Examiners’ Report: FHS Mathematics and Statistics Part A,
Trinity Term 2011

October 2011
Part I
A. Statistics

e Numbers and percentages in each range

Candidates are not classified in this examination, rather the marks awarded are
carried forward for the use of next year’s Part B examiners. In order to summarize
performance in Part A we tabulate the distribution of candidates, by rounded
average USM, in the ranges associated with the different classes. For comparison,
the corresponding distributions for Part A in 2007-2010 are also given.

Range Part A 2011 [Part A 2010[Part A Part A 2008[Part A 2007
2009

70-100 5 (16.7%) 0 (21.4%) 9(27.3%) P (25.7%)
13 (37.2%)

60-69 18 (60%) 23 (57.1%) (16 (48.5%) |16 (45.7%)
14 (40.0%)

50-59 6 (20%) 4 (11.4%) 9 (19.1%) |5 (15.1%) P (25.7%)

40-49 1 (3.3%) 4 (11.4%) 1(24%) R2(6.1%) |[1(2.86%)

30-39 0 0 (0%) 0 (0%) 1 (3%) 0 (0%)

0-29 0 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Exam 0 0 (0%) 0 (0%) 0 (0%) 0 (0%)

incomplete

Total 30 35 42 33 35

There were no vivas and no double-marking. The same system of checking was
used as in all parts of FHS Mathematics/Mathematics and Statistics.

B. Examining methods and procedures

e This was the eighth occasion on which this exam was set. The same procedure
was followed in this examination as in the previous year. Details were available to
candidates in the Mathematics and Statistics Exam conventions and first and
second notices to candidates (attached).



The Examiners calculate four USMs for each candidate, one for each of the
papers AC1, AC2, AS1, AS2. The calculation of a USM is based linearly on the
raw marks on that paper. The range in which a particular USM falls is required to
have a definite meaning in terms of quality. Thus the range 60—69 must mean
work of upper-second quality, while the much larger range 70—-100 must mean
work of first class quality. As in previous years, the Examiners adopted an
algorithm based on a piecewise linear graph to convert raw marks to a USM for
each paper.

To assist them in arriving at the conversion for each paper, the Examiners have a
range of material to take into account. As well as the scripts themselves, and the
Examiners' own recent experience as internal examiners, they have statistical
information on overall performance on the papers. They also have tables giving
the distribution of candidates among classes in FHS Mathematics and related
schools for past years. These are made available to the Examiners by the Division
of Mathematical and Physical Sciences.

When constructing the conversion algorithm, the Examiners took particular care
to follow the effect of adjustments to the algorithm on the USMs of candidates at
the bottom end of the distribution. While it is desirable to have a simple rule,
uniformly applied, for converting raw marks to USMs, this care is the counterpart
of the individual consideration formerly given to classifying candidates at the
lower end. Since the algorithms established for candidates in mathematics are
subsequently used to convert raw marks to USMs in the related joint schools, the
Examiners paid attention to the effect of adjustments on candidates at the lower
end of all four schools (Mathematics and its three joint partners).

The Final Examiners' Meeting was a joint meeting of the Examiners in
Mathematics, Mathematics and Philosophy, and in Mathematics and Statistics,
both External Examiners being present. The same general algorithm was applied
in the same way to the Mathematics and Statistics options papers (AS1 and AS2)
and the Mathematics options papers (AO1 and AO2). However, it was decided in
this case to scale the ASI paper slightly differently from the AO1 paper. The
students writing AS1 must answer 5 out of 6 probability and statistics questions,
more than half of the 9 questions total that they answer for the paper; the
mathematics students only have 4 probability and statistics questions, and none of
the questions are compulsory. In the event, several of the probability and statistics
questions were among the hardest, as judged by the average score of those who
turned in solutions. It seemed plausible to suppose that this might have cost the
average ASI student about 2 points raw marks relative to the average AOI
student. In the end, we shifted the middle and bottom break-points for AS1 -- the
ones that determine USM 57 and 37 -- by 2 points, but the top break-point for
ASI -- the one that determines USM 72 -- by just 1.5 points, based on a careful
consideration of the particular papers that would be pushed above or below the
first-class cutoff.



C. Changes in examining methods and procedures currently under
discussion or contemplated for the future

None.

D. Notice of examination conventions for candidates

The candidates were given details of the examination conventions both in a supplement
to their handbooks and in the notices sent to them by the Examiners.

Part 11

A. General Comments on the Examination

1.

4.

5.

The papers were taken on Monday morning (AC1), Tuesday morning (AC2),
Wednesday morning (AS1) and Thursday morning AS2) of 9th week of Trinity
Term, June 21st-24th June, at Ewert House in Summertown.

All questions on AC1 and AC2 were composed and marked by the Internal
Examiners. Questions, mark schemes and model answers were discussed initially
with a second Internal Examiner, then with the whole panel of Internal Examiners
and finally were sent for comments to the External Examiner. In arriving at the
final form of these questions, the Examiners paid close attention to the published
synopses and problem sheets, to the written guidelines on length and style of the
short and long questions, and to last year’s questions and the statistics of
performance on them.

Draft questions on AS1 and AS2 were provided by the lecturers, following the
usual pattern in other parts of Mathematics/Mathematics and Statistics finals. The
drafts, again with mark schemes and model answers, and also with lecture
synopses and problem sheets, were first discussed by the setter with one of the
Internal Examiners, then by the whole panel of Internal Examiners, and then sent
to the External Examiner. Again, close attention was paid to the guidelines,
particularly as these covered the desired character of the short questions, and to
performance on last year’s questions. In all cases lecturers also acted as assessors,
marking the questions on their courses.

No errors were found in the Mathematics or Mathematics and Statistics
examinations.

The following points are made in relation to the examining process:

(a) As is often the case with FHS Mathematics, the process of collecting in scripts

was quite intricate. It is important for the Chairman of Examiners to make his
wishes for this process clear to the Senior Invigilator, who under the current rules
is responsible for the conduct of this and all other aspects of the examination.

(b) The checking of marks, in the sense of the detailed checking of scripts against

printed marks lists produced from the database, is a crucial ingredient of the
examining process.

(c) Production of the Options papers relies on the cooperation of the lecturers. The
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6.

There is a single External Examiner for Mathematics and Statistics Part A who
was asked to comment on papers AS1 and AS2 only. (The single External
Examiner for Mathematics commented on papers AC1 and AC2.) We would like
to thank Philip O'Neil, our External, and we are grateful to him for his input this
year. He made helpful comments on the draft papers, and contributed in a helpful
and constructive way at the Examiners’ Meeting. He was impressively diligent in
evaluating the borderline papers, to help guarantee our marking standards.

The database used in past years was used. The database functioned well at the
Examiners’ Meeting and the Examiners are grateful to Waldemar Schlackow for
his work over the year.

The Examiners are also grateful for administrative and secretarial support, and
especially to Sandy Patel and Jan Boylan.

B. Equal opportunities issues and breakdown of the results by
gender

The table below shows numbers of male and female candidates in the
different classification ranges in Part A Mathematics and Statistics.

Class Female Male Total
First 2 3 5
Upper Second 10 8 18
Lower Second 4 2 6
Third 0 1 1
Pass 0 0 0
Fail 0 0 0
Exam incomplete |0 0 0
Total 16 14 30

C. Detailed numbers on candidates performance in each part of the

€xam

(a)

It may be helpful to summarize the different papers.

Paper AC1 is taken by Mathematics candidates (165 this year) and Mathematics and
Statistics candidates (30 this year). Questions are worth 10 marks each, candidates are
instructed to attempt all nine questions.



Paper AC2 is also taken by Mathematics, and Mathematics and Statistics candidates.
Questions are worth 25 marks each, candidates are instructed to attempt any number
of questions, including at least one from each of the three sections. The best score
from each section and then the best remaining question are counted.

Paper ASI is taken by Mathematics and Statistics candidates only (though is very
similar to Paper AOI1 taken by Mathematics candidates). Questions are worth 10
marks each. Candidates are instructed that the best five questions on Probability and
Statistics and the best four questions on options are counted.

Paper AS2 is also taken by Mathematics and Statistics candidates only (and is similar
to Paper AO2 taken by Mathematics candidates). Questions are worth 25 marks each.
Candidates are instructed that the best two Probability and Statistics questions and the
best two other questions (which may include further Probability and Statistics
questions) are counted.

(b) Means and standard deviations are given below in raw marks and USMs for each
of the four papers and, for comparison purposes, for papers AO1 and AO2 (taken
by Mathematics candidates only).

Paper | Num | Mean raw | SD raw | Mean | SD USM
| score | score | USM |
ACl1 195 64.8 12.2 65.4 9.4
AC2 195 71.7 16.0 66.0 10.0
AS1 30 60.3 11.9 64.1 9.1
AS2 30 69.1 14.2 65.5 8.6
AOl1 165 63.2 13.8 64.9 10.6
AO2 165 69.0 16.2 65.7 10.5

(c) Here we give means, standard deviations and number of attempts on individual
questions for Mathematics and Students students. The data for all mathematics
and other students is included In the Mathematics examiners report.

Exam Question Mean Mean Used Stand. # Used Unused

Dev. Attempts
ACl1 Q1 7.4 7.4 1.96 30 0
ACl1 Q2 6.03 6.03 2.34 30 0
ACl1 Q3 5.17 5.17 2.87 24 0
ACl1 Q4 6.93 6.93 1.80 30 0
ACl1 Q5 6.63 6.63 2.01 30 0
ACl1 Q6 5.9 5.9 1.49 30 0
ACl1 Q7 7.41 7.41 2.21 29 0
ACl1 Q8 8.47 8.47 1.43 30 0
ACl1 Q9 7.87 7.87 1.63 30 0



Exam
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D. Comments on papers and individual questions
(i) AC1 and AC2

Comments on the Analysis, Algebra and Differential Equations questions are included in
the FHS Mathematics Part A report.

(ii) AS1 and AS2

Comments on the questions in sections A—K and P are included in the FHS Mathematics
Part A report.

O: Statistics

O1: Most candidates who did this question made good attempts, though some did nothing
for (c). The most common source of error was the calculation of the expected
information in (b): a number of candidates went wrong doing this — some were not sure
which quantities were random variables when taking the expectation, others calculated
the expectation incorrectly. (Some used the observed information, which was fine, and
which avoids calculating an expectation.)

02. Some candidates did not say what was being tested then stating the Neyman-Pearson
lemma. This is important since the lemma applies to null and alternative hypotheses that
are both simple. Part (b) was done well and (c) seemed to be a good final part to test who
could apply (b). In (c) several candidates’ conclusions depended on the value of ‘o’
rather than them concluding how much (or how little) evidence there was to reject/not
reject Hp without anyone telling them the value of ‘a’.

O3: Almost all candidates did (a) and (b) well, and the majority made at least, reasonable
attempts at (c) and (d).

04: Most candidates who attempted this question knew how to approach finding MLEs
via Lagrange multipliers. When working through the calculations, some were most
successful when doing (a) than (b). Most attempts were fairly successful in getting as far
as calculating the degrees of freedom correctly in (c) but made some errors or were not
clear in what they wrote about the testing of Hy when A =11.8.

O5: Most candidates who attempted this question got on well with it. Although a few
marks were often lost on (d), part (c) was probably the least well answered part, eg
several attempts suggested using the sample variance of the observed valeus of Y rather
than using the residual sum of squares of the model. When the residual sum of squares
was usesd, it was sometimes divided by an incorrect number of degrees of freedom.



M: Probability

Bil: Bt sbocdents who brbed shis quostion did woll oo ekt of 16 This qumitlon seoms o bave booa somwwhat
oasloe b i olin. w0

In park o, only & Sow swsdenis rlod ko d b wikh mwenenk geaorakleg Sunsklons inskoad of tho CLT. Yoo of them
applied myg’ osreonkly. For thoso who did apply the CLT, Voo most eonumon dofelmey wes bo il ko mention thet X,
ervild ba rgroennkar a2 & enm of = indnpendent random warishlos wikth Pelsnn disirbuatinn with pamer aker A

Part d{l} & fow sicdonty mbundorsiood the quastion o bo wsking Sor roal- wockd conlitlons that wonkl justlly
wclolllng tho eerivale with & Poléson proooss {mtkor than tho matbamatieal dofinltion of thy Polsson proesss). Thia ks
oot wa shsurd Intorprotation. In peinepls, thoy might bavo boor givee ful erodlt, bot pone of thom gave what conld
ba consldor] compito conditions,

Part od{ili} A fow studoaks wrobo & fonauca for -0 oact compukation fom tao Polwoa (Esteibutlon, for whlek dhay
rosolvod pectlal aodit. Many sbudlools made sowl azzors In the vaclance particully by & fier of v2. Othorwim,
mek hit ono of ko azevees ${1), ©{HLL/3), and {8, which wieo troatod & eubrabolly cocme:, sinco the
coxtinulty eorroction ks mob Dincally paet of the sylistxe,

bf: AL Lnt peub [} soom o leve booe Cak ly stenlplition sad

In pert (o} sovocal studonke confisod the two statos, a0 kwy socputoed {Ay — =10 — =1;. They moslvel Gl
orwdlé If thelr work was complote snough ko makn B obar thak this was o slmplo eubsiuilon erros. Sorwn ebulonis
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he asscomel bhak 3 =g moed b erad bo 1. “his macds srvieal of thelr ansonns emongt, bri sy kst anly onn pa'ni
In éoéal IF Kany followod it theough corskdontly.

In pect {bl, & fow stwloaty gave the convanoike to the stathancy distiibubion ws a dolnlilon. which vy Lot
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dirluetod Lf thay wroto thet 3 %, = 1 bk cBedn's moation thsk 7, 20,

Many shwdonts mado co atteenpd et part {€). Qulto a fow supposol tant 7' wes goomolizle wiki parcoter 173 or
2/3. oo sompebod all thao peobabilitlos eorzoctly, bak then did ne: compubo a peababliiy goncraking Jupction
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the Letegral aoczently.

Part ¢ was challoaging, It wes not an adequato answer (o say X b pormesl boeauso all incar comblontioes of mormel
rantlern variakkos wro normal. Somo doacription of how this s proved, sk a minivcum, wes cogquizad. Surpoiingly Sw
shixionts weeo abin b comauto b vardenco cormetly
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0, Ard among tho fow who meognised Umt E]Y|X = 3] = Ba + S[W), based on tin proviows part, al for sowo cosson
Batlodl bo rosognise Chut E[W] =0,

M This was a somowhat tachnlel quostion abauk goaozating hunetlons, and b popular then 3. Among thoso
who did amsver L, thoe wom [ sonpisto arswees, but meny with substentiel muchors of poicks, arel conikierablo
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i sloar — moctbly 6o, tlom when tho mgf cdets, 16% not eubstaasially difforsat from khe ol The moda aavwor —
that the mgf tnemockaboly Lod o the Chornolf bouach — wes ook obviocsly beltior Caan others, so ' soomod ronsonable
to neeop: & vazioty of akornetlvo anewors thak dld aot mbwoprescat the possthlo appllcations of the of. Sevorel atudoats
sakl the: wo couki wen the mef for tho sum asplleatloms s tho of. whon [k oxlstel. but wikhout tho compllention of
courgdon lukgiealboon, which & plawdUlo ooogdi, On G ollss bal, weywocs hal bogliod Mt s wggl bul wob W el
eoubd ba used e proving scaverganm of distelbutloms wem Inadoyuats,

T varanco kn b2 stymlod qulto & fow. The most common omoe was to witko g¥{1) — g/{1)¥, Jocgotilng that
g*(1) = B[ - 7]. A number of sbuxloaks confumed p with & momnk goooreting function, s 80 keled o dordve
tupockations and vazianom kom deeivatlvos at 0, althoug’ tt should have bosn eloar that p{0) 9 1.

Part by was inkomdod b0 lowel on om lv, wilng tho cxpoctation of 27 (o doelwo tho bocnd, bt i feet i ke posslble
ta dorivo ovon boktoe bowuks e P{T" 2 0} applying Markov's Inoqualliy dicoctly (0 bim axpoctation o £[7%]. All wxo
equally coccptabla



bY: A stendard Ssbory-based™ Mardeoy chaln probloan, Most studeats dicd woll on most of the quastion.

Most studonts axplaloed ln some plewsstblo way why X k & Markov chaln end ¥ k& not. & fow momoly restabed
the definltion of 2 ey chaln without any spocllie application to the eurmont elrearsbancos,

Rocurroneo-tzanglonco was woll doflood by most. A fow ceroncously weobo somothing lico: 3 s cocurmat I P{X,, =
Xy =i} = 1 for somo & (the putting tho quantifior in tho wrong place.)

A numnbor of poople dldn’t by av amulfor avl. Among thoso who did try av, most did well.

Tho now tramsltlon matrix in park b was cormoctly idoatiflod by most. Thoso who didn’t most comnmonly mado the
mbitako of kooplng tho stabte 0 wod having tho procoss lzst mow inko stata O, and only alter that loavo O for tho positive
stakos, which is not comlstont wikh tho description In tho problom. (It Is accopiablo to lnchwdo tho steto 0 but heve mo
transitioms Into 1&.)

In peri bll, herdly anyone eooms (o bavo notlond thet Ik k& nocosmry (o oxplain why the chaln s loroduclble and
apociodle. Also, whilo most wrote down tho oquation thet tho statlonsry distribution noxds to setisly, rolatlvoly fow
did tho nocossary algohes ko ehow that he glvoa disteibutlon doos eatkly tho conditlon,

R: Graph theory

R1: 23 students attempted the question that was generally well answered apart from a
very few cases. The part of the question where students obtained lower marks was part
(c) and the proof by induction.

R2: Only 9 students attempted this question and 5 of them obtained very good marks. The
part of the question about bookwork was generally well answered whereas part (c) and
(d), that presented new problems, obtained lower marks.

S: Simulation

S1: Only two students attempted this question, both with good answers losing a few
marks here and there. Between them they scored all marks except for the mark for the
simplification of the rejection condition.

S2: There was only one incomplete answer with a reasonable attempt at (a), but
considerable problems, even with the bookwork parts of (b) and (c), quite possibly
combined with lack of time.

T: Linear Programming

T1: This concerned a maximising LP problem with equality constraints, duality and
complementary slackness.

Some perfect answers but there was the full range of possibilities down to little
understanding.

T2: (Activity analysis, simplex method, duality and sensitivity) The LP had 2
constraints, and the simplex method required 2 pivots (if you followed the method
suggested in lectures of picking the entering variable as one with maximum reduced
profit) and 3 pivots otherwise. Mostly the question was straightforward and very well
done, but disappointingly no one got the very last part (about the possible shadow prices).



U: Statistical Programming

Three students attempted the short question. Parts (a) and (c) were done reasonably well.
Parts (b) and (d) less well. This question was very similar to one on the question sheets.

No students attempted the long question.
I suspect that students may still be wary of attempting questions from this course as there

is no stockpile of past paper questions. Also, the type of question is rather different i.e.
writing code, and this may put them off attempting the questions.

E. Comments on performance of identifiable individuals

[removed in web version]

F. Names of members of the Board of Examiners

Dr David Steinsaltz (Chairman), Dr Anne Henke, Professor Frances Kirwan, Dr Neil
Laws, Professor Barbara Niethammer, Prof Philip O’Neill (External), Professor Paul Tod,
Professor Elizabeth Winstanley (External)

Assessors

Prof C. Drutu, Prof A. Etheridge, Dr P. Howell, Prof F. Kirwan, Dr K. Kremnizer, Prof
M. Lackenby, Dr J. Marchini, Dr S. Massa, Prof C. McDiarmid, Dr R. Norton, Dr J.
Sparks, Prof E. Siili, Dr B. Szendroi, Prof U. Tillmann, Dr M. Winkel, Dr A. Zarnescu

The Examiners are grateful to all the assessors for their help and cooperation.
David Steinsaltz

Chairman of Part A Examiners

FHS Mathematics and Statistics

04/10/2011

Attached: Mathematics and Statistics Exam conventions 2010-2011. Part A First and
Second notices to candidates.
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