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Sumar y

This dissertation is a report of an investigation into differences
in the attitudes of girls towards the learning of mathenatics. It
conpares two groups of girls at two age |levels [grade 7 and 11] taught
in a single-sex school with corresponding groups taught in a co-
educational school. The focus is purely on attitudinal factors and is
not |inked to attainnment. The purpose is to identify differences or
simlarities in attitude between girls in co-educational and single-
sex education which could possibly inpact upon other issues such as
confidence in mathematical ability, pursuit of mathematics to higher
| evel s and perceptions of mathematics as an acceptable fenmal e choice

I have researched past and current issues regarding gender inequity
[both in general and in terms of mathenmatical education], the
vari abl es which inpact upon it and the changes concerning this problem
whi ch have been made over the past twenty years in attenpts to redress

it.



| gathered ny information by using a questionnaire to provide
results capabl e of being collated and anal ysed.

The nost significant difference in attitude within this test sanple
was betwwen the two year 11 groups for the factor of enjoynent. The
percentage of girls enjoying mathematics in the single-sex environnment
was notably higher than their co-educational counterparts [63% v 37%
of year group]. This factor alone has many inplications, not the
least of which is the possible notivation to continue pursuing
mat hematics to higher |evels. For other factors, | have nmade
statistical conparisons and related themto current research.

I have also considered global and cultural aspects of gender
inequities in mathematics and the influence of various femninist
approaches in attenpting to achieve educational and occupational

equity.
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A COVPARI SON OF GENDER- RELATED ATTI TUDES TOMRDS MATHEMATI CS BETWEEN

G RLS IN SI NG E- SEX AND CO- EDUCATI ONAL SCHOOL S

I nt roducti on

The purpose of ny dissertation is to nmake statistical conparisons
of gender-related attitudes towards mathematics between girls in a
si ngl e-sex school and girls in a co-educational school. In conducting
this investigation | have considered the recent gender-related
alternative conceptions of equity including alternative nethods of
i nquiry and recent devel opments. Hopefully as studies in new
directions evolve, their results wll cause presently evolving
policies and practices to proceed in a nore equitable way.

Al t hough research in this area is an extrenely conplex process, due
to the many factors and their inter-relatedness which inmpact on
attitude and to the inherent problems encountered when neasuring such
variables as attitude, | am |ooking for evidence that will test the
hypot hesi s that single-sex schooling for girls provides an environnment
whi ch enhances girls' attitudes towards mathematics in a positive way.
| believe that attitude is the nost influential determ nant of success
or achievenent, whether it be in terns of attainment or continued
participation, and so this evidence would have inportant inplications.

Previous research in this area has had a mjor inmpact on
educational opportunity but may have produced equality of opportunity
rather than the provision of equity. Much of this research has been
evaluated in a quantitative way, perhaps focused on the inputs,
processes or outconmes of education, and determ ning public policy and

practice.



According to Secada, Fennenm and Adajian [1995], the npst recent
devel opnents in scholarly enquiry have begun to focus on new areas
through research in cognitive psychology, by bringing the problem of
gender bias to the fore and seeking sol utions.

G obally, education is in a transitional state, where there are
frequent contradictory calls for reform In the U S., Secada et
al . [ 1995] exenmplify these —changes by looking at efforts in
restructuring the classroom school or district to efforts that
include elenents of conpetition and choice in schooling, which up
until recently has been thought of as a free public service avail able
to all

In attenpting to investigate equity, it is necessary to anticipate
new soci al questions and new directions in both research and policy so
that equity-based ideas can becone an integral part of such policies
as they are inplenented.

In 1991, the National Centre for Research in Mathematical Sciences
Educati on [ NCRMSE] [Secada, G et al. 1995] conm ssioned a series of
papers from mathenmatics educators on the education of girls. Anpng
those that considered issues of gender-bias was the work of G C
Leder, which considers how conpetent people are disenpowered by
psychosoci al processes in classroons and this would appear to have
great relevance to the issue of single-sex schooling

This topic is of great interest to ne as | have recently joined the
staff of a single-sex girls' school - the only surviving single-sex
school in Bernuda, where the renmmining six governnment schools and
three private secondary schools are all co-educational. As the |ast
r emai ni ng single-sex institution, the school has to continually
justify why it chooses to remain so, and has an inportant part to play

in educating present and prospective parents, as well as the



popul ation in general, about gender inequality and the inpact that

si ngl e-sex schooling can have on addressing this problem

Anal ysis of the Probl em

According to Carey et al [1994], although gender differences in
mat hemati cs achi evenent have been recognized for alnpbst 50 years, in
nost cases no special efforts have been nade to alleviate them until
recently; for exanple, during the reform novenents of the 1960's in
which there were major attenpts to inprove students' |earning of
mat hematics by changing the curriculum very little attention was
given to increasing the achievement of fenmales. Mathematical |earning
has inproved as evidenced by The National Educational Goals Report
[1997] which notes that student achievenent increased on all
mat hematics indicators from 1990 to 1996. The report also shows that
the US is awarding a higher percent of mathematics and science degrees
to all students, as well as to fenmles. Despite this inprovenent, new
and better progranmes, in some instances, have allowed existing
inequities to be perpetuated, although in a reduced form Accordi ng
to Carey et al [1994] even the devel opnent of a curriculum designed to
serve all students has perpetuated inequities. One reason for this is
that the developers have not considered what is known about how
children learn mathematics wth understanding. In some instances
there has been little conmunication between researchers in mainstream
mat hemati cs education, who have not been directly concerned with
equity issues, and equity researchers, who have not been concerned
with critical mainstream research. Before truly equitable classroons
can be devel oped, concerns about equity and know edge about children's
| earni ng nust be integrated. Carey et al [1994] suggest a need for

bl endi ng research on equity and children's learning, stating that the
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know edge gained wusing a cognitive science research paradigm
contributes to our understanding of learning in schools. Research on
children's thinking and nat hematical concept formation can help inform
instruction that addresses gender inequalities. In this way,
mat hematics education researchers are beconming increasingly well
i nforned about femnminist research with nmathemati cs.

In the U S. there is sone evidence that applications for single-sex
schooling for girls are rising dramatically. One exanple of this was
cited by Judith Shapiro in her keynote speech for the Nationa
Coalition of Grl's Schools' annual neeting [1995]; the increase in
applications for Barnard School in the US showed a drammtic increase
of over 70% over the past four years. She attributes this rise to the
fact that the nessage advocating single-sex schooling for girls is
being heard and nobre parents are casting a critical eye on co-
education and asking just how co-educational these classroons really
are.

She makes a cultural analysis, claimng that Anrerica is a nation of
poor understanding of social science, wth npst believing that
Anerican society is made up of individuals, and addressing the
difficulty Anericans have in understanding how society is structured
along lines of gender, race, ethnicity and class. She challenges a
common perception that iif everyone just conpetes as individuals,
success will come to those who deserve it. She suggests that sone
equity fem nists appear to believe that the struggle for gender equity

has been won, and that everyone has equal opportunity so there is no

need to focus on gender as an issue. Shapiro [1995] points out the
naivete of the fornmer remark and the historical inprobability of
gender equity being solved by one generation for all tine. She does

not deny the justification for all male institutions, not wishing to

deal with the issue of gender asymetry in single-sex education, but
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does point out sone differences and insists that the purposes and
outcones of all-male institutions need to be conpared critically and
carefully with the outcones of all female institutions. Shapiro's

opi ni ons, however, are not substantiated through further references to

the literature but are included as an illustration of the thinking of
sone educators supporting single-sex schooling in the US. My
research will provide sonme analysis of this problem

She discusses what are claimed to be the two major strategies of
fem nist scholarship, the one enphasizing simlarities between wonen
and nen, and the other enphasizing differences. The essence of the
first approach is to downplay the significance of gender altogether
and to argue that gender based discrimnation is sonething that can be
overcone once its essential unfairness and irrationality are exposed.
The disadvantage of this approach is that it reflects a failure to
grasp how pervasive and inportant a role gender plays in society, and
it does wonmen no favour to argue that they should be treated as equals
when they are not. The other nmmjor feminist strategy argues the
exi stence of inportant differences between wonen and nmen and the goal
is to value wonmen for what is distinctive about them and to see that
social arrangenents reflect wonen's special needs. The struggle for
social change is a struggle to transform a world dom nated by nen's
values into a world nmore in line with the values of women. Her claim
for single-sex girls' schooling is part of the quest for gender equity

as an ongoi ng condition.

Wy Gender Differences are |nportant

There are many reasons why the significant gender differences in
mat hemati cs achi evenent and participation are inportant. Lucy Sells

[1974] was one of the first to argue that nmathematics is a critical
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filter in career choice. Mat hematics is increasingly being used in
our technol ogical world, and those who opt out of mathematics from 16
onwards will be denied inportant opportunities. G ven the changing
job nmarket, nmany wonen could be thus disadvantaged in their later
lives if they have not pursued the required |evel of mathematical
proficiency. This is perhaps especially significant because a higher
proportion of wonmen today need to be wage earners due to changes in
fam |y structure and social and role expectations. Many need to be
secure in their jobs and financially independent.

Mat hemati cs can al so provide the opportunity for a nore challenging
job which could provide a higher degree of interest and personal
fulfillnment, on the grounds that it offers nore choice of career entry
paths and is required to a greater or lesser extent in many
pr of essi ons.

A further significant reason why gender inequities in mathematics

are inportant is that they perpetuate the reproductive cycle of gender

inequality in mthematics education [Ernest, 1991], i.e. such
inequities will reproduce thenselves until halted. This, with other
social influences, reinforces gender stereotyping and negatively

influences many girls' perceptions of nmathematics and their own
abilities in mathematics.

Many male students retain the perception that mathematics and
science are male domains [Linn, 1990]. The enphasis placed on gender
problenms in mathematics can itself be counter-productive because it
can give credence to the concept that boys are nore nmathematically
ori ent at ed. Grls' perceptions of mathematics as a nmale domain are
negatively correlated with nathematical achievenent and with taking
advanced mathematical courses [Hyde et al., 1990]. Grls who have
| ess sex-stereotyped ideas tend to achieve nore nmathematically

[ Armstrong, 1985].
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At the college level, the problem becones nore acute; Hewitt and
Seynmour [1991] found that many wonmen taking mathematical and science-
based courses conplained that they had to deal with irritating sexist
remarks from nmales on a daily basis, making them feel unwelcone and
pressured to achieve. Grls with acceptable academ c preparation are
choosing careers in these areas in disproportionately |ow nunbers
[ Nati onal Science Foundation, 1990]. |In sone states the ratio was 3:1
in favour of males choosing college majors in mathematics and sci ence.
The National Science Foundation study [1990] also found an alarmngly
small percentage of high school seniors who wanted to go into
mat hematics; the statistics were Grls - 0.5% and Boys - 0.6%

It appears that mddle-class young wonen and nmen in US. high
school s are convinced that they need nmathematics. For the first
three years of high school gender differences are mnimal and efforts
to convince girls to proceed mathemmtically have been successful with
mddle class girls [minly by way of convincing parents and
counsel ors] because they see it as a requisite to getting into a good
coll ege [ Gross, 1988].

Gender differences becone apparent at the precal culus and cal cul us

level - the courses needed to mmjor in mathematics, science and
engi neering [National Science foundation, 1990]. The data referred to
here are <class- and race-specific. Simlar studies on gender

differences in mathematics achievement anbng mnority groups are
smal l er than those anpbng whites [Friedman, 1989]. In mnority groups
gender differences all but disappear, but this is not a positive
advance because with the exception of Asian-Anericans, the mnority
groups score significantly lower than whites and the results indicate
that boys and girls score equally poorly.

The problem is not wi thout solution. According to Germaine G eer

in "In the Belly of the Beast: Wonen in Acadene", a paper she gave at
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a conference in King's College, Canbridge in 1993, "there are five
times as many female scientists in Latin Anmerican countries as there
are in Anglo-Saxon" [Pile, 1993, 19]. This suggests a strong cul tural

i nfl uence.

Suggest ed Causes for Differences

There have been many suggestions offered as to why girls perform
|l ess well than boys in mathematics. One of these proposed factors is
biological differences between the sexes. Various studies have
of fered explanations for this, but as the achievenent gap is closing
as wonen are given nore opportunity, nmany researchers are dism ssive
of this explanation.

A second proposed factor contributing to gender differences is that
of spatial ability. Eddowes [in Burton, 1986:23] and nmny others
clained that girls' performance in spatial tasks is significantly
worse than that of boys. This theory too has been refuted by
researchers such as Wal den and Wal kerdi ne [1985:23], who exam ned this
assunption and were wunable to justify it. Li kewi se, Walden and
Wal kerdi ne concluded that they could not confirm assunptions by Wod
[1976], for exanple, which argue that girls perform better at |ower
cognitive level mathematical tasks than at higher cognitive |Ievel
mat hematical tasks, and dismss simlar assunptions relating to
differing cognitive styles between the sexes.

The factor which | would like to expand on and have chosen to
research for ny dissertation is that of the difference in attitude and
bel i ef s. There is nmuch evidence supporting the inportance of this

factor. Giffiths [1992] indicates that research carried out on 750
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students at Edinburgh University between 1987 and 1991 showed that
femal e students rated their owm 1Q |ower than those of their fathers
and, in three of the five years, higher than those of their npothers

Conversely, nmale students rated thenselves superior to their nothers
and, in three of five years, to their fathers too. Thi s suggests a
wi dely accepted belief that nen are nore intelligent than wonen. The
issue is made worse by the fact that the wonmen being tested,

presumably the intellectual elite, should be nobre aware of gender
i ssues and research, or at the very |least, should be nore confident of
their own ability.

McLeod [1992] identifies three types of conponent attitudes,
enotions and beliefs relating to attitude to nmmthematics. Firstly
enotions, are intense feelings, either positive or negative, which are
evoked by a situation such as being confronted with a nmthenmatica
t ask. Secondly, are attitudes, which are predispositions to act in
certain ways given certain concepts, ideas or situations. Attitudes
can be held towards mathematics and include [according to Bell et al.

1983] : -

a) liking/disliking of mathematics
b) confidence [or lack of] in own ability
c) anxiety towards mathematics

d) perceived utility of mathematics

Thirdly, there are systens of ideas or beliefs which reflect a
person's val ues and outl ook, including beliefs about gender roles and
the appropriateness of mathematics for nmen and wonen.

Sonme contend that the inportance of attitude towards mathematics is
its connection to achievenent; for exanple, Bell et al.[1983] and

McLeod, [1992] found a low but significant correlation between these
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two factors -

of achi evenent

anbi val ent, however,

nuch stronger

partici pation.

14

thus, nore positive attitude nmay produce a higher |evel

whi ch

ar gunent

is further conpounded by gender. Research is

t hat

on the attitude - achievenent link and there is a

links attitudes to mathematics with future



Chapter 1

Perspectives on the Issue of Gender Inequality and an ldentification

of the Variabl es which inpact upon it

Cutline

In this chapter | have attenpted to present a very general overview
of both historical and contenpory perspectives on the issue of gender
inequality, to identify the key causal variables which inpact upon it
and to acknow edge the gendered differences in achievenent. | have
identified two categories of variables: environnmental variables, which
include those generated by the school, teacher, peer group, wider
society and parents; and learner-related variables, which include
cognitive variables such as intelligence and spatial ability, and
internal belief variables such as confidence, fear of success,
attributions and persistence. Di scussi on of single-sex education and
possible renedies will be dealt with in chapter 4.

For the purpose of this study | would like to distinguish the
different neanings of the words "equity" and "equality" as | have
found conflicting definitions in other literature. In terns of
gendered relationships the inplication of the term 'equality of
opportunity' is one of fairness or inpartiality where an equal chance
is being presented to both sexes. The term "equity", on the other
hand inplies a suggestion of creating an equal state achieved through
outcone or circunstance. True equality is achieved only when an
equi tabl e outcome occurs, followi ng equality of opportunity.

In attenpting to change girls' choices, a deficit view of girls is
suggested by many researchers, including WIllis [1995], even when the

intention is to value and affirm girls. In order to argue
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di sadvantage for girls and justify intervention, differences are often
enphasi zed by reform programes which target girls, Kenway and WIllis

[1993], that negatively conpare girls to boys i.e. girls lack self

esteem or confidence, they fear success, they make poor choices - all
relative to boys. In this way, ways of viewing males to femal es which
undernmine fenales are constantly perpetuated. Hi storically nmmle

skills and attributions are seen as the norm against which fenmles
becone the negative other fostering a general inplication that to
becone equal is to becone nale.

There is also the issue of inplying to girls that if they have the
right occupational tools, they wll achieve the sane job-related
success as boys; however, social constraints in the job market block
some opportunities and render wonen worse off in nmle-don nated

fields.

Hi stori cal Perspective

Leder [1992] quotes Plato in Book 5 of The Republic arguing that
mal es and females should be educated in the same way for effective
career preparation. "There is therefore no function in society which
is peculiar to woman as wonan or man as man; natural abilities are
simlarly distributed in each sex, and it is natural for wonen to
share all occupations with men, though in all wonen will be the weaker
partners." [p 295]

Plato may have been the first recorded fem nist but his notions, at
| east on this issue, were alnpbst totally disregarded. Over 2000 years
| ater, Defoe [1697] echoed his thoughts in his anger at society's
attitude to the education of wonen. "I have often thought of it as
one of the nobst barbarous custons in the world that we deny the

advantages of learning to wonen...... If know edge and understanding
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had been useless additions to the sex, God Al mghty would never have
given them the capacity; for He made nothing needl ess.” [Defoe 1697, pp
283-284]

Three centuries later, statistics indicate that in the US. and
many other Western countries, there are nore females pursuing higher
education than males [e.g. United States Bureau of the Census, 1990],.
yet there are many nmany issues concerning gender-equity which still
need to be addressed.

In the 1750s the estimates for literacy in then UK were 64% of

adult males and less than 40% of adult females [Lawson and Silver,

1973]. As writing was only taught to reasonably conpetent readers,
and wittten nuneracy followed that, the levels of nunerical
conpetency would be considerably |ower still. During this era it was

consi dered dangerous to educate the working classes and the upper
cl asses usually received a non-utilitarian education which was
culturally based either froma governess or at a boarding school where
a level of acconplishment in singing, dancing, painting and needl ework
was enphasi zed for girls.

The figures for literacy and nunmeracy rates in the US. at this
time were typically simlar although some regions did boast
significantly higher rates in male literacy [e.g. New England, where
the rate was 80%. At this point in history there was little
di scussion of females' nunerical ability; that canme later wth
i nproved participatory levels in education. It was, in fact, in the
1820s when the school system becane nore wi despread and arithnetic was
inserted into the elenentary curriculum introducing it to a higher
proportion of girls, that the stereotype of the non-nmathematical
fem nine mnd began to evolve. It was fromthis historical background
that today's issues of wequality between the genders have arisen.

Despite apparent equal opportunities, there are still sonme subtle
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di fferences between nmale and fenale participation and achievenent in

educati on.

Cont enporary Perspectives

Contenporary statistics show nmuch progress towards educational
equity, however many small discrepancies prevail. 1In the UK attitudes
of both nmales and females towards female success in mathematics

continue to mamke significant inpact on differences in enrolnment for

hi gher | evel and nore intensive nmathematics courses and for
occupati ons whi ch require a hi gher | evel of mat henat i cal
sophi sticati on. Mal e enrolnment thus continues to be significantly
hi gher [Ernest, 1994]. Likewise in Australia, a study by the

Department of Enploynent, Education and Training [1990], provided
statistics which showed that males outnunbered fenmales by nore than
2:1 in careers demanding tertiary |evel educational qualifications in
sci ence, comput i ng, mat hematics and agricul tural and vetinary
sci ences. Less than 25% of nmanagers and adm nistrators were fenmle
and less than 10% of craftsnen. On the other hand, nore than 60% of
sal espersons and nore than 75% of clerks were femal e.

Awareness of the gender problem has created many significant
changes over the past twenty five years. Much of the focus has been

on the achievenents of females in mathemati cs where trenmendous strides

have been made, in sone instances, to renediate discrepancies in
attainnent in high school mathematics. Rat es of attai nnent however,
have not inproved proportionately to this. Mor eover, able fenunles
still lag behind in choice of mathematics courses and mathematics

rel ated careers.
Statistics also reveal that despite significant overlap between the

genders in mathemati cal achi evenent, performance differences on
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selected mathematical tasks assessed through large scale testing up
until 1990 continued to be reported and was usually in favour of nales
[ Leder 1992]. It needs to be considered, however, whether these
di fferences occurred in a "fair field".

According to Canpbell [1995], there has been considerable success
in closing the gender-gap in mathematics achi evenent and course taking
but the gap persists with choices of mathematics-related college
maj ors and careers. Efforts need to be made to change how mat hematics
is taught and how girls are treated rather than creating change within
girls. In short the population for whom mathematics is appropriate

needs to be expanded and redefined.

19



Identification of variables

Envi ronnent al vari abl es

Cl assroons, Teachers and Gender Differences in Mathematics

There has been nuch research examning the influence of the
educational environnent on the learning of mathematics by males and
femal es. Data gathered from classroom observations suggests that the
field is not as fair as formal documents and policies suggest. These
observations have revealed nmarked sinmlarities in the delivery of the
| esson, nmost frequently teacher exposition followed by students'
attenpts at the work but particular attention has been focused on the
ways teachers interact with their male and femal e students. Br ophy
and Good [1974] reported that mamles received nore criticism were
prai sed more frequently for correct answers and had nore contact-tine
with their teachers. More recent work by Gore and Roumagoux [ 1983]
found that teachers gave mamles longer to respond to questions and
Leder's work [1987] showed that males were asked the nobre cognitively-
chal | engi ng questi ons.

The learning environnent is made up of nmany conplex factors and is
difficult to analyze as many of these factors interact with each
other. Apart from the conplexity of the inpact of the teacher, other
vari ables include texts, materials, physical surroundings and forns of
or gani zati on. Early research into gender differences in mathematics
exam ned such factors as stereotypic remarks by teachers, use of sex-
bi ased texts and the sex of the teacher. More recently, because of
the many types of equity intervention programmes, nost teachers are
aware of the damage caused by stereotypic coments and avoid using

t hem Furthernore, in the 1980's, there was an increased awareness of
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sex-biased mmthematical texts leading to a great reduction in
bl atantly stereotypic portrayals, and Nibelink, Stockdale and Mangru
[1986] point out that npst texts are now safely non-sexist. Finally,
there have been nmany clains that sanme-sex teachers incur inproved
performance by students but Brophy and Good [1985] rejected many of
the previous theories offered by researchers in this field. Although a
few studies produced mnimal conflicting evidence, nobst showed no
di fferences.

The next level of investigation then focused on the teacher. Many
studi es including Koehler [1985] revealed the differential treatnent
received by mmles that conpounded the gender gap. Becker [1981]
collected quantitative data using teacher/student interactions and
qualitative data using a participant/observer technique in 10 geonetry
classes for ten days. Her qualitative observations provided a
substantial record of differential treatment accorded to nales. She
found that males received 70% of the encouraging remarks nade by
teachers, while fenmmles received 90% of the the discouraging renarks
Males also received nore attention, nore acknowl edgenent, nore
cognitively chall enging questions and nore informal interaction

Stanic and Reyes [1986] carried out an intensive case-study
guestioning the inequitable treatment of students. They stressed the
i nportance of considering teacher intention when addressing students
and also noted that differential student outcones could be the result
of equal teacher treatment, because different students perceive the
treatnent differently; a teacher remark or behavior that may be
hel pful to one student, nmay not be at all beneficial to another.
Al though there is substantial evidence to indicate that nmales are
treated favorably, there is nmuch less research into the effect that

this differential treatnment has on achi evenent.
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Differential Effectiveness Studies

Studies at the next level of conplexity continued to investigate
teacher/student interaction but |ooked at other contexts such as the
types of activities that the students were involved in or their
achi evenent outcomes. These studies were ainmed at identifying the
cl assroom processes nost effective for teaching either nale or fenmmle
students and are referred to as differential effectiveness studies.
Most of the nodels look |like the one illustrated below by Koehler

[ 1985] .

Figure 1

Differential Effectiveness Mddel of Classroom Processes

mal e student mal e
behavi or b out cones
Teacher Behavi or
femal e student fenal e
behavi or > out cones

In figure 1, the double headed arrows inply interaction and the
single headed arrows inply effect. The figure suggests the different
i rpact of teacher behavior on male and fenmle student behavior and
hence the different outconmes by gender of this classroominteraction.

Reyes [1981] conducted a study which examined differential
treatment and cl assroom processes. She found that in sone classes the

teachers had nmre interactions wth boys, while in others,
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interactions with females predom nated. On exam ning her findings,
she found that the classroom with the predom nance of nmle teacher
interactions could be described as having nore teacher control. I'n
these classes the teachers had firm control over the class, were aware
of what each individual was doing and kept the class actively working
on mat hematics. These characteristics were described by Good, G ouws
and Ebneier [1983] as being effective teaching practices.

In 1985, Peterson and Fennema conducted a study which exam ned the
teacher/student interaction patterns and related them to mathenmnti cal
achievenent by males and females on different Ilevels of cognitive
t asks. Their results were conplex and did not produce any clear
findings or easy recommendations for teachers to follow. Their only
suggestions for teachers to pronote higher |evels of achievement in
females were to give them nore opportunity to engage in high-1level
interactions, to offer them nmore praise and positive feedback for
effort and the use of good strategies, and to encourage them to be
i ndependent and di vergent thinkers.

Koehl er [1985] perforned a simlar differential effectiveness study
in eight algebra classes observing teacher/student interactions and
t eacher behavi or. She found, as with nmany previous studies, that
differential treatnent towards students by gender did exist, mainly in
favour of nmmles. She assumed that the favored nmales would perform
better than the fenal es; however, her results were not consistent with
that assunption. In only one of the six classes in which males were

involved in nore interactions was the nmmle achi evement higher than the

femal e achievenent. In two of these six classes, female achievenent
was in fact higher and in three classes there was little or no
difference in performance. In the two classes where fenmmles were
involved in nore teacher interactions, in one fenales outperforned

mal es and in the other vice-versa. Koehl er concluded that there was
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no clear-cut link between dom nance in an interaction pattern and

mat hemat i cs achi evenent.

Sex-rol e Congruency and Mat hematics

Teachers, as nost other people, have stereotypical beliefs about
gender. Sex-role identity influences the cognitive devel opnent of
mal es and fermales in various domains depending on whether or not they
see them as an acceptable domain to study for their sex. Evi dence
suggests that teachers believe that certain subjects are nore
appropriate for males than fenmles.

A study by Dusek and Joseph [1985] where teachers rated anonynobus
students with masculine and femnine characteristics on various
cognitive traits revealed that students with masculine characteristics
wer e rated hi gher on intelligence, i ndependence and | ogic.
Mat hematics is one subject that is stereotypically masculine and this
i nfluences the learning of mathematics by fenales. Good and Fi ndl ey
[ 1985] reviewed the literature on sex-role expectations and
achi evenent and concluded that teachers' sex-related beliefs that

mat hematics is masculine influences their own cl assroom behavi or

Sex-role Stereotyping of Mathenatics-rel ated Characteristics

Fennema et al. [1991] also investigated whether teachers held
different beliefs about their best male and best female mathematics
st udent s. They used a sex-role stereotype questionnaire containing
si xteen personality descriptors that were relevant to achievenent in

mat hemati cs and four behavioral descriptors [e.g. does not persist or
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is very persistent in mathematics]. The results showed severa
significant differences on several itens and these were factors of
conpetitiveness, |ogicalness, adventurousness, |oudness, volunteering
of answers, enjoyment of mathematics, and i ndependence of mathematics.
For all of +these descriptive traits, teachers rated their nmmle
students as displaying themat a higher level than did fennles.

Sone interesting facts were noted. Initially, the teachers did not
strongly stereotype their best male or femal e mathematics students as
mascul ine or fem nine. Only 3 of 16 phrases were seen as
differentially describing the best males and femal es: conpetitiveness,
| ogi cal ness, and adventurousness. Secondly, there were significant
differences on 3 of the 4 behavioral descriptors; females were seen as
volunteering answers to problens |ess often, enjoying mathematics
| ess, and as being nore dependent than nales. Thirdly, although nales
were not seen as nore independent overall than females, in mathematics
they were. The traits seen as essential to the learning and use of
mat hemati cs [conpetitiveness, |ogicalness, and adventurousness] were
seen as nore descriptive of males than fenales. Wil e avoiding
overal |l sex-stereotyping, the teachers did eventually stereotype their
best students in relation to nmathematics. Vol unt eeri ng answers,
enjoynent of mathematics, and other overt behaviors were rated as
descriptive of mmles, as was independence, which is deenmed as being
strongly influential in continued growth in high-cognitive-Ievel
mat hemati cs | earning

When examning data such as these, it is inportant not to
overgeneralize and conclude that teachers are overtly biased against
femal es; however there are negative consequences for fenales caused by
what could be interpreted as negative teacher beliefs. The nost
optim stic explanation of teachers' actions and their inplications is

that they reflect lack of know edge. When teachers becone enpowered
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by knowl edge about gender differences, they will hopefully be able to

construct approaches that will dimnish the problens.

Teachers' Beliefs and Gender Differences in NMathenmatics

Fennema [ 1991] was one of the first to argue that teachers' beliefs
and knowl edge are inportant influences on the devel opment of gender
di fferences in mathematics. She states that several teacher beliefs
have a profound effect, including expectancies, causal attribution,
useful ness of nmathematics to both females and males, and gender
stereotyping relating to the | earning of mathenatics.

Identifying and assessing the inpact of teacher beliefs provide a
very conplex task for researchers. They are very often covert, not
easily identified, and difficult to measure and study, and sone
specific teacher beliefs appear to be inportant influences on the way
teachers interact with females and males and organize their classes

for instruction.

Di fferent Expectations

Reyes and Stanic [1988] suggest that teachers' attitudes about the
"aptitudes of students and the appropriateness of their achieving at a

high level in mathematics that differs on the basis of ...... sex" [p
30] ., conpound the gender difference in mathematics. These attitudes
are reflected in the expectations teachers have for male and fenmle
| ear ni ng. Since there has been very little research addressing the
problems of differential teacher expectancy for females and nmles,

however, it is difficult to support a conclusion that differential

teacher behavior is a reflection of different expectations.
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Usef ul ness of NMathematics

Fennema and Sherman found that gender differences in achievenent
which favored males were acconpanied by a greater male perception of
the useful ness of mathematics. Eccles [1983] supported this by his
findings that fenmales felt that mathematics was of less value to them
than it was to males. If a teacher has a strong belief in the
useful ness of nmathematics, presumably this has an effect on the
students' learning; if a teacher believes that a student's career path
will be facilitated by mathematics presumably the teacher will nake
appropriate choices for the student. There have been sone indications
about teacher beliefs causing gender differentiation as they tend to
choose mal es over fermales with the same | earning problenms for renedial
mat hemati cs programes, suggesting they believe it is nore inportant
for males to learn nathematics. Furthermore nmany teachers actively
encourage nmles to persist in mathematics but do not encourage
f emal es. Sone all-female schools in Australia have a nore limted
mat hematics curriculum and some co-educational schools have reported
scheduling problenms that prohibit females from taking advanced
mat hemati cs cour ses. Finally, girls forced to mmke choices about
conflicting advanced courses which include mathematics tend to choose
ot her courses instead of objecting to the conflict [Fennema and Leder,
1990] .

Teachers will often encourage females to perform well in routine
mat hematics and offer them | ess encouragenment to try nmore cognitively
challenging tasks such as problem solving, Expecting also nore
conformty and dependence from females [Grieb and Easley, 1984]. I'n
Casserly's study [1975] of fenmles in advanced nmathematics classes in
the secondary schools, Casserly found that many teachers, wth good

intentions, solved difficult mathematical problens for the girls,
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fearing tears and negative enptions, thus actually prohibiting the

femal es from becom ng successful problem sol vers.

Teachers' Perceptions of Students' Attitudes to Mathematics

Attribution Theory [Weiner 1972] identifies a nunber of perceived
causes or explanations of academ c success, characterized as internal
external, stable and unstable. These categories may be wused to
characterize the different attributions of success and failure in
terns of specific factors such as ability, task difficulty, effort and
| uck.

In mathematics participation and achievenment for both males and
females attributional style ‘interacts wth many other internal
i nfluences, such as confidence, perception of the usefulness of
mat hemati cs and fear of success and greatly influences them Looki ng
at these conponents potentially offers a valuable insight into

under st andi ng why gender differences in mathematics occur

Attributions for Success and Fail ure

Clark and Peterson [1986] researched attributions for the causes of
| earners' successes and failures in teacher beliefs. They found, "The
nost inportant beliefs that teachers have about students are those
that deal with the teachers' perceptions of the causes of students'
behavi or "[p. 281] Overt teacher behavior is thus directly related to
how t he teacher attributes causation of successes and failures

Studi es on teachers' attributions of nales' and fenales' successes
and failures have produced varying results. Clark and Peterson [1986]
found that the sex of the student was not a variable affecting

teachers' attributions. Dweck et al. [1978] reported significantly
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di fferent evaluative feedback from teachers relating to gender. They
found the following for males nore than femal es: positive feedback was
addressed to the intellectual quality of the work; |less negative
f eedback was addressed to the intellectual conpetence of the work; and
mal es' failure tended to be attributed to effort. They concluded that
children are reinforced in such a way that nales assune their failures
are due to insufficient effort and fenmmles assunme their failures are
due to lack of ability. Applying the causal relationship of stable or
unstable factors, Dweck et al.'s [1978] results indicate that nuales
are reinforced in a way which encourages themto believe that they can
control their own learning; effort is an unstable factor, so if they
increase it, they can |earn. Females are reinforced in a way which
causes them to believe their failures are due to lack of ability and
their successes are due to effort; they can only continue to succeed
if they exert equal or greater effort in the future. Fenmal es thus
have little chance to develop confidence in their ability and devel op
a fear of failure; if they do experience failure they may believe they
cannot overcone it. It may be questioned as to whether the damaging
effects of teacher beliefs on females about attributions for success
and failure would be |essened by renoving gender conparisons i.e. by
si ngl e-sex teachi ng.

Fennema et al [1991] investigated teacher attributions of their
mal e and femal e students' |earning of mathematics, using thirty eight
teachers and their four nobst able and four |east capable students [two
mal es and two females in each case]. They were also asked to select
the causes of those students' successes and failures and the follow ng
percentage results were obtained: Teachers selected ability as the
cause of their capable males' success 58% of the tinme but only 33% as
the cause of their best fenmales' success. Mst capable fennles

successes were due to effort 37% of the time, while capable nmales
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successes were due to effort only 12% of the tine. Teachers also said
that their least able females' failures were due to ability only 22%
of the tine. Dweck et al. [1978] reported that teachers nmde overt
attributional statenents, reinforcing the perception that males are
nore likely to succeed because of their ability and females are nore
likely to succeed because of their effort.

Research evidence suggests that there is a difference in teachers'
beliefs about causation and that the nore positive belief is held
about nales. It would be reasonable to assune that such a belief

i nfluences teachers as they make instructional decisions.

Cl assroom Or gani zati on

There have been studies perforned to exam ne classroom organi zation
and its effects on mle and female performance. Two nobdes of
organi zing for instruction are worthy of discussion, nanmely small

group and ability grouping.

Smal | Group Learning

Most studies on small group |earning have not considered the factor
of gender: however, two related studies by Whbb, [1984] and Wbb and
Kenderski [1985] involving small groups did consider gender. The
sanples they used were two above-average eigth-grade mathematics
cl asses and two below average ninth-grade mathematics cl asses. of
the small groups involved, some had a mpjority of males, sone had a
majority of fenmmles and others were equally bal anced.

Peer interactions were observed with the following results: in the
hi gh achi eving classes, the males out-perfornmed the females, the nales

received nore explanations, and femmle requests for help were ignored
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twice as often as male requests; females nore readily aided their
peers; males hel ped each other nore often than they hel ped fenmles;
some females were totally ignored by nmales especially if there was
only one in the group; nmale questions tended to be nuch nore specific
than fenmmles'; both sexes asked nales to help them npbre often than
they asked fenal es.

There was a narked contrast to these results in the |ow achieving
cl asses. There were no significant differences in achievenent, nor
were there gender differences in patterns of interaction. Mal es did
not receive more help and femal es were equally successful as nales at
getting their questions answered.

Webb and Kenderski [1985] noted that nmles were perhaps nore
persistent than females, since a specific question would indicate that
a problem had at |east been tackled. In addition males were nore
secure in that they did not feel conpelled to answer others'
guesti ons. It is clear that peer interactions within small-group
learning could suggest many possible benefits for si ngl e- sex
schooling; by renmpving males from small groups, particularly in high
achieving groups, femles would not be disadvantaged in terns of
teacher attention, would be less likely to be misassigned in set
pl acenent, and would not be subjected to being ignored by nales when

requesting hel p.

Ability G ouping

Hallinan and Sorensen [1987] conducted a study to investigate
possible differential effectiveness of ability grouping on nmles and
f emal es. They conpared nineteen classes that used ability grouping
with twenty nine that did not and their findings were very

significant. Not only did they find that there was no differential

31



effect on students' achievenent by gender, their results showed that
ability grouping for mathematics did not have a direct effect on
mat hemati cs achi evenent in their sanple. Their anal yses however, did
show a gender difference in the accuracy with which students were

assigned to their ability groups; they found that the high- ability

girls were less likely to be placed in the high- ability sets than
were boys, and that girls in general were nore likely to be
n sassi gned. This obviously negated the supposed advantage of

ability-appropriate instruction especially in high-achieving fenales

and thereby strengthens the case for single-sex groupings.

Recogniti on of Success Wthin the Classroom

Rogers [1990] produced a different perspective on classroom
i nteractions. She attenpted to find and describe the characteristics
of a classroom where fenales were mathematically successful, and found
a North American university with an outstanding record in attracting
and retaining students including females, in its undergraduate
mat hemati cs program After many staff and student interviews and
cl assroom observations, she found one particular teacher whose courses
were trenmendously popular anpbng the students. This teacher made no
special effort wth regard to female students but did believe
mat hemati cal success was attainable by any student prepared to work
for it. His methods are noteworthy: he hardly ever |ectured and

usual ly all owed students to work in small groups to discuss, argue and

negotiate; he would walk around, interject and eventually send a
student to the board to illicit further discussion. Hi s teaching
success, in short, cane about by creating a classroom which was

supportive to all students and in which the teaching style mrrored

the nature of mathematical enquiry.
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The differential effectiveness literature, [Hallinan and Sorensen,
1992] suggests that co-operative mathematics activities mght be nore
beneficial than conpetitive ones, indicating that teachers should try
to produce equity by considering both the quantity and quality of
their interactions with students, and that all students should be
encouraged to beconme independent for, previously teachers mmy have
been wunwittingly enabling males to becone nore autononous than

f emal es.

Learner-rel ated vari abl es

St udent Vari abl es

Ronberg and Carpenter [ 1986] provide detailed analyses of
mat hemati cal content and research that docunent student strategies for
probl em solving which are gender-specific; consequently, researchers
have devel oped categories of problem types and nodels of major |evels
in children's concept and skill devel opnent.

Ot her researchers concerned with gender differences have studied
student behavior and thought processes. In particular the enphasis
has been on the affective conponents of |earning, rather than the
cognitive aspects other than spatial skills: "The small but recurring
di fferences between fenmles and nmmles in personal-belief variables,
such as confidence and risk taking behavior, notivation, and related
characteristics - including fear of success, attributional style,
| earned hel pl essness, nmastery orientation, anxiety, and persistence -

continue to attract research attention.” [Fennema and Leder, 1990]

Student Attribution of Success and Fail ure
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A further associated factor is the way in which the students
thensel ves attribute causation for success and failure in mathematics.
This links with earlier discussion of attribution of success and
failure by Clark and Peterson [1986], and Dweck et al [1978]. Wener
[1974] identified four categories to which people attribute their
success or failure: ability, effort, task difficulty and | uck. These
four causes can be classified along the dinensions of stability and
| ocus of control.

These two dinensions of stability and locus of control are
i mportant determinants of an individual's future expectations of
per f or mance. A student who attributes failure to lack of effort, can

adjust this to attain success in the future but a student who

attributes failure or lack of success to lack of ability will have
very little reason to expect success in the future. On the other
hand, a student who attributes success to ability will nost likely

expect success in the future as ability is a stable factor;
conversely, a student who attributes success to luck will hold no such
expectation, since luck is outside of one's control.

There have been many studies investigating attribution patterns
relating to gender. In 1979, Fennenmn, Wblleat and Pedro created a
Mat hematics Attribution Scale which measured attributions for success
and failure. They found several gender differences: the nmales
attributed their success to ability nore strongly than fennles,
whereas females clainmed effort nore frequently to be the reason for

their success; females also attributed their failure nore readily to

lack of ability or task difficulty. A conparison between sex and
achi evenent scores showed other gender differences: at all |evels of
achi evenent, fenmales were nore likely to attribute their success to

effort, but as the |evel of achievenent increased, the extent to which

they attributed success to effort decreased; for both sexes, the
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attribution of success to ability increased as achievenent increased
and the attribution of failure to low ability decreased as achi evenent
i ncr eased.

Considering attributions of success and failure in mathematics is
particularly interesting because such attributions offer illustration
of students' understanding of past events and are also indicators of
their future <choices; however, the theory is very conplex and
difficult to interpret but should in tine offer great help in

under st andi ng gender differences in mathematics.

Conf i dence

Confidence, which has generally been accepted as a belief about
one's conpetence in mathematics, has been identified as one of the
nost inportant affective variables [Reyes, 1984], influencing the
students' approach to new material including a determning factor of
their persistence. The student will persist if confident of finding
a solution or eventually gaining understanding; |ikew se, a confident
student is nmore likely to participate in mathematical courses at a
hi gher level. Fennema and Shernman [1976] produced the Fennenma- Shernman
Mat hematics Attitude Scales which neasured confidence wusing a
confidence subscale; they also neasured the students' nmathenatics
achi evenent. Their results showed that when a gender difference in
mat hematics achievenent in favour of nmales was found, it was
acconpanied by a gender difference in confidence, also in favour of
mal es. These gender differences in confidence existed even when there
were no differences in achievenent.

Leder [1995] states that the weight of evidence in the US suggests
that females are less confident than nmmles about their mathenatical

ability and therefore less likely to persist on difficult tasks. They
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are also nore anbivalent about the value of mathematics as an
occupational prerequisite.
Gender differences regarding perceptions in nmathematical ability

increase as children go through school even when there are no

di fferences in achievenment [Educational Testing service, 1988]. Grls
in the upper grades |ike mathematics less, and are |ess confident
doing it. As Fennema and Shernman [1978] found, girls in early

adol escence experience a drop in their self-confidence in mathematics
before they experience any academ c decline. As nentioned previously,
this was exenplified by the headnmistress of ny own school, who in
reading the report cards of girls in Years 7 and 8 [ages 11 and 12],
found a dramatic decline in self-confidence between two groups of
girls, one in Year 7 and one in Year 8; confidence levels in Year 8
were considerably lower in nearly all subjects, including mathematics
and science, although academ ¢ achi evenent had been nmi ntai ned

Many researchers including Benbow and Stanley [1993], and Fennenmn
and Peterson [1987] claimthat the decrease in interest and confidence
is probably related to the differential treatnent girls and boys
receive in school, where parity is apparent but equality is not - i.e.
boys interact nore often with teachers, material is nore appealing to
mal es, boys receive nore praise and discipline. This could not,
however, be the cause of the lowered self esteem in an all girls
school since there were no boys to receive preferential treatnent.
Many of the girls have brothers who attend a co-educational school, as
there are now no single-sex boys schools in Bernuda, and this nmmy be
having sonme inmpact on the gender stereotyping that occurs within the
home, as the boys may be experiencing some form of gender-specific
preferenti al treat ment at school , possibly <creating the sane
expectation in the home environnent. Moreover, the stereotyping could

be a direct reflection of society.
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A possible factor which mnmght offer sonme explanation for the
situation nmentioned above is the increased awareness by the girls of
pressure to succeed from both teachers and parents as this was their
first year doing G C S.E work. It was interesting to note that the
drop in confidence was apparent in npbst of the academ c subjects.
Di scussion with Year 7 and Year 8 form teachers suggests that this
phenonmenon had persisted for nmany years. On the other hand, the
change may be due to adol escence and not gender as other researchers
have noted drops in confidence |evels of both boys and girls at around

age 12.

Usef ul ness of Mathematics and Fear of Success

The value of mathematics to a femnle can also be affected by
whet her or not she considers it an appropriate activity for her sex.
An argunment for single-sex schooling lies in the self-perceived notion
by a female that to succeed in mathematics, she will have to pay a
price. In nmy opinion, an adolescent fenmale is nmore likely to be
i nfluenced by such stereotypical beliefs than is an older counterpart,
because of the increased fragility of self-esteem often experienced at
this tinme and the fact that they are constructing their identity as
wonmen at this age.

Fear of success also interacts with the following two variables.
Horner [1968] identified two sources of negative consequences which
i rppact on nmany wonmen experiencing success- the individual's |oss of
her sense of femninity and self esteem and social rejection because
of her success.

When Leder [1982] investigated the relationship between fear of
success [FS], mathematics performance, and course-taking intentions

for males and females, she found that for high-achieving nmales, high
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FS was associated with the intention of |eaving school or taking no
further mathenntics. On the other hand, high-achieving femal es who
were high in FS expressed intentions to take two additional
mat hemati cs  cour ses. In ternms of perfornance, she found no
rel ati onship between high FS and hi gh mat hematical performance for the
nmal es. Femal es who perfornmed well in mathematics were also likely to
be high in FS, while for sone, being high in FS was inconpatible with
continued high performance in nmathematics. Leder suggests that,,
based on her findings, sone females reduced their conflict by reducing
their level of performance in order to appear |ess successful or
opting out of further mathematics study. Neverthel ess, fear of
success does not seem to offer a convincing overall explanation for
gender differences in mathennti cs.

The ratio of males and females choosing mathematically related
careers has often been seen as a problemrelating to girls. Many have
assuned the problem to be caused by the girls thenselves, either by
sonmething they do or by sonmething they |ack. In order to solve a
probl em defined in this way, one can either change the attitudes of
the girls or sone other inpacting influence to nmke them nore
conpatible with mathematics, or change mathematics so that it is nore
conpatible with girls.

Most efforts thus far have focused on changing girls by encouraging
them to use, enjoy, and succeed in mathematics. Efforts made to
change mathematics, according to Canpbell [1995], have not really
focused on changing mathematics but have focused on changing girls'
perceptions of mathematics - in reality another version of changing
girls. Most of the solutions ignore the role that teachers, schools,
and society play in who we are and how and what we |earn, by placing
the enphasis on changing the girls and not changing society, doons

girls to failure. By changing only one conponent of a system only a
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short term change can be effected; if one creates change in a girl so
that she 'loves maths' and then one places her back into the situation
that caused her to hate mathematics in the first place, she will nopst

likely revert to hating mat hemati cs.

Ot her Perspectives

The economic and environnental climate of a country can overshadow
initiative to increase females' participation in mat hemati cs. I'n
Australia in particular and to a lesser extent in the US.,
Governnent's policies of increased retention rates at school occur
simultaneously with i ncreased unenpl oynment and decreased job
opportunities, causing nany young people to becone disillusioned and
skeptical about the arguments that taking mathematics will increase
opportunity for enploynent: "They are generally able to supply nuch
anecdotal evidence to support their doubts." [Leder, 1992]

Much of the <current research on gender inequality tends to
concentrate on differences instead of simlarities, and this
perpetuates the popular stereotypes and beliefs regarding gender

di fferences in mat hemati cs.

Bi ol ogi cal Expl anati ons

There have been nmany attenpts to explain mathematical attainnment
differences by offering biological theories, which have ranged from
sex differences related to reproduction, to physiol ogical sex
di fferences which account for certain diseases, illnesses, inherited
conditions, and survival rates: for exanple, as nmles become nore
mature at a slower rate, they are nore prone to speech defects, vision

and reading problens etc; there have also been theories suggesting
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that a recessive gene for superior visual-spatial ability lies on the
X chronpbsone, thus increasing boys' chances of superior visual-spatial
ability; other theories suggest that differences nmay be traced to
prenatal and/or postnatal hornone differences in the lateralization of
the cerebral hem spheres of the brain. There is no clear evidence
supporting any one of these theories, however, and, as nentioned
earlier, nost researchers are dism ssive of them

Sex differences in behavioral patterns are influenced by biology;
wonmen are nore nurturant than nen due to hornonal response and there
is a great deal of evidence suggesting that nales are npbre aggressive
than femal es. These biological influences nmay increase the tendency
of boys to experience nore behavior problens, their greater incidence
of learning disabilities, and their greater interest in mathematics
and sci ence.

Sex differences in mathematical achievenent that are physio-
logically influenced can be nmnimzed if teaching nethods draw on
skills other than visual-spatial skills; the differences are thus
negat ed sonewhat when students are taught by sane-sex teachers who
present material in a way nore easily understood by their sanme-sex
st udent s. Another interesting difference to be considered relating
to achievenent of males and females is the different way they
cognitively define and experience achi evenent or successful
acconplishnments; Veroff [1977] suggests that males tend to enphasize
the inmpact of their achievenent, including what it acconplished and
how it conpared to the work of others, while fenales enphasize the
process of achievenent, including whether or not they acconplished a
task alone and if they tried as hard as they coul d.

According to MLeod, [1988] research on affect has been vol unm nous
but not particularly powerful in influencing the field of mathematics

educati on. He suggests that future research on affect should be
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linked nore closely to the study of cognitive factors in learning so
that the affective domain can receive nobre attention in curriculum
devel opnent, teacher education, and research on teaching and |earning

inthis field.

Sex Differences in Mathemntical Performance and Achi evenent

There is contradictory evidence from research in this area.
According to the APU primary surveys, there was very little difference
in the level of mathematical performance with 11 year olds; by
contrast, there were significant differences wthin perfornmance.
Wal den and Wal kerdi ne [1985] pointed out that boys fared better where
spatial ability was required and that the only area where girls
experienced a higher rate of success was al gebra. During the period
1978-82 the APU, nevertheless, found there to be very little
di fference in achi evenent according to gender

Wonen's under participation in mathematical courses at a tertiary
| evel of education shows a marked inconsistency with those attaining
GCE 'O levels and GCSE grades A-C [Ernest, 1994]. Al t hough girls'
overall results have been higher than those of boys for sone tine,
unti | recently, boys had consistently outperformed girls in
mat hemati cs and sci ence. In 1995, girls equalled boys at 'O |evel
standard [GCSE] for the first time and, according to M chael Barber,
boys will continue to lag behind until the government introduces an
intensive programme to inprove male Iliteracy at primary schoo
[El ectronic Tel egraph, 1995]. He stated that the inproved achi evenent
of girls, particularly in subjects |like mathematics and science was a
reflection of a ten year concentrated effort by educationalists to
renedi ate girls' perceived weaknesses; consequently; boys' superiority

in these subjects at GCSE |evel has all but disappeared. Thi s
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explanation is worth criticising because he overestimates the inpact
of educational opportunity neasures and he neglects economc and
social factors which have depressed boys' achievenent differentially
[especially for the |ower socio-econonic groups]. In spite of these
statistics, wonen nunber only 44% of the students in higher education
in the UK [Ernest, 1994]; in 1989-90 this accounted for a difference
of 112,000 persons.

Conparing sex differences in achievenment in other countries it
woul d appear that the differences are greatest in the U'S. Most
studies agree that girls' greater verbal fluency appears at about age
10-11 and continues through high school and college; |ikew se, males
rise above the national average in math and science at approximately
the sane tinme. Sonme countries, such as Nigeria and Engl and, conducted
studi es where boys scored higher in reading achievenent [Johnson 1973-
74], also reporting that both boys and girls in single-sex classes
made better academic progress than their counterparts in mxed
cl asses. Germany, Canada and Sweden [Hoiland, 1973] reported the
gi rl s-1anguage, boys-nmath/science difference, but nost other European
countries showed nonsignificant or i nconsi stent differences in
mat hemat i cal achi evenent.

Leder [1992] states that initial gender stereotypes and their
expectations becone self-fulfilling, shaped by teachers' as well as
students' behaviors, suggesting that nuch research enphasizes gender
differences instead of simlarities. Current research nethodol ogy
needs to be sufficiently flexible to keep abreast of a changing ethos
in the <classroom and to concentrate on factors which renain

i nequi tabl e and provide sone constructive ways of redressing them
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Chapter 2

G obal Devel opnents in Redressing the Probl em of Gender Inequity in
Mat hemati cs

Qutline

This chapter investigates gender inequities in other countries and
considers the influence of fenmi nismon redressing gender inbal ances.

There has been a worldwi de shift of the debate on the relationship
between mathematics and gender, as a result of femnist scholarship
and research on the cultural dependency of approaches, and of
performance and participation in mathematics itself. This can be
clearly exenplified in the evolution of the SunmmerMath Program at
Mount Hol yoke College, which evolved from a sunmer intervention
programme seeking to encourage girls to do nore mathenatics, to a canp
where there is an increased enphasis on encouraging and supporting
connected knowing and different ways of teaching mathenmatics which
conform to wormen's preferred learning styles. This evolution was
i nfluenced by fem nist theory, in particular 'Wnen' s Ways of Know ng'
[ Bel enky et al,1986], and by constructivist approaches to the |earning
of mat hematics [Kai ser and Rogers, 1995].

There is an increased awareness of the cultural perspectives

involved in achieving equity, and doubts exist as to whether npdels

developed in Wstern countries to achieve gender equity wll be
effective in all countries, or even wth powerless groups wthin
Western countries [Kaiser and Rogers, 1995]. The results of SIM

[ Second International Mathematics Study] show in particular that
differences in mathenmatical attainnment between countries are |arger
than those between the sexes [Hanna, 1989]. It also clains that sex-
segregated education has been crucial in pronmoting girls' nathenmatical

achi evenent.
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The Cul tural Context

Kaely [1988] conpared the cultural influences contributing to
gender differences in learning mathematics within different cultures,.
observing that the developing world witnesses a greater disparity in
the education of both sexes than is apparent in the devel oped world,
where nost gender differences favoring boys have disappeared at high
school |evel. He points out the situation in certain matrilineal
soci eties where femal es achieve the same or better mathematics results
than their male counterparts; in the US, Hawaii is the only state in
whi ch gender differences in mathematics favour girls. Forbes [ 1995]
exam ned gender differences in nmathematics performance between the two
different ethnic groups in New Zealand, finding that the average
performance of Maori girls was |lower than that of Maori boys, whereas
for girls and boys of European origin the average performance was the
sare. It thus appears that strategies to increase the participation
and achieverment of girls in mathenatics in New Zealand have had a
positive inpact on girls of European descent, but have not net the
needs of Maori girls [Kaiser and Rogers, 1995, p 109].

Leder [1992] examined the influences of print nedia on gender
differences in learning nathematics, conmparing two countries,
Australia and Canada, and distinguishing anong the nedia inages using
fem nist and societal -psychol ogi cal |enses. She concluded that the
subtl e nessages conveyed by the popular press are consistent wth
small but persistent differences in the way nmales and ferales val ue
mat hemat i cs.

As far as the relationship between gender differences in mathematics
performance and enrolnment and culture is concerned, Kaeley [1988]
suggests four hypotheses which have been substantiated by many other

researchers. Firstly, the cultural norms in nany devel opi ng countries
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are responsible for producing enrol nent disparities; "The wonen-only
envi ronnent, which was both reassuring and stinmulating, gave wonen an
intellectual legitimcy which enabled them to enter nixed conpetitive
envi ronnents such as professional recruitnent exam nations. Even if
they met with |ess success than their nmale counterparts, the
proportion of women who did achieve success was greater than would be
expected given their actual numbers in the preparatory classes"
[ mbert, 1994]. Secondly, in the developed world, cultural norns
operate to discourage femal e students in mathematics to the point that
their enrolment in mathematics courses declines as soon as the subject
beconmes optional. Thirdly, in societies where the role of women has
changed, gender differences in nmathematical performance begin to
decr ease. Finally, in certain societies and cultural groups in which
wonen have nore power and authority, fenmales outperform nales in
mat hemati cs.

Del on [1993] describes the inpact on wonen's participation in
mat hemati cs education after the recent desegregation of the npst
respected universities in France. Following this action, there was a

significant decrease in the nunbers of female students studying

mat hematics and, wultimately, in the nunbers of female students
pur sui ng careers in uni versities, school s, and presti gi ous
pr of essi ons. The previous single-sex |earning environment had been

reassuring and stimulating to wonmen and had enpowered many of them to
enter mnixed conpetitive working environnments conmon in the French
soci ety.

Barsksy et al. [1987] reported that France had a higher proportion
of female university teachers and researchers in mathematics [24%
than nmany other countries. The explanation, in part, offered for this
is the existence of the ENSs [Ecol es Nornml es Superieures] from which

many of these teachers derive and which were single-sex institutions,
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the subsequent nobve to co-education having negative effects on the

nunbers of wonmen studying mathenatics. According to Ferrand, |nbert
and Marry [1993], "This amunts to a decline in the nunber of fenmle
mat hematicians in these years of over 80%. Previously, females had

been allowed to escape the severest forms of conpetition, and were
of fered honourable and reasonable professional prospects; wth co-
education, however, they quickly becane the victinse of initiation
rites and the targets of astonishing rudeness due to their mnority
status. Before co-education, the ENSs had 5 to 10 tinmes the nunber of
femal e students than they do today and had produced nany of the al
too few scientifically renowned female figures, as well as facilitated
the establishnment of wonmen in the university sphere. The recent
decrease is now causing researchers to reassess their present system
[ Del on, 1995].

Hi ddl eston [1993] reported on research perfornmed in Ml awi where
until recently, there has been very little research on wonen's issues.
In the developing world, in general, there have been very few exanples
of such research; in the few reported cases, nmany have been conducted
in isolation and difficult to publish, yet over 75% of the world's
wonen |ive in developing countries. Since research in devel oped
nati ons cannot be assuned to apply universally, there is a grow ng
body of literature on gender issues in developing countries beconing
avail abl e; for exanple, independent research conducted both in Nigeria
and in Thailand points to single-sex schooling as providing the nost
beneficial |earning experience for girls [Lee and Lockhead, 1990;
Ji menez and Lockhead, 1989].

In Malawi there are three categories of schools: governnent, which
may be either single-sex or co-ed; grant-aided, nany of which are
single-sex but are still conpelled to adopt the selection procedures

and charge the sanme fees as government schools; and private.
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Statistics from the vyears 1987-1991 show that in the Malaw
Certificate of Education exanm nations; the percentage of passes in
each year was consistently higher in the girls-only schools; the
nunber of girls entering college fromthe girls-only schools was al so
substantially higher. The situation in Ml awi thus appears to be
consistent with that in both Nigeria and Thailand; that is, that girls
from single-sex schools neet with greater academ c success than their
co- educational counterparts.

When maki ng gender conpari sons of perfornance, on average, girls in
Mal awi are outperformed by boys in all stages of their school careers,
and this is particularly acute in the area of mathenntics. Duri ng
the first year of college, however there is a substantial inprovenent
in female performance relative to nmale; this trend continues
t hroughout year two which reflects a performance at |east equal, if
not above, to nmles by the end of the year, and, by year four, fenmle
students, are achieving above average in all docunmented subjects
i ncluding mat hematics and science. Grls account for only 23% of the
student population of Chancellor College [one of five colleges in
Mal awi ‘s only university] despite the fact that they are granted entry
to university with | ower scores than those of boys and conprise 34% of
the wuniversity student population as a whole [Wrld Bank, 1988;
Chancel l or Coll ege, 1991]. These findings agree with those of Maritin
[ 1985] whose studies of Kenyan High Schools concluded that girls with
| ower high school entry grades appear to outperform boys in their
final mathematics exam nations. In the devel oped world, however, the
majority of research findings contradict these results, show ng that
mal e academic performance tends to surpass that of fenmmles in early
adol escence and this trend continues into later years [ Burton 1990]
Even this trend is now changi ng, however,in sone devel oped countries

like the UK, where girls are beginning to outperform boys in subjects
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like mathematics and design and technology at 'O |level standard.
Meanwhil e, girls have outperforned boys in subjects l|like English for

years.
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Chapter 3

The I nfluence of Fem ni smon CGender-rel ated | ssues

The influence of femnism on approaches for achieving equity in
mat hematics is nobst evident in the area of pedagogy. There is a
desire by nmany femnists to see a fundanental change in the
distribution of power in the classroom and consequently in the
organi zati on of the discipline of mathematics.
Sone contenporary research on gender reform appears to be
i nfluenced by sone forns of femnism There are suggestions of how to
apply wonen's ways of knowi ng, the devel opnent of a creative-intuitive
pedagogy, curricula changes which are gender inclusive and socially
critical, use of independent activities |like ganes at the elenentary
| evel, exam nation of the structures of |earning experiences, change
in the discipline of mathematics based on phil osophical, pedagogical
and epistenol ogi cal questions, an exami nation of personal experience
as the basis of know edge, and using w der social structures and

strategies for intervention

Redr essi ng the Gender | nbal ance in Mathematics

Al though there are several differing fem nist theories, they share
an wunderlying bond when redressing the gender inbalance in the
teaching and learning of mathematics as part of a global project of
achi eving educational and occupational equity.

Fem nists of equality demand | egal and actual equality between the
sexes and identify the sexual division of |abour as the main source of
wonen's oppression. They seek to redress inbalances from an

intervention perspective, ained at increasing the participation of
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wonen in mathenmatics and focus on programmes ainmed at resocializing
girls. Tobias [1987], illustrates this perspective by focusing on an
attitude of the individual student, nanmely mathematics anxiety, as the
source of nmathematics avoidance, by assunming that this attitude is
| earned and t herefore changeabl e [ Rogers, 1995].

In contrast, the segregation perspective is often allied to the
i deal s of feminists of difference, who do not wish to elinmnate gender
di stinctions. It asserts that boys and girls have different ways of
learning and that they are better taught separately, using nethods
and/or curricula appropriate to each. Proponents of the segregation
perspective consider it a given, either changeable or worth preserving
that gendered differences in learning styles exist. Theoretica
general support for this viewis found in Bel enky et al [1986].

Radi cal feminism clains neither equality nor difference. Their
argunent anal yses classroom interaction in ternms of oppression and
dom nance and ainms at girls' autononous devel opnent wi thout reference
to boys. They advocate segregation for other reasons, focusing on the
interaction between girls and boys. They argue that in nixed groups
boys always end up getting a greater share of the resources than
girls, attributing this gender difference in behavi or to
soci al i zati on. They suggest that changes in socialization, although
nore desirable, would take too nuch tine and energy in mathematics
classes [Morrow C. and J. 1991].

From the perspective that mathematics as a discipline leads to
gender inbalance, both radical femnism and fem nism of difference
show relevance to this view The former has |aunched an anbitious
project to find androcentrismin all existing know edge [Mira, 1995].
Fem nists of difference my offer +the hypothesis that current
mat hematics is the product of a male way of thinking and specul ate

about whether 'femnl e mat hematics' coul d exi st.
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A fourth fem nist perspective places responsibility for the gender
i mbal ance on the teaching of mthematics and calls for inproved
teaching nethods that wll benefit male and fermale students alike.
All fem nist trends have an interest in this perspective. Fenmi ni sts
of difference specify that fairness nust acknow edge difference and
that equal treatnment does not constitute equity. They demand a
pedagogy which recognizes wonen's psychol ogy, is sensitive to
student's enmptions and is based on collaboration rather than
conpetition. The pedagogy of radical femnists addresses the
oppression of wonen and seeks to ninimze hierarchical relations
bet ween teachers and students, enpowering females and forcing males to
relinquish their domi nance in the classroom

Gender inbalance in nmathematics is also a political i ssue
Strategies for redressing it rest on a variety of differing femnist
phil osophies. By nmking these strategies explicit, the advantages and
dangers of each approach may be evaluated, and prevent the frustration
of expecting to share the sane attitudes and ideals as other
fem nists. Because the philosophical and political perspectives are
so relevant to the issue, it is difficult to agree on the best
strategy for redressing gender inbalance, and it is wunlikely that
there will ever be a consensus of opinion on the best way to teach
mat hemat i cs. However, awareness of inplicit perspectives contributes
to a better understanding of the notivations, ainms and effects of the
various options and the extent to which they are consistent with our

own beliefs and val ues.
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Chapter 4

Si ngl e-sex Schooling and Attitude to Mathematics

Qutline

In this chapter, | examne the views concerning and justifications
for single-sex education of various researchers in the UK and US.
I have included initial evidence offered by Dale [1969, 1971, and
1974] through Fennema [1983] to Smith [1986], Stables [1990] and

Jacobs [1994].

Changes in Attitude Towards Mathematics from 1970 Onwards

According to Dale [1969, 1970, 1974], the broadly accepted view
during the early 1970's was a belief that males were the dom nant
gender. In society in general, there was an accepted underlying
expectation of male authority in which mles were in control and
defined the terns. The sanme assunption existed in nixed-sex
classroonms; it was undeniable that m xed sex education was considered
preparation for 'real life'. Si ngl e-sex education, in contrast, was
an 'unreal' experience and form of organization because it did not

provide girls with a group to whom they were required to defer, nor

boys with a group they could dom nate. The outcone of Dale's work
promot ed co-education. He found that co-educational schools were
detrinental to girls', but not to boys' acadenmc success, but

neverthel ess recommended it; his justification was that the social
advant ages of co-education were considerable and therefore outweighed
the depressed academ c performance of girls.

For many years, Dale was considered an authority on co-education
and his books were very influential. For alnbst a century, however,
fem nists had suggested that it was boys who profit from co-education

and girls were sinply given access to nale education which directly
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and indirectly teaches the inferiority of wonen [Leder, 1992]. Many
of the justifications that were offered for mxed education were
| at er exposed as questionable; for exanple, it was claimed that girls
woul d have access to male subjects - in reality, due to environnenta
factors such as tinetabling, the opposite occurred. The criticism
that single-sex schools delay the process of "coming to terns" with
the opposite sex was another msconception; this was, in fact, their
success when the ternms were so unequal. Oher ideas supporting girls
schools clained that girls were not exposed to bad boy behavior, and
al though they were disadvantaged in resources and facilities, there
were no guarantees that girls would get their hands on the resources
in a mxed school

By the 1980's, this subject was being pursued by researchers such
as Elizabeth Fennema in the U S. [1980] and others such as M chael
Marland in the U K Fennema offers the follow ng perspectives on sex
differentiation and schooling in relation to success in mathematics.

She first examined the bases of belief that females were not
succeeding in mathematics and then provided evidence of schools
effectively changing their female mathematical success rate. She
di sm ssed the argunent that because the studying of nathematics was
stereotypically male, and because stereotyping of sex roles was so
deeply enbedded in society, schools were powerless to inprove fenmles
studying of mathematics until society changed. She assisted in the
devel opnent of an intervention programme in the US. call ed
"Multiplying Options and Subtracting Bias", the rationale behind which
was that sinply inform ng high school fenales about the inportance of
mat hematics was  insufficient. The "Miltiplying Options and

Subtracting Bias programme was designed to change the significant
groups' [i.e. mathematics teachers, counselors, parents, nmle students

and femal e students thensel ves] beliefs about wonmen and mathematics as

53



well as to change each group's behaviour. Initially, nine Mdwestern
schools were selected to test the videotape series which occurred
during the 1978-79 school year and five schools were randomy assigned
to be experinmental schools. Data collected over the follow ng year
formed the baseline from which the ampbunt of change effected by the
video intervention was nmeasured, and control schools permitted a
conparison of the ampbunt of change in the experinental group to that
arising from naturally occurring factors during the two senesters of
the investigation. Data were collected on cognitive, affective and
behavi or variables and showed that changes of greater nmgnitude were
obtained from the experinental group for several variables such as
useful ness of maths, maths as a nmale dommin, effectance notivation in
mat hs, information on sex-related differences in mathematics,
attribution of success/failure to luck, ability, effort, task and
environnent, self-report of plans to study high school nathematics,
self-report of plans to study after high school nmathenatics, and
school -wide enrolment in nmathematics classes. The study used the
follow ng instruments to neasure their findings:

a]' Fennerma- Sherman Attitude Scales': [lInstruments designed to neasure
attitudes towards the learning of mathematics by females and nml es]
Fennema and Shernman [ 1976].

b] A further scale was developed in the manner of the earlier
Fennema- Sher man scal es which pertained to this study.

c] 'Mathematics Attribution Scale: an instrument designed to neasure
students' attributions of causes of their successes and failures in
mat hemati cs'. Fennenm, Wl |l eat and Pedro [1979].

Using these instrunments, the study of the' Miltiplying Options and
Subtracting Bias' programme produced many statistically significant
positive results ampngst both boys and girls, the greater effect being

on females - the increase of mathematical course enrol nent statistics
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was greatest anmong junior year females. Fennema found that the higher
the percentage of the school's population involved in the study, the
greater the amunt of change. It was safely concluded that exposure
to the '"Miltiplying Options and Subtracting Bias' series did
substantial ly i nfluence students' attitudes about mat hemati cs,
i ncreased awareness of the stereotyping in mathematics, and increased
students' willingness to take nore mathemati cs courses.

A second intervention programme was also devel oped, planned and
i mpl enmented by the San Francisco Bay Area Network for Wbnen in Science
[now call ed the Math/Science Network] [Cronkite and Perl, 1978]. The
Network is a wunique co-operative effort, the goal of which is to
i ncrease young wonen's participation in mathematical studies and to
notivate them to enter careers in science and technol ogy. Subj ect s
were 2215 fenmles who volunteered to attend the conferences. Pre and
post conference questionnaires were administered and responses
anal yzed. The evaluators of the conference concluded that the
conf erence:
1] increased participants' exposure to wonmen in a variety of
technical and scientific fields.
2] increased participants' awareness of the inportance of taking
mat hemati cs and sci ence-rel ated courses.
3] increased participants' plans to take nore than two years of high
school mathematics. [Cronkite and Perl, 1978]

Both of these intervention programmes described indicate quite
clearly that it is possible to change fenmles' mathematical behavior,
and to do so in relatively short periods of tine.

Conparing the two progranmes, the former probably has a nore
profound effect on the social context of the intervention as a whole,
as males were involved in the programmes and hence nmle awareness of

the problem increased. Unl ess this happens, changes may be reversed
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or nerely nmoved to a different |evel of education. The education of
boys should not be overlooked by supporters of single-sex girls
schools if they w sh gender equity in maths truly to penetrate

soci ety.

Shoul d t he Sexes be Separated?

Marl and's work, sunmarized in Mrtini [1982], clainms that, in
certain respects, single-sex schools showed Iess narked sex
st er eot ypi ng. In the UK, 16+ and 18+ national examination results

showed a proportionately higher take-up and success by girls in the
stereotypi cal subjects of mathematics and physical sciences, and boys
in English literature and foreign | anguages in single-sex schools than
in mxed. Simlarly subject choice was |ess stereotypical in single-
sex girls' schools than in mxed. [Martini, 1982, p4-6] These
differences are consistent with two of the nost likely ways in which
soci alization causes sex stereotyping

1] Adol escents nmmy develop attitudes which are a reflection of what
they guess their peers feel, and acconmodate their behavior in ways
calculated to win approval from peers. \What the opposite sex nay seem
to think is a great anplifying device; thus, in an all-girls school
there is no reflection from boys that participation in maths has a
mascul i ne i mage. Many researchers have argued persuasively that "the
social structures of nixed schools may drive children to nake even
nore sex-stereotyped subject choices, precisely because of the other
sex and the pressure to nmmintain boundaries, distinctiveness and
identity" [Marland, 1983].

2] Although teachers of both sexes work in single-sex schools, the
chances of wonmen teachers of mathematics and the physical sciences is

50 to 70% higher in girls-only schools than in m xed schools and it is
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therefore likely that the |eadership of strong and successful role
nodels will encourage the pupils towards what would otherwi se be non-
typical sex efforts and choice [National Coalition of Grls' Schools',
Task Force Reports, 1995].

The above specul ations are supported by experinental studies by
Macoby and Jacklin [1976]. A further influential factor is the issue
of learning and teaching styles; the |anguage of the classroom its
topics, its disciplinary style, its methods of encouragenment and
criticism and its learning material may be orientated towards boys
and thus girls would benefit from separate education where their needs
in subjects |like nmathematics and science can be catered for.

In the UK, the question has to be viewed with respect to the great
achi evenent of schools such as the Grls Public Day School Trust
schools which offer remarkably effective academ c education to girls.
The popular British view is that parents want single-sex education for
their daughters, though nore will accept a mxed education for their
sons. There is probably some relationship here to the historical fact
that the nost prestigious old foundations in the big cities and anobng
the public schools are inevitably single-sex, thus falsely associating
prestige and perceived quality with single-sex education. Li kew se,
the only single-sex girls' school in Bernuda is regarded by nany as
the nost prestigious on the island.

The reputation of the all-girls, school has been further enhanced
by the fact that, in many areas, including Bernmuda, where there are
nm xed and single-sex schools, the balance of the sexes is poor in the
nm xed school s. In Bernuda, the boy-girl ratio in several governnent
hi gh schools and one of the co-ed private schools is approximtely
2: 1. In ILEA schools during the 1980s, the nean was 60% boys: 40%

girls, with sonme schools being 70:30 or even nore unbal anced [Martini,
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1982]. The girls in these schools mght thus be disadvantaged by the
nunerical inbal ance.

The argunent for single-sex schooling based on the reported
academi ¢ success of girls-only schools needs cautious interpretation.

When the ILEA analyzed its exanmination results, it found that "when

different average ability of intake 'is allowed for there is no
signi ficant difference between examination achievenent in the
Aut hority's single-sex and mxed schools" [Martini, 1982]. Thi s
investigation <clearly showed that apparently better exanination
results in the ILEA of all-girls' schools can be attributed to the
intellectual attainnment and social background of the intake of pupils
rather than to the organization into single-sex girls' schools.

Conversely, at mxed schools where sonme single-sex classes for
subjects such as mathematics have been organized within the nixed
popul ation, sone contradictory results were obtained. The first
results in the UK of such a scheme for mathematics seemed to foll ow
the direction of single-sex schooling: girls in girls-only classes
appeared to do better than girls in parallel mxed classes [Marland,
1983]. An eight form entry school in Taneside put the girls'-only
mat hematics set in its first year and followed them through, finding
that the girls in the single-sex sets achieved a far better average
score than girls in the mxed sets and were only slightly below the
average score achieved by the boys.

In 1986, Stuart Smith perforned research in England to ascertain
whet her boys and girls were likely to be nore successful at nmaths when
taught in a co-ed or single-sex setting. He based his conparison on a
group of girls and a group of boys taught in segregated sets for five
years [aged 11 - 16] and a group taught in mxed sets at Stanford High

School. He divided year 1 into four groups - mxed boys, mxed girls,

segregated boys, and segregated girls, matched by ability on a non-
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verbal reasoning test. In the third year, he tested them using the
Tamesi de Nuneracy Test and found that the segregated girls perforned
significantly better than the nixed girls on 6 of the 13 topics
tested, suggesting that, in terms of basic nuneracy, the segregated
girls had benefited from single-sex teaching. He further found that
there was little difference between the two groups of boys. There was
also little difference between the overall performance of the nixed
boys and mixed girls and that of the segregated boys and segregated
girls. Wen the nost difficult itenms of the test were analyzed
separately, however, it was found that the performance of both groups
of boys was significantly better than that of the two groups of girls
with which they were paired

In Year 4, the students perforned 4 short tests requiring problem
solving skills. The overall results of the two boys' and two girls
groups were very simlar, suggesting that segregation had little
effect on either sex; however, the performance of both groups of boys
was significantly better than that of the two groups of girls with
which they were paired, differences being greatest on tests of
geonetry and nensuration

The pupils al so compl et ed t he APU  Mat hemmti cs Attitude
Questionnaire at the end of Year 4, which neasured the attitude of
pupils to mathematics on separate enjoynment, difficulty and utility
scal es. He found no significant difference in the responses of the
two groups of boys to all three of these scales which suggests that
the segregated setting had had little effect on the attitudes of boys
to mathematics. The group of nmixed girls perceived maths as being
significantly nore useful than their segregated counterparts, but
there was little difference in the responses of the two groups of
girls to the other two attitude scales. Both groups of girls

perceived nmaths as a nuch nore difficult subject than the two groups
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of boys. Additionally, segregated boys considered nmaths to be
significantly nore useful and nore enjoyable than segregated girls.
When the boys' and girls' scores were conpared, the differences were
greater between average and above average ability boys and girls than
between below average ability boys and girls, regardl ess of
segregati on.

In GCE 'O level and CSE Maths, the performance of the two boys'

groups was very simlar and the same was true of the two girls

groups. These results suggested that segregation had had little
effect on overall performance of either boys or girls in external
mat hs exaninations in this case. Both groups of boys had perforned

better than both groups of girls although, the differences were not
statistically significant.

Interviews were conducted with fifth year girls who found nmth
difficult and it was found that the mmjority of them believed that
their difficulties started between Year 2 and the beginning of Year 4.
The girls taught in mxed sets were critical of the boys' behavior, a
probl em whi ch had an adverse effect on sone girls. Nevert hel ess, the
girls nmainly attributed their difficulties in maths to the speed at
which they went fromtopic to topic. These girls generally worked in
pairs or snmall groups and there was virtually no contact with boys
Most of the girls who had been in the segregated sets approved of the
arrangenent but a minority suggested that the mxed set would have
been livelier and nore conpetitive. Maths teachers were highly
regarded by girls of both groups and assistance from teachers was said
to be readily avail abl e

Six full tinme math teachers were interviewed. All expressed m xed
feelings about the single-sex setting, although initial reservations
which some felt towards segregation had |argely disappeared. They al

believed that, in general, girls gained nore from a segregated setting
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than did boys, and that it was nore beneficial for younger pupils than
for older ones. The mmpjority of these teachers believed that the
segregated setting created discussion problens wth older pupils,
particularly boys. Anot her di sadvantage was that segregation
inhibited fine setting and this handi capped the nobst able boys and
girls in particular.

Smith concluded that the results of this investigation suggest that
nmuch can be done to inprove the performance of girls in maths without
recourse to a segregated setting. Nevertheless, it was felt that
single-sex sets in the first and second years could be worth
encouraging particularly if a special schenme of work designed to neet
the needs of girls in maths were developed. It is difficult, however,
to generalize froma snmall |ocal study and because of cultural change,

data fromthe 1970s, 1980s and 1990s have different significance

Differences in Attitude towards School and Enjoynment of Schoo

Subj ects by Pupils in Single-sex and Co-ed Settings.

The evidence of Dale [1969, 1971 and 1974] suggests that,
generally, both sexes favored nixed schooling for reasons concerning
personal happiness and well-being and perceived quality of teaching
The presence of girls was found to be helpful to boys in m xed school s
and generally teachers preferred co-ed school s.

In terns of academ c achi evenent, Dale could not find any evidence
to favor single-sex schools but he did find a polarization of
attitudes between the sexes in mxed schools towards the choice of
subjects taken; boys in single-sex schools were nopre favorably
inclined towards stereotypical 'fenale' subjects such as French, and
girls in single-sex schools were nore likely to opt for maths and

physi cs.
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O nmerod [1975], who investigated preference in the sciences, also
noted this tendency, finding a "greater preference of single-sex
educated girls and co-educated boys for physics and chem stry and the
converse for biology as part of a general phenonenon affecting all
subjects". This assertion was not confidently supported by statistics
publ i shed by the |ILEA;, however, the ILEA's 1982 statistics did reveal
a higher uptake of exanination subjects generally by the single-sex
educated group of girls and to a | esser extent by the boys.

This bias was not necessarily indicative, however, that single-sex
schools provide a superior education, even in academc terns.
St eednman [1983] found that m xed and single-sex schools tend to differ
in the academic abilities of their intakes. Usi ng evidence from the
National Child Devel opment Study which traced the devel opnment of 7548
children from birth [in 1958] to age 16, and she found that those
pupils who went on to single-sex secondary schools tended to be of a
hi gher social class than those who were co-educated. She concl uded
that although girls in girls' schools were nost likely to pass 5 'O
|l evels, the mjority of girls would not stand to gain at all from
si ngl e-sex school s.

Results from ILEA contradicted this and indicated that girls do
benefit academically from single-sex schooling although the results
for boys are less clear [Wlce in TES, 1986]. These results were
obtai ned by an analysis of public exanmination results in ILEA schools
and took into account intake ability.

Bone [1983] dealt with division between the sexes in subject uptake
and found that girls do "look more favorably on male areas of study"
in single-sex schools, although this was not because girls' schools
encouraged this in their options systens. Bone al so notes a "special
relationship between girls' grammar schools and science" but also

found that "in maths and physics girls in girls-only schools do not in
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general do better than girls in mxed school s". She states that the
determining factors in subject choice "are so strong that single-sex
or mxed environments can only be expected to nodify them and not
reverse then' [Bone, 1993].

Opinion poll findings reported by Witehorn [1984] showed an
apparent acceptance by the public at large of the desirability of co-
educati on. Equal Opportunities initiatives such as the QST [Grls
into Science and Technology] project at Manchester have focused
efforts on altering attitudes in mixed schools rather than on
segregation, although they continued some experinentation on single-
sex teaching groups [Wiyte, 1986].

A nunber of researchers are critical of the continued acceptance of
co- educati on. Sut herland [1985] states "There nust be few instances
where such a radical change in education has occurred in such an
absent-nmi nded way" and condemms mxed schools for not providing
sufficient nmanagerial positions and hence, role nodels for wonen

The question of girls in mxed schools being alienated from ' nmale'
subj ects has long been an issue. Powell and Batters [1986] found that
the sex of certain subject teachers nekes no difference to girls as
long as they have experience of both nale and fenmmle teachers.
Wei nekanp et al. [1987] found that girls do suffer from teacher
attitudes and behavior in non-traditionally fenmle areas.

The National Curriculumin the UK, by linmting subject choice at
age 14 and thus ensuring conmobn core studies, al so reduces
pol ari zation of subject uptake by gender to sone degree. Argunent s
for single-sex girls schools were given new direction around 1989 by
demands from Mislim parents for girls schools [Shaikh and Kelly,
1989] .

St abl es [1986] perfornmed a study concerned with between schools and

bet ween sexes differences in pupils' approaches to third year option
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choices, third year pupils were chosen as the results would indicate
their perceptions of school subjects at the tinme their subject option
choi ces were being nade. From his results, nmeasured using a Likert
attitude scale, Stables found notable differences in the subject
preferences of pupils in the mxed and single-sex schools; he found a
clear preference for |anguage anobngst single-sex educated boys and
physics was clearly nore popular anmongst single-sex educated girls.
His data did not, however, show any very clear overall preferences for
mat hemati cs and the sciences generally anpbng the single-sex educated
girls. Overall, the subject preference results supported Onerod's
hypot hesi s that the polarization of subject interest between the sexes
is greater in nmxed than in single-sex schools. Ironically, these
findings suggest that boys, nmore than girls, are affected by the
presence of the opposite sex in terns of science interest.

In terns of perception of subject inportance, Stables found a high
degree of agreenent between the sexes and between nixed and single-
sex school s.

Stabl es [1990] also examined the differences between pupils from
nm xed and single-sex schools in their enjoynent of school subjects and
in their attitude towards science and school. Al though his work in
this instance was primarily linked to science, it did provide
val uable insights into attitudes towards school and a rank order of
favoured subjects with their perceived inportance. Over 2300 pupils
aged 13 -14 in seven mxed and six single-sex English conprehensive
schools were tested on their attitudes to science and school, and were
asked to rank in order all their school subjects in ternms of liking
and of perceived inportance. The results of all but the perception of
subj ect i mportance questionnaire reveal sever al signi ficant

di fferences between the groups fromthe m xed and singl e-sex school s.
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Fem ni st perspectives for redressing the gender inbalance energe
into three strategies, the intervention strategy, the segregation
strategy and the teaching strategy. The segregation strategy nmmy be
criticized for either reinforcing gender stereotypes by acknow edging
that females learn and think differently, or for antagonizing nmen and
i ncreasing tension between the sexes. Hi storically, sex segregation
has not always been inplenented with feminist goals in nmind, and

separate education has often neant inferior education.

Concl usi ons

These trends can be jointly used to argue that single-sex schooling
m ght be a positive benefit at |east during mnd-adol escence. It is
not surprising that nmany feminists argue for single-sex schooling
given the evidence of nmale donination in so many aspects of education;
however, these data are equivocal and indicate that nuch depends on
cl assroom processes and teaching, perhaps nore so than on the act of
separati on.

O her |ssues Concerning Single-sex Teaching

Progressive educational thinki ng cannot be assuned to |ead
automatically to mixed sex education. Sonme of the argunents put
forward about the 'social' benefits seem to be opinionated and
unsubstantiated and some neasure of single-sex schooling is worthy of
consideration despite rejection by particular school s. The
i ntroduction of sonme single-sex classes in an otherw se nixed school
is clearly possible; by offering an option of "Mathematics for girls",
for exanple, the nessage is clearly stated that it is for girls only
and it is then possible to use a female teacher and adapt the materi al

and teaching style towards appropriate femal e expectations. Thi s
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reassures pupils, and allows for group counseling if required and can
use stereotyping in a positive way. Adversely, in sone ways, this
approach could reinforce stereotyping since it also assumes that all
girls and all boys have the sane needs and thus the advantages for
some may outwei gh the di sadvantages for others, it masks the real need
which is to adapt the teaching rather than polarize the teaching
styl es.

The debate over which nopde of schooling is better has a |ong
history and it is mainly the fem nists and those concerned with equity
i ssues who have beconme involved in the discussions as to the
advant ages and di sadvant ages of each form of schooling

The issue of whether to support single-sex or co-educationa
schooling is, however, broader than the feninist concern of attenpting
to help girls study maths, conpete equally with boys, or help girls
enter university and mal e occupations. It is an issue which involves
analyzing the differences between social class-based practices of
education in the state and private sector. In the context of the
English state system of education, the npbst influential nodality of
class and gender relations has been that exenplified by the private

si ngl e-sex grammar school, and the introduction in the late 1960s of

the m xed conprehensive school in the UK allowed sonme of its nopst
promising pupils i.e. girls to persistently wunderachieve [Arnot,
1983].

Support for single-sex education has class connotations in that it
is often linked to niddle and upper class educational practices.
There is support for the idea that co-ed conprehensive schools have
nore resources to offer a nore equal education to boys and girls and
will have the facility for bringing to the fore the issue of gender
discrimnation and prejudice for both nmale and fenale pupils and

t eachers.
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Many writers have cast doubt on the overall desirability of co-
education, particularly for girls. Data which hint at inproved
results for girls in single-sex schools are very linmted. Around 1985
there were vigorous debates concerning the retention of single-sex
schools as part of reorganized secondary provision [Durham 1985],
debates which extend to the possibility of single-sex teaching groups
within mxed schools e.g. maths in Years 1 and 2 as already nentioned
[Smith, 1986].

Doubts about co-education in the UK exist despite its w despread
acceptance and inplenentation. The results of Stables' study
generally confirm those found by Dale [1971], and it is very difficult
to evaluate the overall desirability of m xed or single-sex schools.

Stabl es summarizes the relative nerits and denerits of single-sex

and co-educational schools in the follow ng statenents:

1] His findings confirned the tendency towards greater polarization
of feelings concerning school subjects in mxed school s.

2] Boys feelings are nore affected by whether they are in mxed or in
si ngl e-sex schools than girls'

3] Grls in nixed schools have relatively nore positive attitudes to
school than girls in single-sex schools.

The national curriculum does not differentiate between m xed and
si ngl e-sex schooling, providing equal provision for both sexes but not
specifically addressing the issue of differences in attitude between
the sexes or between the pupils in nmixed and in single-sex schools
[ DES, 1989]. The danger is that subject interest and specialization
my be guided to a greater extent by a desire to conform to a
perceived sexual stereotype in mnmixed schools than in single-sex

schools, thus effectively narrowing career choice for co-educated

pupil s.
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Chapter 5

An Exani nation of Research Methodol ogy

VWhen first considering the research nethodology concerned with
studyi ng gender relations, | anticipated many problens. Mat hermat i cs
itself 1is wunder question, as are the research processes. Each
research paradigm has its own assunptions about know edge, about the
the acquisition of know edge, about society and about education
Thomas Kuhn [1970] first referred to an overall theoretical research
perspective as a research paradigm in the context of science, and
educational research nmethodology refers to whole different research
out | ooks as research paradi gns, drawi ng on Kuhn's notion

Each educational research paradigm can be said to have three
explicit components [Ernest, 1994] which are as follows: the first is
ontol ogy, which is a theory of existence concerning the status of the
worl d and what populates it; the second is epistenology which includes
the theory of know edge and the theory of learning; and the third is a
nmet hodol ogy which is a theory of application of methods and techni ques

used to generate and justify know edge [Ernest, 1994].

An Overvi ew of Research Met hodol ogy

Dunne and Johnson [1992] sumuarized research into gender and
mat hematics by identifying three domnant strands in research
net hodol ogy. After characterizing the purposes and nethods of each
one and describing them they then explored the conceptualization of
gender within each and related them to Habermas' educational interests
[1972] .

Haber mas provided an analytical tool for research by identifying a

framework of three "know edge constitutive interests", - technical
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practi cal and enmanci patory. Grundy, [ 1987] applies Habernas'
interests to particular philosophical positions and describes themin
the following way : "These interests constitute the three types of
sci ence by which know edge is generated and organized in our society.
These three ways of knowing are enpirical- analytic, historical-
hermeneutic and critical". [Gundy, 1987, pl0].

Haber mas' work provides a powerful analytical tool froma critique
position which explicitly constitutes the third interest. The
critique position appears to have changed from a bi ol ogi cal one, which
was quantitative, to critical analysis, which is qualitative, to post
noder ni sm It suggests that the research and the researcher are part
of the research environment and influence the outcome of the research;
for exanple, if a femnist were witing the research, sexist research
mght be influential and would need to be analyzed. This third
interest is a position of critique which centres on the absence of an
explicit recognition of constitution of know edge in the technical and
practical positions. Lat her [1992] uses Habermas' franmework and adds
her own fourth strand by relating it to post-structuralism

In their review of research into gender and mathenmatics and science
education, Dunne and Johnson [1992] describe a first strand concerned
with finding and docunenting sex differences wusing quantitative
nmet hods. The focus of this research is on differences in achievenent
and participation by fenmmles, usually gathered through a statistical
conparison of male/female enrolnment in mathenmatical courses [Lock
1992]. The second strand |ooks for biological differences between
the sexes and assunes there are gender differences in aptitudes which
have innate causes, attenpting to isolate the nature of these
di fferences [Shernman, 1983]. Because of their focus and approach,
Haber mas' work places both of these strands within technical interests

and Lather [1992] links them to positivism The nmethodol ogy used
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assunes the authenticity of the gender categories used, t he
reliability of scientific descriptions of difference, and the
neutrality of know edge produced. Technical interest research assunes
t hat knowl edge is predictable and therefore controllable and
unquesti onabl e.

The third strand of research produces social explanations, is nore
qualitative in nature, and relates to Habermas' practical interest,
and the interpretative paradigm It includes studies which link
students' perceptions and attitudes, the influence of the teacher, and
sex-stereotyping within the famly [ Fennena and Leder, 1990].

In looking for ways to solve the problem a further type of
research, broadly |abeled interventionist, has arisen [GEMS 1990]
which could be included in the strand associated with the critical
paradigm but | am associating it nore closely with the practical
interest. Sone of these studies have attenpted to change the | earning
characteristics of girls so that they nore closely resenble those of
boys; others have tried to change the curriculum to nmke it nore
gender inclusive [Barnes, 1991]. Anot her set of strategies suggests
changes in the learning environnent in relation to schoo
organi zation, such as the inplenmentation of single-sex classes
[ Burton, 1990].

This has become a fourth strand and is associated w th Habermas
emanci patory interest. The research is primarily of a qualitative
nature, using interpretative and naturalistic nethods. In order to
nedi at e neaning, these research nethodol ogi es assune that concl usions
produced will adequately describe the social construction of the
research site. Their aimis to portray accurately the mathenmmtical
| earning environment for girls and boys where the effect of the
presence of the researcher is assuned to be mnimzed by the

net hodology just as it is in the technical interests. It is
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unrealistic, to sone extent, as it denies any form of contami nation or
di sturbance caused by the researcher but npbst of the current research
dealing with gender is in the technical or the practical interests.
Habermas' critical interest adds another powerful position to devel op
research in this field. Wal den and Wal kerdi ne [ 1985] have consi dered
the gender issue nore broadly and some of their work has | ooked at the
i nfluence of psychology in education, attenpting to understand the

role that education plays in the construction of gender

The Construction of Gender

Dunne and Johnson [1992] took the view that know edge is produced
through social practices and that the know edge produced is dependent
on how the research question is conceived as well as on the processes
of the research. Wthin Habermas' technical interests, the gender
categories are considered to be already in existence, of no additional
significance and therefore imune to the influence of the researcher.
The purpose of the research is to reveal differences which are
| ogical consequences of the existence of gender categories, by
obj ective research nethods; the gender differences are thus
reflections of innate characteristics of the two sexes.

Research in the third strand, which 1is qualitative and is
associated with Habermas' practical interests, attenpts to validate
the biological gender differences but enphasizes the social influences
in their constitution; the claim is that both biology and social
i nteractions produce the gendered individual

Interpretative research |ooks at di fferent experiences and
reacti ons between the sexes and suggests that they may belong to a set
of essential gender characteristics. In this area also, the

researcher is seen as separate fromthe research site and although the
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possibility of contam nation is acknow edged, it is considered to be
neutralized by the application of triangulation. This research
suggests that ‘'girls prefer collaborative |learning environnents',
"girls need opportunities to use their |language skills', "'girls prefer
to share and support each other in tackling mathematical problens',
and 'boys perform better in conpetitive situations than girls'. The
remedy for this situation would therefore have to provide girls with
sufficient experiences to conpensate for their deficiencies [e.g.
opportunity to play with spatial toys or assistance in naking better

choices], or for the teaching of nmathematics to address their |earning

styles [e.g. collaborative work, witten work and the use of girl-
orientated applications]. The gendered oppositions which 'occur' in
mat hemati cs then provide the explanations for interventions. Soci al

constructs such as aggression and conpliance or collaboration and
conpetition are then assunmed to be characteristics of individuals of
each sex. The interventions that are developed from this type of
research tend to produce and reproduce the categories they describe;
as  nost classrooms remain conpetitive and grade-driven, t hey
perpetuate the dom nance of masculine traits over fem nine traits and
reinforce the gender differences by valuing, in ternms of nathematical
success, such traits as conpetitiveness, independence and aggression,
which are seen in a positive light and are regarded as 'normal',

causes the opposing 'fenmale' traits to be viewed negatively.

Consi deration of Research Paradi gns

In planning this research, | considered the three research paradigns

referred to by Ernest [1993] and viewed themwith reference to current
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research into gender and nmathematics education and ny research
probl em The scientific research paradigm intends to produce
obj ective replicabl e knowl edge, general ly usi ng statistical,
experinmental nethods which are quantitative in nature such as a
structured, predetermned questionnaire, seeking out general |aws

whi ch can predict future educational outcones, and exanining classroom

and | earner variables. This paradigm is often associated with the
coghitive theory of |earning; however it struggles to produce true
results as even well confirmed theories are vulnerable to change.

Current research on gender in this paradigm which has its origins in
the physical sciences, focuses on differences in achievenment and
participation by females by collating statistical conparisons of
mal e/ femal e enrol nent in mathematical courses, as exenplified by the
3:1 ratio of males to femal es choosing college majors in nmathematics
and science [National Science Foundation], 1990].

The interpretative research paradigm developed from the nethods
used in social science research is concerned with understanding and
sense nmaking and uses qualitative forms of enquiry such as case
studies or interviews, attenpting to negate its subjectivity arising
from weaknesses by triangulating multiple viewpoints. The theory of
learning central to this paradigmis often a constructivist one, where
the mnd actively tries to make sense of know edge gained. The
interpretative paradigm uses a particular and concrete instance to
suggest, illustrate and illumnate the general case, providing a rich
base which allows its readers to identify and enpathize wth the
subj ects studied.

Grosz, [1990] offers a criticism of this type of research: ".....
in claimng that wonmen's current social roles and positions are the
effects of their essence, nature, biology, or universal social

position, these theories are guilty of rendering such roles and
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positions unalterable, necessary, and thus of providing them with a
power f ul political justification ..... t hey are necessarily
ahi storical; they confuse social relations and fixed attributes; they
see fixed attributes as inherent limtations to social change; .....
[Grosz, 1990 p.355]. This and simlar statenents help to justify a
| ack of change; however, research within this interpretative paradi gm
does not necessarily do this.

When considering case study as a research tool, it is necessary to
research more broadly in order to establish the typicality of the
specific case and to look for shared characteristics with other such
cases. When conmon phenonena have been identified, it 1is then
possible to fornulate general summaries and concepts with caution,
which could form a broad base for further investigation. There is,
however, always a possibility with case study investigations that the
material is atypical and therefore subjects or nmmterials need to be
critically sel ected

The critical-theoretic paradigm resenbles the interpretative
paradi gm but focuses, not only on the know edge gained, but also on
the positive social inplications i.e. social change for the better.
Current research in the field of gender concerns itself wth
redressi ng gender inequalities. Gender research in this paradigmis
changed from descriptions based on static categories to nore socially
dynam ¢ and changing categories [Cornell, 1987], in which the dynanic
is brought about by a nanifestation of power relationships which are
realized through the construction of differences. Gender, in this
case, is thus a hierarchical relation produced and reproduced by
soci al practices.

Present educational research on gender and mathematics is nost
commonl y per f or med in t he interpretative research par adi gm

net hodol ogi es used enphasize the political nature of schooling,
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usual ly focusing on social inequities relating to gender, aimng to
explain the investnents in power which constitute the institutional
foundations of know edge, and stressing that no know edge is

politically neutral

I will locate ny dissertation primarily in the scientific research
paradi gm by adnministering a questionnaire to obtain my data. I am
hoping that the results obtained will be objective, |lend themselves to
analysis, and that | will be able to present a systenmatic record of ny
findi ngs. Wen dealing wth the issues surrounding gender
i nequalities, however, | see great potential in each of the other two
par adi girs. The strength of the interpretative and critical paradigns

is in their intended outconmes and commonly associ ated pedagogical ains
where the illum native outcones would provide a powerful educational
tool in a nmovenent towards gender equity, enhanced by know edge. I
presune there to be a greater interaction or base for applicability of
research in the three paradigns in a socially-related area such as
gender inequality, than there would be in a subject area such as the
teaching of mathematics through an applications approach, where the
underlying notive is not so directly linked to achieving social
justi ce.

An advantage of working in the scientific research paradigmis that
it can produce preci se replicable results and obj ective
generalizations, if the data and nethods are robust enough. A
weakness of this paradigm is that it ignores the uniqueness of
sel ected variables and assunmes that certain factors are entirely fixed
or stable. In current gender research, the discipline of mathematics
itself is being questioned, along with research processes and the very
essence of what it is that constitutes gender. Because of a sonewhat

i nsensitive approach to these variations and individual differences,

75



many assunptions drawn from research in this paradigm are regarded as
qgquesti onabl e

Associated work in the interpretative paradigm has the strength of
great sensitivity to individuals, their circunstances and their
cont ext s. An exanmple of this is the work of Draper [1989] who
exam ned by interview and case-studies, gender-related attitudes and
behaviors as three schools, one co-educatioal and two single-sex,
nerged into one |large co-educational school. I found her work very
illumnating and witten in such a way that fellow teachers could
readily imagine her scenarios and relate to her assunptions; however,
the weakness of this paradigmlies in the subjectivity of the enquiry
and its results, which are often not open to any form of
generalization and therefore the findings are not so readily utilized
by ot her researchers.

The critical research paradigm has the advantage of specifying its
goal of inproved mathematics education, and therefore does not worry
unduly about disturbing its research site. |Its basic weakness is that
because of hidden institutional sources resistant to change, there is
often little or no progress gained fromthe anount of tinme invested

For research in the scientific paradigm to be tenable, certain
propositions and assunptions about hunman behavior have to be nuade.
Key assunptions are nmade. Firstly, it is assuned that the
rel ati onshi p between variabl es concerni ng human behavi our is regul ated
and predictable. Secondly, it is assuned that these aspects can be
observed and nmeasured. According to Hitchcock and Hughes [1992,P 18],
"The notion of causality in human affairs suggests that, in fact,
human actions can, once correctly observed and identified, be
predi ct ed. Utimately, positivism therefore assunes that there is no
qualitative difference between the natural and social world." As

positivism devel oped in the social sciences, two central principles of
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social research energed which are worth defining: the principles of
"deductive reasoning' and ‘'falsifiability' which have becone the
hal | marks of what is described as scientific method.

Deductive reasoni ng suggests the possibility of noving from general
statenments, which can be objective and independent of experience, to
particular statenments, following scientific research. Karl Popper's
book "The Logic of Scientific Discovery" [1959] has been very
influential in the philosophy of science. He argues that theories and
their subsequent explanations cannot be regarded as being truly
scientific, unless they are falsifiable; hence, the main criteria of
whether or not a statenment has status lies in its testability. Thi s
nmeans that researchers working in the scientific paradigm nmust do two
things: they nmust frane their theories in a way that |eaves them open
to falsification; and they nust be prepared to disregard such theories
if they are not open to falsification per se, or they prove wong in
the light of falsifying evidence. Popper's ideas have been highly
i nfluenti al and widely accepted [Hitchcock and Hughes, 1992].
Researchers working in this paradigm use a quantitative approach and
are likely to concentrate upon the collection of |arge anmbunts of data
in order to establish patterns and regularities in that data and test
their theories about that data by nmeans of a falsification procedure.

A further term applied to positivistic scientific research is
"nonot hetic', an approach which argues that the generalizations or

theories energing from a piece of research nmust be applicable to a

| arge nunber of cases or situations. An expression of this is a
desire to search for universal gener al |l aws but, conversely,
bi ographical, individual or small group studies are seen to be

problematic, at least froma statistical perspective.

Criticisns of Positivismand the Scientific Method

77



Al though many researchers choose to investigate wthin the
scientific paradigm its ontological and epistenological bases have
been the focus of sustained and sonetines strong criticism from
ot hers. Peopl e opposed to positivism and scientific nmethod include
some of the best intellectuals in Europe, including philosophers,
scientists, social critics and creative artists [Cohen and Manion,
1992]. Essentially, the reaction has been against the world picture
projected by scientific research which, it is contended, denigrates
life and m nd. The actual target of this attack is science's
mechani stic and reductionist view of nature which, by definition,
excludes notions of choi ce, freedom individuality and noral
responsibility.

One of the earliest attacks against the scientific method canme from
the poet, WIIliam Bl ake [Nesfiel d- Cookson, 1987], who clained that a
nmechani stic perspective elimnated the concept of life itself. I'n
this view, quantitative research reduces life to neasureable data and
no matter how exact neasurenent can be, it can never give an
experience of life, for life itself cannot be weighed or neasured on a
physi cal scal e.

Ki erkegaard [1974] was concerned with the individual and his need
to fulfill hinmself to the highest |evel of devel oprent. The
realization of a person's potential was for him the neaning of
exi stence which he saw as "concrete and individual, wunique and
i rreduci ble, not anmenable to conceptualization". He clains that
scientific research contributes to the dehumanization of t he
i ndi vidual and was very concerned about its objectivity, enphasizing
the need to regain subjectivity.

lons [1977] expresses serious concern at the way quantification and

conputation are used; "The argunent begins when we quantify the
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process and interpret the human act..... however hi gh-minded the
intention, the result is depersonalization, the effects of which can
be felt at the level of the individual human being, not sinply at the
level of culture.” His objection is not directed at just
quantification but at quantification which becones an end in itself -
a mat henmatical task rather than a humane study of human condition

The justification for any research lies in the effect it has on
i ncreasi ng our awareness and degree of consciousness and as the basis
for future action. Sonme researchers, including Hol brook [1977], claim
that this has been retarded by the excessive influence research in
this paradi gm has been allowed to exert on areas of our intellect.

Hanpden- Turner [1970], claimed this research to be biased because
it is limted and creates an equally limted view of the human being.
The results of research are very restricted because researchers
concentrate on repetitive, predictable and invariant aspects of their
work to the exclusion of subjectivity; this paradigm thus may not
wor k agai nst any constructivist view of |earning because it my fail
to take into account nan's unique ability to interpret his experiences
and represent themto hinself.

These are fornidable criticisnse of the scientific paradigm but
alternatives offered by critics produce results which cannot be
coll ated or anal yzed

It is arguable whether gender-equity issues <continue to be
i nvestigated nost effectively through research involving |arge sanples
and the application of statistical techniques that are so often used
to describe and anal yze data thus gathered. By concentrating on group
differences rather than sinmlarities, this approach tends to confirm
and perpetuate popul ar stereotypes and beliefs about gender

di fferences in mathematics | earning
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Leder [1992] argues that the linmtations of attenpting to capture
and describe the conplex classroom environnment through any one
cl assroom observation schedule are increasingly being recognized.
Conversely, studies that have focused on snmll-group instruction, on
st udent - st udent i nteractions, or on a detailed and intensive
observation of small nunbers of students have yielded much rich,
unexpected, useful and additional information and offer an inportant

perspective to redressing gender inequities in mathematics.

I nfl uence of Femi nist Enpiricism

Over the past two decades, there has been a grow ng awareness of
the influence that femnist enpiricism has had upon research into
gender inequities.

According to Harding [1986, 1991, 1993], fem nist enpiricism begins
with the idea that mathematics, science and their global nethods are
basically sound but that sonme practices, procedures and assunptions
are biased against wonen. Because these abuses are detrinmental to
both wonmen and mathenmmtics, they need to be identified and curtail ed.
The wunderlying ideas of femnist enpiricism are popular wth many
women mat hematicians and have contributed to the problematizing of
certain practices within every field of mathematics, a position which
has led to detailed analyses of ways in which sexism influences
research e.g. Eichler, [1988]. These studies show that gender bias
has the potential to affect studies at all levels: in the fram ng of
research problems, in the nethods of gathering information, in coding
and analyzing data and in interpreting the results. Squire [1989]
argues that constructs that have prior nmasculine associations e.g.
aggression, tend to be studied wth high-prestige experinental

net hods, while constructs with fenm nine associations e.g. anxiety, are
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studi ed through the softer nethods of questionnaires. Oher well used
exanpl es of bias include the drawi ng of conclusions about the general
popul ati on based upon studies of males and the interpretation of
research findings in relation to nmle norns. Fem ni st enpiricists
strive to elimnate all such biases and allow the energence of new
constructs which can provide alternate descriptions and explanations

of "the world".

Fem ni st Enpiricism Gender and Mat hematics

Much of the research that has contributed to the study of gender
and nmathematics belongs to the tradition of femnist enpiricism
Early research by Fox, Fennema and Sherman [1977] began by addressing
problenms in the scientific literature of that tinme and outlining
research issues and agenda for |ess sexist studies to follow These
early researchers have designed studies and franed questions that
avoid many problens identified by Eichler [1988] and Squire [1989] and
have introduced many new constructs that have advanced the study of
gender, including critical filter [Sells, 1974], mthenatics as a
mal e domain [Fennema and Shernman, 1979], math anxiety [Tobias, 1978
and Fennema 1977]. More recently, Fennema and Peterson [1985] have
i ntroduced "autononous |earning behaviors,”" and Turkle [1984] has
linked this with "hard" and "soft" forns of mastery; Fennema [1990]
has also refined and elaborated the concept of equity. O her
researchers have conducted studies of the nunmerous affective variables
concerned with nathenmatical | ear ni ng: Reyes and Stanic, [ 1988]
devel oped psychol ogical nodels that map the sex differences in the
salience and inter relatedness of social and psychol ogical predictors
of mathematical achievenent; other researchers have challenged sex

bias in mathematical testing with sone success. In this decade, when
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tests are used appropriately, there are few sex differences in the
nmeasured mat hematical performance of the sexes [Linn and Hyde, 1989].
Further, over the past two decades, enpirical research on gender and
mat hematics has refranmed the scientific study of wonen and
mat hemat i cs. Such work nust continue, in order to produce new
scientific know edge and "as a practice of the vigilant critique of

"mal estream science" [Danmarin, 1995].

Fem ni st - st andpoi nt Epi st enol ogy

"Fem ni st-standpoint epistennlogy is a conplex approach to the
definition and description of a self-consiously femnist way of
constructing and conducting science" [Damarin, 1995]. The femnm nist-
standpoint idea was first introduced by Nancy Hartsock [1983] and has
its conceptual roots in ideas borrowed from Marxist epistenology.
Damarin summarizes these ideas as follows: this is a feninist
st andpoi nt whi ch acknowl edges that "the world" exists and is knowabl e
through the study of our relations with it. A critical part of that
study is interrogating our own position in relation to the objects of
that study. The feninist-standpoint idea allows for a multiplicity of
truths, which are inconplete, and finds the investigations which begin
with the lives of wonen nobst valuable, inplying a radical shift in
underlying assunmptions and standards for research on nmathematics
educati on. In particular, it requires a wllingness to abandon
beliefs about the nature of mathematics and how it nust be taught and
learned in order to be open to the 'nature' of nmathematics as it is
experienced.

The purposes of femnist research and theory are to understand
better the condition of wonen and to decrease the power of patriarchy

in their lives. The status of mathematical knowl edge in a society
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whi ch val ues technol ogi cal progress and the mastery of nature, as well
as the ascription of mathematical tasks to nen, forces femnists to
consider and work on the "problem of wonmen and mathematics”. I'n
current 'high-tech' society, the ability to understand mathenmatics is
an inportant aspect of social power; wonen nust therefore claim the
right to learn mathematics and to have the mathematical know edge they
have constructed recogni zed as val uabl e and acknow edged in curricul um

and instruction.

Focus of Study

Havi ng considered the advantages and disadvantages of the three
research paradigns, | intend to proceed in the scientific one,.because
scientific research is a tool in pursuit of a broader goal; that of
gender equity and social justice; however, | may well link my results
to research in the other tw paradigns if necessary. The main
objective of ny research is to test the hypothesis that girls in a
single-sex institution have a nore positive attitude towards
mat hematics than girls in a co-educational school.

The possible factors which night support the hypothesis and which

may inpact to a greater or |esser degree on ny research are stated

bel ow :

1] The inpact of differences in achi evenent between the sexes.

2] Level s of participation in mathematics.

3] Enj oynment of nmat henmti cs.

4] Soci al factors, including the influence of the teacher and sex-
stereotyping within the famly.

5] Educati onal practices that seek to neutralize gender inequities
e.g. attenpts to change the learning characteristics of

girls so that they nore closely resenble those of boys.
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6] The role that education plays in the construction of gender
7] Learning styles which favour girls.
8] Characteristics of each sex which are socially construed e.g
aggressi on and conpli ance

I will also be considering previous research on factors concerned
with the learning environnent, nanely stereotyped remarks by teachers
use of sex-biased texts, sex of the teacher, differential treatnent by
the teacher, effects of snmall group learning and the effect of ability
groupi ngs. I intend to consider the inpact of the follow ng teacher
beliefs which might have significant bearing on gender inequities:
expectanci es, causal attribution, usefulness of mathematics to both
femal es and mal es, and gender stereotyping relating to the |earning of

mat hemat i cs.

The Questionnaire

Having decided to proceed wth the admnistration of a
questionnaire for ny research, although | believe it would be
strengt hened by ot her approaches such as interviews or observations, |
considered sonme inportant aspects when planning it. There is a
theoretical justification for including each particular question each
of which is intended to be clear, unanmbiguous, and unifornmy workable.
| adm nistered the questionnaire mnmyself or used colleagues in order to
maxi m ze the response |evel. | interspersed questions about attitude
t hroughout the questionnaire to allow respondents to air their views
rather than merely describe their behavior, and used a 'ticking boxes
technique which is famliar to nost respondents. | piloted the
questionnaire in a different year group to elimnate anbiguity etc
By having only two administrators of the questionnaire rather than the

6 group teachers, | hoped to mninize differences in terms of
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conpl eteness, accuracy and uniformty. My questionnaire is designed
to ascertain differences in the following aspects of mathenmtical
learning with relation to gender:
a) Students' enjoynent of mathematics.
b) Students' self-concepts in terns of their understandi ng
and ability in mathematics.
c) Students' perceptions of teachers' views of them

[students] relating to ability and effort.

d) Students' estimate of the personal value of mathematics.
e) Whet her students enjoy nat hematical chall enge.
f) Students' confidence in their ability in mthenati cal
t asks.
g) Students' preference for co-educational or single- gender

teaching relating to attainnent.
h) Students' perceptions of the gendered basis of

mat hemati cal ability.

I piloted the questionnaire in my own school on Year 9 students to
test how long it took participants to conplete it, to check that the
instructions were explicit, and to renmove any questions which did not
yield usabl e data. | then carried out a prelimnary analysis to see
whether the wording or format of questions would present any
difficulties when the min data are analyzed. I personal |y
adm nistered the questionnaire to the subjects in nmy own school and
used a colleague, who is presently involved in simlar research, at
the other school. W explained to the students the purpose of the
gquestionnaire and what would happen to the information collected,
guaranteeing personal anonymity although the school could be easily
i dentifi ed. As stated previously, the questionnaire was adm nistered

to Years 7 and year 11. I  hoped the results would provide
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illustrative evidence of the benefits of single-sex education in the

spheres of mathematics. The questionnaire is included as Appendi x 1.

Choi ce of School s

| realize that any research site in Bernuda is very limted and
al so uni que. Havi ng previously done sone research into the gender-
problem in a co-educational governnent school in Bernuda. I am now

maki ng conparisons in a single-sex private school and a co-educati onal
private school. As the only all-girls' school in Bernuda is a private
one, | used a private co-educational school to nmake these conpari sons.
O only two such schools which exist in Bernuda, one was fornerly an
al |l -boys' private school and the other was an acadenic co-educati onal
governnment school which becane private in 1995. O the two available
choices | chose the latter as the ratio of boys to girls is better
bal anced. The previous all-boys' school is still only approximtely
one quarter girls as opposed to nearly 50% in the new private school,
and the school which was previously an all-boys school has retained
many of its previous teachers which could have significant inpact on
the way in which the girls are taught.

| started ny research by adm nistering to Year 7 students in both
schools a questionnaire relating to their perceptions of thenselves in
mat hemati cs. The sanple involved a class at the co-educational school
being taught by a fenale mathematics teacher who is following the
Exeter masters program and nyself. | then went on to test students in
Year 11 [aged 15-16] in order to mmke conparisons in attitude in
mat hematics with students four years further into adol escence.

After obtaining results, | intend to exanmine critically the role of

one segregated school in pronoting gender equality.
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Chapter 6
Results

| nt roducti on

In presenting these results, | am making no clainms that the group
tested in Year 7 will resenble the group tested in Year 11 by the tine
they reach that age for they are different groups as opposed to a
single longitudinal study. The results fromthe co-ed school night be
| ess typical because the secondary department has only been private
for one year. The primary departnent cane into existence as a private
school two years ago, obviously drawing pupils from many different
educational institutions; at the tine of opening, the children were
not selected to the prinmary departnent according to ability. The
secondary departnent, on becoming private, experienced an atypical
shift in student population, magnified by the financial inplications
of becoming a fee-paying school, and the fact that a few students |eft
to go to other private schools now that their 'free' education was
over. The co-educational school had previously been the npbst acadenic
of the governnment secondary schools and had selected its intake by
ability at age 11 fromall the primary schools on the island. It was
also the nost racially m xed and had an approxi mately equal nunber of
girls and boys. The secondary departnent retained this balance when
the school becane private but the primary departnent, which included
Year 7, although racially balanced, had a nuch higher proportion of
boys than girls. This is possibly due to the fact that one of the
three other private schools was a three-formentry girls' school. The
gender ratio of this class was twenty boys and five girls, whi ch
constitutes a poor representation of co-education but, as a better

conpari son was unavailable | proceeded with it, realizing ny results
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woul d not constitute a valid conparison of co-education at this year
| evel

The all-girls' school has never had an initial intake exam nation;
entry into the school, which is currently in extrenely high demand, is

based on such factors as date of registration J[usually birth],

siblings in school, attendance of nother etc. The ability range
within the school 1is, therefore, apparently nmore diverse. [This
factor may or may not affect attitude]. Many of the secondary sanple

tested had entered the school at age 5 and proceeded through the
primary and secondary departnents. The school is not as racially
bal anced as the other, as a nuch higher proportion of the students are
white [approximately 75% in the single-sex school conpared to 50%
white in the co-ed school]. The year 7 class in, this instance, is
also included in the secondary department, which may inpact upon
attitude associated with teacher expectations/attitude as the co-ed
class functions as the top of the primary school and the single-sex
class functions as the bottom of the secondary. Both schools are
prestigious institutions within the conmunity.

I am focusing mainly on the differences in attitude and not ability

bet ween the conparative year groups in the two schools and between the

sexes, and then the inpact on girls, in the co-ed school. I'n
analyzing these results | have subdivided them into the various
attitudinal factors. The nunbers shown represent the percentage of
students replying in the affirmative. The sizes of the student

sanpl es for each year group were as foll ows:

Year 7 Sanple

Subsanpl e
Code: 7ss, femnle students at a single-sex school in grade 7; n=56

7cg, female students in a co-ed school in grade 7; n=5
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7ch, mal e students in a co-ed school in grade 7; n=20

Year 11

Code: 11ss, femmle students at a single-sex school in grade 11; n=40

llcg, female students at a co-ed school in grade 11; n=27

lich, mal e students at a co-ed school in grade 11; n=31

Questionnaire

The questionnaire used is shown as Appendix 1 and is followed by
result tables by school and year group. The questionnaire was adapted
from the Grls Into Mathematics' booklet [1985] which in turn was
adapted from Barnes, Plaister and Thomas [1984]. The APU [1981]
reported that strong, negative feelings were often engendered by the
nere nention of the word 'mathematics'; while boys had simlar
feelings as girls, the APU found that girls were likely to express
greater uncertainty about their mathematical abilities and performance
whereas boys had greater expectations of success. In order to
ascertain in nore detail the attitudes of pupils and consider in what
ways these might influence mathematical performance, a questionnaire
was designed that would illustrate differences in attitude between the

Sexes.

Conpari son of Results by Factor

Enj oyment of Maths

The first factor | am examining is enjoynent of mathematics. I'n

1981, the APU found that girls enjoyed mathematics |less than did boys
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and part of their dislike was due to the fact that they viewed it as a
mal e subj ect. Researchers in Anmerica and Britain have found that
girls tend to see nathematics as 'hard, intellect based and nmmscul i ne'
and that these views sharpen at about the age of 13 or 14+ [Fennemm,
1980]; it was |likely, therefore, that, the older the pupils, the
greater the differences in response.

My results reflect this phenonenon between the pupils at the co-ed
school but the single-sex school had substantially different results,

i ndicating a nuch higher |evel of enjoynent.

Question 1 related to this factor and obtained the follow ng results:-

1] "1 enjoy maths" [Y/N]

Positive responses to question 1

Year 7 Year 11
Ss g co-ed g co-ed b Ss g co-ed g co-ed b
n=56 n=5 n=20 n=40 n=27 n=31
1] 70% 100% 85% 63% 37% 77%

Question 1 was a direct question to ascertain the students' stated
enj oynent of mathemati cs. At Year 7 level, 70% of students responded
positively to QL, in the girls' school, conpared with 85% of boys and
100% of girls in the co-ed school.

At Year 11 level, 63% of students in the girls' school responded
positively to this question, whereas at the co-ed school the nunbers
were significantly different; only 37% of the fenmmle students enjoyed
mat hs conpared with 77% of the nmales, which my i mply that the
singl e-sex education of girls preserves the enjoyment of a subject

ot herwi se seen as a largely mal e domain.
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In considering factors which nay have contributed to these positive
results, particularly in the co-ed school at Year 7, one which is
worthy of nention is the quality of the teaching. | have observed the
Year 7 teacher using co-operative groupwork, organizing seasona
projects and outings incorporating mathematics, both of which were
generally accepted with great enthusiasm and interest, facilitating
the attribution of the high levels of enjoyment experienced by the
students partially to the teachers' personal approach. | also need to
add a note of caution concerning the tiny sanple size which neans
generalisation is unwarranted for the Year 7 co-ed girls.

These results support the findings of the APU [Joffe and Foxnmn,
1988] who carried out extensive testing on attitudes and mathematics
in the 1980s. They found that, at age 11, girls and boys enjoyed
mat hs al nost equally [girls slightly nore] but that by age 15 boys
enjoy maths significantly nore. From from ny results, however, girls
at age 15 at the single-sex school still enjoyed nmathematics
significantly nmore than their co-ed counterparts [63% 37%, although
this still was |ower than the male figures of 77% If these results
were replicated for the sanme groups of students by a |ongitudinal
study, it could indicate that single-sex teaching contributes to the
retention and fostering of a nore positive attitude towards
mat hemati cs; however, | am unable to conclude this from nmy results of

di fferent groups.

14] "I think ny maths teacher enjoys teaching ne" [Y/N

Positive responses to question 14

Year 7 Year 11
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Ss g co-ed g co-ed b Ss g co-ed g co-ed b

14] 84% 80% 85% 68% 81% 68%
QL4 was an indication of the students' perception of teacher
enj oyment . At Year 7 level, 84% of girls in the single-sex school

responded positively as did 80% of girls and 85% of boys in the co-ed
school . At Year 11, level 68% of girls' replies in the single-sex
school were positive and in the co-ed school 81% of girls and 68% of
boys were so. In this sanple, co-ed girls in Year 11 have a
significantly nore positive perception of teacher enjoynment. There is

no obvi ous reason for this disparity.

Q13 - "1 donot like it if I mss a maths | esson" [Y/N|

This was an attenpted indication of enjoynent/confidence and
notivation, although the interaction between these variables could be
interpreted in so many ways that little significance can be attached
to the results. For exanpl e, students nmay reply positively because
they are confident that that they could quickly catch up on any new
work presented or they nmay reply positively because they |ack
confidence in their ability to conprehend the new work anyway so
mssing a lesson would have little inpact. There is also the option
of the student who is not motivated sufficiently to care whether they
attend every | esson

Question 13 turned out to be a poor question but this was not
apparent to ne after the pilot testing. The results in the pilot test
showed little discrepancy from ny expectation, so at that point | did
not meke any further interpretation. It would, however, have nore
value as an interview question when further clarification could be

sought by the interviewer.
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Positive responses to question 13

Year 7 Year 11
Ss g co-ed g co-ed b Ss g co-ed g co-ed b
13] 48% 20% 55% 45% 56% 16%
The figures here are very difficult to interpret. Their greatest

difference was between the sexes at Year 11 level; only 16% of boys
said they mnded nissing a math | esson, whereas 45% of single-sex girl
and 56% of co-ed girls did not like to mss |essons. These figures
could be indicative of boys' higher confidence at maths or they could
reflect lack of npotivation or even bravado. I think they can only be
consi dered when linked to other questions. At Year 7 level there was
al so a considerable difference between the sexes [35%.The co-ed girls
were nuch |ess concerned about mssing a |esson [20% conpared with
the single-sex girls [48% or the co-ed boys [55%. It is very hard

to interpret this data beyond specul ation.

QL1 "I enjoy trying to solve a new maths problent [Y/N]|

This is also a reflection of the students' enjoynment of mathematics

where confidence and the challenging nature of nmathematics are also

i ncorporated into the question. The question elicited the follow ng

percent ages:

Positive responses to question 11

Year 7 Year 11
Ss g co-ed g co-ed b Ss g co-ed g co-ed b
11] 52% 60% 70% 40% 26% 52%
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The results show an expected difference in all three categories at
the Year 11 level, with the boys' figures being higher in both age
groups. There was little difference between the two girls groups at
Year 7 level [8% favoring co-ed girls, and this was reversed in the
Year 11 level [14%, indicating that the single-sex girls displayed
slightly nore confidence in their ability. These figures are broadly
illustrative of research indicating that boys are nore confident in
their ability to solve problens and that single-sex schooling for
girls mght help to negate decline in confidence levels for problem

sol vi ng.

Perception that ability in maths is innate

@ - "You have to be clever to do well at maths" [Y/N] exam nes
the view of mathematical ability. The historical or traditional view
of mathematics is that it is a very specialized branch of know edge

and belongs to those able to pursue it at a high cognitive |evel

Positive responses to question 2

Year 7 Year 11
Ss g co-ed g co-ed b ss g co-ed g co-ed b
2] 23% 0% 30% 30% 41% 61%
The differences in responses here are quite dramatic. | specul ate

that the |ower percentages of positive responses in the younger
students are indicative of the fact that mathematics is a nore
approachable and acceptable subject to them students of this age
m ght thus find that mathematics is nore appropriate and contextual

Perhaps the level of mathematics lends itself nore readily to socia
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and cultural activities and investigations and therefore their concept
of it as a hierarchical discipline is |ower. Measuring and conparing
student height statistics for exanple is nmuch less "pure" than solving
probl ens by applying al gebraic formnulae. This mght explain why the
Year 7 figures were |lower; perhaps they are less aware that their
tasks are mathematically based. Also they [7 cg] are a smll,
possi bly unrepresentative group.

The perceptions of the older students show tremendous differences
in responses. In dealing with a higher level of mathematics, the
perception that you have to be clever to succeed at it is increased,
indicating that their perception of mathematics is nmore fixed and | ess
attai nable by those who do not have a cognitive grasp of it. One
factor with obvious inplied consequences in ny results is the
perception of the co-ed Yr 11 boys where 61% t hought being clever was
intrinsic to success at mathematics. |In conparing this reply to other
guestions, it is worth noting that this same group had the follow ng
response to their own perceptions and their teachers' perceptions of

their ability in maths:

Question 10 "I believe that | amgood at math" [Y/N]

Question 7 "1 think that nmy math teacher thinks that | am good

at math" [Y/N], provided the follow ng results-

Positive responses to questions 10 and 7

Year 7 Year 11
Ss g co-ed g co-ed b ss g co-ed g co-ed b
10] 79% 80% 95% 58% 37% 74%
71 84% 100% 95% 48% 37% 74%

10] Co-ed Yr 11 girls positive responses 37% self perception
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7] 37% perception of teacher's
Vi ew
10] Co-ed Yr 11 boys positive responses 74%self perception
7] 74% perception of teacher's
Vi ew
The boys' high level of positive response to the initial question
[2] may be somewhat |inked to their perception of their own math

ability and their self esteem and therefore have nobre positive

i mplications. If their perception of mathematical success is |inked
to a positive perception of ability, it will obviously increase their
self esteem Conversely, the nuch lower girls' responses to the

linked questions [10 & 7] could indicate that girls' perception of
their ability is lower, but the |ow response to the original question
indicates that girls do not perceive a certain cognitive level as a
requi renent for success in mathematics.

The differences between the Year 11 girls at the single-sex school
and the co-ed students - girls [11% difference] and boys - [31%
difference] is also significant. Grls in the single-sex school have
a different perception of the ability to succeed in mathemtics,
notably that it can be achieved by effort and desire and is therefore
nore readily attainable.

The differing perceptions possibly reinforce the nyth that
mat hematical ability is fixed and nmale. The large difference in
femal e response between the two year levels at the co-ed school [41%
conpared to the equivalent difference in response in the single-sex

school [7% would suggest negative inplications for girls being taught

in a co-ed setting. It mght indicate that exposure to boys at
secondary level in maths |essons increases the stereotypical gender
belief that maths is a male donmin. Grls in the single-sex setting

96



thus remained relatively unchanged in their perception that success in

mat h was avail able to them

Attribution of Success and Fail ure

Questions 3,4,15,and 16 relate to the attribution theory and | ocus
of causality for success and failure. Using the Attribution Theory of
Wei ner [1972], described in chapter 1, who identified the follow ng
categories to characterize the differing attributions of success and
failure nanely - ability, task difficulty, effort and luck - the
follow ng results were obtained
QL5] "If |1 do well in mths it is usually because"

[ 1] 1 amnaturally good at it.

[ 11 work very hard

[ 1 1 was |ucky

[ ] The work is very easy.

Year 7 Success
ssg g/ co-ed b/ co-ed
skill and ability 16% 0% 20%
hard work 70% 60% 70%
l uck 11% 20% 5%
low task difficulty 8% 20% 0%
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Figure 2 Graph to Show Attribution of Success - Year 7
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bad | uck 5% 20% 5%
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Figure 3 Graph to Show Attribution of Failure - Year 7
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The nost striking difference here is the simlarity, particularly
in attributions of hard work and Iluck, between the girls in the
si ngl e-sex school and the boys in the co-ed school and the difference
bet ween these two groups and the girls in the co-ed group.

For success - hard work - 10% difference
luck - 9-15% difference in favour of the girls in the
co-ed school

For failure - lack of hard work - 35% [difference between the
single-sex girls and co-ed boys conpared to co-ed girls] and,
i kewi se, bad luck - 15% difference

For hard work attributed to success and lack of it attributed to
failure, the percentages were ammazingly identical. At Year 7 level,
70-75% of single-sex girls and <co-ed boys attributed their
success/failures directly to hard work or lack of it. According to
Ernest [1994], nore boys tend to explain their success in terns of
internal and stable factors such as skill and ability, where nore

girls typically attribute their success at maths to good |uck, study

efforts or good teaching and their failures to lack of skill and
ability. My results indicate very different beliefs and contrasts
with many research findings. The percentages of single-sex girls

attributing success/failure to luck or lack of it were extrenely |ow
[11% and 5% ; the boys' results for this factor were nore conparable
[5% and 5%. A nore significant difference occurred between the
single-sex girls [11% and 5% and the co-ed girls [20% and 20%
al though these percentages are still relatively low for their sex',
suggesting a possible nove towards the elinmnation of this single
di fference between the sexes at this |level.

The attribution of hard work to success or lack of it to failure
showed a simlar pattern within the three groups. The single-sex

girls' and co-ed boys' percentages were high and identical [70% and
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70% = success due to hard work,
of it]. The difference

pronounced, particularly the latter

and 40% = |ack of

bet ween

results

75% and 75%

the two

= failure due to |ack

female groups was nore

[70% and 60% = hard work and 74%

f avour ed

the attribution of

success to hard work of girls in a single-sex school over their co-ed

counterparts although both were higher

than recent research had |ed ne

to believe. Attribution to task difficulty was also low in all three

groups - [low task difficulty 8% ss girls,
boys and task difficulty 5% ss girls,
boys]. In ny testing at

girls' results are extrenely

cause for sSuccess

failure]. The boys

difficulty for success and 15% difficulty for

this |evel,

and 5%

of the co-ed girls [20% for

20% co-ed girls, 0% co-ed

20% co-ed girls and 15% co-ed

the percentages in the single-sex

low [8% attributed

low difficulty as a

attributed difficulty as a cause for
results are simlarly and expectedly low [0% | ow

failure]. The results

were favourable for their sex but

not as extrene as the single-sex girls, -

low task difficulty/success

These results contradict

and denonstrate very little gender

t he general

pattern of

differences being [8% -20%
and 5% -20% task difficulty/failure].
research in this area

di fference for these factors.

At Year 11, the followi ng results were obtained.

Attributions for Success

caused by:

-skill and ability
-hard work
-l uck

-low task difficulty

Figure 4 - Graph to Show Attribution of Success -

ssg
17%
63%
17%

3%

g/ co-ed

11%

40%

20%

30%

b/ co- ed
42%
36%

6%

16%
Year 11

101



Attribution of Success

70

60

50

40
%

30

20

10

skill and ability hard work luck low task difficulty

. single-sex girls . girlsco-ed |:| boys co-ed

Attributions for Failure

caused by:

ssg g/ co-ed b/ co-ed
-lack of skill and ab. 15% 11% 0%
-lack of hard work 57% 59% 75%
-bad | uck 3% 4% 6%
-task difficulty 25% 26% 16%

Figure 5 Graph to Show Attribution of Failure - Year 11
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In this sanple, too, although the attributions were slightly nore

diverse, the girls' results were simlar to each other, and different

from those of the boys. The boys' results were the nobst diverse:
al though 42% of them attributed skill and ability as a cause for
success, 0% attributed lack of skill and ability as a cause for

failure; 75% of them thought that |ack of hard work was a cause of
failure, but only 36% thought that success could be attributed to
effort. The girls' attribution to natural ability contributing to
success was narkedly lower [girls ss 17% girls co-ed 11% than that
of the boys [42% and woul d obviously inpact on their confidence. 63%
of single-sex girls attributed hard work to success, whereas only 40%
of co-ed girls did, this number being nmuch closer to that of that of
the co-ed boys. The trend was simlar for lack of hard work being
attributed to failure, but this time the girls' percentages were mnuch
nore simlar [ss g 57% co-ed g 59% and co-ed boys 75%.

The attribution of success to luck and failure to bad |uck was |ow
for both single-sex girls [17% and 3% and co-ed girls [15% and 4%
and was not very different from the boys'. According to Ernest
[1994], the girls' results do not follow the pattern of recent
research, but when conpared to simlar findings at the Year 7 |evel,
m ght indicate other factors are inpacting on the girls' beliefs.
Consistent with these findings is the lower attribution to task
difficulty; in the UK and USA, girls typically attribute success to
| ow task demand or difficulty or good teaching [Ernest, 1994], but ny
results would indicate otherwise, particularly with single-sex girls.
Single-sex girls' results were lower [3% than both those of the boys
[1694 and those of the co-ed girls [30%. This, too, reflects the
trend of the Year 7 single-sex girls, where low task difficulty was

only 8% These results would indicate that girls in this single-sex
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school do not believe that lack of task difficulty is responsible for
their success in maths. For task difficulty attributed to failure the
girls' results were still |ower than previous research would suggest
[25% - ss girls, 26% - co-ed girls] conpared to those of the boys
[1694 but showed no difference between those of the two girls' groups.
These results were confirnmed for the test sanples by simlar
results for questions 3 and 4, these being:
3] "You have to work hard to do well at maths" [Y/N]

4] "I amlucky when | do well on a maths test" [Y/N]|

My results were as foll ows: -

Positive responses to questions 3 and 4

Year 7 Year 11
Ss g co-ed g co-ed b Ss g co-ed g co-ed b
3] 91% 80% 90% 85% 100% 84%
4] 39% 80% 10% 30% 59% 23%

The boys' response to question 3 was typically high [90% - year 7
and 84% year 11] but the girls' responses were equally high [91% and
85% ss and 80% and 100% co-ed], confirnmng the differences found by
guestions 15 and 16 when conpared to recent research. The co-ed Year
11 girls'" result [1009% suggests a very different perception of
attribution, nanely that hard work is a requirenent of success.

For question 4, the results followed the sane atypical pattern,
al though to a nmuch |esser extent: [Yr 7 ssg 39% and boys 10% and Yr
11 ssg 30% and boys 23% - but, remarkably, the co-ed girls replied in
a nore typical way [80% and 59%. These results were not very
consistent with their previous responses unless they consider good

test results to be a conbination of both hard work and | uck. The
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single-sex girls' results were notably different and suggest an
attitude nore closely resenbling that of boys.

Question 4 indicated an inportant difference between single-sex
girls and co-ed girls; the percentages of co-ed girls attributing |uck
as a possible reason for doing well on a nmaths test was approximtely
doubl e that of the single-sex girls at both year levels [39% ssg, 80%
co-ed g at year 7, and 30% ssg, 59% co-ed g at year 11]. The results
of the co-ed girls' group were nore consistent with previous research
but the single-sex girls indicated a change in belief that was closer
to that of the boys in this sanple.

QL9 is a further neasure of the students, perception of their
natural ability. In this instance, their replies can be affected by
their individual effort and to some extent is a neasure of their
confi dence. It could also be a response to the usual [expected] task
demand i.e. task difficulty.

19] "When the teacher asks another student to answer"

[T I usually know the right answer
[T | sonetinmes know the right answer
[T I hardly ever know the right answer

The students replied as foll ows: -
Year 7 Year 11

ss g co-ed g co-ed b ss g co-ed g co-ed b

Usual | y 37% 0% 45% 28% 3% 29%

Sonet i mes 63% 100% 50% 65% 78% 71%

Hardly ever 0% 0% 5% 7% 19% 0%
This question also illustrated inmportant differences between the
single-sex girls and the co-ed girls. Expectedly, the highest

percentages of positive replies were in the 'sonetines' category

across the board. The nopst significant difference was in the co-ed
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girls' groups at both |evels. For Year 7 level, all the replies were

in the 'sometimes' category; at Year 11 Ilevel, only 3% placed

thenselves in the 'usually' group and 19% opted for 'hardly ever'.

This contrasted with the other two groups which were quite simlar -

single-sex girls and co-ed boys ['usually' 28% and 29% and 'hardly
ever' 7% and 0% . These figures support the hypothesis that girls in
a single-sex school have nuch nore confidence in their ability or are

nore confortable with their expectation of task difficulty.

Ef fect of the Presence of Boys on Learning Environnent

QR0 is a reflection of the atnosphere in the classroomand is ained

at discerning whether or not the co-ed girls felt that the presence of
boys di srupted the | earning environnent.
Q0 "In lessons nost people work hard": -
[T Al of the tine
[] Most of the tine
[] Sonme waste too nuch tine
The followi ng results were obtained: -
Year 7 Year 11
ss g co-ed g co-ed b ss g co-ed g co-ed b
Al'l 25% 0% 25% 2% 7% 3%
Most 70% 80% 60% 55% 45% 45%
Wast e 5% 20% 15% 43% 48% 52%
The figures reveal a higher percentage of students perceived to be

appl yi ng thensel ves at

probably be expanded to include many other

nmust
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on the other hand, indicated very little discrepancy between all three
groups, the percentages roughly falling into reasonably simlar groups
feeling that either npbst people worked hard or wasted too nuch tine.
I had decided not to conpare sets within a school but know from ny
results, as the questionnaires were adnmnistered in ability-grouped
mat hematics | essons, that nost of the 'nobst' category replies cane
fromthe higher sets at Year 11 level and npbst of the 'waste' category

replies came fromthe | ower Year 11 sets in both schools. Year 7 sets

in both schools were mixed ability so | was unable to nmmke any
assunptions here. This factor had much nore inpact on response than
the type of school which in this sanple, had virtually nil. Furt her,

there was no evidence of any belief that boys in a co-ed setting
caused disruption in the lesson. A further explanation of the lack of
significant differences between the two girls groups could be that the
girls in the single-sex setting had taken on the disruptive or
attention seeking role of the boys and negated their inpact upon their

statistic.

Conf i dence

Many researchers including Bell at al. [1983], have exam ned the
gendered differences in attitude conponents such as confidence and the
i npact they have on attainment, enjoynment, and pursuit of mathematics,
and anxiety towards it, which will also relate to their attribution of
success or failure. Research findings , in general, express the view
that girls rate their own ability lower than males at higher |evels of
education and hence they denonstrate a |ower Ilevel of confidence.
Hanna Beloff's [1992] study on wuniversity students, for exanple,

illustrates this.
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Question 12 asks for a direct response to the question of

confidence in maths.

12] "I feel confident about ny ability in maths" [Y/N.]

The results were as follows: -

Yr 7 Yr 11
Ssg coed ¢ coed b Ssg coed ¢ coed b
77% 60% 70% 45% 33% 65%

An initial examination of the results indicates that the single-sex
girls' confidence |levels were higher than that of the co-ed girls. In
fact, at Year 7 level, the single-sex girls' result was higher than
that of the boys [77% ssg, 70% co-ed boys] with co-ed girls shown to
be the | east confident; however, the differences are relatively small.
At Year 11 level, the co-ed girls were the notably |east confident
group [now only 33%; the single-sex girls were only 45% -
significantly less than the Year 7 statistic, but still considerably
hi gher than that of their co-ed counterparts, and the nmle percentages
remai ned | argely unchanged [70% 65% . These results are illustrative
of recent gendered research but also show slightly raised levels of
confidence, as is clainmed by advocates of single-sex schooling, in
single-sex girls over the co-ed girls [Yr 7 ss 77% co-ed 60% Yr 11
ss 45% co-ed 33%.

Q 10 "I believe that | am good at maths" J[Y/N], is a self
perception of ability which mght be correlated with confidence. My

qguestionnaire provided the following results:-

Year 7 Year 11
Ss g co-ed g co-ed b Ss g co-ed g co-ed b
10] 79% 80% 95% 58% 37% 74%

108



These results correspond to those of question 12, replicate the
general trend at Year 11 level, and illustrate the typical difference
in confidence of the girls at the two year levels. For this question,
the co-ed boys' confidence was 95% at Year 7 level, higher than the
girls', and there was mnimal difference between the two girls
groups. At Year 11 level, the boys' confidence was 74% while the
girls' results were 58%single-sex girls and 37% co-ed girls, a
further possible illustration of girls' confidence relatively
worsening with age but the single-sex one remaining higher than that

of the co-ed girls.

Q5 "I usually understand a new maths idea quickly Y/ N obtained the

followi ng results": -

Positive responses to question 5

Year 7 Year 11
Ss g co-ed g co-ed b ss g co-ed g co-ed b
5] 66% 100% 80% 33% 52% 61%

It is a further indication of student belief where student perception
of ability to grasp a new concept quickly can be directly related to
confi dence. These results show a reversed pattern between the two
girls' groups both at Year 7 and Year 11 |levels where the co-ed girls
have a nore confident belief that they can grasp new concepts quickly
[Yr 7 ss 66% co-ed 100% Yr 11 ss 33% co-ed 529%. |In fact, the Year
7 co-ed girls appeared to have a higher |evel of confidence than did
their mal e counterparts and, even at Year 11 level, the percentage

difference was only 9% [52-61] conpared to the expected lower girls'
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score of 33% in single-sex girls. This result nay be interpreted as
neani ng that single-sex girls have |l ess confidence in their ability to
grasp new concepts than do co-ed students, but it could also nean that
they are given nore difficult work to master.

In conmparing the two questions with opposing results as far as the
two femmle groups are concerned, an analogous interpretation is
suggest ed; one hypothesis could be that the single-sex girls consider
thenselves to be nore conpetent at applying know edge, once know edge
is assimlated and the co-ed girls consider thenselves nore conpetent
at grasping new concepts initially. This theory is supported by the
attribution rate results which indicate that single-sex girls
attribute their success to hard work nore so than do the co-ed girls
where hard work nmay be seen as persistence at a task to pronpte
under standi ng and/or practice to conceptualize it.

Both year level results are indicative of the belief that girls'
confidence decreases wth age and in these sanples the boys'

confidence, too, was considerably [ ower in the ol der group.

Per cei ved Usef ul ness of WMaths

Differential career expectation is a further contributory factor
which may help to shape the differences in attitude and hence
performance differences between the sexes. Grls' expectancies of
mat hemati cs becoming an integral factor in their future education is
| ower than that of boys who often exhibit nore interest in the subject
due to the nature of their career plans. Questions 8 and 9 pertained
to the students' perceptions of the usefulness of maths to their
future endeavours. The questions were as follows:-

8] "Knowing math will help ne get a job" [Y/N].
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9] "I think math will be an inmportant part of nmy job when | |eave

school™ [Y/N].

The results | obtained were as follows: -

Positive responses to questions 8 and 9

Year 7 Year 11
Ss g co-ed g co-ed b Ss g co-ed g co-ed b
8] 96% 100% 95% 88% 81% 90%
9] 84% 60% 85% 63% 63% 68%

At Year 7 level the perceived usefulness of maths was extrenely
hi gh throughout all three groups [96% 100% and 95%, denpnstrating no
noti ceable difference either between the sexes or the schools. These
figures can evoke no significant coment from ne other than perhaps an
indication of a positive nove towards gender equity within this small
sanple, in that girls now also think they need nmathematics for work.
Question 9 at this level showed a parity in the percentages of single-
sex girls and co-ed boys [84% and 85% w th co-ed girls considerably
| ower at 60% The co-ed girls group showed the nost nmarked difference
[404 in the utility of maths for getting a job and nmintaining maths
at the job. For the latter factor, this was 24% bel ow the single-sex
girls' indicating that nmath was viewed as a lesser factor in their
career plans at this stage. The other two groups showed 12% ssg] and
109 boys] differences.

At the Year 11 level, the single-sex girls' results closely
resenbled the boys' for @B and the co-ed girls'' for @. Al three
scores were high for the perceived utility of maths [88% ssg, 81% co-
ed g, 90% boys] and dropped at simlar rates [63% 63% and 68% for
guestion 9. The girls' scores here were identical - both being only

5% | ower than the boys. These figures contradict recent research but
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give a very positive reflection of efforts being nade to close the

gender gap.

Such results link easily to questions 17 and 24 which exam ne the

perception of the inportance of ability in math between the sexes.

17] "To be good at math is":
[T More inportant for girls
[T More inportant for boys

[1] Equally inportant for both the sexes

The results were as follows: -

Positive responses to question 17

17] Yr 7 Yr 11
girls boys equal girls boys equal
ssg 4% 0% 96% 5% 3% 92%
co-ed g 0% 0% 100% 0% 11% 89%
co-ed b 0% 0% 100% 0% 6% 94%
The results in all six categories overwhelmngly supported the

belief that being good at mathematics is equally inportant to both
sexes -another encouraged result in the canpaign for gender equity.
It would appear from nmy results that this is no longer a factor in
gender inequality as everyone now recognizes the inportance of
mat hematics; at year 7 level the reply was al nbst unaninobus with only
one girl from the single-sex school believing that maths ability is
nore inportant for girls.

At Year 11 level, the trend was basically the same wth the
majority of students believing maths to be equally inportant to both

sexes. The discrepancies here were slightly larger but still
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particularly low, a small percentage [5] of girls at the single-sex
school believed math to be nore inportant for girls, and 3% considered
it more inportant for boys. Noti ceably, at the co-ed school no-one
thought maths to be nore inportant for girls, but 11% of girls and 6%
of boys deened it to be more inmportant for boys. In fact, the only

replies which favoured girls were fromthe single-sex school.

@4 was very simlar but worded differently:-
"Do you think it is nore inportant for -"
[] Boys to be good at maths?

[] Grls to be good at nmaths?

[T I't is equally inportant for both.

The results were as follows: -

Positive responses to question 24

24] Yr 7 Yr 11

girls boys equal girls boys equal
ssg 7% 0% 93% 5% 3% 92%
co-ed g 0% 0% 100% 0% 7% 93%
co-ed b 0% 0% 100% 3% 0% 97%

The results were expectedly consistent with those of QL7 where the
majority of students opted for math being equally inportant for both
sexes and again the single-sex girls' sanple had a mniml perception
of maths being nore inportant for girls. None of the co-ed girls
deenmed maths to be nore inportant for girls, but at the Year 11 |evel
7% of them thought it to be nobre inportant for boys. The only other
variant was at Year 11 |evel where 3% of boys thought maths to be nore

i mportant for girls.
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Natural Ability

@3 attenpts to ascertain whether the students believed that one sex
possessed nore natural ability than the other. Past research
indicates a strong belief that maths is a male domain but many

educators have pursued the elimnation of this belief.

@3" Which sex do you think is naturally better at nmaths?"
[1 Boys
[T Grls
[] Both sexes do equally well.

Positive responses to question 23

23] Yr 7 Yr 11

girls boys equal girls boys equal
ssg 7% 0% 93% 15% 20% 65%
co-ed g 0% 20% 80% 0% 7% 93%
co-ed b 10% 15% 75% 3% 0% 97%

Conparing the two groups of girls, although the wi despread
perception was that natural math ability was equally distributed, the
only females who thought that girls' ability was higher attended the
singl e-sex school [Yr 7 7% Yr 11 15%. More co-ed boys, in fact,
credited girls with higher natural ability than did the co-ed girls
[10% | evel 7 and 3% | evel 11- conpared to 0% 0%.

Conversely the single-sex Yr 11 group had the npbst diverse results
, 20% favouring boys, 15% girls, and only 65% thinking natural ability
was equal ly distributed. It is inportant for gender equity for boys
to have this perception of ability being equally distributed. In this

sanple, the Year 11 result was so high [97% that it contradicts the

114



findings of the attribution theory of Winer [1972], but offers nuch

hope to those concerned with gender equity.

Teacher Attention

Questions 18 and 21 relate to the students' perception of the
di stribution of t eacher attention. Traditionally, boys have
nonopol i zed nore than their share of teacher attention tinme and this
fact has long fuelled a |oud nessage from advocates for single-sex

school i ng.

QL8 "The teacher usually asks ne to answer:"
al] [] As often as anyone el se
b] [] More than anyone el se

c] [] Less than anyone el se

Positive responses to question 18

18] Yr 7 Yr 11

a b c a b c
Ssg 70% 2% 28% 88% 12% 0%
co-ed g 80% 0% 20% 63% 0% 37%
co-ed b 75% 0% 25% 81% 0% 19%

At Year 7 level the perceptions were fairly evenly distributed with
the majority of students feeling that they had their fair share of
teacher attention. Al though the results were broadly simlar, the
bi ggest difference [10%4 was between single-sex girls [7044 and co-ed

girls, which contradicts the appeal for single-sex schooling. At both

115



year levels, the only students who thought they received nore
attention were at the single-sex school but the nunbers were low [2%
at yr 7, 12%at yr 11].

At Year 11 level, the results nore closely resenbled the outcones
of current research; the single-sex girls positive percentage was even
hi gher than the co-ed boys' [88% - 81% and these were clearly higher
than the co-ed girls' [63%. In considering the b] and c] responses,
the single-sex girls' responses were further renoved from both co-ed
groups. The remmining 12% of single-sex girls thought that they had
the teacher's attention nore than did their peers whereas the
remai ning 19% of co-ed boys thought that they had their teacher's
attention less than did their classmates. The remaining 37% of co-ed
girls also indicated they believed they had their teacher's attention
less than did their peers. If these nunbers were conbined, the
results would be nobre dramatic in favour of the single-sex girls
group and positively exenplify one of the main clains for single-sex
t eachi ng.

The following table illustrates the results of conbining the first
two options which would constitute a positive category in question
response [teacher asks as often or nore] and conpares it to the

negati ve response [teacher asks |ess].

Conbi ned results Year 11

ss co-ed g <co-ed b
Teacher asks as often or nore 100% 63% 81%
Teacher asks |ess 0% 37% 19%

This conbination of responses reinforces the perceived differences

in teacher attention between the single-sex girls and the co-ed girls.
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The single-sex girls' response was 100% in the positive category

[teacher asks as often or nore] conpared to only 63% of co-ed girls.
@1 exami nes the teacher attention factor but from a broader angl e,

and it includes aspects such as individualized help when students are

working. The results for this question were as follows: -

21] "Do you feel you have the teacher's attention":
[ ] More than nost other students?
[ ] Less than nobst other students?

[ ] The teacher's attention is equally distributed.

Positive responses to question 21

Yr 7 Yr 11
nor e | ess equal nor e | ess equal
ssg 3% 26% 71% 5% 22% 73%
co-ed g 20% 60% 20% 7% 45% 48%
co-ed b 10% 25% 65% 9% 9% 82%

For this question, a simlar pattern becane apparent at Year 7
|l evel as well as at Year 11. As | expected, the single-sex girls' and
co-ed boys' responses indicated a nore positive perception of teacher
attention. In Year 7, the percentages of nore and equal in the
single-sex girls' group and co-ed boys' group were conparable [ss-74%
co-ed b-75% and nuch higher than those of the co-ed girls [40%. I'n
seeking a possible alternate explanation for the |ow percentage from
the co-ed girls, | |looked at questions regarding their perceptions of
their ability in case their thinking was that they required |ess
attention from their teacher because they were nobre able, but
conparing their beliefs to those of the other two groups, this seens

i mpl ausi bl e.
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The results at Year 11 also generally confirm the belief that
singl e-sex schooling for girls produces a higher incidence of teacher
attention for them here, the percentages were 91% for nobre or equal
for the boys' group and 78% and 52% in the two girls' groups [ss/co-
ed g]. Mahoney [1985] cites the male domi nance of teacher attention
time as one of the nobst inportant influences on pupils' |evel of
attainnent, reinforcing girls' feelings of inferiority and neglect.
In both year |evel sanples, the nunber of co-ed girls who considered
that they had |less teacher attention tine was nmore than double that of

the single-sex groups.

St udent perception of single-sex v co-ed teaching

Q@2 exam nes the students' beliefs about whether or not they would

| earn better in a single-sex or a co-ed class.

@2 "Do you think you would learn nore if your class was"

[] Boys and girls together?

[T Just your own sex?

Positive responses to question 22

Year 7 Year 11

ss g co-ed co-ed b ss g co-ed g co-ed b

Boys & Grls 20% 60% 100% 5% 81% 78%

Oown sex 80% 40% 0% 95% 19% 19%

The results here were very polarized with the vast mmjority of

students supportive of their own environnment. I think 'ownership' of
the school may be extrenely influential here - certainly at the
singl e-sex school, students hear the nessage 'loud and clear' and
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school events are frequently used to reinforce the positive benefits
of single-sex schooling. The differing beliefs between the two fenmnle
groups are even nore pronounced at Year 11 level with single-sex-95%
and co-ed-81% for their own form of schooling. One possible positive
inmplication from these results is that it would appear that npbst of
the students are satisfied with their type of schooling.

St udent perception of teacher attitude

@b and 7 sought to exanine the student perception of their teacher's
perception of their effort and ability. QL4 exam ned the student
perception of their teacher's enjoynent of teaching them and was al so
consi dered earlier.

Q@ "I think that my maths teacher thinks that | work hard at maths”

Y/ N.

Positive responses to question 6

Year 7 Year 11

ss g co-ed g co-ed b ss g co-ed g co-ed b

Yes 80% 60% 90% 63% 63% 55%

No 20% 40% 5% 37% 37% 45%

At Year 7 level, the percentage for single-sex girls sonmewhat
resenbled that for co-ed boys [80% 90%, while the co-ed girls' was
considerably lower [60%; this factor could be influenced by | ower
confidence or self-esteemin the co-ed girls group. At Year 11 |evel,
the figures are very different; the single-sex and co-ed girls'
groups were identical at 63% and the co-ed boys' was lower at 55%
This has several inplications: firstly, the students nmmy thensel ves
think that they are not working so hard, perhaps with a |esser need
for teacher approval due to their age; secondly, the |lower scores for

the boys nmay be a reflection of personal confidence in their ability
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and hence a lesser need to work hard. It is very difficult, however,
to make conparisons as the personality of the teacher is such a
vari abl e. These results mght reflect nmuch of the child s own
perception about effort as they would believe that a teacher would
recogni ze hard work; however, recognition of hard work by a teacher
has significant inpact on notivating the student to continue her/his
efforts.

In order to nmmke conparisons about Bernudian fenales' overall
success conpared to that of boys, | tried to obtain data from the
other three private schools; however, none of them was wlling to
release its results so my only conparisons are with students in the
ei ght governnent schools; I then made conparisons of grades obtained
by Year 5 students in 1995 in the Bernmuda Secondary Schools
Certificate exam nations which involved 210 boys and 231 girls, the
nunbers presented in the tables indicating the percentage of the
students, by gender, who achieved the stated grades, firstly within
the exam group and secondly wthin the year group. The results
denonstrate the range of BSSC mathematics exam nations: the highest
academc level is the Traditional exam nation which is based on the
University of London GCE, syllabus B; the next level is the Commerci al
| evel, which is |less acadenm c and focuses on business mathematics with
the inclusion of sone algebra and geonetry; the third level is the
| east academic and is designed for the | east able students. This data
is the only other neasurenent of attainnment in mathematics in Bernuda
available to ne, but constitute statistics available from a different
type of school i.e. governnent schools as opposed to the private

school s where ny data were coll ected.

Figure 6, 1995 Grade Distribution for Year 5 BSSC Exam nations by

CGender
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Traditional Mathematics

Percentage of Exam Group

Percentage of Year Group

Grade Boys n =70 Girls n=93 Boys n =210 Girls n =231

A 24.3 18.1 8.1 7.4
B 21.4 13.8 7.1 5.6
C 50 50 16.7 20.3
D 1.4 11.7 0.5 4.8
E 2.8 6.4 1 2.6
Total Percentage of Year Group 33.4 40.7

Commercial Mathematics
Percentage of Exam Group Percentage of Year Group

Grade Boys n =99 Girls n =117 Boys n =210 Girls n =231

A 9.1 9.4 4.3 4.8
B 8.1 9.4 3.8 4.8
C 37.4 34.2 17.6 17.3
D 15.3 21.4 7.1 10.8
E 30.3 25.6 14.3 13
Total Percentage of Year Group 47.1 50.7

General Mathematics
Percentage of Exam Group Percentage of Year Group

Grade Boys n =41 Girls n =20 Boys n =210 Girls n= 231

A 0 0 0 0
B 0 0 0 0
C 36.6 0 7.1 0
D 36.6 35 7.1 3
E 26.8 65 5.2 5.6
Total Percentage of Year Group 19.4 8.6

These figures indicate that

gr ades,

experience lead nme to believe that

of girls.

hi gher

this instance attained slightly higher

is very difficult
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own data but they are included as the only illustrative Bernuda data

on attai nnent available to ne.

Q7 "I think that my maths teacher thinks that | am good at nmaths”

Y'N. is also very difficult to analyze but provided the

follow ng results:-

Positive responses to question 7

Year 7 Year 11
Ss g co-ed g co-ed b Ss g co-ed g co-ed b
7] 84% 100% 95% 48% 37% 74%

This question, too, is possibly largely inpacted by the students
own perception of self and confidence. The Year 7 positive responses
were very high in all 3 groups [84% 100% and 95% the |owest score
being the ssg] and probably reflect a very positive attitude of both
their ability and their teacher. The Year 11 group reflected the
research findings of girls losing self esteem at this age. It would
be interesting to conpare the figures with ability ratings to dismss
this as being a true reflection of ability. The boys, score was nuch
hi gher [74% than both of the girls' although the single-sex girls did
fare nore positively than did the co-ed girls [48% 37%. This fenale
perception of lowered belief in ability is one of the critical issues
in girls pursuing maths at the next |evel. Fromthis result it would
appear that single-sex schooling might have had a small effect on
girls retaining a positive attitude towards their nmthenmatical

ability, but that perhaps broader social influences are dom nant here

QL4 pertains nore to the student perception of the climate in the

cl assroom and the value attached to the students' |earning needs.
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QL4 "I think ny maths teacher enjoys teaching me" Y/ N

Resul ts
Year 7 Year 11
Ss g co-ed g co-ed b Ss g co-ed g co-ed b
14] 84% 80% 85% 68% 81% 68%

It was encouraging to see such a positive response, particularly at
Year 7 level, where the results are nore or less the same for all
three groups. The co-ed girls' response was sonewhat higher than
those of the other two groups at Year 11 |evel which would indicate an
absence of significant gender differences between the younger groups
and a nore positive attitude towards perception of teacher enjoynent
to teaching thenselves by the older co-ed girls; however, such results
could also nean co-ed girls are offered less criticismwhich is needed

for |earning

Sunmary

In maki ng conparisons between the two test sanples, | found the
following possible indications of benefit to girls from attending a
single-sex school in this case. Several questions showed varying
responses fromthe two fenmale groups and in many cases the response by
the single-sex girls was alnopst identical to that of the boys and in a
few cases was higher. Generally, there were fewer distinguishable
differences in attitude between the younger students and nore
pronounced ones at the Year 11 level, which fits with international
st udi es.

A very significant difference was the degree of enjoynent at VYear

11 | evel between the single-sex girls [63% and the co-ed girls [37%.
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| believe enjoyment of a subject is so inportant that it is an
educational goal in itself. As the student sanmple from each school

was the total year group [i.e. four different teachers ] in each case

and both schools follow the sanme basic curriculum | ruled out these
factors as being the main cause of difference; thus differences in the
make-up of the sanple other than by gender could have been a possible
cause of difference. This factor alone inpacts on so nmany others, not
the least of which is that of nptivation to pursue mathematics at a
hi gher level, that it should be addressed when considering the two
di fferent classroom environments. The difference was also reflected
in the question pertaining to the challenge of solving a new maths
probl em where again, the attitude of the single-sex girls was nore
positive at year 11 level [ss-40% cg-26%. In equating success to
ability, the single-sex girls at year 11 showed a |ower percentage of
positive replies [30% 419%.

VWhen considering attribution theory, the single-sex girls at Year 7
|l evel alnobst replicated those of boys, particularly with the
attributions of hard work and luck to success. For one question at
Year 11 level, the results were diverse and the previous pattern had
di sappeared; however, there were significant differences at both year
| evel s when considering the factor of | uck. Many more of the co-ed
girls attributed their success to luck; the single-sex girls, on the
ot her hand, exhibited a strong tendency to attribute their success to
natural ability and effort, i.e. internal, stable factors. The
single-sex girls were nmore confident at both levels and showed a
stronger belief in their ow ability at Year 11 |evel

In looking at teacher attention, the single-sex Year 11 girls
perceived they had their teacher's attention as often or nore than did
their classmates, while 37% of the co-ed girls perceived they had | ess

attention. At Year 7 level the single-sex students had a denobnstrably
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hi gher perception of their teacher's perception of their effort and
ability.

Conversely, the co-ed girls perceived thensel ves as being quicker
to grasp new concepts, a result which is strangely inconsistent wth
the overall trends in their answers. The questions relating to
student perception of teacher enjoynent and student displeasure of
nm ssing mathematics |essons were also inconsistent with the co-ed
girls' previous responses.

Regardi ng student perception of the npst appropriate type of
schooling, each group showed strong support for its own |earning
envi ronnent.

The Year 11 girls also had a higher perception of their teacher's
enj oynent of teaching them This factor could possibly be directly
related to the individual teacher but, at this year |evel both schools
have four sets for mathematics with different teachers, which would
reduce the inpact on the statistic which any one of them m ght
gener at e.

Factors which did not seemto be influenced by the type of school

in this instance were:

1] students' perception of teacher enjoynent

2] students' dislike of mssing | essons

3] presence of boys causing disruption in the classroom

4] perceived useful ness of maths to obtain job

5] perceived useful ness of maths within job

6] perceived inportance of ability to each sex

7] perceived equal distribution of natural ability between
the sexes

8] Year 11 teachers' perception of students' perception of

effort and ability
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For factors 4 and 5, the positive responses were very high and for
factors 6 and 7 they were overwhel m ngly so. It would appear from
this sanple that sone positive steps have been taken in the novenent

towar ds gender equity.
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Chapter 7 Eval uation and Concl usi ons

My test sanple of two schools was so snmall that little
signi ficance, for general purposes, can be attached to the results.
In particular the number of Year 7 co-ed girls is tiny, [n = 5], so
the Year 7 results must be viewed with special caution. Mreover, the
sanple and test site were so unique that | am unable to generalize
fromny results even within the islands of Bernuda. A further factor
which could have influenced my results is the fact that girls rather
than boys will admit to feelings of anxiety and l|lack of confidence,
and in this way, thus gender differences perpetuate gender
st er eot ypi ng.

In Bernmuda, the difference in standards of educational opportunity
and practice between the private and governnment schools are dranatic
and continues to widen, a fact illustrated by the entrance denmands now
being placed on the private schools which are higher than they have
ever been. It is difficult, therefore to nmake valid conparisons of
achi evenent data between the governnent and private schools, as their

educational background is so diverse but, unfortunately this was the

only information available to ne. In addition ny selection of schools
was extremely limted and the two chosen schools nmy not be that
conparable, a weakness in nmy testing which | could not inprove upon.
It is inmportant for ne to stress this point: because the two school s

anount essentially to an opportunity sanple, it is not possible to
claim that they are perfectly matched. Therefore some of the
di fferences could be due to random variations between the school
popul ati ons. This fact must be borne in nind when considering the

outcones of this study and the differences reveal ed.
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Furt her nore, al though the gl obal evidence from Ilinmted data
denonstrating the benefits of single-sex schooling is neither wholly
convincing nor wthout contradiction, the results of ny own enquiry
have neverthel ess strengthened ny belief that it has a val uable place,
at some point, in the mathematical education of girls. It is ny
belief that it is, in fact, possible and beneficial to both sexes to
have a mxture of both single-sex and co-educational schooling for
optimum results in terms of both social and educational goals
including those of mathenmmtics. Such a system would include
segregation at sone point during early primary and again during early
secondary years. | would suggest a co-educational preschool situation
all owi ng social interaction. This would be followed by segregation
during early primary years when behaviour differences between the
sexes seem nore pronounced. After further co-education throughout the
primary years, | would suggest segregation during the first two or
three years of secondary education when girls are at their nopst

fragile enptionally and forming their own identities, and boys |ag

behi nd somewhat in ternms of physical and enotional devel opnent. After
this second period of segregation, | would advocate all further
education to be co-educational. This would be an interesting topic to

pursue for further study.

My results lend thenselves to three pairs of conparisons. The
first is between the groups of single-sex girls and co-educated girls.
The factors which show the greatest difference in this group are
enjoynment at Year 11 level, where the single-sex girls denpbnstrate a
much higher Ilevel of enjoynent; attribution of luck to success in
mat hematics at both Year levels, [Year 7 co-ed girls denpnstrating a
nmuch higher attribution to luck: [80% v 39%, and Year 11 girls
denonstrating a considerably higher attribution:[50% v 30%; and,

thirdly, the factor which contradicted the rest of nmy results, that of
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graspi ng new ideas quickly, which indicated that at Year 7 level the
co-ed girls thought they had grasped the new ideas nobre quickly than
their single-sex counterparts [100% v 66%, and at Year 11 |evel the
figures were 52% v 33% in favour of the co-ed girls group. Belief in
ability showed variation at Year 11 level only, where 58% of single-

sex girls answered positively as did 37% of co-ed girls. These
figures were supported by questions relating to confidence, enjoynent

of trying to solve a new maths problem and assunption of know ng the
right answer. Finally, the last notable difference was the
pol ari zation towards gendered nake-up of the class where 80% of

single-sex girls thought single-sex education was preferable and 60%
of co-ed girls thought co-education was preferable at Year 7 |evel.

The figures increased at Year 11 level where 95% of single-sex girls
preferred a single-sex setting and 81% of co-ed girls preferred co-
educati on. Results which showed very little difference between the
groups were attribution of hard work for success, inportance of
mat hematics for careers, retention of mathematics as a part of a job

i mpportance of mathematics for each sex, distribution of teacher
attention and distribution of natural ability between the sexes.

In this sanmple, single-sex education seens to be nobre advantageous
than co-education for girls. As international data on this topic
varies according to the source, it is very difficult to relate it to
these results. It does, however, provide evidence of sone of the
significant strides that have been nade towards achieving gender
equity, especially concerning girls' own thinking about the inportance
of mathematics, their ability, and the attribution of hard work for
success.

The second group of conparisons is between single-sex girls and co-
ed boys. Wthin my sanple, these two groups generated sone very

interesting data as they provided evidence, at tinmes, of alnost

129



i dentical thinking. Included in these al nobst identical responses are
the attribution of hard work for success [particularly at Year 7
level], which indicates a significant inprovenent on nmany earlier
studies; the belief that mathematics is required for successful
enpl oynent; and the belief that mathematics would be an integral part
of their job. This belief could have a positive influence on this
girls' group pursuing mathematics to a higher |evel, which contradicts
previous research indicating a general trend of able girls
di scontinuing their mathematical careers. A further identical factor
was a belief that their respective mathematics teachers enjoyed
teaching them This factor could possibly be linked to self esteem as
it could indicate a belief in self worth i.e. the teacher 'val ued
their | essons.

The two groups produced identical results for the belief that
mat hematics is equally inportant for girls and boys and for the
question reflecting teacher attention, both feeling they were asked as
often as anyone el se. At Year 11 level, the students thought they
often knew the right answer when another student was questioned,
which could indicate either a belief in confidence, in ability, or
bot h. Their perception of hard work within the classroom was
simlar, too, and indicated a perception that npst students worked
hard nost of the tine at Year 7 level [70-80% and that this had
dropped off at Year 11 level in both instances [55% ssg 45% co-ed
boys].

Factors which indicated differences in the thinking of these two
groups included the following: belief in the distribution of natural
ability between the sexes, where 41% of girls at Year 7 |evel thought
that girls were more naturally able than boys, whereas 75% of the boys
believed that mathematical ability was equally distributed. At Year

11 level, these trends reversed with 55% of boys believing that boys
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were naturally better at maths and 65% of single-sex girls believing
natural ability to be equally distributed. At Year 11 level, only 30%
of single-sex girls believed you have to be clever to do well at
mat hemati cs, whereas 61% of boys believed it. If these figures are
linked to the inportance of mathematics for each sex and the
attribution of hard work for success, it would indicate very positive
feelings by the single-sex girls - that they are prepared to work hard
for the success which they consider inportant.

At Year 11 level, the co-ed boys had a nore positive belief [74% v
484 that their teacher thought that they were good at nmathematics.
It would be interesting to neasure this statistic against attainnent
to see how it relates to confidence in order to ascertain whether
there was in fact, a difference in ability or in confidence that
produced these nunbers. The conparative figures for confidence within
this age level indicated a difference [58% single-sex girls v 74% co-
ed boys] and reveal a substantial, but not as large a difference as
that attributed to their teachers' belief.

Boys at both year levels indicated nore enjoynent at trying to
solve a new nmaths problem but this was only a 10 - 12% di fference. At
Year 11 level, only 16% of boys mnded nmssing a maths |esson
conpared with 45% of girls, which could be an indication of confidence
or a lack of responsibility as previously nmentioned.

A final major difference was the students' perception of whether
own-sex only or co-ed was a nmore successful |earning environnent. At
Year 11 level, the nunbers indicate a dramatic difference where 95% of
girls preferred single-sex schooling and 78% of boys preferred co-
educati on. Wil st these figures indicate positive feelings for their
own situation, they are speculative as the vast nmmjority of the

students i nvolved have only experienced one teaching environnent.
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In very general terns these two groups denpnstrated the npst
simlarities.

My third group of conparisons is between the co-ed girls group and
the co-ed boys group. These two groups indicated the greatest
differences within the test sanples and many of the factors show ng
di fferences could be directly or indirectly related to confidence

Enj oynent of mathematics showed a 33% [ssg] and 72% [co-ed boys]
difference at Year 11 level, a much larger difference than the Year 7
figures which were 100% v 85% where the girls, in fact, had the higher
percentage. These figures are perhaps the npbst significant ones
generated by ny study.

Al t hough both groups at each level attributed hard work to success,
somewhat contradictory figures for question 4 indicated that 80% v 10%
[Year 7] and 59% v 23% [ Year 11] attributed success to luck. This is
i ndicative of trenendous gender differences wth ny co-education
sanpl e. This lack of confidence is supported by the Year 11 response
to question 10 which indicates that only 37% of girls conpared to 74%
of boys believed that they were good at naths. As nentioned
previously, it would be very interesting to be able to link this to
data on attai nment, which was unavail abl e

The younger groups displayed simlar figures for grasping new ideas
qui ckly, enjoying the challenge of new work, feeling confident in
ability, whereas the Year 11 group showed much greater differences, in
favour of boys, for these questions.

Bot h groups agreed on the inportance of nathematics for both sexes,
but only 39% thought that natural ability was evenly distributed
bet ween the sexes. 55% of them thought that boys had nore natural
ability at Year 7 level, whereas 56% of girls thought natural ability
was equally distributed at Year 11 |evel. Year 7 figures both

indicated a belief that ability was equally distributed; [80% +75%.
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Question 21, indicating the perception of distribution of teacher
attention, revealed interesting data; at year 7 level, 60% of girls
perceived they received |ess teacher attention conpared to 25% of
boys, and at Year 11 |evel 45% of girls had this perception conpared
to 9% of boys. The overwhel ming mpjority of boys [82% thought that
teacher attention was equally distributed between the sexes. These
figures reinforce one of the negative inplications of co-education.

At Year 11 level only 45% of co-ed students had the perception that
nost people worked hard npost of the tine. These were the |owest
figures in the sanple and al so provide sonewhat negative feedback for
co- educati on.

Encouragi ng statistics were obtained from questions relating to the
i mportance of mathenmatics for each sex [100% 95% for Year 7, 81% 90%
for year 11] and the inportance of mathenmatics within the job [80%

85% for Year 7, 63% 68%for Year 11].

Li nks with O her Research

Ext ensi ve research which highlights the belief that co-education
per se does not achieve parity for femal e students or equity in policy
or practice has caused nmuch experinentation for girls in single-sex
settings e.g. Smith [1986], and Sanpson [1989]. These etudies with
others suggest that well or gani zed, careful ly-ti med, si ngl e- sex
classes may lead to qualitative [i.e. attitudinal] if not quantitative
[i.e. achievenent] benefits in the learning of nmathematics for at
| east sone fenmles. These studies have also highlighted subtle
factors - tinme tabling and textbook <choice for exanple, which
di sadvantage girls in a co-educational setting. Only in recent years
have studi es which exam ne the apparent benefits or disadvantages of

| ong-term education in a gender-segregated environnent begun to
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control for socio-economic factors i.e. single-sex students tend to
cone from hi gher socio-econom ¢ backgrounds.

The benefits and disadvantages of co-educational and segregated
education need careful scrutiny. Contradictory research evidence does
not support the adoption of |ong-term segregated nmathenmatics cl asses.
The A . P.U. [1982], Cockcroft [1982], Sanpson [1989] and Smith [1986]
have argued that girls studying mathematics seem to be disadvantaged
by co-educati on. On the other hand, Bone [1983], Dale [1974], and
Smith [1987] reported that girls in co-educational settings perform at
least as well as those in single-sex schools. As nmentioned
previously, the work of Smith [1987] is particularly interesting which
suggests that girls benefit from segregated mathematics teaching

during the first two years of high school, followed by co-education

during the next two years. Lee and Bryk [1986] found that boys
performed better in nmathematics, irrespective of the type of school
attended; however, girls in single-sex schools were nore likely to

express an interest in mathematics and took nore mathematics courses
than those attending co-educational school. Rowe, [1988] in a two
year case study wthin a co-educational school reported that the
greatest gains in nmathematics achievemrent were made by girls in
si ngl e-sex cl asses.

Leder [ 1990] has acknowl edged the difficulties in drawng
conpari sons across different school systens where equi pnent, staffing,
class size and other variables may differ substantially. The
i nfluence of these variables on mathematics achievement is confirned
by Cresswell and Gubb [1987] in their analysis of data fromthe SIMs.

It is worth repeating that, in both England and Australia,
significant sections of the population are educated in single-sex
schools and the children are drawn from higher socio-econom ¢ hones.

This point is acknow edged by Carpenter [1985].
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In terns of nmy small sanple, | feel that | gathered illuninative
data on certain questions which enhanced ny own belief in the benefits
of single-sex teaching. There was evidence of sonme of the negative
aspects of co-education, such as lack of teacher attention for girls,
which were not present in the all-girls school. As stated previously,
I think the npst significant data produced by mnmy study were the
results of the questions pertaining to enjoynent, which denpnstrated
in this instance, very positive inplications for single-sex schooling

in mat hemati cs educati on

Weaknesses of Study

| feel that the nmain weakness of ny study was the linited area in
which ny research was perforned. The student population on an island
as small and as isolated as Berrmuda is unique and atypical both
socially and racially. My choice of schools was also very restricted
and resulted in the use of two schools that nmay not have been ideally
conpar abl e. A further difficulty was a general resistance to
rel easi ng achi evemrent data, possibly caused by the insular |ocation of

Ber muda, produci ng exaggerated rivalry between school s.

Furt her Questions Rai sed for Research

As an extension of this study, it would be interesting to tie
attainment to the affective variables and nonitor future mathematica
success. This could include the pursuit of higher nmathemtica

cour ses. A different aspect of this research would be to find the
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opti mum possi bl e conbination of single-sex and co-education in terms

of positive student attitude towards mathematics.
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Appendi x 1. Questionnaire

St udent Questionnaire - Mathematics.

Pl ease read the following statements carefully. Tick those which you
agree with and put a cross against those you di sagree with.

1] []1 ! enjoy maths.

2) [] You have to be clever to do well at mmths.

3) [] You have to work hard to do well at nmths.

4) [1 | amlucky when | do well on a naths test.

5) [1 | usually understand a new mat hs idea quickly.

6) [] | think that my maths teacher thinks that | work hard
at mat hs.

7) [] | think that nmy maths teacher thinks that | am good at
mat hs.

8) [] Knowing maths will help ne get a job.

9) [] I think maths will be an inportant part of ny job when
| |l eave school .

10)[] | believe that | am good at maths.

11)[] | enjoy trying to solve a new maths probl em

12)[] | feel confident about my ability in maths.

13)[] | do not like it if |I mss a maths |esson.

14)[] | think my maths teacher enjoys teaching ne.

Read the followi ng statenments, and tick the explanation which you feel
applies to you.

f I do well in mths it is usually because:
| amnaturally good at it.
| work very hard.
I was | ucky.
The work is very easy.
f I do badly in maths it is usually because:
| am not naturally good at it.
| did not work hard enough.
I was unl ucky.
The work is too hard.
0 be good at maths is:
More inportant for girls.
More inportant for boys.
Equal 'y inportant for boys and girls.
18) The teacher usually asks me to answer:
[] As often as anyone el se.
[T More than anyone el se.
[] Less than anyone el se.
19) When the teacher asks another student to answer:
[T I usually know the right answer.
[T | sonetimes know the right answer.
[1 I hardly ever know the right answer.
20) In | essons nmost people work hard:
[ All of the tine.
[T Most of the tine.
[] Sone waste too nuch tine.
21) Do you feel you have the teacher's attention:
[] More than npst ot her students.
[] Less than npst other students.
[] The teacher's attention is equally distributed.

|
]
]
]
]
|
]
]
]
]
T
]
]
]

[
[
[
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22) Do you think you would learn nore if your class was:
[] Boys and girls together.
[T Just your own sex.
23) Which sex do you think is naturally better at maths?:
[] Boys
[l Grls
[] Both sexes do equally well.
24) Do you think it is nore inportant for:
[] Boys to be good at maths?
[] Grls to be good at naths?
[T I't is equally inportant for both.
25) Pl ease tick: [T Grl. [1] Boy.

Thank you very nmuch for your assistance in conpleting this
guesti onnaire.
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