Some candidates had missing values or wrong vallegsall values were aligned correctly,
particularly when the stems had many entries.

The frequency table was generally constructed corre¢ityygh again many answers lacked some of
the necessary labelling. A total count should be added here.

Some candidates produced excellent histograms, with dwgiéncies correctly adjusted for the un-
equal class widths; some however forgot to adjust at all afelveeven showed the class widths as
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equal when they weren'’t. Labelling was better than in presigears though few noted that the ver-
tical axis represented frequency density and not frequeAdgw candidates produced a frequency
polygon rather than a histogram. There is no need to coloor give different patterns to the bars of
the histogram; this only wastes valuable time.

In part (iv) some candidates misinterpreted the waieyram and discussed whether they preferred
the frequency table to the histogram; what was required wesngparison between the stem and
leaf plot and the histogram. Few candidates remarked thedegdy aligned stem and leaf diagram
viewed on its side makes a good histogram.

Question 4

This probability question was better answered than prdibaljuestions in previous years. However
it was surprising how many candidates (even those who wetd complete the question correctly)
could not give the basic definition of conditional probakili This is one of the definitions which

need to be memorised. In part (ii) a very precise answer w@sresl, not a general discussion of
cases of independent events. Part (iii)(a) was generallyanswered but part (iii)(b) less so. Several
candidates quoted a probability which exceeded 1.

In part (iv), when device 1 is known to be working, the bett@ndidates noted that andY must
both be working correctly, so that the relevant conditioprababilities arel, 0 and1. For the case
in which device 2 is known to be working, many forgot to diviole the probability that device 2 is
working to give the conditional probabilities.

Note that, when a question says that there is no need to ¢dnaetions to decimals, candidates
should take the hint and not convert.

Question 5

Several candidates ignored this comparatively straighticd rank correlation question. Some could
not remember the formula correctly. Only one commented oobaipusly incorrect answer. Many
ignored the checks-1 <r; < +1, Xd = 0.

Comments on the value of the coefficient were satisfactothemwhole and several noted that Chelsea
and Tottenham Hotspur were the two teams that contributétetoeduction in the degree of positive
correlation.

There were varied suggestions as to whyvas appropriate but only a few knew the correct reason:
league position is an ordinal variable.

Question 6

This question was surprisingly poorly done. The calcutetiof mean and standard deviation should
be routinely accomplished. It was clearly stated that tha daere a random sample so the formula
for standard deviation with — 1 in the denominator was appropriate.

Candidates should be encouraged to write out their caionk&in a tidy fashion. When calculating
Y22, there is no need to write out each individual value:&fthe time would be better spent squaring
and summing the values a second time on the calculator tk¢heaesult. Candidates should be
reminded that they cannot take the square root of a negaiividber and that their calculation should
be redone if they find they are in this position.



Some were unfamiliar with the coefficient of variation arglpurpose. It is the standard deviation
expressed as a proportion (or, often, as a percentage) ofiehe; when given as a percentage it is
therefore appropriate to use a percentage sign when pirggéstvalue.

The comparisons were very poorly done. Many did not bothstdte the obvious fact that the mean
number of heart bypass operations performed is much grieterthe mean number of heart valve
operations. The point of the question is that, with widelffeding means for the numbers of the two
operations, it was difficult to compare the variability inmioers having the two operations in the
various hospitals because one would expect the standardtidevto have a larger value when the
mean is much larger. The coefficient of variation allows aerappropriate comparison to be made
and reveals that the variation in numbers having the twoatjpers was not too dissimilar.

Question 7

A sizeable number of candidates did not attempt this questad it was very disappointing that
the question was so poorly answered. Being able to use amghtiat percentages is a fundamental
skill required for budding statisticians. That these dataxemaken from a popular newspaper and
were incorrectly interpreted by so many candidates givase#&or concern. There was a noticeable
difference in the quality of answers from different centiss perhaps some centres should give their
candidates extra practice in this topic.

Candidates need reminding that an index number is a peg®ntAs such, it is necessary to ask
‘Percentage of what, and when?’.

In part (i), candidates had to use the given graph to draw @ble showing chain base house price
index numbers from Q2 2003 to Q4 2004. The graph shows thadterNbrth, in Q2 2003, the
percentagehangen house price over the previous quarter was 2%. Hence the priQ2 2003 (as a
percentage of its value in the previous quarter) is 102% arldeschain base house price index for the
North in Q2 2003 is 102. A chain base index number is alwaysdas the immediately preceding
time period. In every case, therefore, candidates needexzhtbthe value from the graph, add 100 to
it, and tabulate the result.

In part (ii), all these values had to be rebased on Q1 2003. iffdex number for the North for
Q2 2003 remained the same at 102, as the previous quarterd®@31 However the chain base index
for Q3 2003 for the North, which was 102.5 compared to theiptsvquarter, Q2 2003, had to be
rebased to Q1 2003. Since prices were 102.5% of what theyiw€g, they were 1.025102% (or
104.6%, to 1 decimal place) of the Q1 values. That is, prine®3 were 4.6% higher than in Q1.
Similar calculations were required for the South and foeotijuarters.

The answers in part (iii) were very poor. A few stated cledhlst prices had risen in both regions
over the whole period but the majority took the downturn ia ¢gmaph to imply that prices themselves
had fallen rather than the rate at which prices were risingei@Gthat very similar data are published
regularly with regard to retail prices and earnings, it ispenportant that candidates should master
this topic.

Question 8
This question was reasonably well done compared to predaawers on similar topics. The time
charts were well drawn on the whole. Most candidates knewtbaalculate and position the moving



averages but some could not centre the 4Q moving averagesitpr Some candidates were obvi-
ously rushed in answering, as this was the last questioneopaper; however, they should be advised
that entering their results neatly in tabular form is the t&dcient way of guarding against slips in
calculations as ‘unusual’ values are more easily spottedet@al candidates wrote down far too many
decimal places in their moving averages, which again wastesl

Higher Certificate Paper | — Statistical Theory
General

The aim of this paper is to test the ability of candidates tdewstand and interpret basic statistical
theory and to apply and adapt it to simple practical situnatio

There were a few infringements of the rubric.

About three quarters of all candidates achieved the nonpiass mark of 50. The range of perfor-
mances was wider than usual this year, and about one thirctiptswere rated at distinction level.
Whilst many candidates achieved impressively high statsjdine work of an appreciable minority of
candidates (even those who narrowly passed) shows manyptesof serious mathematical weak-
ness. Particular problems were observed in relation toseisfisum §°) and product []) notation
and suffixes, inaccurate differentiation and integratéorg confusion between discrete and continuous
distributions; there was a widespread inability to deaéhigically with|z|.

Question 1

Most scripts achieved an acceptable standard in at least @gu(ii) and (iii). In part (iv), some can-
didates failed to realise that there are just 7 increasimy7atiecreasing sequences that are excluded.
Several candidates failed to find a method for part (v). Itribpbly easiest to count the PINs with

3 digits equal and with 4 digits equal, and to subtract thal twftthese numbers from 10000.

Question 2

There were many good answers to this popular question. iPadg well done on the whole, although
some weak candidates had incorrect answers for the praleshof a single entry fromd, B or C,
due to omitting the combinatorial multiplier from their gaumed) binomial probabilities. Weaker
candidates also failed to recognise that a conditionalalyitity was required in part (ii).

Answers to part (iii) were mixed. Three essential pointserexpected here: first, to enumerate the
6 possibilities(A4, B,C) = (2,0,0), (0,2,0), (0,0,2), (1,1,0), (1,0,1), (0,1,1); second, to note
that events4, B and C are independent, so that in each of the 6 cases three indiviiobomial
probabilities can be multiplied together; finally, since hcases are mutually exclusive, it is simply
the sum of the resulting probabilities which is required.

Question 3

The highest-scoring question, although few good graphkeoptf were seen (the correct asymptotic
behaviour atr = 0 andz = 1 was seldom seen and often no graph at all was offered). Most ca
didates foundt = 30; surprisingly few used symmetry to deduggX) = 0.5. There were a few
mathematically weak answers to part (ii), in which sloppg aglimits (+oc instead of 0 and 1, possi-
bly reflecting over-emphasis on indefinite integrals in reaihtics teaching) led to trouble, along with
sloppy algebra leading to a faulty term-by-term expressibthe pdf. In part (ii), some candidates
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worked in decimals, which necessarily leads to limited aacy; this approximate approach cannot
provide an exact justification of the given answer 17/81.

There were a few misguided attempts to use a binomial digioito in part (iv), and several candidates
failed to identify the variance of the sample mearags, whereo? is the population variance.

Question 4

Nearly all attempts scored at least half-marks on this mogtfar question, and part (i) was almost
always correct. However, there were several errors in talog the necessary standardised Normal
(thatis, N (0, 1) values, orz-values) in part (ii). This was due mainly to the regrettedole misleading
shorthand 27" for * 71+ 15’ or * 31" for * T1 + 15 + T3’ (leading to wrong variances) and failure to take
square roots of variances when formingWwonderful but wrong arguments were sometimes adduced
in part (iii) to arrive at the given mean journey time of 16.08any candidates correctly applied the
‘variance of the mean’ formula to solve part (iv).

Question 5

This question was less popular, and gave rise to severafeery but many rather poor answers. Many
marks were lost for weak algebra and very sloppy use of sunpeottlict notation. In part (i), not all
candidates were aware that deriving the mean and varidrdmeé by means of generating functions,
requires the generating functions to be derived first. Weakvars to part (ii) commonly confused the
operationsy_ and]], simultaneously usetlandz as dummy variables in the same expression, and
failed to apply]] to all terms in the probability mass function when consingthe likelihood. Part
(iii) required use of either the Cramér-Rao asymptoticr‘mbfn)rVar(S\) or the ‘variance of the mean’
formula, but several answers appeared to work back unccingly from the given result. In the final
data-based part (iv), most attempts were successful inleiteg the confidence interval. Calculation
of the sample variance was often omitted, however, andisurgly few candidates recognised the

closeness of the sample mean and variance as support fooigs® model.

Question 6

This was easily the least popular question on the paper, eatily the worst average score. There
were very few good plots of the pdf: the modal cusp:at 0 was rarely seen, and indeed the curve
for 2 < 0 was often omitted. Many candidates were also quite unalgeoimess algebra involving:|.
The algebraic shortcomings noted in Question 5 were alsepten the ML analysis in this question.

Question 7

This was a popular question, to which many good answers were $arts (i) and (ii) were well done.
The mean and variance of were correctly obtained in most cases, but the covarianioelladion
was more error-prone and sometimes omitted. Several catedigdvere under the impression that zero
covariance implied independence.

The final part (v) betrayed further confusion, as a commorhotkebdf solution was to ‘generate’ the
joint distribution ofU andV" by obtaining the marginal distributions and then assunmdgpendence.
The safe approach to this problem is first to record the vafug@/oV') for each possiblé X,Y)
combination and then sum the probabilities which contelinteach of the possible values(éf, V),
that is, (0,0), (1,0), (0,1) and(1,1). Since it is easily found thatov(U,V) # 0, or that (say)
P{U=V =0)# PU =0)x P(V=0),U andV are not independent.



Question 8

This question proved surprisingly unpopular, and manyngits at part (ii) were mediocre by reason
of being based on the with-intercept model instead of théntexcept model asked for. In part (i),
statements of the standard assumptions and model for simpb regression were generally satis-
factory, although the equivalence of least squares andmuamilikelihood under the Normal error
assumption was often not stated. In part (ii)(a) the deowadf the least squares estimator of slope
for the no-intercept model was seldom well done; many attemperely quoted the with-intercept
formulae, and very few good calculus-based arguments #octhrect model were seen. Although
the data were generally plotted well, many more marks weskitopart (ii)(b) by candidates who
persisted in fitting the with-intercept model.

Higher Certificate Paper Il — Statistical Methods
General

The main aim of the Statistical Methods paper is to examireutiderstanding of basic concepts and
techniques of statistical analysis. This is primarily avled by asking candidates to solve standard
problems of estimation and hypothesis testing, with paldicemphasis being placed upon assessing
each candidate’s ability to summarise and interpret thdteeebtained from statistical analyses. Ad-
ditionally, candidates are asked to describe or explaimesiones with examples, particular concepts
or general methodological approaches, and provide sonueijidge analyses of data.

Overall, the performance on the paper was quite good, widivarage mark of over 55%. As in pre-
vious years, calculations were performed very well, algfoaccasionally formulae (particularly for
confidence intervals) were not accurately recalled. Intadiexplanations of methods and concepts
tended to be too brief and interpretation too limited. Cdatés should also ensure that they fully ad-
dress all aspects of each question. Many candidates failest assumptions or provide interpretation
when required. Moreover, despite statistics being an eg@ubject, few candidates included units
where appropriate (for example, thousands of farms in @ueSt and years in Question 7).

It was also noticeable that candidates tended to attemgtiqas in the order in which they appeared
on the question paper. Even when candidates choose thetiogsds attempt prior to answering the

first, they would be well advised to start by attempting thestions they expect to find easiest. For
example, although Questions 4 and 8 were those answeregdbesandidate answered Question 8
first and only one candidate’s first attempt was at Question 4!

The candidates’ weaknesses noted in last year’s reportsiraii@r to those found amongst this year’s
scripts. In addition to those already noted, there wererakzemmon errors in connection with tests
of hypotheses:

e using a test for two independent samples when the samples clesarly related (or vice-
versa);

¢ performing two-sample tests when only one sample was gafevice-versa;

e confusing two-tailed and one-tailed tests, and therefeneguthe wrong percentage points of
the relevant sampling distribution (for example, using 58fues in tables rather than 2.5%
points);
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e confusing the standard deviation of a random variable aedtindard error of a parameter
estimate.

Question 1

Not a question well answered by many candidates, with arageemark a little under 50%. Calcu-
lations were invariably carried out correctly, but statst understanding appeared limited in many
cases. One relatively common error was to perform two-saresks when, in fact, there was a single
sample to compare with the ‘normal’ population’s parangetdn part (i), a few candidates sensi-
bly noted that the sample variance was very close to thedstadpulation variance (of ‘normals’)
whereas others unaccountably concluded that the samptedgtion had a different variance. Candi-
dates are reminded that they should always clearly staiterthiéand alternative hypotheses, degrees
of freedom and critical value or values of the sampling thation of the appropriate test statistic.
Additionally, they should ensure that, when a particulgsrapch to testing is required (for example,
ap-value approach), they use the required approach whemgitiit their solutions.

Question 2
Again, this question was not answered particularly weth@algh several candidates provided very
good solutions.

Part (i) led to some very good answers and some very weak dngsarticular, candidates should
reflect on the issues specific to the example to which theyedeered rather than simply writing out
general material found in textbooks. Only a few candidatdsahthat the non-parametric tests could
be used for ordinal data whereas the parametric tests bastm dNormality assumption require the
data to be at least approximately on an interval scale.

In part (i), most candidates correctly used the Wilcoxonkraum test (or the Mann-Whitnely
version of that test) and correctly computed the value ofdkestatistic.

Two errors occurred quite frequently. One was to view the @et paired; it is vital that candidates
learn to recognise from a description of an experiment wdrethmples are paired or independent. The
other common error was to use the Mann-Whitbegest statistic but critical values for the Wilcoxon
rank sum test.

Some candidates made the unnecessary transformationhahlediest statistic and critical value from
the Wilcoxon rank sum test to those for the Mann-Whitbegest; candidates are strongly encouraged
to recognise the relationship between these two equivédsid; they should be able to apply either.
Since, however, the critical values given in the Societglslds are for the Wilcoxon rank sum test,
candidates are generally advised to use the Wilcoxon veddithe test unless a question dictates the
use of the Mann-Whitney/ test.

Question 3

This was a relatively high-scoring question. Most candidgtlotted the data adequately, although
omission of the measurement units from the axis labels wasmnmon weakness. Several candidates
sensibly broke the horizontal axis after 0 and restartetlib@. (This is of course easily done when a
graph is hand-drawn, but may not be feasible with plots drasing computer packages, as appears
in the solutions to this paper on the RSS website.)

In general, the computation of the regression coefficietimases was performed well. However,
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relatively few candidates computed the coefficient of debeation correctly. Often, the interpretation
of this coefficient was also not done well; it can be expressethe percentage of the variability in
the sea bass weights explained by the fitted model (that isgarlrelationship between the weights
and lengths).

Several candidates commented on the probable curvatuhe imodel, but there was a tendency to
over-interpret the likely form of the relationship; canaliels who proposed an alternative model (for
example, quadratic or exponential) generally failed tot ¢pat the shapes of the curves proposed
would not address the observed form of non-linearity.

Question 4

This question was very well answered by most candidates wtempted it, although fewer than
half of those sitting the examination did so. Calculatioreyevinvariably carried out correctly, with
reasonable interpretation and statement of assumptiams.iniplication of blocking was quite well
understood by most candidates, although several failegféo directly to power in part (iii).

Question 5

The computational parts of the question were generally amthwered. However, only a few can-
didates provided the correct units (thousands of farms)ttermpted to interpret the values of the
median and IQR in part (iii), although many candidates atlygédentified these as the values requir-
ing interpretation. Likewise, it was disappointing to firelf candidates able to identify that either
Pearson’s or a rank (e.g. Spearman’s) correlation coeftigi@uld measure thstrengthof the rela-
tionship between two quantitative measures. Candidatesearinded to read questions carefully and
to recognise the difference between a test and a measurenef gaantity (for example, an estimate
of a parameter).

Question 6
This question, whilst answered quite well by a moderate rerobcandidates, was poorly answered
by a similar number. This resulted in a rather low averagekmar

In part (i), only a few candidates identified that tweas(rather than the heights) of the ‘blocks’ of
a histogram represent the frequencies. Note that therecgeeas ways of choosing ‘tick marks’ on
the horizontal axis. It can be argued that it's best to useeent round numbers; hede’5, 4.90,
4.95,.... It can also be argued that, to make the histogram preseneasas possible a picture of
the data as supplied originally, one should use the classdawies as tick marks, as was done in the
solutions on the website.

Part (i) was quite well answered by around half the candglatho attempted it. Most of those
who were unable to answer the question could not use the §leemal distribution to compute the
frequencies expected under the null hypothesis. Other ecamproblems were incorrectly identifying
the degrees of freedom (for thé goodness-of-fit test) and failing to note that not rejectimg null
hypothesis does not necessarily mean that the data do falldarmal distribution.

Question 7
A popular question, attempted by about three quarters afidates. Answers were generally satis-
factory.

Some candidates provided good answers to the first partowithrs giving only rather basic descrip-
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tions. Some candidates wrote down the formulae for the tastics and sampling distributions,
which were not required.

A surprisingly large number of candidates made errors wlenpting within-pair differences in
part (ii)(a), given the relatively few errors in other cdltions. It is important to take care with all
computations, no matter how apparently trivial. In pan(lfj, most candidates performed the test
correctly, although some did not correctly state the nufidtiiesis: this should be a proposal about a
population parameter (or, sometimes, set of parameteaistgvhich one tests an alternative. Also,
although many performed the test correctly, a large propouf these did not take sufficient care to
state the precise rejection criterion they were applyindettide whether to reject the null hypothesis.

Rather strangely, despite the strong hint in part (a), whicluired candidates to calculate the mean
and standard deviation of within-pair differences, seMesiadidates tried to perform an independent-
samplest test. At Higher Certificate level, within a part of a questitiere will often be a theme.
Therefore, candidates should not expect questions toreeghanges in approach without being di-
rected to apply a different technique.

Finally, when computing the 95% confidence interval for thifetence in part (ii)(c), some candidates
used a different sampling distribution (typically stardi&tormal rather tham, 1) to the one used in
part (ii)(b), despite the underlying data, statistics (pathmeter) being the same! This is illogical as
the underlying sampling distribution is dependent on thmestest statistic (and degrees of freedom)
and so its distribution will be the same as in part (ii)(b).

Question 8

A popular question, attempted by about two thirds of cartdigland also well answered. Few weak-
nesses were observed. The main issue was, in common witeghefpaper, limited interpretation of
the findings. For example, only a few candidates tried tajime the confidence interval produced in
part (ii), although a number of candidates included a partiarpretation in their answers to part (iii).

Also, very few candidates opted to use the recommended {Yatentinuity correction when com-
puting they? test statistic and several candidates used the upper 2.5#ovten performing a test
at the 5% significance level. In relation to the latter, as dagarture from the null hypothesis (of
no association) is reflected in a large value of {Rdest statistic, only values in the upper tail of the
x2 distribution should result in rejection of the null. Theved, although the alternative hypothesis is
two-sided, they? test is actually one-tailed!

Additionally, when, as in part (i), the test statistic exdge¢he 5% point, candidates should consider
more extreme percentage points of the relevant samplinghbdison (under the null hypothesis) and
determine the lowest at which significance is observed. énptlesent case, candidates could report
from the Society’s tables that the value exceeded the 1%, pemabling a fuller statement of the
strength of the evidence against the null hypothesis to taqed.

Higher Certificate Paper Ill — Statistical Applications and Practice
General

The aim of the syllabus of Statistical Applications and Hecacis to develop skills in data analysis,
using the theoretical concepts developed in the syllabiasgbe Ordinary Certificate and the earlier
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Higher Certificate papers. A principal objective is the gs@l of real data sets and the effective
and comprehensive communication of the results. The aqumesstn this paper require candidates to
select and carry out appropriate statistical procedu@spatational and graphical, and to report the
findings and conclusions clearly.

Questions 1 and 6 were the most popular questions and Quésiias least popular.

Question 1

The stating of hypotheses was not good. Frequently a tiedteather than one-tailed alternative was
given, and the symbai was used instead qf to represent th@opulationmean. Also in part (iii)
the mean or some vague measure of location was often givtbey than the median. Variation in the

2 2
L , : 1 1
value of thet statistic in part (i) was usually down to the use gf + 2 jnstead ofs? (— + —>,
ni n2 ni ng

wheres? is the pooled estimate of variance. The checks on the asgmaptecessary for thietest
were often poor or absent.

In part (iii) the rank sum calculations were usually corydxit the smaller rank sum was often used,
rather than the sum for the smaller sample. There are diffevays of carrying out the Wilcoxon
rank sum (or Mann-Whitney/) test and these were allowed for in the marking. Use of a Nbrma
approximation carried reduced credit, since this was naityrgustified in this case. A number of
candidates mixed up the different approaches, using thistgtdor one method and comparing with
the critical value for a different method.

Question 2

As with many questions involving significance testing, soraedidates stuck with a 5% level of
significance and did not attempt to refine the degree of stgmifie. (See also the comment made on
Question 8 in Higher Certificate, Paper Il.) Consideringeotsignificance levels may allow a stronger
statement of conclusions.

In part (ii), residuals were frequently plotted against nseeather than against fitted values, as in-
structed in the question. In part (iii) the degrees of fremdeere often given as 4, rather than the
value associated with In part (iv) there was not in general a good degree of apgtieai of how to
optimise the conclusion from further experimentation.

Question 3
Parts (i) and (ii) were often poor. In most of these casesa# wlear that the candidate did not have a
good understanding of sampling methods.

The rest of the question tended to be answered fairly wek. mijority of candidates had some notion
of potential bias in the survey results in their discussmmpart (d).

Question 4
The mechanical part of calculating the remaining movingaye values and the expression for the
regression line was generally done correctly.

However, it was surprising that some candidates who madp adhe regression calculation result-
ing in a positive, rather than negative gradient, then seginifailed to recognise that this was not
sensible, even after plotting the line.

The comments and interpretation in this question were géiggroor. A weighted moving average
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was often related to giving more weight to recent obseraati@nd not specifically recognised as a
mechanism for dealing with cyclic pattern. Representatibtrend by the regression line was rarely
mentioned, and the presence of a serial pattern was racgygmesed in part (iii).

Question 5

This question was not popular, and was in general poorly .ddxeswers were often incomplete.
Interpretation of the comparison of the fitted model with &émapirical distribution, plotted in part

(iv), was rarely done with any appreciation of the effect stimating survival probabilities outside
the range of the data. In particular, it was rare for a cantdittapoint out that the plot would suggest
that the answer in part (iii) may be pessimistic in its estenaf the probability of survival beyond

24 months.

Question 6

Although this was the most popular question, it was not asndgne well. A mean effects plot was
often given rather than the interaction plot which would édeen appropriate. Several answers
mentioned the notion of ‘parallel lines’ to indicate abseint interaction; these answers were often
confused or unclear in relation to the data in this questidmere one of the factors had three levels.
Candidates needed to make it clear that they were lookingléds that were ‘similar’. Comments
and interpretation were of a very variable standard.

Question 7

Most candidates gave reasonable plots and chose the maospepfe linear relationship. The justifi-
cation of the choice based on the regression output waseliinitften relying solely on th&* value.
The reason given for not consideritg; « vslog y was very poor, often not using any reference to the
shape of the existing graphs. Units (i.e. real values) ferathswer to part (iv) were often not given.
Part (v) was often answered well.

Question 8

This was the least popular question and attempts were dgreoar. There was little attempt to look
at variability within laboratories. Most candidates lodlanly at differences in mean results between
laboratories. There was little notion of a potential relaship between strain level and cycles to
fatigue. Ideas relating to cycles decreasing with increpsirain level were poorly expressed and
there were no suggestions as to the possible form of théardhip or the ability to predict fatigue at
strain levels other than those used in the experiment.

Graduate Diploma Paper: Statistical Theory And Methods |
General

This paper examines probability theory — Bayes’ Theoresgrdie and continuous random variables,
univariate and bivariate distributions, transformatioheandom variables, simulation, order statistics,
simple stochastic processes.

The distribution of overall marks this year was bimodal —#hualf the candidates made good (in
several cases, very good) attempts at the paper, while thaimder were able to achieve very little.
This pattern was repeated in many of the individual questionhis year, even standard work on
proofs was tackled with mixed success.
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All candidates found 5 questions that they could start, botesof these were token attempts. The least
popular questions were those that examined the multinodigélibution (Question 3) and Markov
Chains (Question 8).

Candidates could generally improve their attempts to @xpidnat they are doing and could lay out
their working more clearly.

Question 1

This question examined the Law of Total Probability and Bayidveorem. Future candidates should
be advised that questions on these topics are not necgssagy; there is some evidence that candi-
dates rushed into tackling this question without giving daesideration to the problem-solving they
would be required to carry out in part (ii)! Half the candieltgot full or nearly full marks for this
question; the other half got hardly any marks.

Question 2

This sets out to test the candidates’ knowledge of some Ipasjwerties of random variables, such
as the relationship between the pdf and the cdf. It was reddpnvell done, but several candidates
seemed confused about very basic concepts.

Question 3

The question concerned the multinomial distribution. Imtcast to questions on this topic in some
previous years, the emphasis this time was on how this modelsarather than on algebraic manip-
ulations) and candidates were required to write explanati@ his change of emphasis might account
for the relative unpopularity of the question, though mastdidates who did attempt it scored close
to full marks. Perhaps surprisingly, several candidatesgdcoot write down the correct form of the
multinomial distribution. Even more appeared not to have means of calculating the factorials
required to work out numerical answers.

Question 4

The topic of bivariate transformations was examined in @aes!, this year in the context of inde-
pendenty? random variables. This was the question with the higheshmeark; however, several
candidates struggled to see how the general result in paayld be applied to part (ii).

Question 5

This question examined properties of the moment-gengrdtinction of the Gamma distribution.
There were some excellent attempts at this question, thalsghsome surprisingly poor attempts at
what was, after all, standard bookwork. In part (i), not aylrcandidate mentioned that the domain
of the moment-generating functiarl x (¢) was restricted to < ¢ because the required integral does
not converge elsewhere.

Question 6

In this question, the topic of order statistics for a sampenfa Uniform distribution was tested. This
was the question where by far the lowest mean mark was scGeettlidates did not know (and could
not derive) standard formulae for marginal and joint prolitgdaensity functions of order statistics.
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Question 7

Simulation was the focus of Question 7. Several candidaiess o solve either (a) or (b) of part (i)
by inverting the probability mass function or probabilitgresity function rather than the distribution
function, which appears to show a very fundamental misigtdeding of this part of the syllabus.

Question 8
Only two candidates attempted Question 8 on Markov Chaingh &ere token efforts.

Graduate Diploma Paper: Statistical Theory And Methods Il
General

The paper aims to test understanding of a range of statigticeiples and methods, and their appli-
cation in simple situations.

All but two candidates answered exactly five questions. @frémaining two, one answered seven
guestions and the other answered four.

Almost all candidates showed at least some understandisgroé of the material and a majority
showed a good understanding. Indeed there were two ouistppdrformances, one of which was
almost flawless. The overall level of preparedness of thdidates appeared to be satisfactory. Many
candidates gathered marks efficiently, showing good exatmimtechnique. There were some strong
performances from UK and overseas candidates.

Question 1

The majority of candidates attempted this question. Themewnany good attempts at part (i), though
a few candidates failed to say that they were using the faetitwn theorem to show sufficiency.
Part (ii) also generated some good attempts, though sonidedes forgot to justify their results
by mentioning functional invariance. Part (iii) was poodgne. Few noted thdl has a Poisson
distribution (which makes the calculations easy) and s@serted to an asymptotic approach, which
was inappropriate. There were a few reasonable attemptrtatiy); a common error was to forget
that if both sides of the given strict inequality are raisedhe powerT’, then the inequality is only
strict whenT" > 0 (but P(T > 0) > 0 sinceT has a Poisson distribution).

Question 2

The majority of candidates attempted this question. Patie(ided to be done poorly with what
appeared to be guesswork, no justification being given. &ere several good solutions to part (ii)
but a few candidates stumbled badly over very basic pregsedf expectation and variance, which
was disappointing. There were some excellent answers tdijpaout many candidates appeared not
to know whatconsistencyneans. There were some good attempts at part (iv), but a caremor
was to interchange the numerator and denominator in thession for efficiency.

Question 3

The majority of candidates attempted this question. Somdidates had difficulty proving the re-
quired expectation result, but many obtained the methodarhemts estimator successfully. Part (ii)
was mainly well done but with a few slips in the differentimtiof the log-likelihood. There were
some reasonable attempts at part (iii), but again some kasics in calculus were made by some
candidates. Most candidates knew the method needed fofiart
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Question 4

The majority of candidates attempted this question. Panids well answered. There were some good
attempts at part (i) but some candidates had difficulty Inudating the likelihood ratio correctly and
some did not bring out the importance of the fact that thdiliked ratio is an increasing function
of the given statistic. Part (iii) was essentially a piecdobkwork but was poorly done in the main.
Part (iv) was also poorly done; few candidates were able tiewown the likelihood ratio statistic or
give its large-sample null distribution.

Question 5

Just under half the candidates attempted this questionll thrae parts there were some good at-
tempts. However, a common difficulty was that the solutiorseaset out poorly, thereby making
it hard for candidates to keep track of the various companehthe required probabilities. Thus
assorted minor slips and errors tended to propagate.

Question 6

The majority of candidates attempted this question. In @@nnost candidates gave reasonable solu-
tions. Likewise all components of part (b) were done wellha iain. A few candidates clearly did
not know what a Bayes estimator is, however. Also, a commmr &ras to use a Normal approxi-
mation in part (b)(iii), even though the necessary infoioratvas given in the preamble to enable an
exact Bayesian confidence interval to be obtained.

Question 7

Just under half the candidates attempted this questionarin(@) the explanations given were often
disappointing and lacking in detail. For part (b)(i) atteamtended to be basically correct or totally
incorrect, with little middle ground. Few candidates menéd that the pivotal quantity has the expo-
nential distribution with mean one. Again, for parts (§)é&nd (b)(iii), solutions tended to be ‘all or
nothing’.

Question 8

Few candidates attempted this question. Those that did gawmtkattempts to structure their answers,
which was pleasing. There tended to be a reasonable listtefiargiven but the criteria were often
poorly described and their importance little discussed@gpkin the case of bias and variance. The
importance of unbiasedness was greatly exaggerated bidedes

Graduate Diploma Paper: Applied Statistics |
General

This paper is designed to test candidates’ understandirtbeafretical models and their practical

application to realistic statistical problems. A basicggraf theory is therefore necessary, but not
sufficient, to achieve a pass mark. Candidates must be atikestwibe the purpose of a method, state
the associated assumptions, and apply the method; theytmsetb interpret the results in a way that
a non-statistician would understand.

As we noted in the general comments at the start of this repuatks will only be awarded for an
answer to the question that is asked. Unfortunately, sevanaidates appear to recognise a statistical
term mentioned in a question, and build their answer by tampdoften correct) theory about that
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term. However, most questions on this paper are set in afgpeshtext, and the answers therefore
need to relate to this context. Replication of bookwork, olithe context of the scenario in the
questions, gains very little credit.

Some candidates answer only parts of a question. For examipéan asked to describe associations
and variability in data they referred only to associatioitss worth spending some time reading a
question to try to understand what it is asking before sigrd write answers. Also, some questions
ask for basic definitions, and it is disappointing to find thparts omitted or answered incorrectly.

Question 1

There is usually a question on time series analysis, tektiogvledge of basic definitions. This year
there were many arithmetical errors in answers. A commoriakeswas failing to note that the
expected value of a constant is its value (thati$a) = a), and there were also careless mistakes
with minus signs. Working was sometimes difficult to follokm. part (ii), several candidates omitted
the answer about the partial autocorrelation function @edgaformation that was not relevant to the
question.

Question 2

This question was designed to test candidates’ undersiguatithe basic theory of principal com-
ponent analysis and their ability to interpret an analyBigheir answers, candidates tended to refer
to the short names (for examplBppr) given to variables rather than to the actual variables thi
means that the interpretations are overly mathematicabéhttle practical value. Often theory was
presented that was not directly related to the questiondaske

Several candidates misinterpreted the regression oultpigtworth spending time checking that the
output is what you think it is, if it is in an unfamiliar formaPoor answers to parts (i)(a) and (ii)(a)
reflected a lack of understanding of basic theory.

Question 3

This was a relatively straightforward question on clustalgsis, although it tested understanding by
asking for examples and interpretation. Working was oftiéficdlt to follow, and answers followed
bookwork too closely rather than answering the question.

Question 4

Although this was a fairly straightforward example of a gatised linear model, few candidates
attempted it. Answers to part (i)(a) were poor and methodsl us calculate the 95% confidence
intervals were often based on guesswork rather than apatepheory.

Question 5
This was answered by few candidates. The mathematics edave uncomplicated but candidates
found this difficult.

Question 6

This was a question about forward selection in multiple@sgion. In part (i), most candidates showed
a qualitative grasp of the method, but they could not alwagstbe sums of squares presented to pro-
duce the quantitative results. Part (ii) was generally amed/ poorly, largely because the point of the
question was misunderstood; candidates were expectedk® anarief comment on the relationship
between the two methods for variable selection.
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Question 7

Part (i) is not difficult, but there were errors in graphs, ambmplete descriptions. Arithmetic was
generally accurate, although there were errors in degrieieeemlom, and several candidates did not
answer the actual questions asked.

Question 8

There is usually a question on the analysis of variance @neguiring candidates to specify models
and to do all or part of the anova by hand. It is essential thadets are specified precisely, and that
working is shown clearly.

Practical examples were required in part (ii); a repetitbbookwork theory was not sufficient.

Some candidates confused the two models and so got vegyditidit. Some candidates omitted
the interaction term in one or both of the models, and othelot attempt to present the expected
values of the mean squares. Errors in arithmetic lost fevkspdaut incorrect methods were of course
penalised.

Graduate Diploma Paper: Applied Statistics Il
General

This paper aims to test candidates’ understanding of fuedéathconcepts on designed experiments
and sample surveys, and their ability to apply these idedatim

The overall level of preparedness of the candidates sittiigy paper appeared to be considerably
greater than in previous years. There were some good pefmes, but most candidates still got less
than half marks.

All but two candidates attempted 5 questions. As in previgeers, many candidates lost marks by
not answering the question asked or omitting sections ofestipn. In general, candidates seemed
more comfortable when reproducing standard bookwork tHagrnvdealing with the practical aspects
of surveys and experimental design.

Candidates should be encouraged to gain a deeper undémgtarfill topics on the syllabus, and of
their application, since this paper is unlikely to be passedtandard bookwork.

Question 1

Parts (i) and (iii) of this question were done well by mostdidates. In part (i), some candidates
omitted the ‘block’ sum of squares (SS) from the analysis aiiance (anova) table or forgot to

calculate the interaction SS. We remind candidates thitagw@dh blocks were not explicitly mentioned

in part (i) of the question, the fact that blocks were used masle very clear, and it was therefore
important to account for blocking in the analysis. Unfodtaly, some candidates did not read the
question properly, and constructed the anova table forgesieplicate of a factorial design.

Few candidates attempted part (ii), and those who did tiyatved little understanding of the theory
on partitioning sum of squares. In part (iii), the basic suler good graph drawings were followed.
Part (iv) was often omitted or answered poorly, with no mamtf the relationship between seed rate
and spacing.
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Question 2

Most candidates were able to define a ‘contrast’ of meansdmedailed to derive its standard error.
Most candidates correctly stated the contrasts for (a))tm(aart (i), but hardly anyone attempted (e)
on the interactions of (b), (c) and (d) with (a).

Part (ii) required candidates to test the statistical §icgmce of each contrast. There were many

mistakes. Often, the standard error of the contrast wasatsidated, so the statistic was incorrect.

Some candidates chose to calculate the sum of squares (Sficfocontrast, and compare this with

the residual (error) mean square usingfatest, but used the wrong formula for the SS. It should be
12 12

noted that the formula for SS given ) ~ ¢;7;)*/(r Y _ ¢;) is based on total§;, whereas the data

i=1 i=1
given in this question were mean responses. The conclugieresoften poorly stated.

Question 3

Candidates could describe the essential features of ademlancomplete block design (BIBD), but
not necessarily when a BIBD would be useful; that is, whenmanisons between any pair of treat-
ments are to be made with the same precision.

Answers to parts (i) and (iii), which were more practicakne generally very poor. The concept of
treatment effect estimates seems poorly understood. Faetidzdes attempted to use the information
provided to calculate the adjusted treatment sum of squéamethis part of the question, candidates

. . : A .
needed to substitute the estimated treatment effégtafo the formula(% Z 7;2) for the adjusted
treatment SS but many attempted to calculate the adjustatirtent sum of squares from the raw data
given. Few obtained the correct answer.

In part (iii), tests of significance were generally carriag oorrectly, but the conclusions were not
stated clearly.

Question 4

It was disappointing to see so few candidates attempt thestopn, which was a relatively straight-
forward application of & x 3 factorial design for fitting a second-order response sarfatere were
some good attempts, but, as noted earlier, candidates tkhow how to construct the polynomial
contrasts required to complete the anova in part (a)(ii).

There were some good answers to part (b) in relation to nexéMperiments.

Question 5

This question concerned the numbers of adulfsand cars %) in households sampled at random
in a town. Unfortunately there was an error in the wordingh@ tjuestion. Ratio and regression
estimators were required for the mean number of cars perhoidy with information about being
used to improve the accuracy of estimation. However, byakésthe question actually asked for
the mean number of cars per adult. We are very sorry abouettos; we have of course reviewed
the scripts of all those who attempted this question to enthat we have compensated them for
any confusion arising from the mistake. The version of thestjon on the RSS website has been
corrected, and the solution there relates to the correaesion.

Most candidates correctly calculated the ratio estintate (Xy;)/(Xx;) of the number of cars per
adult; the ratio estimate of the mean number of cars per holsés X 7, whereX, which is obtained
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from the census data quoted in the question, is the mean mwhbdults per household in the town.

In part (b), candidates had problems remembering the f@aruslthe variance of a ratio estimator.
The formula(l—f)(l—rQ)Sg/n for the variance of the regression estimator was given oglestion
paper. In this formula; denotes the correlation coefficient between the two randamabiesX and
Y. However, several candidates used the ratio estimate(Xy;)/(3z;), in the formula. Care needs
to be taken not to confuse these two concepts.

In part (ii), several candidates did not answer the questsied, and discussed instead the advantages
and disadvantages of using a telephone directory; theiqnesiguired a comparison between use of
a directory and use of random digit dialling.

Question 6

This question on stratified random sampling was generalhyedsell, and most candidates scored
well in parts (ii) and (iii), which were more practical. Hower, a few candidates did not know how
to derive or calculate the variance of the estimator of theufadion mean from a stratified random
sample.

Part (i) tested candidates’ knowledge of basic theory fopée random sampling. Answers tended to
be rather muddled and did not always show a full understgnaiithe theory.

Question 7
It was pleasing to see a good number of attempts at this questi two-stage random sampling.

Comments in part (a) were mediocre for the most part. Catedadid not really think through the
potential sampling issues, many failed to mention the yiketnds in quality from top to bottom, and
sides to middle, of the truck, or within a crate.

Most candidates did part (b)(i) correctly. On parts (b)énd (b)(iii) most candidates lost marks
because they were unable to define the between-clustengayig, or the within-cluster variance?,,
or both. Few candidates attempted part (iv).

Question 8
This question on crude and adjusted rates was generallydaed by most candidates.

However, almost half the candidates calculatgg-specificdeath’ rates, rather thaage-adjusted
‘death’ rates. Nevertheless, there were some good comrparitse age-specific rates. Candidates
who did calculate age-adjusted rates often did this for @8 as standard, and for B, using A as
standard, in order to compare A and B. It should be noted tretge-adjusted rate for A, if A is
being used as standard, is the same as the crude rate for A.

Ideas for further enquiries and calculations were somevumied. Most candidates did not make
any serious comments on the differences observed betweanutie and the adjusted rates.

Graduate Diploma: Options Paper

The numbers of candidates for most components of this papenaall, and it is not possible to give
detailed reports without identifying individual answers.
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