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Introduction

Leone Burton

The performance of Oxbridge women in university examinations has declined since the
advent of mixed colleges. Despite a considerable increase in the number of women under-
graduates at Oxford from 16% in the mid-1960s to the current 40%, the gap between the
proportion of women and men getting firsts has widened. According to the Word Review
of Education: 'While the number of women studying in each univeisiiy has risen nearly to
parity with men, and while all colleges but a few traditionally reserved for women admit
both men and women, who are taught (presumably) in the same circumstances,
proportionally fewer women have achieved first class honours and few have found them-
selves in the third class.'
(Report in The Times Higher Education Supplement, 16 February 1990, p. 1.)

The above report serves to draw attention, yet again, to five aspects of the gender and
education debate that have been addressed in the research literature. The first three
relate to counting heads: first, the numerical presence of females and males; second, the
subject distribution of the females and males, implicitly above but dealt with more
explicitly in the mathematics education literature; and, third, the success rate of women
in comparison with men. The fourth aspect concerns the climate within which learning
takes place; in particular, the impact of single-sex or mixed-sex classes. Finally, the
report makes the assumption so often encountered that students can be offered the
'same' experience, despite a growing literature which challenges this.

The proportion of women gaining qualifications within the education systems of
many countries has indeed been rising but the subject distribution of these qualifi-
cations, and ultimately of the career pathways that they open, continues to be biased.
There is need for a cross-cultural database, which would demonstrate how these
numbers are changing not only in global terms but also in terms of subject distribution.
If one society demonstrates different experiences from another, lessons need to be
generalized. Unfortunately, at present, these data are not available. However, we do
have the data from the Second International Mathematics Study and, in this volume,
Gila Hanna and her colleague.; present the results of their analysis of sex differences at
the end of secondary school in the 15 participating countries.

Success curves in different subject areas do not match for gender, nor over time. In
the UK in mathematics, for example, males are overrepresented at both ends of the
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gradings obtained at the end of compulsory schooling and this appears to be the case
reported above more generally for university students at Oxbridge. However, in
language and literature study, the gender distribution looks very different. And the
advent of new subject disciplines, such as computer science in the UK, appeared to offer
opportunities to women students that were rejected once the discipline became estab-
lished within the power complex of mathematics/science/technology. Courses that
attracted healthy percentages of women up to five years ago now have all-male intakes.
To what degree will this experience be replicated in those societies only now beginning to
introduce computer science as a discrete discipline area? Can they make use of the
longer-term experiences of others?

Where education systems offer the choice of either single-sex or mixed-sex organi-
zation, research has indicated that the former appears to favour females, the latter not
to prejudice males. The point is made in the above report: as numbers have increased
and colleges have moved to mixed-sex intakes, women's degree results have tended to
the middle. The observation begs many questions. Surely a change in social groupings
does not affect women's abilities although there is ample evidence that it does affect
their achievement. Both the observation and the causes for it demand investigation
world-wide, particularly as the movement towards mixed-sex schooling is perceived in
many societies as more socially appropriate and more educationally liberating.

The author of dn. Oxford Review article makes a presumption that would be disputed
by the results of many studies undertaker; during the past ten years. This is that the
teaching offered to men and women is experienced `in the same circumstances'. Indeed,
those espousing a constructivist poFition in education would claim that it is impossible
for any two learners to construe t `same' learning experience in the same way. Add to
this the differential messages carried for females and males by the social, political and
personal contexts that are part of the circumstances within which learning is set and the
absurdity of that `presumably' is underlined. Nonetheless, many educators continue to
operate under the mistaken assumption that equivalence of outcomes is assured by
ignoring differences ('I concentrate on the student and do not notice their sex, race,
etc.'), by offering the same `treatment' to all (`They all use the same textbook so they
have equal chances to succeed') or by declaring an equal opportunities intent without
investigating and exposing the implications of this for institutional roles and for teacher,
student and parental behaviour (`We are an equal opportunities institution').

Research increasingly underlines for us how misguided these positions are. Many
investigators have examined the classroom as a sociopolitical setting within which
differential messages are given and received by different groups of students. Research in
some cultures has established that even teachers who are determined to treat students
equally find that the males can manipulate them into a greater number of contacts.
Equally, other studies have established that the qualiry of interactions between teacher
and male students is different from that with female students. In many classrooms, there
is a failure to recognize that scarce resources become the focus of perceived power
battle within which possession of the scarce resource can connole a victory. In this
respect, the teacher is a scarce resource. Equally, the same phenomenon can be seen at
work with the computeranother scarce resource. Avoiding the conditions unuer which
this happens requires considerable thought and the deliberate application of chosen
strategies. The literature is not overwhelmed with comparative studies which investigate

1 1



Introduction 3

differences in gender responses under differently chosen conditions of learning where
this issue of power is, or is not, challenged.

Although the links between gender and the learning and teaching of mathematics
have, recently, been an important focus of attention in the USA and, to a lesser extent,
in Australia, Canada and the UK, those concerned about this relationship in other
societies have been more marginalized and without easy access to publication. Their
work has fallen into two distinct categories: causal relationships established in, say, the
USA, have been investigated to see if they are observable under different cultural condi-
tions; new and different perspectives have been adopted to inform the national and the
international debate. Both strands are present in this volume which also spans the
different phases of education from primary schooling right through to university.
The 'big four', Australia, Canada, the UK and the USA still dominate but the presence
of contributions from Greece, Italy, The Netherlands, New Zealand, and Singapore
demonstrates not only that the issue is one that is of concern outside the English-
speaking developed world, and not only in countries with large and complex educational
systems, but wherever women and men are educated within formal systems that control
access to resources and success in society.

One example of a trend within which is embedded apparent contradiction can be
found in a comparison of the Singapore with the New Zealand contributions.
Berinderjeet Kaur draws attention to her significant finding confirming the American
result that males outperformed females in statistics. On the other hand, Prue Purser and
Helen Wily comment, from their data, that 'the high proportion of women engaged in
statistical work is of interest'. In compiling a Directory of Women engaged in Mathe-
matics, Statistics and Computer Science in the Universities and Polytechnics of the UK,
I too found that women were more frequently engaged in teaching or researching in
statistics than in other areas of mathematics. Of course, the comparisor. here is not
unproblematic as women who complete higher education in mathematics and then
choose to enter a statistical field present a different sample from school students
completing their compulsory mathematical education. However, Berinderjeet Kaur
draws attention to the sociopolitical context within which mathematics is taught and
learned as a starting point for the analysis of this apparent contradiction.

This book is divided into four sections, Gender and Classroom Practice, Gender and
the Curriculum, Gender and Achievement, and Women's Presence. These four sections
represent the current state of the international debate in mathematics education. The
first section, Gender and Classroom Practice reflects the considerable amount of work
that has been done or is currently in progress on the climate within which mathematics
education is encountered and its effects on those who are attempting to learn the
discipline. Gilah Leder is one of the foremost researchers in this area and her chapter
draws attention to the range of existing work, internationally, methodologically and in
terms of research foci. Her conclusions leave no room for complacency: even in societies
that have taken gender effects seriously, substantial shifts in teacher behaviour have not
occurred. In referring to teachers' behaviours she says:

It is certainly likely that they will contribute to and reinforce differences in girls' and boys'
perceptions of themselves as learners of mathematics, perceptions which may ultimately be
translated into differences in achievement and participation in mathematics.

I ;



4 Gender and Mathematics

Zelda Isaacson uses the declared experiences of mature women, who have come to a
study of mathematics later and despite negative feelings about the discipline, to draw
out implications for classroom practice. She records particular changes in attitudes in
these women which, however, would not have been possible were it not for deliberate re-
negotiation of the role of the teacher, the nature of mathematical activity and an
emphasis on discussion within the context of collaborative groups.

The two chapters by Maire Rodgers and by Pat Rogers, look in closer detail at the
effects on mathematics learning in attitudes towards learning of both negative and
positive classroom experiences. Maire, in contrast to Zelda, talked with school students
who had the option to choose further study in mathematics, and with their teachers. She
collected their reasons for deciding whether or not to continue with the subject and,
for those who did, how they felt about different parts of their course. In analys-
ing the reasons which might explain the feelings that were expressed, she compares the
students' experiences with those of parents and children choosing to attend out-of-
school leisure mathematics classes. She makes the important point that, as learners, we
are more likely to obtain satisfaction and pleasure from grappling successfully with
sr.niething challenging than from being sucked through an educative process that
removes anomalies, inconsistencies and 'difficulties' thereby sanitizing the content. She
says:

The learning situation must contain a fine balance of skfficient challenge and sAfficient
experience of success. To much or too little of either can produce anxiety and mental
paralysis or boredom and apathy.

Pat looked in detail at the classroom behaviour of one particular male teacher in a
mathematics department whose female university students are highly successful. She
points out that he has not chosen a role or styles of teaching which might particularly
appeal to women students but deliberately invokes enquiry, discussion, collaborative
work within a philosophy of mathematics education that relates to the negotiation of
mathematical meaning and student empowerment, rather than the transmission of
knowledge and skills. In describing this methodology, s says:

The caring teacher trusts the studeth to grow in her own time and in her own way, and he is
patient because he believes in and trusts in the student's ability to grow, to make mistakes
and to learn from them. He will actively promote and safeguard conditions that 1..e favour-
able to his students' growth.

Lyn Taylor's chapter considers what personal and intellectual differences distinguish
those who are successfully pursuing a university career, eight as professors of mathe-
matics and four of social science. These are the women and men who have achieved
mathematically and Lyn found that the female mathematicians are 'as confident
mathematically and equally comfortable in social situations as the men', which she
attributes to a changing social climate creating more opportunities. It would perhaps be
possible to argue that the women who succeed in mathematics are more like themen who
succeed than they are like other women! That is, that we are looking at a process of
acculturization which remains unchallenged in the majority of classrooms and curricula
offered to learners of mathematics.

The second section of the book, Gender and the Curriculum, confronts this issue of
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the nature of the curriculum. For too long mathematicians, female and male, have left
unchallenged the assertion that mathematics is an international language which, by its
abstract nature, cannot favour one group rather than another. Like most complex state-
ments, there is both truth and falsehood in this. Certainly it is obvious that the language
and cu re of origin of a piece of presented mathematics are less likely to influence its
comprehension by those who work in different lan?uages or cultures than the clarity of
argument through which its case is made However, deNesonalized and dehumanized
mathematical argument is a stylized and conventionalized communicative device reified
particularly in more recent centuries. Mathematics has not always been presented in this
way but, more importantly, it is not df:visd in this way. Many of the studies in
this volume, particularly those in the first section, record how muit happier were
the learners who engaged with a sense of mathematics as personally accessible,
interpretable, applicable than with an taert body of knowledge ant; skills. Under these
conditions, the 'language' of mathematics can be seen as reflecting personal choice as
to how that piece of mathematics can be represented, developed and interrogated.
Finding communalities Knween one piece of mathematics and another, or between one
person's presentation a n d another, can then become part of the excitement of
deriving the generalities that underpin a number of examples. Finding the deviant
particular examples can lead to opening a new set of questions, which lead in a diverging
direction.

But a curriculum does not only comprise the coment of mathematics, the syllabus, but
also the interpretation of that syllabus through the materials and resources used as wcll
as the pedagogical style invoked to define th.: learning experiences. Thus, the learning
outcomes from meeting Pythagoras' theorem worked on the blackboard by a teacher
and followed by the students attempting a set of practice examples will not be the same
as those when a group of students are invited to consider th.: geometric conditions under
which a2 = b2 + c2 is or is not a true statemtrt for a triangle ABC. These are only two
possible presentations. We could investigate outcomes front many others. The attained
curriculum in each case, and for each student, will be different.

Heleen Verhage, a curriculum developer in The Netherlands, explores the use of
contexts in the presentation and learning of mathematics. She provokes many important
and unresolved questions. For example, is the use of contexts derived from women's
traditional domains emancipatory or confirmat,my? What impact does the deliberate
choice of non-male contexts have on the learning of mathematics by all? Should bias in
context choice be controlled or assessed and how? By drawing out the tifferences
between the 'static' view of mathematics as abstract, objective, well-definer d certain
and the 'dynamic' image which is creative, relative and personal, she itifies the
inclusion of the latter, if fot no other rea.,on, than:

because wc believe that what I call here the dynamic image of mathematics will particularly
appeal to women.

Mary Barnes and Mary Coupland take a similar approach but with a content area,
calculus, acknowledged as 'difficult', and normally considered 'abstract', 'unbiased'
and where any practical applications are usually in the context of projectiles. Taking an
approach to curriculum development which is long overdue, and providing a model for
the future, they planned a course that would help students:
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to see calculus as a human creation, developed in a pa.licular cultural and historical
context, by mathematicians who were influenced by the needs and values of the society they
lived in.

Again taking a positive perspective, but this time ,..ith adult womcn returning to study
as their target group, Beth Marr and Sue Helme desLi ibe the steps they took in devising
their course, and their reasons for choosing both content and method. Further
education courses in mathematics have been amongst the slowest to be affected by
changes in mathematics pedagogy. Innovations are long overdue and thcy are speak .ng
for everyone when they write:

We have developed what we believe are important criteria for the successful teachingand
learningof mathematics . . . Most of these criteria apply to the teaching of mathematics
to anyone . . . but are specially relevant to adult women returning to study.

For many researchers, establishing the 'current state' with respect to gender distribu-
tion and achievement is a first step in identifying issues and research questions. The third
section, Gender and Achievement, begins with a chapter by Gila Hanna, Erika Kundiger
and Christine Larouche, which offers an overview of sex differences relative to aspects
of mathematics achievement of students in the final year of secondary school in 15
countries. The data derive from the Second International Mathematics Study. The
sample of respondents was extremely large, enabling the authors to draw precise and
particular conclusions about those aspects of the teaching and learning of mathematics
addressed in the achievement tcsts taken by students, thc questionnaire on student
attitudes and the questionnaire completed by the teachers. This extensive quantitative
study establishes that between-country gender differences are often greater than within-
country differences and that any sex differences that do exist, are not consistent across
all the participating countries. Gila Hanna and her colleagues discuss their findings in
the light of responses to thc questions about learning experiences or expectations, which
have often been conjectured as explanations for differences in achievement. Whai they
cannot do is query these responses, nor indeed the reactions to the multichoice question
format of thc achievement tests. It remains for qualitative studies, on a smaller scale, to
probc those issues.

Berinderjeet Kaur looked at achievement within her own national boundaries of
Singapore by examining the performances of girls and boys, matched in ability, in one
particular mathcmatics syllabus takcn at 16 plus and comparing their mathematics
results with their results in some other subjects. Her results are consistent with those in
othcr societies in that tt ey demonstrate males outperforming females in general, and, in
particular, in quantification and spatial visualization. By cross-comparing performance
in mathematics, with performance in other subjects she challenges one frequent
assertion that studying mathematics-related subjects helps performance in
Mathematics. The results of Berinderjeet's girls in Mathematics correlated highly
significantly with thcir results in Chemistry and Physics combined, Chemistry and
Biology combined, English Language, Geography and Bible Knowledge. The
Mathematics results of the boys in the sample, on the other hand, correlated highly
significantly with their results in all of the sciences, combined and single disciplines,
except Chemistry and Biology combined arid Biology as a single subject, as well as with
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English Language, English Literature and Geography. This raises interesting ques-
tions of which the relationship between Mathematics and Biology is one example. For
the girls, achievement in Biology was closely -^lated to achievement in Mathematics, but
this was not so for the boys. This challeoges conventional achievement analyses
demonstrating very clearly how data relating to one aspect of education, in this case
achievement, cannot be dissociated from all the other aspects that affect the learner's
experiences. The genderization of the sciences, Biology being perceived as the 'female'
science and Physics as the 'male' begs a multitude of questions about the curricula,
styles of teaching and learning, social expectations, etc., which create the conditions for
learning.

The final chapter in this section addresses a few of these issues in a very small-scale
study in three Greek primary schools. Evangelic Tressou-Milonas looked at children's
attitudes to and progress in mathematics under conditions innovatory in Greece, but
widespread in the United Kingdom, that is an individualized learning scheme, in this
case Scottish Mathematics Primary (SMP). She chose three schools which differed in
their social class intake and her results reinforce those obtained elsewhere with respect to
this age group (7 + ). In both performance and attitudes girls were equal, or superior, to
boys but social class was a more noticeable discriminator between pupils than was
gender.

The final section of the book, Women's Presence, gathers together differing
approaches to the question of the presence of women in the mathematical sciences.
Joanne Becker compares the factors that influence women and men to pursue further
study in computer science in two different universities in order to establish if these are
similar to those identified for mathematics. Her interest is in drawing attention to
strategies that institutions could adopt in order to encourage and retain women in these
important areas. She underlines the attractiveness of a problem-solving methodology to
those who are successful in both mathematics and cornpuler science. This reinforces the
rationale for the curriculum development ideology currently dominating both the UK
and the USA which approaches school mathematics from an applicable, enquiry-based,
investigat ional perspect ive.

Prue Purser and Helen Wily, on the other hand, have charted a decline in the number
of all mathematics graduates in New Zealand and, in investigating the destination of
mathematics graduates, draw attention to two very worrying features. First, like Joanne
Becker, they found that compared with men, fewer women continue with postgraduate
work thereby limiting their employment options and reinforcing the messages about the
invisibility of women in mathematics-related fields. Second, mathematics graduate
teachers are an endangered species. This carries dire consequences for the mathematics
education of future school children, Remembering the positive responses which the
Greek primary s _iool girls made to the female mathematics researcher, the disappear-
ance of confident, well-trained teachers of mathematics, especially fimales, from both
primary and secondary schools removes role models as well as people sensitive to the
influences upon learning of gender-related factors. This trend is not particular to New
Zealand. The same phenomenon can be found in the UK and parts of the USA. At the
same time , the opposite, a surfeit of trained mathematics teachers, poses different ques-
tions to educators in some parts of Europe, for example, Germany, and The
Netherlands. Explanations for these trends are more likely to be found by examining the
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different social histories, which dictate pay, conditions of service, social status of
teachers, opportunities for mathematics-related work outside of education, etc., than in
differences implicit to the teacning and learning of mathematics.

The final chapter is an historical review of Italian research papers by, or about,
women mathematicians over the period 1887-1946 but including someconsideration of
female mathematics graduates at the present time. For example, Giuseppina Fenaroli
and her colleagues present interesting data comparing the percentage of women mathe-
matics graduates in 1985 (75 per cent of 1264) with the sex of Directors of Institutes and
Centres of Italian Research in 1984 (0 per cent of 7). Including mathematics amongst all
science graduates reduced the percentage of women to 59.5 per cent and increased the
number of directors to 151 of whom 7 were women (4 in biology and medicine). The
authors consider the historical evidence about the role of women as teachers and
researchers of mathematics, documenting who wrote papers, w hen, how many, and
where these were published. They also refer to historical pap.Is written by men about
women mathematicians. Many of the social and personal issues that arise in preceding
chaptffs are found here as explanations or conjectures about the presence of women in
mathematics. Additionally, these researchers offer one model for establishing women's
historical presence in the discipline. Their strategies could be of use to colleagues inter-
ested in undertaking a similar exercise in their own country.

The collection provides an international perspective on current work, original either
in its focus or in its setting. In addition, it presents a breadth of approaches using both
qualitative and quantitative methodcogies, and, as the authors make clear, demon-
strates the gains and losses to be achieved from each. It is regrettable that reports were
not available from a wider selection of countries, 'specially those outside the British
excolonial orbit, those with very different politica, structures and those in different
stages of development. In part this is probably due to linguistic and communication
constraints. In part, it is also due to the locus of development that assigns importance to
researchable issues. I recall attending a seminar on mothematics and computer
education in the People's Rek ublic of China where 10 per cent of the Chinese
participants were women but I was informed that gender was not an issue in Chinese
mathematics education. Of the three interpreters assigned to the non-Chinese
participants, two were women and both of these privately recounted experiences at
school similar in content and effect to those to which I was drawing attention in the UK.
The present volume provides a start in identifying trends that are replicated as well as
those that appear to be contradicted and in drawing attention to the complexity of the
issues pertinent to providing equal opportunities in mathematics education.

,
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Chapter 1

Gender and Classroom Practice
Gilah C. Leder

PREFACE

Task

Draw a picture of a teacher teaching a mathematics class. Don't let lack of artistic talents
impede you. Take as much time as you need to draw your picture.

Outcome

Figure LI. Drawings of a mathematics teacher (by Carole and Peter, both primary school teachers).

A number of messages are conveyed by the drawings this task produces (see, for
example, Figure 1.1), the stress felt by teachers in mathematics classes among them.
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INTRODUCTION

Research on classrooms has proliferated during the past three decades. Lively debate
between advocates of systematic classroom observations on the one hand, and of
ethnography on the other, has emphasized the difficulty of capturing and reporting the
complex behaviours and interactions observed. The former, it is often argued, focuses
on overt, observable behaviour at the expense of noting underlying meaningful aspects;
is unable to capture the subtleties of classroom behaviours; interferes with the develop-
ment of theories that recognize the complexity of that behaviour; and breaks the natural
flow of interaction patterns because of its reliance on arbitrary time sampling. Devel-
oping new theoretical ideas, discovering new empirical facts, it is generally believed, is
more likely to flow from work carried out within the more open-ended ethnographic
framework.

The most crucial difference between those using the prespecified coding systems and
ethnographers is that the former take for granted many aspects of school life, which the
ethnographer struggles to make problematic.
(Delamont and Hamilton, 1986, p. 35)

PREVIOUS RESEARCH

A range of techniquesboth ol:alitative and quantitativeused to monitor classroom
behaviour has affirmed the importance of teacher practices and beliefs as at least a
partial explanation for gender differences in educational performance and
participation, particularly in the areas of mathematics and the physical sciences. For
example, the extent to which gender per se shaped and reinforced teachers' perceptions
and expectations of students was one of the themes explored by Delamont (1983) in her
ethnographic study of interactions in the classroom. Walden and Walkerdine (1985)
used a variety of techniques to describe and examine students' performance as they
progressed from primary to secondary school. Not only did they document consistent
differences in the ways teachers judged and valued the contribution of boys and girls in
their mathematics classes, but they also found differences in the ways boys and girls
described themselves as learners of mathematics.

Examples of students' views of mathematics, gathered in contemporary Australian
primary schools, are shown in Figure 1.2. While these two examples should not be used
to illustrate gender differences in attitudes to mathematics, they reveal the intensity of
beliefs about mathematics shown by quite young students.

Work relying on a more quantitative systematic classroom observation approach has
also revealed that teachers often interact differently with their female and male students,
with males attracting more and qualitatively different interactions. Representative of
research within the product-process paradigm are studies by Becker (1981), Eccles and
Blumenfeld (1985), Peterson and Fennema (1985) and Stallings (1979) in American
classrooms, Gallon et at (1980) in English classes, Dunkin and Doenau (1982) in
Australian schools and Staberg (1985) in Swedish classes. Cons'ient, though small,
differences in the classroom experiences of girls and boys are frequently reported, with
the latter typically having more interactions with their teachers. Observations in high
school algebra and geometry classes were summarized by Stallings (1979, p. 5) as
follows:

4,)
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Though few of the differences are significant, the trend is rather clear. Men are spoken to
more often than women. Me-1 a,k more questions and teachers ask men more questions.
Women volunteer answers as oiten as do men but the men are called upon to respond more
frequently than are women. Men receive a little more individual instruction and social inter-
actions. Acknowledgement, praise, encouragement, and corrective feedback are given
slightly more frequently to men than to women.

Since the issue of differential treatment of boys and girls by teachers has been given
much prominence over more than a decade in traditional research journals, publications
aimed primarily at teachers, and in the popular media, a carefully conducted study
carried out in Australian classrooms seemed timely. Would monitoring of
contemporary classrooms meal a changing picture? To maximize the information
obtained it seemed important to go beyond documenting frequency of interactions.

Research focusing on length of interaction, and particularly on wait time has rarely
examined the impact of gender on teacher-student interactions in mathematics classes.
A noteworthy exception is provided by Gore and Roumagoux (1983) who reported that
grade 4 boys were given more wait time than girls in mathematics lessons. General work
on wait time has indicated that the quality and scope of students' answers, and their
overall achievement, tend to improve when teachers increase their wait time. Thus if
boys indeed have more wait and length of interaction times than girls, this could be
reflected in the quality of work produced, on average, by the two groups.

A NEW STUDY

For those engaged in contemporary research in classrooms the main purposes that
motivate the work determine the most appropriate methodology to be used. Interest in
detailed, qualitative analysis of patterns of social interactions makes an ethnographic
approach likely to be more rewarding. However, if factual and theoretical claims are to
be tested, systematic observations seem more useful. The latte: approach was used in the
present study, with its emphasis on reexamining interaction patterns between teachers
and male and female students in their classes. Specifically, teachers' interactions with
girls and boys in mathematics classes were monitored in terms of two distinct observa-
tion schedules. Teacher-child dyadic interactions were quantified using an approach
based on that described by Brophy and Good (1970). Length of time spent on various
interactions was also monitored. The methodology used by Rowe (1974) in her 'wait-
t ime' studies shaped the categories measured in this observation schedule.

Method

Sample

The sample, adjusted for student absences during the lessons observed, consisted of 581
students in grades 3, 6, 7 and 10: 289 boys and 292 girls. A total of 26 teachers from 14
different schools in the metropolitan area of Melbourne, Australia, participated.
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Procedure

A video camera, mounted on a tripod in one corner of the room, was used to capture
teacher-student interactions during mathematics lessons. Thus continuous observation
of the way teachers interacted with each student in the class was possible. As well, the
camera's built in stop watch allowed accurate time records to be kept. Accuracy of
observations was further enhanced by using a slow tracking video replay facility.

Questions

Exchanges

Exchanges

Initiated

Setting

Low cognitive

High cognitive

Procedural

Discipline

Work-related r.

Single

Multiple-sustained

Student

Teacher

Public
Private

F.gu e 1.3. Interaction categories recorded.

'Is 23
even?'

'Why?'

'Use a red
pencil.'

Teaching

Monitoring

Goon ....



14 Gender and Mathematics

No restrictions were placed on teachers' presentations or behaviours, apart from a
request to include as much oral and questioning work as possible in the lessons to be
monitored. Between two-and-a-half and three hours of lesson time were recorded for
each teacher, giving a total recording time of some 70 hours. All relevant interactions
that occurred between teachers and students were ultimately coded and timed.

A mathematics test was administered to each student. Teachers were also asked to rate
the performance of the students in their class in terms of excellent, good, average, or
below average.

Instruments

Observations schedules Teacher-student dyadic interactions were categorized using
the approach of Brophy and Good (1970) and discussed in Leder (1987a). Low and high
cognitive questions addressed by the teacher to an individual student were coded, as
were procedural, discipline and work-related exchanges. These last were subdivided into
teaching and monitoring episodes for observations in grades 7 and 10. All student-
initiated exchanges were noted. For the two higher grades, low and high cognitive level
questions from students were combined into a student question category. The setting of
all dyadic interactionswhether private or publicwas also recorded. Figure 1.3
provides an overview of the categories recorded.

Teacher stops Teacher calls on Student
talking student answers

,
11E,R4 ngagemcnt time

(Single or multiple exchange)

/

Wait I ime Watt I ime

Figure 1.4. Time inlervals ohserved. Pt)

Overall attention time
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For teacher questions only, records were made of Rowe's (1974) wait time, the
engagement time for subsequent single or unit exchanges, and the total attention time.
Teacher attention time was defined as the time interval that begins when a student is
called on plus the subsequent engagement time. Attention time between teacher and
students was recorded for all interactions. Details of this scheme are summarized in
Figure 1.4. Further information can also be found in Leder (1987a; 1987b).

The mathematics test The Operations test in the Mathematics Profile Series
(Australian Council for Educational Research, 1977) was administered to each student.
The test consists of 20, 30, 30 and 40 items for students in grades 3, 6, 7 and 10 respec-
tively. To allow comparisens across grade levels to be made, raw scores were converted
to brytes, the unit of measurement used in the test. Each test included basic recall of fact
questions as well as items that required understanding and application of underlying
principles.

Results

The methodology employed, videotaping lessons in intact classes, allowed detailed,
comprehensive and accurate records to be made of all teacher-student interactions for
every student in the class. Repeated analysis of selected segments revealed high inter-
and intra-coder reliability for each of the categories of in:crest .

The mathematics test

There were no statistically significant differences in the performance of boys and girls in
grades 3, 6, and 7 on the mathematics test. At the grade 10 level boys achieved signifi-
cantly better than girls (t,= 2 48, p < 0.05).

In general, the test scores obtained coincided with the teachers' perceptions of
students' ability. Students rated as excellent had the highest mcan score, followed by
students rated as good, then those rated as average, and finally those rated as below
average. These relationships held as well when boys and girls were considered
separately.

Observation schedule (1): Frequency of interactions

As can be seen from Tabk 1.1, in which significant differences in mean frequency of
interactions with boys and girls, as well as the groups attracting more interactions, are
presented, boys tended to interact more frequently than girls with their teachers, overall
and for the majority of categories described.

At each of the grade levels observed boys, on average, had more interactions overall
with their teachers than girls, had more discipline exchanges, more work-related
exchanges, more public interactions, and more teacher-initiated interactions. Boys
themselves also initiated more interactions, and publicly asked more cognitive
questions. While discrepancies in mean rates of interactions with boys and girls were less

2 ?
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Tob Ie 1.1. Significant differences in interactions with boys and girls.

Grade

Interaction t 3 6 7 10

Low cognitive Q Boys NS (13) NS NS (C))
High cognitive Q NS (8) NS (II) NS Boys****
Procedural exchange Boys NS (8) NS (B) Boys***
Discipline exchange Boys Boys" Boys*" Boys
Work-related exchange NS (B) Boys " Boys Boys
Students' Q Boys" Boys**

Total Boys Boys m Boys"' Boys
( discipline) * Boys Boys " Boys Boys****

Sentng
Public Boys *" Boys" Boys* Boys
Private NS (B) Boys " Boys * NS (8)

Initiator
Teacher Boys's** Boys** Boys* Boys'''.
Student NS (B) Boys ..4. Boys* Boys

t Total number of interactions monitored >10,000.
p < 0.05, **p < 0.01, *** p < 0.001, **** p < 0.0001.

Note: B denotes non-significant difference in favour of Boys.

*Total number of interactions, other than those coded as discipline.

startling for the low and high cognitive-level questions, the consistency of non-signifi-
cant findings in favour of boys is noteworthy. When all discipline exchanges were
discounted boys were still found to have more interactions than girls with their teachers.
The magnitude of the differences can be described as follows. For every six interactions
grade 3 teachers had with the boys in their mathematics classes, they had just under five
with girls. At the grade 6 level the corresponding ratios were very similar. At the grade 7
level the difference was somewhat less: the discrepancy in favour of boys was approx-
imately 10 per cent, while at the grade 10 level for four interactions with girls there
were over five with boys.

Observation schedule (2): Time variables

The mean wait times, subsequent engagement time per unit exchange and total attention
times were calculated separately for boys and girls, taking into account differences in
student numbers where appropriate. Significant differences and group attracting more
time are summarized in Table 1.2.

The consistent bias that characterized the data presented in Table 1.1 is not apparent
in Table 1.2. Where they occurred significant differences were in terms of girls having
more time in grades 3 and 10, boys in grade 6, with a mixed result in grade 7. Eight of the
twelve significant findings related to the low and high cognitive question categories, with
the remaining significant findings occurring for procedural exchanges (boys having
more time in grade 6, girls in grade 7), discipline exchanges (boys in grade 6) and work-
related exchanges (girls in grade 3).
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Table 1.2. Significant differences in times spent with boys and girls.

Interaction
Time interval

Wait time
Subsequent/ Attention
time question time/exchange

Grade 3
Low cognitive Q Girls* NS NS
High cognitive Q NS Girls* Girls*
Procedural exchange NS
Discipline exchange NS
Work-rclated exchange Girls*

Grade 6
Low cognitive Q NS NS NS
High cognitive Q NS Boys "* Boys "
Procedural exchange Boys
Discipline exchange Boys
Work-related exchange NS

Grade 7
Low cognitive Q NS NS NS
High cognitive Q NS Boys* NS
Procedural exchange Gale
Discipline exchange NS
Work-related exchange NS
Students' Q NS

Grade 10
Low cognitive Q NS Girls " Girls "
High cognitive Q NS NS NS
Procedural exchange NS
Discipline exchange NS
Work-related exchange NS
Students' Q NS

'p < 0.05, 1p < 0.01, wp < 0.001, ***p < 0.0001.

DISCUSSION

Our society values mathematics. The role played by mathematics as a critical filter to
further educational and career opportunities is widely recognized. Gender differences in
participation and performance in post-compulsory mathematics courses have been well-
documented elsewhere. Of the variety of factors frequently invoked to help explain these
differences, the influence of the teacher was singled out in this chapter.

Teacherstudent interactions were examined in a sample of grades 3, 6, 7 and 10
mathematics classes. Teacher influence was operationally defined in terms of frequency
of interactions and time spent waiting for and interacting with students. The overall
impression conveyed by the data suggests that boys and girls are treated differently in
mathematics lessons.

For the majority of contacts, those initiated by teachers, boys interacted more
frequently than girls with their teachers. As well, boy consistently sought and received
teacher attention more frequently than girls. Yet the data with respect to time intervals
spent waiting for and interacting with students were equivocal. There was no evidence of
consistent teacher bias in favour of boys or girls.

It is noteworthy that the differences in teacher treatment of boys and girls reported in
earlier research are still found in contemporary classrooms. The chrferences identified

2j
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seem to precede gender differences in performance in mathematics. In this study, for

example, a significant difference in the mathematics performance of boys and girls was

found only at the grade 10 level. The link between teacher treatment and student

achievement is suggestive, indirect, and probably further reinforced by the gender-

linked expectations and beliefs of the wider society. No direct causal relationship can be

deduced from the results presented. It could be argued, in fact, that the teacher

behaviours quantified are symptomatic of wider social expectations and beliefs. Schools

function within a cultural context, reflect it, and continue to rc:nforce the notion that

competing in mathematics is more important for boys than for girls.

The lessons monitored in this study were generally well run by experienced and

enthusiastic teachers anxious to optimize their students' learning experiences. Yet the

different frequencies of interaction patterns reported several decadcs ago seem to

persist. The similarities of the findings of this earlier research, which relied on time

sampled observations of selected students, and those of the present study in which intact

classes were videotaped and all relevant teacher interactions with every student for the

total lesson were described, emphasizes the consistency and pervasiveness of the trends

outlined. Without a similar source of data for length of time spent on interactions it is

difficult to know how the time findings should be interpreted. In this study, the amount

of time teachers spent with students seemed not to be affected consistently by the sex of

the student (though, as reported in Leder (1987a; 1987v; 1988) perceived student ability

appeared an important variable). The quite different pictures conveyed by the two

observation schedules of teacher-student interactions highlight the complexity of

documenting accurately and effectively the many aspects of the classroom rlimate.

While the data reported here sampled only a very small part of a teaching year, they

allow speculwions about the cumulative :mpact of the consistent differences,

documented in this study, in teachers' behaviours towards boys and girls. It is certainly

likely that they will contribute to and reinforce differences in girls' and boys'

perceptions of themselves as learners of mathematics, perceptions which may ultimately

be translated into differences in achievement and participation in mathematics. The r
relevance of mathematics to eventual life choices has already been emphasized.

Contemporary treatment of boys and girls in mathematics classes still appears to place

the latter at some risk.
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Chapter 2

'They look at you in absolute horror': Women
Writing and Talking about Mathematics

Zelda Isaacson

h's fashionable not to like mathswhen you're at secondary schoolthey think you're

weird if you like maths.
Especially if you are a girl, yes, it's accepted for boys though, boys are supposed to be

superior at maths and physics.

During the academic year 1987-88 I had the good fortune to teach mathematics to a

group of women on a Hitecc (re-entry into Science and Technology) course. As well as

teaching them mathematics, in the course of the year I asked the women to reflect on

their experiences as learners of mathematics in the past and in the present. They

recorded their views on paper, in the form of mathematical biographies, questionnaires

and other written comments. I alio tape-recorded and subsequently transcribed several

group discussions which focused on these issues. The interchange at the head of this

chapter comes from transcript material.
These were mature and thoughtful women, aged generally in their twenties and

thirties, mostly well-educated in the humanities, languages or social studies, but not in

science, technology or mathematics. All had made a considered choice to gain a proper

education and training in the latter areas, having opted out of them at an earlier stage.

Twenty-four women joined the Polytechnic of North London's Hitecc course in

September 1987, and, tegether with a colleague, I took on the responsibility of teaching

the mathematics component. This was an interesting and challenging task. We were

aware that women who had not previously chosen to study mathematics beyond the

compulsory stage might have fears and anxieties which could inhibit their learning. It

was therefore important to app . h the work in as sensitive and supportive a way as

possible. Also, it was probable t lat the women would bring a wide range of mathemat-

ical experience, ability and knowledge to the course, and we would have to take proper

account of this. At the same time, we had to be continually aware that on this course

mathematics was a service subject, and that we had to provide opportunities for all the

women to become competent and confident users of mathematics in scientific and

technological contexts.
We soon learned that many of the women had joined the course because their life

experiences had given them confidence in their practical and technical skillsbut that
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they were much less confident as learners of mathematics. This reinforced our convic-tion that the key strategies we had agreed upon were appropriate. In brief, these were: toencourage group work and discussion; to provide structured investigative activities; tolegitimate the women's `comiaon sense' knowledge and give them confidence in theirability to learn new mathematics; and last but not least, to try to create a light-heartedclassroom atmosphere where students could enjoy their work, and share experiences,activities and ideas.
Indeed, it quickly became clear that the students were enjoying our approach and thatstructured investigations followed by practice of skills and techniques provided aworkable and effective mix of activities.This is the practical, living context within which the women's writing and talkingoccurred. They wrote and talked about their past experiences, as a result of which manyhad become alienated from or excluded from mathematics. I also asked them to reflecton, and write about their reasons for coming on the coursethis, generally, was experi-enced as a difficult task. Towards the end of the year, they commented on how they felt(as learners of mathematics) as a result of their experiences on the course. They alsowrote about the experience of working in groups in mathematics.What do their words tell us? How can we understand and interpret them? Can theythrow light on some of the complex and little understood processes by which womencome to be alienated and excluded from mathematics, science and technologyor theequally complex processes by which some women are able to be included in thesedomains, at one stage of their lives if not at another? Can we use comments like these aspointers to these processes?

These are crucially important questions. In most countries in the Western world, farfewer women than men study mathematics, science and technical subjects. Indeed,although more males than females study these subjects, far too few people of either sexbecome technologically or mathematically competent. This is increasingly a source ofconcern, although this concern has only manifested itself to any extent quite recently.It is illuminating to ask for whom it is a concern and why it matters, for there are, Ibelieve, several distinct such groups each of which has their own reasons for concern.Liberal educators, for example, believe that all people should be enabled to make realchoices for self-development and self-realization. Unless there is equal access toeducational goods, this ideal cannot be realized. Anoeler group is that of feminists,some of whom see the issue in terms of individual freedoms, others in terms of power(and some both). A third perspective is provided by those who are concerned with theeconomic welfare of society, and tear the long-term
consequences of tooismall a body ofscientifically and mathematically literate people in the workforce. Of these groups, onlyfeminists are concerned primarily with female underrepresentation in these importantareas of work and knowledge. Liberal educators are equally concerned about males wholack opportunities for real choicesand economists and politicians would be perfectlycontent if only there were enough `bodies' to fill the necessary jobs. They would, ingeneral, not be bothered if all these turned out to be males!Nonetheless, it is this third group, I believe, who have been mainly responsible for theimproved press which the 'women and mathematics' and 'women and technology' issuehas had recently. Their concern is merely another instance of the way in which women'slabour is called upon in a variable way according to the economic demands of society.During each of the great wars this century, society discovered how useful and capable

3 .1
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women were, although previously (and subsequently) this was denied. Nurseries were set
up so that women could work in shipyards and factories in the secure knowledge that
their children were being well looked after. Propaganda films of the time show
contented children being looked after by trained staff, while their mothers go happily to
work. As soon as the wars were over and men returned from the battlefields needing
employment, the old messages returned. We were told that 'woman's place is in the
home' and that children deprived of their mothers' constant attention were sure to
suffer irreparable psychological damage! The so-called 'Bow lby era', after the second
world war, is a particularly obvious example of this process at work. At present, we have
a shortage of trained scientists, technologists, engineers and matheilaticians, and so the
'solution' is to encourage women (and men who might not otherwise do so) to enter
these professions and related occupations.

Although those of us who look at the question from the viewpoint of a liberal
educator or from a feminist perspective should welcome this development, we should
also constantly remain conscious of its roots. There is a risk of negative, as well as the
hope of positive outcomes. If as a result of economic need, women are enabled to
become more powerful in society, in economic and other terms, and to have greater
freedom of choice, then those are positive outcomes for individual women and society as
a whole. Especially, if more women are employed in scientific and technological work,
there is hope of a gradual change of direction in these fields from a concentration on
destruction to a concern for humanity. However, if trained women are kept in positions
of low economic and political power, for example because of a lack of adequate
childcare facilities, then little has been achieved, Worse, efforts to bring about deeper
improvements could be impeded if many people believe that everything necessary is
already being done,

It is precisely in this context, i.e. lack of trained 'manpower' that the notion of Hitecc
courses was conceived. Hitecc (Higher Introductory Technology and Engineering
Conversion Courses) is used to describe one-year conversion courses for people with
post-16 qualifications in subjects other than mathematics and physics. In 1987/88, the
course at the Polytechnic of North London was one of 26 such courses around the
countrybut the only one recruiting just women. To reiterate, the important thing for
politicians is to have more 'bodies' for the technical jobs. A great deal of public money
has gone into developing Hitecc courses, but most of this has been spent on men. Only
114 of the 473 students who enrolled in this year were women and 24 of 'hese were on our
course. Nonetheless, this is a better ratio than on physics, engineering, and other
technical courses generally, and those women who did enrol on Hitecc courses were
given an opportunity to acquire valuable skills and qualifications.

Both Teresa Smart (the colleague with whom I shared the mathematics teaching) and I
have a particular interest in the 'girls and mathematics' issue. We are well versed in the
gender and mathematics research literature, and are also both experienced secondary
school mathematics teachers who have moved into teacher education. These interests
and experience contributed to the theoretical framework within which we planned the
mathematics course. That is, developments in the pedagogy of mathematics at school
level as welt as the literature on gender and mathematics and on mathematics anxiety
provided our starting points. (See Bibliography.) This led us to adopt the key strategies
which are described briefly above.
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7HE WOMEN'S WORDS

In the week prior to the start of the course, my colleague Teresa met the students at an
informal lunch, She reportcd thaL, when the was introduced as 'one of the mathematics
tutors', several of the women expressed their anxieties about mathematics, and
especiay fear of being 'shown up' in public. Typical was the comment of one woman
who saie 'you won't ask me questions that I can't answer in front of thp whole class, will

you?'. Another said `I'm not telling anyone, but I'm scaredrand someone responded
'So am Ir.

The following week, on the first day of term, I asked all the women tc, write their own
mathematical Lographies, and to describe, in particular, those memories that seemed
important to them. This was followed some weeks later by group discussions which
focused on issues raised in the biog, .aphies. A number of themes, some of which are by
now familiar in the gender and mathematics literature, emerged. Several women wrote
about the negative effects on their learning of a competitive environment. For example:

Especially in maths I couldn't FLand the comp,..iveness of seeing the 'clever boy' (there's
always one in every class!) do the exercises miles before e% eryone else and understanding
things quicker than everybody which just reinforced the idea that I didn't have a
'mathematical brain'.

And another woman who had studied but not taken 'A' level mathematics wrote:

The prc blems came with my 'A' level mathsit was awful. Firstly I was in a class of 20 and
I was ft.:: female. I think in the 2 years I did it I hardly questioned anything about the
work . . . I found everything was so competitive that to ask one of your classmates for help
was a joke.

Another theme concerned fear and panic in mathematics lessons:

At about 8 or 9 I had a totally intimidating teacher (the headmaster; for maths, for one
term. He taught us times-tables in a militaristic type of way: chanting out a times-table,
pointing at you and expecting you to fire back an answer within a second. If unable to
answer some fate worse than death would be w titing. Tha' is how it seemed when I was a
completely powerless, timid 8-year-old. From tcen on started a slippery slope downhill.
A)though I had some good encouraging teachers along the way, I had come to associate
maths with fear and panic.

In one of the group discussions, a woman described how her teacher had given her 'licks'
(smacks with a ruler) if she could not answer a question. This had left her with a fear of
mathematics which she war now, many years later, determined to overcome.

Yet another recurrent theme was the way teachers either did not encourage, or even
actively discouraged, girls from doing mathematicsoften rationalizing this by saying
that the student was better at other subjects. For example:

The maths teacher had 12 pupils, 5 of waom were girls. I do not know how .maggerated my
memory has become, but I do remember him saying that girls had nu ulace in his field. By
the end of the term, there were only two of us girls left and he did make tiCc hard for us. In
the end I dropped maths and was told not to worry, because my aptitude lay in languages
anyway.

t )
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Another perspective on this is provided by the woman who said:

I wish my teacher had told me I was capable of doing maths a lot earlier than she had .

Yet another woman commented (in discussion) that it had never occurred to her that she
might study mathematics beyond '0' level (although she was quite good at it) because
she was 'better' at English and History. I asked her whether anyone at school or home
had suggested she consider going on with maths, but she said no one had ever done so.
This conversation took place after this student had completed her questionnaire, where
she wrote that her feelings about herself as a learner of mathematics before joining the
course were 'not terribly positive' and that she felt that way because 'I wasn't very good
at it at school'. In other words, her immediate response had been that she hadn't been
'good at maths' and therefore hadn't felt positive about it, yet when exploring this more
fully she realized that she had been quite capable of doing maths at schoolhut had
been 'better at' other subjects. When teased out, being 'better at' other subjects turned
out to mean getting better marks for, and enjoying more, these other subjects.

Several women made comments which, explicitly or implicitly, point to the signifi-
cance of the image of mathematics. One very explicitly said:

I think it's got something to do with an image, to do with prestige, because mathematical
concepts are more difficult and considered to be more difficult to i,nderstand than factual
statements about sequenceikin history. . . .

Other comments, like the words which head this paper (' . . . they think you're weird if
you l'Ke maths . . .') indicated the importance of the image of mathematics in other
ways. The woman who had said this also neatly encapsulated both peer group influence
and the image of mathematics in one statement:

. . like at workI work at a restaurant at the weekend, and everybody else is either a
student or an artist . . . everybody else is sort of arty, and the,/ saywhat are you
studyingand I say, physics, chemistry and mathsthey look at .you in absolute horiL;r,
and that's the end of the conversation, because they can't think of another thing to say. . . .

Family pressures are another important influence. One woman said:

Well, when I told my mother about going on this course now, she thinks I've totally
flippedshe can't onderstand itwell, what kind of jobs are you going to get, you
knoware yon going to be a motor mechanic, or something . . . it's really funny . . . you
know, if I'd said tn her, oh, I'm doing an evening class in philosophy, or somethim she'd
say, L h, how wonderful . . . you know . . .

And another woman described the attitude of her father-in-law, who had been a chemist
a:1 h:s life. She said that:

. . (he) thinks it's funny, he thinks it's absolutely hilarious that I'm doing this . . . he can't
understand why I'm doing itI'm monied, got a husband, got a family, why do I need to
. . like, if I vt.-Am to work, I could go and work, why do I want to be doing this? . . .

This last comment resonates with what I believe is one of the most influential and
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deeply rooted processes by which girls and women are excluded from 'male' activities.In other papers I have described what I call a 'coercive inducement'an inducementwhich is so powerful that it comes to act as a coercion. (See, for example, Isaacson,1986, pp. 223-40; Isaacson, 1989.) A picture is painted for women of the wonderful,rewarding world of love, marriage, children, homea world which no woman in herright mind would want to reject in order to compete with men in their own world.Isadora, the central character in Erica Jong's Parachutes andKisses (1984) sums it up inthese words:

Think what flak she could have avoided by being her grandfather's good granddaughterrather than the bad girl of American letters! Think of all the attacks she could have avoided,all the grief she would never have known, all the uncertainties sh :.. would have sidestepped,all the empty pages she would never have faced! And think of the garlands of praise shewould have garnered, the pontifical pats on the back, the approving nods, the loving looks.No woman born in this world is immune to the pleasures of being good.
(PP. 53-41

However, an additional, possibly more positive, perspective also emerged from thewomen's words. This is the notion that girls do not necessarily opt out of mathematicsand science because of negative reasons. They also, for good reasons, opt into otherareas of study. Sometimes this is because of imaginative and inspiring teaching:
. . . I had two English teachers who were absolutely br.11iant . . . and did a lot of extra-curriculum work . . . it makes it feel as if liberal arts teachers have got a personal interest inthe work their students are doing . . . and enthusiasm for their subject and that's what madeit seem to me that maths didn't have the potential for sparking the imagination and beingfun. It was only English that was presented that wayand languages as well.

Another commented:

I had a couple of reaily good teachers at my school, you were always sorry when the lessonendedunfortunately, it wasn't maths . .

And a third said that she thought that girls had more imagination than boysand hencewere more likely to be attracted to subjects where they thought they could use thisability. None of the women had had any experiences while at school which suggested tothem that mathematics or science were areas where ir agination or creative ability couldbe used. Instead, the way mathematics was often experienced is summed up in thefollowing interchange between two of the women:

Well, they just kind of came along and gave you various sets of rules, didn't they? That'show I was taught, anyway.

And little books to look them up in.
Yeah, there's your rules, off you go and use them . . .

If you've got something, and you don't know what you're ever going to use it for, you don'tbother learning it.

That's right.

Yet another theme to emerge was concerned with school organization, for examle
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with regard to option choices, and the expectations that schools conveyed to girls.
Several women described how sciences had been set against subjects like sociology or
literature, which girls were expected to do. One said:

I just think it's really funny that in my classI can't remember any of the women going on
to take 'A' level sciences at all. They were all put into Arts subjectslike you must go and
do Sociology.

She continued:

People came along and gave us various talks about what careers you could go off and do,
but none of them involved science apparentlyit's very strange.

These women's words underline the complexity of the processes by which girls and
women come to be, at times, alienated and excluded from mathematics and at other
times enabled to participate. Each of the women had her reason or reasons for having
opted out earlier. There were common themes, but within this, each turned out to have
had a unique package of past experiences, which had culminated in the same resultnot
learning s . .nces and mathematics although being perfectly capable of doing so. We can
learn a great deal that is of relevance for classroom, school and general educational
practice from these women's words. We have to admit, though, that some c,1 the
influences on girls and women, probably the most significant influences, are outside the
control of teachers and schools. We can help, and can certainly improve matters, but we
cannot, on our own, achieve a radical alteration of the powerful messages which ?iris
receive from so many quarters. We have to work within these constraints and must ) Ake
account of them if we are to be even partially effective. This realization makes it even
more imperative to take every possible action, in our own schools and classrooms, which
will minimize girls' drift .tway from mathematics, science and technology.

IMPLICATIONS FOR CLASSROOM PRACTICE

What can we tease out from these women's writing and talking that is relevant to class-
room practice? Clearly, the attitude of teachers is of great importance. Gills need to be
told that they are capable of doing mathematicseven if to the teacher this seems
obvious. They need to be t lade aware of the many potential uses of mathematics in their
own lives. And girls' careei opti .)ns need to be opened up so as to include many tradi-
tionally male areas of work where mathematics is neededscience, banking and
insurance, technology, engineering, etc. In particular, the potential contribution of
these fields to human welfare needs to be emphasized.

Mathematics classrooms need to become places where originality, independent and
creative thinking and imagination are valued. Individuals' contributions and ideas must
be welcomed, not rejected. Common-sense knowledge should be validated and built
upon, rather than relegated to the category of irrelevant and unimportant knowledge.
All this implies using an investigative open-ended approach whenever possibleand it is
possible more often than teachers generally acknowledge. Mathematics classrooms
should also be places where pupils come to have fun aad to be intellectually stimulated
(in the way literature classrooms often are) rather than to be filled with rules. These
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measures would improve mathematics classrooms for all pupils, but especially for girls.
Fear and anxiety are wholly negative, damaging emotions that should have no place in

mathematics classrooms. Teachers need to be fully aware. of how easy it is to engender
these feelingsand how important it is, instead, to strive to create a relaxed, supportive,
non-competitive environment where pupils can gain and maintain confidence in their
mathematical abilities.

And last, but noi least, mathematics classrooms need to be places where talk is
encouraged and where collaborative, co-operative work is the norm. The effect on the
women of working in groups was more dramatic than anything else in the year, as these
comments, all written at the end of a lesson, indicate:

It was useful because we could argue until we all agreed (or agreed to disagree) on a point.
As we are teaching each other we all get a better understanding of the subject matter.

It was nice being able to share ideas. The group members were helpful to each other which
made the activities easier to tackle.

Working in a group today has been enjoyable. Three people actively participated and the
other two women although not so vocal were working through the exercises and following
the arguments and discussion. The group was lively and I felt I was thinking about what I
was doing and being encouraged to participate when otherwise I would have day dreamed
or felt stuck.

I find that working in groups helps mathematical ideas to develop and be maintained, since
discussion encourages a deeper understanding of the subject. Group work also inspires
confidence, and enables the time to pass quickly and pleasantly.

And in one of the tape-recorded discussions, a woman described her previous experi-
ences of learning mathematics as 'a nightmarequite horrendous' and then continued:

. . . the way we're being taught now, is, . . . I'm really enjoying itit's so much fun. . .

working in groups, just in groupsI've never ever worked in groups in maths beforeit's
really, it's really eye opening . . .

It seems appropriate to end this paper on a note of optimism. The woman referred to
earlier, who had 'not terribly positive' feelings about herself as a learner of mathematics
when she joined the course, wrote that as a result of her experiences on the course her
feelings were now:

. . positive. I enjoy maths and look forward to continuing with the subject on a chemistry
degree. I have also found myself 'selling' it to friends and relatives.

Working with and talking with the women on the Hitecc course was a challenging,
pleasurable and rewarding experience. I thank them all for their friendship and their
words.
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Chapter 3

Mathematics: Pleasure or Pain?
Make Rodgers

Statistics show that not only do girls drop out of mathematics in greater numbers thanboys when that choice becomes available, but that only a very small percentage of a//
students, male or female, take the subject at higher levels. Now if it could be argued that
the majority who drop out of mathematics do not need to continue their study of thesubject, then their disappearance from the field may not actually matter very much. Ifthey have experienced undistressed learning they will have achieved a certain level of
mathematical competence and also a confidence in their ability to learn. This leaves theway open for them to re-engage with mathematics at some later date if that seems either
necessary or desirable to them. However, the evidence is that enormous numbers ofpeople end up with 'feelings of anxiety, helplessness, fear and even guilt about
mathematics (Cockcroft, 1982), and for too many it remains 'a subject to be endured,
not enjoyed, and to be dropped as soon as the necessary examination results have beenachieved' (Skemp, 1971). No doubt, some mathematics learning has taken place, butthis kind of distressed learning makes it very difficult, if not impossible, for the learnerto expand her/his experience of mathematics at a later date without the help of someremedial or recovery process.

The notion that mathematics learning should be a pleasurable activity is a recurringtheme ir. statemtats of the 'aims' of mathematics education as put forward bygovernment agencies and teaching bodies in Britain during this century (McNelis andDunn, 1977). However, as the Cockcroft Report (1982) and other studies (e.g. Buxton,
1981) indicate, the widespread prevalence of 'maths anxiety' among the general popula-tion shows that this aim has been largely unrealized in practice. Whether or not 'thepleasure principle' should be regarded as a prime purpose of studying mathematics,
there is evidence to suggest that enjoyment is an essential element in the learning process.It seems that for undistressed learning to take place the learning situation must be
sufficiently enjoyable to enable the learner to persist through the difficulties and frustra-tions that are an inevitable part of any learning experience and the learner must befeeling good about her/himself. This may appear to be so obvious as to be almost trivial,
yet in practice it seems to be incredibly difficult to achieve.
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A CASE STUDY

Leone Burton (1987) has written about the common stereotypical image of mathematics

as a `hard' subject. In a recent case study (Rodgers and Mahon, 1987) which tried to

identify some of the factors that had encouraged female students in three Northern

Ireland schools to study Advanced level ('A' level) mathematics in the sixth form, this

popular view of mathematics as a 'hard' subject was referred to by about a third of the

females interviewed. Some had come to the conclusion that this myth had made

mathematics 'a hundred times more difficult' and they said things like:

If we hadn't been told this we could have gone in with a more open mind.

Nonetheless, the most common reason given by botl, girls and boys for choosing

mathematics was because they 'liked it'. For some this was primarily because they felt

they were good at it. The enjoyment came as a result of the success they had experienced.

For others it had to do with the pleasure derived from the mathematics itself, like that of

'fiddling around with numbers' or the mental challenge of solving a problem. For some

the pleasure was in arriving at the answer. For others it was more in the process of

getting there. Others referred to the logical nature of mathematics and the satisfaction

of being able to rely on their own conclusions.

Teachers

The other most important factor which many of the students regarded as influential in

their choice was the encouragement, suppott or enthusiasm of particular teachers. The

most enjoyable learning took place in an atmosphere that was light, lively and

purposeful. It was clear that the individual personality and style of each teacher played a

unique role in the students' experience of mathematics and the mathematics classroom.

Many of the girls were able to recall specific incidences when the clearly

communicated message from a teacher or parent that they were good at mathematics

enabled them to overcome some hurdle. The persiste- -.e. of one teacher who was not put

off by one girl's underestimation of herself was cheerfully acknowledged:

She has encouraged me all the way along. I wasn't going to carry on. It took her three

quarters of an hour solid talking to convince me that I could do it. She would like to see me

lose my inferiority complex towards maths . . . No matter how bad it is going I don't regret

having taken it and kept it on. It is the feeling of getting the answer right at the end of the

question!

,; That the teacher's high expectation of the student's success facilitates learning and

that the reverse, perceived underestimation, can hinder learning, was exemplified by

another girl when comparing her experience with two teachers in school and one outside

school to whom she had gone for extra tuition. With one teacher she had enjoyed the

subject, found the teacher 'easy to understand', and had been achieving grade 'A'. This

teacher left the school and she had felt that the new teacher's low expectations of her had

affected her performance:

4 '
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She didn't seem to think I was very good at maths so I didn't work very much at it. With the
first teacher she seemed to think 1 was better at it and 1 had less difficulty with her.

Unknown to the new teacher she had got extra tuition for a month outside school and
she attributed her success at '0' level to her tutor's belief in her:

1 worked very well with him because he would say my maths was good. He encouraged me.

This girl was very annoyed at the surprise her school teacher had shown when she heard
her results and at seeing her in the additional mathematics class:

I don't think she actually disliked me bat 1 don t think she thought 1 was going to do partic-
ularly well at additional, which I didn't.

Although she attributed her failure in additional mathematics to difficulty with the
mechanics section of the course, her attitude, enjoyment and commitment to the subject
had obviously suffered as a result of her perception of the teacher's opinion of her
potential.

There was plenty of evidence to suggest that sometimes a word of encouragement, or
the perception that a teacher or parent believed in her ability to succeed, was all that was
necessary to enable a girl to persevere and to push through a difficult patch. But at other
times all the validation in the world could not compensate for the failure to diagnose
precisely where a student's difficulty lay with a particular bit of mathematics learning
and to intervene accordingly.

One girl who had chosen not to do 'A' level reported having had difficulty with the
mechanics section of the additional mathematics course. She felt frustrated by her
inability to do it despite the fact that she 'kept on trying' and neither she nor her teacher
ever got to the root of the problem:

She was saying not to worry, she was being confideat for me . . . She kept saying to work at
it, but 1 still couldn't do it.

It is a common finding that girls are more likely to attribute their success to hard work
or luck rather than to their ability. The general consensus of the teachds we interviewed
was that they usually found the girls at the upper end of the school 'very industrious'. So
a girl who was already doing the best she could was being exhorted to 'try again' or
'work harder' with the implication that this would solve the problem. When she still did
not succeed she concluded that she must not have worked hard enough or that she was
basically unable to do it. In either case it appeared that she had taken the responsibility
for her failure on herself and another layer of confidence was presumably internally
eroded.

Likes and dislikes

It was in the reasons they gave for liking or disliking particular parts of the course that
the most striking difference between the responses of the girls and boys appeared.
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Only one of the girls doing 'A' level preferred mechanics to pure mathematics. She

said:

It is more physical and you can see the problem whereas in pure maths it is just working

things out. Mechanics is like wot king out a real problem.

Most of the others preferred pure mathematics, typical reasons given being that it was:

more straightforward and easy to understand

or:

In pure maths you know exactly what you've got to do to get a certain answer.

About a third of the girls doing 'A' level mathematics aild most of those who had not

chosen it said that they did not like the mechanics part of the course, the main reason

proffered being tht; difficulty of knowing how to tackle the problem.

If you jon't get the diagram right then you get the question wrong. If the questions are

worded pwkwardly then it's ,ard to draw the diagram.

You can be wrong right from the very beginning in mechanics.

At first glance it looked as if in general the girls preferred pure mathematics to

mechanics, but two of those who had not chosen 'A' level gave exactly the same reasons

for preferring mechanics to pure mathematics as the above girls did for the reverse.

The mechanics was more straightforward. Pure maths, if you got the first part wrong then

maybe you'd get the complete question wrong.

Statistics and mechanics are OK because if you learn the formulas with these areas then you

can apply them.

Another girl who had dropped out of the further mathematics class had done so for the

saine reason:

One reason I dropped further maths was because when I am shown a method I can follow it

and I can use it in other questions. In further maths I would find it difficult to look at things

and know where to start.

In contrast, both the content and the reasons for liking or disliking parts of the course

were different for the boys. About half of them preferred mechanics mainly because:

or:

It is more related to physical things.

In the mechanics you can visualize and see what is going on.

A common reason given by the boys for prefuring a particular part of the course was

that it had more variety and was more interesting than another part. The reasons given

for not liking a part of the course were not about it being more difficult, as was the case

for the girls, but rather about it being 'boring'. Pure mathematics, especially

trigonometry, was seen by some as having 'too much to learn' in the way of equations or

formulae, whereas:



Mathematics: Pleasure or Pain? 33

In mechanics if you had a mathematical mind then you could work them out.

The two boys who disliked mechanics did so for the same reason as others disliked pure
maths:

In pure maths you've gct to think about it a bit more, you have got to use more things that
you know. . . . I think if you are doing mechanics you are using the formula over and over
again.

In mechanics there is a set method and you have to follow steps which can be boring.

So to summarize, it appeared that girls preferred what they considered to be more
straightforward types of problems where they could follow recognized procedures and
had most difficulty where the initial formulation of the problem was not so obvious to
them. Boys preferred problems in which they encountered variety and which they found
easy to visualize and disliked what they considered to be boring and repetitious. The fact
that for girls their likes happened more often to be in pure mathematics and for boys in
mechanics seemed to be secondary.

Learning styles

This appears to concur with Rosalinde Scott-Hodgetts' (1986) suggestion that early
experiences and the predominant style of primary school teaching predisposes girls to
devdop a step by ;t ep serialized style of learainc to the neglect of a more versatile style.
Then, in secondary school when they are faced with the necessity of using a more holistic
or exploratory approach, they find themselves at a loss. Our study seemed to indicate
that even for the girls who had made it into 'A' level mathematics, there seemed still
be a heavy reliance on the serialist approach. The view of one mathematics teacher inter-
viewed was similar to that expressed by two others:

I think girls tend to be more at home with a routine. They like to learn a trick and go off and
do tricks like that with other problems. They don't like to be put in the situation where they
don't know what is going to happen to them before they start. They have this fear that
maybe it won't occur to them what to do at all . . . They would be more inclined to go home
and worry about it.

While this comment does in some ways accord with the girls' avowed preferences it
has to be asked to what extent it is part of a self-fulfilling prophecy. To what extent are
girls cossetted and allowed to remain unchallenged by mathematical situations which
require more flexibility of approach for their solution rather than sets of predictable
procedures?

NEW TEACHING STYLES

The new GCSE programmes in the UK hold out the possibility of providing such
challenges, with their emphases on investigative methods, open-ended problems and
mathematics relevant to 'real life'. However, it has to be remembered that new
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syllabuses of themselves are no guarantee that either teaching or learning will be any

different . As Leone Burton (1987) has pointed out, a fundamental change in pedagogy is

essential if the real world of mathematics and mathematical processes is to be made

available to more students.
Having said this, let us not underestimate the difficulty of the task. In a previous study

in one of the schools in our sample (Roberts, 1984), a teacher who was investigating the

mathematical difficulties of a group of low-achieving fourth year girls found that

investigations and problem-solving were greatly disliked, even when she tried to make it

'fun' or when she produced materials which she thought would interest the girls. They

seemed to find it 'too scary all together' not having a recognizable framework within

which to work. In her opinion, with respect to the students' experience in secondary

school, the first two years are crucial in terms of establishing a girl's confidence in her

ability to learn mathematics. She said:

If you lose them then, you've lost them.

This was borne out for us in our study of the 'A' level students. Very few students

reported consistently good experience in mathematics classes, but about half of the boys

and slightly less than half of the girls remembered almost always liking it, being good at

it or of having had a series of what they considered to be 'good teachers'. The rest

remembered particular turning points when it suddenly became easier or more inter-

esting. For some this happened in the late years of primary school, for others it
happened within the first three years of secondary school, almost always with a change

of teacher.
Now presumably if children experienced the kind of mathematical pedagogy that

Leone Burton is advocating, right from the beginning, many of the barriers to majority

enjoyment and participation in mathematics might be removed. In particular, the move

towards collaborative group work and language-intensive processes might benefit girls.

However, in the interim period, girls who have been taught to be comfortable only with

straightforward types of problems where they can use known routines and where the

emphasis is on closure and correctness, are plunged into open-ended situations which

require a higher level of risk-taking and uncertainty than any of our students, male or

female, have hitherto encountered in the mathematics classroom. Unless account is

taken of the effect of girls' previous experience (and areas of success) in mathematics,

the current move towards 'problem-solving and real-life mathematics' may leave girls in

a situation where the last state is worse than the first.

FAMiLY MATHS

Onc of the initiatives that has tried to provide safe environments for young people to

encounter such risky mathematical situations is the Family Math programs developed at

the Lawrence Hall of Science, University of California, Berkeley. In the spring of 1987 I

taught a six-week experimental class at the University of Ulster at Coleraine which was

modelled on the Lawrence Hall program. The purpose was to provide an opportunity

for parents and young people to do some interesting, challenging mathematics togeti-er.

It was advertised as an extramural course of the university and parents were ith t ed to
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attend with their 9-12-year-olds so the participants were self-selected. Of the sevenfamilies who took part in the class there were three mother-daughter pairs, twofather-daughter, one mother-son and one father-son. On some days when one parentcoutd not attend the young person usually persuaded the other parent or, in one case, anadult family friend to come along.
The emphasis was on practical problem-solving and investigational activities, withfollow .up suggestions for further exploration at home. At each workshop three or fourshort starting puzzles were presented which could be worked on as people arrived. Themain part of the class was given to another two or three activities, usually unrelated. Ahand-out summarized what had been covered and contained further ideas for follow-up

work. At the end of each class the participants were asked to fill out comment cards withevaluation, suggestions and questions.
Several strands ran through each workshop. In terms of what might conventionally becalled the 'mathematical content' these included:

number work (games using small numbers, calculators, mental arithmetic);spatial activities (using two- and three-dimensional materials, using visualimagination);
developing strategies for problem-solving (e.g. in a version of the ancient Chinesegame of Nim);
detecting patterns, making and testing hypotheses (e.g. spirolaterals).

The atmosphere in the class was deliberately kept light and lively, with a large elementof play incorporated into the proceedings. This was not to say that the work was nottaken seriously. The agenda for each class also paid specific attention to issues such as:
teaching each other to solve problems without telling the answer;
co-operative work ing;
talking about the work in progress;
expressing feelings of delight, exuberance or frustration arising from the activities ofthe class;
having fun!

In the comments received at the end of each class both young people and adultsfrequently mentioned that they found particular puzzles or activities 'hard'. But incontrast to the 'A' level students in the previous study, the Family Maths class almostalways coupled 'hard' with 'enjoyable'. Typical comments were as follows:

Mum liked the sticks because it was hard to work out. I liked the puzzle because it lookedvery easy but it wasn't.
(For these activities see Downie et at, 1981, p. 67 and Stentnark al., 1986, p. 187)
I think it was good. The tangrams were very hard. The math maps is hard but I loved it.(See SMILE poster 0778 and Kaseberg ci al., 1980, p. 80).
Classic fun! Plus I was brilliant at all the games which were hard. The easy ones I was notgood at!

In the whole six weeks only one girl reported being bored with one activity which shefound too repetitive. All the other feedback was that the classes were fun, that the workwas interesting, and that it made people 'really think'. Comments from the parents
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indicated that the young people appeared to be more confident, not only about
mathematics, but also about their general school work.

AN ENJOYABLE LEARNING ENVIRONMENT

Now obviously there are many differences between the classes the 'A' level students had
experienced and this rather specialized type of Family Maths class. Not least are the facts
that the latter took place outside school hours, outside school premises, that the
participants were there by choice, and that nothing resembling school assessment
procedures was involved. Quite apart from all other issues, however, I want to highlight
three aspects of the Family Maths class which seemed to be specific contributors to the
learning environment being an enjoyable one.

First is the fact that the adults and young people came to the class as peer learners.
Quite often the young people were able to solve a problem before the parent and it gave
them great satisfaction to assume the role of teacher. The second point, which I want to
take alongside the first, has already been mentioned. It is that a lot of the enjoyment in
the class stemmed from the fact that the work was 'hard'.

There is a fine line between on the one hand, putting the kind of undue pressure on
young people which generates anxiety and fear about mathematics, and on the other
hand, underestimating their potential and making the mathematics so easy for them that
they become bored through lack of challenge and imagination. In either case blocks can
be created which prevent good learning taking place. The fine line between these two
extremes which enables the learner to flourish seems to require a combination of relaxed
high expectation of their success, lots of encouragement and believable validation and
the respect for their intelligence which recognizes that in many situations it is the learner
who is the expert. Along with this, it seems that the learning situation must contain a fine
balance of sufficient challenge and sufficient experience of success. Too much or too
little of either can produce anxiety and mental paralysis or boredom and apathy.

The final point has to do with the use of humour, laughter and play. The Cockcroft
Report emphasizes the importance of talk as something that facilitates thinking in the
mathematics classroom. I should like to add to this the important role that laughter
seems to have in clarifying the learner's thinking. All the evidence points to the fact that
the use of humour and laughter are very useful in dissipating the tensions created by
learning difficulties and which, unless they are relieved in some fashion, soak up so
much of the student's attention as to create learning blocks. Also, if there is an element
of play involved, then people can tackle sophisticated skills and concepts which, if they
are presented in another context, wilt seem to be very difficult. As programs such as
Family Math indicate, it is possible to take mathematics seriously, but not at all
solemnly, and to change the experience of mathematics learning to one in which pleasure
vastly outweighs pain.

NOTE

Part of this paper is taken from the report of a case study by Rodgers and Mahon (1987). The data
in this study were mainly collected by means of semistructured interviews conducted with 45
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pupils selected from three schools. The principals, careers teachers and a selection of mathematics
teachers from two of the schools were also interviewed. Along with this, relevant information
about the school structures and policies, and statistical infortmtion about the individual students
was collected.

The sample of 45 students comprised all girls in the three schools who were in 'A' level
mathematics classes (21), and for comparison 12 boys who were in the 'A' level mathematics
classes and 12 girls who had done well at Ordinary level ('O' level) mathematics but who had not
taken it on to 'A' level.
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Chapter 4

Thoughts on Power and Pedagogy
Pat Rogers

The fact that [the students] find me intimidating has been with me since day one of my
teaching. The only explanation that I have about the disparity of this perception and 'the
reality ( = I am quite accessible)' is that I do not wish to be the student's 'pal' when I teach.
On the one hand I wish to create the environment in which the students ask any questions
and think any thoughts, unfettered, so they can learn. On the other hand they must be
trained to think precisely and 'speak the truth'they must learn that some of the things that
they will think or say will be labeled as nonsense by someone. They cannot forever remain
'children'some things will not be forgiven (after a certain time). Well you see the
dilemma. I am just a 'stern and loving father' to thema model of a father that is probably
totally lost to the current American generation.

(Private communication)

The teacher writing above is trying to come to terms with and account for the
paradoxical situation in which he finds himself. Students flock to his courses, taking

courses with him year after year, and yet describe him as intimidating, as 'striking fear in
the hearts of undergraduates'. The reason they all give for continuing to take his courses

is that they learn so much from him. As one female student explained to me: 'Sure you
hate him while you're going through it, but, in retrospect you look back and "Wow!
What a great teacher. I learned so much. I want to get him again!" ' And so when the
class schedule comes out for the next semester, many students will 'look to see what he's

teaching, then take it!'
This chapter explores the way power typically is used and how it can be used in the

mathematics classroom to help students find their own voices and become independent
mathematical thinkers. This discussion is based on my study of a particular mathematics
programme in which I am seeking to understand the reasons for their success in
influencing large numbers of students, a majority of them female, to choose a
mathematical career and in supporting and retaining them in their studies.

BACKGROUND TO THE STUDY

Currently lc ,s than one per cent of all bachelor degrees granted in North America are in

mathematics; at The State University of New York (SUNY) College at Potsdan. the



Thoughts on Power and Pedagogy 39

corresponding figure has been at least 20 per cent in each of the last four years.
According to a Mathematical Association of America (MAA) survey (Albers et al.,
1987) for the period 1980-1985, while overall undergraduate enrolments in the United
States remained relatively stable, there was an increase in the number of undergraduate
mathematics degrees of 45 per cent; the corresponding figure for Potsdam was 152 per
cent .

The success of the Potsdam Mathematics Department was first documented by the
Committee on the Undergraduate Program in Mathematics (CUP*.1) of the MAA in a
report where they were described as an example of a depa!tment which is successful in
'attracting a large number of students into a program that develops rigorous
mathematical thinking and also offers a spectrum of (well taught) [sic] courses in pure
and applied mathematics' (CliPM, 19811.

A small undergraduate instimtion serving about 4000 students, Potsdam College is
situated close to the Canadian border in the north east corner of New York State, a rural
area known as the North Country. From its early beginnings in 1816 the college had been
involved primarily in teacher education until it became the State University College of
Arts and Science at Potsdam in 1962.

According to admissions personnel, the college draws from a wide area of New York
State, attracting students primarily from lower middle class backgrounds, often from
farming communities and small villages. Students are invariably the first in their family
to attend college. With no tradition of post-secondary education to support them, poor
sclf-concert and low self-esteem is often a problem. The college population is 54 per cent
female and admissions statistics for 1988 indicate that female and male students
specifying mathematics as their major apply and are admitted in roughly equal numbers.

In 1983, 60.4 per cent of all Potsdam's mathematics degrees were awarded to women
zompared with 43.8 per cent nationally. (Degrees awarded to women in that year at
Potsdam comprised 55 per cent of the total number of degrees awarded compared with
51 per cent nationally.) Furthermore, in five of the last seven years the top graduating
student in the college as a whole has been a female mathematics major.

Ehrhart and Sandler, in a recent report of the Project on the Status and Education of
Women (1987), conclude that the retention of women in traditionally male programmes
at the post-secondary level is strongly linked with the quality of their college experiences.
While worien may have made considerable gains in equal access to post-secondary
education, female students still have significantly fewer opportunities than their male
peers to develop academic self-confidence and to have their academic goals and career
aspirations validated by faculty and administrators.

Behaviors and attitudes that express different expectations for women or single them out or
ignore them because of their sex . . . can have a profound negative impact on women's
academic and career development.

(Ehrhart and Sandler, 1981, p. 5)

In 'A modern fairy tale?', Poland (1987, p. 294) discusses his impressions of the
Potsdam College mathematics programme. He attributes its success to the way they are
able to 'instill self-confidence and a sense of achievement'. Students he talked to said
they felt the faculty cared for each one of them. Poland observed that the caring the
students experienced resulted in their expressing a high degree of confidence in their own
mathematical abilities. He speculated that this could be why 'they graduate more women
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in mathematics than men, that they address and redress a lack of confidence many

women may feel about their ability to be mathematicians or to do mathematics

competently' (Poland, 1987, p. 293).

DESCRIPTION OF THE STUDY

My investigation into the reasons for Potsdam's success with female students uses

qualitative techniques to gather and analyse a variety of data. (For a discussion of the

type of research techniques used in my study see, for example, Glaser and Strauss,

1967.) During my research, data collection and informal data analysis went hand in

hand, with the emerging themes guiding further data collection. My interim findings

were reported in two separate sessions to faculty and students and have been validated

by both groups.
1 began the study in April 1987 by interviewing a total of 32 female students and 8

male students. The interviews were relatively open-ended but were focused around my

research question. Although I opened the interviews with some general questions, I

made every effort not to lead the subjects but to allow them to shape the content of the

interview. All but four interviews were conducted with pairs of students and most were

of one hour's duration; one interview with two male students extended for an extra half-

hour and, at my request, two female students agreed to a seeond individual interview

(these students I regard as key informants and my purpose in talkilig to them again was

to validate my emerging theory). The setting chosen for interviews was comfortable and

quiet and communication and interaction among the interview pair was encouraged.

Individual interviews were avoided tscause of the danger that interviewees might supply

the answers they think the interviewer desires rather than the answers they wish to give.

In selecting interviewees I was greatly assisted by the present Chair of the department

who at all times assumed a helpful but disinterested role in facilitwing my research; 13

interviewees were selected by me and the remaining 27 were chosen by the Chair in

accordance with my guidelines: initially I concentrated on female students with grade

point averages (g.p.a.) of 3.25 or above on a 4-point scale, but later I expanded my

sample to include male students as well as students v.ith g.p.a.s below 3.25. A large

proportion (13 out of 40) of the students I interviewed were also education majors who

by virtue of their career aspirations are generally more sensitive to and aware of the

teaching styles and teaching strategies of their teachers.

My interviews with the students were taped and I kept detailed notes of intet ..

with counselling, admissions and administrative personnel, and all mathematics depart-

ment faculty members. As well, I observed office consultations between faculty and

students and classroom situations.
In a study of this kind it is difficult not to britig certain expectations to the fieldthe

essential task for the researcher is to avoid having these biases inform the findings.

Poland rejected the view that 'teaching techniques' mif,ht explain Potsdam's success

(Poland, 1987, p. 295), but I remained unconvinced. Indeed, my view now is that it is

Potsdam's approach to teaching that is at the heart of their success, especially with their

female students. I will elaborate on this later, but first I will discuss one factor about

Potsdam that I did not expect to find.
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HEROES, IDOLS AND PATRIARCHY

Given the importance placed by some writers on providing female students in male-
dominated fields such as the mathematical sciences with female role models (Ehrhart
and Sandler, 1987, p. 6), it surprised me to find that in a department of 15 staff, only one
is female (this despite repeated recruitment efforts). I anticipated finding a department
which was aware of the issue of underrepresentation of women in mathematics and
which had taken deliberate steps to recruit female studems and to meet their perceived
special needs. Instead, I found an apparent patriarchy; a department of menalbeit
men who are genuinely concerned about all students regardless of their genderwho
exercise their authority as men in the classroom. Returning from a student function
together, the teacher quoted at the start of the chapter once remarked to me: 'You've got
the idea haven't you, I hope, that our students are more to us than just mathematical
minds? . . . In this department, the men are men and the women are women and we're
really up front about that. We're really interested in people as peoplewe're not just
interested in the mind. Gender is part of the person, and it's not that we're go.ng to be
biased because someone is a woman or someone is a man. But it is absurd to say it's
unimportant because gender is part of the person.'

Furthermore, the female students themselves expressed profound ignorance of the
fact that females are often discouraged from taking mathematics. Only a few students
admitted to being aware of the stereotyping of mathematics as a male domain. And
certainly when they look around at Potsdam it is very female to study mathematics; for
many of them this had also been their experience in high school.

A recurring theme in the interviews with female students is the 'teacher as father-
figure'. I asked one student why she liked the teacher quoted at the start of this chapter
when her description of him made him sound so intimidating. She laughed and replied,
'Vali, he's friendly about his intimidation . . . That's why [he] comes off more like a
father.. . . kind of nurturing you . . Ake "Yes, you've made a mistake, but you haven't
done anything that any of my other students haven't done." So I don't feel bad.' Other
terms which are frequently used interchangeably with 'father-figure' are 'hero', 'idol',
'role-model', and 'mentor'. The faculty too refer to themselves as 'father-figures', as is
typified by the opening quotation. However, as stern and demanding and challenging as
these fathers can be, they can also be 'loving'. And it is this, I believe, this mixture of
challenge and love, and the balance they are able to maintain between the two, that
mitigates the negative consequences for females of studying within a patriarchal
environment (Ehrhart and Sandler, 1987, pp. 5-7).

MATHEMATICS PEDAGOGY AND SUBJECTIVITY

The power of teachers generally resides in the fact that they cor rol the transmission of
skills and knowledge in terms of both form and content. They also control the means
and methods of evaluation. In the case of matheraaacs teaching this power is further
enhanced by students' mistaken beliefs and myths about mathematics. Most important
among these is the notion that teachers possess a great deal of knowledge which can only
be obtained from thrill and which they will impart only if the student obeys the rules.

There are many social and psychological pressures that contribute to mathematics
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avoidance by women Recently, without denying or undervaluing the importance of

these factors, a number of writ. rs (see, for example, Buerk, 1985; Rogers, 1985; Burton,

1987) have come to recognize that a decisive factor is the way that mathematics has tradi-

tionally been presented and experienced in the classroom. Students at t he secondary and

post-secondary levels are rarely given the opportunity to play with ideas in mathematics

and to construct their owr meanings and understanding. They are presented with

mathematics through textbooks and the polished lectures, where mathematics is made to

appear a finished, absolute and predigested product. A pedagogy that emphasizes

product deprives students of experiencing the process by which ideas in mathematics

come to be and perpetuates a dualistic view of mathematics in which right answers are

known by authorities and are the property of experts (Perry, 1970, 1981). Such a

pedagogy strips mathematics of the context in which it was created and is based on

misconceptions about its very nature.
Gilligan's (1982) research in the field of women's morai development provides a link

between mathematics avoidance and mathematics pedagogy. She identified two styles of

reasoning which, although not gender-specific, are thought by some to be gender-

related: one, the traditional atyle, is characterized by objectivity, reason, logic, aid

appeal to justice; and the other, 'the different voice', often identified with women and

consequently devalued, is characterized by subjectivity, intuition, and a desire to

maintain relationships.
Buerk (1985) has identified these styles in the work of mathematicians. At a

colloquium of the Mathematics Department of Ithaca College she presented

participants with a list of 'excerpts from Gilligan's book, juxtaposing phrases charac-

terizing "separate" reasoning with some which characterized "connected" reasoning'

(Buerk, 1985, p. 63). The consensus was that the 'connected' list represented the way

mathematicians do mathematics. 'Mathematics is intuitive,' they said. They stressed

. . . [that doing mathematics is a creative process requiring] 'attention to the limitations

and exceptions to theories, the connections between ideas, and the search for differences

among theories and patterns that appear similar. And yet they agreed that the

"separate" list conveyed the way that mathematics is communicated in the classroom.

in textbooks, and in their professional writing' (Buerk, 1985, p. 64).

The point is that mathematicians employ both forms of reasoning in their creative

work. But the problem with the way mathematics is so often taught , particularly at the

tertiary level where the lecture mode of instruction is so predominant, is that students

are not given the opportunity to be involved in the journey: the process of constructing

mathematical ideas where 'connected' thought is so important. Thus there is an

enormous cognitive gulf between the style in which mathematics is presented and the

way in which students are best able to construct their own understanding of it. Some

students are able to bridge this gap for themselves but many are not. Bridging this gap

requires initiative, independenc ,! of thought and risk-taking, the very skills possessed by

effective problem-solvers, and the very skills that are discouraged in the young female.

Another reason why the expository mode of presentation may adversely affect women

more than men is because it uses and appeals to authority as a means of imparting

knowledge. Power in the lecture situation resides with the speaker and few students are

able to cultivate their own voice. However, there are marked gender differences in

relationship with authorities (Belenky et a/., 1986, pp. 43-5). Males are encouraged

from an early age to challenge authority and receive support for holding the floor and
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presenting their own views. Women, on the other hand, are encouraged to subordinate
their own voice to that of authorities and are far less likely than men to maintain a sense
of their own autonomy. Ehrhart and Sandler (1987, p. 6) argue that not only are the
physical sciences often 'dominated by men in terms of numbers, but their operating
procedures, values, and power structures could be termed "masculine" in the sense that
they emphasize hierarchy, individual prowess, and highly assertive behavior instead of
cooperation'. Thus the mathematical experience of most female undergraduates is
dominated by males employing authoritarian modes of communication to which they
often respond in customary silence.

PORTRAIT OF AN EMPOWERING TEACHER

The teacher quoted at the start of the chapter does not believe that only the gifted and
talented few are capable of becoming mathematicians. Instead he tells his students that
they are all capable of learning mathematics, provided they are prepared to work hard.
He sees his job as identifying 'the needs and level of understanding of his students
and [finding] a way to help them learn what they need to know'. For w: at purpose?
He says, 'So that they might learn to think precisely and speak the truth'. Note that he
did not 3ay 'learn the truth' but 'speak the truth'. The focus here is on developing your
own voice through which to express what you know in a way that is true, rather than
developing skills at passively absorbing material thought to be important for you to
learn.

How does this teacher teach his students to speak the truth? Not by subscribing to the
'banking' concept of education in which the teacher's role 'is to "fill" the students by
making deposits of information which the teachers consider to consitute true
knowledge' (Freire, 1971, p. 63). Instead his goal 'is to make [the students] independent
of [him) and any other teacher'. In his opening remarks at the start of a new course he
warns his students that 'INf snould tell you as little as possible and help you to read your
text [bookr . He sees his role as 'providing opportunities for the students to think up and
write down correct proofs and appropriate counterexamples . . . to do little for you, and
give opportunities [for you] to do a lot for yourself'.

In this teacher's class there is almost no lecturing. Most of the time, students are
working together informally in small groups, discussing problems, arguing, negotiating
meaning. The teacher walks around, looking over shoulders, asking questions. From
time to time he sends a student to the board to write up her solution The.n there is some
discussion with the student-teacher taking a leading role. The class may end with a brief
lecture on some new material or an assignment of new problems to be taken up at the
next meeting.

This teacher shares the journey of recreating mathematics with his students. He
believes that students need to know they are capable of intelligent thought, not as a
reward for finishing the course successfully, but as a prerequisite for engaging in it
productively. The role of expert in his classes shifts between teacher and student. The
stage is shared and as the drama unfolds the students learn that theories are not the sole
property of experts, rather they develop the ability to reconstruct them for themselves.
In this way, the teacher supports the growth and evolution of the students' thinking
and helps them discover their own voices. In his class, knowledge is not the private and
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exclusive property of the teacher, but is negotiated in a community of trust where
confidence and self-esteem are protected.

Power in mathematics resides with those who have knowledge Of process. With such
knowledge the student becomes independent of the teacher, not needing him for
approval, or for confirmation. The Potsdam faculty actively encourage this indepen-
dence in their students in a variety of ways: by true acceptance of the students they have

rather than the students thcy might wish they had (I heard no complaints of the `If only
we had better students!' variety); by having their students model as 'expert' and trusting
them to learn from the experience; by teaching the students how to read a mathematics
book; by encouraging collaborative learning and peer tutoring; and by respecting the
students' ultimate right to personal responsibility for their own learning.

TEACHING AS COACHING

The teacher's role at Potsdam is that of coach. In my classroom observations I did not
observe a singular 'Potsdam teaching technique'; indeed, the advising materials for
students explicitly refer to the existence of a variety of teaching styles and they see this
multiplicity as one of the programme's strengths. However, a common theme of the
many metaphors that are used by the faculty and by the students to describe what goes
on in the classroom is that the Potsdam teacher is a coach and the student is a
mathematician-in-training. These metaphors signal a very different philosophy of
mathematics teaching from the traditional one which emphasizes exposing the student
to the professor's perspective on a specific body of material.

In the traditional lecture mode of teaching mathematics at the undergraduate level,
the student 1.:as no control over what she learns or how she learns it. (In keeping with the
reality of Potsdam and the theme, I shall continue to refer to teachers as male and
students as female.) The focus is on the transmission of knowledge rather than the
development of skills in the student. As well, since there is often a large amount of
material that is considered to be important in a course, thoughtful reflection and
application of the ideas and concepts is often postponed indefinitely in the interests of
'mastering' the essential information. Students have insufficient time to assimilate new
concepts before their properties and consequences are deduced.

Potsdam professors believe that material conveyed in this way invariably is quickly
forgotten when t he course is over. Their teaching practices show that students who learn
to think mathematically arc able to reconstruct ideas and learn independently and that
this skill, like riding a bicycle, is never forgotten. But teaching in this way demands a
commitment from the teacher to give the students time outside of class and it also
demands that the teacher make careful decisions about what is essentidl in the
curriculum. Not everything can be 'covered' in class. Although the students may be
made responsible for the entire curriculum in a course, the professor will select and treat
those topics he considers to be essential or best suited to develop the students' ability to
think mathematically.

This attitude towards teaching requires a 'caring teacher'. I use the term 'caring' not
simply as a feeling of concern, attentiveness or solicitude for another person, but in the
very specific sense of 'caring' as in helping 'the other grow and actualize (herjself'
(Mayeroff, 1971). The Potsdam teacher: 'receivets] the student, [and] looks at the
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shbject matter with flied. 11Iis/ commitment is to Pied, the cared-for, and (Ole
isthrough that commitmentset free to pursue Vied legitimate projects' (Noddings,
1984, p. 177).

In caring for the growth and development of a student, a teacher must experience the
student as having worth in her own right and the potential and the need to grow. (These
remarks are based in part on Mayeroff's book On caring and summarily those aspects
of caring that are descriptive of tlw teachers I have (bserved at Potsdam.) As well, the
teacher must recognize that the student needs him in order to grow. however, he niusl
desire neither 10 dominate nor to manipulate the studenthe will not always impose his
own direction, but will also follow the lead of t 1w student . To do this effectively, the
teacher must know the student 's level of development in order that he can devise ways to
help her grow. The caring teaclwr trusts the student to grow in her own time and in her
own way, and he is patient because he believes in and trusts in the student's ability to
grow, to make mistakes and to learn from them. He will actively promote and safeguard
conditions that am e favourable to his students' growth.

CONCLUSION

The teacher I have described lwre has made r.9 particular efrort to attract female
students and no specific adaptations to meet their perceived special needs. In this, his is
typical of the approach of all mathematics teachers at Potsdam College. Indeed, gender
does not appear to be at all a factor in their teaching, neither directly or indirectly. No
research has yet proved that there are inherent reasons why women should not be
successful mathematicians. On die contrary, t lie evidence pro !tie(i by the Potsdam
mathematics programme suggests that, in an environment that is genuinely open to and
supportive of all students and in which the style of teaching is true to t he nature of
mathematical inquiry, women are attracted to mat hemat ks and are just as successful as
men.

However, for me, and for my readers who are interested in feminist pedagogy, my
findings are discomforting and indicate that we nmy need to think more deeply about
power and authority, !low is it that a group of 'stern but loving fathers% caring but
traditional fathers none the less, can succeed so well in empowering women? Perhaps it
is because their motive in wielding their authority is that t hey might later relinquish
itand in this they truly differ from the typical patriarch and his aims,
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Chapter 5

American Female and Male University
Professors' Mathematical Attitudes and Life
Histories
Lyn Taylor

This study sought to discover what effect different educational, interpersonal and
intellectual experiences had on twelve professors' attitudes toward mathematics and
their career choice. Were there meaningful differences between the female and male
professors' experiences? Part of the purpose was to utilize a qualitative methodology
that is not often used in exploring such issues in the hope that it would yield new
information.

The participants included eight mathematics professors and four social scientists. All
received their doctorates between 1976 and 1986 and have reputations as excellent
classroom teachers at universities in the southwestern United States. Six were females
and six were males. Table 5.1 further introduces the participants by their pseudonyms,
detailing their birth year, ethnicity, gender, and degrees.

1n-depth interviews with the participants during 1986-1987 involved both open-ended
and focused questions concerning their mathematical life histories and attitudes. An
important value of this qualitative research is the use of the participants' words to
provide an inside view of their reality. One strength of' this research is the detailed
descriptions of the participants' experiences, thoughts, and feelings. A limitation is that
the findings are relevant for these participants and should not to be generalized to other
populations. However, they may be used to generate theories to be tested in future
studies.

This chapter focuses on the findings related to gender. These major areas include:
parental and teacher influence, peers in the classroom, the career, confidence, and attri-
butions. Some of' the themes explored involve parental attitudes, teachers, classroom
experiences, discrimination, advising, sex role socialization, ability, doubts, and effort,

PARENTAL AND TEACHER INFLUENCE

The detailed accounts of the participants' families and relationships with teachers
showed the depth of influence of these persons in the participants' development and
perception of themselves as learners of mathematics. Fennema (1981) has found



Table 5.1. Participants' demographic information.

Name Birth year, Ethnicity', gendert Bachelor's degree Master's degree Terminal degree

Becca

Carolyn

Kathy

Fabi

Bjorn

Cleofus

Reuben

Ed

ed

Gerry

Sylvia

Vera

1938 A F

1929 A

1950 A F

1948 C

1949 A M

1950 B M

1956 A M

1950 A M

1944 N M

1931 A M

1950 A 1:

1950 A 1.

Univ. Kansas
BA Mathematics

Purdue Univ.
BS Mathematics

Gettysburg College
BA English Lit.

Eastern New Mexico
BA Mathematics

Univ. Colorado
BA Mathematics

Bucknell College
BS Elect. Engin.

Mass. Inst. Tech.
BS Mathematics

Boston College
BS Mathematics

Fort l.ewis College
BS Humanities

Education

Indiana Univ.
BA History

Colorado St. Univ.
BA Sociology

Philosophy

I ewis & Clark College
BA History

Univ. Kansas
MA Mathematics

Univ. Nebraska-Omaha
MS Mathematics

Univ. New Mexico
MA Mathematics

Univ. Washington
MEd Mathematics Educ.

Harvard Univ.
MS Applied Math

Johns Hopkins Univ.
MS Numerical Analysis
New Mexico Tech.
MS Mathematics

Uttiv. Calif. I.. A.
MA Mathematics

Boston College
MA Mathematics

Univ. New Mexico
MA Hem. Ethic.

Bilingual Educ.

Indiana Univ.
MA Sociology

Colorado St. Univ.
MA Sociology

Philosophy

Western Oregon St.
MA Extreme Learning

Problems

American Univ.
PhD Mathematics Educ.

Univ. Nebraska-Lincoln
PhD Mathematics Educ.

Univ. New Mexico
PhD Mathematics

Harvard Univ.
EdD Mathematics Educ.

Harvard Univ.
PhD Applied Math

Univ. New Mexico
PhD Mathematics

Univ. Calif. L. A.
PhD Mathematics

Oregon St. Univ.
PhD Mathematics

Univ. New Mexico
EdD Hem. Educ.

Multi-Disciplinary

Indiana Univ.
PhD Sociology

Brown Univ.
PhD Sociology

U.S. International Univ.
EdD Currie. & Inst.

Ethicity codes: A, Anglo; B. Black; C. Chicana; N. Native American.
t Gender codes: F, female; M. male.
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parental and teacher attitudes toward the student as a learner of mathematics are
influential. In this study they woe also found to be influential .

liducation was highly valued in all the families, The parents encouraged and
supported their sons' and daughters' education, yet they did not push them toward any
particular academic discipline. They exposed the participants to many things, provided
an environment where education was readily available and valued, and let their children
develop and pursue their Own interots. With the exception of one father who seemed
threatened by his academically gifted daughter (as well as by his son, other daughter,
and wife), the participants perceived their parents to be very support ive Of their learning
and education.

ilie participants' development was positively encouraged by supportive and caring
relationships with knowledgeable teachers. Sonie of these teachers opened up the
beautiful woi Id of mathematics for their students, piquing their curiosity, encouraging
them, and exciting their interest to pursue learning mathematics.

And conversely, sonic of their teachers' negative and boring portrayals of
mathematics presented a rather uninteresting subject for the participants to pursue. A
prime example of this was Cleofus's junim high mathematics teacher who dragged
herself to class the last period of the day and 'blopped down' looking like she was in
'such pain' and said 'where were we'. Cleans remarked 'you can imagine how we felt '.
This mienthusiastic presentation of matheniaties certainly did not inspire Cleans.

'Teachers are the most important educational influence on stutlents' learning of
Mathematics' (Fennema and Sherman, 1978), They influence students in many ways; a
very significant one is sex role socialization. Fennema and Sherman (1978) believe that:

Part of the teachers' influence is on the learners' development of sex role standards. These
sex role standards include definitions of acceptable achievement in the variotis subject
areas. It is believed that this influence by teachers is exerted through differential treatment
Of the sexes as well as expectations of sex-related differences in achievement .

(pp. 13 14)

In t his study the most pronounced exampfe of sexistn was exhibited by Sylvia's freshman
calculus instructor. I feel it is essential to digress to tell Sylvia's story because it had such
a profound effect on her development. Sylvia's frustrations with her calculus course
helped cause her to pursue a major in sociology rather than mathematics. At 'that point
I was still thinking about mathematics as a major'. I ler frustrations were not caused by
the subject as much as they wew by the teacher. 'I got into a class of 60 people. (There
were} two women and the man told us the first day that women shouldn't be in math and
he was going to do everything to flunk us. The first exam I did everything right but I
made a mistake. I multiplied 2 x 2 and got 2 on the problem, and he gave Inc a C on it .
On the second midterm I also made a careless mistake, just a computational error, but I
did the proofs right and he gave me a C . I got so mad that I wouldn't go to class
anymore. I was too dumb to drop the class. 1 didn't know, I was just a first semester
freshman, I didn't know how it worked. I was too mad to go. I talked to him two or
three times.'

Sylvia felt he was very sexist and unfair to her. 'Ile would say "You shouldn't be in
this class, you are a woman, you shouldn't be in math, I don't know how you slipped by
this far, but you shouldn't be here". Ile didn't tell me to drop it he just told me that he
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was going to flunk me. I know his name too, I'll never forget him. On the day of the
final, having not been in class for the last third of the semester, I decided to take it
anyway. Somehow I managed to pass the final. I ended up with a D in the class.'
Fortunately, for future students, this teacher's contract was not renewed.

This experience had a dramatic effect on Sylvia and her career. 'It was the only D
ever got in college; actually, it was the only grade in college I got that wasn't an A. That
experience itself made me decide not to go into mathematics.' Sylvia never took another
mathemat ics class and after that 'I always resented math'. She did pursue statistics and
social science research courses. 'I transferred my quantitative bent into philosophy and
Aatistics.' Sylvia's doctoral programme was in quantitative sociology. She now uses
statistics and the computer as tools for doing her research. Her research interests have
also expanded into more theoretical areas and she now uses qualitative methodology as
well as quantitative.

Carolyn also felt she did not receive much support in her first doctoral program
because she was a woman and an older returning student. While Carolyn was doing well
in her graduate mathematics courses, she felt discriminated against, 'too old' to be a
doctoral student in mathematics, and very alone. 'I remember how hard it was to go
back . . . I had not studied mathematics for fifteen years . . . almost too old to go back
and get a doctorate.' She believes that she was discouraged from pursuing a doctorate in
mathematics because she was an older female student. When she switched over to
mathematics ;:ducat ion doctoral program she was t reated very differently: 'I was getting
some encouragement too which I was not getting in the math department.' While these
were the only two blatant examples of gender discrimination mentioned by the
participants, it is likely there were many more subtle messages that were internalized
without the participants being aware of them.

Hopefully there is less discrimination today. Certainly there arc more women in
careers involving mathematics than ever before. Becca thinks mathematics is 'an
excellent field for women' and 'there arc lots of avenues opening up, more than there
used to be . . . Computers, . . . business . . . Teaching used to be the main avenue that
was open, but I don't think that is true any more. I think that maybe the age
discrimination is worse than the gender discrimination in mathematics.' None of the
male participants reported having experienced discrimination. It would be interesting to
know if older returning male students felt discriminated against.

PEERS IN THE CLASSROOM

During the course of the interviews Cleofus, Bjorn, Ed, Fred, Reuben, and Gerry all
spoke about the number of bright female students that were in their mathematics classes
through the years. For example, Cleofus said 'I thought the girls did better in math and
got more attention than the guys. But I think that is because we were always playing
around . . . In my experience they were always the serious ones. I thought they would be
the real scholars and students.'

Cleofus went to an all boys high school so he couldn't comment on females in
mathematics at that level. However, he said 'in junior high the girls were the best. If
had a question and the teacher was not around I would ask one of the girls. Back in those
days they were the serious ones and the t ,:achers did pay attention to them. But now it
seems it is the opposite. You h.:ar a lot about people not encouraging women in math
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and science. I think it is a strange situation. Given my experience 1 find it hard to believe
that people don't believe that women are good in math and science. Hard to swallow.
Women are not pointed in the direction of math when they are young. Math just doesn't
seem to be an option. Also if you get a couple of had teachers, no matter who you are,
you aren't going to like math very much. If your parents didn't like it then that is going
to add to it.' Cleofus's statement emphasized the important roles teachers and parents
play in affecting students' attitudes toward mathematics and particularly in not
encouraging female students to pursue mathematics. He points out the absence of
positive expectations for the female students.

When Bjorn was asked about the treatment of students in mathematics courses he felt
his peers were treated as individuals. 'No. I don't really have any recollection of differ-
ential treatment. In fact, I do have recollections of several girls, particularly in grade
school, who were very good in math and that went on even through high school. I can
remember girls in those classes who were far better in math than I was. Now I happen to
know that some of those girls aren't doing anything remotely related to math now.
Why? Perhaps they were not encouraged, perhaps they were in tact discouraged from
going into a field like that. I can't say that for sure but I know they were very talented in
math in all of my junior and high school math classes.'

Fred was also aware that the girls in his high school were very bright but observed 'the
girls got sorted out to the point where there were none'. His high school trigonometry
class was only males while his geometry class had two females and about ten males. His
trigonometry class was by invitation' of the teacher and Fred believes don't think he
approached any girls'. Fred graduated from high school in the early 1960s.

Ed felt the bright female students he knew were not discouraged, yet he was aware t hat
very few of them continued with their study or mathematics. 'We had some fairly bright
females who were good in math and were never discouraged from being good in math,
but I don't think they really went on to college in math. There weren't many who
continued but they were not put down. Some of the best mathematical students in
graduate school with the sharpest minds were females.' In reading these comments I
wondered if, perhaps, when there was not discouragement there was a lack of
encouragement and lessened expectations for the female students.

It was intriguing that all the men spoke about the bright female mathematics students
they had known and none of the women in the study spoke about this. Of course, it is
important to be aware the question was never directly asked of any of the participants. It
is possible the male participants raised this issue because of my gender as a woman. The
men's comments about the smart female students came up at three different times. One
was while thcy were discussing their educational histories. The other two times were
when the questions were related to gender. The question, 'If you were advising a woman
who wanted to pursue mathematics, what would you tell her?' and the question 'How
were the students treated in your math classes?' were asked of each of the participants
after they had been discussing their opinions of the mathematics curriculum. These
questions were carefully asked in this general way so the participants would comment on
any differential treatment they had observed. This could include any differences. It was
thought gender and ethnic differences might likely be mentioned. No ethnic differences
were mentioned in regard to the treatment of students. Three of the participants in this
study are of minority ethnicity yet none ot' them reported they had been discriminated
against. It is possible this is related to thc researcher's ethnicity as an Anglo.

Several part icipants (both male and female) spoke of the boys getting in trouble more
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often, but only the males spoke of how bright some of the females were. When I became

aware of this while analysing the transcripts, I was surprised. Reflecting upon this obser-
vation I wonder if the women in the study just assumed there are many women who are
bright mathematically and did not feel they needed to say it. Closely related to this, Fabi
spoke of her concern that poor teaching caused many intelligent students `to go down
the drain' mathematically. It was implied but not stated that these students were both
male and female.

The educational histories reveal all the participants had diverse academic interests.
None of them was strictly focused on their academic arca (mathematics or social science)

to the exclusion of other subjects. All twelve professors pursued coursework in liberal

arts.
The mathematics professors' interest in mathematics did not develop at the same time

in their lives; they expressed an interest during their elementary and secondary edtwa-
tions. Three of the women became seriously inter ,ted in mathematics in high school
and went to college as mathematics majors. Hc. +Never, only t wo of these women
graduated with their bachelors' degrees in mathematics. Kathy earned her bachelors'
degree in English. By contrast, three of the four men started their college education as

eng;neering majors.

GENDER AND THE CAREER

While women have been underrepresented in mathematics for many years the times are
changing. In a recent interview, Nobel Laureate lsidor I. Rabi (1987) spoke of how
many more women were in science and mathematics today and said 'I wonder how much
longer it will be that we will refer to a female scientist rather than just saying a scientist'.
His comment deeply touched me. I was pleased that a man of his generation was so
aware and concerned with equity issues. When you put this comment in a historical
perspective, women have come a long way since Rabi was born in the late nineteenth
century.

Gerry felt strongly that this is an excellent time for a woman to be pursuing math.
'The demographics are perfect for it right now. If she is a person that has an interest and
some talents in those directions, it makes more sense than it has ever before. We now
have laws in place and I think there have been changes in terms of acceptance of women
in math and engineering in the last fifteen years. It is a sellers' market right now; so I
think it is a great idea. You always want to be in a situation where you are a commodity
that is in demand and I think it makes perfect sense. I certainly would encourage it.'

When Gerry was asked what advice he would give to a man wanting to puraue
mathematics his response highlighted the gender differences and the difficulty of
balancing a career and far,:ily. 'I think it is easier for a man because you don't have to
buck the tradition; I think men are more likely to grow up thinking they would go into
math than women are. Certainly that has been the case in the past. I think too, there is
probably a price to pay for women in professions, in general. When I think about it I just
don't know that many academic women who are married and have families; I think it is
very difficult to do both, especially and be at the really top notch universities; that is not
limited to math. There may be some truth to that saying that you have to be twice as
good to compete if you are either a minority or a women. . . . Changing for women but
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not fast.' Gerry and his wife (a math teacher) try to balance their careers and family,
sharing equally in the child and household responsibilities.

The response given by Gerry showed there are many complex factors that affect a
person's sex-role socialization and development. Certainly, there are no simple answers.
The responses of all twelve participants indicated they would strongly encourage any
student who was interested in mathematics to pursue it regardless of their gender or race.
The key element they all emphasized was that the person be interested and motivated in
mathematics.

In advising a woman who wanted to pursue mathematics, Bjorn would tell her 'If you
like it, pursue it'. He'd tell a man the same thing. 'I have just never understood the
division that takes place between the sexes. I guess I can believe that at one time it was
encouragedmaybe in grade schools, junior highs. (It is not) something that I have
sensed at all as a teacher. I look at a woman or a man in my class and mathematically
they are identical. I've seen many mathematicians who are women. Now, the fact that
they are outnumbered is a historical fact. I think the numbers are becoming more And
more equal. There is no reason to doubt the mathematical abilities of women!'

When Cleofus was asked about advising a woman who was interested in pursuing
mathematics he responded first with a surprised look and a question 'As opposed to a
man?' He feels 'maybe I am kind of blind to the sexism part, but I just don't see that due
to my background'. He then spoke of the advice he would give her or him: 'For someone
who is generally interested in mathdo your homework in respect to what kind of
college, and make sure you find a good advisor. . . . Think of math as not so much
competition. Think if you apply yourself there should not be a problem.' It was inter-
esting that Cleofus's response indicated the importance of finding a good advisor and
having a positive confident attitude. He was the only one focusing on those areas in
answering this particular question. All the rest if the participants mentioned they would
give a student, woman or man, the same advice and that the most important thing is to
pursue what one finds interesting.

CONFIDENCE

The National Council of Teachers of Mathematics (1989) has said one of the most
important goals reflected in their mathematics curriculum standards is 'becoming
confident in one's ability mathematically' (p. 12), Confidence has been reported by
many researchers (Helson, 1967; Fennema, 1981, 1987; Becker, 1984; Reyes, 1984;
Steen, 1987; and others) to be one of the most important variables related to
mathematical learning. Reyes (1984) said 'confidence in one's ability to learn
mathematics appears consistently as a strong predictor of mathematics course election'
(p. 562). Yet, research by Becker (1984) with graduate students in mathematics and
Nelson (1967) with creative mathematicians showed the females lacked confidence in
their mathematical abilities. The males in these studies were markedly more confident in
their mathematical abilities than the females.

Confidence appears to have a basis in experience. The participants' comments caused
me to think about the possible relationships among confidence, ability, and experience.
It is possible that successful experiences and ability may be strong predictors of
confidence. These relationships are interesting areas for future research.
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One major finding of this study involves the male and female coilege mathematics
teachers' confidence. Their comments indicated that there were no marked differences
in confidence between the female and male professors in this study. While all the partic-
ipants expressed confidence in their mathematical abilities, they also spoke about levels
of confidence and pointed out that mathematics is a 'humbling discipline'. While they
all had confidence at a certain level, they all expressed the same doubts and concerns at
other levels or in other areas of mathematics.

For example, Fabi said think math is a humbling discipline. Just when you think
you know everything you could possibly know somebody will come up with some little
problem and you think that it should be simple and yet it will be mind boggling, so I
don't know. . . . I think there will always be little twist to a problem that I haven't
thought of and I'll be puzzled about itwhich is nice; it really keeps you on your toes.'
There seemed to be a certain amount of intrigue about that 'little twist'.

When asked how confident he felt about mathematics, Bjorn thoughtfully responded
'Well, that is a hard question. For one thing I think it is a mistake to feel overly confident
about anything. . . . that is an attitude that I would try not to cultivate anyway. I am not
sure I have ever strived for it. What is confidence in mathematics? You know you feel
confident about mathematics at some level, (but) all you have to do is lift your sights a
few degrees and you will find an area of mathematics that you have no confidence. So,
confidence is a relative thing; to me it is almost meaningless.'

Another important aspect of confidence emerging strongly during the interviews was
their confidence relative to teaching. For instance Bjorn said 'Now confidence, I think,
is an important aspect of teaching. I think that any teacher can tell you the difference
between a lecture that is given with a sense of confidence and a lecture that is given
without that confidence. I think that is a significant factor to the extent that it improves
one's teaching, I think confidence is probably an important factor, but to feel that you
have confidence in the absolute sense is almost meaningless.'

For the participants, confidence in teaching was closely tied to their preparation for
class. Fabi stressed 'You can't go to a math class unprepared'. Cleofus accentuated
'being prepared' was essential for good teaching. Reuben, Ed, Bjorn, Becca, Kathy, and
Carolyn emphasized they spent many hours preparing for their classes. Quite often they
would spend a lot of time during the summer preparing for a new class they were to teach
in the fall. Carolyn's response typified their sense of confidence 'I don't think I have
ever felt unconfident about anything I have taught'. With teaching a subject they
developed greater confidence in their teaching and a more thorough understanding of it.
All the participants stressed this. It is important to remember all these professors are
known for being excellent teachers.

Confidence was also tied to their research and presentations about it. For ' leofus his
dissertation defence was a peak professional experience that helped him to develop more
confidence in both his ability to do and to present research 'When I gave my defense it
worked very wellpeople liked it and I could answer all their questions and it made
sense. I was a little nervous. I thought "this is it". But, I was told I was the expert in this
and realized I was and that helped a lot.' Fabi also spoke about developing confidence in
her research and felt completing her dissertation was like having a 'black cloud' lifted.
Not unexpectedly, the positive experience of completing successful research projects
increased the cor.fidence of all the participants in their abilities to do research.

Again and again the transcripts revealed there were relative levels of confidence in

fi
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teaching and research. Ed said 'On the graduate level of teaching I feel fairly confident .

BM, plunging off into the unknown and coming up with a "result" I ant not terribly
thrilled.' Part of this relative confidence seems inherent in the nature of MO1011111 ics.
For mathematicians to have publishable results they have to have proved something
new. As Ed pointed out, this is hot the case in all fiekls, 'I have I winges of jealousy wit h
people in chemistry who cau set up an experiment and even if the experiment doesn't
generate the results they vie for they can still write it up. But if you start out in an area of
math and try to prove somet hing you don't write up your failures. "Well I wanted to
prove this hut I didn't get anywhere," you just can't do that.'

lijorn's response typified t he relative levels of ability in mat hemat ics the part icipants
were aware of 'I think that anybody who does math can look around them and see
people that seem to be, and probably are, a lot more adept at doing tmunematics than
hey are. That is an ougoing process. Anybody in mathematics should be able to look

around and find another mathematician that he atImirec . . The point is there no
upper bound to excellence itt nuil hematics! Even the best of mathenunicians can took
somewhere, either histot ically ol among then peers, and find someone that is deserving
of respect .'

When asked if he had experienced any difficult times with mathematics that stood out
in his mind, Bjorn was quick to say '.utre, research does not come easy for me at all and

not sure what I mean by difficult. Not difficult in t 1w sense of being demoralizing
necessarily, but difficult in the sense of having to work hard. Then, I would say that
much of the research I do is in that category. Soinetimes, Bjorn finds it difficult to
prepare new graduate course lectures. 'It is difficulty in the sense of being a challenge,
and to toe that is inspiring and I think strong Motivation, too.' It appears even confident
mathematicians have difficult limes and doubts. While this may seem obvious to some,
it is not to many students.

Ld spoke of his higher confidence level for teaching and learning mat hematics and
lower confidence relative to research 'I don't have a very high opinion of myself* as a
math researcher but as a math learner and expositor. Somewhere along the line I wrote
an essay on W II Yexplaining how I loved nunh, etc. But, I don't dna I will have a
theorem named after me!'

The amount of confidence the participants expressed seemed directly tied to t heir level
of effort in a specific area. They had consciously made decisions about where they
would direct their efforts. I.or example, I'd said 'I don't think I ant directed toward
research-based things. . . . What I do is directed toward teaching methods or involving
students in math.'

Confidence was important to the male and female professors in three areas: teaching,
learning, and research. Front the above descriptions it seems confidence is not a
constant but related to the levels of effort and interest of the mathematicians. There did
not seem to he any gender-related diffe: nces in the levels a confidence expressed. Th
females were as confident as the males in the areas to which they directed their energies.
All the participants expressed concern over their doubts. This appears to he another
indicator of their confidence. I believe that a confident person is more comfortable and
likely to discuss their doubts. I am convinced, as are (iilligan !1982) and Fennema
(1981), that females are often more open than males to expressing their feelings and
doubts. American males are typically socialized to be 'strong' and not show any doubts
or signs of 'weakness'. The fact that all the males in this study were able to express their
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doubts could be an indicator of their confidence. It also seems likely that this quality
may be related to these twelve professors being excellent teachers.

ATTRIBUTIONS

After a thorough review of the literature Reyes 1,1984) reported there is 'a well-
established relationship between attributions and achievement-related behaviors such as
persistence, effort, and choice of challenging tasks' (p. 568). She says this work assumes
those putting in more effort achieve at higher levels. Reyers reported gender differences
in patterns of attribution of success and failure in that females are 'more likely to see
success as caused by effort and less likely to see success as caused by ability' (p. 568).

Looking specifically at mathematics attribution studies using the Mathematics
Attribution Scale (MAS) developed by Fennema, Wolleat, and Pedro revealed some
similar findings. In a study of 647 female and 577 male high school students, Pedro et al.
(1981) found males, more often than females, attributed their success in mathematics to
ability, and females, more often than males, attributed their success to effort.

While this study is different from the one cited above, it is of interest to note all eight
of the college mathematics teachers attributed their success in mathematics to effort. It
is recognized the college mathematics teachers in this study are older than the high
school students and it is therefore inappropriate to compare the two groups and say this
is a major finding. It is therefore noted merely as a tinding of interest and an area for
future research.

The eight college mathematics teachers in this study wen; each asked `To what do you
attribute your success in mathematics?' PArsistence and hard work were the answers
most given by both the femalcs and the males. Both persistence and hard work are
components of effort.

When ability was mentioned at all, it was cited as secondary. For instance Cleofus
responded 'Hard work! That is number one and two. Need some intelligence; I think
that is part of itmostly hard work for me.' Kathy replied 'Patience, endurance,
persistence, a willingness to take care of detail, maybe ability. I don't know if it is a
willingness or an ability.' When asked to explain this further she responded 'I'm not a
genius. So, I make up for that lack of genius through persistence. . . . I probably have
a touch of it. Some people can just seem to rely on it.'

These feelings of humble modesty and a lack of 'genius' have been reported by other
mathematicians. For instance, Halmos (1985), a distinguished pre;essor of mathematics
who has written ten books and over 100 articles, said 'I am not a genius. :1st enjoyed it
and fooled around with it' (p. 122). He also spoke of how hard he

In a similar fashion Reuben responded 'Perseverance! I don't think I have
overwhelming talent. I have talent but not that sharp. I don't see clever things that
quickly. When I think about something for a long time I can understand it very well. My
own math doesn't have clever proofs but gets down to what is really going on under-
neath something. I believe that it has a certain amount of depth; I think it comes from
staying on the subject, persevering when you run into difficulties and continuing to
work on the situation. So, for me I'd say perseverence mot e than pure talent.' Newton,
when asked how he made his discoveries is supposed to itave answered, `by thinking on
them continually'. Focused effort was extended to create success.

t; o
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It is likely a ccrtain amount of ability was taken for granted by the other participants
and they felt it was not something to mention. Humble modesty was displayed in all the
responses. They were all proud of what they had accomplished so far but felt they still
had more goals ahead of them. Both the female and male professors appeared to be high
achieving persons who set high standards for themselves.

SUMMARY

I will summarize the important gender-related themes that emerged from their individ-
ual stories, themes that I believe are significant in the development of their positive
attitudes toward mathematics and teaching, as well as their career choices. The
formation of an attitude is a complex process that involves the interaction of a number
of factors and cannot be explained simply or completely.

One might presume that there might be greater differences between the female and
male professors of mathematics and social science in this study. I found more
similarities than differences between them.

This particular group of twelve participants have first and foremos s. in common their
love of teaching and a strong sense of identity that developed based, in part, upon their
successful college teaching. As people who value education highly, they have been and
continue to be very sensitive to educational experiences. They flourished under positive
and benign experiences. Negative experiences caused them to make consequential
choices. For example, some of their negative classroom experiences as students caused
them to be very sensitive to the needs of their students and not to teach in ways that had
negatively affected them. And conversely, as might be expected, they incorporated
methods that resulted in positive classroom experiences into their own teaching.

Encouragement, love, and support from families who highly valued education existed
in each participant's childhood. This support was given unconditionally and was not
directed at pushing the participants toward any specific academic discipline. All the
families provided literate environments in which the participants were encour.ged to
read and were read to as young children.

Only one of the parents had earned a doctorate. The others did not have as much
education as their sons and daughters; yet they all valued education. All but one parent
actively supported their children's education.

ihe socioeconomic backgrounds of the families varied from quite poor to upper
middle class. It appears that the strong caring family values were much more important
than their economic assets.

Traditional cultural values appear to be especially strong for two of the three minority
persons in this study. Fred, a Native American from a Rio Grande Pueblo, and Fabi, a
t-hicana from the south valley of Albuquerque, highly value their cultures. They
presently live and are raising their children in their native communities.

The female and male professors participating in this study all found it difficult to
balance the different parts of their professional lives and maintain the level of achieve-
ment that they demand of themselves. They also found it difficult to balance their
personal lives with their careers. There are not enough hours in the day for them to do all
the things that they want to do.

The female mathematicians in my study are different from those in other research
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studies such as Becker's and Helson's. They are as confident mathematically and equally
comfortable in social situations as the men in this study, The old stereotype of the
socially inept, awkward, unattrE and unconfident female mathematician described
in Helson's (1967) study was nt.. ..pported in this study. In addition, all the women and
men in this study embrace equitable values which support the development of all persons
regardless of gender and ethnicity.

In contrast with previous studies, this group of individuals attended universities at a
time when more opportunities were available for women and reflect the possibility of a
cultural change. The average age for the participants in this study is 40 years while the
average for eleven of the twelve is only 38.5 years. One participant was significantly
older than the others. She attended graduate school after raising her family.

A qualitative study can identify transition points in a person's life. And although
most of the women in this study had positive experiences with mathematics, one case
illustrates the extraordinary impact of a negative educational experience.

The participants all emphasized the value of hard work. They attributed their
'modest' successes more to hard work and persistence than to their abilities. Obviously,
both effort and ability were essential for their success in the academic world.
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Chapter 6

Curriculum Development and Gender
He leen Verhage

In this chapter, I would like to examine curriculum development for mathematics educa-
tion and related research. Furthermore. I will pay particular attention in this matter to
the issue of gender. The perspective from which I shall discuss this subject is determined,
on the one hand, by a major innovative project in mathematics education in The Nether-
lands and, on the other hand, by the extensive work that has been doneand continues
to be doneby the work group 'Vrouwen en Wiskunde' (Women and Mathematics). I,
myself, am involved in both of the above-mentioned projects.

THE 12-16 MATHEMATICS PROJECT (W12-16)

The Dutch Secretary of Education established a committee in 1987 and assigned it the
task of developing a new mathematics programme for 12- to 16-year-olds. In 1992 this
committee must be ready to present its proposal for a new programme. The objective is
to develop and test this new programme in a number of schools.

Exams in The Netherlands are centralizer'. and are therefore the same throughout the
country for all students from a given type of school. Students who, after elementary
school, attend a four-year high school (whether vocational or general secondary) will
take their final exam at the age of 16. In addition, there are five-year and six-year high
schools for, respectively, general secondary and college preparatory education. The
committee's task is, therefore, also to develop an exam programme for the four-year
schools. For some sti.dents, this exam functions at the same time as the entrance test for
further education, for others it marks the end of their school years. Both functions must
be taken into account in developing the new exam programme. At the moment, there are
two required subjects on the final exam (Dutch and one modern foreign language). For
the rest, the students may choose which subjects they wish to be examined on. As is the
case in so many other countries, fewer girls than boys choose mathematics.

In The Netherlands we are fortunate to have a woman as Secretary of Education v..ho
sees emancipation as a major issue. As far as is in her power, she takes measures to
increase the participation of girls in maths and science. She has assigned the committee
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the task of making sure that the programme will also be attractive to girls and that it will
provide girls, too, with a favourable perspective in the job market. Explicit mention of
this aspect in the assignment is a positive sign but, of course, much still remains to be
done.

The actual work of developing a new mathematics programme is being carried out by
a team of which I am a member. Approximately one-fourth of the team members are
womena fairly large proportion by Dutch stanuards, where women make up about 15
per cent of the mathematics teachers. If we view the increasing percentages of female
students in teacher training courses, we can expect a gradual improvement in this situa-
tion. Unfortunately, this increasing number of women go .s hand in hand with the
diminishing status and deteriorating labour conditions in the teaching profession in The
Netherlands.

The W12-1( project is unusually extensive and complex, as it must encompass
mathematics education for a// I 2-16-year-old students. There are some 2500 secondary
schools in The Netherlands, which provide work for mo e than 10,000 maths teachers.
These teachers will in the future all need to be retrained. The project team has until 1992
to develop the new programme, alternating between desk work and putting the
programme into practice at a number of test schools.

A VIEW OF MATHEMATICS EDUCATION

Which view of mathematics education lies at the base of the W12-16 project? In order to
say anything on this subject, we must look at which trends in mathematics education are
to be found in The Netherlands.

In my country there is a great deal of talk about so-called realistic mathematics
education. By this is meant, among other things, that the mathematics taught must be
derived from the reality around us and also be applicable to this reality. Realistic situa-
tions (indicated by context problems) are thus used as source and as area of application
for mathematics education. The study group Vrouwen en Wiskunde has reflected on
what this major role designated for contexts entails for girls. More of this later.

Another important characteristic of realistic mathematics education concerns how
maths can be learned. Hans Freudenthal has stated that maths is a human activity and
that one learns it by doing it. Students should, as it were, rediscover (scraps of)
mathematics and construct it themselves. In this statement can be heard a specific view-
point on the teaching and learning of mathematics. The task of the WI2-16 project is to
crystallize the ideas on realistic mathematics education into a curriculum. A similar
project for the upper grades (16 + ) has already been developed and has led to complete
implementation of a new exam programme.

DEVELOPMENT RESEARCH

Curriculum development is part desk work, part field work. In ideal situations there is
close collaboration with one or more test schools, where new pieces of subject matter
and already outlined larger sections can be tried out. The curriculum to be developed
must, of course, be legitimated, and the way in which this takes place must be explicitly
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demonstrated. The choice of subject matter is not determined beforehand but rather
must take shape during the course of the project. In order to be able to do this well, the
developers must continually reflect on their own work and demonstrate explicitly why
certain choices have been made. Development work, therefore, contains in this sense a
research component, which is why we speak in this context of development research
(Gravemeijer).

During the experimentation, implicit ideas on what good mathematics education is
are elaborated upon further. The developer continually reflects on the development
work and on the experiences witn the developed products and ideas. These reflections
are helpful to the development work, the developer and the building of theories. In this
way, implicit didactic ideas can gradually develop into more explicit theories.

CURRICULUM DEVELOPMENT IN PRACTICE: AN EXAMPLE

The W12-16 project is, therefore, working on a new mathematics curriculum which is
based on a viewpoint designated by realistic mathematics education and according to the
method of development research.

How this takes place in practice I shall now illustrate by means of a detailed example.
In the case study which follows, I shall describe how my colleague, Marja Meeder, and I
worked on developing learning materials on symmetry. We chose this subject under the
assumption that it would appeal to many girls. A part of the internal report on our work
(Meeder and Verhage) will be reproduced here.

At the beginning of February we came up with the idea of creating something together,
having in mind the particular situation of female students and immigrants. We brain-
stormed on possible subjects and soon had a long list:

Islamathematics
Tangram
symmetry in vignettes
the golden section
use of various grids
anamorphoses
cross-stitch, lace, patchwork, samplers
tessellations
computer drawings, fractals
M. C. Escher
Celtic patterns, meanders
impossible figures
wallpaper
stamps
garden tiles
folding and cutting paper
crockery
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Considerations

What these subjects have in common is that they all contain cultural elements, appeal to

an aesthetic sense, are visual and have to do with looking.
We chose symmetry because of the direct availability of material. We had in mind the

symmetry of regular borders and tessellations. Upon browsing through the available
textbooks it soon became clear that not much had been done on this subject and, where
at all, it was on the symmetry of objects: zero-dimensional symmetry. Not, however, on
the symmetry of edges, planes or in space. We started collecting material. In February

we made a timetable and formulated some initial c, lisiderations. The most important
were:

The disadvantageous situation of girls and of immigrants in mathematics education
should not only be investigated through already existing materials. New materials
must be developed which especially appeal to these groups.
In our own experience, making something oneself stimulates creativity, which leads
to the discovery of new sources for mathematics education.
It is inviting to lay links between mathematics and subjects other than t he usual ones,
for instance history, drawing, textiles.

At the end of February we rounded off the collection phase with a visit to the Museum of

the Tropics.
We found our choice of subject matter confirmed in the book Contemporary

Mathematics (COMAP, 1988). A number of things in this book appealed to us, such as
the choice of subject mviter and the informative bits of text which are entertaining to
read. In our considerations we, of course, made use of a certain referential framework,
for instance, the list of criteria put together by the Advisory Board on Learning
Materials. In the criteria for science, it states that one must try to form a relation with:

daily life
society
the professional world
people and the human body
historical development

We supplemented this with:

other cultures (or would cultural domains be a better term?)

The learning materials

At the beginning of March we put the worksheets together. We divided them into
borders and tessellations and decided to develop the border idea first. Borders would be
for 13-14-year-olds and tessellations for 15-16-year-olds.

There were many things to be considered where the subject matter was concerned:

do we address the students as 'you' singular or 'you' plural?
how much cutting, pasting and busy-work do we include?
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what is the objective? Are there other objectives as well?
what terminology do we use?
how open, how directive should we be?
what do we put in the teachers' guide?

Around the middle of March came the actual production of the material: hours sitting
in front of the Macintosh computer and plenty of cutting, pasting and photocopying. At
the end of March the first version was discussed at a team conference. Preparations for
this conference brought forth two new ideas. The most important one is a variation on
the so-called tea-bag model; vertical: extracts for lower school-types; horizontal:
extracts for different target groups.

Vertical according to
level

Horizontal according
to target group

VWO

HAVO

LBO/MAV

boys

Observation: the embroidery project

-- girls --

(College
preparatory
education)

(Higher general
secondary
education)

(Lower vocational
education/lower
general secondary
education)

immigrants

At the beginning of June we brought the material into the classroom. The teacher had
had a new idea of his own: let the class all embroider borders. He ordered materials
(cardboard embroidery cards, needles, cotton thread) and we discussed together the
making of worksheets to accompany the embroidery. The first assignment was 'Which
front and reverse sides belong together?' (Figure 6.1).

The teacher had got the class so excited about embroidery beforehand, that the
students entered the classroom the first day asking, 'Are we going to embroider toddy?'
So when we did get around to embroidery during the fourth symmetry lesson, it didn't
take much to get all the students busy embroidering.

The commentary was quite something:

Teacher:

Boy:

Some of you can maybe figure out the first problem in your head,
but we're going to actually do it first anyway.
I don't get it at all.
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Front side

1. basting stitch

2. stem stitch

=MEE
3. back stitch=El
4. satin stitch

I 11 I DIII P JJ

S. herringbone stitch

6. buttonhole stitch

311111MairePt
111.11111111111111111
Fig 6.1
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Reverse side

a.

b.

C.

d.

e.=MI
f.

-.0111arb.

Teacher: Don't you know how to embroider?
Boy: No
Teacher: Ask one of the girls.
Girl: Now we just need cookies and a cup of tea.
Boy: I'll do it in my head.
Teacher: No, first you have to really do it yourself.
Boy: This is the first time I've embroidered in my life.
Girl: Teacher, do we also have to fasten off?
Boy: What's that, 'fasten off'?
Boy: Can I tcar it out? Otherwise I have to thread the needle again.

r-1
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Boy: Teacher, how do you do the back stitch?
Teacher (to a girl): M, how do you do the back stitch?
Girl: Teacher, when are we going to knit?
Girl: When his wife gets pregnant.
Girl: I'm not so good at baby clothesfront panels and back panels and

stuff.
Boy: When do we learn to cook?
Girl: This isn't math.
Teacher: Why not?
Girl: This is sewing class.
Teacher: When you have to draw a circle you don't call it drawing class, do

you?
Girl: This is fun.
Boy: I forgot my reading glasses.
Boy: How do you do the back stitch?
Teacher (to a girl): A, come explain the back stitch.
Girl: What do we do if we're finished?
Teacher: Are you finished already?
Boy: Show-off.
Teacher: Finish the stencil.
Boy: They're just like bookmarks.
Teacher: This has to be finished by next time. So it's homework.
Boy: Homework?!
Teacher: If you're smart, you'll ask your mother.
Boy: Or my little sister.
Girl: I'm going to call your mother and tell her that she and your little

sister better not do it for you.
Boy: Will we be tested on this?
Girl: Let the boys flunk for once.

How do you do the last onethe buttonhole stitch?
Boy: The girls luck out, they've got easy homework.
Boy: This is sure weird, embroidering during math class.
Teacher (to a girl): You didn't fasten off, you just tied a knot.
Girl: Yeah, but when you fasten off you mess up the other side.

Notwithstanding the comments, the students all did their best. After class I told the
teacher that it was my impression that the girls clearly felt stronger during this lesson.
They were at an advantage right away as it took many boys a while actually to get started
due, for instance, to having trouble threading the needle. The teacher told how, during
the previous lesson concerned with building brick walls, it had been just the other way
around. The girls had had trouble determining from the frontal view just how the bricks
had been laid. It worked out well that, in two successive lessons, first the boys and then
the girls were at such a clear advantage.

The teacher told how he had asked two girls who are rather weak at maths to explain
the back stitch to the boys. As a rule, these girls never have the chance to explain any-
thing in maths class to someone else. Their self-confidence in maths is probably poor.

Among the other maths teachers (all men), the embroidery experiment was a much-
discussed topic. Some of the comments I noted were:

3



Colleague:
Teacher:
Colleague:
Other colleague:
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How did you get the idea? And find the material?
Through my wife.
Soon your wife will be teaching math here.
Can't you let the experiment be a flop? Otherwise next year I'll have
to embroider, too, and I'm not so crazy about that idea.

One thing is certain, the embroidery experiment created quite a stir at this school, among
the teachers as well as the students. A pleasant aspect is that the idea did not come from
us, the project co-ordinators, but from the teacher who was preparing a series of
experimental lessons on border symmetry.

DISCUSSION

I have attempted here to provide an impression of our work in the W12-16 project and
of the manner in which we have devoted attention to linking girls and mathematics. The
project has, in fact, barely started and it is therefore much too early to draw final
conclusions. Our goal is rather to reach what we call in the project middle-level state-
ments. That is to say, statements on mathematics education that are, to a certain extent,
generally valid and that have a solid basis, both in theory and in practice. Take, for
instance, recommendations and guidelines for textbook authors, teachers, teacher-
trainers and teachers of further education. In the course of the project, it must become
clear exactly what we mean by 'mathematics education that appeals to girls'. The case
study on the theme of symmetry presented above is the first attempt in the W12-16
project to arrive at general statements according to the piinciple of development
research.

In what now follows I would like to elaborate further on certain matters which already
have been mentioned in the example given. I will make use here of discussions that have
taken place both in the work group Vrouwen cn Wiskunde and elsewhere. The points
raised are:

the use of contexts
aspects of emancipation in school textbooks
the image of mathematics

Although I will deal with each point separately, they are certainly interconnected.

Use of contexts

As mentioned earlier, contexts play an important role in realistic mathematics educa-
tion. The work group Vrouwen en Wiskunde has considered the question of what this
entails for girls. It goes without saying that we must make use of contexts that girls find
appealing. We then immediately run into the question of which contexts these should be.
Should they be contexts that are derived from women's traditional domaincooking,
sewing and knitting, for instance? This is the point in the discussion where confusion
arises. Are we involved here in emancipation or, on the contrary, are we busy
confirming the traditional role patterns? Those who believe the latter will argue that use
of recipes in maths class reconfirms stereotypes. What is the difference between this and



68 Gender and Mathematics

the traditional pedagogy in which it was assumed that girls should be prepared for the

household tasks and motherly duties awaiting them?
And yet I am still of the opinion that contexts such as cooking and sewing can be very

useful in mathematics education, but then for boys as well as for girls, and for other

reasons than the ones mentioned above. My arguments are the following:

A great deal of good mathematics can be found in these subjects. For this reason

alone it would be a pity not to make use of them. The problem, however, is that the

majority of textbook authors, curriculum developers and teachers are men who, in

general, arc rather unfamiliar with these topics. One is often led by one's own prefer-

ences and hobbies. This is hardly surprising, but it does lead tc ;ystematic distortion
and restriction of context choice. Mathematics education can be enriched by

cultivating the fallow ground of women's traditional domain.
Bias in the choice of contexts leads systematically to putting groups of students at a

disadvantage. Particularly when introducing a new mathematics subject, a context
should be chosen very carefully. After all, every true context iequires the students'
empathy. Those students who are already familiar with a given context therefore

have the advantage over students for whom the context is less familiar, or perhaps

entirely new. By the time 12-year-olds reach high school, the socialization process in

which they have been formed to behave as boys and girls has to a great extent already

taken place. One of the effects here is that boys and girls will have different fore-

knowledge regarding contexts. So we cannot avoid the fact that girls will empathize

less than boys with contexts chosen from the male world of interests.
math,. latics education can contribute to the emancipation of both girls and boys.

Mpthematics that is rich in contexts automatically c,.itains many subjects from the
male cultural domain. This is, on the one hand, due to the close ties between maths,

the sciences and technology and, on the other hand, due to the textbook authors'
backgrounds. One aspect of emancipation is to awaken girls' interest in maths and

science and in the professional world surrounding it. But the complement of this is to

help boys become familiar with topics from the female cultural domain. And these
topics are not automatically found in mathematics education. To restore the

balance, extra attention must therefore be paid here.

Research into aspects of emancipation in school textbooks

A recent research project in The Netherlands dealt with aspects of emancipation in
school textbooks (Mottier, 1988). The criteria mentioned in the above case study for
learning materials that break through role patterns are based on this. The following

three aspects of emancipation are distinguished in this research:

breaking through role limitation: offering a wide range of roles to women and men

making up the arrcars: discontinuing women's invisibility
providing equal opportunity to identify with the subject matter: offering both boys

and girls motivating subject matter

The rcasoning here is that, if all these aspects are well taken into account by the text-

books, it will have a positive effect on girls' educational chances.
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The first two aspects have primarily to do with stereotypes in language use and
illustrations. Men and women are portrayed in stereotyped roles and women hardlyever
appear in the text or in illustrations. Through the years, research in various countries has
pointed out and denounced this situation. I myself am, of course, of the opinion that
every author should take care not to portray men and women in a stereotyped fashion.
But, in a certain sense, I find the third aspect more intriguing, as it goes deeper than
language use alone. . . . opportunity to identify with the subject matter' is elaborated
upon further in this research project:

attention to the varying interests of boys and girls, and inclusion of the interests of
both groups in the subject matter
attention to the past of men and women, that is, to their history
attention to the present position of men and women, their social roles, their various
activities and characteristics, the unequal recognition of male and female values
attention to the perspective for boys and girls, choice of profession, professional
image, career perspectives, double-role expectations

The next step in the research was to draw up guidelines based on this for school text-
books. The third aspectidentification with the subject matterwas here elaborated
upon for various subjects. The specific criteria for tne sciences were already mentioned
above in the case stt.dy and are as follows:

daily life
societ y
the professional world
people and the human body
historical development

I call attention in this paper to the research describM above because, in my opinion,
these criteria can give us something to go on in our work. The fact that the criteria were
developed in the first place for physics and not for maths in no way detracts from their
applicability. It appeals to me that they extend further than simply counting word
frequencies (he/she, etc.) and are connected closely with the discussion on contexts in
the previous section. These criteria for mathematics should be crystallized further within
the framework of the W12-16 project and the viewpoint outlined above on realistic
mathematics education.

The Image of mathematio

In an innovative project such as W12-16, one is constantly confronted with the image
people (teachers, student., parents) have of mathematics. Everyone has, as a matter of
fact, a certain image of maths, without necessarily knowing much about the subject.
This discussion on 'the image of mathematics' is carried on in various places and from
various points of view. One of these places is the work group Vrouwen en Wiskunde, in
which we were inspired, among other things, by a lecture given by Leone Burton in our
country in the Spring of 1987. This lecture has been incorporated in the book
Vriendelijke Wiskunde (Friendly Mathematics), from which I have taken the following
characterizations of mathematics (Meeder et al., 1987).

8
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Mathematics is often seen as something abstract, objective, logical, true, well-defined
and certain. I would like to call this thestatic image of mathematics. When mathematics
education is presented which does not fit this ima6z, the question immediately arises
'but is that maths?' The new must prove itself in relation to the old, which derives its
status from the unquestionability of tradition, and then primarily the tradition of
mathematics as a science.

Opposing the static image of formal mathematics, we can easily place something quite
different:

mathematics generalizes, attempts to find connections; this need not be abstract
mathematics can also be subjective
mathematics is in search of internal consistency
mathematics does not hold the one absolute truth; mathematics is relative
mathematics is not intrinsically, and as a matter of course, well-defined
mathematics can also presem itself questioningly and searchingly

Mathematics is not, in the first place, a copy-cat subject, but rather a creative one. In
this way maths can become something personal, something of one's own. I call this the
dynamic image of mathematics. In her Look Reflections on Gender and Science, Evelyn
Fox Keller (1985) attempts to explain how the static image (she speaks of the 'male
character') of the sciences came into being and still persists. We have paid this much
attention to 'the distorted image of mathematics' in the work group Vrouwen en
Wiskunde because we believe that what I call here the dynamic image of mathematics
will particularly appeal to women and girls.

IN CONCLUSION

In this contribution I have attempted to say somet:Iing about the mathematics
curriculum and its development in The Netherlands. My referential framework was
formed by the important innovative project W12-16 in which I am involved. I consider
it a challenge during the course of this project to try and connect the views behind
realistic mathematics education with ideas on the image of mathematics, in theory as
well as in practice. Where the practical work of curriculum development is concerned, it
is important that the contexts for mathematics problems be chosen with care. The
criteria for aspects of emancipation in school textbooks can perhaps offer some suppoi t
here. There are, of course, many other factors than the content of the mathematics
curriculum which influence girls' participation in mathematics education.
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Chapter 7

Humanizing Calculus: A Case Study in
Curriculum Development
Mary Barnes and Mary Coup land

This chapter reports the planning and development of a short introductory calculus
course for adult students, offered as part of the University of Sydney's Continuing
Education Programme. The main objective of the course was to give people in the wider
community outside the university a chance to learn about some of the powerful ideas
that have influenced the development of present-day mathematics and science. But the
two women who planned and taught the course had a second objective: to encourage
women's interest in mathematics, to build up their confidence and to increase their
opportunities to study it further.

In Australia, many students receive an introduction to differential and integral
calculus during their final two years of high school, and a wide range of university and
college programmes f.ssume that entering students have takei such a course. Lack of
any knowledge of calculus therefore constitutes a serious 1-...-.41dicap for adults wanting to
return to study and for school leavers who did not make appropriate choices in high
school. The lower participation of women in mathematics, especially in the past, means
that women form a majority of those disadvantaged in this way. The Mathematics
Learning Centre had received a number of enquiries from people who wanted to learn a
little about calculus and its applications. The course we offered was irtended as a short
introduction to the ideas and meth.ds of calcu!us rather than a rigorous grounding in
the subject.

WHAT MAKES CAI CULUS DIFFICULT?

From informal discussions with adult students, we were aware that many people
perceived calculus as dieticult, and that many of those who had taken a course in
calculus felt that they had never really understood what it was all about . So when we sat
down to plan our vourse we began by thinking about possible reasons for these attitudes.

The first problem we identified was lack of motivation. People we talked to who had
done some calculus had a very restricted view of its potential applications. A survey of
introductory calculus texts helps to explain this: no applications to the real world are
presented, or even hinted at, in the initial stages. Applications are left till laterfor
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those who persevere long enough. The usual introduction to calculus is completely
abstract: the problem posed is how to find the gradient of the tangent to a curve, and no
indication is given of why this might be important or interesting. The first applications
presented are usually described as 'applications to geometry' and consist of curve
sketchingyet another totally abstract activity, fascinating to mathematicians but un-
motivating for most other people unless it is presented in some relevant context. Next
come 'practical' problems of maximizing or minimizing some quantity, but many of
these are patently artificial, often so over-simplified that they are meaningless. Others
are business orientedwhat selling price of goods will produce the maximum profit,
what shape of packaging will use the least materials? Lastly there are 'applications to the
physical world', which are mainly problems about projectiles, including bullets,
cannonballs and rockets. Those who progress further may learn about stretched springs,
systems of pulleys and even pile-drivers. Students may conclude from this that calculus
is primarily highly abstract pure mathematics. Those uses that are presented in introduc-
tory courses can be summarized as profits, weapons and machines.

Another problem is caused by the conceptual difficulty of the introductory stages.
Calculus usually begins with a discussion of limits. T.n spite of all our efforts to keep it as
simple as possible, this leaves many students bewildered. The definition of a limit
requires considerable mathematical sophistication before it can be properly understood,
so a formal treatment of limits is not appropriate for most beginning students. But if we
talk about limits only in informal terms, we tend to gloss over the difficulties and, as a

students cannot see the point of it all. After limits comes 'differentiation from
f principles', which not only involves the limit concept, but Lses unfamiliar docatiou
and frequently requires quite complicated algebraic manipulations. When students
finally learn that differentiation an be reduced to a fairly simple list of rules which can
be applied mechanically, they are usually very relieved and often decide to ignore every-
thing that 'vent before, and simply memorize the rules. As one student observed, 'It's
just like teachers to show you the hard way first, and not tell you there's an easy way
until afterwards'. The result of the usual approach to beginning calculus, therefore, is
that many students give up trying to understand, and resort to instrumental learning,
their only purpose being to get through an examination and then forget it all.

WHAT ARE THE PARTICULAR BARRIERS FOR WOMEN?

The preceding discussion helps to explain why many people drop on: f, or lose interest
in, calcuhs courses. However, since we wanted to pay particular attem:on to the needs
and interests of women and ways of encouraging their participation in the course, we
turned to the literature on women and mathematics.

If we survey the results of research in this area, we find one constantly recurr..
obsez vation: many more womtn than men see mathematics as neither relevant to their
interests and experiences nor useful to them in their future lives and careers (see e.g.
Fennema, 1979; Brush, 1985; Chipman and Wilson, 1985; Eccles et al., 1985; Open
University, 1987).

Fris may apply particularly to calculus, as the preceding analysis of course content
indicates. The uses of calculus presented are all associated with activities which in our
present society are stereotyped as male. The overall impression which students might
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gainis that calculus helps to provide man with power to control his world, by means of
weapons, machines and self-interested economic decision-making. It should not be
surprising that many women find this irrelevant to their concerns, or that a traditional
calculus course may tend to reinforce the idea, so frequently presented in the media, that
mathematics is a male domain.

The teaching methods used in mathematics can also create barriers to women's
participation. We know that women express much less preference than men for compet:
tive or individualistic approaches to learning and a greater preference for a co-operative
mode (Owens, 1981). The traditional style of mathematics teaching is authoritarian and
teacher-centred, and tends to encourage a competitive atmosphere. The confident,
assertive student thrives in such a classroom, while the more reticen' and less confident
are disadvantaged. There is an abundance of research results showing that women are
more likely to come into the latter category.

MOTIVATING CALCULUS

It was against this background that we set about planning the course. We wanted to
focus on increasing motivation, building confidence, developing teaching methods to
suit women's learning styles as well as men's and avoiding the creation of conceptual
difficulties. The course would need to deal with applications to issues of interest to
women, and avoid relying on scientific and technical knowledge with which men in our
society might be more familiar. But what sort of topics would be appropriate?

To answer this question we turned to feminist critiques of psychological theory and
science education which we felt might also be relevant to mathematics education. The
work of Gilligan (1932), for example, drew attention to differences in the ways in which
men and women develop their values and their sense of identity. Gilligan claims that
while men define their identity in terms of autonomy and separation, that of women 'is
defined in a context of relationships and judged by a standard of responsibility and care'
(p. 160). Head (1985) draws similar conclusions from his own research and that of
others. Harding (1987) has used these ideas in designing a chemistry course which
introduces 'the hard stuff of chemistry' through social issues such as acid rain or the
world food supply. This course was very successful with girls, because they felt that it
justified the study of chemistry by showing why it was important.

We believed that a calculus course which introduced, in a similar way, issues of
'responsibility and care' would have similar success. It would certainly have more appeal
for women than the traditional courses, whi '..)e described as dealing with power
and control. There are many present-day Laues of importance to people concerned
about the future of our planet and its population in which questions of growth and
change are important. In most of these, mathematical models of the problem can be
built, and calculus used to analyse, understand and predict outcor es. Such questions
include: world population growth; populations of endangered species; disposal of
radioactive v.,aste; spread of an infectious disease through a population; the rate
of absorption of a drug, or alcohol, into the bloodstream and the subsequent rate of
elimination; and the build-up of pollutants in lakes and rivers. Of course, in many cases
the technical details of a mathematical solution to the problem are rather too difficult to
be treated fully in an introductory course. But we felt that this sh luld not deter us from

111
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mentioning them as potential applications of the ideas and techniques we were studying,
and introducing simplified models where possible.

Human interest was introduced into the course not only through these large themes.
In many smaller ways too we tried to relate abstract ideas to everyday experience. Our
discussion of exponential functions, for example, began by talking about family trees
and then posing the question 'How would you work out how many great-great-great-
great-grandparents you had?' Variations and extensions of this led us to the function
y = 2x and eventually to y = ex.

The sequencing of the course was planned so that the exponential function was
introduced rather earlier than is usual. This allowed us to spend some time discussing
questions of population growth and radioactive decay. Popuiation growth is a partic-
ularly suitable topic for a course such as this, not only fcr litical, ecological and
humanitarian reasons, but also because of the number of different growth models that
have been proposed, from the simple Malthusian model of exponential growth to a
variety of 'limited growth' models. This provides opporennities to discuss the appro-
priateness of different models, and to dispel the idea that in mathematics there is just
one right method and one right answer. The use of calculators and computers to help
us in computation and graphing made the analysis of more realistic problems fe^sible.

Another matter of concern to us was the image of mathematics which many people
holdas absolute truth, rigorous and objective, and therefore culture free and value
free. Burton (1986) has discussed the origins of this view of ihe discipline, and its trans-
mission by means of traditional methods of teaching and assessment. Too frequently,
mathematics is seen as remote and unchanging, all worked out long ago, and unrelated
to human concerns. We know that for many women this perception has made
mathematics hard to come to terms with. One of Buerk's (1985) subjects, for example,
described it as being 'like a stainless steel wallhard, cold, smooth, offering no hand-
hold' and described how she resented its 'cold impenetrability'.

We believed that we could motivate students, especially women, by helping them to
see calculus as a human creation, developed in a particular cultural and historical
context, by mathematicians who were influenced by the needs and values of the society
they lived in. And so we decided to incorporate some of the history of calculus into tin
course.

To give an illustration, we spent some time during the first class talking about why
calculus was created at the time that it was. We discussed the kinds of problems that
mathematicians like Newton and Leibniz were trying to solve, which led them to invent
the calculus. But we also asked why these problems were thought to be important at that
4'me. The students learned that all of these questions were related in some way to
astronomy (Kline, 1972, pn. 342-3) and that astronomy was particularly important in
that period because of the needs of navigators to find better ways of measuring their
position accurately (Kline, 1972, pp. 336-7). Governments were even offering rich prizes
for better solutions to the problem because accurate navigation was important for
exploration, colonization and trade. Thus the development of calculus was influenced
by the desires of some European nations to extend their wealth and power.

At a later stage we talked about the different notations used in calculus, and their
origins. Students looked at examples of the notations used by Newton and Leibniz and
we discussed the way a poor notation can make things seem confusing while a good one
makes them easier to follow and can be helpful in solving problems.

S
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TEACHING METHODOLOGY

Owens' research, reported earlier, suggested that the introduction of co-operative
learning activities would benefit women students. This has been supported by Fennema
and Peterson (1987, p. 124). Further support comes from research in science education
which found that teachers who used student-centred enquiry methods were more effec-
th than others in maintaining girls' liking for the subject (Eggleston et al., 1976; quoted
in Open University, 1987). Such methods involve co-operation among students, and by
decreasing the amount of public interaction with the teacher provide less opportunity
for a competitive spirit to develop. Furthermore, interacting with a small group during
collaborative work allows women to make effective use of their verbal abilities in discus-
sions which can help to clarify their ideas, and the small group setting provides a
supportive environment which can help to boost self-confidence.

Just as traditional teacher-dominated methods perpetuate the formal view of
mathematics, student-centred enquiry methods help students to understand the role of
intuition, imagination and creativity and to recognize the importance of the process by
which mathematics is derived (Burton, 1986). '..)o we felt it important to incorporate
these methods in our teaching. As far as possible, we aimed to make the course 'problem
driven'. That is, instead of beginning by teaching an abstract technique, allowing
students to practise it and then giving them some problems to which it could be applied,
we began with a problem, allowed students to investigate possible ways of solving it,
encouraged them to discuss and compare different methods, and through further
investigation and discussion gradually developed the theory and techniques.

We also wanted to change the power structure of the classroom to give students more
control over their own learning. This meant encouraging them to express their wishes
about course content and methods and then negotiating the currirulum with them (see
Boomer, 1982). At the beginning of the first session we asked the students to discuss in
small groups their reasons for taking the course and what they h ed to gain from it.
Each group then reported back to the whole class and this was followed by general
discussion on the goals of the course. We . .1 asked them, again in small groups, to
spend a little time sharing with one another what they thought calculus was about and
what it was useful for. By moving around and listening to different groups the teachers
werc able to gain useful information about students' prior knowledge and misconcep-
tions. This was useful in determining the level at which to begin and the ideas to
emphasize. This process of negotiation initially resulted in some conflict between our
ideas and what the students wanted. For example, we would have liked everyone to take
part in small group activities, but one or two students preferred to work alone. We
explained why we felt that working in a group was a gond idea, but if they still did not
want to join in, we left them to work in the way they preferred.

In the end, because of the diversity of student backgrounds and needs, we adopted a
variety of different teaching methods. We used lecturettes to introduce new topics and
to convey historical information; small group investigations to let students explore new
ideas and expeciment with different methods of solving problems; and both small group
and whole class discussions to help students to clarify their thoughts, express concepts in
their own words, and so consolidate their understanding.

S
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AVOIDING CONCEPTUAL DIFFICULTIES

We felt that it was important, in an introductory course, to avoid !" :Mon of timits
and differentiation from first principles because of the difficulty te -ause. But we
wanted students to develop a good understanding of the meaning of the derivative as a
rate of change, and its geometrical interpretation as the slope of a graph. Computer
graphics provided an invaluable tool to help us achieve this. The computer package we
used (Tall, 1985a) was designed especially for this purpose. It has the facihty to :graph
the 'gradient function' (i.e. the derivative) of a given function and then compare this
graph with that of a conjectured formula for the derivative. Thus, students were
encouraged to look for patterns in the results they ohained, formulate conjectures, lot
them, and if necessary modify the coniectures and test again. In this process, the ase of
the computer seemed to encourage conjecturiag. A 'wrong' answer, displayed en the
computer screen, becomes useful data to be used in working out a better suggestioa;
whereas a 'wrong' answer recorded in the student's notebook is more permanent and so
seems to be more threatening to the self-esteem.. This approach is described in more
detail in Tall (1985b) and Barnes (1988).

Use of a computer in this way as a teeel for investigative activities allowed us to treat
calculus as an experimental subject. By workin.g through carefully structured activities,
students were helped to 'discover' many of the differentiation rules for themselves. T he
excitement they derived from making their own discoveries provided positive reinforce-
ment for their learning. This encouraged them to go fureher, choose their own topics for
investigation and pose their own problems.

On occasions we found it useful to introduce manipulative materials to help students
come to grips with a problem and explore possibilities. For example, when introducing
maxima and minima we began by posing a familiar problem: 'Mrs Jones, a keen
gardener, wants to fence off a section of her backyard for a vegetable garden. She has 18
metres of fencing wire. What is the biggest rectangular area she can enclose?' Each
group of students was given 18 matehsticks to represent the wire and asked to investigate
possible shapes and sizes for the garden. They recorded the results of their investiga-
tions, mostly in t! e form of tables. At one stage we intervened to point out to some
groups that the sides of the rectangle did not have to be whole numbers, and that it was
permissible to break sime of the matches into smaller pieces. When the groups had
found an answer, we encouraged them to investigate further, to try to generalize and to
look for alternative ways of representing their data. Someone suggested drawing a
graph, and so we graphed the area of the rectangle against the length of one of its sides.
We continued to pose further questions:

Now we've got a graph. It represents a function. Can you work out a formula for it?
Can you describe how this function changes as the length of the side gradually
increases?
In particular, where is the area increasing rapidly, where is it increasing slowly, and
where does it begin to decrease?
Finally, remembering that the derivative of a function is its rate of change, can you
explain how we eould use the derivative of the function to help us locate the
maximum value?
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After we had worked out a procedure for finding maximum values, we went on to
explore variations on the problem and then to apply the same approach to new
problems. Many of the students in the class had rather weak mathematical backgrounds.
It was clear that the use of concrete aids in this way to help them visualize the problem
not only enabied them to find a numerical answer, but also helped in deriving an expres-
sion for the function, and made tne whole procedure more meaningful.

OUTCOMES

The course, consisting of eight 2-hour class meetings, was run for the first time from
September to November, 1987, and attracted an enrolment of 24 studentsthe upper
bound on class size which we had specified. We were a little disappointed to find that
only about 40 per cent of the students were women, in contrast to some of the other
Continuing Education courses offered by the Mathematics Learning Centre
(Rediscovering Mathematics, Overcoming Maths Anxiety) in which women form a
majority. Perhaps we should not have been surprised. This is just a reflection of the
same pattern as has been observed in most western countriesthe higher the level of
mathematics, the lower the participation rate of women.

Unlike many adult education courses, this was not a recreational ,2ourse requiring no
commitment outside class time. If they were to achieve anything worthwhile in the short
time available, students had to put in some effort and so we set regular homework each
week. Like the classes, we tried to make the homework interesting, and to include a
variety of real-life applications. Homework was often checked in groups, with students
comparing solutions and helping one another, turning to the computer to verify the
correctness of their graphs.

Of those enrolled, about half had taken a course in calculus previously, perhaps many
years earlier, but felt they had not understood it properly. Many wanted to gain
confidence before enrolling for further studies, often in business or commerce courses
for which some familiarity with calculus would be assumed. The rest had never done
calculus, and some had a very shaky understanding of elementary algebra. One student
was concurrently attending a Higher School Certificate course at a technical college. His
comment on the course was 'I learned the rules and procedures at Tech, but this course
gave me far better insight into what it was all about'. This was typical of student reaction
to the course. Those who attended, both female and male, expressed a high degree of
satisfaction and enjoyment.

There were some problems, however, caused mainly by differences in students' prior
knowledge and their preconceived ideas about how mathematics should be learned,
which often conflicted with our ideas about how we wanted to teach it. At the beginning
of the course, one mature age woman student was so shy end lacking in confidence that
she refused to join in discussion with other students, even in a small group. This attitude
changed with time, however. At first she simply sat and listened to the others. Later, she
ventured some ideas of her own, and when these were accepted and valued by the group,
and mentioned later in the whole-class discussion, she began to gain more confidence.
This stucent had arrived at the first Cass carrying a yellowed book of logarithm
tablesstandard equipment for the mathematics student at the time when she last
studied the subject! We taught her how to use a calculator, and then introduced her to
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the joys of microcomputer graphics. Perhaps the most memorable comment of the
whole course came from this woman as she faced her first encounter with a computer,
'This is so exciting! I never knew mathematics could be like this.'

THE FUTURE

We plan to offer the course again in the latter part of 1988. Meanwhile we are planning
another new course, Investigating Algebra and Graphs, which will serve as preparation
for the calculus course. We hope that this will help people who are less confident about
their mathematical skills to prepare for calculus. We will also need to think about
advertising our courses through women's networks, instead of relying on the publicity
arranged by the University's Centre for Continuing Education. In this way we may be
able to get the message across to women that here is a course designed and taught by
women, with women's needs and interests in mind, in which they have a greater chance
of enjoying mathematics and experiencing success.
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Chapter 8

Women and Maths in Australia: A
Confidence-building Experience for Teachers
and Students
Beth Man. and Sue He Ime

The extent of gender segmentation in Australia's workforce is amongst the worst in the
world. The majority of women are confined to three occupations: clerk, salesperson and
stenographer/typist, all of which are low-paid and low-status.

Consequently, women are found in very low numbers in technical or scientific jobs,
for which maths and physical science are basic prerequisites. For example, women
comprise less than one per cent of skilled tradespeople, 16 per cent of technicians and 7
per cent of engineers or applied scientists (Dillon, 1986). The picturc for education is
similar, in that the bulk of women's eurolment is concentrated in a narrow field of non-
technical courses.

The under-participation of girls and women in maths and science is well documented,
as are the historical, cultural and educational forces which combine to discourage
women from continuing with these subjects. The attitude that 'girls don't need maths'
has resulte 4 in large numbers of adult women who, having failed at maths in the past,
have very little confidence in their ability. This attitude is often conveyed to their
daughters, thus perpetuating the cycle. Even today, girls at school continue to select
subjects with a primarily humanities or commercial bias, to the exclusion of maths and
science.

MAKING CHANGES

In the last five or six years governimnt policy-makers have been forced to recognize this
as a pro`olem and have begun to put money into schemes encouraging women and girls
into maths/science areas. In secondary education the schemes are aimed at encouraging
girls to retain maths and science at higher levels. They are experimenting with segregated
classes and changes in content and delivery more suited to the learning styles of young
female students. In TAFE (Technical and Further Education) we have been tackling the
problems from a different angle by attempting to attract adult women back to education
in the maths/science arena.

Women teachers and Equal Opportunity Officers in the TAFE system have worked
within their individual colleges to set up a variety of 'bridging' programmes. These
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differ in length but are usually six months or a year, some full-time and some part-time.
A bridging programme aims to take participants without mathematical skills to a stage
where they have the prerequisites and confidence to enter vocational training courses or
advanced education.

Mathematics courses for women are also conducted in community houses and
neighbourhood learning centres, non-threatening environments which offer childcare
and run weekly classes.

THE ADULT WOMAN STUDENT

A typical student in such a course would have completed less than three years of
secondary education mathematics, and left school with very little mathematical
competence. She may have a definite career goal in mind, such as a vocational course,
but is more likely to be uncertain about her capabilities, interests and goals. This course
is a first, often tentative, step back into education and career decision-making.

Her experience of maths in secondary school was likely to have been of years of sitting
in class understanding little of what was said by a remote and impatient teacher who
ignored her in favour of high-achieving students. She would have been alienated by the
textbook examples which used male-oriented activities to solve problems that had very
little to do with her life and experiences. Moreover, traditional classroom organiza-
tionrows of students sitting quietly at desksdenied her the valuable opportunity of
discussing problems with other students, reinforcing her feelings of isolation and fear,
and contributing very little to her learning.

Returning to study is a major step, requiring a great deal of courage and determin-
ation: not only to overcome her fears about learning and uncertainties about her
capabilities, but also to make the adjustments in her personal ano family life necessary
to accommodate her new role as a student. For this, a supportive and understanding
learning environment is essential.

RESPONDING TO THE NEED

Aware that the male environment of the typical TAFE college can be alien and
frightening to most adult women, teachers conducting women's or bridging courses
within colleges have put special effort into making the students feel comfortable, by
providing tea and coffee facilities, and creating a friendly atmosphere. We encourage
them as much as possible to feel that they have a legitimate place in the college.

Once the courses got underway we soon realized that traditional materials and
methods for teaching basic maths were inappropriate for adult women students.
Although t here were plenty of basic maths books for children or the aspiring young male
technician, nothing reflecting the lives, needs and interests of adultsparticularly
womenwas available. Teachers responded by developing resources and teaching
methods which were more appropriate for adult learners.

As these courses grew in number, so did the need for communication, and interested
women first came together at Women Who Teach Women Maths and Science, a confer-
ence held in December 1985. At this conference we shared many of the ideas and
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resources that had until then been developed in isolation. We also had the opportunity to
experience some of the activities created by the EQUALS organization from the USA
and the McClintock Collective, a group of women science teachers working on new
methods of teaching ceience to girls in secondary schools. The conference generated
enormous energy and enthusiasm, highlightir.g the importance of networking to share
and develop ideas.

Soon after the conference we obtained national funding for The Teaching Maths to
Women Project. Its aims were to develop appropriate teaching materials and techniques
for adult learners, particularly women; to adapt such materials from overseas for the
local scene and to provide staff development for other teachers in the use of these
materials. A group of ten teachers from the original conference from both country and
city venues worked together on this project and became a cohesive and supportive
writing team. None of us was confident or experienced at writing or conducting staff
development when we began.

We started by holding a series of workshops where we brainstormed our ideas on the
topics we considered important to include, and how we would teach them. This was an
exciting process as ideas bounced backwards and forwards, gaining momentum,
sparking more ideas, and Pxowing into new activities and exercises. Individuals in the
group then wrote outlines for particular sections, and brought them back to the group
for review and trialing with students. The results of this process were the development of
our writing skills, our ability to give and receive constructive criticism of each others'
ideas and work and, finally, the publication of Mathematks: A New Beginn!ng.

OUR MATERIALS AND METHODS

We have developed what we believe are important criteria for thP successful
teachingand learningof mathematics and have attempted as much as possible to put
these into practice in designing our publication. Most of these criteria apply to the
teaching of mathematics to anyoneyoung, old, male, femalebut are specially
relevant to adult women returning to study.

Our materials and methods attempt to:

ensure that all students in the group perform tasks at which they can experience
success. This will build their confidence as they progress through their course.
encourage students to learn through interaction and co-operation, which involve
discussion, asking questions, explaining their reasoning to others, and working co-
operatively in pairs or small groups
use practical activities and hands-on materials. Effective learning takes place when
students start with their own experience and build on that experience to develop
rules, which they can then apply in unfamiliar situations. Another advantage of
hands-on materials is that students can return to them if they forget the process or
wish to Lheck their reasoning.
teach concepts in a context relevant to adult students, drawing from their back-
grounds, interests and experiences. This includes placing mathematical ideas in their
historical and social framework.
raise awareness about social and economic structures influencit.g our lives, partic-
ularly the lives of Australian women. This can be done by developing examples that
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refer to data and information currently available in the press, government reports
and from other media sources.
acknowledge differences between students in their backgrounds and levels of
mathematical skill, have the scope to be used at a variety of' levels within a class and
contain a range of' reinforcing activities to be done at home or in subsequent
sessions.

Content

To decide on the content of the book we asked ourselves the following questions: What
do women want to learn? What do they need to learn in order to establish a firm base on
which to build their mathematical skills and confidence? The end result was a collection
of material that we organized into seven sections:

Getting Started contains a selection of activities to generate a supportive classroom
atmosphere and build students' confidence in their ability to learn mathematics.
Exploring Numbers explores the historical basis of our decimal system, develops
students' skills with whole numbers and decimals and introduces directed numbers.
Fractions uses a 'hands-on' approach to teach fraction concepts and operations with
fractions. It also includes sessions that focus on applying fraction skills to problem-
solving situations.
Metrics and Measurement is designed for students to whom the metric system is un-
familiar and often bewildering. Many practical activities are included that reinforce
both the concepts and units used in measurement.
Estimation and Calculators teaches students to use a calculator, which is for many a
new and unfamiliar technological tool. Estimation skills are developed to build
confidence in reading and understanding quantitative information as well as for
checking the reasonableness of calculator results.
Problem-solving develops students' skills in reading and understanding informa-
tion, extracting the relevant material from problems expressed in words, ana
explores a number of strategies for solving such problems.
Fractions in Action: Ratios and Percentages explores two of the applications of
fractions that occur most frequently in everyday life.

More sections are planned for inclusion and are almost complete. Algebra and Graphs
and Geometry will be available in the near future.

Format

To encourage as many people as possible to use the material, and to spread its use
beyond the maths-trained (we were surprised by the number of literacy teachers
attending our in-services) we adopted a highly structured format. The material is
organized in Session Outlines, which are written in sufficient detail to be used success-
fully just as they are.

We were also concerned that the material should look appealing and easy to use, and
took special care in its design. The outccme is a book that we believe is organized, clear,
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well-illustrated and visually uncluttered: something that teachers would want to.Aick up
and use. The positive feedback we have received so far indicates that we have met our
goals in this respect.

IN-SERVICING

Another important aim of the project was to develop the professional skills of teachers
working with adults and so funds were allocated for this purpose.

We conducted several one-day in-service programmes and presented many workshops
at other conferences in order to:

try out our resources on other teachers, incorporate their ideas and feedback, and
generate a receptive audience for our materials.
train teachers in the use of our materials and methods. (7xperiencing new activities
for themselves is the most effective way for teachers to rei.ognize their value and try
them out in their own classes.)
provide a forum for teachers to come together professionally, share their ideas and
resources and discuss issues important to their teaching.

An important and unexpected outcome for the writing team was our own professional
development. In order to get our ideas across, we had to learn how to present activities
to other teachers, and find within us the confidence to do so. Because we recognized the
importance of communicating our ideas we spent time and effort learning how to
present activities. A less-experienced person would assist someone with an activity until
she was confident to do it herself. This process generated an expanding group of
teachers who, through their commitment to improving the maths education of women,
were prepared to present their ideas to others.

AESPONSES TO THE MATERIAL

Following the launch of the publication in December 1987 the pl oject is receiving a
steady stream of orders from teachers in all states of Australia. The feedback from
teachers has been extremely positive and enthusiastic:

It is very refreshing to find classroom material that uses women's names and non-Anglo
names on the presentation of problems and situations. The material values the experience
and knowledge of women and helps to break down sex role stereotyping of women and
men.

(Vale, 1988)

This encouraging news is coming not only from teachers of adult students but from
many secondary teachers:

An added bonus of this publication is that it is readily transferable to the post-primary class-
room and will genuinely provide new beginnings for many students in post-primary schools.
While the contexts have b.en designed to reflect the experiences of adults and particularly
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women, many students in post-primary schools will find these contexts familiar to them-
selves and more appropriate than those presented in mainstream texts.

(Vale, 1988)

FUTURE DIRECTIONS

The loose-leaf format of the resource materials allows for its regular review, revision
and updating, as well as the incorporation of additional ideas and lesson plans. There is
enormous scope to extend the topics and sessions covered by the materials, and to
broaden the accessibility of the sessions by incorporating and adapting methods used for
teaching maths to adults of non-English speaking backgrounds.

A further direction for the project is to meet the demand for the distribution of.
materials to more and more colleagues and other educational bodies in every state of
Australia. The provision of in-service training and support to teachers is an integral
component of this.
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Chapter 9

Mathematical Achievement of Grade 12 Girls
in Fifteen Countries
Gila Hanna, Erika Kandiger and Christine Larouche

The purpose of this paper is to investigate sex differences in mathematics achievement
among students in the last grade of secondary school in a number of North American,
European, and East Asian countries, The investigation makes use of the data of the
Second International Mathematics Study (SIMS) conducted by the International
Aslociation for the Evaluation of Educational Achievement (lEA). The last grade of
secondary school, in which the modal student age is about 18, was selected because inter-
nationally this represents the population for university entrance. The study used a very
large random sample stratified by region and school type in each of the 15 participating
countries. Owing to the scale of the study, precise and generalizable conclusions can be
drawn about all aspects of the teaching and the learning of mathematics, including the
scope of sex differences.

PREVIOUS RESEARCH FINDINGS

In the past two decades, researchers have shown considerable intorest in the relationship
between the gender and the mathematics achievement of children in the upper grades of
elementary school. Many studies to date have shown that by age 13, boys are signifi-
cantly superior to girls in both their mathematical performance and their attitudes
toward mathematics (Backman, 1972; Maccoby and Jacklin, 1974; Mullis, 1975; Aiken,
1976; Benbow and Stanley, 1980) and that the male advantage is especially pronounced
among high-scoring exceptionally gifted students, with boys outnumbering girls 13 to 1
(Benbow and Stanley, 1983),

In attempting to explain the male advantage, some research teams have looked at
biological differences between the sexes, focusing on hormones (Broverman et al.,
1968), genes (Bock and Kolakowski, 1973), and brain organization (Waber, 1979).
Other research teams have proposed theoretical models which include a number of
factors such as the curriculum, the situation, the environment and participation in
mathematics-related science courses (Eccles, 1985; Fennema, 1985; Leder, 1982, 1986).
The literature on sex differences has also considered the possibility that male
mathematical superiority is due to psychosocial processes such as stereotyped sex-role
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identifications (Aiken, 1976; Becker, 1981; Burton, 1986; Walden and Walkerdine,
1985) and social reinforcement contingencies (Fox et al., 1979). It should be stressed that
sum research has also shown that gender-related differences in achievement vary
consideralt, both within and among countries (Schildkamp-Kundiger, 1982). The
present investigation was undwaken to pursue the question of regional and inter-
national differences in mathematics achievement, particularly in relation to gender.

THE SECOND INTERNATIONAL MATHEMATICS STUDY

The lEA survey sought detailed information from each of the participating countries
on three interrelated aspects of mathematics teaching: the intended curriculum, the
implementei curriculum and the attained curriculum. A brief description of each
follows:

1. The intended curriculum is that reflected in curriculum guides, course outlines,
syllabuses and textbooks adopted by the educational system. In most countries,
nationally defined curricula emanate from a ministry of education or similar
national body. In other countries, such as the US, intended goals or specifications
of curricular content are often developed by state departments of education or local
school districts.

2. The implemented curriculum is that actually taught in the classroom. Clearly, the
teachers' selection of topics or patterns of emphasis may not be consistent with the
intended curriculum. To idwitify the implemented curriculum, a number of
questionnaires were developed for completion by the individual classroom teacher.
This highly specific information on curriculum coverage and instructional strategies
permits a comprehensive characterization of what mathematics was taught and how
it was taught to the target populations.

3. The attained curriculum is a measure of what students have learned. Extensive
achievement tests were designed to measure students' knowledge and skills in seven
areas of mathematics deemed important and appropriate: Sets, Relations and
Functions; Number Systems; Algebra; Geometry; Analysis; Probability and
Statistics; and Finite Mathematics.

In addition to the investigation of classroom practices, the SIMS study included a
survey of student attitudes towards a number of issues related to the study of
mathematics. Seven sets of attitude questions addressed the following topics:
Mathematics in school; Mathematics as a process; Parental support for Mathematics;
Mathematics and myself; Mathematics and society; Mathematics and gender; and
Computers and calculators.

The sample

The data derive from the SIMS test administered in 15 different countries to over 40,000
grade 12 students under comparable conditions. The test items, 136 in total, were
presented in multiple-choice format (one correct response and four distracters) and
divided into seven main content categories: Sets, Relations and Functions (7 items),
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Number Systems (19 items), Algebra (25 items), Geometry (28 items), Analysis (46
items), Probability and Statistics (7 items), and Finite Mathematics (4 items).

The student responses were gathered at the end of the course or the school year
through a matrix sampling plan, in which each student answered 34 items. As a con-
sequence of using this method, the actual number of icspondents to each item was one
quarter of the total number of respondents (N) in each country.

For each item, the percentage of correct responses (p-value) was calculated separately
for boys and girls in each one of the 15 countries. The mean percentage value for each
content category was then obtained by averaging the percentage values for the individual
items in that category. Thus the mean and the standard deviation for each content
category are based on the item as the unit of analysis (as opposed to the student as the
unit of analysis).

To determine whether there were sex differences in achievement the analyses focused
on:

1. Overall differences between boys and girls by content category for all countries
taken together.

2. Sex differences within and between countries. (Multivariate analyses of variance
and paired 1-tests were used.)

Analyses and results

The mean percentage values, the standard deviations, and the total number of
respondents for the Analysis category (consisting of 46 items) are shown in Table 9.1.
Also shown are the number of respondents ranging from a minimum of 747 boys in New
Zealand to a maximum of 6174 boys in Japan and from a minimum of 260 girls in Hong
Kong to a maximum of 2011 girls in the USA. The achievement levels (mean percentage

Table ).1. Descriptive data on the analysis subtest.

Girls Boys

N Mean (sd) N Mean (sd)

Belgium Flemish 1155 44 (22) 1677 50 (20)
Belgium French 658 37 (19) 1315 45 (19)
British Columbia 771 20 (17) 1147 22 (17)
Ontario 1110 45 (20) 1744 48 (18)
England 1132 57 (22) 2202 59 (20)
Finland 643 52 (23) 860 59 (21)
Hong Kong 260 66 (15) 844 74 (13)
Hungary 1518 22 (15) 917 32 (17)
Israel 658 43 (23) 888 48 (22)
Japan 1780 60 (15) 6174 71 (13)
New Zealand 424 48 (21) 747 52 (19)
Scotland 643 33 (19) 845 35 (19)
Sweden 658 52 (21) 1867 54 (19)
Thailand 1928 27 (14) 1798 28 (13)
USA 2011 28 (13) 2581 31 (13)
Total (1/4) 15,349 (37.5) 25,606 (62.5)
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values) show a wide spread for both sexes, ranging from 22 to 74 per cent for boys, and
from 20 to 66 per cent for girls.

Differences in achievement by gender

The hoxplots in Figure 9.1 display the distribution of the differences in percentage of
correct answers for the seven subsets. The major results are as follows:

I. The median difference between girls and boys for the Sets subtest consisting of 7
items was 2. Performance on these 7 items ranged from 42 to 87 per cent with a
median of 57 per cent.

2. Performance on the 19 Number Systems items was relatively low, with a mean of 44
per cent and a standard deviation of 21 per cent. The median difference between the
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Figure 9.1 Distribution of differences across seven subtests.
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sexes was 4 per cent. For all but one item the differences were in the boys' favour,
ranging from 1 to 7, with a difference of 16 per cent one of the items.

3. On 6 of the 25 items in Algebra there were no differences in correct responses. On
the other 19 items the differences ranged from 1 to 15 with a median of 3. The
mean performance was 58 per cent with a standard deviation of 18 per cent.

4. Boys did better than girls on all but one of the 28 Geometry items. Differences
between the sexes ranged from + 1 to 12 with a median of 3. On the whole,
achievement on this subtest was low, with only two items exceeding 70 per cent. The
mean performance was 38 per cent with a standard deviation of 22 per cent.

5. The Analysis subtest consisted of the largest collection of items (46 items) and
yielded a low achievement (mean 45 per cent and standard deviation 15 per cent).
The differences ranged from 1 to 12 with a median of 4.

6. On the 7 Probability items the differences ranging from 5 to 16 show that boys
performed better than girls on every item. The mean performance was 49 per cent
with a standard deviation of 19 per cent.

7. The last subtest consisted of 4 items on which the performance was low (percentage
correct were: 54, 43, 49 and 31). The differences were all in the boys' favour: 9,
7, 8 and 8.

Differences by country

Multivariate analysis of variance

Since the same items were administered to all countries, and to two provinces in Canada
and in Belgium, the data represent repeated measures of each item, and are certainly not
independent or uncorrelated measures, making the assumptions of univariate analysis
of variance unrealistic. The advantage of ming a multivariate model of analysis of
variance is that it allows the country and sex difference results to be intercorrelated or to
display different variances without invalidating the F-statistic. Hence, the MANOVA
model was used to analyse the results of those content categories that contained enough
items for such an analysis, namely, Geometry, Analysis, Number Systems, and Algebra.
The MANOVA model could not be used for the three conttr: categories, Sets,
Probability, and Finite Mathematics, with 7, 7, and 4 items, respectively, because there
were too few items.

The results of the four tests of significance of Geometry, Analysis, Number Systems,
and Alsebra are listed in Table 9.2. It should be noted that since the unit of analysis is the
item, the degrees of freedom in the denominator of the F-statistic depend on the number
of items in the content category being analysed. Thus, the degrees of freedom of the F-
statistic for the effect of sex on the geometry score would be (1, 27) given that there are 2
sexes and 28 items.

The F-statistics for both sex an. Juntry are significant. The F-statistics for count ry-
by-sex interaction are all signific .t except for the Number Systems content category.
This interaction test is a test of equality of sex differences across countries, and thus its
significance indicates that any sex differences that might exist are not consistent across
countries.
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Table 9.2. Multivariate analysis of variance: F-values by sex and country for four content categories,
population B.

Source DF Geomen y
(28)

Analysis
(46)

Number Systems
(19)

Algebra
(25)

Sex 1 38.44* 181.40* 33.91 28.97
Country 14 16.36* 68.04* 17.29* 10.96*
Country x Sex 14 6.95* 17,07 1.91 8.82*

p < 0.01

Table 9.3. Mean percentage differences of correct responses reaching statistical significance at the 0.005 level,
by country and content category.

Sets Algebra Number Systems Geometry Finite Analysis Probability
(7) (25) (19) (28) (4) (46) (7)

Thailand - - - -
British Columbia -3 - - -
England - - -5
Sweden - - -3 - 9
New Zealand - - -12 -4 -12
USA - -3 -5 -3 -9
Ontario - -4 -2 -10 -4 -12
Scotland -4 -5 - -3 -2 -9
Hong Kong -3 -5 -5 -4 -9 -
Belgium Flemish 5 -9 -5 -20 -6 -1 l
Belgium French -9 -5 -6 -13 -9 -9
Finland - -6 -6 -7 -15 -7 -18
Israel -6 -5 -5 -12 -5 -15
Japan - -3 -5 -5 -3 -10 -5
Hungary -8 -13 -11 -8 --10 -12

Paired t-test analyses

For each country, the mean percentage of correct responses for girls was compared to
that for boys, using the paired t-test with the item as the unit of analysis. Statistical
significance in this context means that if these items were a random sample from a large
set of items, then the average difference bttween the sexes for that set of items would not
be zero. (Because there are 15 separate t-test analyses, the level of significance was set at
0.005).

The results are presented in Tablt 9.3. A positive difference in mean percentage
correct represents a higher mean percentage for girls and a negative difference a higher
mean for boys; a dash () indicates that the difference is not statistically significant.
Countries in which there were more categories with differences in the girls' favour ...re at
the top of the list (Thailand, British Columbia and England), whereas those in which
there were more differences in the boys' favour are at the bottom of the list (Israel,
Japan and Hungary). The seven content categories of the test are in order from left
(most favourable to girls) to right (least favourable to girls). Thus the first content
category is Sets (since this is a subtest in which the boys did better in only one country),
followed by Algebra (in which boys did better in eight countries).

As Table 9.3 shows, in Thailand, British Columbia, and England there were almost
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no differences between girls and boys reaching statistical significance at the 0.005 level.
On the other hand, in the last six countries on the list, Belginm Flemish, Belgium French,
Finland, Israel, Japan and Hungary, there were several large differences ranging from
3 to 20 percentage points. Looking at each content category separately, it appears
that for all but Sets there were significant differences consistently in the boys' favour.
The pattern of results indicates that in all but the first three countries on the list, girls
were less successful than boys.

In the discussion that follows, we attempt to account for these findings. In particular,
we develop the contrast between the first three and the last three countries on the list by
examining a series of contextual variables which, potentially, explain these regional
differences in mathematics achievement. Some of the most likely explanations, as the
reader will see, are not supported by the data.

DISCUSSION

Proportion of female maths teachers

Many researchers have suggested that a female's perception of maths as a male domain
may negatively affect her motivation to do well in the subject and hence affect her
achievement (Fennema and Sherman, 1977; Sherman and Fennema, 1977; Leder, 1982).
In fact, it is thought that girls often fear success in mathematics, believing that their
social relationships with their male peers will suffer if they are perceived as superior in a
sphere that they imagine to be forbidden to women (Moss, 1982). Finn et al. (1979) have
suggested that girls' performance improves most significantly in programmes that rely
on older girls to counsel, encourage, and tutor younger girls.

In this light, it would seem reasonable to suggest that the ratio of female to male
maths teachers may be an important factor in explaining sex differences in mathematical
achievement, since it most likely affects the degree to which girls subscribe to the notion
that maths is the preserve of men. Thus, according to this reasoning, countries with
negligible sex differences in achievement would be expected to have higher proportions
of female maths teachers than their highly sex-differentiated counterparts. Although
this notion seems intuitively sound, as Table 9.4 shows, our data do not support it. For
instance, in British Columbia, very small sex differences were observed even though
only 3 per cent of the maths teachers were female, while in Hungary very large sex differ-
ences emerged despite the fact that a majority of the teachers (60 per cent) were female.

School organization

Another factor that is directly relevant to girls' fear of jeopardizing their relationships
with boys as a result of their success in mathematics lies in whether or not boys and girls
are segregated in school. Husen (1967) reported that there were fewer sex differences in
the interest shown in mathematics in single-sex schools than in mixed schools, most
likely because girls in the absence of boys do not experience the sex role conflict.

Again, it would seem reasonable to suggest that fewer sex differences in achievement
would be observed among single-sex schools than among mixed ones. Unfortunately,
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Table 9.4. Contextual variables by country: female maths teachers., school organization, years of antiaPated
post-secondary education and home support.

Thailand British Columbia England Israel Japan Hungary

Female maths 52 03 30 38 05 60
teachers (04)

Students planning
2 or more years 78 73 93 63 80 92
of post-secondary
education (%)

School mixed mixed mixed :nixed mixed mixed
organization

Home support
Parents encourage 79 77 81 69 44 49
maths much or very
much (%)

Parents want me
to do well much 90 94 95 83 81 80
or very much ('s)

the six countries with the greatest disparity on test results pertaining to girls' achieve-
ment were predominantly miw.td so that no test of this hypothesis could be made.

Sex stereotypic thinking

Another way in which one can assess the degree to which students subscribe to tradi-
tional ideas about the role of mathematics in men's and women's lives is to ask them
questions directly relevant to the problem. This was done in the SIMS by asking boys
and girls to respond to four statements and to rate their answers on a scale ranging from
strongly agree to strongly disagree. The four statements were as follows: (1) men make
better scientists and engineers than women; (2) boys have more natural ability in
mathematics than girls; (3) boys need to know more mathematics than girls; and
(4) a woman needs a career just as much as a man does.

Another reasonable hypothesis about sex differences in achievement would then be
that girls in countries with few sex difference ; would be less inclined to subscribe to the
notion that maths is the preserve of men than girls in those countries where large sex
differences are found (Israel, Japan, and Hungary, in the case of this study). However,
as Figure 9.2 illustrates, this hypothesis is not supported by our data. Interestingly, how-
ever, in all six countries, girls were significantly less likely than boys to perceive maths as
a male domain (the higher the bar, the less stereotypic the answer). Thus, it does not
appear that achievement in mathematics is directly related to the perception of
mathematics as described in the four state ments mentioned above.

Years of anticipated post-secondary education

Another factor that may affect sex differences in mathematical achievement is the
degree to which boys and girls in a given country plan on pursuing further education. In
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Figure 9.2 Sex stereotyping by country. (The higher the bar the more support is given to the perception of
equality of males and females in matheniatics.)

effect, it has been suggested that expectations and beliefs of the learner and of the wider
society have a bearing on achievement (Leder, 1986). Perhaps girls' relatively lower
achievement is partly due to their lower level of educational aspiration in the countries
where important sex differences in mathematics achievement are in fact observed.

Again, this hypothesis is not supported by our data. Girls in the countries with large
sex differences were no more likely to have inferior educational aspirations relative to
their male peers than girls in countries with no sex differences (see Table 9.4).

Home support

Since mathematics is often perceived as a male domain, it is probable that in certain
environments parents give more support to mathematical learning for boys t''an for
girls. In fact, Fennema and Sherman (1977) have reported that girls report less home
support for their mathematical endeavours.

Again, it would be conceivable that such differential support could affect the achieve-
ment of females. Perhaps, in countries where large sex differences are observed, parents
give more support to their male offspring than to their female offspring while such
differential treatment may be less evident in countries where no differences are observed
between the sexes. However, no evidence of this is present in our data (See Table 9.5).

Another way in which home support may be responsible for sex differences in
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Table 9.5. Home support by country by sex.
mom

Parents
encourage
maths
(much or
very much)
(111.)

Parents
want me
to do well
(much or
very much)()

Thailand British Columbia England Israel Japan Hungary

Boys

.a.
77 79 80 70 45 62

Girls 82 76 31 68 45 52

Boys 89 96 96 87 81 87

Girls 91 94 93 76 79 75

mathematical achievement lies in the degree to which support is provided for
mathematical tasks. Since boys are traditionally reinforced for their participation in
masculine activities by society at large, perhaps the degree of home support is more
important for girls than for boys in predicting achievement. Accordingly, sex differ-
ences should be less pronounced in countries whose mean level of parental support is
relatively high than in countries in which home support is less evident.

Our data support this idea. The countries where sex differences were negligible
showed high levels of home support for both sexes, whereas the countries where
important sex differences were observed showed lower levels of home support (see Table
9.5). Furthermore, in two countries, Israel and Hungary, girls reported receiving less
support than boys did for mathematical achievement.

CONCLUSIONS

The SIMS examination of a number of contextual variables was an attempt at iden-
tifying situations that might be related to significant sex differences in mathematics
achievement. The analyses indicated that differences in achievement could not be
attributed to these variables. This does not mean that these variables have no influence
on mathematical learning, but rather that their influence may be exerted in interaction
with other societal factors. The study highlights the fact that the issue of gender differ-
ences in mathematics is very complex and should be explored from many different
perspectives.

The analysis of the achievement results shows that gender differences in mathematics
vary from country to country. Since it is very unlikely that biological differences
between the sexes vary from one country to another, the SIMS data tend to contradict
those theories that attempt to explain boys' superiority in mathematics on the basis of
biological factors.

N
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Chapter 10

Girls and Mathematics in Singapore: The Case
of GCE '0' Level Mathematics
Berinderjeet Kaur

Mathematics plays an important role in our daily lives and a thorough grounding in it is

essential for all boys and girls during their education and training. Although
mathematics is a compulsory (core) subject to age 16 in Singapore schools, it does not
follow that all pupils actively participate, or that their potentiality to succeed is

necessarily equal.
In a study carried out by the writer which compared the performance of Singapore

boys and girls in the UK based Ordinary Level mathematics (syllabus D) it was found
that, on the whole, the girls were out-performed by the boys.

THE STUDY

Design

Sample

Out of a population of 42,627 Singapore candidates (21,037 boys and 21,590 girls) who
took the November/December 1986 GCE '0' level mathematics examination, a random
sample of 176 (88 boys and 88 girls) was used for the study. The breakdown of the
sample by ability grades is shown in Table 10.1.

Table 10.1. Sample of '0 level mathematics students studied.

Grade No. of
girls

No. of
boys

Total

A 15 15 30

B 14 14 28
C 13 . 26

13 17 17 34

E 15 15 30

U 14 14 28

Total 88 88 176

41_
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Principal objectives of the study

Taking the GCE '0' level examination results in mathematics as a standard of
mathematics attainment, the principal objectives of the study were as follows:

1. To locate sex differences in mathematics attainment and to note any pattern of such
differences, using the following methods:
(a) Compare the total marks on:

(i) Paper I
(ii) Paper II
(iii) Paper II Section A
(iv) Paper II Section B

(b) Compare marks for all parts of the questions in both papers.
(c) Identify parts of the questions in both papers on which the difference in

performance was statistically significant.
(d) Compare preference for questions, given choice (applicable only to Section B of

/ Paper II).
(e) Compare performance on compulsory questions grouped by topics.
(0 Compare performance on compulsory questions which test spatial ability.

2. To compare pupils' performance in Mathematics in relation to the other subjects
they took in the examination and identify any sex differences which may exist.

Design in relation to statistical and computing aspects

The main technical function of any research design is to control variance. The statistical
principle behind this mechanism is: maximize systematic variance, control extraneous
systematic variance and minimize error variance (Kerlinger, 1964, p. 280). For the
purpose of the present study, it was easy to satisfy the first condition, since there were
only tv.o groups (boys and girls) under consideration. For the control of extraneous
variables, there are three main methods to minimize their effects. First, one can choose
subjects so that they are as homogeneous as possible; secoLcIly, whenever possibi..
randomly assign subjects to the experimental groups and conditions and randomly
assign conditions and other factors to experimental groups; thirdly, an extraneous
variable can be built into the research design as an assigned variable, thus achieving
control and yielding additional research information (Kerlinger, 1964, p. 284). In the
present study there were many extraneous variables to be considered, for example,
intelligence, motivation, attitude, social class, teaching methods, type of school and last
but not least the subject options of each candidate. The present study has adopted the
first method, as in both groups (boys and girls) there were equal numbers of the same
ability (i.e. grade).

The error variance is associated with individual differences among subjects. Owing to
random selection of sample data it was expected that the variance will be minimized.
However, another source of error variance is that associated with error of measurement.
The examination board authorities are usually very careful with their examination
marking and indeed a good number of sample scripts were double marked.

1 H
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The data

The '0' level results were recorded with letter grades A, B, C, D, E, U; A representing
the top and U the bottom of the ability range. The examination consisted of two papers,
each of twr. Rnd a half hours duration, based on the University of Cambridge Local
Examination; Syndicate's '0' Level Mathematics syllabus D. Paper I has 28 compulsory
short questions; the first 20 each carry 3 marks while the newt 8 each carry 5 marks.
Paper II Section A has 5 compulsory questions which carry 52 marks while Section B has
7 questions of which the candidate is to answer 4 and each carries 12 marks. Marks
gained for every part of a question on both pap:Ts were recorded and used for data
analysis.

Statistical aspects

There are several ways to analyse the same data and no method of analysis is perfect.
After the colleaion of data, the first task was io obtain descriptive statistics. For all the
parts of the questions in both papers the means and standard deviations (s.d.) for the
two groups were tabulated. For Pap er II Section B questions the frequency distribution
table was constructed. Vertical and I.orizontal bar charts were used where appropriate to
display the data collected.

The main purpose of the data analysis was to find sex differences in mathematics
attainment. These are best tested by using the statistical method of the analysis of
variancethe total variance is broken down into two major component sources
of variance, between-groups variance and within-groups variance. The one-way analy-
sis of variance test was considered unsuitable for the present study as the two groups
under consideration had their subjects matched by ability and for both groups the
sample was constructed to represent all grade levels in approximately equal proportions
which resulted in the sample being fairly unifornly distributed over the entire ability
range.

The two-way analsis of variance test was used extensively in the present study as it
was able to control the other known sources of variances, particularly ability levels,
which was not possible with the one-way analysis of variance test.

Computing aspects

Computer programs for statistical data analys:5, contained in the Programmed Methods
for Multivariate Data (PMMD) package (Youngman, 1975, 1976) were used. This
package contains a set of programs designed to serve the analysis needs of both research
workers and students in the social sciences. For the present study only simple and most
appropriate statistical methods were used to analyse the data.

The CATT and CATM programs were used to obtain the means and standard devia-
tions to all parts of the questions in both papers. The AVAR program was used to carry
out the two-way anaiynis of variance giving significance-level marking and probability
values for the test of various effects. The CATM program was also used to calculate the

i
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Pearson product-moment correlation coefficient for the sample's performance in
mathematics and other subjects taken in the examination.

Analysis of the examination papers

The questions were classified by topic and test of spatial ability, Using the elementary
mathematics syllabus for the New Education System, Singapore, as a guideline the
questions were categorized under the specific topics-Arithmetic; Mensuration;
Algebra and Graphs; Geometry; Trigonometry; Statistics; Sets; Probability; Vectors in
Two Dimensions; and Matrices and Transformations. As long as a question contained a
spatial element it was categorized under test of spatial ability, although some pupils who
have encountered similar problems before may use only rote-learned skills. Tables 10.2
and 10.3 show the classification of the questions by topic and iest of spatial ability
respectively.

Table 10.2. Questions grouped by topic.

Topic Paper 1 Paper 11

Arithmetic

Mensuration

Algebra and
Graphs

Geometry

Trigonometry

Statistics

Sets

Probability

Vectors in
two dimensions

Matrices and
Transformations

lai, laii, lb, 2a, 2bi, 2bii, 4a,
4b, 4c, 9a, 9b, I41, 14ii, I9i,
1911, I9iii, 20a, 27i

241, 2411, 24iii, 27ii, 28ii, 28iii

6a, 6b, 6c, 11, 12a, 12b, 151,
5ii, 20b, 22ai, 22aii, 22b

5i, 5ii, 5iii, I 6i, I6ii, I 6iii, 27111

71, 711, I3i, 1311, 261, 26ii, 281

181, 18ii.21i. 2I11, 2Iiii

3a, 3bi, 3bii. 81, 811, 8iii

25i, 2511, 2Siiia, 251111,

17i, 17ii, I 7iii

101, 10ii, 231, 2311, 23i1i

lai, laii, Ibi, Ibii, 8i, 8ii,
8111, 8iv, 8v

61a, 6ib, 611, 6111

2a1, 2aii, 2aiii, 2b, 2c, 9i,
9ii, 9iii, 9iv, 9v, 9vi

Sal, 5aii, 5aiii, 5bi, 5bii,
5biii, 5biv

3a, 3b, 3c, 7a, 71,1, 7bii,
7biii, 7biv, 101. 10ii, 10iii, lOiv

I21, l2ii, I2iii, I2iv, I2v, I2vi

Ilia, I lib, Ilk, I lii, I liii,
thy, I Iv, I lvi

41, 411, 4111, 4iv

Table 10.3. Compulsory questions which test spatial ability.

Paper I Paper II

Si. 511, Siii. 71, 711, I 0i, 1011,
131, 1311, lii, 15ii. 161, 16ii.
16111, 17i, 1711, 17iii. 211,
2111, 21111, 23i, 2311, 23iii, 241,
2411, 24111, 261, 2611, 2711, 271, ,
28i, 2811, 28111

3a, 3b, 3c, 41, 411, 4iii, 4iv, 5ai,
5aii, Salit, 5bi, 5bii, 5biii, 5biv
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The marks gained for every part of a question on both papers were recorded and used
to:

(a) Compute the total marks on:
(i) Paper I
(ii) Paper II
(iii) Paper II Section A
(iv) Paper II Section B
(v) Compulsory questions for each of the ten topics
(vi) Compulsory questions which test spatial ability
for every pupil and locate any differences in attainment by the two sexes

(b) Compute the means and standard deviations of marks for all parts of the questions
in both papers for the two groups (boys and girls) and locate any differences in
attainment.

(c) Construct the frequency table for questions in Paper II Section B.

Statement of results

The population

Before reporting the results of the present study, some general facts and figures are given
in Table 10.4 regarding Singapore's population (all the candidates, who took the '0'
level, syllabus D November/December 1986 examination).

Since C is a pass grade, it is reasonable to divide the pass grades into two
categories-grades A and B as an upper-grade pass and C as a lower-grade pass. The
third category is the fail grade-grades, D, E and U. From Table 10.4 the following
further observations can be noted:

Male (%) Female (%) Overall (DM)
Upper-grade pass (A, B)

78.4 72.0 75.2
Lower-grade pass (C) 14.3 16.0 15.2
Fail grade (D, E, U) 21.6 28.0 24.8

Seventy-five per cent of the candidates passed the examination. A higher proportion
of the boys obtained an upper-grade pass while a higher proportion of the girls obtained
a lower-grade pass and the fail grade. A sex by grade (2 x 6) chi-square test was performed

Table 10.4. Singapore's population results-grade by sex.

Grade

A

Total

No. of males (%)

8114 (38.6)
5364 (25.5)
3012 (14.3)

1009 (4.8)
835 (4.0)

2703 (12.8)

21037 (100)

No. of females (%) Total (%)

6620 (30.7) 14734 (34.6)
5473 (25.3) 10837 (25.4)
3452 (16.0) 6464 (15.2)

1361 (6.3) 2370 (5.5)
1108 (5.1) 1943 (4.6)

3576 (16.6) 6279 (14.7)

21590 (100) 42627 (100)



Table 10.5. Chi-square test for sex by grade results.
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Sex
Oracle

A

M 8114 5364 3012 1009 835 2703
(21037)

F 6620 5473 3452 1361 1108 3576
(21590)

42627 14734 10837 6464 2370 1943 6279

fo2 M 0.2124 0.1262 0.0667 0.0204 0.0171 0.0553
frfc F 0.1378 0.1280 0.0854 0.0362 0.0293 0.0943

Total 0.3502 0.2542 0.1521 0.0566 0.0464 0.1496

fo2

frfc
=1.0091

Degrees of freedom = (2

X2 = 42627 (1.0091 1)
= 387.9057

from tables p < 0.001 (highly significant)

1)(6 1)=5

on the data in Table 10.4 and the result was statistically highly significant (p < 0.01),
which shows that the results of the boys were significantly better than those of the girls in
'0' level mathematics (Table 10.5).

Analysis of total marks on the papers

Table 10.6 summarizes the results of the two-way analysis of variance for Sex by Ability
for the total marks on Paper I (Variable 1), and Paper II (Variable 2), Paper II Section A
(Variable 3) and Paper II Section B (Variable 4). For all four variables the analysis
showed highly significant markings for the condition Ability. Only variable 1 has a
highly significant marking for the condition Sex. This means that the difference in
performance on Paper I was highly significant for the two sexes and the boys did signifi-
cantly better (mean 54.06; s.d. 23.27) than the girls (mean 50.87, s.d. 24.07).

For variable 2 (Paper II) a significant marking for Sex/Ability interaction was
present. This was due to the mean scores of the boys for Ability grades A, B, C and U
being higher than the girls but not so for grades D and E. There were slightly significant
markings for Sex/Ability interaction for variables 3 and 4.

Preference for questions in Paper II Section B

Table 10.7 summarizes the questions attempted by the boys and girls by ability groups in
Paper II Section B. From Figure 10.1 it may be seen that girls showed a marked
preference for question 9 (Algebra and Graphs) and question 11 (Vectors in two
dimensions) with the test of difference of proportions showing a highly significant



104 Gender and Mathematics

Table 10.6. Two-way analysis of variance Jar sex by ability.

Variable 1: Paper 1

Source fit F-ratio Probability

Total
Between
Sex
Ability
Sex by Ability
Within

Total
Between
Sex
Ability
Sex by Ability
Within

Total
Between
Sex
Ability
Sex by Ability
Within

Total
Between
Sex
Ability
Sex by Ability
Within

563.619
8369.482
445.830

18306.768
16,926
40.055

567.957
8458.332

28.406
18508.649

94.000
38.724

124.903
1626.424

4.436
3522.765

54.479
24.191

185.830
2711.789

10.390
5928.618

35.239
16.406

175
11

1

5

5

164

175
11

1

5

5

164

175
11

1

5

5

164

175
11

1

5

5

164

11.1304
4.57.0376

0.4226

0.7335
477.9579

2.4274

0.1834
145.6243

2.2521

0.6333
361.3620

2.1479

0.0014"
0.0000"
0.8337

0.6026
0.0000"
0.0369

0.6729
0.0000**
0.0509?

0.5669
0.0000**
0.0616?

Sex mean (s.d.)

Female 50.87 (24.07)
Male 54,06 (23.27)

Variable 2: Paper II

Sex mean (s.d.)

Female 46.50 (23.54)
Male 47.30 (24.11)

Variable 3: Paper II Section A

Sex mean (s.d.)

Female 26.51 (11,55)
Male 26.83 (10.73)

Variable 4: Paper Il Section B

Sex mean (s.d.)

Female
Male

19.99 (12.92)
20.48 (14,34)

? slightly significant p < 0.1; 'significant p < 0.05; "highly significant p < 0.01.
s.d., standard deviation; m.s., mean sum of squares; d.f., degrees of freedom.

Table 10.7. Frequency table of questions attempted in Paper 11 Section B by sex and overall ability in
mathematics.

Question Sex
Number

Ability
Tutal

A

6 9 9 8 7 8 4 45
13 7 10 11 6 7 54

7 12 11 12 15 10 6 66
12 10 9 14 11 8 64

8 10 8 5 6 7 3 39
11 9 6 5 6 0 37

9 10 1 o 9 7 13 3 52
3 4 8 8 5 3 31

10 7 8 3 4 2 4 28
11 10 4 3 2 5 35

11 9 7 8 14 9 10 57
7 9 8 10 7 2 43

12 3 3 6 11 8 8 39
3 6 5 10 10 6 ao

F, female; M, male.

;
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C=1 Females

ta2 Males

6 7 8 9 10

Paper II question number

Figure 10.1 Pupils' preferences/or questions in Paper II Section B.

II 12

difference (p < 0.01) for question 9 and a significant difference (p < 0.05) for question
11. Boys showed a preference for question 6 (Mensuration) and question 10
(Trigonometrylatitude and longitude) but the test of difference of proportions only
showed a slightly significant (p < 0.1) difference for question 6.

Analysis of questions grouped by topics

The analysis showed highly significant ltvels for the condition Ability across all 10
variables (topics). Only variables 6 (Mensuration) and 10 (Statistics) have highly signif -
cant markings for the condition Sex. For both Mensuration and Statistics the boys
performed better than the girls. Variables 5 (Arithmetic), 7 (Algebra and Graphs) and 8
(Geometry) have significant markings for the condition Sex. The boys performed better
than the girls on Arithmetic and Geometry but not on Algebra and Graphs. On variable
5 (Arithmetic) a significant marking for Sex/Ability interaction was present. This was
due to the mean scores of the girls for Ability grades A, B, D, E and U being lower than
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the boys but not so for grade C. Variable 12 (Probability) has a slightly significant
marking for the condition Sex and the boys performed better than the girls.

Analysis of questions which test spatial ability

It may be seen from Table 10.8 that for both conditions, Ability and Sex, the markings
were highly significant. The boys (mean 39.32; s.d. 19.51) were superior to the girls
(mean 36.60; s.d. 20.74) in performance on questions that contained a spatial element.

Pupils' performance in mathematics in relation to the other subjects they took
in the English medium examination

Altogether there were 20 subjects, which were taken by the sample collectively, although
each pupil only took eight or less. The Pearson's product-moment correlation co-
efficients (where possible) were calculated using the PMMD. CATM programme for the
boys, girls and total sample. Table 10.9 summarizes the correlation coefficients.

It may be seen that Additional Mathematics correlated highly significantly and also
closely with Mathematics for hnth sexes; and this is not surprising as only a pupil who is
very good in Mathematics in secondary two in Singapore is allowed to do it. Not all
mathematics-related subjects (Physics, Science (Chemistry, Physics) and Metalwork)
correlated to the same degree for the two sexes; this may be due to a number of under-
lying causes, some of which may be attributed to teaching styles, concentration on
certain aspects of the curriculum only and ratio of boys to girls in a class taking the

particular subject.

DISCUSSION

The analysis of the GCE '0' level mathematics results of the population of this present
study reveals that on the whole boys do perform better than girls. This is a similar
finding to other studies (DES, 1980; Sharma and Meighan, 1980), which compare the
performance of boys and girls in mathematics attainment. The contribution of this
present study is to suggest areas of concern in mathematics attainment where boys and
girls differ significantly in performance when matched by ability.

Table 10.111. Two-way analysis of variance for Sex by Ability.

Source ni.s. d.f. F-ratio Probability

Variable 18 Total 407.963 175

Spatial ability Between 5813.164 11

Sex 324.867 1 7.1527 0.0082"
Sex Mean (s.d.) Ability 12692.333 5 279.4550 0.0000"

Sex by Ability 31.454 5 0.6925 0.6323
Female 36.60 (20.74)
Male 39.32 (19.51)

Within 45.419 164

os highly significant p < 0.01.
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Table 10.9. Correlation coefficients (frequency values in brackets) between performance in Mai hematics and
other subjects in the English medium.

Subject Boys

Additional maths 0.8547"
Physics 0.8923 "
Chemistry 0.9129*
Combined science 1.0000"
Science (Chemistry, Physics) 0.5215"
Science (Chemistry, Biology) 0.7419*
Biology - 0.5000
Human and Social Biology 0.6446*
English language 0.4766"
English literature 0.4140"
Geography 0.9007"
History 0.4481*
Art 0.2439
Food and Nutrition No data
Fashion and Fabric No data
Bible knowledge 0.1838
Commerce insufficient

data
Principle of Accounts insufficient

data
Metalwork 0.6308"

Girls Total sample

(20) 0.8094" (20) 0.8338" (40)
(12) 0.3550 (10) 0.8157" (22)

(5) 0.8783 (4) 0.7693* (9)
(3) 0.3705 (7) 0.5151 (10)

(44) 0.7385" (32) 0.5745" (76)
(8) 0.8508" (II) 0.7923** (19)
(3) 0.9623* (4) 0.3536 (7)

(10) 0.5750* (18) 0.5854" (28)
(87) 0.4989" (88) 0.4877" (175)
(41) - 0.0950 (44) 0.1504 (85)
(21) 0.4866" (28) 0.6182" (49)
(21) 0.1604 (18) 0.3103? (39)
(43) 0.0840 (42) 0.1760 (85)
(0) 0.8677* (7) 0.8677* (7)
(0) 0.0000 (2) 0.0000 (2)

(18) 0.5739" (19) 0.3955* (37)
(1) insufficient (1) - 1.0000" (2)

data
(I) 0.4824 (7) 0.6396? (8)

(24) 0.5556 (4) 0.5890" (28)

" highly significant (p < 0.01); significant (I) < 0.05); ? slightly significant (I) < 0.1).

This present study has examined the performance in mathematics of a sample (which
was so constructed to have equal numbers of boys and girls of the same ability grade
across the ability range) of Singapore candidates in the GCE '0' level examination and
found significant differences between the performance of boys and girls in the following
areas. Boys performed better than the girls on Paper I questions on the whole and in
particular on questions 2a, 9b, 24iii, 27iii and 28ii. For the compulsory questions on
both papers boys did significantly better than the girls on the following
topics-Mensuration, Statistics, Arithmetic, Geometry and Probability while the girls
out-performed the boys on Algebra and Graphs. Boys also surpassed the girls on the
comnulsory questions that tested spatial ability. In Paper II Section B girls showed a
marxed preference for questions on Algebra and Graphs, and Vectors in two-dimen-
sions, while the boys' only marked preference was the question on Mensuration. Ability
grades in Physics, Science (Chemistry, Physics) and Metalwork '0' level examinations
did not correlate with Mathematics grades to the same degree for the two sexes.

POSSIBLE REASONS FOR OBSERVED DIFFERENCES

It is interesting to note that the few questions in Paper I on which girls surpassed boys
were generally of the type that call for recognition or classification, application of tech-
niques, substitution of numbers into an algebraic expression and so forth, just the kinds
of operations that are most susceptible to drilling. These questions mainly centred on the
topics Arithmetic, Sets, A4-bra and Graphs, Vectors in two-dimensions, Trigono-
metry, and Matrices and Tra .sformations. The fact that these questions were from any

1
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particular topic or groups of topics may be irrelevant; as Benford (1976) points out,
children 'learn' vectors in much the same way as they learn long division. It appears that
rote-learning is more congenial to females (Wood, 1977), and Jones (1973) in his study
notes that there appears to be a female tendency to keep to methods they have been
taught, to reproduce techniques, to show caution, to avoid being wrong and genet ally to
use a method with which they feel most confident and secure and which is approved by
the teacher. This may, perhaps, be due to girls' supposed greater conformity and
passive-dependency as opposed to boys' supposed greater independence and activity,
differences which, however, may be entirely a product of the social learning involved in
the acquisition of sex-roles (Maccoby and Jack lin, 1974).

There were altogether five parts of questions in Paper I on which the boys surpassed
the girls highly significantly, one of which was as follows:

9(b) An amount of $80 is shared among three people in the ratio I : 6 : 9. Find the
difference between the largest and smalleFt shares.

This problemwhich in essence is about proportionalityexposed girls' weakness in
this area, which may in turn help to explain their inferior performanc : on the probability
question (number 25). Incidentally, the American NAEP (1975) found that from age 13
onwards boys out-performed girls in the area of probability and statistics. It is
interesting that Jones (1973) studying 11-year-olds should have noticed that girls have
greater difficulty comparing the magnitude of two fractions and should have speculated
whether this leads to a greater difficulty with proportion later on in their learning. Cable
(1976) attributes this weakness of being unable to cope with problems on proportionality
to 'comparison factors'. Fractions and proportions are examples of comparison factors
and what Cable is saying is that one cannot get anywhere with quantification or
measurement unless one feels comfortable with comparison factors. Are girls then not
comfortable with comparison factors? Would certain teaching stylesand methods put
girls at ease with comparison factors?

Girls' weakness at spatial visualization has already been mentioned. Questions 24(iii),
27(iii) and 28(ii) all contained a spatial element. Analysis of results showed that boys
out-performed the girls markedly on all of them. For question 24(iii), shown in Figure
10.2, the inability to visualize a rearrangement of the figure may have led the girls into
complex calculations eventually resulting in an incorrect response.

Question 27(iii) was as follows:

Use as much of the information below as is necessary to answer the following questions.
The areas of two similar figures are in the ratio 9 : 50. Given that the length of one side of the
smaller figure is 30 cm, find the length of the corresponding side of the larger figure.

kr5= 2.24, s.rgr = 7.071

This question involved a comparison factor coupled with spatial visualization of a figure
(left to the imagination of the pupil) in two dimensions. Question 28(ii) (see Fig. 10.3)
involved the calculation of the volume of a three-dimensional solid block drawn on a
two-k;irnensional piece of paper and called for some form of spatial visualization too.



Figure 10.2
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Figure 10.3 Question 28(11): The diagram represents a 5( lid block of wood of length 50 cm. The facesABCD
and EFGH are horizontal rectangles. The faces ABFE, BCGF and ADHE are vertical. BC = AD = 10 f.m,
BF = AE = 6 cm and FG = EH = 18 cm. Calculate the volume of the book.
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Table 10.10. Number of pupils with technical-related experience who had a correct response to the stated
question.

Question number

Sex 24111 27111 2811

Boys
(n=24)

Girls
(n = 4)

9

2

3

0

14

2

It may be said that the study of a technical subject like metalwork helps pupils in these
three questions (24iii, 27iii, 28i1) and since more boys than girls study this subject it is not
surprising that there is a significant difference in performance between the two sexes on
such problems. However, in the present study, this was not found to be the case as may
be seen from Table 10.10, which summarizes the correct responses to the three questions
of the 24 boys and 4 girls in the sample who had technical subject (metalwork) related
experience. It is likely then that such observed differences may have their roots
elsewhere.

It appears then that girls are most vulnerable on two classes of problem, those
involving what Cable (1976) calls quantification and those involving spatial visualiz.a-
tion. There has been a tendency to treat the last class as quite separate and distinct, but
perhaps the two are related. The struggles girls have with the understanding of ideas like
fractionsand, as Cable (1976) notes, it is now being realized that fractions are much
more difficult conceptually than was formerly imaginedmay be just another expres-
sion of their deficit in spatial ability, reflecting a greater capacity on the part of boys to
perceive, recognize and assimilate patterns within the conceptual structure of
mathematics. If spatial awareness is genetically controlled and sex-linked, girls may get
off on the wrong foot with the mathematics that matters before they start learning in
earnest.

It may be speculated from the preference of questions where there was a choice and
also the topics on which one sex performed markedly better than the other, that Algebra
and Graphs was the topic for the girls and Mensuration the topic for the boys. At the
ordinary level, Algebra and Graphs centres mainly on computational skills (substitution
of numbers into an algebraic expression) and application of techniques such as
factorization, drawing a graph, etc. on which girls appeared to be better in this present
study. Although both questions (numbers 9 and 11) for which the girls showeda marked
preference in Paper II Section B had diagrams to aid the question it may not be true that
girls are attracted to such questions, as question 6 (Mensuration) for which the boys
showed a marked preference also had a diagram. Boys have been reported to be signifi-
cantly better than girls on measures (DES, 1980). In the present study this perhaps holds
the cue to boys' marked preference for the question on Mensuration.

It is interesting to note from Table 10.9 that the correlation coefficients between the
performance of Mathematics and Physics for the boys and girls were significantly
different. Physics is often spoken of as a mathematics-related subject, yet the girls'
scores in Mathematics and Physics seem to be weakly correlated. It may well be because

1 .)
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Physics is a 'male-orientated' subject which puts the girls off, but as Mathematics is
compulsory for all Singapore pupils in the secondary school and a decisive factor for
further/higher education opportunities, girls have had no choice but to make the best of
the situation. Boys' Mathematics scores corruated negatively ( 0.5000) with Biology,
while that of girls' correlated highly (0.9623). This means that achievement in Biology
was directly and ciosely related to that in Mathematics for girls but definitely not for
boys.

Fennema and Sherman (1977) reported that sex differences in performance were
linked to sex-related differences in attitude. In a society like Singapore's, which
differentiates role in terms of gender, it follows that individual behaviour will be influ-
enced by what is considered to be sexually appropriate. Since the expenditure of time
and energy on any task is contingent upon the value that has been assigned to it, tasks
that are considered to be not useful or sexually inappropriate will be ignored in favour of
more appropriate or useful tasks. If society deems that engineers and scientists are men,
then physics, mathematics and mechanical activities are the province of males, and if
nurses, secretaries and social scientists are women, then biology, literature and social
studies are the province of females; these judgements will be reflected in the amount of
effort expended by girls and boys on these subjects.

The present study has shown that among Singapore pupils the boys achieved better
results than the girls at Mathematics. Driver (1980) explains the superior performance of
West Indian girl!: on mathematics as compared to West Indian boys in terms of the
aspirations and achievements of young West Indian pupils in whose culture the women,
rather than their husbands or brothers, a. e the guardians of their family's good name
and the providers of its staple income. In Asian (Singapore) sok iety men are traditionally
the family ,roviders. Is it then surprising that the aspirations of the boys in Singapore
are reflected in their performance in Mathematics?

CONCLUSION

To say that the present study has compared boys and girls of the type like with likc hy
merely matching them in abilitydefined by the score on an examinationis lot true,
as mathematics-related experiences in other subjects, the variation between schools and
within schools which may be present due to different specializations and type of school
(single-sex or co-educational) besides other variables, some of which may be motivation,
intelligence, social class, teacher attitude and teaching methods, have not been
considered. Although the examination scores have been used to pass judgement on
spatial ability, one must not rule out the possibility of pupils being drilled on examina-
tion type questions. In most, if not all, secondary graduating classes in Singapore the
past year's mathematics examination papers of the Syndicate are an integral part of the
classroom written exercises in an attempt to 'master' examination-type questions.

Although the writer feels that the sample was representative of a typical Singapore
candidature in a typical year, she cannot demonstrate this and as such cautions against
over-generalizations and recommends that the present study be read in its context.

In the present study it appears that spatial visualization skills are important to the
learning of mathematics. Among the Singapore pupils it was found that girls were
lacking in such skills and the issue does warrant attention. Would teaching girls and boys
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separately, using sex-biased examples and methods of instruction, match the perfor-
mance of the two sexes on parallel sex-biased problems which contain a spatial element?
Does the upbringing of children in most Asian homes, where boys enjoy more attention
from their parents and more time and freedom in outdoor unsupervised activities as
compared to girls, contribute to the nurturing of spatial visualization skills?

In a society like Singapore's where academic excellence, more so in the sciences than
the arts, is viewed as success in life, parental influence on pupils' performance in
mathematics as well as sex-role differentiation through sex-typed leisure activities,
subject preferences and career intentions may well be worth investigating.

For a general study on sex differences in mathematics attainment of Singapore pupils
(in a selective type of education system) nothing can be more desirable than to
investigate it by following the progress and performance of a sample of boys and girls
over the period of their secondary or primary to sec. a 4qry school education, with built
in tests for cognitive and affective variables.
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Chapter 11

True or False: Primary School Girls Do Badly
at Maths
Evangelie Tressou-Milonas

During the school year 1985-1986 1 conducted research concerning the possibilities of
applying SMP 7-13, an English method of teaching maths, in Greek primary schools.
The main objective of the research was to establish if and under which conditions such
an individualized system could be applied. Children's positive reactions to the new
approach arid changes of attitude towards maths, as well as progress in the subject,
would support an argument for the application of SMP 7-13 as the main teaching
approach or as a supplement to the existing programme and teaching method.

The sample for the research consisted of children in the second class of three primary
schools in Thessaloniki, more or less representative of three social strata (urban,
working-class and rural). The sample was very small (21 boys and 28 girls in all) but
unfortunately the means and conditions under which the research was conducted did not
allow for a bigger sample, more representative, that is, of the city population.'

During the research the children were given various attainment tests and towards the
end of the school year they were asked to complete a questionnaire reporting their
experience from working on a completely different system through a totally novel
teaching method.

The size of the sample, the duration and the nature of the research are such that we
could not possibly draw definite conclusions. Nevertheless, the children's answers both
to the questionnaire and the attainment test, as well as their reactions and comments
during the lessons, offered some ground for observations concerning the children's
performance and general attitude towards maths.

THE G1RLSTHEIR ATTITUDE TO MATHS

Classroom observation

An important feature of SMP 7-13 is that it engages pupils in a number of domestic
activities, such as weighing, measuring, shopping, traditionally considered feminine
rather than masculine. Another characteristic of the method is that the content as well as



114 Gender and Mathematics

the illustrations on the cards are carefully designed to avoid sex-role discrimination.
Thus they avoid the suggestion of cultural norms or gender stereotypes.

We observed during the lessons that girls as well as boys found maths an exciting task
and were all very eager to be involved in the activities required by the cards. The girls felt
confident and very much at ease with most of the topics. Furthermore, as the pupils were
allowed to proceed at their own pace, the girls made a conscious effort to surpass the
boys.

The fact that SMP 7-13 allows for children to work on their own, in pairs or in small
groups reduces the need for the teacher's intervention. Even when it was necessary for
the researcher to interfere and explain, this was done on a person-to-person basis.
Situations where a question was addresw,d to the whole class and one pupil was called
upon to answer were very rare. Thus the timidity and fear of ridicule in case of erroneous
answers usually characteristic of girls were overcome as almost all questions and answers
were expressed individually.

Finally, the researcher's sex might hav.: positively influenced the girls' progress.
Several of them went so far as to state that they would like to become mathematicians
when they grew up.

The questionnaire

The majority of the girls replied on the questionnaire that they would like to spend more
time in doing maths from the cards. No di fferences were observed in the child--n's views
regarding the topics they liked most, the ones that caused them difficulties or those
elements of the teaching material that attracted them more.

In all three schools no serious differences were detected in the attitudes of boys and
girls towards maths. Both boys and girls exhibited the same enthusiasm or faced the
same difficulties on certain topics; they showed common preferences for particular
pieces of apparatus or certain activities. .1 here were girls as well as boys who burst out
crying because of their inability to understand a concept or answer a question. Both boys
and girls appeared reluctant when asked to work on a topic they were not interested in.
On the other hand, they worked hard and with zeal on topics they liked, or involved the
use of attractive apparatus or allowed them to co-operate with a fellow pupil they
favoured. The girls felt as free to move around in the classroom or go out to the school-
yard as boys and they were as vivid and active as their male peers.

Finally, the children's answers to the questionnaire suggest that at this age children's
positive or negative responses to a particular topic depend on the attractiveness of the
topic.

THE GIRLS' PERFORMANCE IN THE GIVEN TESTS

The test results indicated that in two of the three schools the girls did better than the boys
at the given tests. Thus in the 41st school (17 girls, 6 boys) the percentage of correct
answers was 90.05 per cent for the girls and 88.25 per cent for the boys. In the Aghia
Triada school (8 girls, 7 boys) the percentage was 81.62 per cent and 79.45 per cent
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correspondingly. Only in the 9th school (3 girls, 8 boys) were the percentages inverted
and the boys' scores higher than the girls' (76.47 per cent for the girls and 81.98 per cent
for the boys).

The erroneous answers also include the unanswered questions. It should perhaps be
mentioned here that in two of the three schools the percentage of the girls who did not
answer all the questions was bigger than the corresponding percentage of the boys. Thus
in the rural (Aghia Triada) school it was 8.82 per cent for the girls and 4.41 per cent for
the boys, whereas for the working-class (9th) school the percentages were 13.73 per cent
for the girls and 4.42 per cent for the boys. In the 41st school (the urban school),
however, the percentages of unanswered questions were 1.21 per cent for the girls and
4.41 per cent for the boys. In conclusion, out of all the children participating (28 girls, 21
boys) the girls were more successful than the boys (84.94 per cent for the girls and 82.14
per cent for the boys) but they also left more questions unanswered (5.98 per cent for the
girls as opposed to 4.41 per cent for the boys).

The sample (55 children in all) was undoubtedly very small. Moreover, only 49 of the
children took the test while the remaining 6 children were excluded for various reasons.'
Nevertheless the fact that the sample represented three diverse areas of the city allows
for certain general observations.

1. Girls at this age, 7 + , do not seem to be inferior to boys as far as their competence in
maths is concerned.

2. The girls of certain social classes (for instance, working-class and rural) hesitate
more than the boys when asked to produce an answer about which they are not
absolutely positive.

3. It appears that for children of working-class families maths is seen as a more appro-
priate subject for boys.

4. On the contrary the upper middle class girls seem to progress at maths more than
their male peers, and moreover they appear bolder and more positive about their
knowledge of things.

The concepts found difficult by either girls or boys were certainly not the same for all
three schools. The most difficult subjects for girls are highlighted in Figure 11.1, with
the number of each particular exercise on the horizontal axis, and the degree of success
on the vertical. The subjects of the exercises in question are: ex. 27: problem with coins;
ex. 37: time (they are asked to find the time one hour later than a clock shows); ex. 58
and 59: the difference between two given numbers. It should be noted here that exercise
27 was one of the most difficult exercises for boys as well (see below).

Figure 11.1 clearly indicates a superiority of the 41st school girls as opposed to their
counterparts in the other two schools3 and also a gradual decline of the girls' ability over
the three schools (starting from the highest success rate of thf *1.it school girls and
ending up with the lowest attainment of the 9th school girls). By Anparison Figure 11.2
shows that boys faced difficulties in more exercises than girls. The most difficult
questions encountered by boys were: ex. 19: about fractions; ex. 25: counting up by four
on the Amber line; ex. 27, 42 and 44: the use of coins; ex. 52: a whole turn; ex. 61:
pictorial forms.4

From Figure 11.2 it becomes apparent that the boys of the 41st school were not
the ones who encountered the least difficulties, even if the percentage of correct

4 4(
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27 37 58
Exercise number

111 Girls 41
F:3 Girls AT
0 Girls 9

Figure 11.1 The most chlficuli exercises for girls.

59

answers they produced (88.25 per cent) was considerably higher than the corresponding
percentage of the boys of the other two schools.'

One might therefore claim that the social class the children belong to probably
influences their relation and their attitude towards mathematics, and moreover that it
affects girls in a different way from boys. As far as the subjects in which the girls seemed

to lag behind the boys (and vice versa) it was rather difficult for us to draw firm
conclusions. It would be safer for the particular research if the subjects which caused the

most difficulties to the majority of boys and girls were pointed out. To suggest topics at
which girls are better than boys or the opposite was rather beyond the scope of the
present study.

CONCLUSIONS

In summary, one could claim that during this small-scale research no differences in
attitudes to maths were detected between boys and girls. The girls were as willing to do
maths as the boys. They participated in the various activities with zeal and thcy managed

perfectly well whatever they tackled.



True or False: Primary School Girls Do Badly at Maths 117
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111 Boys 41
ra Boys AT
0 Boys 9

25 27 42 44
Exercise number

Figure 11.2 The most Vfieu II exercises for boys.

52 61

Both boys and girls favoured particular subjects, not necessarily the same. The
children's preferences seemed to be influenced by either the facility of the exercises or
the appearance of the card. lf, that is, a card included pictures particularly liked by the
children or it involved the use of apparatus the children found attractive, it became a
favourite. In short the girls' performance on the whole was better than that
of the boys, although the percentage of questions unanswered by the girls was much
higher.

Furthermore, a relation was detected between the social class the children belonged to
and their competence in maths as well as their reaction to a new work scheme.

Finally, once more it should be stressed that the limitations posed by the research
design only allow for certain assumptions, which simply confirm the conclusions
reached by previous researchers on the subject.
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NOTES

(1) The design of the research demanded teaching which was carried out by the researcher
herself twice a week for each doss in combination with their Greek maths crniculum.

(2) Fou i. pupils of the 9th primary school (thu working-class school) were practically illiterate.
Thene narticular pupils did not work from the SMP cards but used a different approach.
Two o the 4Ist school children did not take the test; one of them took little part in the card
work due to special psychological problems and the other worked at such a slow pace that
the material covered by the end of the school year did not quahfy her to take the test.

(3) It would be difficult tu draw conclusions regarding the 9th school girls' abililes and to
compare them to the abilities of the girls in the other two &Moots since here the imeentage
33.3 per cent 4presents the attainment level of one girl only.

(4) It should be noted here that the questions on the ust of coins caused particular diff;culties,
not only to the boys but to the girls as well, the difference being that they were not common
to all the girls of the three schools.

(5) The test scores achieved by the children (boys and girls) of the 41st (the urban area) school
were the highest of all three schools.
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Chapter 12

Graduate Education in the Mathematical
Sciences: Factors Influencing Women and Men
Joanne Rossi Becker

The small number of women in science and engineering in the USA has been well
documented (NSF, 1986). Although more women are pursuing undergraduate degrees
in the mathematical sciences, they continue to comprise a relatively small percentage of
those earning advanced degrees in those fields. In 1983, the most recent year for which
data are available, women in the USA earned 44, 35, and 17 per cent of the Bachelor,
Master and Doctora: degrees in mathematics. In computer science, the analogous
figures were 36, 28, and 13 per cent (degrees conferred, 1985; Syverson and Forster,
1983).

Concern about removing educat onal and career barriers to women in the sciences has
led to a number of studies aimed at identifying factors related J a woman's choice of a
scientific career. Only recently has research focused on women currently enrolled in a
graduate programme, or recently graduated from one. Few of these studies targeted
women in the mathematical sciences exclusively. Computer science, a field with a
growing number of graduates and increasing influence in society is a new discipline
which nevertheless attracts a disproportionate number of men, yet has received little
research attention. Information about factors influencing women to pursue advanced
study in mathematir- I computer science would help us design programmes and
interventions to encoi rage women to attend ,raduate school in those disciplines.

BACKGROUND

Helson (1976) studied men and women PhDs in mathematics to determine if there were
relationships between psychological variables and creativity in matherr atics. Women
showed similar motivation to engh3e in mathematics as men. The m dor differences
between the genders related to social f unctioning: the men were assertive, confident, and
comfortable in their social world; the women were non-assertive, lacked confidence,
and were less comfortable in their social world.

Luchins (1976) distributed a questionnaire to 350 female and 52 male members of the
Association for Women in Mathematics to dtttermine factors that encouraged or

1 e
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discouraged female mathematicians. Scherrei and McNamara (19t t) interviewed 25
women (none in mathematics) in the early stages of their careers in science. Combined
findings from these studies indicated that an early interest in mathematics or science was
almost universal among these women. The mathematicians felt that women were
discouraged from pursuing careers in mathematics, particularly by society's sex-typing
of mathematics as a male domain. Counsellors were found to be more of a hindrance
than a help to womety in making career decisions. Contact with successful female role-
models was a very positive experience for a number of women in both studies.

Zappert and Stansbury (1984) and Stansbury (1986) reported on results of a survey of

men and women in graduate programmes in science, engineering and medicine at
Stanford University. About nine per cent of the students in the sample were in the
mathematical sciences. These studies report that men and women experience different
pressures and blocks in their graduate careers. Despite similar academic backgrounds,
the women felt less competent and confident about their abilities. Women were found to
be more sensitive to supportive features of the academic environment, particulai ly
relations with the advisor.

Becker (1984) reported on in-depth interviews conducted with tengraduate students in
mathematics, six male and four female, to identify factors influencing them to pursue a
graduate degree in mathematics. Male and female graduate students expressed similar
reasons for Iiiing mathematics: its logical nature, its problem-solving aspects, its objec-
tivity, and its creative nature. Most developed an interest in and love for mathematics in
elementary school. Differences between men and women were found in the process of
deciding to attend graduate school, in their confidence in their mathematical abilities,
and in their career aspirations. The women seemed to need strong encouragement from
at least one person, usually a teacher, to decide to try graduate school. The relative lack
of confidence of the women was reflected in their career goals. Both men and women
generally wanted to teach; but the women's sights were set at a lower level or toward a
non-research institution.

These studies have provided some information about factors that might continue to
influence women to choose a mathematical career. The purpose of this study was to
expand the sample from the Becker (1984) study to include graduate students in
computer science to determine if previous findings are corroborated.

METHODOLOG Y

This study was conducted in two phases at two different institutions, called here East
University and West University. East University is the same institution in which the
previous study (Becker, 1984) was con.lucted. In the current study, eight graduate
students in computer science (a separate department from mathematics) volunteered to
be interviewed. The author spoke at a mandatory meeting the first day of school to
solicit pn.rticipants; a follow-up letter was sent to all graduate students, resulting in the
eight volunteers. These inter, iews were conducted in 1983.

In 1985, a similar procedure was used to get participants in both mathematics and
computer science at West University; here both disciplines are in the same department.
At West, an additional 13 participants were interviewed, 5 in mathematics and 8 in
computer science.
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An interview approach was used to provide in-depth information about thedynamics
of educational and career choices. The audiotaped interviews focused on educational,
family, and work background; interests in mathematics/computers and when they
developed; reasons for pursuing a graduate degree; influences on that decision; and
long-range career goals. Qualitative methods of analysis were used to ascertain patterns
of responses and categorize them into a taxonomy.

RESULTS

Description of sample

East and West UnivertiLies differed in other than geographical ways. As stated above, at
East the mathematics and computer science fields are in two different departments. This
seems to have influenced the programmes in computer science; there are Masters'
degrees offered in computer science or computer information science. Degrees may have
a large component of coursework in other departments, such as business. The
programme caters to students who do not have undergraduate background in computers
by offering a special one-year catch-up :ourse in computer science. Also, the graduate
degrees do not have substantial mathematics requirements. East is a large public
research institution which offers Doctoral degrees.

In contrast, at West, mathematics and computer science are in the same department .

The Masters' degree courses are more highly mathematized; a substantial amount of
upper division mathematics is required to enter a graduate programme. West is also a
public institution, but does not offer Doctoral degrees in either mathematics or
computer science.

Of the eight informants at East University, four we-e male and four female. Their
ages ranged from 24 to 55 years; only two students, one male and one female, were
pursuing a graduate degree immediately after receiving a Bachelors' degree. Their
educational backgrounds varied considerably. All the men came from a technological
background (degrees in engineering and mathematics, one with a Masters' in mechanical
engineering). Two of the women had mathematics backgrounds, one a Bachelors' and
one througl, a PhD. One woman had a PhD in German; the other had a Bachelors' in
classics and a Masters' in education. Only two of the informants, both malc, intended to
pursue a PhD in computer science.

At West University, five students were in mathemwics (t me male, two female)
and eight in computer science (four male, four female). One female was Asian. Their
ages again had a large range: 24-48 years. Of the mathematics students, all but one
had undergraduate degrees in mathematics; the one exception had a physics degree.
In contrast, the computer science sample included only two undergraduate degrees in
computer science, reflecting the newness of the discipline. The rest had degrees in
mathematics, a science, or engineering. The difference in programmes in the two institu-
tions clearly has an impact on what kind of students can pursue graduate degrees. At
West, one male in computer science intended to pursue a PhD in the field elsewhere; two
mathematics students, one male and one female, have gone on to a PhD programme at
other prestigious universities.

The family backgrounds of informants defy generalizations. The only common factor
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to most was a value for education and encouragement to attend college. However, two
women were discouraged by family from even attending college.

Pntterns of responses

Patterns that emerged in the responses from the informants were grouped into major
categories. Contrasts between mathematics and computer science informants will be
discussed within each category. In the quotes provided to illustrate a pattern, the
following codes are used: R (researcher); F (female); M (male); Ma (mathematics); Cs
(computer science). A numeral will be used after the gender code to signify a specific
informant of that gender. For example, F-3 (Ma) will stand for the third female cited;
she is a mathematics student.

When their interests developed

Nearly all of the informants expressed an interest in and liking for mathematics or
science in the elementary or junior high school years. Having a teacher who was really a
mathematics teacher seemed to make a difference in how the subject was taught which
piqued the interest of students.

R: Can you reflect on when you started liking mathematics?
M-1 (Ma): Yeah, when I was in seventh grade. I used not to like it.
R. Why was that?
M-1 (Ma): I remember long division, I hated doing long division.. . . Then when I was

in seventh grade that's what really did it. I had this teacher that was really
good. She did a lot of non-traditional things with math.

F-1 (Cs): Well, I've always liked math, and I guess what I really needed was just, you
know, somebody just behind me pushing me a little more.

M-2 (Cs): I remember that through the first six grades in school, school really didn't
have very much interest for me. It was all just a bunch of drudgery as far as
I was concerned. . . . In seventh grade I took algebra.. . . All of a sudden it
was interesting. From then on I majored in math.

Even those students who did not have a technological background seemed to like
mathematics early in their education. The informant who had a PhD in German actually
had been a mathematics major before switching to German.

Why they like mathematics/computer science

Certainly one important reason people like a subject is that they are good at it. This
factor was mentioned again and again by both mathematics and computer science
majors. Although there did not appear to be gender differences in the reasons for liking
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mathematies/computer science, there were clear differences between majors in the two
fields.

A very appealing aspect of mathematics is its problem-solving nature. Students
appreciate the challenge of tryiyA to solve a mathematical problem, and compat e this to
solving crossword puzzles or playing a game. One has certain assumptions and rules,
and through logic, can solve the puzzle.

M-3 (Ma): . . . the actual learning process is fun in itself and it's like a game almost.
You start out with certain sets of assumptions and you build the problem
and you're creating this fixed structure which is just amazing it holds
together. I mean the whole thing just holds together and you get these
results that are consistent. The whole thing is like a game that's fascinating
to me.

F-2 (Ma): My love, my true love has always been logic. From the minute tlia! I first
took a logic class I said, this is what I want to do.

The appeal of the structure of mathematics, closely related to its logical nature, was
also of importance. To these students, the structure exemplified the beauty of
mathematics.

F-3 (Ma): Mathematics is a language and the proofs a manipulation of language. It's
just generation of transformation of a different kind of language when you
think of it. Except there's no rule when you stop transforming like there is in
language. . . . In math, apply tools to a structure in order to do things.

The objective nature of mathematics also appealed to students, as this example shows.

F-2 (Ma): The thing that's nice about math is that's it. You do what it says right there.
I like that. I also like the sense of reward. One can read a Shakespeare play
for the rest of one's life and not have any kind definitive idea of what's
going on.

One thing that seemed to appeal to several men, but no women, was the snob value of
studying mathematics. One was doing what almost everyone else found difficult.

M-3 (Ma): The fact that it was so intellectual and so hard and was so different really
appealed to me . . . to put it bluntly, the snobbery you know, how you felt
to people really stupid.

The computer science majors definitely had a different view of mathematics from the
mathematics majors. These students generally did not like the abstract nature of the
subject, and the emphasis on proving theorems from a certain set of assumptions. What
they liked was the usefulness of the subject, how it co.: d be applied to solve problems.
F'roblem-solving was definitely the most important feature of computer science to these
students. The mathematics was important only so far as you could use it advantageously
to solve a real problem. Still, the processes they said they used were often very
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mathematical in nature, and they stressed even more the appeal of knowing you are right

because the programme works.

M-4 (Cs): The reason I said debugging as the first thing is that because that's sort of
the most obvious place where you do problem-solving, because you have a
very clear-cut problem, what's wrong with the program, and a very clear-cut
path, very clear-cut whether you've fixed it or not. . . I definitely like
programming. I think it boils down to I like solving problems.

M-5 (Cs): I see mathematicians as very useful tool builders. But I see that mathe-
maticians often forget that they're building tools.

M-6 (Cs): I like to be able to,use it as a tool in math sometimes and I think from the
math teachers I've seen there has been some hesitancy about doing that. . . .

I mean it's nice to have a program that just sits there and looks elegant but,
like to write something that can do something useful.

F-4 (Cs): All the other things in the world, you know the job's out of your control,
. . . but in programs everything is under your control. You know exactly
what you want to do and you should be able to make it do what you want it
to do.

F-5 (Cs): It's like problem-solving. It's like crossword puzzles. The clues are all there
and at first it doesn't seem to make any sense but if you look at it a while it
begins to make sense.

F-6 (Cs): I like the, not really that it's a game, but that kind of mentality to it.

F-7 (Cs): You've got that feedback, I need that response. And I get that from
computers. It's playing games. It's like jigsaw puzzles and scrabble and all
those sort of things.

F-8 (Cs): The problem is solved because you see the output. . . . It's very concrete,
you can put your finger on it. . . . Abstract mathematics has always eluded
me to s^me extent. It svms to me that mathematicians are often proving
things which are obvious, . . . Computer science says, I can prove it because
my machine works using it.

Academic preparation

Nearly every informant, except the oldest ones, had been involved in some special
programme in mathematics or science as early as junior high school. Many had taken
algebra either one or two years early because of being identified as gifted in mathemat-
ics; several of these students then studied through calculus in high school. One student
studied junior high mathematics from the SMSG programme, which stressed the struc-
tural aspects of mathematics which appealed to her. Another woman attended an all-
female parochial school in which students were particularly encouraged in mathe-
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matics and science. A third woman was in an NSF-sponsored summer programme in
junior high which involved her in computer programming. Several informants had been
in a maths club or on a maths team in high school. Even the computer science majors
who had non-technical undergraduate majors had studied a substantial amount of
mathematics in high school; this perhaps helps account for their ability to succeed when
going back to a mat hems 'cal field after many years.

Ten of the computer science graduate students had had little or no computer science
background when they began their programmes. Although willing to admit the need to
work hard at being a student again, none of the men expressed any difficulty adjusting
to the level of coursework they had undertaken. However, several of the women did find
difficulty adjusting to being a student after a gap of some years. The women were more
likely to feel isolated in graduate school, or to find conflict between family demands and
the time demands needed to write successful programs. Several women (at both institu-
tions) felt they were not always taken seriously by faculty members. One recounted
going into a faculty member's office with a male student to ask a question, and being
ignored throughout the conversation. Another was distressed by professors' inability to
tell her and one other older woman apart, although they bore little resemblance to each
other. These students persisted and received their degrees, but one must wonder if others
were discouraged who might have achieved a graduate degree.

Why they chose graduate school

A large part of the interviews centred on factors that influenced the decision to attend
graduate school in mathematics or computer science. Some differences emerged here
between the men and women. More of the men than women, in both disciplines, seemed
to have a clear reason for applying to graduate school. The women seemed less sure of
their goals and less certain of their ability to succeed (see categories below as well).
However, it was surprising how many of the informants had never made real clear
decisions about graduate school.

F-1 (Cs): I said, well I'll apply and see what happens, and honestly, I really did not
think I would get accepted.

F-9 (Cs): But sort of a lot of decisions have been made not by me carefully thinking
through all the options but just sort of jumping on what's available.

Contrast these comments with a typical male response.

M-7 (Cs): Well, I had always wanted to do more than just get a Bachelors'. It was a
choice really as to field.

Career goals

One clear difference between the mathematics and computer science majors related to
practical economic goals. Those in a graduate programme in computer science were well
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aware of the numbers of jobs available and the high starting salaries. One reason so few

intended to pursue a PhD is that they did not view that degree as buying one much

beyond a Masters' in terms of salary or opportunity. The PhD is for those who want to

teach at the university level, and they make less than a computer scientist in industry who

only has a Bachelors' degree.
In contrast, all of the mathematics students had a career goal of teaching. Those in a

Masters' programme only wanted to teach at a junior college; those planning a PhD

hoped for a university teaching position. These students seemed to have very little idea

of what they could do besides teach. They loved mathematics, and liked teaching, so it

seemed natural to combine these interests. One difference found between men and

women is that the women had high school teaching credentials (they had been
encouraged to do this), but only one man had such a credential. Thus, the original career

goals of the women were to teach at the high school level; they found that unsatisfying,

so sought other options.
For the computer science majors, one clear gender difference involved the desire not

to use the degree in defence-related work. Only one man expressed that concern. The

rest seemed more interested in the intellectual challenge of a job than in its area of
application. Somehow this desire to avoid defence work led more of the women to a

career choice of teaching; again, most students had little idea of what they could do with

their degrees, despite all the publicity about the computer field.

F-9 (Cs): I was very active in some of the social movements, and interested in saving
the world from poverty, war, and in industry, that might have something to
do with war-related things, so I sort of didn't want to work in industry, which
left teaching, as far as I was concerned.

Five of the women but only one man had an immediate goal to teach once finished

with the degree. Additionally, one man and one woman intended to pursue teaching

after working a few years in industry to make money and gain practical experience. They

admitted not knowing if they could leave a lucrative job for a lower-paying teaching

position in the future.

Encouragement and discouragement

There were several factors grouped into this category which showed gender differences.

In general, the women were influenced more by 'significant others' than were the men

(or at least they were willing to admit it). Although most participants mentioned family

as influencing their decisions, this influence seemed more important to the women. And

several women, but no men, were discouraged by family from even attending college.

F-4 (Cs): I can't say they really pressed me to go into whatever area, but my parents,
and my brothers and sisters always let me know what they think is good for

me. I think I want to go into music. . . . But I know that they wouL ie very

unhappy.

F-6 (Cs): My parents weren't going to pay for college for a girl, so I had to work, not
full-time but pretty heavy for two years.

._5
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M-8 (Ma): lt was just always assumed that I would go to college.

All but one woman, but only three men, mentioned at least one teacher who was a
special influence. For many of the informants, this special teacher was in junior high or
high school; s/he was influential mainly because of the way s/he taught mathematics,
making it fun, interesting, and challenging as it never before had been. Many of the
women had more than one important teacher, one before college, and one or more in
college who particularly encouraged them to major in mathematics/computer science
and to consider graduate school.

M-1 (Ma): She, I don't actually remember exactly, it was sort of like more puzzle type
things and we used to have these team games. It was enjoyable for the first
time, . . Maybe that pinpoints what happened with my seventh grade
teacher. She emphasized intuitive understanding, coming to your own
conclusions. . . . If I hadn't had th:;se few teachers in junior high, for sure I
would never have been in math.

F-9 (Cs): I didn't initiate any of that, I had, again had one professor in particular and
another one, that sort of was encouraging me to continue. Sort ofa cheer-
leader, kept telling me I should go on [to graduate school].

F-2 (Ma): I got an enormous amount of encouragement throughout my experience at
State from the people in the math department. When I would say things like
I said to you, 'Well, if I were brilliant I would have gone into logic' they
would say, 'Who told you you weren't?'. . . Boost my confidence.

Not only individuals but -.lso institutions as a whole may encourage or discourage
students. Although the women had strong memories of support and discouragement,
the men recalled much less encouragement and no discouragement. The encouragement
seemed really helpful to the women in their decisions to attend graduate school. The men
seemed to be able to decide without ostensible support.

The type of experiences women, but not men, reported are illustrated by these quotes.

F-3 (Ma): There's something about being treated like a subhuman throughout high
school because you're good in math . . . There wasn't really that much overt
discrimination, but it just seems that the idea that the men are more serious
students, it's just always underneath there.

F-2 (Ma): A common sort of thing to happen, if we go in. if a woman goes in with a
man to talk to an instructor about some question she, not necessarily he, is
working on, the instructor almost universally answers the man with whom
the woman went.

F-6 (Cs): One of the reasons I ended up minoring in education was because that's
where all the girls were. My physics class was 500 people, and there were
only two girls . . .

P. How did that feel, being such a minority?
F-6: There were a lot ot disadvantages to it. Some of the older professors didn't

1,4
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think I belonged there [engineering] so they were very degrading at times.

. . . But the worst part was the attitude of the other students. I found I was
shunned a lot.

Three women at West University ended up in the computer science department instead

of computer engineering because they perceived a more supportive environment. The
computer engineering department was described as almost totally male, faculty and
students, and not a place they felt comfortable. They felt the faculty really did not want
them around. The mathematics and computer science department has many more
women around, although they do not teach graduate courses. The milieu of the depart-
ment seemed important to the women, less so to the men, perhaps because they felt they
really belonged there.

Self-confidence

Some of the experiences described above may contribute to the gender difference found
for both mathematics and computer science majors in this category. The women
generally had less confidence in their abilities in their field; this seemed to contribute to
lack of ambition for a doctoral degree. The men expressed confidence in their abilities,
and usually denied ever having any difficulties in coursework or other aspects of their
graduate programme. The women were much more likely spontaneously to mention
difficult points in their programmes, and their coping mechanisms. There was no
evidence from grade: 3r degree attainment that the women were less successful; they just
seemed to feel that they were, as illustrated by these comments.

F-2 (Ma): Every now and again I think that maybe I am a little smart. But I sure
pulled the wool over their eyes. . . . having to perform these acrobatics so
that they won't find out that I'm really stupid. I do consider myself to be
just a hack. . . . If I were brilliant then it would be easy for me.

R: Do you think most people who are PhDs in logic are brilliant?

F-2 (Ma): At least they're cocky. If not brilliant real cocky.

R: Do you feel like you have a pretty good background to go on for your
doctorate?

F-3 (Ma): No. I'm still not good enough in algebra.. . . I never remember as much of
what I st.idy as I feel I should. But I think of all that I've studied now, I

have a solid undergraduate background. [Note: this student had just
completed her Masters' orals.]

M-3 (Ma): I just did very very well in everything. I mean in the math sense I wasn't
pushed, I was alone, I always managed to get an A, I always managed to do
the best in the class. It was just never really a problem.

R: Was it difficult for you coming back [to school] after having been out for
12 years?
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M-11 (Cs): I didn't find it difficult at all . . . I already knew that I would do well at
school.

F-1 (Cs): Cause the Masters' degree for me has really been a struggle, and I've told so
many people, if I ever mention getting a PhD, please knock me over the
head . . . Because it's really been tough, and I guess I want more out of life.

F-9 (Cs): I'd still be a graduate student [ in mathematics ] if Dr L had not said it's
enough. Here, write it up, and quit telling me it's not enough.

CONCLUSIONS

Male and female graduate students in both mathematics and computer science expressed
similar reasons for liking their disciplines. A feature common to both disciplines was the
problem-solving. That which is most difficult for the majority of students is what is
attractive to those specializing in a mathematical science. Interest in the problem-solving
began early for most informants, usually by junior high school. A key difference
between the two disciplines was apparent in the type of mathematics they liked. Those in
pure mathematics really enjoyed thc. abstract nature of the subject and writing proofs
from a set of assumptions and previous theorems. Those in computer science had little
appreciation for the most abstract mathematics; they saw mathematics as a tool to help
them solve application problems. This difference parallels Ole often-cited one between
scientists and engineers.

The men in this sample seemed to have stronger self-motivation to attend graduate
school than did the women. The women seemed to need strong encouragement from at
least one person to try graduate study. More of the women reported both encourage-
ment and discouragement in their educational careers. These experiences perhaps
contributed to a relatively lower level of confidence in the women than the men. This
lack of confidence is reflected in their career aspirations, and perhaps helps account for
the need for some external validation of their abilities to achieve advanced degrees.

A small number of women in this study returned successfully for a Masters' degree in
computer science without a mathematically oriented undergraduate background. The
fact that this is possible without taking a large number of undergraduate mathematics
and computer science courses seems to be a well-kept secret. If the potential population
for Masters' degrees in computer science were to include people with social science or
humanities degrees, many more women would be eligible for retraining. Unfortunately,
this is not true in mathematics, where a Bachelors' degree in mathematics or a related
field seem, crucial.

The factors influencing students to pursue graduate degrees in the mathematical
sciences which have been identified here suggest ways colleges and universities could
encourage more women to attend graduate school. The pool of undergraduates and
returning women is available; a commitment to attracting and retaining women
graduate students is a needed first step.
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Chapter 13

Where Have the Mathematicians Gone in
New Zealand?
Prudence Purser and Helen Wily

Is the number of mathematics graduates increasing?
Are more women graduating in mathematics?
What are the destinations of mathematics graduates?
Are women advancing to the higher degrees?
What occupations do mathematics graduates enter?
Where are the future mathematics teachers?

These are some of the questions that are addressed in this chapter. The responses to them
are of value to educationalists, to employers and to those requiring the specialized
knowledge and skills of the highly qualified graduate in mathematics.

The information used is from the annual graduate survey conducted by each
university. Each year's survey covers the period 1 June to the following 31 May. Figures
for 1972/73 therefore refer to those who graduated from 1 June 1972 to 31 May 1973.
There is always a very high response to this questionnaire and this establishes the validity
of the figures used in this report.

In this study, the data used are only of those graduates whose first major is
categorized by the Graduate Employment Survey as mathematics. This category
includes degrees in pure and applied mathematics, statistics and systems. This does not
include the many students who study mathematics but for whom mathematics is not the
major part of their degree. It should also be noted that these figures include not only
younger gradut .es taking up their first permanent occupation but also older graduates
who may not be entering employment for the first time.

IS THE NUMBER OF MATHEMATICS GRADUATES INCREASING?

Table 13.1 includes overseas students who have been educated in New Zealand. It must
also be noticed that there is a duplication of figures, as a student who graduates with a
first degree may reappear as a statistic after they have completed a further degree. Hence
the total number of individuals graduating in mathematics is fewer than the table
indicates.

14



Table 13.1. Graduates in mathematics 1972/73-1985/86

BBusAdmin
Years Do;:toral Diploma BSocSc B(H on)SocSc BSc B(Hon)Sc MSc BFoodSc Totals

MSocSc BEng
13(H on)Bus

AdminMI; MF MF MI; MF MF M F MF MF ALL

1972/73 4 0 3 2 14 11 3 2 165 43 29 3 14 1 0 0 232 62 294

1973/74 2 0 3 1 13 12 4 1 144 55 22 15 15 1 3 2 206 87 293

1974/75 2 1 5 0 26 16 4 1 149 54 22 7 22 3 1 0 230 82 312

1975/76 2 0 7 4 13 17 1 5 117 39 28 5 20 8 4 5 192 83 275

1976/77 5 0 3 7 18 20 3 2 110 31 18 6 15 3 1 0 173 69 242

1977/78 4 1 7
1

15 15 3 3 115 52 27 8 18 3 4 0 193 83 276

1978/79 7 0 6 2 20 8 4 4 119 42 31 10 16 3 2 0 205 69 274

1979/80 5 1 3 3 15 17 3 0 120 40 22 3 16 3 2 2 186 69 255

1980/81 e 0 4 4 14 15 6 0 100 43 25 5 13 2 3 0 165 69 234

1981/-82 2 0 4 6 17 12 0 4 100 51 21 11 18 3 2 0 164 87 251

1982/83 5 1 4 5 5 13 2 1 112 37 20 7 16 2 5 5 169 71 240

1983/84 0 0 4 1 13 11 2 1 83 32 32 6 10 3 2 1 146 57 203

1984/85 4 1 2 5 13 15 1 2 114 56 22 5 22 1 2 1 180 86 266

1985/86 7 0 1 4 13 9 3 1 104 52 20 5 6 4 3 0 157 75 232

Om.
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Table 13.1 shows that the number of graduates in mathematics, though fluctuating,
has decreased over the 14-year period. Although the number of mathematics graduates
with degrees in arts and social sciences has remained steady, the number of graduates
who completed a BSc in mathematics has declined. This decrease causes unease as it
results in a smaller pool of talent from which to draw for higher degrees in mathematics.
There was an increase of 35 per cent in the total number graduating in all subjects in 1986
compared with 1975. The proportion who graduated in mathematics for hese same
years fell from 4 per cent in 1975 to 2 per cent in 1986.

Are students now taking their first degree in the newer subject areas such as
computing or in those areas which appear to be more vocationally orientated, such as
commerce, in preference to degrees in mathematics? Whatever the reason, the supply of
mathematics graduates is decreasing. The attention of those directing young people in
their career choices should be drawn to the desirability of taking a mathematics degree
first which gives the advantage of wide vocational options after graduation.

ARE MORE WOMEN GRADUATING IN MATHEMATICS?

Over the 14-year period, the percentage of mathematics graduates who are women
ranged. from 21 per cent in 1972/73 to the high point of 35 per cent in 1981/82 (the details
are shown in Figure 13.1).

Percentage

4°
3°
2°
10

) 't" ct; 4;1. ct;') .4 ,i,`) 43
.\^)\ ..(\\ ..sb\ ..ft\

;ct ;zt \cicb e e ;ct

Years

Figure 13.1 Percentage of mathematics graduates who are women.
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There has been some obvious variation over the years but the trend does seem to be
toward a slight increase in the percentage of female mathematics graduates.

It is of interest that over this 14-year period there were only 5 women who gained
doctorates in mathematics LJmpared with 49 men. The first of these women became a
secondary school teacher, the second went into research, the third was not available for
permanent employment, the fourth was an overseas student who returned home and the
fifth was looking for employment!

WHAT ARE THE DESTINATIONS OF MATHEMATICS GRADUATES?

From the information in the graduate survey, it has been possible to identify the
overseas students, the New Zealand students who continue in full-time study and those
who gain employment. Those students who were not available for employment or who
were still looking for a suitable job at the time of the survey have been placed in the
category of 'Other' (Table 13.2).

Table 13.2. Destinations of mathematics graduates.

Years Overseas

students

NI F

Continuing

full-tinue study

NI F

Employed
in NIZ

NI F

Other

N4 F

Total

NI r

1972/73 29 5 105 28 74 27 24 2 232 62

1973/74 32 13 100 41 53 23 21 10 206 87

1974/75 25 8 89 41 62 24 54 9 230 82

1975/76 22 8 93 33 50 30 27 12 192 83

1976/77 16 10 96 29 41 23 20 7 173 69

1977/78 26 9 78 33 66 29 23 12 193 83

1978/79 26 9 93 23 58 24 28 13 205 69

1979/80 20 13 74 26 64 24 28 6 !86 69

1980/81 20 13 53 27 65 21 27 8 165 69

1981/82 14 7 69 28 56 38 25 14 164 87

1982/83 9 4 61 26 72 32 27 9 169 71

1983/84 6 3 71 25 50 20 19 9 146 57

1984/85 15 5 59 33 75 38 31 10 180 86

1985/86 8 15 61 15 64 36 24 9 157 75

In spite of the fluctuations in the data, some patterns do emerge. To illustrate these
patterns more clearly, Figure 13.2 uses four separate year periods with three or four
years between each. The overall decline in the number of mathematics graduates is again
evident.

The proportion of mathematics g lates who are overseas students has been falling
between 1972/73 and 1983/84 with t. per cent of mathematics graduates in 1983/84
being from overseas. This proportion has increased again recently with the average
percentage of overseas students being about 10 per cent of mathematics gaduates.

There has been a slight increase, over the 14-year period, in the proportion of male
mathematics graduates finding work in New Zealand. However, because of the
declining number of mathematics graduates, the actual input of male mathematics
graduates into the workforce has remained static. The percentage of female
mathematics graduates who enter the New Zealand work force has almost always been
higher than that of their male counterparts. However, unlike them, there is a slight

it 4
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increase in the number of female mathematics graduates entering the work force, as can

be seen in Table 13.2.
On average, approximately 40 per cent of mathematics graduates continue in full-time

study, which may be either acadcmic or vocational. Approximately one-third of mathe-

matics graduates are in employment within New Zealand in the six months following the

completion of their degree.

ARE WOMEN ADVANCING TO THE HIGHER DEGREES?

To investigate the composition of the category of full-time study for both men and

women, the figures have been looked at in more detail. The category of full-time study in

Table 13.2 includes those who continue on to teacher training at either primary or
secondary teachers' colleges as well as those furthering their studies at university. The

figures for the teachers' colleges are listed in Table 13.6 and Table 13.3 looks only at
those doing further study at a university either in New Zealand or overseas. The trends

are shown in Figure 13.3.

Table 13.3 Mathematics graduates who continue in full-time university study.

Year of
graduation

Male Female

Further
study
in NZ

Further
study

overseas

01 o of male
graduates

continuing study

Further
study
in NZ

Further
study

overseas

% of female
graduates

continuing study

1972/73 73 6 3907o 9 3 21%

1973/74 62 8 40% 15 1 2207o

1974/75 63 4 3307o 16 3 2607o

1975/76 62 4 39% 11 3 19%

1976/77 55 11 42% 7 1 1407o

1977/78 47 10 3407o 15 0 20%

1978/79 57 8 36%. 3 1 7%

1979/80 43 6 30% 8 1 17%

1980/81 36 6 29% 8 1 16%

1981/82 45 10 37010 10 0 130/o

1982/83 4 j 8 3407o 12 1 1907o

1983/84 47 11 41010 11 1 22°10

1984/85 32 13 27010 17 3 25%

1985/86 46 6 35010 8 2 17010

51= 35% = 180/0

It is of considerable concern to note the few female mathematics graduates who
continue in full-time study towards another degree. This lower proportion of women to

men has been consistent over the 14-year period surveyed and shows little sign of
improvement. Without a higher degree, specialized job opportunities for women are
reduced. This limiting factor should be studied further as there currently seems to be a
serious shortage of highly skilled people in our technological environment. .

Do women have shorter-term goals? Are they reluctant to spend more time in the role

of student? Are women keen to enter the workforce? Is the university environment not
conducive to women achieving the highest academic qualification of which they are
capable? If female role models in university mathematics departments are necessary to

1 1
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Figure 13.3 A comparison of the proportion of male and female mathematics graduates who continue in full-
time study.

change the situation, then change here is unlikely as university lecturing is one of the
specialized jobs which requires a higher degree and the situation is self-perpetuating.

WHAT OCCUPATIONS DO MATHEMATICS GRADUATES ENTER?

Table 13.4 gives a broad picture of the occupations of those mathematics graduates who
were in permanent employment when surveyed. Generally these figures refer to their
first occupation. Most graduates at that time would only recently have entered their
stated employment but a few may have worked and studied concurrently and hence have
been longer in their present occupation. Table 13.4 shows the totals for the 1972/73
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whit 13.4. Mvupattonal ,graups ol all tnadwusanc.% graduate.% 19/2/71 I 985/8k

Ilioad category o
occupations thcupat tonal group

Number

Maks 1.emaks .1 olal

Aimed ser vices Armed sei vices pet sound IN 0 18

l'ompuling Computer progratmacts, °vodkas 86 39 125

Methods analysts 1 0 1

SYslems analysts 28 9 17

Operations reseatch analysis II , 11

Lducatioindists 1 ecturers (lerliary) 41 ri 47

Secondar y leachers
Pr unary, Intermediate Nachos

165
7

52
a

247
lb

PR' primary teachers I 0 1

( .inrcspondence leaChel s I 1. 1

1.ducat ion adminish atm s. pi na-ipak ri 4 It)
1- ngineei s Ingincers 16 1 17

1 r al tic engineers 4 0 4

1 mance and Accountants 10 b lb
( 'minuet ce I 'runnier ce. banking emplovo.s 16 7 2;

1.conompas 6 6 12

Mar homy. and sales ssorkeis li 1 IN

Marketmg teseatch %mhos 4 4 M

I Ilsur ance Actuaries 72 27 99

Insurance %in hers II 1 14

Statisticians Statisticians 17 42 79

Mathematicians 4 4 tri

Social test-inch %sot her s 4 4 5

Industrial engineers 1 1 4

Scientists Physical scientists 12 0 12

1 de scientists 11 tr 17

Iliometricians a ir 1 S

I et:11111Cialls 11 5 21

held and station (disci %cis 1 0 I

Metemoliwsis 10 ,. 12

Managers Managers, industry and commeice 17 a 26
I kwei men! advisoty 011 icei s 11 11 24

Clef rcal Clet alit wm ker 5 a 5 17

Creative and him mulish 1 r's I

Arts I dummy, t ,. 7

Actors. musicians, etc. 6 I 7

Photographers 1 0 1

Miscellaneous Ail hu pilots. ships ()Ital.! s 1 1 4

1 mks worker 5 2 1 1

Bus drivers, security of 1 Icel. 3. 0 i
Postal wot hers 0 I 1

titt2 119 1001
. .......

10 1985/86 period. The occupations have been classified into approximately 40 groups
which in turn fall into 12 main categories. Actual numbers only have been presen!ed but
Ihe chance grand total of 1001 people makes it easy to derive the percentage distribution
Over the occupations.

The total nunther of males compared with the nunther of Femaks (68210 319) shown
in 'Fable 13.4 leads to the approximate ratio of two males to one female in employment.
!fence any vat iation From the ratio of 2 to ; in the number of men and women in any one
employment area indicates an imbalance of representation of the two sexes in that
occupation. The table was examined with this ratio in mind.

I 5
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The absence of women from armed services personnel is not unexpected. The few
women in some groups such as meteorologists should be noted but the marked
disproportionality of 41 males to 6 females in the occupation of lecturer in a tertiary
institution is disturbing. This bias in favour of the males is likely to be an outcome of
women tending not to continue to higher degrees which would be a prerequisite for this
type of employment. On the other hand, an approximate ratio of two to one is found in
several occupations such as computer programmers, accountants, actuaries, life
sciences and teachers, showing that there is an equivalent representation of men and
women in these fields. The high proportion of women engaged in statistical work is of
interest.

Also worthy of comment are the number of women in some occupations not
traditionally considered as female domains; actuaries and economists are examples.
Does this indicate that in some fields of the workforce such as insurance and finance,
prejudices against the employment of women are lessening? Are women themselves
gaining more self-confidence in the contributions they can make in these areas?

Any previously held opinion that the majority of female mathematics graduates enter
teaching is dispelled by the results of this table. Rather it is pleasing to note that women
are entering a wide variety of occupations although the range of these is not yet as exten-
sive as those of their male counterparts.

Table 13.5 is an extension of Table 13.4 in which the total number of graduates in each
occupational group have been separated into three periods, two of four years and the
last of three years, whilst the occupational groups have been put into ten broad
categories. Category 'Other' comprises clerical, creative and arts, and miscellaneous.
Percentages only have been used. These divisions and groupings have been designed not
only to draw attention to the major distributional patterns of the occupations but also to
any significant changes 6ver the last 14 years.

One obvious movement is the decrease of both males and females entering teaching
(educationalists). This loss is balanced by the numbers entering finance, commerce and
insurance occupations.

The broad categorization of occupations into ten groupings indicates an overall

Table 13.5. Percentage distribution over broad occupational categories of all empkved matheinatio;
graduates.

Broad category
of
occupation

Percentage of employed mathematics graduates

1972/73-1976/77 1977/78-1981/82 1982/83-1985/86

Armed services personnel 2 0 3 0 3 0
Computing IS 17 22 21 I 6 1 0

Educationalists 45 40 27 27 25 29

Engineers 5 0 1 I 3 I

Finance, conitnerce 4 8 8 6 II 10

Insurance 8 6 14 6 IS 1 5

Statisticians 5 13 9 21 7 13

Management 2 6 3 8 6 7

Scientists 7 6 9 6 9 9

Others 4 4 4 4 5 6

Total 100 I 00 100 100 I(X) 100



140 Gender and Mathematics

Other

Management

Scientists

Statisticians

l'i !UMW

Insuraiwe

Compufing

1:ducationalists

MALI S

Other

Management

Scientists

Statisticians

....1

1-inanee

Insunuwe

Computing

ducationalists

1.1:MAITS

f Ire 13.4 A eompanwn of occupations by gender.
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similarity between the type of work of each sex. Figure 13.4 highlights this by using the
totals over the full I 4-year period. It is of note that, for both sexes, approximately %per
cent of the occupations are computer or education linked.

WHERE ARE THE FUTURE MATHEMATICS TEACHERS?

Table 13.6 shows the number of mathematics graduates training for or practising school
teaching.

Tabk 13,6. Number of matheinancs graduates trainuig for or practising school teaching.

Years

Primary teaching Secondary teaching

P

Totals

StudOng
hi P

Practising

6,4 t:

Studying

M P

Practhiing

M
Primary Secondary

_

1972/71 4 4 1 2 22 12 24 10 II 58

1973/74 2 I 0 2 28 24 II 7 5 70

1974/75 2 2 0 0 20 20 15 li 4 63

1975/76 2 1 1 1 25 16 17 5 73

1976/77 0 2 0 1 10 19 15 2 5 66

1977/78 1 1 0 0 20 15 9 7 4 51

1978/79 1 0 1 0 27 19 8 s 2 59

1979/80 1 I 0 1 24 16 10 5 55

1980/81 0 1 0 0 11 17 14 I 45

1981/82 0 1 I 0 14 17 10 5 2 46

1982/83 0 0 1 0 7 13 10 8 1 38

1983/84 0 0 0 0 13 11 5 2 11

1984/85 0 0 1 0 14 11 11 8 46

1985/86 0 0 1 0 9 5 6 7 27

The declining number of mathematics graduates involved in school teaching is
obvious. It' the current trend continues, there will soon be no mathematics graduates
enl 'ring the primary service and only a handful in the secondary service.

When it is considered that mathematics is a subject studied by all primary school arid
nearly all secondary school students, it gives zause for alarm that there will be no mathe-
matics graduates to teach them in most In any discipline, it is necessary to have
teachers who are themselves graduates in their subject area. Their knowledge and
onfidence in their subject provides leadership among other teachers. At the senior level
of secondary schooling, t hey convey this confidence to NI udents who themselves become
confident in etc subject. If students are not getting adequate teaching in mathematics,
they will not continue their studies in this discipline and the number of mathematics
graduates will decrease further, producing a vicious circle.

Urgent consideration must he given to making school teaching more attractive to
mat henot ics graduates.

CONC1.USIONS

The number of mathematics graduates is declining.

There is a slight increase in the number of women graduating in madwmatics.

1 5 ,1
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On average, forty per cent qmathonatics graduates continue in further study while a
third are in the workforce within six months of graduation.

Very few women advance to higher degrees.

Both male and female mathematics graduates enter a wide range of occupations, makv
of them with a statistkal and analytical orientation, with the main employers being in
the areas of education, computer services, statistic's and insurance.

The supply of mallwmatics graduates entering teaching is decreasing alarmingly.

UPDATE::

Prior to publication of this chapter, an update was completed on the statistics for the
1986/87 and 1987/88 years, the results of which, summariud, show that:

. The trend of a decreasing number of mathematics graduates appears to be
continuing. This is slightly more so fm. men, hence the resulting increase in the
percentage of graduates who are women, In 1987/88, 35 per cent of mathematics
graduates were female and this equalled the previous high in 1981/82.

2. The proportion of mathematics graduates entering employment in New Zealand
within six months of graduating has been increasing to approximately 40 per cent of
both male and female graduates in 1987/88. There has heen a corresponding slight
decrease in the proportion of mathematics gradnates continuing lull-time study. It
will be interesting to see it. this shift towards entering the work force instead of
further study continues in the next few years.

:4. On average, 18 per cent of mathematics graduates were continuing in full-time study
towards another degree, a similar proportion to the immediately previous years.

4. The range of occupations entered by mathematics graduates over these two years
did not show any decrease in breadth. The distribution over the broad occupational
categories for females was similar to the 1972/73-1985/86 period. However, for
males, there were increases of 11 per cent in the proportion entering insurance and
6 per cent entering computing. This means that in the 1986/87-1987/88 period,
almost half the male mathematics graduates entered insurance or computing mainly
at the expense of education where the proportion decreased by 14 per cent.

5. The decrease in the number of mathematics graduates entering teaching appears to
be continuing. As these numbers dwindle, intervention programmes to attract
mathematics graduates to teaching become even more urgent.

It is hoped that this report will raise an awareness of the present siatation regarding
mathematics graduates in New Zealand. Some areas of concern have been identified of
which the most serious are the decreasing supply of mathematics graduates, the
disproportionately lower number of female graduates continuing to higher degrees and
also the decrease in recent years in numbers entering teachinr.

The causes or this situation have not been addressed nor have suggestions been made
as to steps which might remedy the situation but a basis has been provided for further
investigations. The necessity of mathematics in so much of our modern living must
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never be underestinuned. It is essential that all areas including education, research,
finance and industry be served by highly qualified mathematicians. Progress is
dependent upon their knowledge and expertise.
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Chapter 14

Women and Mathematical Research in Italy
During the Period 1887-1946
Giuseppina Fenaroli, Fulvia Furinghetti, Antonio Garibaldi
and Anna Sotnaglia

This chapter is the result of research carried out on the Italian scientific journals of the
period 1887-1946 in order to provide a file of women's mathematical papers and some
related statistical figures.

It seems to us that this work may constitute a first step in the direction suggested in
1897 by Gustaf Enest rOm, whose answer to the question 'a quel degré la femme est-elle
capable de science?' was '. . . pour répondre définitivement a cette question, il faut en
premier lieu une analyse Main& et impart iale des travaux scientifiques des fernmes, et
cctte analyse nous manque encore, . (EnestrOm, 1897, p. 25).

BACKGROUND

The observation that progress in mathematical research is especially due to males is one
of the classical elements in support of the 'female inferiority' thesis in mathematics,
and, in the literature of mathematics education, the number of papers still considering
the problem of sex difference in mathematical performances (Fox, 1980; Burton and
Townsend, 1985; Fennema, 1985) provides further evidence that the question is still
under discussion.

The papers of some authors (see, for example, Clements, 1979; Perl, 1979; Kroll,
1985) show that an historical approach may enrich this discussion with further useful
elements. We agree with this point of view. Our contribution concerns female scientific
production in mathematics in Italy during the period from 1887 (the year in which for
the first time a woman graduated in mathematics in the new unified state of Italy) until
1946 (the beginning of the second post-war period).

In order to give a global frame to our work we divided the history of female presence
in scientific and, particularly, mathematical rw!arch into three main periods.

I. The pioneering period: from early European history until the first half of the
nineteenth century.

2. The period of taking up of awareness: from the second half of the nineteenth
century to the second world war.

3. The present period: from World War 11 until today.
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In the first period, that may be considered as the prehistory of female presence in
mathematics, the number of women doing mathematical research was very scant.
Nevertheless some women achieved distinction in mathematics (Tee, 1983), for
instance:

Hypatia (375-415), daughter of Theon, the well-known editor and scholiast of
Euclidean works; she lived in Alexandria
Emilie du Châtelet (France, 1706-1749); she was connected with Maupertuis,
Voltaire and Clairaut
Maria Gaetana Agnesi (Italy, 1718-1799), of a noble rich family
Sophie Germain (France, 1776-1831); she was connected with Gauss
Ada Byron, Countess of Lovelace (Great Britain, 1815-1852), daughter of the poet
Lord Byron
Mary Somerville (Great Britain, 1780-1872), daughter of a Scottish Admiral
and others, especially astronomers

All these women mathematicians have to be considered as exceptional and isolated
cases in their social and cultural environments. They are not the effect of a specific
educational policy, but the effect of certain circumstances: an extraordinary brain, of
course, but also a 'distinguished' social position or a relationship (such as sisters,
daughters) with male scientists.

The third period, on the contrary, 3eems to offer women of developed countries
opportunities comparable with those of men. For example, in Italy, during the year
1985, the percentages of graduate women (of all graduates in the same solar year) were
as follows (Istituto Centrale di Statistica, 1986):

Mathematics 75.0% (962 graduate women out of 1284
graduates)

Scientific group 59.5% (mathematics included)
Medical group 34.3%
Engineering and architecture 16.9%
Agrarian group 25.6%
Economics 30.8%
Political and Social Sciences 40.4%
Law 44.5%
Humanistic and Philosophical
group 79.6%

The high percentages favourable to women are not preserved in their post-degree
careers (see for instance Rothschild, 1983, 1986). Table 14.1 (from the Annuari del
CNR) provides interesting food for thought.

The second period is very interesting and crucial in the history of women mathe-
maticians. It presents important changes concerning the diffusion of the culture among
women and the increase of female presence in some intellectual activities which until
that time were quite devoid of women's contribution (Benetti-Brunelli, 1932).

As far as Italy is concerned, we meet Ernestina Paper as the first woman who took a
degree (in 1877 at 'Istituto di Studi Superiori' of Firenze, in medicine). We use the word
'degree' to indicate the different kinds of certificates it has been possible to take in
Italian universities or aaalogous institutes after the diploma in high school (Cuyper,
1879). (Here we do not discuss the Italian system of education, which is described
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Table 14.1. Directors of Institutes and Centiw of National Research Council in Italy in 1984.

Subjects Males Females

Mathematics 7

Physics 30
Chemistry 53 2

Biology and Medicine 37 4

(icology 24 I

Agriculture 40 I

Engineering and Architecture 25 1

History, Philosophy, l'hilology 13 1

Law and Political Sciences 3 -
Economy, Social Science, Statistics 5

Technological reseatch 21

Total 255 10

in Unione Matematiea Italiana, 1988,) From statistical sources (Istituto Centrale di
St atistica, 1976; Rava, 19)2) we obtain the following trend per decades of percentages of
degrees conferred on women compared with the total number of degrees fr-m 1881 to
1950. As the first woman graduated in 1877, we start from that decade 1881-90 (until
1880 only three women graduated):

1881-1890 0.7% (21/2912)
1891-1900 6% (233/3681)
1901-1910 5% (211/3951)
1911-1920 8% (368/4622)
1921-1930 14% (1166/8279)
1931-1940 17% (2020/11628)
1941-1950 28% (5115/18479)

The figures represent the number of degrees obtained by women compared with the total
number of degrees. It is impossible to find out how many obtained more that one degree.
We know that in the first decade 20 women graduated and 201 in the second one.
Therefore some women obtained more than one degree (we know one obtained three
degrees). We observe that this problem is less relevant when thc figures increase in the
successive periods.

The data above give evidence of the important changes in the evolution of female
cultural presence in Italy, between the last decades of the nineteenth century and the
beginning of the twentieth century. Italy became a unified state in 1861. The new state
inherited different systems of education, different cultures and different policies from
its constituent parts and, moreover, a problem of illiteracy. In this situation women had
few opportunities to work, salaries lower than those of men, responsibility for children,
no vote, fewer opportunities than men for attending school, even at low levels. The
situation evolved significantly in the last decades of the nineteenth century: this
evolution is linked with female movements all over the world and active also in Italy. A
literature exists (for instance Pieroni-Bortolotti, 1963) which gives information on
women's education and analyses the phenomenon of women's emancipation with its
social, political, cultural and affective connections.

Among all the aspects of women's emancipation, the professional opportunities for

1 5 ')
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teaching are important. Indeed, having increased their intellectual culture women
realized that the profession of teacher was a good route for their evolution in society. At

that time (after 1861) women as teachers had been accepted in pre-university schools in
Italy, especially in primary schools (a degree was not required for being a teacher in
primary school). From the last decade of the nineteenth century, the number of women

teaching in primary school increased more and More. At the beginning of the twentieth

century a journal for women teachers hi primary school (1/ Cotriere delle maestre)

already existed (Rava, 1902).
We think that the main causes of this increase may be that, generally speaking, in Italy

teaching is considered a prokssion requiring 'human' qualities usually ascribed to
women and on the social ladder teachers arc not considered important (this, in
particular, MUM low salaries, and teaching may be considered a part-time job).

So our hypothesis is that women grasped one of their first opportunities of
emancipation by choosing to enter a profession seen to be more congenial to their nature

and less desired by men. In addition, we think that this fact influenced university
curricula of women because the degrees seen as being more suitable for being appointed
teacher to secondary school are those in humanities, mathematics, natural sciences,

physics. These degrees became more and more popular with women.

HISTORICAL SOURCES AND METHODOLOGY

We have concentrated on the second period in investigating women graduates in
mathematics and their scientific production in mathematics. Last year we had the
opportunity of studying the rich historical material (Fenaroli et at, 1988) which is in the

Library of the Department of Mathematics (University of Genova). This research
focused and supported our interest. Indeed this chapter stems from the presence in this

library of a collection of about 14,500 articles, in separate printing, and booklets that
from now on we will call the 1 _oria

This important mathematical material belonged to (iino I.oria (1862-1954), full
professor of Geometria Superiore at the Institute of Mathematics of University of
Genova for almost 50 years (until 1935) and also known for his studies on the history of
mathematics. The Toria Collection' mainly concerns the period we are considering. It
consists of papers Loria received either as a gift (he was on many editorial boards of
journals) or acquired through his studies. The material of the bLoria Collection' was a
starting point for our work, but the way Luria acquired this material could not

guarantee a satisfactory sample of mathematical production in the period we are
considering (Fenaroli et al., 1988). So, to improve our data, we decided to look at all

papers by women published in Italy in important mat hematicid journals and
proceedings in the period at issue (Pirillo, 1977).

In Italy the great tradition of academics and universit ies provided a good cultural

background for he new unified state: mat hemat la reseal ch was quite advanced in
comparison with the international community (S.1. P. S., 1939; Tricomi, 1962;

Hottazzini, 1981; (iambini and Pepe, 1983; Albers di/ al., 1987; (hierraggio, 1987). A

number of scientific journals were published in Italy: the articles were mainly written in

Italian, some in French or German, a few in English. Moreover, the journals published
some translations of foreign mato iid . Most of the journals were linked with universities

. 1 5
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and academies and the editorial boards mainly consisted of university professors and it
seems that Italian mathematicians published predominantly in Italian journals.

We consulted the journals listed in Table 14.2. To catalogue every paper written by a
woman we used the following categories:

Author of the paper
Date and place of the writing out
Title of the paper
Bibliography (yes-no)
Journal
Publishing date
Review of the paper (if available and relevant)
Other notes about the author (university of the degree, supervising professor, infor-
mation about career after the degree, etc.).

EVIDENCE ON WOMEN IN MATHEMATICS FROM THE `LORIA
COLLECTION'

Reviewing the `Loria Collection' provoked a lot of emotions because so many and so
various are the memories it contains about a recent slot of our history. The collection
contained: 66 Italian women authors, 423 Italian men authors. The 175 papers by
women are distributed as follows:

1 from 1887 to 1899
38 from 1900 to 1919
136 from 1920 to 1946

The earliest paper in the Collection by a woman, was published in 1895 in Giornale di
Matematiche di Battaglini. it was by Lia Predella, who took her degree at the University
of Pavia in 1894 and concerned differential equations. The distribution of the 66 women
authors in the Collection is as follows:

45 with 1 paper each
12 with 2 or 3 papers each
4 with 4 or 5 papers each
2 with 7 papers each
1 with 9 papers
2 with more than 9 papers each

In Italy, in order to have a degret. conferree it is necessary to write a dissertation,
which is published if it is considere,4 relevant. Thus many of these papers concern the
subject of the author's dissertation. The two women authors with more than 9 papers
are Margherita &loch (married Piazzolla) (see Gambini and Pepe, 1983) and Maria
Pastori (see Udeschini, 1976), who worked, respectively, in geometry and mathematical
physics.

We found six papers in the `Loria Collection', all except the most recent written by
males, specifically treating the subject Women and Mathematics. They are outlined
below.
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Table 14.2. Italian mathematical joutwals and proceedings used in 11w study.

Abbreviation Title of the journal Place of First year
issue of printing

MV ATT1 DEL (REALE) ISTITUTO VENETO DI VencZia 1846

SCIENZE LETTERE ED ART1

AMPA ANNALI DI MA1EMAT1CA PURA ED Roma, at first 185(1

APPLICATA
formerly ANNALI DI SC1ENZE MATEMATICIIE E
FISICHE

GB GIORNALE DI MATEMAT1CHE Dl BATTAGLINI
originally GIORNALE DI MATEMAT1CHE AD

Napoli 1863

USO DEGLI STUDENTI DELLE UNIVERSITA
ITALIANE PUBBLICATO PER CURA DEL PROF.

BATTAGLINI

ILR (REALE) ISTITUl 0 LOMBARDO DI SC1ENZE E Milano 1864

LETTERE-RENDICONTI

ATo ATTI DELLA (REALE) ACCADEMIA DI SCIENZE Torino 1865

DI ORINO

APi ANNALI DELLA (REGIA) SCUOLA NORMALE Pisa 8711

SUPERIORE DI PISA - CLASSE DI SCIENZE
WISICHE E MATEMATICHE)

CPa RENDI(ONTI DEI. CIRCOLO MATEMATICO 1)1
PA URMO

Palermo 1884

AL ATTI DELLA (REALE) ACCADEM1% DL1 LINCE1 Roma 1885

For this journal we considered only the part called
RENDICONT1, started in 1885, excluding the part
called MEMORIE. From 1939 until 1944 the
ACCADEM1A DE1 I.INCE1 was absorbed by the
ACCADEMIA D'ITALIA, whose RENDICONT1
have been consulted. The AT11 DELLA
ACCADEMIA PONTIFICIA DEI NUOVI LINCEI,
started in 1847, have not been considered

AGe ATTI DE:LL'ACCADEMIA LIGURE DI SUB:WE E Cienosa 189 0

I. ETTER E
originally ATT1 DEI.1 A SOCIE FA DI SCIENZE
LETTERE DI GENOVA

RMRo REN DICONTI MATEMATICA (UNIVERSITA Roma 1913

DEGLI STUDI DI ROMA E I.MTUTO
NAZIONALE 1)1 ALTA MATEMATI(A)
formerly SEMINARIORENDICONT1 DEL
MATEMAT1CO DEI I.A EA(OLTA 1)1 SC1ENZE
DE1.12 UNIVERS1TA 1)1 ROMA

BUMI BOLLETTINO DULA UN1ONE MATEMAT1CA Bologna 1922

ITALIANA

SeMi RENDICONTI DEL SEMINARIO MA rEMATICO L Milano 1927

FISICO DI MILAN()

SePa RENDICONTI DEL SEMINARIO MATEMATICO
DEI LA (REG1A) UNIVERS1 rA 1)1 PADOVA

Pallosa 1930

SeTo RENDICONTI DEL SEMINARIO MATEMATICO -For ino 1931

DELP UNIVERS1TA E P01.1.1 ECNICO DI
TORINO
formerly (ONFERENZE 1)1 FISICA E
MATEMATICA
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1. 'Les femmes dans la science' by the historian of mathematics A. RebiOe (1894)

In this booklet of 88 pages, the author describes in detail the life and the work of
Hypatia, rimilie du ChAtelet, Maria Gaetana Agnesi, Sophie Germain, Mary Somerville
and Sofya Kowalevsky. At the end of the book Rebiere explains his point of view about
the kinds of women interested in scientific studies:

Pour preciser l'influenceplus reelle qu'on ne croit des femmes sur les progres des
sciences, il faudrait tudier, d'abord et surtout, les savanies professiormelles, celles qui ont
consacré aux audes scientifiques la phis grande pantie de leur vie: philosophes,
mathematiciennes, physiciennes et natnralistes.

On passerait aussi en revue le simples eurieuses, qui, livrees A d'autres travails, ont
touehe pourtant aux sciences proprement dites. Ainsi Madame de Stael a de beller .ages sun
la philosonhie des sciencm; George Sand etait passionnee pou la botanique et la
minéralogie.

Viendraient ensuite les collaboratriees, qui ont aide lc . savants, activement et
discretement . . . II ne faudrait pas oublier en fin les protectriem qui on t fonde des prix dans
les academies ou repandu leurs bienfaits sous d'autres formes.

(pp. 79.-80)

The second edition of this book (Rebiere, 1897) contains a wider list (about 600) of
'Scientist women' and is enhanced by biographical notes.

In the same period an analogous work on women in sciences appeared
(Valentin, 1895).

2. 'Le laureate in Italia' by Vittore Raver, (1902)

In this work the author, a university professor, likes to notice that thefemale movemenl
has gone ahead very quickly, and that

la donna italiana tende alla conquista di una migliore condizione giuridica e soeiale per la
via piu sicura, aecrescendo eio ILl propria cultura intellettuale.

Essa non frequenta phi la sola scuola normale per divenire maestri' elementare; nut
aecorre ad ogni ordine di scuole secondarie, sia classiche, sia tecniche, sia prolessionali; ne
s'arresta alle porte dell'Universha, che anzi percorre con pieno suecesso, anche gli studi
superiori di ogni genere.

(p. 4)

He supports his opinion by some statistical I igures, for example:

In 1900 the girls studying in licei and technical schools were 5513 while they were a
few tens about 20 years before.
Until 1889 there were very few gradu,ite females in Italy; in 1893 the number of
girls studying at university was 98 and in 1900 this number increased to more than
250.

He also gives a detailed list of women graduating in Italy from 1861 to 1900, specifying
the university, the year and the kind of degree. From the collected data he draws up a
table reporting the number of degrees assigned to women in Italy, classified by univer-
sity and by faculty and another table with analogous data by year and by faculty. We
summarize these data as follows:
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1. first year a woman graduated: 1877
2. first year a woman graduated in Mathematics: 1887
3. total number of graduate women: 224

in Humanities: 177
in Sciences: 30
in Medicine: 24
in Mathematics: 20
in Law: 6

RavA reports the names of the graduate women. Among them are Anna Kulishoff
(Medicine), Giulia Sofia Bakunin (Medicine), Marussia Bakunin (Chemistry), and the
famous pedagogue Maria Montessori (Medicine). (For a discussion of the difficulties of
access for women to Italian universities in the first years of unified Italy see Pieroni-
Bortolotti, 1963).

3. 'Donne Matematiche' by Gino Loria (1936)

In this article the author, as historian of mathematics, describes some principal women
mathematicians, partially inspired by the books of Rebiere. But, while Rebiere
concludes confidently that the future of women as mathematicians will be glorious,
Loria concludes the opposite, that is that women have no possibilities in mathematical
research. In favour of women he only recognizes that the task of women of our times is
much higher than that assigned in the Roman age, of keeping hOuse and spinning woo:.
Moreover, he reports with indignation the project of law aiming at forbidding women to
learn reading and writing of Sylvain Marechal in the eighteenth century (Rebière, 1897)1
and the 'Society of women haters' against women in university (he quotes the journal
Minerva, 1901).

To support his thesis on women's attitudes towards mathematics in a note, he quotes
two significant sentences: (i) Lombroso (the famous criminologist) and Ferrero in the
book La donna delinquente, la prostituta e la donna normale (The criminal, prostitute
and normal woman) (Roux, Torino-Roma, 1893, p. 548) wrote that Nicarete (called by
Loria a substantially unknown person) did not deny her favours to anybody who would
teach something to her [in geometry]; (ii) P. G. Mobius (nephew of the famous
mathematician) in his Ueber die Anlage zur Mathematik (J.P . A. Barth, Leipzig, 1900,
p. 85), wrote 'Then we can tell that woman mathematician is against nature, in some
sense she is an hermaphrodite'.

Loria's attitude seems very ambiguous, but more unfavourable to women in
comparison with that expressed 50 years after by another famous Italian geometer,
Francesco Severi (1951).

4. `La donna nella matematica' by Umberto Ceretti (1902)

This author is more drastic than Gino Loria about women's inferiority in mathematics.
Starting from his experience as teacher and researcher in the history of mathematics, he
strengthens Loria's conclusions by observing that women, even if they take a degree,
only reach good positions in their profession with difficulty. Then he cites the favourable

1 f; 3
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opinions about women working in mathematics of some important people (Poullain,
Edgworth, Riballier, Glardon, Dupuy, Lafitte, Mellier, and Klein, the famous
mathematician), convinced supporters of women scientists, but he also cites the
diamen ically opposed opinions of other authors (Fontenelle, Kant, Lamennais, De
Candolle, Lombroso, De Goncourt, Loiseau, Voltaire, De Girardin, Charaux, Marion e
Legouve), all of whom believed that women have few abilities to be good researchers.

5. 'La riforma della scuole medie e l'istruzione della donna' by the high school
teacher Giulio Fasella (1906)

This article is an interesting contribution to the debate on secondary education of
women. The author assumes that some jobs (he does not report professions) are reserved
for women and so women need special schools. He is against co-education because of
differences in character (not skills), but he recognizes that it is possible to obtain good
results when teaching girls, in using particular techniques of education. The author does
not describe these techniques. Analogous arguments on co-education and mathematics
for boys and girls were deveoped in the plenary lecture of David Eugene Smith in the
1.C. M. of Rome (1908).

6. Respcnsabilità dell'insegnante nella formazione morale dell'alunno' by Maria
Giovanna Sittignani (1944)

This more recent article is written by a woman who was an appreciated teacher of
mathematics in high school and author of some scientific papers. It is a booklet of
insti uctions for being a good teacher: the problem of co-education is considered only
from the point of view of the problems of behaviour and of the difference in character of
the pupils, while there are no worries about sex differences in mathematical perfor-
mance: as the author is a mathematics teacher, her opinion is important and significant
on this point. It is remarkable that the author thinks it may be a problem to be a female
teacher of male pupils. The contrary (a male teacher with female pupils) seems to the
author less problematic.

EVIDENCE FROM ITALIAN JOURNALS

We know that our research is not exhaustive but we are convinced that the figures given
and, in particular, the percentages given are very significant. On the other hand, already
at the time of Rebiere, in the review of the second edition of his book (Rebiere, 1897),
Gustaf Eneström writes, '11 va sans dire qu'un ouvrage tel que celui dont nous nous
occupons, ne saurait jamais devenir ni complet ni tout a fait exact' (Enestrlim, 1897,
p. 25).

We have investigated the number of people engaged in mathematical research, finding
in total 1170 people; 234 are women and 936 men, 20 per cent of women distributed over
the three periods as follows:
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Women Men Total 0/4) women

1887-1899 4 267 271 1.5

1900-1919 75 383 458 16.4

1920-1946 158 544 702 22.5

We repeat that we considered in our research graduate women only. If all women writing
mathematical papers are considered the figures are not substantially changed, except
perhaps in the first period.

When considering the number of articles in journals the results are quite different:
women contributed 546 articles compared to 8182 articles by men. Women's articles
represent only 6.2 per cent of the whole number.

In order to enrich our analysis we also considered the communications presented by
Italian women to Int. Math. Congresses (from 1897 to 1936) and to the Congresses of
Unione Matematica Italiana (Italian Mathematical Association) held in 1937 and 1940;

no Italian women gave plenary lectures in this period. The first woman to give a plenary
lecture at L C. M. was Emmy Noether in 1932.

Table 14.3 gives figures and percentages referring to every journal examined (see

Table 14.2).
Comparing those authors who published five or more papers with those who

published less than five, we found the following:

a 5 papers < 5 papers
women 20 214

men 313 623

We notice that 8.5 per cent of women and 33.4 per cent of men wrote five or more papers
and conclude that more women than men limited their engagement in research. This
appears to be the case because of marriage and responsibility for childcare. Of course,

Table 14.3.

Abbreviation Number of Number of Total % women's articles
women's men's number of versus total

articles articles articles number of articles in
journals

MV
AMEA
GB
1RL
ATo
APi
CPa
AL
AGe
RMRo
BUM1
SeMi
SePa
SeTo

Total

32
13

84
77

46

425
615
813
786
659

457
628
897
863
705

7

2

1.' I

1 4

7 185 192 3.6
72 839 911 7.9

144 2730 2874 5

3 48 51 5.9

11 195 206 5.3

43 653 696 6.2
6 101 107 5 6

7 105 112 6.2
1 28 29 3.4

546 8182 8728 6.2

1 t;
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Communicafions Number of
women's
communications

Number of
men's
communications

Total
number of
communications

cr,'e Women's

communications versus total
number of communications

Int. Math.
Congresses

UMI
Congresses

8

8

14$

128

153

136

5.2

5.9

both men and women stop scientific production because of difficulties with university
career advancement and th v! links to supervision of research. Two anecdotes
demonstrate this. In a scientific report (S.I. P. S., 1939), Enca Bortolotti observes that
the geometrical school of Giuseppe Vitali stopped at his death and refers explicitly in a
note to the papers of two women who worked in this field. Secondly, we found two
women in Genoa who, before 1917, published papers in the field of partial differential
equations inspired by Eugenio Elia Levi. Unfortunately, he died in 1917 during the first
world war and the scientific effort of his pupils ceased.

From the list by Rava (1902), we know that the first graduate woman in mathematics
was Iginia Massarini in 1887 at the University of Napoli. She translated and annotated
Tchebicheff's book on the theory of congruences (Frattini, 1895; Massarini, 1895).
From 1887 to 1899, 19 women got mathematical degrees and at least 4 of them wrote
scientific papers: Emma Bortolotti, Cornelia Fabri, Iginia Massarini and Lia Predella.

In spit of this good beginning in the last decade of the nineteenth century and the
favourable trend in the first two decades of the twentieth century, it was not until 1921
that a woman was appointed full professor in Mathematics at an Italian university. She
was Pia Nalli who got a chair of Analysis at the University of Cagliari (Fichera, 1965).

Among the women who published papers in the period 1887-1946 six reached full
professorship. They were: Pia Nalli (Analysis), Margherita Beloch (married Piazzolla)
(Geometry), Maria Pastori (Mathematical Physics), Maria Cibrario (married Cinquini)
(Analysis), Giuseppina Biggioggero (married Masotti) (Geometry), Cesarina Tibiletti
(married Marchionna) (Geometry).
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. Conclusion

Leone Burton

In one way or another all the chapters in the book sing a similar song whether their focus

is on the past or the present, on classroom experience or attainment. The theme of that

song is the complexity of the relationship between gender and mathematics education as

well as the necessity of embedding research into the general sociopolitical context, even

where one slice of mathematics learning experience is providing data on single variables.

Thus, whether considering primary school pupils in Greece, secondary school pupils in

Singapore, students in further education in Australia or faculty members teaching

mathematics in the USA, all the authors have drawn attention to the effects of the social

climate in construing and constraining choices and behaviour in mathematics. One

important component of this is teacher behaviour, another personal and social expecta-

tions. Initially seen as a somewhat arbitrary and eclectic collection held together only by

the common thread of gender, this volume can now be viewed as reinforcing a persistent

plea in the mathematics education literature to respect the learner in her or his attempts

to make sense of the new in the context of the old and to respect the discipline of

mathematics education for those concerns which are distinctive from the content, that

is, mathematics. The distinctive concerns of mathematics education address the

psychology, sociology and anthropology of learning and teaching mathematics utilizing

qualitative research methodologies which delve in depth into personal experience, as

well as quantitative statistical techniques which paint a broad picture. Equal oppor-

tunities concerns highlight, again, how important is the voice of the person in

enlightening and enlivening the general perspective. Small-scale studies help to point the

way towards difficult questions or unaddressed issues which will become the focus of

future research.
In constructing a research agenda, many such questions remain. At the international

level, there is a need for a databank on performance, classroom strategies, pupil

expectations, etc. There is a role for Unesco here but also researchers in richer countries

could help their less financially fortunate colleagues by constructing and appealing for

funding for cross-cultural studies. At the national level, many particular issues need

systematic exploration. For example, what are the links between language and

mathematics learning and how are these influenced by, for example, discussion, the

negotiation of meaning, collaborative work? With a growing concern about assessment

t



Conclusion 157

from the individual and the societal point of view, we need to know how pupils'
attainment in mathematics, their attitudes towards the subject, and their ultimate social
competency are affected by such different assessment strategies as profiling, records of
achievement, continuous assessment, multichoice tests, staged examinations, open
book examinations, group assessment, and so on. What effects are there on pupils'
choices of disciplines and their attainment in gender-segregated settings? What helps to
establish the gender/mathematics link in young children's minds? Can this be
influenced and how?

When addressing curriculum development, some of the contributors in this volume
have demonstrated the need to construct curricula which respond to the interests and
experiences of all students. A resource bank of effective strategies, 'rich' materials
which are gender-friendly, alternative forms of assessment would help to avoid the re-
invention of the wheel. Mathematical topics need to be interrogated from an equal
opportunities perspective using an approach such as that recorded in this volume by
Mary Barnes and Mary Coup land, and the results of that interrogation made widely
available. At the same time, the role of mathematics across other disciplines needs to be
exploited so that fragmentation of learning is overcome and mathematics is encountered
in contexts that are meaningful to the learner.

Finally, because of the interlocking between personal, social, curriculum and
pedagogical influences, as researchers and curriculum developers we have a responsi-
bility also to support the development of an action agenda. This would identify and
publicize the many intervention strategies already in use, and invent new ones to
influence the cultural and educational climate. Where research results are well-
substantiated, policy makers need to be made aware of these and publicity sought to
raise public awareness of the learning outcomes of continuing certain practices.

Ensuring that societies can be enriched by the mathematical contributions of their
citizens and that individuals can feel positive about themselves in relation to the learning
and use of mathematics is very obviously neither a straightforward nor simple task. The
challenge is there.
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