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EDITOR'S INTRODUCTI(]N‘

Mathematics teachers have long been aware of the importance
society attaches to their subject. All school leavers are expected
to be numerate, and an examination pass in mathematics is =&
required entry quaelification in meny sreas of employment end for
moat courses of higher education. This importance has been
reflected in a series of official reports on the teaching of
mathematics from Board of Education (1909, 1912) to Cockcroft
(1982). However, only in recent years has the relationship
between society and mathematics been explored beyond the level of
exhortations to improve.

Following Griffiths and Howson (1974), there have been an
increasing number of researches into broader aspects of the social
context of mathematics teaching. The Committee of Inquiry chaired
by Sir Wilfred Cockcroft comnissioned both a survey of curriculum
development end research in the teaching of mathematics (Howson,
1983), and a survey of research on the social context of
mathematics teaching (Bishop end Nickson, 1983). Leading British
researchers in the field hold regular symposia on Research into
Social Perspectives of Mathematics Education, convened by Steve
Lermen and Marilyn Nickson. Increasing recognition, both British
and international, has led the Sixth International Congress on
Mathematical Education, (Budepest, July 1988), to devote a full
day to 'Mathematics, Education snd Society'.

With a1l (his interest, the question arises: what issues do a
consideration of the sociel context of mathematics teaching raise?
Although there is no generally agreed answer to this, the
following are a number of the key questions that arise:

What rocietal forces determine the mathematics curriculum?

What are the aims of teaching mathematica? What is the role
of mathematics in general education?

What social and political valuves are implicit in the mathema-
tics curriculum?




Is mathematics teaching wmeeting the needs of all its
clientele, incliding the needs of the luss acedemic and the

lower social classes?

Mathematics and gender: are girls disadventaged? If so, how
cen this be remedied?

Multicultural mathematics: how should mathematics education
reflect our mylticultural society?

The profession of teachings what are the consequences of its
structure?

¥hat is the social status of mathematics end the mathemetics
teacher?

Teacher eoducationt is it a qualitative or a quantitative
problem?

As these questions show, a consideration of the social context
of mathematics teaching raises some controversial issues. The
traditional status of mathematics end methematics teaching as
value free and politically neutral can no longer be taken for
granted. For example, the issue of whether mathematics in the
classroom should foster cooperation or competition is now seen in
some quarters as a political question.

Recent events have confirmed this: a consideration of some
aspects of the social context of mathematics and its teaching have
led to a great furore.

The June 1986 CSE mathematics exemination (London Regional
Examination Board) presented candidates with data on world
military spending end then asked:

" 'The money required to provide adequate food, water, eduzation,
health and housing for everyone in the world has been estimated at
17 billion a year'

«s¢ New Internationalist 1980

How many weeks of NATO + Warsaw pact military spending would be
enough to pay for this? (Show all your working)"

>




In the daya following the exsmination, newspapera carried
headlines and sub-headlines includings

"Sinister® (Sun, 14 June),
"Row as maths CSE exsmines armes spending™ (Guardian, 14 June),

"Exeminers to vet mathe papers for political bias™
(Guardian, 14 June),

"Question: What has arms spending to do with a maths exam?"
(Daily Mail, 14 June).

Another contentious area is the movement for enti-racist
mathematics, founded by a numbher o~ mathematics teachera and
educatora concerned with iasuea uf race and multi-culturalism.
For example, the Campaign for Anti-Raciat Mathematica was active
at the Lambeth Teachera Centre, London, in 1986. This movement
was attacked by the Prime Mininter, Margaret Thatcher, who told
her Party Conference in October 1987 that:

"children who need to be eble to count and multiply are
learning anti-raciat mathematics ~ whatever %that meana - and
political alogans" (Guardian, 3 November 1987)

Theae examples auggeat that mathematics and the teaching of |
mathematica have loat their innocence. It ia increaaingly i
difficult to argue that mathematica education is aocially and
politically neutral. An increasing number of publications, auch
aa Maxwell (1985) and Ernest (1986), reveal aome of the valuea
implicit in the teaching of mathematica, to the gaze of all. Some
will mourn thia loss of innocence. Othera, myaelf included, aee
thia as a aign that mathematica education 1is coming of age. That
it ia beginning to take reaponsibility for the actions carried out
in ita name.

The papera in thia iasue of Perapectives do not try to avoid
theae questiona., They treat a number of the key iaauea in the
field. Some areaa are more contentioua than others, such as the
politica of numeracy, and anti-recist mathematics. Some are leaa




apparently controversial, but deal with issues of deep social and
political consequence, such as gender and mathematics. They all
treat matters of importance for the education community, end for
society in general. Together the papers show that now, more than
ever, for those with the courage to probe be 3jath the surfece of
things, mathematics teaching can be an exciting intellectual
adventure.

Paul Ernest
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IMAGES OF MATHEMATICS

Recently I have been working with some top Junior pupils who
were inventing their own mathematical gemes. The children had
chosen with whom they wished to work end hed devised their geme,

made it, created the peckaging to house it end then tested it
within their own class and with younger pupils in the school.
Finally, the class decided upon a set of criteria which made a
game ‘good', end applied their criteria to their own games. As a
result, six gemes were chosen as the best. Five of the six had
been made by groups of girls. I discussed this with some girls in
the class.

Leones " why do you think five of the eix chosen games were
made by girls?

Pupilss Oh, that's obvious - the best people in the class
at maths ere girls.

Leone: So, you are all good at maths?

Pupils: Ch, no, not us! Louise is though, Louise is

brilliant at mathse.

louise, who according to her teacher, is by far the most able
child in the class, sat muttering deprecatingly about her own
ability.

Leones Well, are you all looking forward to the maths you
will do at secondary school?

Pupils: No, definitely not.

Leone: why not?

Pupils: Because it will be too hard.
Leone: Has it been hard this year?
Pupils: No.

10




vhen you were eight, did you expect it would be
t:ard when you were eleven?

Pupila: Yea.
Leone: But you say it haan't been hard this yegt.
Pupila: That's because as it got harder, we got older.

Leone: But, at aecondary school you will be older than you
are nNow,

Louise: But everyone knows that boys get cleverer at' matha
as they get older, so it will get harder for us and
easier for them.

Many of the iamauea which are currently the focus of reaearch
intereat are preaent in thia short exchange. The atatement as a
vhole reflécta the recorded diaparity in mathematical performance
betwsen girla and boya as conventionally measured by reaulta at
formal examinationa. Thus, the Royal Society reported that, while
1984 entriea end resulta for C.S.E. were fairly evenly diatributed
between girls and boya at each grade, the diatribution at grade A
of the '0' Level exemination was roughly 2:1 in favour of the
boya, girls being 47.3% of the entry. The reaulta et grade A of
the 'A' Level exemination were 3:1 in favour of the boya, girls
being 30.3% of the total entry (Royal Society, 1986). While the
performance of girla on teats teken in the primary yeara tends to
be comparable with boya, and Louise herself could accept that it
waa reasonable that she should out-perform the boya at ege 11, she
haa articulated a mia-perception built upon aectual biasa in
mathematical involvement and performence. Everyone might not
'know! that boya get cleverer at matha as they get older, but
there is ‘certainly a tendercy for meny people te behave as if
boys' atyles of learning, their intereata and the 1link between
mathematics * end their future careera conatitute the norm. The
imbalance ia then aecen sa a problem which ia located in girla.
for example, Elizabeth Fennema and Penny Peteraon (1985) have
defined "autonomous learning behaviours" es neceaaary to "do high
level cognitive taska in mathematica. (They) include working




independently on high-level taska, peraisting at auch tesks,
choosing to do end achieving succesa in such tasks". Fennema and
Peterson asaert that "femalea are more dependent than males" where
dependency is defined as ‘'seeking physical contect, aeeking
proximity and attention, seeking praise and epproval, and
reaiating aeparation. But this value-leden definition of
dependency ia by no means neceasarily the opposite of the
independence being cited above. For example, Louise and her
frienda had certainly worked independently on the invention,
conatruction end testimy of their geme, they had persisted, and
they bhad achieved auccesa., But they were also extremely
articulate in the advice that they offered to some younger pupils
who were about to begin a aimilar project. They aaid:

babed make aure you choose to work with friends with whom
you will be gble to sort out difficultiea su that
you don't waste time quarrelling.

bl make sure that you think shead, end plen what you
are going to do and why, before you get atarted, so
that you don't lose time and get frustrated.

ol moke sure that you pool all your ideas so that you
can choose the beat.

" ahare out the joba according to who wanta and likes
to do certain thinga. That way you will get the
best possible game.

Here was & group of girls building upon their eutonomous
learning behaviours in & context of 'proximity' and 'approval! but
where the autonomy wea 8 function of group rather than
individualiaed action. Further, the group wes adamant that they :
bad learnt together and tnrough one another and that the
experience had been a poaitive one for all. Thia group wos not
unique. The other groups of girla reported in the seme terms.

I auppose that autonomous learning behaviours are as important
to the learning of other diaciplinea as they are to mathemstica
end, certainly, girla' aucceas in the non-technicel, non-
scientific areas indicate that they do not leck theae behaviours
where their ecquiaition end use ia aeen to be appropriate and
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consistent with their own and others' expectations. The
percentage entry of girls for English at 'A' Level in 1984 was
70.7%, almost exactly the same as that of boys for Mathematics
(68.7%) (Royal Society, 1986). In my view, there 3s a sufficient
emount of bias experienced through patterns of socialisation over
the period from birth to the end of formal education to explain
divergence in subject preferance and performance. And it is
always salutary to remember that the total number of pupils
succerding st mathematics is too low to warrant sny complacency
sbout competency of any pupil, girl or boy, whether at the
individual level or in terms of social needs. When we focus on
the situation which is highlighted by the discrepancy "in
performance between girls and boys, we are raising questions about
the learning experiences in mathematics which are offered to all
our pupils.

What image of mathematics do the pupils have? Let the fourth
year J.niors speek for themselves:

"I lixe maths but as you go along it becomes harder end tekes more
time ... I'm not looking forward to going to my new school end
coing maths there." (girl)

"Somz maths are easy and some maths hard, we find Add, tekeaway
and times quite easy ... ws prefer doing math investigation
because we find it easy than normal maths." (girls)

"Maths are sums like Divieion, Teking away and lots of other
things as well ... when you come to do an assessment test there
sre always things we do not understand ... I em not looking
forward to Maths in senior school." (girl)

"Maths is learning to add, subtract, divide and multiply ... Maths
will help us in later life to get good jobs and to work well in
our Jjobs. I don't really 1like maths, but it is necessary. I
think Maths stands for Massive And Torturing Hard Sums." (boy)

"Mathc is an educational subject which enables you to learn sbout
adding, dividing, subtracting and timesing, etc." (boys)

10




"Maths is Addition, Subtraction, Division end Multiplication you
need it when you go in sweet shops because if you buy a Mars bar
you might not get the right emount of change back. You need it in
cricket and football results. SMP involves maths as well." (boys)
~ textbook euthors please note!

These children had been working at mathematical projects for
the majority of their time during the term preceding their writing
these comments. Many aspects of the remarks are worrying. The
girls refer to their feelings ebout maths and particularly their
concerns about changing schools. But the boys are just as
convinced that, despite being necessary, mathematics is not very
pleasant! And despite a great deal of effort, all of mathematics
is still just the four rules.

The image of mathematics ss being difficult arises, in my
view, from the children's early contect with the subject. Far
from developing & mathematical language to match and complement
the demends that they are meking upon it, children are introduced
to a codified language and rules for usage which are distanced
from their own concerns and largely irrelevant to them. As a long
line of researchers end euthors have pointed out, children "need
to be capable not only of operating within the formal code, but
elso of making fluent translations between formal and concrete
representations of the same problem” (Hughes, 1986). These kind
of translations between formality of coding and the
contextualisation of the concrete representations being, recorded
do not eppear to present a barrier to girls when linking their
language development with the skills of reeding and writing. N.-
do the girls eppear to stumble over their ‘'dependency'. However,
girls' facility with language is validated. They are not only
expected to be successful with reading and writing, but their
interest in stories, poetry, drama, singing, indeed enything
connected with language, is seen as eppropriate. At the same
time, teachers perceive as ‘'natural* the exploratory,
constructional, 'tinkering', often disruptive behaviour of the
boys. Indeed, such patterns of behaviour are often inadvertently
reinforced by teachers through their very attempts to 'desl' with
the boys. The more attentioci the behaviour attracts, the more
likely it is to be confirmed. So, one is left wondering how much
the stereotypes of compliant, submissive, undemanding girls and
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boisterous, noisy, attention-seeking boys are themselves self-
fulfilling prophecies resulting from parent and teecher behaviour.
The result of such confirmation can be that, arguing circuitously,
the very behaviour is then identified ss necessary to success in
learning mathematics and the negative descriptors are appended to

the girls who are failing to learn in this style. So, boys'
attention-seeking behaviour which is enthusiastic, eager and
confident is defined positively despite being just as demsnding
and reward-dependent as the negatively defined girls' behaviour.
The moral of this story is that it is extremely difficult to
resist the effects of gender stereotyping even when framing
researchable questions.

Louise's strong convictions about the mathematical
potentialities of boys spring, therefore, from the social stereo-
typing of mathematics, science and technology as a male domain and
the coincidence of power, both in the human and the technical
sense, with maleness. So, the images in the media, in language,
in advertising reinforce the roles and behaviour of active,
powerful, cont-~olling men and attentive, submissive and attrective
women, As Gilah Leder (1986) pointed out, "The preoccupation with
the negative rather than the positive aspects of success in
articles depicting successful females is unfortunate, and may help
to explain not only why certain goals have different values for
males and femsles but also why fewer girls then boys concentrate
on the still male perceived areas of mathematics and science". In
a society where scientific superiority is en integrasl part of
power and control, it is not surprising that the domain of
mathematics, science end technology is attributed to men. A
trivial, but pervasive, example was the recent advertising
campaign by the Action Bank, which spelt out the name of the bank
using human figures to represent each of the letters. All the
figures, except two, were male. The two were a bespectacled
secretary standing ready with her typewriter awaiting
instructions, and a gardener entwined around a flowering tree!
Jacobsen (1985) recently pointed to differences in child-rearing
practices, peer group expectations, and social attitudes, all of
vhich contribute to the image of mathematics as a male domain. He
cited an incident at the XXV International Mathematical Olympiad
in Prague in 1984 at which he was "firmly told by the team leaders
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of two countries that the percentage of women competitors can
never exceed 8 per cent, as this is due to biological reasons
which we simply cennot slter".

Child-centred education which has been so enthusiastically
embraced especially by primery teachers can provide a fremework
within which the differential needs of certain categories of
pupils are not considered. Many primary teachers say that they do
not notice the sex of a pupil, they are too intent on the pupil as
a person and yet numerous research studies have demonstrated that
teachers do treat children differentially according to their sex.
for example, in making comments on children's work, they tend to
criticise boys for presentation, girls for the quality of the
mathematics (Dweck, Davidson, Nelson & Enna, 1978). In class,
they tend to interact with boys much more frequently than with
girls and, indeed, girls have many more days when they do not
interact with the teacher at all. High-confidence boys interact
at higher cognitive levels more frequently than do high-co-fidence

girls (Reyes & Fennema, 1982). Walden and Walkerdine (1986) have.

drawmn attention to the phenomenon which they called rule
following/challenging and how this relates to the procedural rules
of mathematics end the behavioural rules of the clessroom.
“Challenging the internal rules of the mathematical discourse,
relating particularly to the teacher's authority as guardien of
those rules is important in producing what the teachers describe
as 'real understanding'. Such challenging requires considerable
confidence because it necessitates the recognition that rules are
to be simultaneously followed and chsllenged. That m~ny girls do
not have such confidence, nor would dare to make a challenge
offers a different explenation of girls' mathematical development
than one which relies on the naturalistic or immutabla."

Autonomy of learning is, indeed, the objective set by mcst
teachers for the pupils in their charge. However, a classroom
full of autonomous learners can be an extremely challenging and
vulnerable place for a teacher to be Organisational devices such
as textbooks which control the curriculum and leave the teacher
free to adminster are introduced in part to reduce that
vulnerability. Behavioural rules which require girls and boys to
line up separately, to be 1listed separately on the register, to
dress distinctively, even to hang up their coats in different
places, are all mechanisms which are used in schools to reduce the
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pressure of numbers and tha potentislity for loss of control.
There is incressing evidence that when the steff of a school focus
on equal opportunities, looking st such overt mechsnisms, as well
ss considering tescher and pupil beheviour in the clsssroom, the
impact of sexism in the curriculum, the use of sex-bissed
exsmples in texts, materisls and examinations, the sex of the role
models within the school, and so on, thst the impect is
messureable in the response of the pupils. As Stuart Smith (1986)
reported: "In recent yesrs, there hss been a remarksble
improvement in the number of giris from the school who hsve been
successful in the '0' Level Maths examinstion. This improvement
... sppears to be closely related to a number of steps which have
been teken to end the masculine image of Msths in school."
Equally, Hszel Tsylor (1986) sska: ‘"how effective isolsted
strstegies cen be without the support of s genersl commitment to
equsl opportunities throughout the school?® P
It is unreasonable to expect thst tescher input or school
environment cen effect rsdicsl chsnges on the imsge of women and
of mathematics in society. At the same time, it is unressonable
to deny that, ss a socisl institution, the school has considersble
influence on the sttitudes end behsviours of those within it. It
seems to me thst it is importsnt to remember:

* guch chsnges do not hsppen quickly but ars cumulstive and
therefore respond to structural sdjustments of the kind
mentioned above.

* changes in sttitude demanded of pupils must be seen to be
congistent with the sttitudes of teschers.

* stereotyping incidents should be discussed openly within the
clsss snd the time given to such discussion be seen as
important.

* criticism of materisls or books does not imply throwing them
swsy. Heightening sensitivity to sex stereotyping is
effectively done through critics! discussion of the materisls
or bocks snd by rsising the question of whst would have been




more acceptable. In hclding such diacussions, ‘many primary
teachers are horrified ‘to diacover the firmly held sex-
stereotyped views of some of their pupila.

In conclusion, it might be worth reflecting on what you, the
reader, would aay to Louise end in what ways you would enaure that
what you said waa reflected in the experiences that you provided
for her in your classroom. Remember that next September Louise
will enter her aecondary school. Recall the anecdote of another
girl who atarted aecondary sctiool in 1984:

"It waa the atart of the new school year in a aecondary school.
The boya and girls were lined up outaide their firat mathematice
clasa. As the teacher aupervised them filing in he aaid: 'Girla,
sit at tha back because mathematica is not auch en inportant
subject for you aas it is for the boya." (Open University, 1986)

Leone Burton

NOTE

I wish to thank the children and teachers:: of Hurat Junior
School, Bexley, for their participation in the work reported here.
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OF COURSE YOU OOULD BE AN ENGINEER, DEAR, BUT WOULDN'T YOU
RATHER BE A NURSE OR TEACHER OR SECRETARY?

That fewer girla than boya enguge in mathematica at school end
beyond, end that girls on average perform less well then boys,
especially at the higher levela of achievement, ia well documented
(e.q. Burton (1986), Iasacson (1982), The Royal Society (1986)).
Theae fects are, increaaingly, a cause of concern in the U.K. and
indeed internationally (Note 1). In recent years the flow of
literature on the '‘gender end mathematica' issue haa subatantially
increased, and much of this writing haa been concerned with
posaible explanationa of the phenomenon of female
underachievement.

In thia paper I wish to put before readers two theoretical
constructa, namely, coercive inducementa and double conformity,
which individually, and even more together, offer powerful
explanations and far-reaching insighta and are therefore
potentially of immenae value to researchera in this field.

The notion of a coercive inducement ia one which Helen Freeman
end I developed aome yeara ago. It aeemed to us that to suggeat
that girla were prevented from teking up non-traditional roles in
society - or 'not allowed' to engage in 'boya' asubjecta at school
and higher education levela - was far from the felt experiences of
moat girla and women. Experientially, moat girla do not aee
themselvea as forced into aubmiasive rolea, or coerced into taking
up low atatua end often aubaerviint jobs - or into atudying Child
Development rather than Phyaics et age 1l4+. Rather, these female
or feminine roles, jobs, school subjects, etc. are choaen by them,
but they are 'chosen' because of a ayatem of rewards and approvala
which sct as inducementa and which are ao powerful that they come
to be a kind of coercion.

Obaerving young girla at play end at work in infant achool
claasrooms (Note 2), these patterns are clear. Girls regularly
chooae to play in the Wendy House (it may officially be called the
‘domeatic play area', but children snd teachera alike slip into
the femiliar namel!); they do not often chooae to play with Lego or
other conatructional toya; they chooae pretty clothea, 'Care
Beara' or 'My Little Pony' for their birthday preasents. Six and
aeven-year-old girla often aee thsir adult lives in terms of
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getting married and having children. If asked whether they will
have a job when they grow up, even academically eble girls name
suwch things as, of course, nursing or teeching - or being a
cecretary or working in a sweet shop. It is crucially importent,
however, to ecknowledge that the choices girls meke day by day and
hour by hour are, on the face of it; very attractive ones, and
that the intrirsic and extrinsic rewards (e.g. personal
satisfaction, the epproval of significant othars) accruing to
girls for appropriately feminine bshaviour (caring for others,
helping others, building up relationships with others) are a
further reinforcement of these patterns.

As Helen Freeman end I wrote in a draft paper when we were
developing the notion of a coercive inducement a few years agot

It has be=n suggested that a submissive role is forced upon
girls through punishment of non-conformist behaviour. It
seems to us, however, that it would be closer to the truth
to suggest that, rather than being coerced into 'feminine'
bYehaviour, girls are induced by a system of rewards and
approval to accept a more passive role.

And in a recent paper (Isaacson, 1986) I expressed the idea in
this ways

There is a sense, I believe, in which many girls are
persuaded %o adopt typically female modes of behaviour and
to chooae stereotypically feminine occupetions and 1life
styles because the rewards for 'feminine' behaviour are tuo
great to be refused, rather than because they are prevented
from choosing others...

Earlier this year (1987), in a 'That's Life’ programme on
televisiun, viewers were shown a small girl taking part, with an
adult male pertner, in a ballroom dancing display. The rewards
she obtained for this were enormous - spplause, lots cf attention,
being treated as ‘'grown-up' and being dressed up in a miniature
version of the bespangled costumes of the adult women dancers.
Very few children would be able to resist such delights.
Certainly, this little girl revelled in her role. The inducement
to play the feminine role was so great that it, in a very real
sense, could not be refused by that child end &0 was a form of
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coercion - an offer which couid not be refused. All ths 1little
girls who watched that pregramme, too; were being exposed to this
coercion. The message came through loud and clear: ‘'be a real
woman, wear pretty, spangled clothes and derice on a strong men's
arm, and you too will bo epplauded and feted'.

What has any of this to do with mathematics learning? Very
simply, it is that the learning of mathematics cannot be Aivorced
from the gsocial context in which that learning tuees plece.
Mathematics (and science and technology) carry strong ‘male'
images, purtly because they are seen as 'hard' - not necessarily
intellectually difficult, but hard as opposed to soft (o
feminine, yielding etc.). The male image of these subjects has a
long history. This image is further reinfurced both by the fact
that they have traditionally been dominated by men, and that their
public concerns are typically masculine concerns, such as warfare,
machinery and work aimed at subduing or controlling nature. (See,
for example, Easlea 1981, 1983.) Girls and women often come to
believe, therefore, that these ‘masculine' subjects, and the jobs
they lead to, are not for them. Worse, they often believe (at a
subliminal level even if this is not mede explicit) that if they
engage in these activities they will put their veluable femininity
(valuable because of the rewards it brings) at risk.

The effect on mathematics learning is cumulative. At option
choice time, girls are often reluctant to continue with study of
the physical sciences and technical subjects; because of the male
image they carry; because of a relative lack of experience in
these subjects which goes back to infant school days; and because
they are making positive choices for ‘feminine' subjects (human
biology, reedlecraft, art). At this stage of education we see
mathematics becoming increasingly unpopuler amongst girls. This
is in part because in itself it carries an offputting mele image,
reinforced by boys in mixed sex clessrooms who claim the subject
as their own., It is elso because one of the most compelling
reasons, currently, for pupils to learn mathematics - i.e. that it
will be useful for other subjects studied and for future careers -
is also absent for the girl who has already opted out of science
'and/or technology end has decided that that sort of job is not for
ber. There is research which suggests that pupils who study
physics or technical subjects alongside 0 level mathematics do
better at mathematics than those who do not (Sharma & Meighan,
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1980). Thia reinforcea the hypotheaia that pupils who study these
aubjecta (i) practise their mathematical skilla in another
context, end (ii) have atrong motivation to learn mathematica. So,
slthough mathemstics ia a compulsory aubject for the vast majority
of pupils tc ege 16 in the U.K., adolascent girls often diasengage
themselves from the ectivitiea of the mathemstica claaaroom.
Allhough thoy aere generally not permitted to drop out of
mathematics altogether, they can and do 'vote with their feet' and
ovadually drop dovn - from near the top of a claaa to nearer the
bottom or from a high aet into 8 lower one. The obaervable
outcome iu that meny girls do not aechieve aa much as might hsve
been predicted for them at en earlier atage of their schoolimj.

I grant that the ayatem of rewards and approval for feminine
behaviour which I aaid act as 'coercive inducements' would not
normally be celled coercion. The coerced peraon is usually
underatood to be doing what they sre umwilling to do, because of
fear of unpleasant consequencea ('your money or your 1life'). The
coerced person ia thus norm 1ly understood to be unfree, whereaa
acting in response to en inducement ia usually regarded sa ecting
freoly. I wish to argue, however, that thia juxtapoaition of the
two concepta offers a way into understanding the mechanisms of
female underachievement. Girls and women who 'chooae' the path of
conventionsl femininity sre in one aense acting fraely - they

‘could have choasen otherwise - but in another aenae are unfree.

then the rewarda for being a 'proper woman' are huge, while by not
conforming one riska the losc of theae rewards, then one's freedom
ia no more real than the freedom of a person living below the
poverty line to take an expenaive holiday abroad.

The notion of a coercive inducement on ita own, I suggest,
goes a long way to explaining why femsles are underrepreaented in
‘male' aubjects end occupationa. However, when combined with the
second conatruct under consideration in thia paper, that ia,
double conformity, its explanatory force is greatly increaaed.

I am indebted to Sara Delamont for thia 1latter idea. In an
easay entitled ‘'The Contradictions in Ladiea' Education' (1978)
she claimed thats

The central theme vhich can be traced through the establiah-
ment of education for middle and upper class girla snd women
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from the 1840s to the present dsy is double conformity.
This double conformity -~ a double bind or cstch 22 -
concerns strict edherence on the part of both educstors and
ed.csted to two sets of rigid standsrds: those of lsdylike
behsviour at all times end those of the dominant male
cultursl end sducstionsl systen. (p.140)

Double conformity expresses the dilemma of eny person who is
in a situstion whers they have to conform, at the seme time, to
two sets of standsrds or expectstions, where these two sets ere
mutually inconsistent. This wes the cese for the pioneers of
women's educstion in the nineteenth century. It is slso the case,
I wish to srgue, for msny women todsy who reject stereotypical
csreer choicass but then find themselves competing with men' in a
world where the rules hsve been made by men to Fit in with the
ways in which men are expected to behsve.

A piece of resesrch csrried out some yesrs sgo, into people's
views of whst sre the charscteristice of s mentslly heslthy, .
mature, socially competent (i) adult, (ii) men and (iii) woman, ie
very revesling (Brovermen et al., 1970). The chsrscteristics of a
normal sdult end a normal men match very closely, while those of s
normal woman sre quite different. It is not possible (sccording
to these profiles, reflecting views held by both men and women) to
be, at the same time, a normal woman and a normal sdult! This

.+splaces women in the conflictual position of hsving to
decide whether to exhibit those pos.-ive chsrscteristics
considered desirable for men end sdults, and thus have their
'femininity' questioned, thst is, be devient in terms of
being a womsny or to behsve in the prescribed feminine
manner, sccept second-clsss adult etstus, and possibly 1live
s lie to boot. (p.6)

So, s woman working in s msle dominsted snd male defined
sphere, finde herself continuslly fsced with having to chioose
between acting in ways which sre eppropriste to her as a woman,
and sppropriste to ... s8s, ssy, en engineer. For men in these
Jobs there is no such conflict, wheress for women, the conflict is
en inevitable psrt of the job snd, indeed, of being s mature and
responsible adult in a sex-stereotyped world.

9 3
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The combined effect of coercive inducementa and double
conformity ia to increase enormously the obatacles which women
have to overcome when they try to meke their way in male dominated
oend defined areas of atudy and work. Competence and confidence in
mathematica play a part in meny of theae, and girls who opt out of
mathematica, science and technology at achool, because they do not
wish to enter these fields, are responding to very atrong
influences. They can hardly be aaid to be making choicea baaed
only on talent, intereat or inclination. Although not usually
expreased in thia way, many girla aece the choice as between living
their livea under the atress of double conformity, end being
continually in s 'conflictusl position' or, alternatively, gaining
the rewards for conventionally feminine choicea and behaviour.
Theae rewards may well be short term and short 1lived, but life
beyond oge 25 is not salient in the oyea of moat girla.

When I consider the gender and mathematics issue with the aid
of these explanatory constructa, I find myself ceasing to be
puzzled by girla' underachievement in mathematica, but rsther
astonished that girls end women achieve as much as they dol

If changea are to be brought about, the loaa of female
mathematical talent ebated, end greater equality of opportunity
snd genuine freedom of choice operied up, then we hsve to look both
at end beycnd school practice in waya which teke eccount of theae
< sp-rooted forcea. s have to work aimulteneously on s number of
rronta. One of theae ia to change the climate within mathematica
clasarooms ao that ways of working which girla find comfortable
are welcomed. An example of thia would be to develop classroom
practices end typea of claaaroom organisation which discourage
competitive behaviour, (where the aearch for the right enswer is
dominent), end inatead encourage cooperative, collasborstive snd
exploratory behaviour where eech peraon'a contribution - aa an
individual or es a member of a group - ia valued. I find hopeful
in this respect the directiona in which GCSE mathematics, properly
epplied in the classroom, could take us. Another is to look
carefully at the content of the mathematics curriculum, and ensure
that thia reflecta a broad range of bhuman concerns, rsther then
being narrowly focussed cn traditionslly male concerns only.
These sorts of chengea serve to reduce the 1level of conflict for
girls. We have rightly, and at lcig laat, gone beyond the days
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when it was belicved that improving girls' participation in
mathematics required that girls were to Le changed!

In Hollend, when an alternative mathematics curriculum was
introduced (Math A), with a higher 'social' content and broeder
based sepplications which are more obviously and immediately
relevent to pupils, the proportion of girls studying mathematics
to age 18 greatly increased (Isascson et al., 1986). The Dutch
experience suggests that changing the content of the curriculum
alone can mske a significen® difference - how much improvement
might we see if a number of the importent variables wore changed
at oncel The 'bubble' diagram (Figure 1) offers 8 schematic
view of the complex of interrelating varisbles which are key
influences on mathematics learning.

THE FATREXATICS CURRICULUR
(PROCESSES)

THE XATHEXATICS CORR
(COFTERT) 1coLox

COERCIVE 13DOCENERTS

BELLEF STSTERS
(I3TERZALLSED)
‘s womad's role’

b NATEEXSTICS LEAREISG

((n:;uuzn UV RELATED AREAS
. CXCIERIE/TECRIOLOGY)

DOUBLE COIFORXITY

GIRL-FRIERDLY SCIESCE
ollseye, buzsn-relatod)

Figure 1. Influences on the Learning of Msthematics
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A final comment end a final claim =~ I believe that work on
gender and methematics must go on, not only because of arguments
derived from justice (women should not be discriminated against)
orr because of arguments derived from need (we cannot afford to
neglect so much potential talent), important though both these
are. A further and most compelling reason is that through work on
this issua we begin to learis much which is of broad significance
for the pedagogy of mathematics. Research and discussion on
gender and mathematics are leading to a deeper understsnding of
the factors which influence mathematics learning in general, not
Just in females. This has been an unexpected bonus, end may in
time prove to have bezn as valuable an outcome of the work as
those originally intended - perhaps even the most valuable in the
long term. -

Zelda Isascson

NOTES

1. IOWME (International Orgenisation: of Women and Mathematics
Education) holds regular international meetings and publishes a
biannual newsletter. In 1986 in Llondon, a number of
'state-of-the-art' reports from around the world were presented,
as well as information glesned from the SIMS (Second International
Mathematics Survey) data, all pointing to a continuing imbalance
between female and male achievement in mathematics. In March
1987, the Outch government funded a conference organised by
Vrowven & Wiskunde (Woman and Mathematics) on the theme !'Images of
Mathematics'. In the U.K., the publication by the Royal Society
of a report on 'Girls and Mathematics' (1986) is a measure of the
public recognition now given to this issue.

2, The author spent a “erm in an Infants School in 1986,
observing gender differences in children's play, style of dress,
choice of companions and activities. She also explored with 6 and
7-year-old children their views on a number of questions through
in-depth individual interviews.
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MATHEPHOBIA

"Mathephobia is irrational and impeditive dreed of mathematics"
(Lazarus in Resek snd Rupley, 1980). It was through Myrtle that I
first recognized end beceme interested in the condition. I knew
that manv people disliked mathemstics or found it difficult but
until I met Myrtle I was unaware of the terror end panic it cen
arouse. Myrtle was a student for fiva years in the adult class
vhich I teught. She was en articulate lady whose achievement in
other subjects was clearly much greater than in mathematics. This
discrepancy was cbvicus to her and for a year or more the over~
vhelming necessity of hiding her difficulties from the rest of the
class impeded any learning. With adults it is ralatively essy to
build a relaxed snd comunicative atmosphere and we all helped
Myrtle by sharing tales of beatings for not knowing tables and of
wnfulfilled parental expectations. After five years she was still
apologetic for her mistskes but she did recognize that they are
common end can be fruitful. Above all she enjoyed mathematics.

It is possible to be e competent mathematicien who dislikes the
subject. The mathephobic's stomach churning fear and panic
produces total inability to do mathemstics. Inability is relative
to expectations so that for mary in the lower ability ranges the
incomprehensible fog of mathematics merely confirms, and is
confirmed by, their other experiences. It does not produce
mathephobia. Laurie Buxton (1981) chose his research sasmple to be
people who "panic(ked) about maths" in spite of, or perhaps
because of, echieving success in other fields. His most vivid
example is of a headnistress who 1likened the panic when her
husband was late home from a business trip to Israel to that
experienced as a child when she was unsble to remember 7 x 7.
Women arts graduates are particularly prone to mathephobia though
both Laurie Buxton (1981) and Bridgid Sewell (1981) found that men
were more reluctant to admit their fears so there are prohably
more male mathephobics than would eppear from their statistics.

A certain amount of anxiety is necessary for the educstional
task of learning mathematics. W¥hat is needsd is previous success
combined with just enough eanxiety and pride to drive towards
activities which are thought to be within reach. Aiken (1970)
gave students a questionnaire asking them to write true or false
by each of three statements:
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"I am often pervous when I have to do srithmetic"
"Meny times when I see 8 maths problem I just freeze up"
"I was never as good in meths as in other subjects".

His results sccord with those of Jenet Morris (198l) who
spesks of students displsying "panic, tension, helplessness, fesr,
distress, shame, swesting palms, clenched fist, quessy stomach,
dry mouth, cold sweat". Resek and Rupely (1980) speak of “knots
in- the stomach end throbbing in the head st the mention of
fractions or vsriables".

About half of Brigid Sewell's (1981) intended sample refused
to be interviewed. She sttributed this to 'the psinful
associstions which they fesred (she) might uncover”. Of those who
did agree to be interviewed the *perception thst mathematics is
daunting pervseded s gread desl of the sample selections'. During
the interviews people chsin-smoked snd there was much nervous

1sughter.

One of Lsurie Buxton's (1981) subjects distinguishes between
the emotionsl snd physicsl reactions to mathematics. "Penic in
the mind and emotionsl feeling in the stomach are distinct. The
mind itself is thrown into a confusion and cannot meke the
necessery connections...Perhaps...lI haven't sasked for the right
(message). I hsven't made the right demand of my brsin snd the
brsin knows it end...rebels". To solve a problem the brsir mekes
s plen and follows it through. The process can go wrong st each
of its three stages. The expectstion of fsilure cen be so grest
thst the brsin cennot even begin tc plsn, it cen try to plen but
feil or it can’ meke s plan which it cannot execute. The second
and third of these cause frustrstion. To the first, which ceuses
panic, mathemsticsl problems src psrticulsrly susceptible. An
English undergraduate is unlikely to interpret the problem on s
University mathematics paper. The mathemstics undergraduste would
have 8 better chance of making sense of sn English question and,
given librsry facilities would have st least s rough idea of how
to approach its solution. This peculisr characteristic of
mathematics is recognized universally. Teachers vwhom I
interviewed (Maxwell, 1984) agreed slmost unanimously thst "In the
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maths department (they had) a little extra eura as far as tha
othar staff (were) concerned”. While most thought such revarence
misplaced end undeserved they nevarthaless thought it was a view
generally hald by the public.

Mathematics lends itself particularly to an authoritarian
teaching epproach which fostars this mystique, creating fear and
panic. Many children ere encouraged to sccept the teacher's word
without question even when sha appears to be behaving oddly. A
languaga graduata told Bridgid Sewell (1981) that on starting
algebra (for meny children the end of meaningful mathematics) he
failed to understand why a mathemetics teachar should be writing
letters. He was so eccustomed to mathematics being incompra-
hensible and to the teacher's infallibility that he attributed all
blame to himself, a view likely to be endorsed by the teacher.

It is hard for a teacher to empathize with & learnar, but
important, for a small piece of mathematical misundarstanding can
support an edifice of nonsense. "Take tha number 10. We are so
used to it that we cannot imagina (being) told that when you put
(1 and 0) together, it stands for something much bigger than
either of them, We should acknowledga tha...nuttiness of
this...so (tha children) will not feel! on the outsida of a
baffling mystery. Otherwise thair first encounter with 10 may
giva children a shock from which they never fully recovar end
which freezes up their minds every time they think about it"
(Holt, 1969).

Students ara bhelpad by teachers who can admit their own
mistekes. A teacher was asking 4th year Jjuniors to meke given
emounts of monay using a minimum number of coins. As an example
she gava 30p = 3 x 10p, The most disruptive child remembared what
the teacher hed forgotten - tha new 20p piece. Her praisa end the
admission of her mistaka had many nositive consequences. The
class relaxed, tha boy was pleased, thay were reminded that
mathematical success is attainabls by ordinary people, that
mistekas are not fatal but inavitable and that this teacher
velcomed questions and discussion.

Mathematics is seen by some as an infallible truth with
absolute staenderds of right and wrong, words convaying moral
values which extend beyond tha classroom. It 1is mora likely than
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any other subject to be taught in a way which "hardly pemmit(a) a
doubt or a suggestion from (a) atudent" (Joffe, 1981). It is over
a hundred years since Isasc Todhunter wrote "If (a schoolboy) does
not believe the statements of his tutor...his suspicion is
irrational and manifests & want of the power of eppreciating
evidence, a want fatal to his success in (mathematics)"
(Griffiths and Howson, 1974, p.296).

A century later W.H. Auden (1973) recalls being taught:

" "Minus times minus equals plus
The reason for this we need not discuss".

This equation, be says, was "traditionally imparted by the
rule of authority". It should be possible for students to
question and discuss such knowledge until it seems reasonable.
One of Laurie Buxton's (1981) subjects says, "You are forced to
accept something when you don't want to, the whole of you revolts
against it",

Written constructive comments intead of a tick or a cross
could remove the judgemental element from mathematics. So could
the recognition that a variety of methods end even answers is
possible. The enswer to the problem "how could we best get to
Birmingham City Centre to go shopping from the University two end
& half miles away? could include consideration of speeds, psrking
fecilities, costs of bicycle, car, bus, train or walking,
producing many different possibilities. Discussion between tutor
and students, including peer tutoring, is the basia of the "Math
Without Fear" project in Sen Fransiaco (Resek and Rupley, 1980).

John Holt (1969) believes that scciety conditions teachers
into deliberately frightening children. Of an otherwise
intelligent boy who is unable ! learn simple number bonds he
says:

YHis memory does not hold what he learns, above all else
because he won't trust it...How can you trust any of your
own thoughts vwhen so msny of them have proved to be wrong?
+oolfe have made him efraid, consciously, deliberately, so
that we might more easily control his behaviour and get
him to do whatever we wanted him to do",
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whether or not you agree with Holt, it ia certainly true that
'society' producea examination ayatems. These not only dominate
curricula but introduce time conatrainta. Many people trace their
unhappy memories of mathematica to their early years when they
were required to give repid mental enawera. A friend remembers,
like Myrtle, the fear and anticipation of phyaical pain causing
total paralyaia of her brain. After twenty five years she haa not
recovered from her terror of mathematica. Some years ago at a day
conference fuor edult numeracy tutora we were given a teat of
thirty mechanical questions including fractiona, decimala and
percentagea, to be enswered in ten minutea. It <iaa of a type
given to people to enrol on job training schemea. It needed
little imagination to aee how such a teat could induce paralysing
panics. My own anxiety waa that I should not fulfil the
expectations that I and others in the room had of me. The relief
at avoiding the "anti-goal" (Buxton, 1981) of failure waa
heightened by the knowledge that most other people had thirty
right answera too.

For many children mathematicea ia a seriea of auch anti-goala
to be avoided. Emphaaia on apeed and accuracy creates the view of
mathematics ss en Manswer centred rather then problem centred
subject" (Holt, 1969). Instead of learning mathematics children
develop devicea such aa copying for producing right answera and
"defense mechenisms to protect themselves from defeat" (Holt,
1969). Two junior children in a apecial unit honsatly thought
that all that was required wes a line of right answera and were
surprised to be told that copying (sa oppoaed to genuine helping,
a most valuable way of learning for both helper and helped) was an
ineppropriate way to produce them.

Part of the teaching skill in avoiding fear ia finding the
right level of queation. One of Laurie Buxton'a (1981) group waa
succeeding until she was preaented with the Weasaen problem. Her
increasing confidence waa badly sheken by hier failure to solve it.
An edult atudent once came to my clasa wanting to multiply two
digit numbers. He had no concept of tens and unita but when I
tried to teke him back to thia he wea deeply offended, hia
confidence shattered and he never came back.
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30




Mathephobics attach much blame to those teachers whom they
have found to be impatient and unsympathetic, who shout or rely on
fear or physical iunishment to motivate their students. Children
will eccept that punishment is just for idleness or naughtiness
but not for misunderstanding. It is more comfortable for a
teacher to attribute a student's failure to inattentiveness tian
to an inadequate explanation.

Many teachers, often ill trained end teeching mathematics
uwillingly see it as cold, impersonal and sub-humen. It is a
barrier to, rather than a means of, comunication, which is not
only ebout methods, hypotheses and answers but about feelings.
Communication tekes time -~ to play, relax, discuss, absorb,
assimilate end understend. Lynn Joffe (1981) working with
dyslexic children spends the first ten minutes of every session on
a relexation programme. Exsmination syllabuses, backed by parents
and teachers who demand speed, conspire to frustrate proper
learning. Some of my own mcst rewarding teaching was with two
very slow junior children in a special unit. For two separate
hours every week for a term, I had a completely free hand. The
results were remarkable but increasing cuts and lack of resources
in schools mean that such ideal conditions are becoming ever more
rare.

Not all mathephobia is avoideble. Laurie Buxton believes that
recall of a piece of learning which took place at the time of a
traumatic unconnected event in a person's life can bring to the
surface emotional responses to the event. These can be so
distressing as to subconsciously convert unwillingness to recall
the mathematics into inability to do so. A parson whose parent
died while they were learning division might be for ever incapable
of dividing.

Avoidance is the most common way for children to cope with
mathephobia. They prefer to sit in silenca rather than ask
questions end risk ridicule. Others play the clown or affect a
lack of concern and pride at their inability to do mathematics.
Does "I can't do mathematics" really mean "I think I might not be
abla to do it so I sha'n't risk trying"?

There is enother mathematical fear which is utterly different
from mathephobia. This is fear of success, occurring mostly in
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high ebility girls (Leder, 1982). They fear social rejection and
loss of self esteem from doing well in a traditionally male-
dominated subject.

Struggle is not always to be avoided, snd confidenca is
incressed by overcoming obstacles not by removing them. However
it should be "disconcerting for mathemsticisns to realize the
extent of the sntipsthy to the subject among the population”
(Sewell, 1981). The irregularities of our spelling and
pronunciation, incomparably more illogicsl than mathemastics, make
lesrning to read in English en abominsble tssk. Yet most people
manage it. 1 find it very sasd thst something which gives ma so
much plessure should be so distressing to othera, end know I have
been lucky to tesch in conditions incomparsbly eaaier than a
claasroom,'where it is easier to avoid end overcoms mathephobia.
The present political climate favours a return to Victorien
educational values, the beliefs of Isasc Todhunter and an
atmosphere which nourishes mathephobia. I am grateful to Myrtle
who gave me the opportunity to “teach some mathematica to an
ardent hater of the subject” (Buxton, 1981). I hope I am wrong
but I fear there may bs many more such opportunities in the
future.

Jenny Maxwell
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THE POLITICS OF NUMERACY

1. Introductions whst is Numeracy, and Why is it Importent?

'Numeracy'! is a term which has teken its plsce, if not in the
public consciousness, then st 1leest in the language of circles
where educstion is discussed, in the 1980's in Britsin - following
the publicstion of the Cockcroft Report 'Mathemastics Counta!
(1982). What meaning does this term have?

The term 'numeracy' was coined "to represent the mirror image
of literscy", by the Crowther Committee (1959, pp.269-70).. The
Cockcroft Report discusses s range of definitions: from Crowther's
broed conception - including familierity with the scientific
mathod, thinking quantitstively, svoiding ststisticsl fallicies -
to nerrower ones, e.g. the ebility "to perform basic erithmetic |
operstions" ('Collins Concise Dictionsry' - end for many in the .
public st lsrge?) |

Teking en intermediste  osition, Cockcroft uses the word
'numerste' to mean the possession of two sttributes: .

(1) "gn 'st-homeness' with numbers, end an ability to meke use
of mathematicsl skills which enables sn individual to cope with
the practical mathematical demands of his everydsy life";

(i) “an appreciation and understending of information which is
presented in mathematical terms, for instance in graphs, chsrts or,
tebles or by reference to percentsge incresse or decresse'.

That is, they &:e concerned with the wider aspects of
numeracy, snd '"not...aerely...the skills of computstion®
(Cockcroft, pars 39, p.ll).

There are seversl noteworthy sspects of this definition.
First, both sgttitudes - sn 'at-homeness' - sand skills sre
considered importent: confidence counts, ss well ss competence.
Second, the touchstone for which skills sre important is

rscticsl, and the relevant context is provided by the demands of
the person's everydsy life. And, third, sttention is directed to
the epprecistion of numerical information ss well as the use of
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techniquea, and thie appreciation ie implicitly critical or
sceptical.

Several exemples may illustrate the noteworthy features of
this definition of numeracy: confidence, precticality, and ite
critical potential.

Firet, a quote from a series of reflections on schooldays by
Margaret Drabble, a well-known British writer:

I dropped mathematics at 12, through some freek in the
eyllabus...I carnot deny that I dropped maths with a eigh
of relief, for I had alwaye loathed it, always felt
uncomprehending even while getting tolerable marks,
didn't like subjecte I wasn't good at, and had no notion
of this subject's appeal or aignificance.

The reason, I imagine, was that, 1like most girls I had
been badly taught from the beginning: I em not really as
innumerate as I pretend, and suspect there is 1ittle
wrong with the basic equipment but I shall never know.

««.And that effectively, though I did not eppreciate it
at tha time, closed most careers and half of culture to
me forever. ('The Guardian', 5 Aug. 1975, p.16).

Second an example where an apparent 1lack of numeracy had
substantial practical consequences. On Saturday 23 July 1983,

A simple metric mixup...nearly cost the lives of 61
passengera end eight crew membera sboard an Air Canada
Boeing 767...The airline admitted that the fuel for
Flight 143 from Montreal to Edmonton was calculated in
pounds instead of kilograms (reaulting in less than half
the fuel necessary for the trip)...The incident may re-
kindle opposition to metrication.

('Toronto Star', 30 July 1983, pp.l & 4).

Finally an example concerning the critical appreciation of
information. In both the 1983 and 1987 British elections, one of
the iesues has been the reductions in publio expenditure - whether
there really have been ‘cuts' in particuler aress, and, if so,
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whether there have beon reductions in actual services - rather
than just the ‘eliminstion of bureasucratic waste' (as the
supporters of the cuts often put it).

In Britain, people are particularly concerned that the
Nationzl Health Service should be preserved. In the run-up to the
198> slection, the Secretary of State for Health claimed that the
N.H.S. would have grown between 1979 and 1984 by 7.5%. As a
leading newspsper commented, 'The Government claims that it has
increased spending on the National Health Service. Everyone else
seems to believe otherwise”" ('The Guardian', 14 Mar. 198%). In
1987, a major issue has been whether or not the government hau
maintained the level of funding for state education.

In both cases, critical analysis would require the confidence
to seek out the relevant information, and to challenge government
assurptions on issues like the following:

(1) what level of inflation is eppropriate to use for chenging
costs of health or education over timej

(ii) what are the best indicators of relevant provisions, e.g.
spending per student, pupil-teacher rstio, the
‘capitation allowance', etc.;

(1ii) how 'needs' are changing, e.g. because of fslling rolls,

. or the ageing population; and

(iv) which disaggregationa sre relevant, e.g. current vs.
capital spending, secondary vs. primary vs. nursery
levels? (Note 1)

The mention of assumptions about the rate of inflation is
aignificant. The government's claims to have reduced the rate of
inflation, discussi n of what the levels of unemployment ectually
are, and debates on the need for Britain to have nuclear weapons,
in the context of the actusl balances of forces in Europe, have
been major political issues for some time - and all are based, to
some extent at 1least, on numerical information which must be
interpreted critically.

The Politics of Numeracy

A number of people have written about the ‘'politics' of
numerecy. Sometimes the concern is with the impact of the social
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end political values implicit in the traditional curricula and
pedagogy (e.g. Ernest, 1986). Sometimes the focus iz on
inequalities in the distribution of numeracy, or the 1lack of it,
'non-numeracy' - and the effects of these inequalities.

In line with this second focus, this article discutses
questions such e=

- Which social classes, gender groups, races etc. benefit in
terms of 'getting mora than their share' of numeracy, and which
lose, in turms of being 'deprived' of numeracy?

- What sdvanteges flow from being numerate, end what
disadvantages from lacking nuneracy? and

- ¥hat are the ideological, as well as material, consequences of
vhatever inequalities there may be in the distribution of

numeracy ?

2. Non-Numeracy among Adults

There is a great deal of information available on the measured
skills of school children of various sges, but relatively little
on adults' levels of skills, with the exception of two surveys to
be discussed in more detail below.

A, The Survey of Adults for Cockcroft

The Gallup survey which formed part of the evidence submitted
by the Advisory Council for Adult and Continuing Education
(A.C.A.C.E.) recruited a sample of almost 2900 adults *~ February
1981 (Note 2).

All eleven of the questions were meant to test everyday or
‘practical' maths; Questions 4 to 7 are given as illustration in
Fig.l. Overall, six of tha questions had to do with shopping or
eating out, e.g. Qu.5. Perhaps three of the questions wsre rather
more 'formal': Qu.4, end Qus.9%a end Sb which required the reading
of a graph about temperature chenges. @On the other hand, Qus.s
and 7 were ebout reading a railway timeteble end understanding
'inflation', respectivaly.
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4. Which is bigger, thres hundrad
thousand or a quatter of 8 mitlion?
(Resd out and show CARD 3)

ANSWER (write in): ,

Mathod: 1 Oral
2 With writing
3 Catculator usad

Response: 4 Confident
5 Unconfident
8 Immedists
7 ‘Pause for thought’

BREAK

S, It you buy five Xmes cards for
65p. how much is each card
couingzou? (Read out and show
CARD 5)

ANSWER (write In): vovueriennnnen
Method: 1 Onal

2 With wiiting

3 Calculator used
Response: 4 Confident

5 Unconfident

6 Immediate

7 "Pause for thought'

7T. Suppose that tha rate of infiation

had dropped from 20% to 15%.,
which one of these results would
you have expected:

« (&) Prices would have gono
down. or

(b) Prices would have stayed
tha same, or

(c:) Prices would still be
rising but not as fast as
before, of

(J) Prices ought to have
gona down but didn't

Figare 1. Quastions 4-7 in the National Gallup Survey of Adults

O
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&.Here Is a railway timetable,  five in Leicester and
have arranged to meat a friend at the station in
London at 4 o'clock in the aftemoon. Assuming
the trains run on tims which is the Jatest train |
can get from Leicester to arrive in time for the
meeting? .

Mondays to Fridsys

Leicester London

dep. are,
01,36 0352
0220 05 22
0500 6734
06.17 04.16
0652 08 47
07.17 0302
07.33 09.12
0807 09 45
03.23 09 50
0834 10.11
0855 1036
09,11 1045
0933 1136
10 22 12.06
1040 12.50
127 1308
11.42 1340
12,27 1408
1248 1459
1225 1502
13.44 15.42
1427 16.10
1442 16.52
153 17.13
1544 17.42
1827 1808
17.13 1851
1728 19.10
17.53 1955
1827 2005
1930 21.03
1941 21.42
20.30 2204
2124 23
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The results snslysed by sex age and social class ere given in
Table 1.
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We can summarise the results as follows:

~ the questions on simple operations, percentages were answered
correctly between 64% and 88% of the time, but Qus.6 and 7 were
angwered correctly less than 60% of the timej

- men did (2-20%) better then women, and tha difference is
largest on Qus.4, 6, and 3 (to do with calculating a 10% tip on a
restaurant bill) (Note 3)j

- the young, especially the 25-34 age group, generally do
better, and the over 65s least well - though the difference is
less on 'shopping' questiens like Qu.5;

- social classes AB (profsssionsl end intermediate occupations)
do best and classes DE (semi-skilled and unskilled) do least well
- and the higher the terminal education age (another indicator for
social class), the better the level of performance.

This survey provides further information on the three aspects
of numerecy discussed shove. Thus, in addition to the responses
themselves, interviewers recorded whether each response was made
in a 'confident' or 'unconfident' way, end whether 'immediately’
or after a pause for thought. In general, the higher the
proportion of correct enswers in a group, the more confidently end
immediately the answer 1 18 given.

Though posed in a formal interview situation, all of these
questions involved reasoning which might be required in an
everyday situation rather than merely performing a purely abstract
sum (Note 4).

None of the questions required skill in critically assessing
numerical information before doing caleculations with it. Hawever,
Qu.7 addresses an issue of considerable political and public
policy importence - that ¢« the meaning of the notion of
'inflation'.,

It was by far the least well answered question. Any of the
wrong answers on this question indicate thst the respondent will
be substantially confused over an issue which bhas been widely
discussed over the last 20 years, and which the government has
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specified as a top priority. Of the 54% of people enswering this
question incorrectly, sbout ons third (or 17% of the whole
sample) gave response (d): "Prices ought to have gone down, but
didn't." Tnis particular incorrect answer is clesrly based not

only on a confusion between the level of prices and the rate of

price rises (as in response (a)), but also on despair that their
expectations are not satisfied. This might lead the respondent to
be cynical about statistics and politicians and perhaps the media
in @ way that is, in this particuler case, apperently not
deserved.

B. The Survey of 23-year-olds

Another study used data from the 4th ‘'follow-up' of the
Nationsl Child Development Study, which interviewed some 12,500
British 23-year-olds (ALBSU, 1983). It found that 5% reported
problems with numeracy ('number work!' or ‘basic maths'), as
compared with 10% for literacy (reading, writing end spelling),
end 2% for both. Of the 5% reporting problems with numeracy, over
a quarter reported difficulties in everyday 1life arising from
these problems.

In seeking to reconcile the resulta from the two surveys, we
note the following. The ACACE's results are based on answers to
11 questions given by an interviewer, whereas the ALBSU/NCDS study
is based on the individual's own assessment of his or her skills.
The 95% reporting no problems in the latter should be compared
with a 73% average of correct answers for the 16-24 age group, on
the former: the 5th percentile for this age group is only 3
questions correct. It thevefore appears that ALBSU's respondents!
self-ratings of their numerical skills may have been over-
optimistic. Willis (1983) echoes this skepticism: "Can this
really be true? Only 1 in 207".

Some Ffurther evidence is available. The ALBSU wus quoted
during National Numeracy Week in 1983 (TES, 9 Sept.) as believing
that 1 in 4 adults are not able to calculate change from £5 for 1
item. M o recently, 1 in 4 of a Lancaster University sample of
500 teenagers end 500 adults were reported as unable to work out
“that 13 £5 notes made up £65; and the Manpower Services Commission
estimates that 20% of the long~term unemployed have some kind of
literacy end numeracy problems (The Guardian, 14 May 1987).
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These two surveys are the only large-scale ones {so far known
to me) which allow us to assess adulta' skills in numeracy in the
U.K.3 further, they allow us to estimate inequalities in this area
related to social class end gender.

C. Interviews with Adulta

Brigid Sewell was commissioned by ACACE and the Cockcroft
Comittee '"to provide evidence and information on the mathematical
needs of adulta in daily life" (1981, p.l).

Sewell decided to interview members of her sample twice: the
first time to "ease tension", to discusa selected situationa in
which maths might be wused (numerical 'needs"), and the
respondent'a attitude to mathematics; and the aecond time to
discuss in detail strategies for aolving problems chosen for their
conmon relevance, asnd the solutions.

Besides indiceting how wide-spread were various needs for
numeracy, the first interview produced aome indicators of
attitudes in two aensea. First, the refusal rate for that
interview was about 50% (p.1l1), and Sewell attributed thia to
people'a perceptions of maths aa a "dsunting aubject” (p.ll).
Second, in answer to Qu.22: "Do you enjoy working with numbera?",
half the semple said 'yea' and the other aaid 'no' "with varying
degrees of antipathy"; in enawer to Qu.23: "How well would you say
you cen manage in everyday aituations when numbers are involved?"
76% answered "very well" or '"all right", 18% “moatly" and 5% "with
difficulty”. The unsolicited remarks sbout the experi ace of
maths were much more negative (p.16).

For the second interview, a number of reapondenta, considered
to have intereating patterns of experiencea with, end perceptiona
of, maths, were selected from 3 bands of competency - depending on
their facility with percentages at the firat interview. The level

of correct responses was, if arvthing, lower then on the Gallup,

aurvey (ACACE, 1982, p.42). For example, the enswera to the
question on inflation, aimilar to Qu.7 on the Gallup Survey, weres
32% correct; 44% wrong (e.g. falling inflation meens pricea should
fall, but they don't: "it'a all a big con tricki"); 14% don't
krow,3 10% rmbiguous or incomprehensible.

O
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Any epparent differencea would need to be interpreted in the
iight of differences in the way .he data were produced, auch aa:

(1) the interview questiona were moie 'practical’, using for
exemple wage alips, maps and electricity billaj

(ii) aampling methods (Notea 2 and 5), non-response rates, and
further aelection for the second interview (ACACE,
1982, p.40); and

(iii) differences in the survey end interview situationa.

3. ¥hat ere the Consequences of Low Levels
of Numeracy emonq Adulta?

My purpoaes here are to sketch the aorta of conaequences which
flow from lacking numeracy. Here, I shall organiae my diacusaion
on the beaia of distinguishing individual and aocietal levela, and
alao 'material' and the ideological spheres.

A. Conzequences at the Material Level for an Individual

Theae have to do with reatrictions on one'a freedom of accesa
to further education and t.eining, reatriction on access to joba
(and the related rewsrds of income, companionship, sociability,
aatiafaction, etc.), and alaoc aelf reatriction in the form of
aubject choice (and job choice). It alao haa to do with the
ability to perform in -~ and to enjoy - one'a job and everyday
life. Thus non-numerate adulta will tend to avoid training or
couraes which aeem to them to involve matha, even if they are not
already barred by their lack of qualifications, or performance on
a TOPS teat, and they may tend to skip over graphs in a newspaper,
or tsblea of figurea in a budget.

In conaidering acceaa to education and training, we first need
to consider the foimal mesaures which are used by institutions to
offer or refuse such acceas. The pre-eminent qualificationa which
are used (validly or otherwiae) s8a indication for numeracy in
Britain are GCE Exam Resulta - '0' levela, and in aoms. caaea 'A!
levela.




Concerning acceas to higher education, I considered aocial
acience degree courses in univeraitiea and polytechnica, and the
B.Ed.. ‘'Which Univeraity?' ahowa that the overvhelming number of
aocial acience degree courses require '0' level maths for entry.
For ,B.Ed. degrees, the DES has ruled that, from the 1981 intake,
all students ahall have '0' 1level maths, except for mature
atudenta who sit a special entry teat at the time of selection.

In the case of access to jobs for school leavera, the 'Careera
Advisers' Handbook 1982-83' indicated over 200 jobss of the 65 or
so jobs mentioned e3 having a GCE qualification, 54 of theae
include Msths qualifications, compared with 40 including English.

Thia measage ia emphasised by Lucy Sella (1978), in her 1972
survey of educational and vocationsl opportunities for American
women., "Without four yesrs of high school maths, atudenta at
Berkeley were ineligible for the calculus sequence, unlikely to
attempt chemiatry or physica, and inadequately prepared for
intermediate atatiatics end economica. Since they could not take
the entry level courses in theae fields, 92% of the females would
be excluded from ten out of twelve colleges at Berkeley and
twenty-two out of forty-four majora® (Tobiss, 1978, p.13). /nd
Sella ia cited as arguing that "knowledge of algebra and geometry
divides the unskilled and clerical joba from tha better-paying,
vpwardly mobile positions available to high school graduatea. She
eatimatea that mastery of high achool algebra alone will enable a
tiigh school graduste to do so much better on a civil aervice or
industrial exam...Juat one more year of high achool maths could
maeke the difference between a atarting aalary of $8000 and one of
$11,000" (reported in Tobiaa, 1978, p.26).

The generally-sccepted finding is that income dependa on the
nunber of yeara of echooling., that ia being auggeated here
deepens thia to say that what ia atudied - in particular, how much
maths - matters too.

Sells' measage ia confirmed in the U.X. Firat let us conaider
male/female differencea in aubject choice. In exemination entriea
in ILEA in 1976, for exsmple, Maths was third in number of '0'
level entriea overall, behind Engliah Language and English
Literature, but emong the major aubjecta, Maths had the fifth
loweat percentage of female entranta. Thia, of courae, may be

ERIC w4y

wll Toxt Provided by ERIC




|

both a consequence of developing geps in numeracy between boys and
girls, end a contributory influence on differing levels of
nuneracy between adult men end women.

a

Next we consider ethnic differences in the percentage gaining
! Maths '0' level among West Indians (5%), Asians (20%), and others
(23%)s the corresponding figures for English were 9%, 21%, and
34%, respectively (Rampton Committee, 1981, p.63).

So far, a lack of numeracy has been captured almost entirely
by a lack of school maths qualifications. The consequences of
lack of numerescy for performance in jobs and in everyday life can
also be documented grephically in other ways.

For exemple, in the profiles of interviewees presented in
Sewell (1981), Ian, a modern languages graduate in his twenties,
wags one of the intending 0.U. students interviewed. He admitted
avoiding numbers as much as possible: "Numbers are anathema to
me". His reaction to the inflation question was that he hated it,
did not know vhat inflation meant, did not know how it affected
him; altogether he felt '"terribly out of it"., Sewsll concludeds
"his lack of mathematical confidence...has heavily influenced his
shoice of career and everything he does" (Sewell, pp.48-49),

This of course echoes Margaret Drebble's feelings ebout being
excluded from one of the 'two cultures' (quoted earlier).

B. Material Consequences on the Societal Level

These include loss of production, in quuntity or quelity,
waste of resources, production of inaccurate or useless
information, and threats to life end limb, as in the ai line mix-
up described above.

Exemples can be found, in the public [olicy-making area, by
the way clerical errors, once incorporated into the nurbers, ere
allowed to pass without being detected. The following examples
are cited in a discussion of the production of official
statistics: an accidental omission of a zero by an Olivetti
employes reporting the firm's exports generated u phoney balance
of payments crisis; a clerk's copying two lines of figures onto a

O
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coding sheet in the wrong order caused the trade figures to go
haywire over a period of meny months; the accidental counting of
the aame aet of movement twice led to a major error in Home Office
migration figurea. The authors conclude: "Serious errors would
certainly occur leaa often if ataff had the ebility to recogniae
figures aa implausible and the initiative then to get them aorted
out" (Government  Statisticians' Collective, 1979, p.l44),
Doubtless readers cen recall their own atories of thia type.

Nor are these societal conaequencea likely to be confined to
the public sector: low numeracy may well be one aspect of the
problem of the alleged shortcominga of British management. It is

. argued by Lynn Osen, a mathematicisn, that business today needs

people "who can underatand a aimple formula, reed a grafrh end
interpret a atatement about probebility" (Osen, 19713 quoted in
Tobias, 1978, p.27). An illustration ia given by Chria, in bhia
thirtiea, who is menaging director of hia own building firm; he
manages at work by "bluff(ing) my way", and at home through hia
wife dealing with the domeatic billa. At the time of hia
interview, he was attending adult literacy and arithmetic claasea
as he wanted to be able to underatand building plans and quantity
aurveyor's eatimates (Sewell, 1981, p.42).

C. Ideological Consequencea st the Individual Level

Theae cur.sequences of a low level of numeracy include not only
a lack of competence emong adulta, but a low level of coniidence
in their constructive skilla and critical inaighta. Thia leads
them to be dependent on the viewa of the 'expert' or
‘profe.'aional' for thcic opiniona and susceptible to the myatique
of mathematina. Thia myatique derivea no doubt from the
conciseness of mathemstica, ita epparent preciaion, ita obvious
abatraction and atrangeneaa (e.g. the use of many Greek aymbola)
and ita association with modern science; and it tends to lead to
the following ideass

(i) arguments involving numbers are (or tend %o be) more
'rigoroua’ than those without;
(ii) thia rigour means that in such arguments there ia leas

room or debate (after all, there was only one right
answer in maths at school - end usually only one way
apparent to get it);
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(iii) people who use numbers are (or tend to be) more rigorous,
and hence trustworthy, then others;

(iv) such people have a ‘'mathematical mind'; if you don't
there is no hope for you with numbers;

(v) becsuse maths is cumulative, if you fall behind, you'll
never get a second chsnce to leern it. (Note 6)

At the individual level, the result of this diffidence and
dependency is often that people lurch between two trepss
weritical ecceptsnce of claims mede, snd sn equally uncritical
rejection, based not on a consideration of the evidence, but on
prejudice or the unexemined suthority of 'experts'. Sometimes the
failure to consider the evidence comes from reluctsnce to seek it,
sometimes from mistekenly mistrusting evidence which is available,
gsometimes from misinterpreting it.

An example where evidence wss mistrusted by ais individusl
comes from s prime-time television discussion sbout eccess to
higher educetion, 'Inquiry: The Rsce for a Plsce' (BBC %, Fridsy 4 .
November, 1983, 7.30 - 9 pm). In response to presenter Ludovic
Kennedy's clesim thst the U.K. wss well behind its Europesn
pertrers in providing sccess to H.E., Sir Keith Joseph, the
Secretsry of State for Education, argued thst, becsuse of our
shorter-length  degree courses, differences in definition of
courses etc.. we were not behind other Eurcpesn countries (though
we were behind the U.S.). The response of Ludovic Kennedy - not
generally known ss sn unthoughtful or uncritical person - wss to
fell tewards the second trep epecified st the beginning of the
previous psragreph (uncritlesl rejection):s "™Well, Sir Keith, we
8ll know you cen prove enything with ststistics...”.

D. Ideological Conseguences st Lun Sociut~l Leval

When  evidence -ix not sought, «r when it is wmistskenly
mistrusted, or misinterpreted, ¢: tue sociv level, we nay
sometimes spesk of myths ideus which ere artially, or largeiy,
falee but which influerce tne oeliefs, end the actions, of isige
segments of scciety, snd sffect the prsctfi~»s of society's
institutions.

(911
<
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Some myths seem to have grown up fairly ‘'naturally', for
exanple, mytha around the role of women in areaa such aa
employment, such aa the followings:

(i) 'A woman's marital atatua is a crucial determinant of
whether or not she worka';

(11)  'Most married women don't need to work';

(iii) 'Women leave work to have babiea end don't come back';

(iv) 'In times of high unemployment, women who work are teking
Jjoba eway from men'; and

(v) 'In the current criasia; women are becoming unemployed at a
greater rate then men',

Ways of critically sddreeseing theae myths using evidence from
official atatiatica auch aa the 'General Houaehold Survey' are
discussed in Lievealey et al. (1983). Despite the Ffact that the
atatiatics on which theae critical acrutiniea are baaed are
available in many locel authority or college librariea, and are
published by at lesat aome national newspapera, the level of
diacusaion of them in the media ia rather low, and moat membera of
the public aere probably not esware of thuir exiatence, let alone of
their content. Thus, there ia great reluctance to aeek avidence
relevant to myths aa important aa (i) to (v) above.

Other mytha aeem to heve to be foatered rsther more actively.
then pecple are convinced, through the use of 'acientific! or
'‘mathematical' argumenta, to accept mytha that it is egainst their
intereata to believe, we may apesk of ‘myatification’ (aee Irvine,
Miles end Evena, 1979, Introd.).

An exemple of myatification, ahowing misinterpretation of

avidence, comes from the relationship between class aize and pupil

attainment. In a number of educational atudiea done over the laat
twenty yeara or ao, there eppeara to be a 'poaitive correlation'
between the two, i.e. aa clasa size incresaea (acroaa different
claasrooms), the average level of attainment alac tendas to
incresases or else there is found no relationship at all, i.e. aa
clasa aize increases, attainment eppesrs to remain rslatively
unchanged. Thus, the atatiatica aeem to challenge what teachers
know by 'common aenae’.
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Some people have tended to interpret the 'firdings' ss saying
that we could pack st lesst a few more children into a perticular
clessroom without any spprecieble negstive effects. Teachers sre
equally clesr thst incressing class sizes will interfere with meny
impcrtent processes in the clsssroom. Yet thsy may not be
confident enough to chsellenge the interpretstion of” the statistics
vhich ignores that 'correletion is not csusstion' snd which fails
to investigste slternative explenstions for the correletion
observed (Note 7).

4. Why do Adults Hsve these Problems with Numerscy?

When we come to explsin these sorts of problems with numeracy,
we find thst much of ths resesrch in mathematics educstion under-
stendebly focusses ons

(i) achool fsctors, including teschers, which sffect perfor-
mance in school maths (e.g. Bell, Costello, and Kuchemann,
1983), with less ettention to extrs-school factors and
proceeses. Ths lstter sre clesrly ‘mportsnt in forming
edults' numerecy, and include:

(i1) home, parents, and siblingsj

(1ii)  out-of-school sctivities and peers;

(iv) post-school educstions

(v) work and work-trsining schemes; and

(vi) everyday life snd sdult subcultures.

Wa also find, 88 with other problems in the socisl sciences
and educstion, that we ere faced with whst sppesr to be two
different kinds of explsnatior, We might explein how and why
people ect ss thsy do by reference to 'socislisation pressures'
which have moulded them in certain ways; or we might see them ss
scting in sccordance with their ‘'perceptions snd purposes'
(Note 8).

I do not belleve the distinction between these two aepprosches
is ss nest es i sometimes maintsined. We might ssy thst
socielisation pressures ere what make children what they sre, and
thst e person ettsins edulthcod to the extent thst they sre able
to tranacent such pressures, end decida tn sct on the bssis .of
their perceptions end purposes. But this would be too simple: it
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would ignore the slresdy developing autonomy of children, end it
would forget thst sdults too sre constrsined by socisl forces:
"Men meke their own history -~ but they do not meke it in
conditions of their own choosing": thus Marx tried to reconcile
determination end freedom in his explenstions of socisl ection.

The conceptual map I have developed therefore includes both
socialisstion pressures, snd perceptions and purposes; a sketch is
given in Fig. 2.

Thus fsmily end school provide socislisstion pressures, end
'personsl chsrascteristics' ma, sct ss a distillstion of these
pressures in the life history of the individual; ‘'motivstiont,
'interest' end ‘'sttitudes' sre involved &8s perceptions end
purposes (though sttitudes sre slso sometimes considered ss
personsl chsrecteristics). Work end post-school educstion could
be seen es resources which may be used by the emerging adult
working towsrds desired outcomes. We may sleoc need to consider es
societsl constrsints, factors such ss the following: the
professionsl interests of mathematicisns, politicsl interests of
e.g. public servsnts, end the mystique of mathematics (discussed
sbove). All of these festures may help to explsin the progress of
edults towsrds outcomes such ss:

.~ competence end skill in using numbers practicslly snd

critically/skepticslly;
- confidence with numbers rather thsn anxiety;

- perseverance with using numbers - especislly with enrolling
for maths courses - rather thsn svoidsnce;

- ephanced choice of courses of study snd occupstions; and,
ultimately,

~ richer personsl development end experiences. (Note 9)
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Figure 2. Why Problems with NHumeracy?
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5., Conclusion: What is to be Done?

Our discussion of ‘numeracy' and of its consequences above
shows that a leck of numeracy is a.disadvantage for most edults;
it cen further be considered a facet of the oppression of women,
the working class, end ethnic groups. This suggests a number of
changes that could be made in the ways that maths is taught and
numbers are tsed in order to help improve sdults' numeracy.

1. ‘'Second chance' courses for adults seeking to develop their
numeracy need to teke account of the oppressive features of early
maths experience - starting with their setting and their style:
thus, the importance of the informality and eccessibility of
centres or programmes aiming to attract working class
participation, e.g. the walk-in numeracy centres in Hammersmith or
Edinburgh (Jordinson, 1987), or the ITV Programmes such 8as
'Counting On' (Sept. - Nov. 1983). Similar conditions need to be
specified for courses aiming to attract (mainly) women (see
Tobias, 1978).

2, The process might start with a diagnostic interview in which a
'‘counsellor' asks about past experiences with numbers, aiming to
build a mathematics autobiogrephy (Tobias, 1978, pp.250 ff.) or
consciousness-raising (see Frankenstein, 1983, for a relevant
(discussion of Paulo Freire's ideas on pedagogy). The aim would be
to help the perticipant to understand better his or her
experiences, to find out what the learner does know rather than
what (s)he does not, and to formulate goals for the future.

3. Curriculum development should be 1linked with a discussion of
the practical needs of adults, and of the maths actually used by
adults in everyday life (Sewell, 1981) and at work (Cockcroft,
1982, Ch.3) (Note 10). As may be inferred from the discussion
here, I consider statistics to be a promising context in which to
involve many adults in numeracy. (See also Evans, 1986).

4, In our pedagogy, we cen challenge the following assumptions
and practices that have made maths formidably off-puttings

(i) it is cumulative end strictly ordered: there are
many interesting places to start (see Tobias, Chs. 6 and 7)3
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(i1) there is always one correct route to one correct
enswer and no roem for discussion: we cen tesch with seminars
vhere numericel issues are debated, (see €.ge Fra'nkenstein,
1583), and give agsignments that are really essays reporting
the sometimes tortuous path of en 'investigation';

(iii) maths involves struggling alone, often under the
eye of the teacher: we can use group work (Frankenstein,
1983), and also an element of self-pacing exercises (using
microcomputer resources);

(iv) maths teachers are often oppressive as human
beingst we cen see confidence-building as one of our ma jor
aims -~ both to contribute to personal development of our
students, and to help them sharpen their critical potential.,

5. In assessment, we can challenge the impression that maths
involves doing timed tests mede up of abstract sums. Besides
emphasising practicality, we can usa project assessment and
investigations.

6. We can try %to insist on - end contribute to - clarity of
presentation of numericel material in the media. The experiences
of the Open University broadcasts (e.g. those for IMDST 2423
Statistics in Society') - plus those in populer broadcasting, e.g.
Prof. Bob MacKenzie's 'swingometer’ to dramatise the effects of
chonges in percentage of the electoral vote - show that where
ingenuity is epplied, clarification of people's ideas may well
result.

7. Ve can help adult students, end our fellow citizens, to avoid
both 'Scylla’, wuncritical acceptance of numerical arguments, and
'Charybdis', uncritical rejection, in geveral ways?

-~ by using our skills as maths educatois to show that tha
arguments are not inaccessibly technicalj

- by reassuring them that the arguments are not wholly technical
(as, for exemple, when 'needs' are part of the argument, as in

myth (ii) about working women above); and

~ by fostaring people's confidence to meke critical nssessments.

oo
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Thus, for exemple, "“analyses of government spending can be
carried out by senyone with accass to an appropriate library;
expert knowledga is not needed" (Radical Statistics Education
Group, 1987).

Jaff Evans

NOTES

I should 1like to thank John Bibby, Len Doyal, Paul Ernest,
Harvey Goldstein, Eva Goldsworthy, Ker Menzies, Jos ter Pelle, and
Valerie Walkerdine for helpful comments on an earlier draft of
this article.

1. ¥For further discussion of how to critically scrutinise govern-
ment spending in education and in health, sea Radical Statistics
tducation Group (1987) and Radicel Statistics Health Group (1987),
respectively.

2, Sampling took place at 200 sampling points in 10 regions in
Englend, Viales end Scotland. The interviewers were given quotas
fer sex by age, social class and employment of raspondents.

3. These results are subject to sampling variation (see ACACE,
1982, p.9); thus, eny diffei .nce between the male and femsle
subgroups of 4% or less would not be impressive (since it could be
expected to occur, due only to chance, 19 times out of 20).

4. This distinction between formal and everyday contexts is
parallel to that made between *folk maths' and ‘*school maths!' in
Maier (1980), which gives approximation as en example of a skill
used much more in everyday contexts than in formal ones.

5. The sam .ing method for the first interview might be called
‘multiple anowball recruitment® with tha snowballs starting from
the enquiry officer's friends, colleaguss, adult numeracy classes,
WEA clagss, end an Open University introductory course (for tha
Arts Foundation Course).
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6. These arguments gre discussed in Tobias (1978, passim).

7. For further discussion of these issues, see Simpso. (1980) end
Radical Statistics Educetion Group (1982),

8. See Pring (1980) for a discussion of these issues in relation
to the Rutter research.

9. For further development of this conceptual map, end its use in
a8 study of ‘'maths anxiety' emong adult students, see Eveans
(forthcoming). .

10. See Riley (1983) for cautions against uncritical adoption of
the goal of ‘'functional numeracy'; see also Harris (1982) for
scepticism that employers ere clearly aware of the needs of the
Jobs in their establishments,
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WHAT IS MULTICULTURAL MATHEMATICS?

1asssroom mathematics has urvlergone many changes throughout
recent decades esch of which has been brought about by a vsriety
of sgencies cond has oxerted a new kind of demand on the
curriculum. in Tecont yesrs, the Cockeroft Report (DES, 1982) has
cslled into question what wss seen ss a 'back to basics' movement
at primary level, and at secondsry level has made recommendations
vhich have influenced the formulstion of a mathematics curriculum
lesding towards the new GCSE examination. These changes have been
brought sbout to a great extent in responss to society's percep-
tions of what is seen as fsilure on the psrt of schools to tesch
mathematics successfully enough to meet the demands of a highly
technological society. In recent yesrs, 8 new concern has
surfaced which sdds s further perspective to the problems which
influence the effective teeching end lesrning of the subject.
This concern srises from the extent to which society has incressed
in cultural diversity end the way in which resultent cultural
differences hsve coma to manifest themselves more strongly in
schools. A key problem now being fsced is how to sccommodste
these differences within the curriculum so thst the learning of
mathematics csn be enhanced for all.

There are essentially two points of view which provide the
ends of s spectrum of spprosches along which such accommodation
might be schieved. A brief explorstion of esch of these helps to
clsrify the different interpretstions of multicultural mathematics
end to shed some light wvoon how they can affect clsssroom
practice.

Msthematics ss 'Culture-free' Content

Any consideration of how to sccommodate cultursl diversity
within the mathematics curriculum presupposes thet this is s
fessible underteking in the first plece. However, the nsture of
mathematics ss it is perceived by many suggests that it is
‘culture-free' and need not (indsed, cannot, in the view of some)
be 'adspted' to the idiosyncrasies which may be determined by the
culture of en individual or individuals. This view of the nature
of mathematics is one which has long been held end probebly still
is dominant in the minds of many teschers and teacher educators
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and tends to be reflected in the pedagogiea that they adopt.
Studies and aurveya of mathematics education in recent decades at
primary end secondary level have tended to reflect a curriculum in
both content end atyle of teaching that ia dominated by thia kind
of perspective (e.g. DES, 1978; DES, 19793 DES, 19823 Hilaum and
Strong, 1978 Ward, 1979). In spite of the efforta of aome,
(including profeasional bodies auch es the Asaociation of Teachets
of Mathematica end the Mathematical Association) to bring about
change through the adoption of different methodologiea and
approschea to content, the influence of thia .d of belief ebout
the nature of mathematics ia atill atrong. While it ia clear that
new demsnds such aa those being imposed by the GCSE involving a
more open-ended epproach with investigational, practicai and oral
work could, with time, gradually leed to the queationing of long-
held beliefa sbout mathematica, auch movea are already being aeen
to have a somewhat superficial influence. For example, there are
aigns that inveatigational work ia becoming rigidified rather than
providing en opportunity for a more exploratory approach to
mathematical ideee aa wesa intended (Lerman, 1987). Taken
altogether, attempta to free teachera from this rigid perspective
have not met with a great deal of aucceaa so far.

The epiatemological foundationa that have led to mathematica
being accepted as unchallengesble received knowledge lie in whut
Lakatoa (1976) calla a 'formeliat' view of the aubject firmly
grounded in logical positiviem. Msny in mathematics education
have been tranafixed by thia formaliat perspective of the subject
which, a8 Lekatoa (1976) auggeata, allows a view of mathematics in
terms of formal ayatems to dominate at the expenae of a more open
and exploratory interpretation. He duscribea those that hold auch
a view as 'dogmaciata’ who aee mathematicel idesa aa having been
Ypurged of all the impurities of earthly uncertainty® (Lakatoa,
1976, p.2).

Clearly, it could be particularly difficult for anyone under
the influence of auch a view of the aubject to allow that
uncertaintiea may arieae aa a reault of the differing cultural
backgrounda of individuala engaged in mathematical activity. If
mathematical knowledge ia by definition pure end unadulterated,
then the task ia to aee that it is received es auch and that il
should not be tampered with. Thia in turn suggeata that any
intervention in the mathematics curriculum %o accommodate cultural
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differences of learners (if it tekes place) is unlikely to be of a
very fundemental nature; on the contrary, it will neceesarily be
of a superficial kind.

This epproach can be seen in attempts to adopt a multicultural
approach to the curriculum which in essence set out to provide
different cultural contexts for traditional types of mathematicel
problem. The words change but methodology and content remsin the
same. Another epproach is to introduce more of the history of
mathematics and thus to show its multicultural nature by
identifying tl.s important roles played by the Chinesu, Indians and
Mayens for example, end not to leap in time from the Greeks to
western culture in the development of mathematics es we know it
now. (See, for example, Hudson, 1967). In a sense, such
approaches are accommodating the existence of other cultures by
referring to different cultural artefacts but not by considering
the possible cultural differences that exist in ways of thinking
or constrving that have brought such artefects sbout. This leads
us to consider the other 2nd of the spectrum of approachas to
multicultural mathematics referred to earlier.

Mathematics as a 'Culture-Bound' Way of Thinking

The extreme opposite to the notion of culture-free mathematics
would be thot of mathematics as culture-bound. This immediately
suggests a number of 'different' bodies of mathematical knowledge
that could be mutually exclusive and contradictory. The idea of
the total objectivity of mathematical thought would seem to
disappear together with the notion of s&bsolute truth linked with
it. How can such a viewpoint be accommodated end, in particular,
how cen contradictory ideas exist side by side?

The answers to such questions lie, in the first place, in
adopting a different view of the nature of mathematical knowledge
and how it comes into being. The essential difference to that of
the formalist perspective lies in accepting the fact that
mathematics is founded in social activity end human intercourse as
is any other kind of knowledge.

It is no longer accepted as infrilible knowledge generated in

some erudite vacuum which as Lekatos (1976) suggests "denier the
status of mathematics to most of what has been commonly understood
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ea mathematica" (p.2). Contradictory ideaa become competing
theoriea aa mathematical knowledge developa. Objectivity ia
arrived at, ae Toulmin (1972) aaya, by teking into account the
accumulation of osxperiencea "“in all culturea and historical
perioda" thereby reaching an objective point of view "in the sense
of being neutral”™ (Toulmin 1972 p.50). The acdoption of auch a
fallibiliat epproach to the nature of mathematics permits us to
approach mathematisl knowledge and to interpret it in terms of ita
growth end the context in which it grows end haa grown.

Clearly the adoption of a perapective of mathematics aeen in
theae terms cen have a profound effect on how the aubject ia
approached in the claaarnom and aeveral mathematica educators have
explored the potential outcomea and benefita of auch an spproach
(e.g. Confrey, 1980; Nickaon, 1981; Wolfaon, 1981; Pimm, 19823
Lexman, 1986). More particularly, however, this theoretical
perapective provides a fresh viewpoint from which to approach the
whole question of a multicultural mathematics curriculum.

Inherent in the acceptance of the notion of aocially
conatructed mathematical knowledge, there ia the freedom to
recognise cultural influences both at the broad aocietal level and
at the level of the individuel. Rather than aimply looking for
aspecta of different culturea to exemplify mathematical ideaa
(thus auppoaedly providing femiliar social contexta for learnera),
what wo should be lotking for ia how their cultural perapective
may affect their mathematicel mode of thought. Thia ia being done
at a nationsl level, for exemple, in Mozembique where the
mathematica imbedded in loual cultural activitiea (auch sa basket-
weaving) is used as the foundation for curricular mathematics
(Gerdea, 1986). However, catering for cultural perapectivea in a
situation where there may be an aasumed cultural and ethnic
homogeneity ia a different matter to catering for it ir. a aociety
vhere thia does not exiat. It ia e tall enough order in the first
aituation but it becomea an even taller order if we consider
culture aa, for example, D'Ambrosio (1986) does when he writea:

"We have built a concept of society out of cultural attitudes
and cultural diveraity, thac 1ia, different groupa of
individuala behave in a aimilar way, becausz of their modea of
thought, jargon, codea, interesta, motivation, mytha."

(D? Ambrosio, 1986, p.S)
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To view culture defined sccording to such s vsriety of
criteria sppesrs to make a complex problem seem even more complex,
but is this, or closer examinstion, reslly the case? Defining
culture in terms of ‘groups of individuals’ bound together by
factors other than ethnic origin redirects our attention to the
individuals in their socisl context and emphasises the problem of
cstering for cultursl individuslity in s ehsred setting. Where
mathematice in particular is concerned, Bloor's (1976)
identification of what t cslls "social causes of mathematicsl
thought" provides some indication of the kinds of factors thst
could be tsken into sccount when trying to accomnodate such
cultursl individuslity within the construction of s mathematics
curriculum,

Conclusion

It is clesr from this discussion thst the notion of multi-
cultural mathematics is a very demanding one when it ~omes to
vstering for it within school curriwila, On the one hsnd, there
is the temptstion to opt for s somewhst simplistic solution .o the
problem by including references to cultursl phenomena related to
different ethnic groups in tesching end lesrning materials. This
is, as we hsve seen, often the outcome of s perticular set of
beliefs about the nsture of msthematics which exerts powerful
constraints upon how mathematics is done in the classroom. On the
other hand, s mare complex but more mesningful solution could lie
in re-exsmining those beliefs end in considering mathematical
knowledge more in terms of its social nature and foundstions.
This would help to open the subject up so thst the cultural
identity of the lesrner could potentially be more resdily
sccommodsted. The freedom to see mathematicsl knowledge in more
problematic terms brings with it a flexibility that cen have
profound effects upon the way it is spprosched in the classroom.

It was ststed at the outset thst these points of view present
the extreme ends of a spectrum. Clesrly, a solution to the
problems posed in devising a multicultursl mathematics curriculum
muat lie somewhere between the two and involve a combinstion of
elements of both. . It must be said, however, there hss in the psst
been an imbslsnce in favour of the first of these extremes. Until
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more thought ia given to the social nature of mathematical
knowledge and ita implications for the curriculum we are unlikely
to succeed in deviaing a mathematica curriculum that meeta the
demands of the multicultural aociety in which we live.

Marilyn Nickson
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MULTICULTURAL AND ANTI-RACIST MATHEMATICS TEACHING

It ia a commonly held belief that mathematica ia en
esaentially acultural subject. It ia arguable whather thia ia in
fact a valid atatement - the nature o argument and the lenguage
of implication aZe both culturally determined - but it ia
certainly not true that the teaching of mathematica cen be
acultural. The attempt to convey the ideas and concepta to the
lesrner must teke place using the metaphora and imagery available
to the learner and theae are clearly the conaequence of the
acciety and culture within which the learner livea. Bishop (1985,
1986) haa raised the iasun of the social conatruction of meaning
in mathematica and reporta that even aimple actions auch as
counting on the fingera appear to have regional variaticns and
points to many further exemples of cultural influencea in
aignificant mathematical conceptual atructurea (see alao Lea,
1987). D'Arbroaio (1985) arguea that the very learning of
mathematica createa & conflict with the ‘'natural' or 'folk'
proceasea which the learner might utilise which he calla,
ethnomathematics. The learning of a formaliaed responae to a
aitustion pre-enta the opplication of the more free-wheeling
mdthods. Thus a partially learned (or inadequately underatood)
procedure invoked by learning mathematica may well be leas
effective in practice t)an an informal intuitive (even if leaa
powerful) method. It ia not uncommon for pupila .to produce
intuitive sccurate reaponsea to calculationa but be Juxce unable
to apply the usual algorithms.

Within a masa education ayatem it ia perhapa argueble that it
ia not even appropriate for any subject to attempt to avoid
cultural implicaticna. In auch e ayatem eny element within the
curriculun must .e principally directed towarda the aims and
objectivea of o catioh, which are concerned with the development
of effective anu participatory citizens committed to the aupport
end development of their aociety (see Erneat, 1986). Mathematics
exiata within the compulaory curriculum because it ia effective in
educating pupila; the creation of mathematicians, whilat
importent, ia very much a aecondary consideration. In thia
context the comment reported in the Cockcroft Report (Matnematica
Counta, 1982) that 'many leasons in aecondary schoola are very
often not ebout anything" becomea a aignificent end important
concern. To quote from Cuff (1985), "Mathematics Counta - but not
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for all" is only really acceptable in a selective and option
situation and not in a mathematics-for-all curriculum. In a
compulsory curriculum it is not acceptable to dismiss pupils as
'not ahle to do mathematics' without thereby identifying a special
educational need for which particular provision must be made!
This need for mathematice educatica to relate to people and
society was enticipated, some years esgo, by David Wheeler in a
lecture to the Association of Teachers of Mathematics when he
challenged the annual conference that for ten years the final
lecture should be concerned with 'humenising' mathematics
education. Society has raised the issue of racism and the
development of a genuinely plucalist society as a major and
significant concern. Education has consequently been charged with
working towards this as a priority concern, and mathematics
teachers have begun to ask how they can respond.

In responding to these changing priorities within society and
educetion it is important to notice that the issues which arise
are very often already significant concerns of mathematics
education. The response to the multicultural society in effect
resonates with those developments and concerns already identified
- pupil centred learning styles, the need to develop ideas from
those which pupils already hold, active rather than passive
learning, problem centred objectives, grouwp work and methods of
using the power of discussion. In looking, therefore, at the
issues which consideration of multicultural/antiracist concerns
have raised we are in effect reviewing the significant current
concerns of mathematics teaching in general.

Reflecting Other Cultures

It is symptomatic of the philosophical position held by
mathematics teachers that vhen the issue of multiculturalism first
arose the initial search was for mathematical content items.
Hemmings (1980a, 1980b and 1984) offered an excellent collection
of such items including in particular the very rich field of
Islemic art patterns (see also Tahta, 1987). The impact of this
werk in creating effective interral imegery cen also be seen
influencing the work of the Leapfrogs Group (published by Tarquin
Products) and in the very evocative collages frequently found in
recent issues of 'Mathematics Teaching' edited by Hemmings and

Py

6%




Tehta. Zaslaveki (1975, 1979) introduces similar activities from
an Africen context, and it is interesting to see almost the same
activity aeppearing as a Rangoli pettern in Hemmings, a unicursal
curve in Zaslaveki and in a micro-computer activity and
investigation called ‘'snook' (all three involve en (n x m)
lattice). Joseph (1984) also suggests some fascinating methods of
calculating using a system called Vedic arithmetic which offers a
quite different epproach to elgorithms. Another useful activity
is the investigation of different celendar patterns, our own sun
dominated Roman system compared with the Islemic mocn~-focussed
year (when will Ramadan fall near the shortest day in our year -
why should that be inportent?) and the contrasting methedology cf
our leap year with the Jewish extre month.

All  these topics provide excellent opportunities for
mathematical activity end belong in the mathematics curriculum
without requiring the justification of multicultural concerns.
vhich multicultural education objectives, however, are attained by
such insertions? It is clearly important not to import content
merely in order to satisfy external requests and pressures.
Tokenistic responses never meet such needs end ususlly result in
incressingly heightened concern. Care must also be taken not to
introduce such topics es marginal or trivial activities since this
can claarly imply a dismissive view of other societies end values.
This same problem relates to the inclusion of historical
informa’ ‘on in en attempt to counter the eurccentric view commonly
held of the development of mathematics. Mest English people tend-
to thirk that mathematics really started with the Greeks and
graduslly worked its way north! Whilst they might acknowledge the
very early contribution of the Chinese and Indian mathematicians,
the ebiding thought is that that was a very long time ago, with
perhaps en implicit unspoken question as to what they have done
since then. Such chauvinistic attitudes are of course at the very
centre of the whole issue of multicultural end antiracist
mathematics and concern the views end attitudes of teachers rather
than pupils. It is the transmission and continuity of such
intuitive responses through the classroom which makes the issue so
vital.

The eignificance of including such elements in the curriculum
is also affected by the structure of the community within which
the education is teking place. In a culturally mixed classroom it
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is importent that pupils feal abla to bring thair own cultures
into the claessroom end that thet culture is ecknowledged and
respected. This echoes tha growing commitment of mathematics
teaching to a more pupil centred ection curriculum and towards a
constructivist view of learning. This is particularly important
with younger children who are 1less likaly to impose thair own
imsges on thosa presented. In presentirg pictures, images and
illustrative refezences it is importert that teachers should not
present only those which come from their own experience. W¥hera a
classroom is mono-cultural tha significance of presenting
alternative images tekes on a quite different, though no less
importent, aspect. It is particulerly in such classrooms that
open and accepting attitudes to alternativa ideas snd customs
need to be fostered and encouraged. It may indeed happen thsat
such situations give risa to racist end discriminator; comments
end attitudes. It is important that schools have policies for
meeting such eventualities, since without such professional
support teachers may seek to supress rethar then to expose views
which unlass mede public ara difficult to change.

Educating for a Multicultural Society

It is an implicit assumption of education that one of tha most
significent ways of affecting attitudes end beliefs is through the
acquisition of knowledge. It is for this reason that tha often
quoted comment that "“mathematics lassons are not ebout enything”
is so importent. Gerdes (198l), in describing mathematics
education in Mozembigue, indicates the ways in which 1lass
politically inhibited socl_ties attempt to influenca their futura
citizena, and in the analysis implies that all mathematics
curricula carry such elements whether explicit end deliberata cor
implicit &nd  involuntary. The distinction between 'folk'
mathemagics, (sic) and colonial mathematics as compared to
‘democratic' mathemstics bears resemblence, of course, to changes
in English school mathematics from what we might tarm tha
'clarical' mathematics in Victorien schooling to ‘industrial’
mathematics in the first part of this Century to the mathematics
of understanding and processes which dominates current
discuasions. Remnents of pravious eges always remeirr, of course,
and mathemagics (rules without reason) hava certainly not
disappeared from most syllabuses! Less acceptable in tha Engli.n
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context, however, is the intrusion of explicitly value laden
extra-mathematical concepts, such as Gerdes' 'guerrilla fighters’,
vhich will be seen s bordering upon "indoctrination®, although
the promotion of 1literacy and health care by such means is
probably 1less objectioneble. There is growing evidence of the
ways in which similar but fer less obvious indoctrinstion tekes
place within English texts, (see for example I.L.E.A., 1986, and
Northam, 1982). Other examples of implicit value Judgements are
given by Maxwell (1985) who also intimates that since such
implications are unavoidable they are best planned and intended.
This is particularly significaent for mathematics which is essumed
to be free of value judgments end socisl commentary and the
indoctrination is therefore in some senses subliminal end less
susceptible to rejection. Clearly the uncommented incorporation
of discussion of stocks end shares in mathematice texts assumes
that such activities are legitimate, which they are, of course, in
a free western economy. The implied assumption that women should
earn less then men, comon in many questions about wages, is not
supportable in tha same way, end rome Exemination Boards now teke
care to 'balance' such questions so as to avoid reinforcing any
latent assumptions, The humourist Stephen Leacock ling ego
pointed up the assurptions about the virtues of hard work
contained in the stories of A, B, end C diggir 3 ditches which
often provided the meaning of 'problems! in the texts of the 1940s
and 50s. Values and judgments with which a society is in total
agreement ere often invisible to readers i'rom that society who
ausume that such inclusions merely represent the netural order of
things. there groups within the society do not .concur, however,
then the inclusion of debateble issues often causes controversy,
and ultimately, censorship. The inclusion in a G.C.E. mathematics
exemination of a question relating the cost of feeding the world
to the cost of nuclear weaponty resulted in the imposition of e
vetting committee for future pepers, with an asgsurption that
either such content had arisen by accident or that views of one
group of examiners should outwaigh the views of enother group.

Less controversially the mathematics curriculum could make a
positive contribution to the proviiion of information ebout our
society in all its fecets including those rtelevant to its
multicultural nature. Grugnetti (1979) in e fascinatingly titled
article 'School Mathematics mekes Sardiniens Healthier!' provides
en exarple of tne deliberete insertion of fnformation valuable to

Q

69 72



pupils, in this case a stetistical investigation of hereditary
diseases likely to afflict the pupils. The increasing use of
problem solving within the mathematics curriculum will support
such a developing programme of conveying useful general
information. It should also lead to a clearer sense of relevance
for pupils. of tha mathematics they are studying. But it may well
depend wpon the ability (willingness?) of teachers to ebandon
prescribed plans on occesion in order to follow up topical events
(the question of what constitutes en uneecnomic pit is e very
mathematical concern but would obviously have needed a vexry
sensitive, end probably whole school, approach). Health issues
are clearly ones of interest for insertion into the curriculum for
social rather than mathemstical reasons, but it is algo possible
to provide situations in which different eating patterns ure made
evident and in which comparative costs in diffecent contexts can
be investigated; an interesting analysis hes been made of
comparative costs of jtems in 1935 end 1985, using the cost of e
Mars bar as the unit of value. The reason why some societies
don't drink coffes or zat cornflekes can soon be made cbvious by
reference to their omparalive costs. For many pupils the
enormous variety of vegetables and foods provides a much wider
experience than was available in past times, and enables many
issues to be raisers such as their costs, including the transport
and haendling cherncs needed to provide the rapid delivery some
need. For r;ome pupils there may be a neec to deliberately widen
their awareness of the way in which the international marxet
operates. There are e number of sources of useful information, in
particular the Developmer cducation Centres snd some examples of
material in use will be found in en article by Hudson (1987) who
has also produced a database of information. As indicated sbove
with the questicn about uwneconomic pits there are many pitfalls
for the unpractised mathematics teacher who may be wunwittingly
drawn into issues of opinion and belief, and the experience of
colleagues in other disciplines more used to facing this dilemms
may need to be utilised. On meny social issues the teacher’s own
beliefs may need to be subsidiary to those of the society he/she
is called won to represent.

Learning by Inividusls

At all levels of education there oxists a conflict between
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learning as a social activity and the individual level at which it
occurs. Whilst the problem may be the same, however, the symptoms
end solutions may be very different. In the early years the issue
of how end when to use the mother tongue is a concern and
sppropriate materials may be difficult to come by unless the
support of the home end the involvement of parents is sought.
There is then the problem of the second hand trensmission of what
may be subtle ideas (see e.g. Dawe, 1983, end Jones, 1982), never-
theless the crestion of strong home/school identity is likely to
be indispensible for maintaining a harmonious society. Emblem
(1986) presents a valuable picture of issues in teeching young
children, wunusually well informed by a visit to the Indian sub-
continent. Some learned skills such as visual discrimination seem
to be very dependent on the embient culture (see Mitchelmore,
1980) and although these are likely to be 1less noticesble in a
single dominent envirorment it is clearly an area in which pupils
might be expected tc show wide variations as a result of varying
experiences. There is also the issue of styles of learning, which
whilst affected by many ingredients, is also related to home
culture and such issues as the nature of cuthority and adult-child
relationships (see e.g. Head, 1981). Whilst these issues do not
directly affect the mathematics which is taught they are major
elements in the decisions sbout -how it is taught end the content
ard the teaching sepproach have a symbiotic relationship. Thus
rule-bound algorithmic skills quire en essentially suthoritarian
environment, whilst real problws 3olving may well require en act
of deliberate withdrawal of suthority by the teacher. Pupils
inevitably respond differently to these situations, just us some
are reticent and others forthcoming, some are born to be leaders
whilst ot-ars have leadership thrust upon them. Clearly these
differences exist across and within all cultuizs and all reces but
the ways of responding and dealing with these differences are
often cultural traits.

It was stated earlier thet most of the issues raised by the
multicultural ozbate in mathematics teaching were already concerns
of such professionals. The provision of a more accepting,
scceptable and enjoyable mathematical environment for all pudils
would clesrly help towards ths achievement of a more sccepting,
ecceptable and enjoyable society.

Derek Woodrow
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BECCMING A MATHEMATICS TEACHER - GROUNDS FOR CONFIDENCE?

In a note in Marion Bird's book 'Generating Mathematical
Act_vity in the classroom', Afzal Ahmed suggests that the
Cockcroft report was about confidence: "Children's confidence,
teachers' confidence and public confidence in mathematics teaching
in schools" (Bird, 1983) To what extent are we entitled to be
confident about the state of the mathematicae teaching profesaion?

At a time of low teacher morale, recently renovated initial
teacher education courses end continuing problems with recruitment
to mathematice teaching, the theme of confidence seemed an
appropriate one to use for considering entry, training and
profesaional future for new mathematics teachers.

Such a review is not being conducted without en awareness of
my personal decision 25 years ago to enter teaching or of my
experiences in teacher education over sbout half that time. Since
the latter period has been almost exclusively concerned with
postgraduate students, this may determine or at 1least colour some
of the views expressed.

Assuming that many readers are mathematics educators at some
point within the system, it is worth asking the juestion, 'Would
you, given your career choice again in 1987, choose to enter
mathematica teaching?' Would our answers be affected chiefly by
the experience of being a teacher, by the perceived nature and
state of mathematics teaching today or by the current wider range
of opportunities which are available to methematics graduates? In
practice, it is probably imr-3sible to give any kind of reliable
answer but the evidence a falling proportion of methematics
graduates entering teaching suggests that out of 4 of us deciding
to teach in the early sixties, only one would do 8o ncw. Does it
matter? I would suggeat that it is not irrelevant if one accepts
that the nature of new entrants must be one determinant of the
teaching profession. The training they are given and the
receiving state of the profession must be the other major fectors.

One further piece of self examinstion before considering some
aspects of confidence; as mathematics educators in initial
training, are ws essentially recruiting officers for thes aystem -
a system with a high success rate (as judgad by the proportion of
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students on courses who cbtain a professional qualification)  d a
high placement rate (proportion of certificated persons who obtain
a teaching post)? Or are we honest brokers playing a significant
part between en education system needing teachers and.young peopla
making a career choice? Or more distantly perhaps, are we through
AUMET, NATFHE and SCAMES (Note 1), members of pressure groups for
raising lavels of awareness end provoking action on quality and
quentity? Or are we in prectice, operating at the baser level of
perpetuating our’ own kind or even protecting our own future
employment by ensuring t’.at there are sufficiept customers? Again
such issues seem worth consideration at a time when there is
encouragement of various kinds to increase the flow of new
teachers into mathematics teaching and when teacher educators are
significant in designing the schemes, attracting the customers end
carrying cut the training.

Confidenc. in the Recruits to Courses

Meeting espirents to teaching at interview is a tiwe consuming
but not uninteresting part of my work - particularly if for a
significant oroport.on of the interviewees the meeting ie a first
tutorial. Interviewing with an experienced teacher is a luxury
vhich I have welcomed in these days of cutbacks. The reaction of
.many such teachers is one of surprise at most epplicants' lack of
awareness of educational issues and a disappointment that so few
are able to enthuse sbout their mathematical studies at
University. Their application forms axpress enthusiasm end
interest in mathematics but discussion usually reveals this to be
linked to their success e&nd their experience of mathematics at
school level,

For ‘'mature' applicants the present aliveness of their
mathematics zan be a greater problem. A handful of Open
University graduates hava been notable exceptions. However for
many, their statement that mathematics was their favourite subject
at school twenty years esgo projects an image of mathematics es a
repository of knowledge rather then a current interest. Tentativa
inquiries ebout recent involvement with mathematics usually leads
to variously dressed spologies for not doing eny further (meaning
even highker) mathematics. Yet I cannot believe that inte~views
relating to an aspiring english taacher's current interest/
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activities n their field would produce such an arid outcome. °

Interest in literature, the theatre, writing, could be expected to
be current rather than just successfully encountered while at
schooly further one might expect current interests to be readily
communicable,

In recent years, it has been illuminating to require the
mathematics students in my PGCE group to teach us something
 ‘slated to mathematics, The ease of communication and
particularly their enthusiasm contrasts with much that is to be
seen in later months in maths classrooms. Sharing knowledge and
pleosur2 at mekirg pastry, playing sn instrument, climbing a rock
fece or commuridcating in a foreign language, reveal character-
istics which the teaching of mathematics all too essily seems to
smother.

But why do people choose mathematics teeching es a cereer? Or
perhaps wore eppropriately, why do people chnose to enter a course

in training to become a maths teacher? Strsker (1984) inquited |

into the attitudes of final year mathematics undergraduates in six
Universities towards mathema ir3 teaching. Of the 17% of
respondents who put teaching as first choice (likely to be an
overestimate in relation to the whole graduate output from these
universities) there were noticeeble differences between women and
men. The views of the female students suggested a higher level of
commitment end caring than their male caunterparts whose responses
reflected a greater concern about material issuea.

In my experience, it is ofte.: difficult tec disentangle
students' motivations. Some students who describe a long-term
comitment to becoming a tescher cen face as many surprises/
crizes as those who have decided negetively to go into teaching,
against going into 'computing, eccountancy and other ‘'office!
Jobs'., A wish to do something useful in society (often seen as an
application o, their Christien faith) features prominently,
together with a wish to recopture an enjoyed exparience while a
school pupil end not infrequently to imitate a respected teacher.
Few sppear to believe that educationalists can change the world
and regrettsbly meny have little experience in working with
children.  Individusl tuition of a brother or a friend may be
their only experience of teaching but it has had a positive
influence. Without Sunday School and church Youth group
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experiénce the pool of experience of working with young people
would be drastically reduced.

What does seem likely is that in deciding to trein as a
secondary mathematics teacher, a graduate may experience the
response from press end general public that might be expected by
someone Joining a minority religious sect: surprise, lack of
comprehension, and a concern for future well being.

Concerns about the shortage of mathemstics teachers have
reached new heights in the late eighties. Special funding for
innovative courses and bursaries for those undertaking PGCE
courses reflect a growing awareness of a chronic problem in
mathematics and several other subjects.

Whar Kind of Shortage?

In 1963, a sulcommittee of The Mathematical Association
reccried on the supply end training of mathematics teachers. The
introduction (Mathematicsl Association, 1963) states

"The shortage of mathematics teachers is now generally
recogniseds the denger is that it may be accepted.
Available statistics, however incomplete and however
cosily interpreted, reveal serious shortages, some now
chvxnic, all now seriously impairing quality" (p.l1)

Although over 4G% of honours graduates in 'mathematics' were
entering teaching at that time (300 out of some 700 in 1961), half
of these were entering without a professional training. In
grammar schools alone, it was estimated that the deficiency in
honours graduates could sbsorb two years total output of
mathematics specialists. But at the seme time expandi training
colleges were said to be in need of ebout 250 mathematics graduate
lecturers in the following few years and the supply of potential
university teechers was said to be only half that required to
maintain University staffs. Even for the relatively small nuwber
of mathematics posts in University Departments of Education, there
was a shortage of ad~auately qualified applicants.
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To read this catalogue of shorteges is to zealiae that
shortege situations do changel Puring the present decade
uwsually sble your; mathematics grsduates have had very 1little
opportunity to gain lecturing posta in University methematics
departments. A state of affairs which led Jones (1981) to sungeat
compulsory retirement of the members of the 35-45 'bulge' growp to
be found in Univarsity departments, as the most effectis
solution.

The sams paper reports en output of aome 3000 mathematics
graduates per annum from Univeraities in *ie late seventiea. In
addition, there were several hundred from Polytechnice., AL that
time ebout 12% of mathematics graduates were going into teaching.
The prospect of declining school populationa offered hope for &
significent improvement in the aupply of mathematics teachers in
the mid to late 80s, before the e: pected decline in the nuiber of
entrants to Universitiea in the early nineties hss ita effect on
output at just the time of en increasing aecondery populetion.
This future, as opposed to present problem, ia illustrated in the
DES's consultative document ‘'Action on Teacher Supply in
Mathematics, Physics end Technology' (DES, 1986) (See Table 1),

Secondary Schuol Population

population aged 20-24

(thousands) (tbousands)
1980 4110 3630
1985 3750 4140
1990 (Projected) 3020 3950
1995 (Projected) 3130 3370

Table 1

As the consultative document points out, it is useful in
discusaing the shortage of mathematica teachera to distinguiah
between overt shortagea (unfilled vacencies), hidden shortege
(tuition given by inadequately quelified teachers), and suppressed
shortage (subject under represenic? on timstable because of & lack
of suiteble teachere), The tirat is eaaiest to identify while the
last is perheps of less aignificence in mathematics then it ia in
Physics and (DT. however the teaching of mathematics by those
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with minimay qualification is a particular problem in a subject
which all teachers have studied in secondary school and many have
carried as a potentially useful subsidiary subject.

The statistics for shortage are notoriously difficult to
collect, but the figures given in DES (1986) are likely to be as
r2lieble and Up-to-date a guide as eny we could expect. What i3
not easily epparent is the progress of particular cohorts of
spplicants from the number epplying to the number becoming
established members of tne profession. The use of statistics from
DES (1986), GTTR and UCET (Note 2} enables some picture of the
process to emerge, though at times the degree of correspondence

Hetween dota Tlom these sources is difficult to establish.

From Applicant to Quelified Teacher Status

Various routes towards becoming a qualified teacher i~
secondary mathematics are possible. The routes and eize of
enrolment for courses starting n 1985 are indicated below:

Postgraduate Certificate: through GTTR 666 (Universities 529
Polytechnics and
Colleges of HE 137)

non GTTR 30

Concurrent B.Sc. cr
Honours B.Ed. 160

Statistics prepared by the GTTR make it relatively easy to monitce
the entry to postgraduate courses, while this source end data
collected by UCE: meke it possible to follow the intake to
University departments through to their eventusl post-course

employment.

K3
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Using the 1985 entry data egain we have:

Total mmber of applicstions for PGCE mathematics places 1182
Nurber of these who enrolled for the course in October 1985 656
Number withdrewing from the GTTR system st some stage 458

humber who remain in the GTTR rystem but were not plsced 58

{hose withdrawing fall.into three categeries

¥  those who had received an offer of a place (estimated to be
about 30% of withdrawals)

*  those vho withdrew before receiving en offer

*  those epplicents assumed to have withdrawn after fo*ling to
respond to GTTR offers to try further institutions

Of the 529 on University courses

477 wvere successful in obtaining a PGCE qualification
390 obtained teaching posts in the UK

15 were still seeking tesching jobs in Dctober 1986,

These figures are somewhat smaller than those for the previous
year, but proportionally similar. They €' ow epproximately 10% of
entrants not successfully completing the course, rather less tinen
20% not entering teeching on succesaful completion and the
remaining 70% of the entry obtaining a teeching post.

Observing current patterns is not to give tnem the status of
having any particular long term sigrificence. It is possible that

ERIC n 84

IToxt Provided by ERI




we might accept or re” .« & hicher proportion of epplicants or
fail a ihaugher prugortion of students following a course.
Nevercheless when numbers of gpplicants end numbers uf entrants
are often quoted independently, it s wo thy of note that the
totel spplications for FGCE places of about 1200 became an entry
of about 500 teachers (1985-6 figures for all PGCE courses) in a
system with a target of rather more then 300 treining places.

A Lcoal Problem?

At the Fifth International Congress on Mathematical Education
held in Adelaide in 1983, one working group considered the preblem
of shortige of mathemstics teachers. Australia, Amorica and
Frence were amongst those reperting shortages. Many of the
reasofic were femilier - poor ststus end unattractive conditions of
teeching, more 1lucrative posts in commerce and industry
particularly in relation to computers. In Australis, postings to
bush schools in the early years of teaching were unattractive. In
france vhere the problem is more recent and regional it wes
suggested that the dogmatic ‘ieaching style which has been
prevalent in French schools tended to tucn studerts .yainst
mathematics (Carse, 1986, p.93).

Yet the problem is not wniversal. In Malaysia, excess
mathematics teachere are currently being retrained for teaching
tnglish as a second lenguage. Closer to home, it was reported in
late 1986 that the Secretary of State for Education was
coisidering the possibility of importing some if the surplus
German rathematics irachers to ease our problems. The roots of
scech @ surplus are presumsbly embedded in a whole social structure
of atvitudes, expectations, opportunities and rewards bkuth in the
world of coreerce eund of education. No simpls t=zchnique seems
likely to p sduce e radical change in the situatior,

Confidence in Quality of Entry

People outside the teacher ecication field sometimes ask me
sbout the quality of entry in these times of shortage. At
meetings of teacher educators I sometimes hear claims that an
institution is meinvaining its standards of entry in spite of @
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dearth of applicants. 'An I?', I wonder. Judgements sbout
teaching potential on the bssis of an application form, references
and en interview always seem unrelisble, even if a praectising
teacher is involved., One is always taking risks in selection end
at times of shortage more risks sre 1likel, to be teken than in
times of plenty. Mathematics students do fail PGCE courses -
perheps more then do students in other subiects. Bishop and

4 wVickson {1563, 0.41) suggest that there is evidence that more
mathematics teschers than teachers of other subjects have their
probaticnary year extended.

But ebsolute quality is difficult to assess. The 1list of
desirable quslities for e teacher suggested in various DES and HMI
publications often seems somewhat unvealistic in the licht of ths

total population of applicants being considered. Energy,
resilience and marked communicaticn ekills, while undoubtedly
welcome, do not alvays sppear in ebundence st interview, yet some
cectainly demonstrate this renga of qualities as the yeac
progresses. One measure of ecademic quality which is availasble is ,
that of class of degrea. While it is probably certain thst tha
corralation between class of degree and teaching quality is
modest, it is noticesble that in University. departments of
education, the quality of entry by degree class is markedly
different for the mathematics entrents then for tha entry
population as a whole. It is even more marked if we compare
mathematicians and historiens. Data for the 1986 entry tc
University departments of education, collated by UCET, for the
percentages cf group intake under degrea class is shown in Table

2,
Higher Ist 2i 2ii 2un-- 3 Pass/ Other
degree Aivided General

Overall 3.3 2.9 33.2 39.2 2.5 9.4 7.3 2,5

History 3.3 3.3 47.2 40.7 3.9 0.7 1.0 -
Maths 2.8 4.3 19.3 27.9 5.2 19.7 17.8 3.0

Table 2
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! So while less than 2% nf history entrante have lower than a
second class degree, ebout 40% of mathematics students have this
background of »chievement in their first degree. We might find
ourselves agreeing with the teacher who commentsd that if there
ere a limited nucber of mathematics graduates sroun’, she would
rather that it was the able ones designing the plenes and guided
missiles. My concerns are twofold. Firat, what sort of en
educationsl/mathematicel experience wss it in getting a third
class or psss degree? By definition, it seems to suggest very
modest success when it is borne 1n mind that very few students
fail their degree altogether. Second, vhat are the longer term
implications for the profession in decision 'ieking abcut the
curriculum, in 'A' 1level teaching etc? Will it pe possible, in
any sense, to expect a different quality in History and
Mathematics education in schools because of this difference in
academic quality of entry? Do we consciously or lnconsciowly
modify what we do as tescher truiners in the 1light of this
difference? If it is irrelevant, should we be cempaigning emongst
our colleagues for historiens with third class and pass degrees to
be given a chance as teachers?

Dore's book 'The Diplowma Disease! (Dore, 1976) made evident on
a world scale the nonsense and the dengers of chaaing
.inappropriate qualifications. A Ph.D. is not necessary to drive a
taxi, but it might help in some countries if it puts you shead of
the rest of the field in forinal qualifications. As a disappointed
epplicent for a taxi driving post, one might have to reviae one's
academic aspirations if a Pn.D. becomes necessery in the scramble
for Jobs. This educational inflation is usually evident where
Jobs are in short aupply but there are many jobs 3n which peopls
feel overtrained for what the job actually requires them to do.
Some have even auggested inis sbout the relatively preatigious job
of General Practitioner for which the training is some eight years
post 'A' level. Is it also true for the mathematics teacher?

The wist recent mesaages from tMIs and the DES are unclear.
On the onre hand iraining institutions are being encouraged to
accept only those with a strong acedemic background in
mathematics, while on the other, innovative methods are being
sought to bring in, thsough retraining or lenger PGCE courses,
students whpse background in mathemstics is considerebly weaker.
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While many of us might argue that a mathematics course focussed on
the needs of the intending teacher may be more valusble then much
of what ia experienced end 'failed' by many a mathematics graduate
who enters a PGLE course, it does raise questions gehout the
knowledge needed to be a mathematics teacher and the relative
importance of other qualities which are not subject specific.

Beyond Initi-1 Training

Lonai ludinsl studies of tzachers of mathematics seem to be in
short supply. VYet concerns over input end output are short
sighted unless viewed against longer term contributions to
teeching. Professional life expectancy i3 of significence both to
course dewi, w8 &nd tutors and to those financing such training
prograncmes. A one yeer prograsme, even of 36 weeks, may be all
too short for preparing someone for the demands of full time
teeching, but it is an expensive investment if the tescher only
coentributes for two or three years in the classroom.

A pilot study of teacher movement cerried out by Cornelius
(1981) in 69 secondary schools in the North East of England
recorded 127 chenges of mathematics staff in a two yesr period
(1978-80).  While 47 involved a change of school and 12 were
through retirement or death, some 34 represented true wast ge by
virtue of a move inte enother job, failure or illness/personal
teasons. Tthe future of the remsining 34 who moved for reasons of
pregnancy, femily, movement of spouse was uncertain with respect
to possible re-entry to mathematics teaching.

More recent data in DES (1986) suggests wastuge figures of
8-10% per annun. It seems likely (and Cornelius' pilet study
figures give support) thst wastage rates are likely to be higher
in the Lurly years of tesching as people decide whether teaching
is an eppropriate career for them. Adding to this the other
hazards (pregnancy, spouse movement without Aecessarily another
teaching job being found), the locss in the er iy years could well
be 15% per annum. Usin~ this model the numbsr »f our original 500
eatrants surviving to years 2-5 would be 425, 360, 305, 260. Such
statistics, even if only crude projections, raise major questions
sbout counteracting wuotage, the timing of training investment and
the ebility, echieverent end charauteristics profile of those who
survive.
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Data and anelysia of inadequacies ecen present a rather
depressing view of what 1is, a3 ocposed to what might have been.
Yot the experience of working with those in training is probably
as rewarding ss it ever was. The talente, skills and initiative
of some is s frequent palliative to other indicators of quality.
Developments in PGCE courses give cause for optimism about the
Jinking of theory and przctice and the relstionship between
teochere end teacher educstors. Only the complexity of the
teachor's work in the late 80s mekes one query whether we are
moving fast enough to make the preparation adequate.

T

Finally, what confidence is there in the receiving profession
as new entrants join? There cen have been f.ns more difficult
times to join the teeching profession than in the last year or
two, with the low state of morale. And yet the support systems
for new teachers ere probsbly better than ever before:s schools
with only 1limited numbers of probationers and cnnsequently more
scope to look after them; heads of department with clearer ideas
on their role in looking after a new probationer; advisory

teachers largely freed from administrative chores to be &gble to
work alongside nrew teachers in schools; twu professional

associaiions more active than ever in providing materials end in
organising meetings and conferences. Amongst the prevalent gloom
there are signs to encourage.

John Hayter

NOVTS

l. AWET -~ Association of University Mathematics Education
Teachers

NATFHE -~ National Association of Teachers in Further und
Higher Education

SCAMES -~ Stending Committeze of Associatior.. concerned with
Mathematics Education in Schools
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GTTR - fRreduste Teacher Training Registry
UCET -~ University Council for the Educaticon of Teachera
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