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ABSTRACT

This paper questions the gender and mathematics problem, and rejects the notion that a unique problem exists. It argues that there is no constant and universal pattern of under-achievement in mathematics by girls and women. It also claims that under-participation in post-compulsory mathematics studies and careers by women is a phenomenon restricted to some countries. It describes a model of ideologies of mathematics education in one area, the United Kingdom, and indicates how five different ideological groupings construct different readings of ‘the problem’. Finally it pursues one of these ideological perspectives, that of the ‘public educators’, to show how distorted perceptions of the problem can create a ‘regime of truth’ which sustains a false cycle of inequality in the interrelated contexts of society and schooling concerning gender and mathematics.

Introduction

In both journalism and the research literature it is often taken for granted that there is a problem concerning gender and mathematics. I want to question this starting point and the assumptions underpinning it. But it is important to distinguish two different aspects of the so-called gender and mathematics problem. First of all, there is the claim that there are significant sex differences in participation rates in mathematics (and science) education studies, and in related careers. Secondly, there is the claim that girls and women perform significantly worse, on average, than boys and men do on mathematical tasks, activities and examinations.

Female Participation in Mathematics Post-16

Up until the age of 16 mathematics is compulsory in maintained schools in Britain, since the Education Reform Act of 1988 and National Curriculum it introduced. Even before, the study of mathematics by both sexes up to the age of 16 was compulsory. It was near universal, although cases of younger girls being allowed to opt out of mathematics study were known to occur in some all-girl secondary schools. After the age of 16 all education is voluntary, and here differences in participation rates in mathematics (and other science related subjects) emerges. It is undeniable that there are major sex differences in participation rates in mathematics and science post 16, certainly in most of the English speaking counties. 

The Cockcroft report (1982) included data on the number of British men and women completing mathematical degrees in the late 1970s and showed that out of an annual total of around 2500 graduates women made up less than 30% of the total. By 1989-90 this improved to around 58,000 annual graduates in mathematical sciences (a broader definition including operational research, computer science, etc.) but women still made up less than 35% of the total, constituting a marginal proportional improvement (DES 1992). 

Similar but not so marked differences are found in the school or college leavers (typically aged 18) who have gained 2 or more General Certificate of Education Advanced level examinations (or 3 or more Scottish Certificate of Education Higher grades) by subject combinations. For example, in 1989-90, Maths/Science combinations were achieved by 7% of females but by 15% males, and mixed results including maths were obtained by 21% females but by 30% males (DES 1992). 

Such imbalances are widespread in the English speaking world and in some other developed countries. However a modern development in Latin and Latin-American countries and the Caribbean is that a higher proportion of women participate in mathematics and science studies and occupations, and in some such countries the women now outnumber the men in such occupations. A similar trend, or at least parity, may be noted in Scandinavia. Thus care must be exercised in generalising from the British and anglophone experience, and attention must be paid to the shifting nature of demographic data. However it can be said that in a number of countries including those in the United Kingdom and North America there is a significant gender imbalance in adult participation in mathematics and other science related studies and occupations.  

Sex Differences in Mathematical Performance

The second area of possible sex differences mentioned above concerns the relative under-performance in mathematics by girls during schooling up to the age of 16 years. The widespread public and received view is (or rather was) that girls are significantly poorer performers in school mathematics. What does this mean? The claim is not that all or most girls perform worse than all or most boys in school mathematics. Rather the claim is statistical, namely that there are significant statistical differences between the mean scores of boys and girls in mathematics in favour of boys. Even where such data has been noted, there are much greater similarities in the attainment levels of the genders than differences. But to what extent is the perception that males score better than females in mathematics justified?

First of all, consider the data concerning the United Kingdom. The level of mathematical performance of eleven year-olds as measured in the 1980s did not differ that greatly between sexes in the large-scale Assessment of Performance Unit primary surveys (APU 1985, 1991). However, there were several significant differences in performance. For example, in two categories concerning measures the success rate favours the boys. This is might be significant given the claim reported in Walden and Walkerdine (1982) that boys are perceived to be better at mathematics where spatial ability is required. The only area in which girls had a higher success rate was that of algebra. However, as Walkerdine (1989) says, there was much more similarity than difference between the genders in mathematical attainment, and the differences are often much exaggerated. The trends in gender differences identified by the APU in the late 1970s remained relatively unchanged until the end of the 1980s. The trend still favoured boys in measurement topics by up to 10% of the marks scored, which was statistically significant.

Gender differences in the 1987 APU (1991) survey for pupils at the age of fifteen were more pronounced. It would be expected the difference in performance levels will be greater than that at eleven, given the differences in public examination results at the time. Although there was a significant difference in performance between boys and girls in mathematics at the age of fifteen, it must be remarked that these are differences of mean scores, and that once again the within-gender differences are many times more significant than the across-gender differences. Furthermore, the APU data showed that differences are not necessarily significant in England, Wales and Northern Ireland simultaneously. Regional variations in Great Britain account for almost as much difference as gender. Gender differences were most pronounced in Wales and least pronounced in Northern Ireland.

However, In the UK the differences in the results between the genders have been diminishing. Margaret Brown noted that girls did slightly better than boys in the National mathematics tests for 14 year olds trialled in 1991. (Hackett 1993: 4)

This phenomenon has become more widespread, as the results of the GCSE examinations in mathematics for 16 year olds demonstrated. In the period 1979-1996 the percentage of the school population obtaining grades A-C or equivalent in the CSE/GCE/GCSE mathematics exam rose from under 40% to nearly 50% for boys, and from under 30% to nearly 50% for girls (Sources Cockcroft 1982 and Department for Education and Science, annual reports of Statistics of Education Public Examinations). Not only did the girls improve their rate of examination success by double the amount the boys did, but by the mid-to-late 1990s they had equalled and slightly surpassed boys in their overall exam success in the national GCSE examinations at age 16
. 
For example, Table 1 illustrates the percentage of 16 year old boys and girls achieving grades A*-C grades, regarded as passing grades, at GCSE mathematics, for the years 2001-2006.

Table 1: Percentage of 16 year olds achieving grades A*-C at GCSE mathematics by year and sex
	Year
	2001
	2002
	2003
	2004
	2005
	2006

	Boys
	50
	51
	50
	51
	53
	54

	Girls
	51
	52
	51
	53
	54
	55


As Table 1 shows, the achievements of boys and girls are largely comparable in mathematics, with girls very slightly but consistently outperforming boys. Since the examinations at age 16 are the most important indicator of mathematical achievement during the period of compulsory schooling it can no longer be claimed that there is a gender problem of girls’ under-achievement in mathematics in Great Britain.
 

Thus an examination of the data on the gender differences in mathematical achievement up to the present and internationally indicates that females are not consistently under-performing relative to males, and in many places (including the UK at age 16) the situation is reversed. However there are still areas of relative poorer achievement, such as at GCE ‘A’ level mathematics in the UK for 18 year olds. In 1993, a greater proportion of girls achieved grades A to C, by 0.4%. However a greater proportion of boys achieved grades A and B, by 1.8% (Dean 1994). Given that twice as many boys as girls take the examination, this is not as equitable as it looks. 

The pattern of more boys attaining the top grades is also reflected in the GCSE results at age 16. Table 2 shows the percentage of boys and girls attaining each grade in 2006. (A* is the top grade.)
Table 2: Percentage of boys and girls attaining GCSE mathematics grades in 2006.

	Grade
	A*
	A
	B
	C

	Boys
	4.2
	9.0
	17.0
	23.3

	Girls
	4.1
	9.1
	18.2
	23.6


Although the results shown in Table 2 are broadly comparable for the sexes, there is a marginally higher proportion of boys attaining A*, the top grade, with a higher proportion of girls at the other grades shown. 
Because from 1994 onwards girls have equalled and then overtaken boys in mathematics at age 16 in GCSE, it has been argued that the gender problem in mathematics has been solved (in the UK), and indeed one segment of it can be said to have been surmounted. However female participation rates in the post-compulsory years (i.e. at ‘A’ Level and in higher education) remain very largely overshadowed by those of males by factors of 2 or more to one. The exception is in mathematics teacher education, where females often outnumber males, especially on primary courses. But this is nothing new, as teaching, especially in primary schools, has traditionally been seen as ‘women’s work’.  So in overall terms, the British problem might be said to have shifted from one of female under-achievement to one of female under-participation, in mathematical studies and mathematics-dependent careers.

The sex differences in mathematical attainment that have been examined, equivocal as they are, could only be taken as evidence for an intrinsically lower level of mathematical aptitude amongst females if patterns of poorer attainment persist over differing locations and times. The data have already shown that the pattern does not persist over time. Furthermore international findings on gender and mathematics show that in a number of different cities, states and countries males have not outperformed females in mathematics and science.

Hanna (1989) analysed the data from the Second International Mathematics Survey (SIMS) taken from 20 countries in the 1980s and found that there were no gender differences in achievement in arithmetic, algebra and statistics. In 5 countries, no sex related differences at all were noted. Ethington (1990) in a study of the results in eight of the countries involved in SIMS found no substantial gender differences in any of the content areas, and when any slight effects were noted they favoured girls more often than boys. 

Smith and Walker (1988) in a study of over 15,000 students taking the ninth, tenth and eleventh year New York state mathematics examinations found that the ninth and eleventh year examinations favoured the females but were not statistically significant. For the tenth year examinations the difference favoured the males. Stockard and Wood (1984) studied 570 7th to 12th graders representing all of the high schools in one USA city. Except for 7th graders, where there were no gender differences, females’ grades in mathematics were significantly higher than males’, for all mathematical topics and grade levels. Brandon and Jordan (1994) compared achievement levels of 10th graders in Hawaii taking the Stanford achievement test in mathematics in 1991. They analysed their data by ethnic group as is shown in Table 3.

Table 3 Stanford achievement scores in mathematics Hawaii 1991, by ethnic group

	Ethnic Group 
	Girls’ Mean
	Boys’ Mean
	Difference
	Significance

	Hawaiian
	705.74
	694.92
	10.82
	Significant

	Filipino
	720.12
	709.39
	9.73
	Significant

	Caucasian
	731.99
	726.74
	5.25
	Not significant

	Japanese
	759.53
	749.88
	9.65
	Almost significant


In each ethnic group the girls’ mean score exceeded that of the boys’, and for two of the groups this was statistically significant. Brandon and Jordan remark that Hawaii is the only state in the USA to exhibit such differences (at the time), and go on to hypothesise about cultural and other factors which might be responsible for the poor performance of Hawaiian males. 

Cheung (1989) in a study of over 5600 pupils drawn from schools in Hong Kong found that while the boys attained better in geometry and the girls in mathematical manipulation problems, there were no significant gender differences in overall mathematical achievement. In a study of the 1992 Barbados Secondary School Entrance Examination, Cumberbatch (1993) found that there was a significant gender difference in achievement in favour of the girls. The boys’ mean raw score was 51.35, whereas the girls’ score was 58.43, which is almost 14% higher. At each point of comparison the girls scored higher, except for the top ten percent in achievement, where there was no difference. Other gender differences in mathematics achievement favouring girl have been noted internationally, such as in Bermuda, the Caribbean and Latin American countries. Furthermore, according to Greer "there are five times as many female scientists in Latin American countries as there are in Anglo-Saxon" (Pile, 1993, 19). So the problem seems to be more severe in Anglo-Saxon countries than in some others.

Changing perceptions of the ‘gender problem’ in mathematics

Examining the literature reveals that the so-called gender and mathematics problem varies with time and with country. No unambiguous differences in achievement levels can be identified and participation rates in mathematics are lower for women only in some countries. The issue is made more complicated by the fact that there are widely differing perceptions of what constitutes the so-called gender and mathematics problem. What is problematised in the relation between gender and mathematics varies greatly according to the underlying conceptualisation and the theoretical outlook adopted.  

In Ernest (1991), building on Raymond Williams’ (1961) seminal historical analysis, I distinguish five perspectives or educational ideologies identified with socially located interest groups in the UK. The proposed model suggests that each interest groups has distinct aims for mathematics education and different views of the nature of mathematics, and related views of the nature and cause of the ‘gender and mathematics’ problem. These groups, their relations to Williams’ analysis, and some of their views, are summarised in Table 4. 

Table 4: Five interest groups and their views of the ‘gender and mathematics problem’

	Interest group
	Industrial Trainers
	Technological Pragmatists
	Old Humanist Mathematicians
	Progressive Educators
	Public Educators

	Relation to Williams (1961)
	Reactionary part of Williams’ (1961) group of ‘industrial trainers’
	Progressive part of Williams’ group of ‘industrial trainers’
	Mathematical cultural-restorationist version of Williams’ group of ‘old humanists’
	Liberal progressive part of Williams’ group of ‘public educators’
	Radical activist part of Williams’ group of ‘public educators’

	Social location
	Radical 'New Right' conservative politicians and petty bourgeois
	meritocratic industry-centred industrialists, bureaucrats, industrial mathematicians  
	conservative mathematicians preserving rigour of proof and purity of mathematics 
	Professionals, liberal educators, welfare state supporters
	Democratic socialists and radical reformers concerned with social justice and inequality

	Mathematical aims
	Back-to-basics numeracy and social training in obedience (authoritarian)
	Useful mathematics to appropriate level and certification (industry-centred)
	Transmit body of pure mathematical knowledge (maths-centred)
	Creativity, self- realisation through mathematics (child-centred)
	Critical awareness and democratic citizenship via mathematics

	View of mathematics
	Absolutist set of decontextualised but utilitarian truths and rules
	Unquestioned absolutist body of applicable knowledge
	Absolutist body of structured pure knowledge
	Absolutist body of pure knowledge to be engaged with personally
	Fallible knowledge socially constructed in diverse practices

	View of ‘gender and maths problem’
	Fixed biological differences make males better at maths
	Utilitarian problem to be ameliorated for benefit of society even if females inferior
	Maths ability inherited and primarily male but ablest women to be encouraged as mathematicians
	Girls/women lack confidence and hold themselves back, i.e. an individual problem
	Gender inequity due to underlying sexism and stereotyping in society in maths


Thus the different social groups have different historical origins and political orientations, differing views of the nature of mathematics, and in a special relationship with these, partly consisting of consequence, partly of coherence, different aims for the teaching of mathematics and views of the ‘gender and mathematics problem’. This latter links with the theory of social diversity in the original model and depends to a large extent on the values, theory of the child, theory of society of the social  groups (Ernest 1991).

The different views of gender and mathematics of the five groups are as follows.

1. The Industrial Trainers subscribe to fixed views of knowledge and society, and analogously believe that fixed biological differences are the sources of differences in mathematical ability, and in particular, make males better at maths. Thus from this perspective feminism and attempts at equal opportunities and equity in mathematics are undesirable political interventions in the natural state of affairs. "Sex equality is an impossible dream" (Campaign for Real Education, 1989:2).

2. The Technological Pragmatists are pragmatic and utilitarian in their thought. Consequently they see the gender and mathematics problem as a utilitarian problem to be ameliorated for the benefit of society, since a well educated workforce of both men and women is needed, even if, as many in this grouping believe, females are inferior at mathematics. 

3. The Old Humanists are conservative mathematicians committed to preserving the purity of mathematics. This group are committed to hierarchical and structural views of various kinds and thus see mathematical ability as inherited, and primarily concentrated among males. However this group, in the interest of mathematics, also want the ablest women to be encouraged to be mathematicians, and to progress as far as their ‘nature’ will allow them.

4. The Progressive Educators are traditional liberal progressive supporters of education, subscribing to a primarily individualistic ideology. Thus mathematics problems are located within individuals, and in particular the gender and mathematics problem is understood to be due to the lack of confidence and poor mathematical attitudes of girls and women, who thus hold themselves back. The solution is thus to encourage and support girls and women more.

5. The Public Educators are radical reformers concerned with social justice and equity. They view knowledge and social structures as socially constructed. Gender inequity is thus seen to be due to underlying sexism in society and schooling, as well as the stereotyping of mathematics as male, and femininity as non-mathematical. This results in the construction of gendered identities which embrace and admit mathematics (mainly masculine identities) or exclude it. But since gendered identities are socially constructed there is variation according to local contextual differences, and the possibility of rectification and improvement remains open.

Before exploring this last perspective further, two points are worth making. First of all, the model indicated in Table 4 illustrates the central point I am making, namely the range of different readings, perceptions and interpretations of the gender and mathematics problem. That is, there is no unique ‘gender and mathematics problem’, for it is ‘read’ differently from different perspectives. I shall return to this point below.

Secondly, the model shown in Table 4 is, of course, a gross simplification. Although researchers in a number of countries have found it valuable and illuminating, it is problematic if taken too literally. Thus it is not claimed that there is a logical link between the interest group and the aims for teaching mathematics, the view of the nature of mathematics, and the view of the gender and mathematics problem. What is claimed is that these can be found to occur together to a greater or lesser degree, historically, among a subset comprising core members of the social group specified. However attempts to apply this model more widely by identifying the educational beliefs and ideologies of teachers have revealed a complex and shifting picture with mixed combinations of beliefs for individuals which by no means correspond with single columns in Table 4, and which may differ according to whether the views are espoused or enacted. (Ernest and Greenland 1990). Thus no claim is made for the predictive power of the model. Rather it is meant to be an illuminating conceptual tool. The issue of the complexity of the links between the elements of such models is discussed further in Ernest (1995).

The Public Educator View of the Gender and Mathematics Problem

The Public Educator view is that the gender and mathematics problem is a product of the distorted social construction of gender roles and differences and of mathematics itself (Ernest 1991, 1995). Thus dominant discourses impose a ‘regime of truth’ (Foucault 1980) in which views such as maths = male, maths ( feminine and female = inferior are confirmed and sustained as ‘lived truths’. Walkerdine argues that the powers of rationality and mathematical thinking are so bound up with the cultural definition of masculinity, and "that the discursive production of femininity [is] antithetical to masculine rationality to such an extent that femininity is equated to poor performance, even when the girl or woman is performing well." (Walkerdine, 1989: 268)

The outcome is a lack of equal opportunities in school mathematics and lowered expectations for girls, with some girls’ successes at mathematics being discounted (Walkerdine et al. 1989). All members of society internalise these distorted stereotypes and myths, but they are particularly important in affecting many girls’ and women’s perception of mathematics as a male domain, and their mathematical confidence and self-concept, which have been correlated with lower attainment and participation in mathematics (Tartre and Fennema 1995). This is illustrated in Figure 1, which suggests a vicious cycle sustaining the gender and mathematics problem as perceived from this perspective. 

Figure 1: The Reproductive Cycle of Gender Inequality in Mathematics Education
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Figure 1 shows that girls' and women's lower examination attainments, where they are lower, and their lower participation rate and take-up in mathematics leads to women getting reduced (unequal) opportunities for entry to study and work, the ‘critical filter’ effect of mathematics. Mathematics serves as a ‘critical filter’ controlling access to many areas of advanced study and better-paid and more fulfilling professional occupations (Sells 1973). This concerns those occupations involving scientific and technological skills, but also extends far beyond this domain to many other occupations, including education, the caring professions and financial services. 

The ‘critical filter’ effect leads to many women getting lower paid work, which thus constitutes the reproduction of gender inequity in society. This in turn helps to reinforce gender stereotyping, making it a ‘lived truth’, and sustaining stereotyped cultural views such as maths = male. Such a climate of opinion permeates education leading to a lack of equal opportunities in mathematics learning in school, in a variety of documented ways (Burton 1986, Open University 1986). Even where this is resisted by anti-sexist schooling other socialising influences such as social gender stereotyping negatively influences many girls' perceptions of mathematics and their own abilities in mathematics. The outcome of this is once again girls' and women's lower participation rates in mathematics and possibly lower examination attainments, completing the vicious cycle. Only if every link in the cycle is attacked can the reproductive cycle of gender inequality in mathematics education be broken. Thus women's underachievement and underparticipation in mathematics plays an important part in reproducing of gender inequity and stereotyping in society.

Much of the research on girls and women and mathematics documents the problems caused by the stereotypical perceptions of mathematics as a male domain (Burton 1986, Walkerdine 1988, Walkerdine et al. 1989, Weiner 1980). A number of researchers have offered models of how these values impact differentially on women, including Burton, (1986), Fennema (1985), Walkerdine (1988), Walkerdine et al. (1989), Ernest (1991, 1995). One of the most powerful models is due to Isaacson (1989) who co-ordinates a number of different factors including both in-school and out-of-school experiences which are mediated by their influence on girls’ or women’s belief systems. Central to her account are the concepts of ‘double conformity’ and ‘coercive inducement’. Double conformity is a term due to Delamont (1978). It describes the dilemma of a situation where there are two mutually conflicting sets of standards or expectations to which persons have to conform. If mathematics is understood to be stereotypically male and unfeminine, conforming to mathematical standards conflicts with standards of femininity. This, at its simplest, means that women must choose to be feminine or choose to be successful at mathematics. If they opt for both, they have to live with the contradiction Mathematics ( Feminine. For some women this is possible, but for many others it is a strong disincentive and repulsive force.

Coercive inducement is a way of describing the social pressures for women to conform with the stereotype of femininity. Women are rewarded for choosing the path of conventional femininity by social approval on all sides (from fathers, mothers, peers, boys, teachers, society, etc.). To reject this path is to give up very considerable rewards and inducements. Since approval is something widely craved, the inducements are coercive. Girls are ‘forced’ by needs to succumb to the overwhelming pressures and inducements to accept the conventional feminine role. 

Isaacson argues that both double conformity and coercive inducement impact strongly on the girl or woman’s internalised belief system, which include the nature of femininity and ‘a woman’s role’, and their relation with her identity as a gendered person (a woman). This belief system plays a key role in how the woman/girl views herself with regard to mathematics and performs as a learner of mathematics. 

Other theories such as Labelling Theory due to Becker and others (Ruthven 1986) account for the self-fulfilling elements of the gender and mathematics problem. Dweck and Respucci (1975) put forward the idea of learned helplessness in mathematics. Girls attribute their failures in mathematics to lack of ability despite perceiving mathematical tasks as not very demanding, and learn to give up. 

Thus from the public educator perspective, the problem of women's underparticipation in mathematics is seen to be due to deeply entrenched cultural discourses which identify mathematics with masculinity and power, which by the means described work to exclude women, and the consequence of these forces is to 'count girls out' of mathematics (Walkerdine et al. 1989). 

Conclusion

The main point I wish to make in this paper concerns the complexity of the ‘gender and mathematics problem’, and of the multiple perspectives and perceptions that exist of it. In addition to differentiating participation and achievement differences in mathematics, one also needs to be aware of differential patterns in different countries and epochs. Even when localised to one country, the United Kingdom, I suggested five different ideological groupings with different readings of ‘the problem’. Finally I indicated how distorted perceptions of the problem can create a ‘regime of truth’ which sustains a false cycle of inequality in the interrelated contexts of society and schooling. Thus there is no single unique gender and mathematics problem, rather there are many viewed for different perspectives. This has very important consequences when solutions to ‘the problem’ are proposed.   

One final factor should be mentioned. There are other important dimensions in which inequality is constructed, including race and class. In particular, middle class girls (and boys) commonly now, at least in the United Kingdom, face differentially lesser problems than working class boys and girls do. Walkerdine et al. (1989) and Coard (1971) have shown how many girls and children of parents from working class and some ethnic minority groups are underachieving in mathematics. Data from Australia suggests that students in the last two years of compulsory schooling are twice as likely to opt to study mathematics and science if they are from the higher socio-economic status bands, compared with the lower (Maslen 1995). Another study indicates major gender differences on the basis of class (Atweh and Cooper 1995). 

A new problem has been noticed in the United Kingdom with the increasing resistance of working class boys to schooling, and their associated declining academic attainment (see footnote 2 and Mendick 2006). Whilst such a posture is understandable, given the recent the loss of blue collar work and patterns of unemployment for the unskilled in Britain, it indicates the shifting problems of gender-identity construction in modern society. Sexism and stereotyped gender-role expectations damage all in modern society, including men, even if traditionally their main effect was to deny women equity.
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� To be precise, the targeted age of pupils sitting the GCSE examinations is 16 years, and by the time they have completed the examinations process almost all of the cohort will have attained this age. However the data also includes the results of a very small number of students taking the examination in mathematics early, as well as a larger number of older students in further education taking or retaking the examination.   


� Indeed, boys’ poorer performances at 16 in all school subjects other than the physical sciences has led to a near panic about boys’ failure in the UK. “In the space of a generation, boys have gone from expecting to be the best at school, to an assumption that they will be the worst.” (British Broadcasting Corporation 2007)





