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tA preliminary analysis is reported of the 
urrent situation regarding the number ofgraduates in Mathemati
al S
ien
es from UK universities. The main features evidentare (a) an initial pre
ipitous fall in the size of the pool of potential 
andidates afterthe introdu
tion of Curri
ulum 2000, followed by a steady in
rease in numbers; (b)a general in
rease in undergraduate numbers, espe
ially in part-time students; (
) ageneral in
rease in the number of graduates in Mathemati
al S
ien
es.1 Introdu
tionAs a ba
kground investigation for the MoreMathsGrads proje
t, it is important to establishthe baseline from whi
h the e�e
ts of any interventions might be distinguished. An obviousstarting point is to examine data from the re
ent past in order to establish the 
urrentposition, and to determine whether there are any existing trends that might be expe
ted to
ontinue.There are three initial quantities of interest:� the `pool' of potential 
andidates|those obtaining an A level in Mathemati
s at asuÆ
ient grade to enter an HE 
ourse in Mathemati
al S
ien
es (MS);� the number of undergraduates studying MS degrees;� the number graduating with a degree in MS.2 Data Analysis2.1 A and AS level dataThe base data were 
ompiled from the Jount Coun
il on Quali�
ations (JCQ) website [1℄,whi
h provides annual tables of provisional A level grades in all subje
ts in England, Walesand Northern Ireland. From these 
ollated data were obtained for the years 2001-2007 forMathemati
s (A and AS), and for 2003-2007 in the 
ase of Further Mathemati
s. Aggre-gate data were investigated �rst, although separate data were available for the 3 
ountries
on
erned, and in every 
ase results were also listed by sex.In ea
h year of the JCQ tables, the previous year's �gures are stated for 
omparison; thisprovides a means of 
he
king a

ura
y. Some dis
repan
ies were found: the AS level �guresfrom the 2002 tables were noti
eably di�erent from the values tabulated in 2003 as `previous1
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Figure 1: The number of A level 
andidates in Mathemati
s. The lines relate to the numberswith a pass at di�erent levels: e.g., C+ means students who obtained at least a C grade.year'. No explanation was given for what was in some 
ases a substantial di�eren
e. It wasde
ided to use the later values, on the assumption that a 
orre
tion had been made. The`
orre
ted' �gures also �tted the overall trend better.The year 2000 marked the introdu
tion of a new s
heme for A levels (Curri
ulum 2000),so data from earlier than 2001 (the �rst year in whi
h exams were taken under the newformat) may not provide a meaningful 
omparison. However, in most instan
es, the 2000�gures were given in the 2001 tables.The values for AS levels in 2001 also pose a problem, in that there were still some`lega
y' 
andidates from the old s
heme (`Advan
ed Supplementary'), whose pass rates weresigni�
antly lower than those on the new `Advan
ed Subsidiary' examination. Data for 2001
an be obtained by 
on
ating the C2000 and lega
y results, but doubts as to their validityremain.Given the nature of the subje
t, students with A level passes in Mathemati
s are boundto form the vast majority of entrants for degrees in MS1. As Figure 1 shows, the size of this`pool' shrunk dramati
ally after the introdu
tion of Curri
ulum 2000, but sin
e 2001 therehas been a steady upwards trend|in parti
ular, for those that 
ould be 
onsidered mostlikely to pursue su
h a degree: those with at least a C grade.While numbers have started to in
rease, in per
entages terms the situation is not sogood. Figure 2 shows the per
entages of all A level students who take Mathemati
s. Therewas a pre
ipitous fall after the introdu
tion of C2000, and it is only in 2007 that any marked
hange has o

urred.One matter of interest is the e�e
t of AS level results on subsequent A levels. In Figure3 A level results at time t are plotted against AS level results at time t� 1. It appears that,apart from the anomalous years 2001 and 2002, the number of grades A-C at AS level is afairly good predi
tor of the number of A-C grades at A level the following year. (The e�e
t1UCAS data re
ords HND and `other' quali�
ations, but the numbers are tiny.2
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Figure 2: The per
entage of A level 
andidates taking Mathemati
s.is possibly even more obvious if restri
ted to A grade passes only.) It 
an also be seen fromthe plot of `All grades' that many of the students with poor AS grades do not follow throughto A level the following year.2.2 Further MathsThe numbers studying Further Mathemati
s has in
reased substantially. Figure 4 shows avigorous growth sin
e 2003. In fa
t, a

ording to a re
ent press arti
le [2℄, Further Maths is
urrently the fastest growing subje
t at A level. One fa
tor in this su

ess has apparentlybeen the availability of spe
ialist help via the Further Maths Network [3℄. Although notplotted here, per
entages have also in
reased signi�
antly. (Relative to all students takingA level, however, it is still less than 1%.)Presumably also, of those studying Further Maths, a large proportion will pro
eed tostudy Maths at undergraduate level. Knowledge of 
onversion rates would be useful, butrequires further investigation of data sour
es.2.3 University entriesThe Universities and Colleges Admissions Servi
e (UCAS) publishes data from various per-spe
tives. Of most interest is the subje
t by subje
t analysis of numbers a

epted for a degree
ourse for the years 2002-2006. While `a

epts' are not ne
essarily the same as the numberof entrants, they form a 
lose approximation. Sin
e 2002, UCAS and the Higher Edu
ationStatisti
s Agen
y (HESA) have used the same data de�nitions, so|where appli
able|theentries refer to the same quantities2. From the UCAS data it is 
lear that the study ofdegrees named `Mathemati
s' is by far the largest 
ategory, 
omprising more than 95% ofthe looser grouping.2Unfortunately, published data from HESA often uses di�erent 
ategories from those used by UCAS,making the 
oin
iden
e of de�nitions less useful than it might be.3
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Figure 3: The e�e
t of AS level results on A levels a year later.
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Figure 4: The number of Further Maths 
andidates sin
e 2003. The lines relate to the numberswith a pass at di�erent levels: e.g., C+ means students who obtained at least a C grade.4
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Figure 5: The approximate number of undergraduates entering Mathemati
al S
ien
es. `Home< 20' means students aged 19 and under, the 
ategory that 
omprises most entrants.Most of those a

epted are also under the age of 20|at least 88%; and only about 15%
ome from overseas (whether EU or beyond). However, overseas numbers seem to be growingrather faster than home numbers, as is indi
ated in Figure 5. Home student a

eptan
es inall age groups have been growing at about the same rate, ex
ept in 2006, where there was asubstantial relative fall in numbers for those aged 20 and over. Of 
ourse, we only have datafor 5 years, so it would be foolhardy to 
on
lude too mu
h about di�erential entry rates.2.4 Undergraduate numbersData from HESA were also obtained, relating to the total number of undergraduates study-ing Mathemati
al S
ien
es (mostly Maths, but in
luding Stats, OR and joint degree pro-grammes), both full-time and part-time for the years 1996-2006. Unfortunately, these arenot broken down by year of study, so how many of these were entrants during the year inquestion is not given.HESA also publishes data relating to annual HE graduates in Mathemati
al S
ien
es.These numbers are 
learly related to entrants 3 years earlier, but in the absen
e of knowledgeof failure rates, 
onverting these to entrants data is diÆ
ult.Figure 6 shows the in
rease in numbers studying MS degrees sin
e 1996. Sin
e 2001there has been a 
onsiderable in
rease in undergraduate numbers, notably in those studyingpart-time, whi
h is about 15 times what it was 10 years ago. Full-time numbers have alsoin
reased, with the most interesting feature being a step-
hange of some 20% between 2001and 2002. A study from the LMS [4℄ has shown there was a 
hange in the 
lassi�
ationmethodology in 2002, and a re-
lassi�
ation of OR, whi
h would partly a

ount for thisstep-
hange.However, more re
ent HESA �gures also seem at odds with those given by UCAS: thetotal numbers studying a subje
t should not (
eteris paribus) ex
eed the sum of the previous3 years' entrants. Indeed, given that some students will fail or withdraw for other reasons,5
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Figure 6: The number of undergraduates studying Mathemati
al S
ien
es (HESA).the upper bound should be lower still. Yet the 3-year moving totals of UCAS `a

epts' for2005 and 2004 (the only years for whi
h suÆ
ient data are available) are about 70% of thetotal number of full-time undergraduates studying MSOR in those years. Of 
ourse, somestudents undertake 4-year 
ourses, but given the rather small numbers of su
h students, this
ould only explain a small part of the di�eren
e.The LMS study has indi
ated some possible reasons for this dis
repan
y. In parti
ular,HESA now apportions students on 
ombined degrees as 1/3, 1/2 or 2/3, depending on therelative importan
e of the elements of the degree. However, even if all those a

epted to studysome `
ombined' form of MS and Computing|other than straight Computing subje
ts3|arein
luded without any apportionment, the UCAS �gures still only a

ount for 92-96% of theHESA total for Mathemati
al S
ien
es. Thus it is still impossible to remove the dis
repan
y.In future, it may be sensible to 
on
entrate expli
itly on MSOR degrees, leaving the questionof 
ombined studies to the possible dis
overy of more 
omprehensive and 
ompatible data.A question of interest is how well students in the A level pool are being `
onverted' intoundergraduate study of MSOR degrees. Using the UCAS `a

epts' as a proxy for entrants,and restri
ting the 
omparison to Home students|those most likely to have entered byreason of A level quali�
ations|we have the 
onversion rates shown in Figure 7.As indi
ated above, the number of entrants in ea
h year is not available from publi
lyavailable HESA data for Mathemati
al S
ien
es. However, the number studying at anyone time (ignoring fringe e�e
ts su
h as sandwi
h 
ourses, 4-yr 
ourses, retakes et
.) willbe a fra
tion of those obtaining A levels in the 3 previous years. Thus a 
omparison ofundergraduate numbers against the lagged 3-yr total A level pool should also provide areasonable answer to the question of 
onversion rates. This has been done in Figure 8.Although only 4 points 
an be plotted for this graph, and 5 for Figure 7, both providesome eviden
e of improved 
onversion rates over the last few years, although this may be
onfounded with the de�nitional 
hanges previously mentioned. Given that the HESA def-3Individual Computing subje
ts listed are Computer S
ien
e, Information Systems, Software Engineeringand Arti�
ial Intelligen
e 6
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Figure 7: Estimated 
onversion rates of Home A level 
andidates into UCAS `a

epts' for under-graduate MSOR degrees.
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Figure 8: Estimated 
onversion rates of Home A level 
andidates into undergraduate study of aMS degree, using HESA data. 7
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Figure 9: The number of graduates in Mathemati
al S
ien
es (as de�ned by HESA).inition of MS appears wider than that used by UCAS, it is not surprising that the rates inFigure 8 are higher than those of Figure 7, but it is en
ouraging that an upward trend isapparent in both.2.5 Graduate numbersThe 66% in
rease in undergraduate numbers indi
ated from HESA sour
es (ignoring for themoment the de�nitional problems) has resulted in a less substantial in
rease in graduates(even allowing for lags), but the numbers are still about 50% higher than those of 10 yearsearlier. Figure 9 displays the data.This suggests that failure and withdrawal rates have in
reased, but in the absen
e ofrelevant data, the underlying 
auses for this remain spe
ulative.3 Con
lusion and Further WorkIt has been possible to as
ertain in broad terms the 
urrent numbers and trends for HEMathemati
al S
ien
es students, but pau
ity of data makes it diÆ
ult to un
over moredetails in the pi
ture. If we 
an determine what areas need more detailed investigation, andhow data 
an be obtained that meet su
h needs, it would be sensible to pursue enquiries forthe required information. It would make sense to evaluate HESA's 
omprehensive database`Heidi'. Possibly one of the MMG partners may already have a

ess. Otherwise, a

ess tothis requires an annual subs
ription of $1250, but a free 4-week trial 
an be arranged.Nevertheless, it is fairly 
lear from the above that numbers of A level students, under-graduates, and graduates in Mathemati
al S
ien
es are all growing: we are getting moreMaths grads, so from the perspe
tive of the MMG initiative, we are doing something right!The analysis reported above has fo
used on UK A level aggregate statisti
s, and is by nomeans exhaustive. A fo
us on Mathemati
s degrees in the narrow sense 
ould quite easily8



be investigated. There is also eviden
e of sex di�erentials, parti
ularly at A level, whi
hmight be worth exploring further. Analyses of England data, for example, 
ould also beundertaken, if it is felt that the situations in Wales and N.I. are suÆ
iently di�erent. Butanalysis for the sake of it should of 
ourse be avoided.Referen
es[1℄ http://www.j
q.org.uk/press%5Freleases/results/(last a

essed 26/11/2007)[2℄ http://edu
ation.guardian.
o.uk/alevels/story/0,,2149312,00.html(last a

essed 12/12/2007)[3℄ http://www.fmnetwork.org.uk/index.php(last a

essed 12/12/2007)[4℄ S.Wydall (2005) HESA Mathemati
s De�nitions. London Mathemati
al So
iety, un-published report.
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