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Abstract

Women’s performance in mathematics is good, but their participation is not satisfactory in Sweden. Change over time has been slow (Grevholm, 1996a). In an effort to speed up the rate of change in the area of gender and mathematics a network “Women and mathematics” was created in 1990. The network builds on international and Swedish research results in mathematics in its efforts to influence important parts of society, teachers and students. An overview of such research will be given as a foundation for the description and analysis of the work of the network. A philosophy of critical mathematics education serves as theoretical framework and the network is seen as an intervention project. Criteria for evaluating intervention projects will be used in the discussion of the effects of the network. The claim is that Women and mathematics is one possible efficient way to implement research results in order to create actions in mathematics teaching.

Background and questions

The ratio of women in academia has increased considerably during about a hundred years since they were formally allowed to enter colleges and universities. In Sweden the women constitute around 60 % of the entrants each year and the situation in the US is similar. But there are still areas where women are not taking part in the activities to an equal degree. For a long time mathematics has been one of those areas and little change in that situation has been noted (Grevholm, 1995ab, 1996a, Skolverket, 2003), contrary to the situation in for example medicine and law studies.  It has become a concern of society as the access of qualified persons going into work in science and technology is claimed by politicians and industrial decision makers to be vital for progress. In most developed countries there have been actions and activities for about twenty years in order to raise the number of students, and especially women, going into mathematics and science (Grevholm, 1993b, Solar, 1998). Through research on gender and mathematics a growing body of knowledge is available but this fact does not seem to influence the situation much. In practice changes in the area of gender and mathematics are slow and it seems that the results from research to a minor degree reach teachers in schools and have impact on their teaching. Can women’s participation in mathematics be improved? Can research influence practice to support increased participation of women in mathematics?  What can be done?

Both researchers and teachers need multiple frameworks to help in understanding and interpreting reality but we also need to act, to build new agendas, as Leder et al (1996, p 978) writes, for change and development in the area of gender and mathematics.

The aim of the paper

I will describe, analyse and discuss the network Women and mathematics in Sweden, which can be seen as a long term intervention programme to bring about change in the area of mathematics and gender. The networking activities will be related to and explored against a background of research findings internationally and in Sweden. One purpose is to argue for long-term networking as one possible efficient way to bring about change. Another purpose is to interpret the activities of the network with perspectives from research on gender and mathematics.

Theoretical research issues on gender and mathematics

Gender and mathematics has been an international research focus for about thirty years. Some examples of relevance for this paper from international findings and from Swedish research will be discussed.

International findings

The International Commission on Mathematical Instruction, ICMI, initiated an international research conference on Gender and mathematics in 1993. One of the plenary speakers, Elizabeth Fennema (1995 p 26, 1996) in her paper summarises research findings in the area of gender and mathematics in this way:

1. Gender differences in mathematics may be decreasing.

2. Gender differences in mathematics still exist in:

learning of complex mathematics

personal beliefs in mathematics

career choice that involves mathematics

3. Gender differences in mathematics vary:

by socio-economic status and ethnicity

by school

by teacher

4. Teachers tend to structure their lessons to favour male learning.

5. Interventions can achieve equity in mathematics.

Fennema gives an overview of her own research and that of others in her paper. Reflecting upon a review of extant work on sex differences in mathematics, which she wrote in 1974 and in which she concluded that there was evidence to support the idea that there were differences between girls’ and boys’ learning of mathematics, she writes:

…it was really the writing of that 1974 article that turned me into an active feminist, compelling me to recognize the bias that existed toward females, which was exemplified by the recognition and acceptance by the mathematics education community at large of gender differences in mathematics as legitimate. (Fennema, 1995, p 22)

She discusses intervention studies as well as the different research perspectives used during three decades: traditional social science, cognitive science and feminist perspectives. Her conclusion is that: “We have come a long way. We have a long way to go to accomplish equity in mathematics education” (ibid, p 35).

She expresses her conception of feminist views as follows: “Feminist scholars argue very convincingly that most of our beliefs, perceptions, and scholarship, including most of our scientific methodologies and findings, are dominated by male perspectives or interpreted through masculine eyes. […] because females have been omitted, the view of the world, as interpreted through masculine perspectives, is incomplete at best and often wrong” (ibid p 32).

As well as the review by Fennema (1974) already mentioned, two major reviews of research (Leder, 1992, Leder, Forgasz & Solar, 1996) indicate the issues and concerns that have been in focus during the last three decades in the area of gender and mathematics. The chapter by Leder (1992) in the International Handbook on Mathematics Education is called “Mathematics and gender: Changing perspectives.” She notes that more than 10 % of the articles in Journal for Research in Mathematics Education during 1978 to 1990 are about sex differences. Leder discusses the question of terminology (sex or gender) and finds it appropriate to select a terminology that emphasises cultural pressures and socialisation processes. Particular issues in the review are participation rates, performance and the differential course work hypothesis. The theoretical models include influence from the social environment, from significant others, from culture and the context in which the learning takes place as well as affective and cognitive variables. None of the models uses biological variables and the reason given for that is that no evidence has been found for mechanism based on biological influence. The environmental variables are school variables, teacher variables, the peer group, the wider society and parents. The learner related variables are cognitive, such as intelligence, spatial ability, internal beliefs, confidence and related variables, fear of success, attributions and persistence. Leder notes that “Even though gender is often a significant determinant of aspirations, expectations, and behaviour, there are many other variables, including race and class for example, which have an important and interactive impact” (p 617).

In Leder, Forgasz and Solar (1996) a summary is given of research into gender issues and in particular into the effectiveness of related intervention programs (p 945 ff). They examine and discuss models of gender equity and the progression from empirical research to feminist perspectives. They list four models that they claim to address equity issues: assimilationist, deficit, pluralistic and social justice. With the inclusion of each of these perspectives, research and practice are becoming more complex.

Among contributions from feminist theories, Rogers and Kaiser (1995) discuss the stages of curriculum development called Womanless mathematics, Women in mathematics, Women as a problem in mathematics, Women as central to mathematics and Mathematics reconstructed. Leder, Forgasz and Solar (1996) underline the apparent overlap in the four models, the five stages and the three generations of feminism spelt out by Noddings (1990): 1) women seek equality with men, 2) women embrace their own special qualities and reject uncritical assimilation into the male world and 3) women critique what they sought and accomplished in the first two phases and seek solutions that arise out of a careful synthesis of old and new questions. 

After a rich overview of research from the nineteen-nineties on gender issues, Leder, Forgasz, and Solar turn to a discussion of intervention programs. They give a general overview and discuss historical and political influences on intervention programs. A discussion of different classifications of programs and elements of success is followed by characteristics of exemplary programs. The following criteria for assessing programmes (taken from Malcolm, 1984) are presented:

· achievement of primary goals as measured by staff, participants or external evaluation;

· length of time of the program’s operation;

· ease in attracting outside support;

· ratio of applicants to participants (program popularity);

· reputation of program with scientists from relevant fields;

· program imitation or external expansion;

· cost effectiveness;

· the strength of the academic content: and

· competence and orientation of teachers for programs with academic orientation.

The conclusions by Leder, Forgasz, and Solar (1996) end with this sentence:

Scholars concerned with girls’ and women’s learning of mathematics now have a solid basis of research, achieved in less than 30 years, on which to build new agendas for the attainment of gender equity in mathematics education (p 978).

They also clearly point out that they see all the presented different approaches to empirical research or development work as complementary. Whether classical approaches or feminist critique, they believe that the activities should continue.

Solar (1998) and Wilson (1998) give overviews of intervention programmes in the United States. As examples of interventions they mentions conferences, educational activities, activities within schools, community activities, institutional strategies, summer activities, nation wide campaigns, governmental actions, and exhibits. According to Solar, intervention programmes are claiming and acting for change. According to Malcolm (1984) they emerged with the civil rights movement. In spite of all the intervention programmes that have been carried out there is still a need for action in order to change the conditions in the area of mathematics and gender. Such needs became visible in PME27.

The discussion group “Research on gender and mathematics from multiple perspectives” aimed to initiate a dialogue that moves away from current methods and frameworks to new perspectives and new methodologies for considering gender and mathematics (Becker & Rivera, 2003). Ferdinand Rivera took his start from a chart in progress by Patti Lather (1991). Four paradigms of post-positivist inquiry were described:
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In the discussion at PME27, impatience about the slow development concerning gender equity in mathematics was expressed. What are the new paradigms researchers are searching for and what change might they bring to the development? I will return to this question later.

Swedish findings

The Swedish government has for some 15 years now consisted of about 50 % women and Parliament has more that 40 % women. Equity is supported in the law and Sweden has an ombudsman for equity questions. But the picture is not as simple as one might believe because Sweden has the most gender-segregated labour market in Europe (SCB, 1994, 1995, 2003) and young people still make traditional career choices after having graduated from upper secondary school (SCB, 1995, 2003, Svedjeholm, 2007).

Sweden is regarded as a country, where equity between men and women has improved quickly. But it is not true for advanced mathematics, which still has an extreme majority of men. The educational system is supposed to offer equal opportunities of education to all (Utbildningsdepartementet, 1994ab). Sweden has compulsory nine years of schooling, where all pupils study the same mathematics. Almost all pupils continue from compulsory school to the voluntary three year upper secondary school. In upper secondary school mathematics is compulsory for the first course Mathematics A, with 100 study hours. After that mathematics is optional (courses B-E and special courses). The pupils chose among 16 different programmes in upper secondary school with different amount of mathematics. Differing patterns for the participation of boys and girls are found here (SCB, 1995, 2003). 

Looking at participation in mathematics we can see that less than one fifth of a year-group chooses the natural science program, which opens opportunities to go to the university in fields of mathematics and science. About 40 % is girls in this group. 

The upper secondary school as a whole could be classified as two separate schools, a girls’ school and as a boys’ school, in the sense that most of the programmes have a decided majority of either girls of boys (SCB, 1995, 2003, Skolverket, 2003). Only two programmes are balanced in gender participation.

As a consequence of the situation in upper secondary school only about one third of the students in mathematics at university level are women. Earlier at the doctoral level in mathematics only few of the students were women. Historically fewer than 30 women in Sweden received a research degree in pure mathematics before 1994 (Ph D or equivalent) (Grevholm, 1994b). The number of female Ph Ds has increased slowly after that time and in 2001 about 1 out of four doctoral students were females (in mathematics and related subjects) (SCB & Högskoleverket, 2000-2002a). Partly this is a consequence of the broadening of Ph D programmes and of new subjects being included (mathematics education).

The poor record of female participation in mathematics in Sweden is further reflected in the fact that during the early nineties less than 5 % of mathematics senior lecturers in the universities were women. The only female professor of mathematics before 1997 was Sonja Kovalewsky, who died in 1891. In other subjects in the early nineties, on average there were about 8 % female professors and 20 % female senior lecturers (Wittenmark, 1993).  For 1999 the numbers for females in mathematics were 3 % professors, 16 % senior lecturers, and 20 % teachers without a Ph D (SCB & Högskoleverket, 2000-2002b). There is not much change going on in this picture.
As seen from above participation in mathematics continues to be problematic but that is not the case with the performance of females in mathematics in Sweden. Generally mathematics in compulsory school is the most common subject for pupils to fail in. The girls as a group are successful in their studies. They leave school with better marks than boys in mathematics (and in most other subjects too). More details about the performance of girls and women have been given in earlier reports and I will just refer to them here (Ljung, 1990, Grevholm & Nilsson, 1994, Kimball, 1994, Grevholm, 1998, PISA 2000). 

The reports on women’s success at tertiary level in mathematics performance continue to come. A recent study at Umeå University (Arbetsgruppen för anpassade studiegångar, 2002) shows that women have better study results in the first mathematics course than men. Bylund & Boo (2003) claim that earlier investigations at the same university show that women and men have equivalent pre-knowledge in mathematics when they enter university mathematics, with a more homogeneous group of women. Although women and men have comparable results in a diagnostic test the women succeed better with the mathematics studies. A comparison over time from the same university shows that the results of men have decreased strongly from 1999 to 2001 but women’s results have only changed marginally according to Bylund & Boo (2003). 

After this overview of the participation and performance of women at different educational levels I turn to some specific issues and gender perspectives.

Swedish textbooks in mathematics were shown to present a world that consists of roughly 60 % men (Areskoug & Grevholm, 1987; Rönnbäck, 1992). Pictures in the books show men more often and choices of contexts in the problems are mainly male. The group of textbook authors consists of almost only men. Most teachers are unaware of these facts. In an investigation of teacher’s beliefs it is shown that more than one third of the teachers think that textbooks are gender-neutral (Grevholm, 1994c, 1996d). 

Terminology and theory in this study

By intervention project (in this paper) I mean systematic and organised work for actions and activities made with the purpose and intention to change a situation of which one is critical. Leder et al (1996) interprets interventions as programmes that “aim to foster in the sex and race composition of specific fields of study and work in which women and minorities are still underrepresented” (p 967).

The network explores and criticizes conditions from a gender-perspective and acts for change.

The theoretical foundation for the networking project is Skovsmose’s philosophy of critical mathematics education (1994). To be critical means, to draw attention to a critical situation, to identify it, to grasp it, to understand it and to react to it (ibid p 16). A critical theory is characterised by a critic of ideology directed towards certain belief systems and attempts to do so in a theoretically based and organised way (ibid p 17). The goal of critical activity can be described as emancipation, meaning a freedom from stereotypes of thought (ibid p 19). The critical activities of the network Women and mathematics aim at the emancipation of both men and women, and the removal of stereotypical ideas and constructs. In Lather's chart (1994) a critical method of inquiry is placed in the emancipatory paradigm and related to feminist methods. 

Methodological issues
In this paper I use written, published or generally shared documents from the activities in the network Women and mathematics as my data source. The documents are proceedings from conferences, newsletters, articles in journals, reports, conference presentations and notes from discussion groups and meetings. As I have myself been part of the network since its start I am aware of the risk for subjectivity. To avoid unwanted consequences of that I try to be as open as possible and offer the reader the opportunity to judge on the basis of the data presented. It is important that a project as Women and mathematics can be reported and discussed from a scientific point of view. Leder et al writes: “Yet intervention programs and strategies are rarely reported in research journals, even though links with research are often apparent” (1996, p 966). Solar (1998, p 196) in her paper on intervention projects writes “The lack of data from many countries prevents a more detailed analysis”. A critical remark could be that this lack of data must also be a consequence of a lack of preparedness to read and take part of reports in other languages than English as data are obviously available for example in Swedish. Development work based on research such as the network has to be made visible in the discussion on the need to improve educational research and make it more useful and influential (Burkhardt & Schoenfeld, 2003).

Theory into practice in the area of gender and mathematics

Burkhardt and Schoenfeld (2003) expose six models of linkage between research and practice. They claim that translating research into practice is a decidedly nontrivial task (ibid, p 4). How can research on gender and mathematics influence practice? In Sweden there is a need to increase female participation in mathematics both at the upper secondary level and at the university level. Two points in a girl's life seem to be crucial in mathematics, the points where the young person has to make a choice. The first is the choice of study programme in upper secondary school. The second is the passage to graduate studies. Interventions in the educational system could be a way to change the traditional pattern for these choices. The system evidently changes very slowly when it is not placed under pressure from outside (Grevholm, 1996a). I will argue that networking can be one efficient way for change and a way to let research inform and influence practice. 

Now let me come back to the question from PME27. To me it is obvious that we have a gap between theory and practice here. Do we need a new research paradigm? Will more research papers speed up the pace of changes in practice? Do we not need to implement consequences of what research has shown during 30 years? I claim that implementation can not only be done through writing more research papers with new theoretical frameworks. As said before, we need multiple frameworks to help us understand and interpret reality but we also need to act, to build new agendas as Leder et al (1996, p 978) writes, for change and development in the area of gender and mathematics. It seems to me that sometimes in the discussion, there is not a clear distinction between what the researcher can do through writing a research paper and what has to be done in practice, drawing the consequences of what has been found in research. Society has expectations for educational research to be useful and influential. Researchers have a responsibility to assist in making the possible conclusions of research clear and not just believe that the publishing of academic papers will make a difference in practice (Burkhardt & Schoenfeld, 2003).


Intervention programmes are one way of taking this responsibility and as can be seen from the overview by Leder et al (1996) many researchers have tried such programs. Below I will describe and analyse the network “Women and mathematics” in Sweden, which can be seen as a long term intervention programme. The debate in PME27 convinced me again of the importance of such programmes. Research is needed but action must also be taken based on the research results. The learning community created in the network is one way of bridging the gap between theory and practice (Jaworski, 2002). Teachers, student teachers, students, and researchers learn from each other in the community in their efforts to critique gender bias and create changes.

The Swedish network Women and mathematics

Creation and ways of working

The international Organisation of Women and Mathematics Education, IOWME, is a study group affiliated to ICMI. It started in 1976 at an ICME conference in Karlsruhe (Shelley, 1995). Shelley writes

“… and out of that meeting IOWME was born. IOWME has affected the format of each ICME since, helped to bring the question of women and mathematics into the arena, and now has branches in more than forty
 countries” (p 255).

The idea to start a Women and mathematics network in Sweden was born after the IOWME meetings during the ICME6 conference in Hungary in 1988. At that time IOWME had no branch in Sweden. The practical process has been described elsewhere (Grevholm, 1995b, 1997). Thus the IOWME activities and the research presented there (Burton, 1990) led to the constitution of the Women and mathematics network in April 1990 (Grevholm, 1990, 1992a). From the beginning it was decided to use an informal structure and spend as little energy as possible on organisational matters. All activities have been organised as separate projects with different groups of initiators and workers in different geographic places in each case.

Aims set in 1990 

The aims of the network Women and mathematics in Sweden as stated in 1990 are to

-  create contacts between those who are interested in women's/girls' conditions in studies or research of mathematics

-  spread information on projects and research about women/girls and mathematics

-  suggest speakers (preferably female) in subjects concerning women and mathematics

-  be a national suborganization of the international network IOWME (International Organisation of Women and Mathematics), (Grevholm, 1991).

The Swedish network of women wants to increase the number of females in mathematics by engaging them in various kinds of projects. A theoretical model of how this is done is shown and discussed below. From a theoretical point of view the network as such can be seen as an intervention project. According to Mura (1995) it can also be classified as a feminist or segregation project. 

After ten years of activity in the network some additional aims were formulated (Grevholm, 2001, p 61-62).

Some of the additional aims set in 1999

· We want 50 % girls in all mathematics courses at upper secondary school.

· We want 50 % women in mathematics course at university level.
· We want 50 % women among the doctoral students in mathematics
· More researcher education programmes in mathematics education must be developed
· We want 40 % women among the senior lecturers at university
· We want five female professors of mathematics
· All textbooks at all levels will be inclusive for both girls and boys
· All teachers will in development work and competence development get experience from gender perspectives in mathematics education
These goals will be evaluated in 2009 and new goals set again. The fourth point was almost prophetic because in 2001 eight new such programmes were set up (Leder, Brandell & Grevholm, 2004).

The conferences and books

The six conferences given (every third year) since 1990 have attracted many participants, both men and women. For brevity I will refer to the conferences and their documentation as M90, L93, G96, U99, K02 and Um05. They have been the most important way to introduce the international research base through personal influence and writings for the activities in the network. From the group of international researchers in gender and mathematics (many mentioned above in the theoretical overview) the following have visited the conferences: Burton M90, Hoyles, L93, Keitel, Owens, G96, Fennema, U99, Leder, Horne K02 and Brekke, Streitlien, Goodchild, Grönmo, Weiner and Zevenbergen in Um05. The lectures and writings from these researchers have given Swedish teachers new perspectives on gender and mathematics. It is an important way to disseminate research results and inspire teachers to act from new knowledge. For a number of women the conferences have offered an arena for debut in public as a speaker. They have experienced the support from more experienced women in the network as a safe environment. The documentation of the conferences in books has grown in quality and more and more papers are research based (Grevholm, 1992a, b, 1996b; Brandell et al, 1994; Lindberg & Grevholm, 1998, Grevholm, Vretblad & Sigstam 2001, Grevholm & Lindberg, 2004, Rudälv & Stocke, in press).  Reports with good quality from teachers work give evidence of knowledge of the research issues discussed in the theoretical part above.

Multiple frameworks are used in the research papers presented in the conferences as seen from the examples of research in the proceedings:
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The proceedings also show a wide variety of development works by teachers and teacher educators building on research on participation, performance, attitudes, beliefs, single-sex education, textbooks, collaborative work, assessment forms, recruitment, ICT, alternative work forms, career choice, and so on. For more details I refer to the proceedings.

A theoretical model of how the network is working 

The contacts and ways of the network influencing the surrounding society through women active in the network are shown in the model below. An arrow indicates that women in the network have direct opportunities to influence that part of the surrounding society.

The spider web activities and women’s participation in important organisations have made it possible to influence the development in many different ways. Through illustrating with examples what the arrows mean I will show how theoretical perspectives and research permeates the activities of the network.
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The link to the Swedish Parliament stands for example for the parliament member, chairing the JÄST-group (Parliament’s equity group), who took part in the Luleå conference in 1993 lecturing about the work of the group (Lewander & Jordansson, 2000). One consequence of that was funding for work with equity issues over two years and including all university staff at the University Colleges of Malmö and Kristianstad (Grevholm & Lindahl, 1998).

One close connection to the Swedish Mathematical Society has been through one of its former chairs, who lectured at several of the conferences and was responsible for the summer school for doctoral students in 1996 (Klisinska & Persson, 1997; Persson, 2001, 2004). The only woman at the board of the Society for many years is an active member of the network. Her own development work with upper secondary students has been reported through the network (Backlund, 2001). Women from the network have been invited as speakers at several occasions in the Education Days of the Mathematical Society, thereby influencing mathematicians.

Many of the most active women in the network have positions at mathematical departments all over Sweden. Their work with gender questions are supported by the network and they can report back to give the network insights about the development in different departments. Their contributions to the conferences have been many: 6 in M90, 9 in L93, 6 in G96, 15 in U99, 8 in K02, and 6 in Um05. Research on gender and mathematics reaches the departments through them and they can act as critical friends in all the activities at the departments from a gender perspective. Thus the network is an arena for meetings between mathematicians and mathematics educators.

The Mathematics Biannual conferences from the start used to have an overweight of male speakers and organisers. After the appearance of the Women and mathematics network it has become evident that there are many competent women who could contribute. A fruitful cooperation has developed and working groups on Gender and mathematics have been included since 1992 in the biannual conferences (see for example Emanuelsson et al, 1992, 1994; Olsson et al, 1996). Members in the network participated in the national conferences Matematikbiennalen, through programmes about Women and Mathematics (see for example Grevholm 1992c, 1994d, 1996d).

The mathematics teacher journal “Nämnaren” has reported frequently on gender and mathematics. (Fennema, 1994; Boaler, 1997). Members of the network also contribute continuously to issues Nämnaren (Grevholm, 1991, 1993a, 1994a; Rosén, 1990, 1993; Lindberg, 1994, Grevholm & Wallby, 1999, Johansson, Sundqvist & Juhlin, 2002). Through this medium many teachers get access to both research reports and more popular scientific reports on gender and mathematics. Documents on gender and mathematics from abroad have been translated and published in Nämnaren (see for example Grevholm, 1994a).

The mathematics education research journal Nomad has via members of the network got suggestions for papers on gender and mathematics, which made the issue visible for a Nordic readership (Leder & Forgasz, 1995; Grevholm, 1997).

The National Agency for Education has been an important partner for the Women and mathematics network for funding reasons and as a way for members of the network to enter curriculum groups. Members of the network have been involved in the discussions about new curriculum and commentary material in Sweden (Brandell et al, 1994; Grevholm, 1999)). The conferences of the network have been supported both financially and by representatives from the Agency as participants in the activities of the network (Lindberg & Grevholm, 1998 p 6; Backlund, 1999, Mattsson, 1995). This collaboration has ensured that the Agency has knowledge about research reports on gender and mathematics and a critical judgement on what goes on in Swedish schools in the area of gender and mathematics. The National Agency for Education has supported the production of written material concerning equity in mathematics education and supported members' participation in international conferences. The ICMI Study 93 on Gender and Mathematics Education received generous support from the Agency. The existence of the network was one reason to choose Sweden as the host country of the conference. The local organising committee was formed of members from the network. This study resulted in two scientific books (Grevholm & Hanna, 1995; Hanna, 1996). The theme gender and mathematics was included as a working group focus in the regular program of ICME 8, and thereby the work was carried on from the ICMI study conference in 1993 (Grevholm & Evans, 1998). At ICME 8 in Seville 1996 there were two main lectures in a special session concerning gender and mathematics by Gilah Leder and Gila Hanna in addition to the traditional IOWME program (Niss, 1998, p 479).

Many mathematics teacher educators working in schools of education are active in the network and participate in conferences and other kinds of work. They have been able to put the issue of gender and mathematics on the agenda for student teachers.  Evidence of that is the number of written final exam essays on the theme gender and mathematics, often supervised by members of the network (e. g. Engström, 1994; Karlsson, 1993; Flinck & Åberg, 1993; Edman, 1995; Thörnqvist, 1995; Lindh et al, 2001; Larsson, 2002). The conference proceedings of the network are used as textbooks in teacher education.

The majority of participants in the work of the Women and mathematics network are teachers in schools and at tertiary level.  Many of them have been inspired by lectures in the network to start actions in their own work. On later stages such work has been reported back to the network in the conferences. An ongoing dialogue back and forth from teachers in schools to researchers in the network and back again takes place. Members in schools and schools of education help to spread information about research results on gender and mathematics and also bring good examples of intervention or segregation projects that are going on in education. The total impact of different teachers’ work in the area of gender and mathematics is hard to estimate but has had a great importance. 

Curriculum groups in Sweden have normally consisted of only men. In the groups for upper secondary school the network had two female members, who could ensure that gender aspects were included in the curriculum texts (Grevholm, 1999; Backlund, 2001). 

At least ten women in the network belong to the group of textbook authors. Results from investigations of textbooks have been reported by women in the network. Thus the female authors are aware of the possible lack of equity in textbooks and are able to influence their male co-authors. Their influence contributes to a raised awareness of gender issues and textbooks.

Other activities in the network

Summer schools for female doctoral students in mathematics have been organised twice (Klisinska & Persson, 1997). The first time it was initiated by the network and carried out by an experienced group of academic teachers. The second time participants in the first summer school took the initiative and the more experienced teachers were just resource persons in the planning phase. Such passing on of responsibility is evidence of the viability of the activities. The group of students was also broadened to mathematics and related subject, such as mathematics education.

A national newsletter was produced and sent out twice a year (Grevholm, 1996b) between 1990 and 1998. Later email communication substituted regular postings. The international IOWME Newsletter is distributed, which means that news from all over the world about gender and mathematics reaches many women in Sweden.

In 1993 the idea was born to produce a video with interviews of female mathematicians to use as an inspiration for young persons in their choice of studies. Three quarters of a million SEK was raised from funds and donators and the video project started in 1996. Four years later the video existed in reality and Formulas and imagination was sent twice in Swedish television. The video is now available in all municipalities through libraries together with a study handbook (Dahl & Grevholm, 2002).

Other activities of regular character are discussion groups at the biannual conferences for mathematics teachers, presentations of gender research for teacher groups, invited lectures for student teachers and in schools and Nordic contacts and influence through cooperation in Nordic working groups. In 1991 a conference took place in Denmark and in 1992 a conference in Norway was arranged on Women and Mathematics and Mathematics Didactics (Tingleff, 1991, NAVF, 1993) A second conference in Norway took place in 1999 (Hag, Holden & van Marion, 2000). As the three groups of women involved have interests in common they form a strong opportunity for women to communicate and have served as impulse to keep in touch and use each other as resources in different ways.

Members of the network initiate local activities on equity issues. For example equality groups at universities have been inspired by the network reports. Teachers in schools have started development projects thereby replicating research reported in the conferences of the network. Documentation from such projects and further examples of how the network is functioning can be studied in the published reports on the network (Grevholm, 1992a, b, 1996b; Brandell et al, 1994; Lindberg & Grevholm, 1998, Grevholm, Vretblad & Sigstam 2001, Grevholm & Lindberg, 2004).

What have been achieved through the network?

To summarize we can mention that the network Women and mathematics has

· placed the issue of gender and mathematics on the agenda

· contributed to making women visible in mathematics

· worked on raising awareness of research results on gender issues

· created lasting documentation on gender and mathematics

· proved that women are there and are willing to contribute in mathematics

· inspired to investigations and essays by students and teachers on gender issues.

Evaluation of the effects of the network

I will use the criteria for assessing programs of intervention by Malcolm (1984) for the discussion. I take each of his criteria presented above and comment on them on the basis of evidence from the presentation.

1  Achievement of primary goals as measured by staff, participants or external evaluation;

The primary goals from 1990 have been achieved: contacts created, research and information disseminated, speakers made visible, and acting as national sub-organisation of IOWME. Additionally the network set complementing new goals in 1999 in a twelve point program (Grevholm, 2001). Parts of those goals have been achieved.
2  Length of time of the program’s operation;

The length of the program is now 18 years and the network will continue until it has made itself unnecessary (the twelfth point in the new aims). This ability to survive without a formal organisation and permanent financial support is evidence for the demand of a network, and a forum and meeting place.

3  Ease in attracting outside support;

Outside support has been given generously by different departments for conferences, by the National Agency for Education, and by funds and donators to the video project. Permanent support has not been given, but applications had to be made each time. 

4 Ratio of applicants to participants (program popularity);

The activities have attracted many participants, sometimes more than what was planned to be the case. New women ask to be included in the network continuously. That new groups of women are prepared to take responsibility for organising conferences every third year shows that the networking idea is viable. There is a need for contacts between women and a need for opportunities to communicate.

5 Reputation of program with scientists from relevant fields;

Invited academics from Sweden and abroad in mathematics and mathematics education have been eager to participate and present as evidenced by the proceedings. The programme seems to serve as a reminder in many situations that there is a group of persons who will evaluate and criticize from a gender perspective. Certain respect in academic environments for this fact can be noted. When the network awarded its price of honour in 2002 it was received with great enthusiasm by a professor of mathematics. In 2005 the prize went to Gerd Brandell, the coordinator of the Swedish Graduate School in mathematics education during the time 2000-2006 (Leder, Brandell & Grevholm, 2004).
6 Program imitation or external expansion;

The first conference in Malmö served as an impulse to women in the other Nordic countries to start working in similar ways. For example women from all the Nordic countries have participated and presented in the Swedish conferences. The programme has grown outside the borders of Sweden. 

7 Cost effectiveness;

It is very cost effective as women involved work idealistically. The only paid work has been that of the producer of the video. The work teachers do is integrated as part of their normal teaching work.

8 The strength of the academic content.

The academic content, that is the content of the conferences, has been raised step by step when the participants have become used to what is expected. From mainly reports from development projects in 1990 there is a tendency toward a larger part of research papers through the years. For example in 2006 there were ten research papers among the presentations in the conference. Following this development students' essays have a stronger academic base.

9  The competence and orientation of teachers for programs with academic orientation.
The women, who have been central in driving the organisation, have been more and more deeply involved in research and teacher development work. Many teachers have taken competence development in mathematics education with a growing interest in making their own inquiry in the classroom.

Thus according to Malcolm’s criteria the intervention programme is successful. 

Discussion and conclusions

Do we really need a national network for Women and Mathematics in Sweden? Would not the development towards better gender balance in mathematics come by itself? What are the advantages of a network? A formal organisation would offer possibilities to meet and create contact, but would take energy for the formal organisational parts. A network offers good opportunities to collaborate in a flexible way and be in touch without forcing the activities into special formal arrangements. A network empowers women by making them visible to each other and outsiders, creating personal contacts, making it possible to explore each others work and results, opening communication, giving creative impulses and gathering women's force by using the strength united for influence in different situations.

Why prefer a segregated network for women and not a network for all mathematicians and teachers of mathematics? Do women need other ways to handle the problems, other methods to reach each other than men? Are women's ways of knowing other than that of men? Maybe Belenky et al are right (1986) when they claim it to be so. At the moment many women seem to value the segregation. The network is open to both women and men and men have taken part from the beginning. The name of the network "Women and mathematics" has been discussed and other suggestions as Gender and mathematics have been put forward. As long as there is a need for a separate arena for women in mathematics the network will survive. The aim is to achieve such a situation of gender balance that the network will have no reason to exist any more.

By creating contacts women have been able to use each other in work as speakers, as references, and sources of information and inspiration. Women’s work and results are often invisible, but through the network members get to know about other women's work.

Women work united for better equality, higher consciousness about the gender and mathematics perspective, better curriculum, influence on textbooks and commentary material.

There is a value in women's contributions to mathematics and their perspectives being involved, not least from a democratic perspective. Such a view is part of a critical perspective. There is practically no literature in Sweden about women and mathematics except what was produced through the network.  Gender and mathematics has been put on the agenda. Through the network women have been asked to participate and contribute to other conferences, working groups and have exchanged ideas of work. The network also created contact between researchers abroad and Swedish women and opened ways for research to practice.
Future plans

There is some evidence that might make us hopeful for the future of women in mathematics. First of all the Nordic Summer school in 2003 for female doctoral students is a valuable initiative, that was taken by a new generation of women in mathematics. The conferences still attract interest. A group of women in Northern Sweden volunteered to organise the conference in 2006 in Umeå University. At that conference three younger women accepted to take the leaderships for the network from 2006 and onwards. The Swedish Parliament has stressed the fact that all academic teaching should be done in such a way that female students are included as well as male. Funding has been arranged for special positions for women. We have had some female mathematics guest professors during the years after 1996. A permanent position for a female professor of mathematics at Uppsala University was created in 1997. In one of the universities the mathematics department has 50 % female doctoral students (Grevholm, Persson & Wall, 2003, 2005). Two investigations of academic mathematics in Sweden have among other things focussed on the problem with the lack of women in the subject (UK, 1995; SNSCR, 1995). The government has funded five important new university programmes in mathematics and science, with the aim of attracting more women than traditional programmes (Wistedt, 1996, 1999). We can see that the problems are officially recognised. The network will follow the development carefully and continue to offer criticism when problems arise and support through its work and actions. It is important that research and intervention programmes or other actions go hand in hand and they complement each other in the work towards changing the conditions for women in mathematics. “That information gathered from research can be translated into action through intervention programs is made explicit in the recommendations for teachers by Leder and Forgasz [….]” (Leder et al, 1996, p 970). 

Reports on intervention programmes are often invisible and Leder et al (1996) indicates this problem: “Traditional empirical research monitoring females’ participation and performance in mathematics and related career activities should continue, as should documenting the effects of intervention programs” (p 978). In Sweden there is still need for such an intervention. The leader of one government investigation, Gertrud Åström, on equality and power spoke at Luleå university in 2007 and expressed criticism towards the slow rate of change. She claims that the work to erase differences linked to gender has not even started. Her criticism also includes academic educational institutions, which have not manifested activities for such a change (Svedjeholm, 2007). 
This paper tries to make one intervention programme visible and argues that such a programme is one possible efficient way to implement research into practice, express criticism and create action and activity based on research. Evidence has been presented to support this claim. The evidence consists of the collaborative work of many women over a long period of time. What the paper cannot convey is the joy and satisfaction this work has created in the group. 
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