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I. Introduction

In the past 10 years, the global science community has seen the “gender issue” come onto the agenda.  With the outputs of the UN Commission on Science and Technology for Development Gender Working Group in 1995, the World Conference on Science in 1999, Beijing +5, the World Summit on the Information Society (WSIS), as well as initiatives by the European Union and now the OAS, international science policy bodies are recognising the importance of including women in the international science initiative as equal participants, implementers and shapers of S&T, as well as recognising their right to benefit equally from the application of S&T.  

The context for this trend is the recognition that “the world is changing at a rapid pace, driven by science and technology. (Inter Academy Council, 2004:1),” and that despite the increasing rate of accumulation of scientific knowledge, the lesser-developed countries are not seeing the same benefits from increased scientific knowledge as the richest countries. The focus of the Inter-Academy Council is on national capacity building in science, technology and innovation, an area which has been neglected to date, and where much remains to be done.  Its message is that unless developing countries create the indigenous scientific capacity to understand, engage in and contribute to international scientific research and innovation, they will not gain the capacity to apply and adapt science and technology for national knowledge-based development. Nor can they expect to naturally benefit from scientific innovation in other parts of the world, as past experience of technology transfer agreements and current intellectual property provisions demonstrate. Science and technology are increasingly important for economic growth, and there are concerns that the “lagging” countries will continue to fall behind (Inter Academy Council, 2004).

An emphasis on national capacity-building naturally leads to an emphasis on developing, attracting, and retaining national S&T professionals, including those sectors of the potential S&T workforce which are not represented: women, minorities and the disabled. Promoting diversity in the workforce, that is,  promoting a workforce which includes diversity of ethnicity, gender and culture, is seen as providing both the public and private sector with greater access to talent (by increasing the pool of qualified  and skilled professionals), increasing innovation in research and output, providing a better match with clients and the market-place or the private sector, and encouraging a wider range of approaches, problem definitions and strategies, all of which can only increase the quality of outputs. (European Union, 2003b; Emerson et al, 2001)

The US Congressional Commission for the Advancement of Women and Minorities in Science, Engineering and Technology (CAWMSET) echoes this view, noting that business leaders have been warning of a critical shortage in skilled workers, that threatens their ability to compete in the global marketplace. Decreasing enrolments in science and engineering subjects has been a trend in North America for many years, as students opt for business, journalism, and other courses.  Women, underrepresented minorities and persons with disabilities represent a group with high potential to fill those empty spaces, and in the US, we are starting to see that trend (CAWMSET, 2000)

The Ericsson European Equal Opportunities Award is a competition between the different Ericsson companies in Europe. It will promote and encourage the workplace that has taken a concrete initiative to improve women's conditions and/or has brought forward and developed the female resources, with the goal of creating equal employment opportunities for both sexes.

The goals of the company in this respect are to assemble a strong network of people actively involved in advocating equal opportunity issues, recruit top talents, increase diversity within the company and facilitate and change the conditions for men and women with small children.

The company has found that it gets “better results with gender balance.” Having more women in the company has created a constructive corporate culture and constructive debates.  In many cases, it has found female employees to be more constructive and less focused on prestige than men, and more receptive to new ways of thinking.  As a result of a focus on attracting highly-qualified women as well as men, Ericsson Europe has achieved its goals much faster than originally anticipated.

Source: “Ericsson Equal Opportunities Award”, 2001.

Increasing the participation of women in the S&T system is part of this, and as the Inter Academy Council argues, is important “not only because it is the decent thing to do; in reality, societies simply cannot allow themselves to be deprived of the abilities and potentialities of women (Inter Academy Council, 2003:50)” 

This is as relevant to developed as to developing countries.  The European Union Programme on Women in Science was initiated develop strategies to change the low representation of women in science in European Member States, partially in order to a ensure a base of skilled science professionals as the population ages, to maintain economic growth. But the rationale for this initiative includes a critique of the European science system itself, in arguing that the under-representation of women in science prevents the full realisation of science in the region, in the first place because it is an “unacceptable and unaffordable waste of human resources (European Commission, 2001:3)”, but also because the under-representation of half of European society is seen to represent an imbalance, a distortion between science and society which decreases public trust and confidence in science.  “It is only by ensuring a greater gender equality in science, in its wide sense that science will optimise the value that it brings to European society (European Commission, 2001:3).”

An imbalance is also present in the way that S&T is applied for social development. Women engage with S&T in their daily lives in a way that, although experiential and non-formal, is nonetheless based in scientific and technological knowledge and precepts. However, women’s engagement with S&T for social development is a policy and research area  that has been largely ignored.  So much so, that the Gender Working Group of the UN Commission on Science and Technology for Development found in 1995 that aafter decades of S&T interventions in development, women’s overall position actually declined relative to men, and women have become disproportionately poor in relation to the men in their communities.

This is because women’s S&T activities in their daily work is overlooked, and their interactions with technology go unrecognized:

· Women engage in 60-100% of agricultural production activities in the developing world.

· Women tend to be responsible for the gathering ad use of energy for cooking, as well as for water and sanitation needs in their communities.

· They are holders of much of the world’s indigenous knowledge about medicinal and agricultural uses of plants and seeds, as well as food and medicine processing.

· They are providers of family health care. 

· Women make up 2/3 of non formal sector producers and traders. 

In engaging in these activities on a day to day basis, women’s contributions to society are enormous.  It has been found that societies that discriminate by gender pay a high price in their ability to develop and to reduce poverty and that eradicating poverty depends on improving the situation of women and increasing the efficiency of their work. W also know, conversely, that reducing the gender gap in health and education reduces individual poverty and encourages economic growth (World Bank, 2001), and when technologies increase women’s production and income, children’s well-being improves, enrolment rises, birth rates decrease, and environmental conservation increases. 

And finally, one can ask questions from a different perspective:  what would happen to the way science is structured if it the perspectives of women and other minorities were mainstreamed?  Research priorities would be set, not in a gender “neutral” way, but in an understanding of the differential effects on differing groups, as well as of the range of perspectives and opportunities reflected by these groups; there would be consideration of how science is organised, and what the possibilities are for a life as well as a career.  Scientific meetings would revolve around discussions of the need for women’s voices and presences, as well as those of other under-represented ethnic, disabled, cultural and socio-economic groups (Malcom, 2003). Science would take on its agenda the needs of the great majority of the world’s peoples whose S&T needs have been marginalised, and thereby create the conditions for sustained and sustainable economic and technological growth. 

This paper assesses the current state of knowledge and data around the participation and representation of women and girls in the S&T system, beginning with primary grades up to science decision making levels, in terms of policy which exists and policy which doesn’t exist, but which can be developed based on current knowledge.  It assesses what we know, as well as what we do not know, and areas where more information is necessary to base policy and programming for the future.

This paper assesses the representation of women and girls in the formal science, technology, engineering and mathematics (STEM) system.  It draws on existing knowledge to examine the participation of girls and women in science and technology education at primary, secondary and tertiary levels, looking at the participation of girls and boys as well as factors mitigating for and against the continuing enrolment of girls in science courses. In Section 2, we turn to research and industry, including current data and assessment of employment trends for women in STEM and technology disciplines in research institutions, as well as science and technology-related employment in industry and the private sector. 

The paper identifies new areas for research, includes recommendations for programming and action, and ends with a summary of major international and regional policy recommendations.

Finally Part III provides some examples of national programmes and policy initiatives to increase the representation of women and girls in national STEM.

[Section V will summarise main recommendations, and identify and develop recommendations for the expert working group to consider in developing its recommendations for the OAS Ministerial Meeting on S&T. ]

II. Educating girls and women in science and technology

Taken in total, global education rates for girls at the primary level and literacy levels for women remain lower than those for boys and men:

I. Two out of three of the 110 million children in the world who do not attend school are girls – and there are 42 million fewer girls than boy in primary school. 

II. Even if girls start school, they are far less likely to complete their education. 

III. Girls who miss out on primary education grow up to become the women who make up two-thirds of the world 's 875 million illiterate adults. 

IV. A six-year-old girl in South Asia will typically spend six years in school, compared with nine years for a boy. 

V. Living in the countryside widens the gap; a girl living in a rural area is three times more likely to drop out of school than a boy in the city.

Factors affecting the lower enrolment of girls include:

VI. Choices to invest in boys’ education at the expense of girls who are kept at home to help with domestic chores

VII. Preconceptions that girls do not “need” education as much as boys, since they are often not expected to move into paid employment outside of the home

VIII. Early marriage and motherhood: in Nepal, 40% of girls are married before age 15 (UNESCO, 2003a).

IX. Lack of acceptable or appropriate sanitation facilities at schools (latrines, etc)

X. Armed conflict. Girls are more vulnerable to rape, sexual violence and exploitation than boys. It is estimated that approximately 100,000 girls directly participated in conflicts in at least thirty countries in the 1990s as fighters, cooks, porters, spies, servants or sex slaves (UNESCO, 2003a). 

XI. Sexual harassment within schools.

However, gender trends in educational enrolment vary widely from region to region and even country to country.  The sustained efforts in many countries over the last years, epitomised by the Education for All initiative and supported by efforts to promote girls’ education by agencies such as the World Bank, are bearing fruit.  According to UNESCO, girls’ enrolments have increased faster than boys’ from 1990-2000, as overall access to primary education also increased.
 Sub-Saharan Africa showed the highest relative increase of girl’s enrolment (38%), with South and West Asia and the Arab States also showing smaller rates of increase (19% and 17%). Latin America and the Caribbean have seen large increases, and are close to achieving universal primary education, with net enrolments of 97%.  East Europe also sees high rates of literacy and primary enrolment (UNESCO, 2003a). 

Two strategies which have proven effective in increasing the enrolment of girls are the elimination of school fees and flexible scheduling of classes which accommodates girl’s domestic duties. Increasing a household’s wealth index by one unit enhances a boy’s chances of attending school by 16%, against 41% for girls. (UNESCO, 2003). 

In Uganda, government support is provided for the education of four children.  If a family has both daughters and sons, two daughters and two sons will be supported, ensuring that girls will not be selected against as the family chooses who will be sent to school.

In [Jamaica?], the government pays families $20 for each girl who goes to school, thereby making some restitution for decreased family incomes.

In China, women who received training in management of small and medium enterprises realised the importance of access to education for a better life, and families stopped pulling their children out of school.

It is expected that as more children graduate from primary school, attendance at secondary levels will increase. This is borne out to a certain extent by figures which show the enrolment of girls at the secondary level has increased in all developing regions since 1990, although there continue to be discrepancies in some countries, especially those with very low female enrolments in primary grades, such as Cambodia, India, Iraq, Nepal, Pakistan and many sub-Saharan African countries. The trend is to the reverse in Latin America and especially the Caribbean, with more girls tending to enrol at that level. Overall, enrolments levels average around 30% of youth in sub-Saharan Africa, 70% in Latin America and the Arab States, while OECD and Central and Eastern European countries are at or close to universal secondary enrolment (UNESCO, 2003a). 

At the tertiary level, overall women have seen continued increasing levels of enrolment to 46.8% globally, with the greatest gains in absolute terms made in developing countries.  However, there are wide regional variations in participation:  in OECD and Central and Eastern Europe, gross enrolment rates (GERs) at this level stand at 45% , while in the great majority of developing countries, the percentage is under 30%. Of those countries which gather sex-disaggregated data, women make up the majority of students at this level in most European countries, Latin America and the Caribbean, and North America, but are poorly represented in sub-Saharan Africa, with varying rates of enrolment in the Arab States, where two students out of ten are women in Mauritania. In several countries in Asia and the Pacific, female enrolment is less than 2/3 of male enrolment (UNESCO, 2003a). 

Evidence is emerging in many regions that when girls do have access to education, they tend to outperform boys.  In OECD countries and the Caribbean, concern is growing about the decreasing level of enrolment and performance of boys in schools at all levels.  Boys tend to repeat grades more often than girls, and are dropping out in greater numbers in some areas.
  In the Caribbean, for example, girls start school earlier, attend more regularly, drop out less frequently, stay in school longer, and achieve higher levels. Ramifications of this situation for the increasing alienation of boys and men from Caribbean society are of concern.  It appears that new educational methods are benefiting girls.  They tend to perform well in sustained, open-ended, process-based tasks which are based on realistic life situations and require pupils to think for themselves.  Boys tend to do better in more traditional learning approaches which emphasise memorisation.  Boys also do better on standardised tests and exams, which has implications for their enrolment – as well as that of girls – at the tertiary level (UNESCO, 2003a).

In the UK, a great deal of attention has been paid to the declining performance of boys in school examinations, indicating that girls make better progress than boys in reading, mathematics, and verbal and non-verbal reasoning.  Reasons given for this include:

​– 
greater maturity of girls and more effective learning strategies

XII. there is more of a tendency for boys to disregard authority, academic work and formal achievement

XIII. girls put greater emphasis on collaboration, talk and sharing

XIV. there are different gender interactions between pupils and teachers in the classroom

XV. boys engage in “laddish behaviour, bravado and noise” as part of their self-defined masculinity

XVI. male peer-group pressure (Arnot and Phipps, 2003).

However, it should be kept in mind that despite the trends to increased levels of education for girls at primary and secondary levels, and better academic performance than boys, girls are in many regions unable to convert this “academic edge” into other areas.  In Chile, while girls have better results in secondary school than girls, they perform less well in university selection tests (see Section II for further discussion) (UNESCO, 2003a).

When one factors in the representation of women and girls in science and technology-related courses the numbers become less positive. Girls at the secondary level tend not to enrol in scientific and technical subjects. For example, in Chile, of those students who enrolled in secondary level technical streams, 82.2% of girls chose a commercial specialisation, while 58.5% of boys (and 13.1% of girls) chose the industrial specialisation. These numbers are echoed in other parts of the world. The International Mathematics and Science Study undertaken in 41 nations in 1995-96 reveals a gender gap in maths and sciences courses that increases during the academic process. In France, although girls perform better than boys in science at the secondary level, they make up less than half of the students in science baccalaureate streams (44.2%). In the US, while gaps between girls and boys in maths and sciences courses seem to be diminishing, likely a result of more attention paid to gender equity issues in science and maths courses, boys nevertheless continue to take more advanced courses. They also take greater numbers of maths and sciences courses and achieve higher scores in the National Assessment of Education Progress testing. (UNESCO, 2003a; AAUW, 1998)

Reasons for a lack of comfort and/or interest in scientific and technological subjects on the part of girls are varied. Sociocultural attitudes about what is considered appropriate for girls and women affect parent’s encouragement or lack of encouragement in girls’ choice of subject or discipline.
  A study in Mali found that almost 1/3 of households surveyed said that the reason they differentiated between girls and boys was because boys were more intelligent (UNESCO 2003a) !

Studies in both North and South show that teachers tend to answer boys more often than girls in math and science classes and pay more attention to girls in non-science classes, thereby sending messages about gender capacities.
  Teaching materials, textbooks and lectures tend to depict science and technology as a male domain, depriving girls of role models. There is increasing evidence that girls benefit from science and technology teaching curricula which emphasise hands-on activities and applica​tion to everyday life and the environment, reflecting their critical role in agroforestry, natural resource man​age​ment and human health in most of the world. A narrow technology focus in the curriculum, while appealing to boys, can alienate girls, who are more interested in understanding how the technology fits into a larger social, environmental or work context. The preconception that scientists are objective and dis​tanced observers of their world promotes a view of science that removes people and human struggle from the inquiry, consequently alienating many girls and young women for whom their relationships with teachers and friends are important parts of their educational experience (AAUW, 2001; Bissell, et al, 2002; Dundar and Hayworth, 1993).

Science curricula and methods, and a classroom environment which takes into account these gendered differences in approach, perspective and relation to the world around them, have been demonstrated to increase the interest of girls in science subjects.  Further, it has been found that both boys and girls benefit from participation in science, technology, engineering and mathematics (STEM) activities with gender equity goals. These activities incorporate:

XVII. extracurricular components, such as visits to museums, manufacturing plants, trips to nature reserves, or meeting with professionals in a STEM field;

XVIII. science clubs and summer science camps;

XIX. engaging additional support and assistance of teachers, parents, school and community members;

XX. recognition of the important role of adults in affecting attitudes of girls and boys

XXI. use of human resources in communities, including scientists

XXII. ensure teachers are knowledgeable about STEM subjects, and provide updates on STEM subjects as well as STEM teaching methods (AAUW, 2004; Malcom, 2003).

IBM EXCITE Camp

IBM sets up camps called Exploring Interests in Technology and Engineering, or EXITE for short.  The week-long program offers middle school girls the opportunity to explore technology and work collaboratively on math and science projects.

Girls at more than 15 IBM facilities in the U.S. and nearly two dozen in Canada, Latin America, Europe, Africa and Asia Pacific have the opportunity to build hand-powered flashlights and fire extinguishers, direct and produce their own movies using digital equipment, explore weather-related technology and conduct forensic experiments.

These activities, coupled with the enthusiasm and inspiration provided by the camp coordinators, program presenters and volunteers, are designed to encourage the girls' interest in mathematics and science and give them a first-hand look at the wealth of career opportunities technology can provide.

    "It was at the EXITE camp that I learned how cool science could be," said Katie Dreeland. "You couldn't help but learn something from the activities we did, and I really enjoyed talking to the counselors, many of whom were experts in their fields. At my high school, I'm taking all honors classes including science.  I'm a big fan of genetics and I'm looking at science as a career."

Source: “IBM Excite Camps”, 2004.
Analysis of tertiary-level enrolments in science, engineering and technology subjects sees further evidence of a gender gap.  In many regions the participation of women in bio and life sciences has increased and continues to increase. Judith Glover refers to the “feminisation” of the biosciences in Europe, where women make up over 50% (2001), while in the US primatology is dominated by women, who make up over 80% of the profession (Schiebinger, 1999). At the same time, women’s level of representation in “harder” sciences such as physics and engineering is persistently low around the world. In the US, for every 5-6 men who graduate from an engineering program there is one woman, and while the percentage of women in chemical and agricultural engineering is slightly higher, in electrical and mechanical engineering there are fewer women –​ less than 14% (National Science Foundation, 2003b). Similarly to the situation in Europe, while women earn more than half of the baccalaureate degrees in biosciences in the US, they earn 21% of undergraduate degrees in physics. The numbers for computer sciences are especially concerning: in the US and Canada, female participation in the tech sector is declining. In 1985, women received 37% of all U.S. computer science undergraduate degrees, and by 2000 that number had fallen to 28%.  At the top US schools, the number is now below 20% (“Technology's Too-Small Sisterhood”, 2004).

These numbers are echoed elsewhere in the world. The table below lists data on women’s participation in science and in engineering, manufacturing and construction in selected countries. 

	Country
	Science 

(% women)
	Engineering, Manufacturing and Construction 

(% women)

	Costa Rica
	40
	28

	Mexico
	46
	24

	Bangladesh
	29
	10

	Brunei Darussalam
	51
	38

	Cambodia
	21
	1

	Georgia
	67
	27

	Israel
	45
	24

	Japan
	25
	13

	Lebanon
	47
	21

	Korea
	45
	28

	Turkey
	43
	24

	Eritrea
	4
	2

	Ethiopia
	23
	5

	Madagascar
	37
	20

	Mauritius
	54
	19


Source: UNESCO Institute for Statistics, 2003.

In Europe, male graduates tend to outnumber women graduates in science, mathematics and computing programmes (except in Belgium and Spain), and in engineering programmes.  The average percentage of women graduates in science, mathematics and computing in the EU is 35.7%, down from 41% in 2000.
 National percentages range from 25.5% in the Netherlands to 49.8 % in Portugal.  Women made up 20.6% of engineering graduates, although in real terms there was a decrease in head count from 1800 in 2000 to an estimated 1200 women in 2001. Germany has the lowest proportion of women engineering graduates, with 11.8%, and Italy the greatest proportion, with 34.4% (European Commission, 2003).

In the “Associated Countries” of the EU, the percentage of science, mathematics and computing graduates shows wider variation, ranging from 9.1% in Norway (down from previous years), to 66.7% in Cyprus.  Most countries are in the 40% range. For engineering, the percentages are lower, from 13.9% in Norway to 28.6% in Latvia and Israel (with Bulgaria and the Czech Republic close behind at 27%) (European Commission, 2003). 

In summary,

· poverty is a major factor in countries with high level of gender disparity in school enrolments where the gaps are closing, have closed or are reversing, gendered perceptions and stereotypes continue to direct choices

· when they have opportunities for education, women take advantage of them and perform well

· low performance of boys in some countries indicates the negative effects of masculine gender roles [violence ref]

· as education systems move towards gender parity and improved quality, girls tend to perform better than boys

· learning approaches in science education which emphasis informal learning, extracurricular activity, holistic approaches about subjects relevant to students’ lives, with interactive and hands-on texting and curricula will improve the educational experience for both girls and boys

· Despite gains made for women’s enrolment in  STEM subjects, horizontal gender segregation continues, with women predominantly represented in health and biosciences, and poorly represented in engineering and physics.

As suggested by Shirley Malcom, a series of questions can be asked concerning the quality of science education, for both girls and boys:

–
Is science a prominent component of basic education?

XXIII. Who teaches science and how well prepared are these teachers?

XXIV. Were teachers taught using such methods? Are opportunities for  professional development available to them to learn these methods as well as science and mathematics content they may not feel  confident in teaching?

XXV. What science is taught?

XXVI. Are themes relevant to communities and to sustainable development included?   

XXVII. Are tests interactive and inclusive to hands on models or "book based" only?    

XXVIII. Is there equal access to quality basic education in science and mathematics? (Malcom, 2003)

III. Gender Patterns in Science and Technology Employment:

Qualification, Recruitment, Retention and Advancement

As we have seen, the rate of girls’ education, and the education of girls and women in science and technology, has been improving over the last 10 years, as teaching methods and curricula improve and as we move closer in most regions to universal education at primary and secondary levels.   In many countries, representation of women in tertiary science courses is at or close to 50%.  

Given these positive trends, the perception may be that achieving gender parity in science, technology, engineering and mathematics is an inevitable result of the increased numbers of girls and women coming up through the system. 

Unfortunately, evidence of the last 10-15 years indicates that increased numbers of girls and women at the lower levels of the system does not necessarily translate into increased numbers at the upper end. This rate of low translation of women’s scientific training to recruitment, as well as the over qualification of women scientists who are in the science workforce indicates that the issues affecting the quality and quantity of women’s participation in STEM, is more than that of appropriate qualifications or a case of waiting for a critical mass of women to work their way through the system. Data and research in both the university setting and industry indicate that overall, the representation of women decreases as one moves up the ladder in the system, women’s rate of temporary and shorter-term work is greater than that of men’s, and women are paid significantly less than men (European Union, 2003; McGregor and Harding, 1996; Glover, 2001). 

UNESCO notes that despite the trends to increased levels of education for girls at primary and secondary levels and better academic performance, girls are in many regions unable to convert this “academic edge” into other areas.  In Chile, while girls have better results in secondary school than boys, they perform less well in university selection tests.  Additionally, expectations for life after secondary school remained defined by gendered sociocultural factors and attitudes.  A survey of teens and young people in Chile on work expectations found that boys wanted to find a job, while girls wanted to remain in school. “These aspirations indicate that boys see the world of work as their dominant opportunity and are keen to enter it early, whereas girls are more likely to want to stay on in higher education in order to improve their chances in the labour market (UNESCO, 2003a:152).”  Another example can be found in Togo, where a lack of employment for women, added to low numbers of jobs for those with advanced education, discourages investments in female education.  Indonesia and Sri Lanka have high rates of unemployment for women at all educational levels, while in Indonesia, women’s unemployment rates actually rise with their level of education.  This data indicates that women may often need higher levels of educational attainment than men to compete for jobs, equal pay, decision making positions, and access to equal share of productive resources. Women’s higher level of enrolment in education may indicate that women intuitively or otherwise understand this gendered work environment (UNESCO, 2003a). 

This trend also holds for women’s representation in the science workforce, as illustrated by a study of women faculty in the School of Science at the Massachusetts Institute of Technology (MIT) in 1994. It found that of the 209 tenured faculty members in the School, 15 were women – 8% (compared to 194 men). It was also found that this figure of 8% had not changed in the previous 10 and possibly 20 years, despite major increases in enrolments of women in undergraduate science courses, indicating that attrition of women through the system was ongoing and unchanging. (MIT, 1999). 
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Worldwide, it appears that the translation of “scientific human capital” into professional scientific occupations, while low for both men and women and part of the global science capacity building question, is lower for women: women scientists do not translate their scientific qualifications to entry into scientific occupations to the same degree as men.
 The situation that many highly trained women are subsequently lost to science (European Commission, 2000: ) is a great loss in investment for countries, especially when added to the brain drain. In other words, recruitment of women into STEM professions is lower than it should and could be, considering the performance of girls and women in science education. 

In this section, building on Glover’s categorisation of phases of women’s representation in the science system we will look at the trajectory of women’s careers in S&T to try to understand the points of attrition in the science system, using four categories or components: i) qualification (covered in the previous chapter) ; ii) recruitment iii) retention, and iv) advancement (2001). Using this approach to the stages of the STEM careers, we can better understand the points at which policies can be applied and identify the most relevant policies. Each of these categories also implies a separate set of data requirements which will be discussed in Section IV.

1. Recruitment

When we look at recruitment issues, we see that for those women who do enter the science profession, two kinds of segregation exist, horizontal and vertical.  Horizontal segregation constitutes segregation by discipline or sector.  As we have seen, most women scientists work in the bio and health sciences, with low representation in the “hard” science disciplines such as physics and engineering. For example, the EU figures separate natural sciences, engineering and technologies, medical sciences, agricultural sciences, social sciences and humanities.  The numbers for Sweden, then, are:

Natural sciences 



30.5% women

Engineering and technologies

19.0%

Medical sciences 



51.2%

Agricultural sciences 


40.9%

Social sciences 



43.3%

Humanities




43.7%

Another kind of horizontal segregation is referred to in the World Conference on Science European Regional Conference meeting on Women in Science - Quality and Equality. Conditions for Sustainable Human Development, held in Bled, Slovenia on 5-7 November 1998. Participants at the meeting called attention to the trend that women are often squeezed out of the competitive, high-expenditure “glamourous” R&D systems, and pushed into low-expenditure systems “as a kind of ‘back-up’ human resource (“Women in Science”, 1998). In Central and Eastern Europe the presence of women in science in publicly-funded research institutions and universities can be seen as an opening up of spaces vacated by male scientists who shift to better-paying and more prestigious posts in the private sector or abroad.  In Romania, shifts in women’s participation in the labour force were initiated by economic restructuring in the early 90s, as women’s rate of unemployment increased in relation to that of men (UNDP, 1998). There is also evidence – and this is an area where more work is needed – that women enter scientific fields in greater numbers when men do not choose to enter these fields, i.e. for reasons of prestige or remuneration.  In this respect, the increasing feminisation of science is a result of “loss of resources, status and diminishing capacity to generate excellence in research (“Women in Science”, 1998).”  In the US and the UK, where public science remains well-funded, there are similar trends of an increase of women and minorities in the science sector which is attributed in part to the migration of white men away from science into other professions and the private sector.  Assessing whether and to what degree the “sustainable dev of the position of women in the sciences is linked to the actual maintenance of resources in science (“Women in Science”, 1998)” is an area for further research.

A literature review of studies on gender differences in science careers in the US undertaken by the National Science Foundation found that women and men take academic jobs that are qualitatively different.  They tend to work in jobs and institutions which stress teaching over research.  One study reviewed found that women placed higher preference on student quality, teaching load, collegiality and interaction within departments, opportunities for joint work, and female representation on faculty, while men tended to consider salary and benefits priorities for job acceptance. (National Science Foundation, 2003a).  These preferences on the part of women for qualities and duties that are not well-rewarded in the academic performance review system have implications for vertical system segregation (see below.)

2. Retention

Vertical segregation relates to the issues of retention and advancement.

Data in the UK (supported by data in the US) show that women with high-level scienti
fic qualify
cations tend to leave the labour market in their late 20s and early 30s, during their prime child-bearing years.  Studies also show that 44% of men are employed for at least 10 years at a stretch, while only 13% of women are employed for the same period, and that 3/4 of male employment periods last at least five years compared to 1/3 of female employment periods.  As a result, women’s scientific careers tend to be less stable and characterised by shorter-term and temporary work rather than continuously-held positions (Glover, 2001). A US study found that women’s rate of exit from science is higher than that from other professions, and twice that of men, while in many OECD countries, women scientists and engineers working in the industrial sector are under-represented and more likely to leave technical occupations, as well as the labour force, than women working in other sectors (Preston, 1994; European Union, 2003).  While there is not as much data in developing countries in this respect, Rathgeber found in her study of gender patterns of science careers at CGIAR centres
 that women are much more likely than men to be represented in the shorter-term and temporary contract science positions (2002).  

	A UK study on employment patterns of SET graduates was undertaken to examine how the country could maximise the return on the investment made in training graduates in science, engineering and technology (SET) and address skills shortages.  The study was intended to
- identify the number of people with degree level qualifications in science, engineering and technology (SET);

- identify how many are not currently working in SET occupations and the occupations and activities are employed in;

- investigate how, if at all, they could be attracted back into SET occupations;

identify how employers could support those returning to the sector and how more might be encourage to utilize returners; and 

- identify existing schemes and whether these meet the needs of employers and returners.




The study found: 

- a minority of SET graduates are employed in SET occupations, as defined in this study (40% of men and 25% of women).

- from 1992 to 2000 an increasing number of female SET graduates were employed within the key SET occupations (see Definitions), save for that generally regarded as the most “junior”, scientific technicians.

- women with SET degrees are economically less active than their male counterparts or female non-SET graduates.

- about 24,000 women SET graduates returned to employment in the year 2000 and that about a third of them returned to SET occupations.

- there are significant issues for women seeking to return to work after extended breaks and that the barriers may be greater for those in SET.  Further, employers are unlikely to make the investment needed to attract returners because the likelihood of finding and successfully recruiting women returners is very low for any individual company.

The study concluded by suggesting there was a role for government programmes designed to help women return to employment in SET. 
Source: Office of S&T, n.d.

Returning to the workforce after leaving for child-rearing poses another set of difficulties.  Many women attempting to return to the private sector find that their skills need updating, especially if they have been away for more than 1-2 years.  Additionally, if unemployment rates are high, candidates with no break in employment experience are generally considered more desirable than those who have been out of the workforce (“Technology's Too-Small Sisterhood”, 2004). 

Finally, those women who do stay in the profession are more likely to defer childbearing or to remain childless. In the UK studies indicate that women scientists and technologists are more likely to defer childbearing or put it off entirely than women in the health and teaching professions.  In the US, women scientists marry less and have children less than their male colleagues. 94% of male scientists in the US are married, compared to 70% of female scientists.  In certain disciplines the number of unmarried women is higher:  38% in chemistry (compared to 18% unmarried men) and approximately 35% in physics.  Interestingly, a large percentage of women physicists tend to be married to other scientists, which affects job prospects (see below) (Bagenal, 2004).  37% of women scientists in the US over the age of 50 are childless, compared with 9% of men (Schiebinger, 1999). Studies in developing countries have provided similar numbers.  In their study of scientists in Ghana, Kenya and Kerala in agriculture, environment and natural resource management sciences, Campion and Shrum found that 95% of male scientists were married, compared to 3/4 of women scientists, that women were more likely to postpone a family, and 16% did not have children at all (2003). In Rathgeber’s study, over 25% of women were single compared with less than 10% of men; and 51% had children, compared with 80% of men (2002). 

The implications for women of childbearing and domestic life of course will also affect women’s potential for advancement in their profession. 

3. Advancement

 In the UK, the main activity for men with scientific qualifications is management, for women it is teaching and non-professional activities not requiring a university degree, i.e. as technicians. These findings are supported by studies in other countries. Rathgeber found that men are overrepresented in the higher, more senior research and management positions in the CGIAR centres (2002).  These findings are additionally corroborated at the WCS regional women in science forum in Slovenia in 1998 where concern was expressed about the implications of this for decisions made about S&T direction and orientation:

The absence of women scientists in top managerial positions in educational and research institutions and also at ministerial level, excludes  female voices in an equal partnership in decisive decisions on the current and future  orientation of science and technology (“Women in Science”, 1999).

In its survey on research on gender differences in science careers, the National Science Foundation found that 

Taken as a whole, the body of literature we reviewed provides evidence that women in academic careers are disadvantaged compared with men in similar careers. Women faculty earn less, are promoted less frequently to senior academic ranks, and publish less frequently than their male counterparts (National Science Foundation, 2003a:1).”

The lower number of women in senior positions can be attributed to a limited extent to the lower age of women in science, but a wider range of factors also apply which result in a glass ceiling, including work-life balance; gendered patterns and approaches to productivity; and performance measurement and promotion criteria.

In the 1995 MIT study, women faculty were interviewed about their experience in the Science School.  The more junior women faculty did not feel that they had been discriminated against, but felt that family-work conflicts may have been more of a factor in their careers than those of their male colleagues (MIT, 1999).  For, in addition to the professional price paid for taking time off to have and care for children,  married professional women spend more time in domestic chores and childcare duties than their husbands.  In the US, professional women work roughly 15 hours/week more at home than their husbands and sleep 20 minutes less per night.  Those with children sleep 40 min less/night than their husbands (Schiebinger, 1999) . In those countries where domestic help is the norm for professional children, this situation may vary. However, women scientists in the CGIAR centres appeared to experience the same difficulty in reconciling work and home life, although men to a lesser extent also complained about not being able to spend enough quality time with their families.  Nevertheless, men were more likely to spend extra time on the job, and more likely to work on weekends than women. (Rathgeber, 2002).   Campion and Shrum found that women scientists in their study were perceived as the primary caregivers at home.  These perceptions affect their career prospects – opportunities for field work and travel are limited for the women in their survey, who experience restrictions related to the assumption that traditional familial roles of wife and mother take priority, in contrast to men who are seen to be obliged to travel in their role as family providers (2003).  

For the women in Campion and Shrum’s study, these restrictions on travel were seen to be major inhibitors of women’s professional opportunities, both now and in the future. Their survey found that women’s professional networks and contacts tended to be local and national.  Women scientists did not have the same opportunity to travel abroad for advanced education or training and were less able to participate in international conferences.
 As a result, women were less aware of the professional and funding resources available to them; published less in foreign journals; and tended to have a more regionalist understanding or perspective on environment issues for example, in comparison to men, whose views tend to be more influenced by first world perspectives and analysis.  The repercussions of this situation have not been studied, although the effect on promotion rates for women with fewer publications in international journals is probably evident.  Additionally the authors argue that as scientific networks become more global, differences in networks and results may restrict the scientific careers of women, even if their numbers are increasing. (Campion and Shrum, 2003).  While Rathgeber does not address this topic directly, it is notable that women scientists in the CGIAR system tend to be nationally recruited while men are more likely to be internationally recruited. She also found that the women in the survey spent more time on scientific research per se than men, who spent more time fundraising, proposal writing, promoting partnerships and networking, on official travel, and attending conferences (2002). 

In both developed and developing countries, professional women tend to marry professional men and scientists of an equal or higher position. (Rathgeber, 2002; Schiebinger, 1999; Campion and Shrum, 2003; Bagenal, 2004). This has several layers of implication for women.  Since they often marry a man senior to them, they are often expected to follow their husband when he relocates for professional advancement.  For women who marry fellow scientists, this problem is exacerbated by the fact that except than in high-intensity academic areas such as the San Francisco Bay and Boston areas, it can be difficult for both members of a scientific marriage to find full-time work in their discipline. Women often end up taking on part-time lectureships, moving into the private sector, switching professions, or dropping out of the workforce. While professional couples more frequently are living in separate cities or even separate countries/continents, this is still a rare event, and very difficult if children are involved. 

The related question here for developing countries involves the brain drain.  Do these and other isolated studies [refs] indicate that women may tend to stay in their countries of origin more than men? Or is this possibility cancelled out by women’s perceived duty to follow her husband? Research on gendered patterns and perceptions of career migration patterns in developing countries is rare.

3.1 Performance and productivity measurement

The NSF review found that women faculty earn less than their male colleagues, are promoted less frequently and publish less frequently.  These results emerged even when studies were controlled for factors such as age/experience, academic rank and family characteristics.  While the argument can be made (and is made below), that part of the reason for this is Good Old Fashioned Sexism, the way that scholarly productivity is measured and assessed is often detrimental to women’s lives, situations and their priorities.

In terms of academic rank, the National Science Foundation found that:

· Women tend to be younger than their male colleagues, since women’s entry into SET in substantive numbers (in certain countries) is a relatively recent phenomenon.

· Even after controlling for factors affecting promotion, including experience, women are less likely to be in senior ranks. Further, female faculty find it more difficult to achieve tenure and promotion to senior ranks.

· Women receive less credit for experience than men do – due either to family responsibilities and workforce interruptions, or gender bias.

· Some studies demonstrate women are particularly disadvantaged early in careers during child-rearing years. Having children significantly reduces the chances of promotion for women but not for men. One study found that women receive fewer promotions in younger years. Considering that tenure decisions often occur during child-rearing years, women are heavily penalised for their domestic life (2003a). 

As a result, most studies show that women earn less than their male counterparts, and participate less in senior societies, committees, and prestigious activities.

In academic professions, the review of scholarly productivity is one of the major factors in explaining women’s lower position in the system.  Based on a framework established in a time when professors/researchers were primarily white men supported by wives who stayed at home, it doesn’t take into account several gendered patterns of productivity and career trajectories:

· domestic and child-bearing responsibilities

· women’s publication patterns

· teaching versus research 

· measuring quantity rather than quality

As discussed above, work-life balance issues often penalise women who tend to have greater responsibilities in child-bearing, child-rearing and domestic tasks than their husbands.  Perceptions about women’s capabilities in relation to their gender roles at home as well as the time taken out of their professional lives to fulfill these roles, often negatively affect their productivity, promotion rate and perceived dependability in the workplace.  Promotion and review systems which focus on quantitative measurements of publications and citations, as well as years of employment, will often thereby disqualify women, whose pattern of employment tends to be characterised by breaks for child rearing, and shorter-term employment.

However, concerns are being expressed that not only do “count-based” and publication-focused measurements of employment experience and publication record  disadvantage women, they also do not properly reflect the quality of the contribution. Many studies show that women prefer to focus on teaching and interaction with students (National Science Foundation, 2003a). Initiatives to improve the quality of teaching at universities and to recognise faculty who inspire students are gaining momentum in North America, in an effort to remedy a tendency towards research and publication which overlooks the importance of  good teaching.  Feminist scholars have pointed out that years of employment are not a good indicator of experience, and that the concept of “academic age” is a more accurate measurement (Glover, 2001).

Studies on citation rates and patterns have revealed interesting and often gender-biased trends.  While straight index counts generally indicate lower production by women, use of a quality-weighted index which takes into account the number of citations per article has been found to produce a significantly higher rate of scholarly output by women.  A famous study by Sonnert and Holton of 699 scientists in the US found that women tended to value work which was more comprehensive and synthetic, so that while they had fewer numbers of publications, these publications tended to be more widely cited (1995). In biochemistry, J. Scott Long found that the average paper by a woman was cited 1.5 times more often than that of a man (1992). Additionally, women tend to be more cautious, thorough and attentive to detail in preparing work for publication. This is partly due to a sense of insecurity about the quality of their work, as well as a sense (often based in reality) that their work is not rated as highly as that of their male colleagues. Studies show that males have more confidence about their abilities than females, regardless of whether this confidence is merited. The result is that women’s work often has to be seamless to be valued at its worth (Schiebinger, 1995; Rathgeber, 2002; Margolis and Fisher, 2002). 

Sonnert and Holton also found that although women were as likely as men to collaborate on research projects, they tended to belong to smaller teams and publish less, so that their rate of return on collaboration is lower than for men. As well, men tend to publish a higher number of shorter papers from their research. (1995). In a different study, it was found that women tend to co-author less often than men, which is a disadvantage in ranking since single and co-authored publications tend to be weighted equally.  Reasons given for this vary, with some suggesting that since both women and men tend to collaborate with persons of the same sex, the lower number of women in STEM fields restricts women’s opportunities for collaboration (National Science Foundation, 2003a).  Campion and Shrum suggest that women collaborate closely with co-workers, perhaps more than men, but their measure extends beyond co-authorship to include all joint research projects and activities. (2003).

In Campion and Shrum’s study (2003) it was found that although women published at roughly equal rates with men, they tended to publish in national journals. Men were more likely to publish in international journals, possibly due to their larger international networks and advanced training abroad (see discussion above).

3.2. Industry

Women scientists have found that structural and systemic barriers and disadvantages also apply in the industrial workplace.  A study of the situation for women in the oil and gas sector in Canada found that women made up 24.2% of employees in the sector, with 60% of those in clerical, sales and services positions.
 For example, women engineers in Canada overall are more likely to work in industry sectors such as utilities (19%), consulting (20%), education (21%) and government (25%) than in manufacturing (16%) and construction (10%)(90). In Europe, women make up 15% of industrial researchers, compared to 31% of government researchers, and 31% of researchers in higher education. (Emerson et al, 2002; European Union, 2003).

Many aspects of employment requirements, expectations and culture in the industrial sector (including oil and gas) pose difficulties for women interested in working and moving up in the sector. As a “highly competitive, profit-driven and fast changing (Emerson et al, 2001:6)” sector, perceptions of what is required from employees for competitiveness in the industry have been weighted heavily against the realities of women’s lives.  Employees are encouraged to change positions every 3-5 years in order to gain the broad experience necessary for management potential.  This change in position is often associated with field work for varying lengths of time, as well as changes of location for short or longer-terms. This is often more difficult for women than for men. Other factors include: a corporate culture in which men feel more at home and valued and where in some cases it is acceptable to intimidate and discriminate against female colleagues; sexual harassment, isolation and exclusion from informal networks; and problems linked to the different modes of communication between men and women. Women may also prefer a more balanced life with time to pursue other interests, a perspective which is often considered to indicate a lack of commitment to the company. And finally, women can also tend to be overlooked, ignored, and their opinions and achievements discounted. With fewer women in senior positions, there are fewer mentors and role models for junior women, and a male-dominated culture is allowed to continue. (Emerson et al, 2001; European, 2003; Hurley and Fagenson-Eland, 1996; Ragis and Cotton, 1996).

The US Department of Education “School to Work Opportunities Program” aims to provide young women and men access to the same opportunities, particularly in non-traditional occupations, where women represent less than 25% of the workforce. Strategies include outreach, recruitment, exposure to career information and career exploration activities, training for teachers, links with out-of-school programs, such as girls’ clubs and professional associations of women, workshop to discuss challenges facing women in non-traditional occupations, mentors, and education for employers and unions.

The US Department of Labor’s Women’s Bureau development the “Working Women Count Honor roll”. The “Honor Roll” promotes cooperative relationships among businesses, unions, NGOs, and government to encourage programs and policies to address women’s demands. It enlisted 1300 organizations, affecting 2 million workers. Organization sin the ‘Honor Roll” offer their own training programs, which include computer technology classes for girls, networks to decrease isolation at male-dominated workplaces, developing new occupational positions, changing corporate culture, and increasing the number and size of women-owned businesses 

Source: APEC, 2000. 

The information technology industry in particular is an industry where the numbers of women are low, and even lower in senior management positions. In the US, where women make up approximately 50% of the workforce and hold 45.9% of all U.S. managerial positions, they hold 9.3% of board seats at technology companies compared to 12.4% at non-tech companies. Women also represent 11% of corporate-officer positions in tech companies, 15.7% in non-tech companies.  Some of the reasons for this low representation echo those in other technology industries, including lack of female mentors and role models, as well as an intense “workaholic” culture which involves late nights, working weekends, and ad hoc meetings. Women often have to choose between having a children and family life, and getting ahead in their profession. (“Technology”, 2004). Women also have to contend with popular perceptions of “who” is a computer scientist.  The perception that women are not comfortable with the nuts and bolts of programming and hardware make it more difficult for them to be taken seriously in the field.  Margolis and Fisher call attention to the popular conception that the best programmers are pale, thin, unhealthy people who stay up all night to programme, eating pizza and drinking coke.  This kind of lifestyle appeals much more to young men than young women, who tend to work more “normal” hours. The quality of the work of those who do not fit the “geek” stereotype can as a result go unrecognised (Margolis and Fisher, 2001). For many women, starting their own company is a solution, but in the IT industry it is much more difficult for women than men to get venture capital (Henry, 2004).

3.3. Persisting gendered perceptions of the quality of women’s work and the suitability of women for S&T professions
In addition to these systemic and situational barriers, in both research and industry, there remains an element of what can only be termed sexism, despite admitted gains over the past 20 years.  A study by Chicago Women in Trades – which supports women in plumbing, electricity, construction and other areas – found that more than a third of the women who left their industries heard remarks on the job accusing them of being lesbian, whether or not they actually were. Almost half heard remarks about their race or ethnicity (Teichgraeber, 2004).  

When Fay Ajzenberg-Selove applied for a univer​sity position in physics department in the United States, she was not hired because a) she was too old (46) and b) ‘insufficiently active in physics.’ The first reason given is illegal in the US, and the second non​sensical: at that point Ajzenberg-Selove had just been appointed the first woman officer of the American Physical Society, and had more publication citations than any other member of the department which was considering her application at the time, except one, the Nobel laureate J. Robert Schrieffer. She initiated a sex-discrimination charge which she eventually won, and was awarded the position (Finkbeiner, 1994). 

In another example, Melissa Franklin, a renowned physicist based at Harvard University and Harvard’s first female tenured physicist, is recognised as a key contributor to the discovery of the existence of the Top quark. However, in spite of her ability, her aggressiveness – a character trait which men are encouraged to develop in their professional life – held back her early career progress. A Canadian citizen, in 1989 her attempts to secure government funding for a science research project were unsuccessful because she was characterised ‘a very obnoxious person’ by the Minister of State for Science and Technology. This was when she had ‘forcefully’ told him that her work de​served ample funding. Later, when she took a position as Associate Professor at Harvard because she was un​able to secure sufficient funding in Canada for her work, she was told by a male member of the physics department that she was a ‘second-rate’ researcher (Nichols, 1992).

In addition to situations of individual, informal and personalised sexism, it has been found that in general the academic culture values men’s work over women’s. In one study, men and women were given a research article by an author identified variously as John T. McKay, Joan T. McKay, J.T. McKay (as sex-neutral), Chris T. McKay (ambiguous with respect to sex) and Anonymous. The articles were all identical except for the author’s name. When identified as written by a male author – John – the article received the highest reviews.  Next in ranking was the article identified as written by “J.T.”, and third, “Joan.”  When readers thought the initials “J.T.” indicated a woman trying to hide her identity, the article was ranked lower.  (Schiebinger, 1999).  In analysing acceptance rates of articles submitted to economics journals, Ferber and Teinman found when referees are blind to sex, articles submitted by women either alone or with a male co-author have a significantly higher acceptance rate than articles submitted by men. When sex is known or inferred, acceptance rates are equal (1980).

Other indications include the situation that men work at prestigious universities more often than women, and a study in Sweden that found that women need to publish three times as many papers to be ranked equally with their male colleagues.  The experience of Faye Ajzenberg-Selove corroborates this finding. The NSF review found that women receive less credit for experience than men do, partly due to family responsibilities and workforce interruptions, but also due to gender bias. The MIT Study found that the marginalisation women felt in their careers there were accompanied by differences in salary, space, awards, resources and response to outside offers, with women receiving less , even though their professional accomplishments were equal to those of their male counterparts (MIT, 1999). “Whatever their productivity, women’s achievements are not equally rewarded by salary increases, promotion, or professional recognition (Schiebinger, 1999:48).”

4. The Way Forward

In response to the report on the situation of women faculty in the Science schools at MIT, in 1995 immediate steps were taken to redress the identified inequities between male and female senior faculty.  Issues of space, resources, equipment, underpayment of pensions, and responses to outside offers were addressed.  Department Heads were brought into discussion to ensure increased inclusion of women in department activities, and efforts were made to identify and recruit exceptional women at all levels.  Morale among the senior women improved immediately, and by 1999 MIT saw a 40% increase in women faculty in the sciences, to above 10% of all faculty for the first time in its history. (MIT, 1999).

Other recommendations made in the context of the MIT case include:

· Maintain and open channels of.communication between Department Heads and women faculty.

· Collect equity data each year on the number and status of women faculty in science departments.

· Raise community consciousness about the need for equity.

· Seek out women for influential positions within Department and Institute administrations,  including as Heads and as members and Chairs of key committees.  Involve tenured women faculty in the selection of administrators, and consult with women faculty to ensure the continued commitment of administrators to women faculty issues.

· Review the compensation system, which has been shown to impact differentially on salaries of men and women faculty in recent years. In particular, review the reliance on outside offers. Review salary data and distribution of resources annually for gender equity.

· Replace administrators who knowingly practice or permit discriminatory practices against women faculty. Promptly end inequitable treatment of women faculty, and make appropriate corrections for inequities when they are discovered.

· Watch for, and intervene to prevent, the isolation and gradual marginalization of women faculty that frequently occurs, particularly after tenure.

· Take proactive steps to promote integration, and to prevent isolation of junior women faculty. 

· Address the childbearing issue for junior women faculty. 

· Make the policy on maternity  leave and tenure clock uniform throughout the Institute, and  make the policies widely known so that they become  routine. 

· Take steps to change the  presumption that women who have children cannot achieve equally  with men or with women who do not have children.

· Place senior women faculty on appropriate search committees. 

· When hiring faculty do not overlook women candidates from within the institution, particularly in the  fields of Mathematics and Chemistry where the number of women  candidates is small. 

· Inform Department Heads each year  that conscious effort is needed to identify and recruit  outstanding junior and senior women faculty from outside the institution.

· Address the family-work conflict  realistically and openly, relying on advice from appropriate women  faculty, in order to make the institution more attractive to a larger pool of  junior women faculty, and to encourage more women students and postdocs to continue in academic science (MIT, 1999). 

Other recommendations:

· redefinition of “academic age” and employment experience to include all years engaged in relevant work and research experience (Glover, 2001)

· allowance of job-sharing, flex-time and helping spouses to find employment (Schiebinger, 1999)

· support for international experience for women (especially in developing countries), for conferences, field work, advanced training, and education (Campion and Shrum, 2003; Malcom, 2003)

In industry, the general way forward is to rebalance the work situation for mothers, link family and working life efficiently, improve time flexibility and work organisation, training, network-building, make serious efforts in the field of recruitment and attaining a mixed workforce (European Union, 2003).The following specific recommendations can be made to support the recruitment and retention of women scientists, engineers and technologists:

· recognition of the value of a diverse workforce which is articulated by top levels of management at all opportunities

· “diversity” committees for recruitment, advancement and retention in the company

· implementation of internal programmes, awards and competitions to encourage and foster a diverse workforce, such as the Ericsson Equal Opportunities Award

· linking of diversity goals to performance reviews and salary assignments

· policies which address work-life balance, sexual harassment, career development, and re-training and re-entry after employment breaks

· maternity and paternity leave provisions

· flexible work schedules which include flex-time, part-time work, job sharing, compressed work weeks, telecommuting, extra travel days and offset work schedules for couples with children

· strengthening and support of internal mentoring networks for women

· identification of high-potential women for promotion or training

· recognition of the suitability of broader ranges of experience for technology-related assignments (Emerson et al, 2001; “Ericsson”, 2001).

There are also a series of recommendations which can apply to both research and industry:

· child-care support, through flex-time or on-site day-care facilities

· support of distance education and training 

· opportunity to obtain re-training and bridging training to help women re-enter the workforce

· affirmative action has been found to help women to “get in the door” in certain settings, that is, a policy to encourage applications from women and minorities, as well as to select a woman or minority candidate if candidates are comparable in other ways

· access to and support of networks of women scientists and technologists (Evans, 1995; Malcom 2003; Huyer, 2003b).

IV Sex-Disaggregated Data in Science and Technology

The lack of and need for consistent, comparable and accessible data on the representation of women and girls in S&T at all levels is a consistent element of the literature reviewed in this study.  It is needed in order to give us a clear and accurate picture of the role women play in S&T, as well as to assess where they are well represented and not represented.  Data is also needed before good policy can be developed. As the report of the Women and Science Expert Working Group of the European Technology Assessment Network (ETAN) remarks:

Assessing the position of women is made difficult by the absence of reliable, accessible, harmonised data broken down by gender, and where appropriate, also by level (European Commission, 2001:ix).

While data does exist, it tends to be sporadic, consisting of isolated studies, outdated, and difficult to compare.  As well, isolated collections of data which are restricted to one discipline, one university, or one country do not carry the credibility and hence the power of data and indicators which are part of a larger, comprehensive, recognised and systematic framework of research and collection.  

The literature reviewed made a series of useful recommendations for the collection of sex-disaggregated data in the science system, from secondary and tertiary education to women’s employment in research and industry.  The World Conference on Science called for governments to “undertake research, supported by the collection and analysis of gender-disaggregated data, documenting constraints and progress in expanding the role of women in science and technology”, while the World Summit on the Information Society called for a Digital Divide Index which includes gender analysis.  The Slovenia World Conference of Science Forum called for “development of comparative, long-term gender sensitive statistics monitoring women’s careers in teaching, research institutions, universities and in professional outlets (“Women in Science”, 1998)”.  The Gender working Group of the UN Commission on Science and Technology for Development called for an international meeting of statisticians and gender, science and technology experts to identify the critical statistics necessary for policy and establish mechanisms for coordination and collaboration.  It also called for methods and approaches which would allow cross-cultural comparisons over time.  The Gender Working Group is also the sole group to call for gendered analysis and indicators concerning the impacts of S&T for development on women and men (CSTD, 1995). 
 

A series of recommendations for data collection and indicators are made, based on the literature reviewed in this study.

1. Data on Female Representation in Science and Technology Education

This is the area where most sex-disaggregated data is collected, although many countries still do not collect it with any regularity or consistency, or in many cases collect it at all.  Indicators in this area would include disaggregated data on:

· School enrollments at each level

· Course enrollments

· University enrollments

· Course of study

· Degrees at all levels by field 

Additional measurements which can provide a richer picture of the educational experience and training of girls and boys in science can include: 

· Curriculum – What examples are used in classes?  Are they relevant to the experiences of female students?

· Teachers – Are women as likely as men to teach the mathematics and science courses? What is the sex breakdown among university faculty?

· Text books – How many pictures of women vs. men or boys vs. girls appear in the books?  What kinds of problems or examples are included in mathematics and science books?  Do they reflect the experiences of boys or girls or both boys and girls?. (Malcom, 2004)

UNESCO (2001) has compiled a set of suggested indicators in higher education, as support to agreements made in the World Declaration on Higher Education.  Included here is a selection of those with particular reference to gender, with the suggestion that they could be used in S&T courses and disciplines also:

Equality of access to higher education in terms of race, ethnicity, language, gender, …

· change over time in number/gender of students in higher education per 100,000 inhabitants

· net entry rates by mode of participation, age and gender

· access to lifelong learning by type of training and level of earnings

· perceived barriers to participation in continuing education and training 

What is the level of choice and flexibility of entry and exit points to  institutions of higher education in your respective state/region/country?  

•  Change over time in student enrolments in different fields of study.  

•  Net entry rates by gender and mode of participation.  

•  Age distribution of university level new entrants.

Measurement of removing gender inequalities in curricula and research

· graduation age by gender and field of study

· number and percentage of female teachers by level of education

· index of change in gender gaps

Lifelong source of professional training:

Do we provide complementary training to enter the world of work from secondary  education and facilitate a range of gateways for persons wishing to gain entry  into higher education institutions?  

•  Students enrolled in the different types of institutions.   

•  Participation in adult education and training.   

•  Net entry rates for tertiary level education by gender, mode and age.   

•  Graduate employment.

Women in decision making in educational institutions 

· change over time in gender balance of staff and students

· presence of female administrators and managers.

2. Data on Women’s Participation in the S&T Workforce

If, as discussed earlier, we are seeing more progress (and collecting more data) in educating girls and women in S&T than in employing and retaining women in S&T professions, data collection should also address this situation. A focus on education and qualification, as has been predominantly the case, generates different data than advancement and retention. The latter requires data on vertical sex segregation, or the representation of women in levels  and types of employment.  For example, the data would need to provide assessments not only of comparative representation of women as senior faculty and senior management compared to lower levels, but grade of employment.  I.e., are they technicians or scientists;  are they secretaries and clerks or managers?   Are they in teaching or research positions? And are they represented in industry at senior management levels as CEOs and on boards, or are they predominantly in junior and middle management?

It will also be important to measure horizontal segregation, which is occurring to a certain extent now, in order to address issues of disciplinary or sectoral marginalisation/ghettoisation. Are women continuing to participate in science primarily in bio and health sciences, or are they migrating in any substantive way to the “hard” more male-dominated disciplines and sectors in science and technology?  That is, figures which indicate 42% of scientists in a country are women give a different picture than if data disaggregated by discipline shows that women up 52% of biologists and 8% of physicists.  Additionally, we need to track those disciplines and sectors where the number of women is decreasing, as in university-level computer science enrollments in the US and Canada.

It will also be important to collect data to help us understand the employment experience for women in S&T, and the reasons for their lack of retention and advancement. This  calls for longitudinal data to track trends over time. 

And finally, all of this data needs to be supplemented by qualitative data which can help us understand the underlying processes affecting the numbers, such as why qualifications do not translate to employment, retention, advancement, and why certain sectors are seeing an increase or decrease in women’s representation. 

Some suggested indicators could include:

2.1 Retention

· retention in courses and major fields of study 

· retention in the science and engineering workforce; comparative rate and timing of exit from the profession

· field switching; use of scientific qualifications in employment

· career mobility

· availability of programs for re-entry after career interruption

· availability of support for domestic responsibilities

2.2 Advancement

· women’s role in funded projects (i.e. principal investigators); 

· size of grants awarded to women and men; 

· women’s distribution among different workforce sectors; 

· rank within the university; 

· presence in leadership roles in government, agencies, organizations, academies of science; 

· salary levels

· research budgets/grant awards

· space allocation

· opportunity to present at major conferences

· opportunities to travel abroad for training, field work, conferences

· comparisons of numbers of undergraduates and junior faculty in comparison to senior faculty over time

· membership in scientific societies

2.3 Productivity and Research.  

Related to advancement, this series of potential indicators could attempt to measure scholarly experience and output patterns in a way that doesn’t penalise women and other minority groups:

· academic age (i.e. total years in research/university positions regardless of employment breaks)

· quality of output (rather than quantity), such as number of times a citation is included in an article; kind of research described (that is, case study vs. synthesis)

· include teaching in the definition of productivity (in addition to research)

· credit for supervisory and mentoring activities

2.4 Science Decision Making

· Change over time in gender balance of staff at senior levels

· Presence of female administrators and managers

· Presence on programme, hiring, journal, grant committees

· Membership in scientific societies; professional recognition

2.5 IT and Computer Science

Some indicators specific to the situation in information technology and computer sciences could include:

· Enrolment levels over time, cross-national comparisons

· Retention in tertiary-level courses

· Enrolment in vocational courses

· Translation of qualifications to employment in the IT sector

· Access to training while in the workforce

· Translation to the workforce/employment

· Access to venture capital

· Rates of self-employment/consulting

European Union Helsinki Group

The Helsinki Group  decided to approach gendering of indicators on human resources from three angles: top down; bottom-up; and gendering of the European national benchmarking exercise

Top Down

· This approach involves systematic introduction of sex/gender in regular statistical measurements of R&D and S&T activities

Bottom-up. A variety of approaches were devised:

· collecting existing relevant data about participation of women in science

· developing a global[?]  database with primary sex-disaggregated data 

· collection of data in five areas: students, graduates, research staff in universities and research centres, research grants, boards of research institutions

· develop national profiles on presence of women in science in the member states

· as well, set of gender(ed) indicators are being developed by commission, to address:

· how many?

· vertical segregation (attrition)

· horizontal segregation (discipline – occupational sector)

· pay gap between men and women

· fairness and success rates

Since there is not enough data to “fill” these indicators, the Commission will put forward suggestions to fill the gaps

The Benchmarking Exercise

The Research Council Resolution adopted on 15 June 2000, building on the Lisbon European Council Conclusions, 

“calls on the Commission in collaboration with the Member States, to present a full set of indicators and a methodology […] for benchmarking the following four themes:

1. Human resources in RTD, including attractiveness of S&T professions

2. Public and private investment in RTD

3. Scientific and Technological productivity

4. Impact of RTD on economic competitiveness and employment

Two feasibility studies are being done to address gender and S&T productivity, on “Patent Indicators by Gender” and “Bibliometric indicators by Gender”. 

Source: European Commission, 2001

IV. National Policy Models

1. South Africa Reference Group on Women in Science and Technology
The South Africa Reference Group was established the Department of Science, Technology, Arts and Culture (now the Department of Science and Technology).  Its objectives are to: 

· Assist NACI to promote a research agenda, including influencing funding that will improve QOL of women.

· Assist NACI to promote innovation that will allow women to make a greater contribution to wealth generation in South Africa.

· Provide advise on developing mechanisms that will increase the participation and contribution of women in Science and Technology.

· Highlight role models that promote women's entry and advancement in Science and Technology.

· Monitoring role in tracking institutional impact.

Gender Mainstreaming is the ultimate strategy of the SARG in addressing gender equality: accepting and valuing equally the differences between women and men and the diverse roles they play in society. It aims to achieve greater equality between women and men by bringing a gender equality perspective into everyday policy-making (into the mainstream), and by complementing the more traditional approaches of promoting gender equality, such as legislation and positive action.

Activities include:

1)  Annual Report

 The annual report will includes:


• 
 Analysis of science and tertiary institutions research agenda that includes improvement in the quality of life of women and innovations that facilitate women entering the arena of wealth creation.


• 
 Successful research that addresses the concern of women.


• 
 Achievements of women throughout the SET sector.


• 
 Science councils future plan of action in line with SARG's recommendations.

2) Commissioning of Research
· Baseline research undertaken to inform the SARG on the status quo and to help formulate its future strategic plan. 

3) Communication / Networking

· Continuously brief key stakeholders including NACI, Science Councils and higher education insitutions

· International networking with UN bodies and women scientists networks

· Develop synergy with DTI's TWIB programme.

www.sarg.org.za

2. Helsinki Group – European Union

The Commission services established a group 5  of national civil servants involved in promoting women in scientific research at national level. The Commission services took the decision to extend this group to all countries associated to the Fifth Framework Programme. The mandate of the group is: 

· to help the Commission prepare comparable European statistics and indicators so that it is possible to monitor the involvement of women in research in Europe; 

· to promote discussion and exchange of experiences on the measures and policies which have been devised and implemented at local, regional, national and European level to encourage the participation of women in scientific research.

Achievements of the Helsinki Group to date are as follows: 

•  
Establishment of steering committees in each country, and in some cases, establishment of new administrative structures, to support the promotion of women in science. 

•  
Collection of baseline statistics on the presence of women in scientific research (see section below). 

•  
Production of national reports 6  : building upon these national reports, Prof. Teresa Rees 7 , from Cardiff University, is currently working on the production of a European report on policies implemented in Europe to promote women in science. 

•  
Last, but not least, development of a strategic collective capacity to promote the ‘women and science’ issue across the research policy process at national and EU level. Members of the Helsinki Group have a global overview of the measures undertaken in the different countries to promote women in science.

Current initiatives are the development of gender indicators and the sex-disaggregation of data on women in science and technology; gendering the European Union exercise on benchmarking RTD in Member States; and supporting women’s networking.

3. Gender, Higher Education, and S&E Research Reforms in Sweden

Since the mid-1980s Sweden has been involved in reforms to increase the number of women in science and engineering (S&E) in higher education and in the workforce. Data indicate that these reforms have dramatically increased entry of women into postgraduate programs and the production of women doctorates in Sweden.

The Policy Framework

Specific higher education policies that included goals for achieving gender balance were put into place in the mid-1990s.  

In 2001, Sweden adopted a research policy that reinforces the gender balance mandates in higher education.  This policy recognizes that increasing the participation of women in the S&E enterprise is one of the key elements for making Sweden a leading research nation.

Sweden’s research policy is design to counteract the large number of PhD scientists and engineers in academia now approaching retirement, as well as to meet the needs for PhDs in government and business.  High priority research areas include the biological sciences and biotechnology, information technology and IT research, and materials science and material technology. 

Government instructions and measures to promote gender equality are aimed at changing practices and cultures within universities, research councils, and government.  Both the mainstreaming and special measures are used to stimulate changes in higher education admissions and faculty hiring.

As of 1997, colleges and universities must meet percentage targets, negotiated with the government, related to gender distribution of new undergraduate and graduate students, and newly recruited professors. Failure of to meet percentage targets may have financial consequences. 

Higher education institutions are mandated to increase the proportion of women students in the natural sciences and technology fields and men students in teacher training and nursing.  Also, in terms of new faculty recruitment, in cases where there is little or no difference between the qualifications of competing applicants, preference should be given to applicants of the underrepresented sex in the department.

Strategies to Achieve Gender Balance

To ensure that higher education institutions attain gender balance, government funding has been provided for graduate school and postdoctoral fellowships.  In addition a number of other strategies have been used.  

In 1995, the government created 32 full professorships (Tham-Professors) that were co-funded with research councils and universities.  Men were allowed to apply for the Tham-professorships and could be given the job if no female candidate was suitable.  However, after complaints in 2000 the European court ruled the these professorships to be unlawful2,5.

In 1999, a new faculty promotion policy was introduced to enable senior lecturers with the appropriate qualifications to be appointed as professors and for junior lecturers to be appointe d to the position of senior lecturer.  Of 11,000 of these promotions to professors in 1999 and 2000, 18% were women3.  
Resources are provided for gender research and professional development related to gender issues.  In particular, a national secretariat and a national library for gender research were established at Gothenburg University.  

From 1996-2001, a coordinating group on gender equality worked with the research councils to ensure equitable grant peer review and to provide gender equity professional development for staff and members of scientific boards within the council. Also, the research policy indicates that every higher education organizing postgraduate programs should provide courses in gender perspectives and the promotion of gender equality for research mentors4.

Higher Education Enrollment and Degrees Awarded

Data from the National Higher Education Agency (Hogskoleverket), a unit of the Swedish Ministry of Education and Science, the Royal Institute of Technology (KTH) and Chalmers University of Technology indicate that the reforms have been positive, particularly for women3.6,7. 

· New women in postgraduate programs in S&E.  Academic year 2000/01 data from Hogskoleverket indicate that the proportion of new women in all postgraduate programs has increased by about 12.8% since 1995/96.  In 2000/01, women were 44% of the 3200 new postgraduate students.  

The proportion of women among first time postgraduate students in all engineering programs was 26% and in natural sciences it was 40%.  At KTH the proportion of new women research students rose from 23% in 1999 to 33% in 2002.  Thus from 1999-2002, the number of new women in research training courses increased from 75 to 110, nearly a 47% change since 1999 (Table 1).

· Overall postgraduate enrollment of women in S&E. Since 1995/96, the percentage of change for active women postgraduate students in colleges and universities in Sweden increased 35%.  The number of active postgraduate students in 2000/2001 was 18,100.  In graduate engineering programs, women represented 26% of the students.  The largest proportion of women in postgraduate programs was found in medicine (58%) (Hogskoleverket).

· Graduate degrees awarded to women in S&E.  In all colleges and universities in Sweden, the most notable increases were in doctoral degrees awarded to women.  Since 1995/96, the percent of change in doctoral degrees awarded to women increased by 92%.  In 2000/2001, the number of doctoral degrees awarded to all students was 2,400.  Women received 24% of all the engineering degrees awarded in 2000/01 (Hogskoleverket). 

At KTH, in 2002, women were awarded 22% of the doctorate degrees. The highest percent of doctoral degrees awarded to women were in biotechnology (73%), chemistry (40%), and engineering/ business management (38%). Since 1999, this represents a 22% increase in the number of doctoral degrees awarded to women (Table 2). 

At Chalmers University of Technology, the percent of women awarded PhDs increased from 21.4% in 1998 to 29.2% in 2002.  This represents an increase of 80.9% in the number of PhDs awarded to women as compared to 1998 (Table 3).
· Women Professors in S&E.  The percent of women professors in all disciplines increased from 6% in 1990 to 14% in 2002.  In 1999, the percent of women professors in technology was 6.4% and in natural sciences the percent was 9.5% (Hogskoleverket).  In 2002, at both KTH and Chalmers, women were about 7% of all professors.

Source George, 2003.

4. USA

The US Equal Opportunities in Science and Engineering Act was implemented in 1980.  While it has not been fully implemented, it includes a legislative framework and reporting requirements to guide work in and outside of government to encourage S&E to fully include women.  Results include the existence of national-level sex-disaggregated data; parity for women in the biological sciences, and increases of women in chemistry and to a lesser extent in physics and engineering. 

5. Canada: Regional Chairs for Women in Science and Engineering

These Chairs, held at universities in Ontario, Quebec, Newfoundland, BritishColumbia, and Alberta, are jointly funded by the National Science and Engineering Research Council (NSERC) in partnership with the private sector.  They were established to address issues of attraction and retention and also engage in a closer analysis of the curriculum, structures, and conventions that mitigate against the full participation of many women in the science system, especially at the higher levels. 

The creation of the five Chairs has enabled five women faculty (at the Professor level), not only to be role models, as high profile scientists and engineers, but also to devote approximately half of their time to issues that currently limit the participation of women in the fields of science and engineering.

http://www.carleton.ca/cwse-on/thefivechairs.htm
V. Policy Recommendations

1. Education

The World Conference on Science in 1999 made several recommendations around science education, including a recognition of the gendered dimensions.  Paragraph 90 calls for all governments to “promote within the education system the access of girls and women to scientific education at all levels.”  Section 2.4, Science Education, includes the following recommendations:

41. Governments should accord the highest priority to improving science education at all levels, with particular attention to the elimination of the effects of gender bias and bias against disadvantaged groups, raising public awareness of science and fostering its popularization. Steps need to be taken to promote the professional development of teachers and educators in the face of change and special efforts should be made to address the lack of appropriately trained science teachers and educators, in particular in developing countries.

 43. New curricula, teaching methodologies and resources taking into account gender and cultural diversity should be developed by national education systems in response to the changing educational needs of societies. 

 47. Educational institutions should provide basic science education to students in areas other than science. They should also provide opportunities for lifelong learning in the sciences.

49

National authorities and funding institutions should promote the role of science museums and centers as important elements in public education in science. Recognizing the resource constraints of developing countries, distance education should be used extensively to complement existing formal and non-formal education.

A series of regional meetings on Women and Science were held in the lead up to the WCS.  Some recommendations made at these forums include:

1. World Conference on Science, Regional Meeting in Ouagadougou

· Encourage girls to take an interest in science and technology as of primary school; 

· When drawing up Scientific and Technological Programmes and schoolbooks, take into consideration anything that could motivate girls, integrating the traditional knowledge of women and the concerns of girls;

· Multiply the means of support and encouragement for girls choosing scientific and technological studies (scholarships, grants, etc.); * Support positive actions carried out to promote the scientific and technological education of girls, in order to have such actions shared (FEMSA (Female Education in Mathematics and Science in Africa), FAWE (Forum of African Women Educationalists), GASAT, TWOWS (Third World Organization of Women in Science).

2. World Conference on Science, Arab States – Abu-Dhabi Declaration, Doha, United Arab Emirates
· Children should be exposed to S&T from early childhood onwards to promote both boys’ and girls’ awareness of the S&T environment around them and to stimulate their aptitude for further learning and research. In this connection, attention must be paid to the development of laboratories so as to encourage empirical education.

· Female and male students should be encouraged to study S&T at all  levels of general education and to develop a positive tendency to specialize in the same  at the higher educational level.

· Technological methods and devices such as computers, Internet,  educational satellite channels and multimedia should be introduced at kindergarten level  so as to encourage self-learning and promote faculties for research, discovery and  interaction with S&T.

· Science clubs in schools and universities should be supported and girls  encouraged to join and participate in the activities of these clubs. The participants also  recommend establishing science clubs in the General Union of Women centres and in clubs  for girls.

3. Europe and North America – Turin Declaration International  Mediterranean Women's Forum

· girls need to be convinced of the important  role women can play in SET (and boys should be educated to accept and encourage this in  their sisters and peers);


• 
the joy, satisfaction and rewards which women  can achieve, through their careers in these fields, need to be emphasised and publicised;


• 
women who are already in key positions should  help other women to enter into and develop careers in SET;


• 
these actions have to be directed not only at  the girls themselves, but also at their parents, teachers and professors (at all levels).  They should also include contacts and career orientation with universities, technical  schools and high-tech industries;

Women in Science - Quality and Equality. Conditions for Sustainable Human Development. Slovenia


• 
Allocation of government or international funds to maintain and develop teaching and  research in science in countries globally in order to create the conditions for men and  women to achieve scientific excellence in areas where resources are endangered.


• 
 Development of comparative cross European contextual analysis of women’s accomplishments in science and the implications of social, cultural, political and  economic factors in trends established.

· More flexible requirements for the completion of PhD dissertations;

· Measures to foment greater gender equity in the distribution of care provision in  the family.

· Analysis of the efficiency of existing affirmative action programmes in education,  science and technology;


• 
Integration of gender-balanced text books in the sciences;


• 
 School counseling for girls and boys on the potentiality of careers in science.


• 
 Teacher training in gender equality in learning processes that identify occult mechanisms of exclusion and rectify the transmission of traditional gender stereotypes. 


• 
Establishment of measures to monitor gender equity for equal excellence in the adjudication of educational resources, grants, stipends, research resources.

•
 Presentation to politicians, media and top-level policy and decision-makers in education  and the sciences of the logic of inclusion of women in the sciences.

Inter Academy Council Report, Inventing a Better Future

· National education policies should particularly aim  to modernize education at the elementary- and  secondary-school levels (ages 5-18); and they should  emphasize inquiry-directed learning of principles and  skills while highlighting the values of science.
· Each government should focus resources on providing  high-quality training for science/technology teachers.  This will involve special efforts at all tertiary-education  institutions, including research universities. 

· Science and engineering academies and other S&T organizations should be involved in teacher training and the production of materials needed for students’  S&T education. Scientists should be encouraged to visit schools at all levels to make well-designed presentations that promote science to the young. (p. 20)
· Developing nations should develop, attract, and maintain S&T talent. 

· New initiatives can help promote indigenous S&T capacity. The following set of recommendations, while not necessarily new to those involved in research and  development, are nevertheless novel to much of the public at large. The Study Panel believes that their implementation could well make the difference between success and failure in building indigenous S&T capacity around  the globe. 

1. Attract, develop, and retain young scientists and engineers.  

2. Provide S&T education at all levels. 

3. Build centres of excellence. 

4. Establish virtual networks of excellence.  

5. Foster public-private partnerships that involve academia.

6. Strengthen links with expatriate scientists and engineers.  

7. Create and maintain digital libraries. 

8. Build regional networks of collaboration. 

9. Devise novel funding mechanisms

2. Employment and Retention Issues

A series of regional and international policy forums have undertaken review of key issues in this area, which are summarised here.

The World Conference on Science in 1999 issues a series of recommendations which encompass the overarching issues affecting the understanding of and support of women’s participation in international S&T. It called on governments and UN agencies to:

· improve conditions for recruitment, retention and advancement in all fields of research;

· launch, in collaboration with UNESCO and the United Nations Development Fund for Women (UNIFEM), national, regional and global campaigns to raise awareness of the contribution of women to science and technology, in order to overcome existing gender stereotypes among scientists, policy-makers and the community at large;

· undertake research, supported by the collection and analysis of gender-disaggregated data, documenting constraints and progress in expanding the role of women in science and technology;

· monitor the implementation of and document best practices and lessons learned through impact assessment and evaluations;

· ensure an appropriate representation of women in national, regional and international policy- and decision-making bodies and forums;

· continue to document the contributions of women in science and technology.

In a series of regional forums on women in science and technology leading up to the World Conference on Science, a series of more specific recommendations were made, which support the recommendations at the main conference (those recommendations already made above are not included):

1) Ouagadougou

· Promote and financially back associations of women scientists and engineers, and assist them in networking; 

· Create special regional funds for women scientists and engineers;

· Expand the continuing education of female research scientists and teachers;

· Promote studies and research on any factors blocking women’s

· access to scientific and technological education and culture and

· target institutions capable of implementing the necessary changes

* 
Spotlight women scientists and engineers and their works by bestowing awards and featuring them on radio and television and in newspaper articles, etc. so that they act as models for girls, thereby nurturing scientific vocations.**

2) Arab states

· The participation of women in international conferences, seminars and meetings in the Arab world and elsewhere should be supported to increase their interaction  with other Arab and non-Arab international experts to improve their own skills. 

· All means of communication, including the mass media, and professional promotion must be utilized to support women’s participation in international conferences, seminars, and meetings in the Arab world and elsewhere, to increase their interaction with other Arab and non-Arab international expertise to improve their own skills.

· Data bases for Arab women specialized in S&T should be created and  a periodical bibliography giving their curriculum vitae and achievements should be  prepared. The information gathered should be circulated between Arab countries and  international organizations through information networks such as the Internet.

3)  Europe – Turin

•
policies to open these fields to women must be  adopted, including gender neutral selection committees and a representative balance in all  aspects of the peer review process;

• 
family-friendly working conditions must be  offered, including social benefits (e.g. tax allowances for childcare costs), so that SET  careers are compatible with family responsibilities;

•
ongoing programmes of education and training  – especially for women facing the challenge of renewing their professional activity  after a break for whatever reason – must be implemented in all fields;

•
women need to be able to obtain the academic  recognition and funding which are necessary to achieve positions of responsibility.


4) Europe - Slovenia 

• 
Establishment of support groups and professional networks for women in the sciences.

• 
 Provision of measures to reduce gender inequity due to overburden of women scientists  who provide care services:

•
Child care provision and care for the elderly;

The European Union has also argued for the importance of supporting women in science networks, which are seen as a way to address issues of isolation and lack of support experienced by women scientists.  Networking supported as a means of:

· supporting and empowering women scientists in their careers;

· promoting women’s participation in research, through measures addressing the educational dimension, decision-making structures, employment policies and processes governing research policy (Euopean Union, 2001).
Recommendations to the UK Government in the Report “Maximising Returns”:

1. For Government 

· Academia and industry be recognised as two separate classes of employer. 

· In industry, a scheme which provides access to technical training and re-skilling during a transition period back into employment, reducing the retraining burden on employers, might make returners more attractive when in competition with others.   

· In academia, providing the backing for people to return to specific posts rather than returners having to design individual research projects; and ensure a level playing field for older returners who may be disadvantaged by their age relative to their experience or gaps in their research CV.   

·  Government should also publicise case studies designed to showcase creative solutions to individual problems.  

2. For Industry 

· Qualitative research has shown that many who have left SET retain negative images of the sector, yet there is a good deal of evidence to suggest the sector is increasingly embracing work-life balance practices and could do more to promote this.   

· Individual employers or industry associations should work with government to ensure that the current nature of SET employment is adequately communicated.  

· Companies could do more internally to make line managers aware of the business case for flexibility and how they will benefit (Office of Science and Technology, n.d.). 

References

American Association of University Women Educational Foundation. 1998. Gender Gaps – Where Schools Still Fail our Children.  Washington, DC: American Association for University Women.

American Association of University Women (AAUW) Education Foundation Commission on Technology, Gender and Teacher Education. 2000.  Tech-Savvy: Educating Girls in the New Computer Age. Washington, DC: AAUW Educational Foundation.

American Association of University Women Educational Foundation. 2004. Under the Microsope: A Decade of Gender Equity Projects in the Sciences. Washington, DC: AAUW Educational Foundation. 

Asia-Pacific Economic Cooperation (APEC) Industrial Science and Technology Working Group. 2000. Moving Gender onto the Science and Technology Agenda: A Book of Good Practices. Ottawa: Industry Canada.

Bailey, Tracy, et al. 2003. “Women in SET: A Progress Briefing”. 7 March 2003. Presentation, Centre for Interdisciplinary Studies, University of Stellenbosch, South Africa. http://www.sarg.org.za (last accessed May 2, 2004).

Bagenal, Fran.  2004.“The Leaky Pipeline for Women in Physics and Astronomy”. February 20, 2004. Draft. http:// dosxx.colorado.edu/~bagenal/WIS/Pipeline3sm.pdf (last accessed May 20, 2004).
Bowers, Faye. 2004. “Saudi women, long silent, gain a quiet voice.” The Christian Science Monitor. January 13, 2004. http://www.csmonitor.com/2004/0113/p07s01-wome.html (last accessed January 14, 2004).
Campion, Patricia and Wesley Shrum. 2003. “Gender and Science in Developing Areas.” Science, Technology, and Human Values. 

Congressional Commission on the Advancement of Women and Minorities in Science, Engineering and Technology (CAWMSET). 2000.  Report. July. Washington, D.C.

Doyal L (2002) Sex, gender  and the 10/90 gap in health research. Briefing Document, the Global Forum for Health Research, Arusha, Tanzania, 12-15 November 2002.

Dundar H and Haworth J. 199. Improving Women’s Access  to Higher Education, World Bank WPS 1106, Washington, DC: World Bank.

Emerson, Carolyn J., F. Mary Williams Susan Sherk. 2001. Best Practices for the Retention of Women Engineers and Scientists in the Oil and Gas Sector. A Report from New Frontiers, New Traditions A National Conference for the Advancement of Women in Engineering, Science & Technology July 6-8, 2000, St. John's, Newfoundland. 

“Ericsson European Equal Opportunities Award.” 2001. Presentation at the Fourth Meeting of the Task Force on Gender Issues. ITU Headquarters, Geneva, 27 – 28 September 2001. 

European Commission. 2003a. Directorate-General for Research.  2003. She Figures: Women and Science Statistics and Indicators.  Luxembourg: European Communities.

European Union. 2003b. “Women in Industrial Research: Analysis of statistical data and good practices of companies.” Brussels: Directorate-General for Research.

European Commission. 2001. Women and science: the gender dimension as a leverage for transforming science. Brussels.

European Commission. 2000. Science policies in the European Union: Promoting excellence through mainstreaming gender equality. A Report from the ETAN Expert Working Group  on Women and Science. Brussels: Directorate-General for Research.

Evans, Karen. 1995. Barriers to Participation of Women in Technological Education and the Role of Distance Education. Vancouver: The Commonwealth of Learning. http://www.col.org/barriers.htm (last accessed September 24, 2002).

Ferber, M.A. and M. Teinman. 1980. “Are women economists at a disadvantage in publishing journal articles?” Eastern Economic Journal 6(3-4):189-193. 

Finkbeiner, Ann K. 1994. “Women who run with physicists.” The Sciences. September -October. pp. 40-44.

Gender Working Group. 1995. “Taking Action: Conclusions and Recommendations of the Gender Working Group.” In Missing Links: Gender Equity in Science and Technology for Development. Ottawa: International Development Research Centre.

George, Yolanda S. 2003. “Gender, Higher Education, and Science & Engineering Research Reforms in Sweden.” AWIS Magazine. Volume 32, Number 4, Autumn.+

Glover, Judith. 2001. “Targeting Women: Policy Issues Relating to Women’s Representation in Professional Scientific Employment.” Policy Studies, Vol. 22. No.2.

Glover, J. & Fielding, J. 1999. “Women and the sciences in Britain: getting in?” Journal of Education and Work, 12(1), pp. 57–73.

Gwynne, Peter. 2003. “Women in Science: Shattering the Glass Ceiling”. Science. February 7, 2003. http://recruit.sciencemag.org/feature/advice/foc_02_07_03.shl (last accessed February 19, 2003).

Hassan, Farkhonda. 2001. “Muslim Women in Science”. Science 26 February 2001.

Henry, Shannon. 2004. “Venture Capital's Male Dominance A Bit of a Mystery.” The Washington Post.  April 08, 2004. http://www.bizreport.com/print.php?art_id=6820  http://www.bizreport.com/email.php?art_id=6820 (last accessed April 9, 2004).
Hurley, Amy E.  and Ellen A. Fagenson-Eland. 1996. “Challenges in cross-gender mentoring relationships: psychological intimacy, myths, rumours, innuendoes and sexual harassment.” Leadership & Organization Development Journal 17/3 [1996]42–49.

“IBM Exite Camps Take Technology On Tour.” 2004. PRNewswire. June 2, 2004. http://www.prnewswire.com/cgi-bin/stories.pl?ACCT=109&STORY=/www/story/06-02-2004/0002185474&EDATE= (last accessed June 3, 2004).
Karanja , David.  2003. “Kenyan Women Hit Out At Male Citadels Of Science”. PANOS. February 22, 2003. http://www.panos.org.uk/newsfeatures/featuredetails.asp?id=1088 (last accessed May 6, 2004).
Inter-Academy Council. 2004. Inventing a Better Future: A Strategy for Building Worldwide Capacities in Science and Technology. Amsterdam: Inter-Academy Council.

Jonathan Liu and D. Wilson. 2001. “Developing women in a digital world.” Women in Management Review V. 16 No. 8 (2001) pp. 405-416.

Long, J. Scott. 1992. “Measures of Sex Differences in Scientific Productivity.” Social Forces 71 (1992).

Malcom, Shirley. 2003. “Gender Mainstreaming in Science and Technology:  What Is It ?  What Isn’t It?” Keynote presentation at the December 2003 meeting of the Helsinki Group on Women in Science and Technology of the European Commission and the accompanying conference “Women in Science: Mainstreaming Gender Equality in the ERA”. December 5.

Malcom, Shirley. 2003.  International Experience and Best Practice with regard to Women in Science and Technology. Presentation to the South Africa Reference Group on Women in Science and Technology. http://www.sarg.org.za.

Margolis, Jane and A. Fisher. 2002. Unlocking the clubhouse: women in computing. Cambridge: MIT Press.

Massachusetts Institute of Technology. 1999. A Study on the Status of Women Faculty in Science at MIT. http://web.mit.edu/fnl/women/women.html#Real%20progress (last accessed June 8, 2004).

McGregor, Elizabeth and Sandra Harding. 1996. “Science by whom?” In World science report 1996. Paris: UNESCO.

National Academy of Sciences and Royal Society Resolution on Women in Science, Engineering, and Technology  http://www4.nas.edu/NAS/nashome.nsf/Multi+Database+Search/BB745A11E3E1D64F85256709006FBE35?OpenDocument (last accessed May 6, 2004).

National Research Council Committee on Women in Science and Engineering . 2001. Female Engineering Faculty at U.S. Institutions: A Data Profile. Washington, D.C.: National Academy Press.

National Science Foundation. 2003a. Gender Differences in the Careers of Academic Scientists and Engineers: A Literature Review. NSF 03-322. Division of Science Resources Statistics. Arlington, VA. 

National Science Foundation. 2003b. New Formulas for Americas Workforce: Girls in Science and Engineering. http://www.nsf.gov/pubs/2003/nsf03207/start.htm

Nichols, Mark. 1992. “Brain-drained: a top academic leaves for tenure at Harvard.” Macleans. July 20. p. 44.

O’Connor, Victoria J.  2001. Women and men in management: a different needs hypothesis. Women in Management Review V. 16 No. 8 pp. 400-404.

Office of Science and Technology , UK Department of Trade and Industry. n.d.. Maximising returns to science, engineering and technology careers. http://www.set4women.gov.uk/set4women/projects/maximising_returns/index.htm(last accessed June 2, 2004).

Preston, A. 1994. Why have all the women gone? A study of exit of women from the science and engineering professions, American Economic Review, 84(5), pp. 1446–1462.

Ragis, Belle Rose and John L. Cotton. 1996. “Jumping the hurdles: barriers to mentoring for women in organizations” Leadership & Organization Development Journal 17/3 [1996]37–41.

Rathgeber, Eva. 2002. Female and Male CGIAR Scientists in Comparative Perspective. October. Washington, DC: CGIAR. 

Schiebinger, Londa. 1999. Has Feminism Changed Science? Cambridge, MA: Harvard University Press.

Scully, Maureen and Deborah Merrill-Sands. 2002. “Gender at Work: How New Technologies Influence Work Practices and Gender Equity” CGO Bulletin, May.

Sonnert, Gerhard, and Gerald Holton. 1995. Gender Differences in Science Careers: The Project Access Study. New Brunswick: Rutgers University Press.

Technology's Too-Small Sisterhood. 2004. Business Week Online. Special Report: Women of Tech. May 12, 2004. http://businessweek.com/print/technology/content/may2004/tc20040512_2760_tc147.htm?tc (last accessed May 25, 2004).

Teichgraeber, Tara. 2004. Valley women make inroads in nontraditional job fields. The Business Journals, MSNBC. March   21, 2004. http://msnbc.msn.com/id/4564500/ (last accessed March 24, 2004).

UNESCO. 2003a. Gender and Education for All: The Leap to Equality. Summary Report. Paris, 2003.

UNESCO. 2003b. Higher Education in Asia and the Pacific, 1998-2003. Regional report on progress in implementing the recommendations of the 1998 World Conference on Higher Education. Asia and Pacific Regional Bureau of Education. Paris: UNESCO. 2003.

________. 2001. UNESCO Higher Education Indicators Study. Accountability and International Co-operation in the Renewal of Higher Education. Paris: UNESCO.

UNESCO Institute for Statistics. 2003. Enrolment in tertiary education. http://www.uis.unesco.org/ev.php?ID=5265_201&ID2=DO_TOPIC (last accessed June 8, 2004).

United Nations Development programme. 1998. National Human Development Report: Romania. 

World Conference on Science, 1999. Regional Reports:

1. Africa: Forum Africain, Ouagadougou (Burkina Faso), 25-28 janvier 1999. Women, Science and Technology. Available at: http://www.unesco.org/science/wcs/meetings/afr_ouagadougou_99_report.htm. Accessed June 2, 2004.
2.    Arab States – Abu-Dhabi Declaration, Doha, United Arab Emirates, 24-26 April 1999. The Interaction  of Arab Women  with Science  and Technology. Available at: http://www.unesco.org/science/wcs/meetings/arb_doha_e_99.htm. Accessed: June 2, 2004

3.    Asia Pacific – Regional Conference, Sydney (Australia), 1-5 December 1998. Priorities for Science in the 21st Century for the Asia-Pacific  Region, “Sydney Communiqué “. Available at: http://www.unesco.org/science/wcs/meetings/apa_sydney_e_98.htm. Accessed June 2, 2004.

4. Europe and North America – Turin Declaration International  Mediterranean Women's Forum. 1999. Turin (Italy), 29-31 January, 1999. Women, Science, Biotechnology : What does the  Future Hold for the Mediterranean? / http://www.unesco.org/science/wcs/meetings/eur_turin_report_e_99.htm (last accessed June 2, 2004).
Women in Science - Quality and Equality. Conditions for Sustainable Human Development. 1998. European Regional Conference, Bled (Slovenia), 5-7 November 1998. http://www.unesco.org/science/wcs/meetings/eur_bled_e_98.htm (last accessed June 8, 2004).
II – SCIENCE AND TECHNOLOGY FOR GENDER EQUALITY AND SOCIAL DEVELOPMENT

It is important to recognise that women engage with S&T in their daily lives in a way that although experiential and non-formal is nonetheless based in scientific and technological knowledge and precepts. This is an area of S&T in national development that has been largely ignored. 

Research and analysis on the effects of development on women – specifically technologies  for development – have found that gender biases exist in determining who receives technologies and who receives the education, credit and other resources for technologies. These decisions are influenced by a number of assumptions. They include a tendency of governments and development agencies to treat technologies as neutral, value-free tools without taking into account the social, environmental and economic effects of the technology being introduced.  Additionally, the  assumption is often made that adoption of technologies naturally leads to development, while women’s technological skills and use of technologies are often overlooked.  Finally, research has demonstrated that women do not have equal access to development resources – including credit, training and information.

The Gender Working Group of the UN Commission on Science and Technology for Development found in 1995 that, as a result of these gendered perceptions, women’s overall position actually declined relative to men after decades of S&T interventions in development,, and women have become disproportionately poor in relation to the men in their communities (Gender Working Group, 1995).

Women’s S&T activities in their daily work is overlooked:

· They engage in 60-100% of agricultural production activities in the developing world

· Women tend to be responsible for the gathering ad use of energy for cooking, as well as for water and sanitation needs in their communities.

· They are holders of much of the world’s indigenous knowledge about medicinal and agricultural uses of plants and seeds, as well as food and medicine processing.

· They are providers of family health care. 

· Women make up 2/3 of nonformal sector producers and traders. 

As a result of these and other activities engaged in by women, it has been found that societies that discriminate by gender pay a high price in their ability to develop and to reduce poverty and that eradicating poverty depends on improving the situation of women and increasing the efficiency of their work. A recent Policy Research Report by the World Bank  show that eradicating poverty depends on improving the situation of women and increasing the efficiency of their work, and  that “countries with smaller gaps between women and men in areas such as education, employment, and property rights not only have lower child malnutrition and mortality, they also have more transparent business and government and faster economic growth, which in turn helps to further narrow the gender gap (World Bank, 2002).
Conversely, reducing  the gender gap in health and education reduces individual poverty and encourages economic growth, and when technologies improve women’s production and increase income, children’s well-being improves, school enrolment rises, birth rates decrease and environmental conservation increases (World Bank, 2002). 

For these reasons, empowering women’s use of and benefit from the application of S&T for development will see extended benefits to a broader range of social groups, and will make a direct impact on society as a whole. In most countries women make up a substantial portion of the lowest income groups, and in most regions they make up the majority of the population in rural areas. Women’s triple productive (SMEs, food production and trading), reproductive (child care, subsistence agriculture, health care and education) and community (community infrastructure, water and sanitation and natural resource management) roles put them at the center of sustainable development. Nevertheless, women continue to be disadvantaged in access to credit, land, training and new technologies. 

This section will look at six areas in two sections, in which it is critical for women’s abilities, perspectives and production to be considered in the design, development and application of S&T for social development. They are divided into two groups:  environmental management, natural resource management and activities to meet the basic needs of society; and new critical technology areas (biotechnology and ICTs).

1) Environmental management:

· Agriculture and food security

· Energy

· Water and sanitation


2) New critical areas for attention:

· Biotechnology

· ICTs.

1. Environmental Management

The key gender differences in environmental management revolve around, “women's and men's environmental perceptions, their interests and rights in the natural environment, and their environmental awareness and knowledge may differ significantly from one another, and from one cultural or ecological context to another (Kettel, 1995:27).” These differing perceptions and rights derive from many historical, cultural and economic factors, and are based in gender-based divisions of labour. They are reflected in the differing responsibilities men and women have in relation to productive and reproductive activities and ownership and access to resources (Kettel, 1995).

Women and men also possess different kinds of knowledge about environmental management and use. Women are holders and innovators of knowledge on seed preservation and storage, crop varieties, food processing, health practices and local natural resource management.  For example, women in a remote part of India have knowledge about over 400 kinds of food crop in their area, knowledge which is not possessed by men, and which is not known to mainstream agricultural science.  Their contributions to knowledge about and preservation of biodiversity need to be recognised and valued.

Women play a strategic role in the incubation and transfer of critical knowledge, which often forms the blueprint of survival for communities to adapt and minimize their risks under adverse circumstances. Because of their biological and social roles, and because they tend to migrate to urban areas less than men, they are intimately acquainted with the social, economic and environmental needs of their communities. For example, a study carried out by the Intermediate Technology Development Group found that while women’s knowledge and skills tend to be invisible because they are embedded in the perceived “domestic” nature of women’s work, women’s technical skills underpin survival responses (ITDG, 2000; Appleton et al, 1995). 

Kettel’s view is that women's access to the environment and resources to provide food, shelter, health maintenance, and income, has not been supported by and worse, has often been jeopardized by S&T interventions. As well, women's lack of access to development planning and policy formulation has also had a negative effect on the effective, long-term management and protection of the natural environment and the promotion of sustainable development (Kettel, 1995).

In this section we look at women’s environmental management activities, including management of local natural resources, agriculture and food production, obtaining and using energy, and obtaining and managing water for health and sanitation.  

1.2 Agriculture and food security

Women engage in between 60-90% of food production in developing countries, primarily as small and subsistence farmers, and yet most of the agricultural technology and information support which is developed is aimed at larger (male-owned) farm businesses. Farmers tend to be considered “male” by policy makers, agricultural planners, and extension agents.  There is little sex-disaggregated data on women’s contribution to and activities in agriculture, so that their role and concerns tend to be ignored in development planning. As result, it is more difficult for women to gain access to resources such as land, credit  and agricultural inputs, technology, extension,  training and services that would increase their production capacity.  A partnership plenary meeting of the 1992 World Summit on Sustainable Development recognised the importance of working with women in this area:  “women play an important role in eradicating hunger since they are the majority of farmers affected most by hunger and are key agents of change (World Summit Report, 2002). “

Core issues around food production are:

· Access to land and resources. Most women do not own or have direct access rights to land for farming

· Knowledge of good land and crop cultivation and management. This involves labour and S&T inputs, but also a knowledge of how to protect and enhance the resource base

Access to and control over these resources are governed by gender, class and intrahousehold relations and determine availability of sufficient food for the household.  Often women have little or no control, with limited access. 

Other factors affecting the availability of food include:

· “hunger months” in the normal agricultural cycle

· natural disasters such as droughts or flooding

· human-caused crises such as war

· severe ecological degradation that diminished land productivity

· policy/government choices about what crops are grown and where, and who profits from them.

With adequate economic resources, or the ability to purchase food, these crises can be ameliorated. Access to economic resources are related to the ability of families to raise their income through credit, mobility, and location of markets.  As a result, economic development and development of sustainable livelihoods are linked to food security (Muntemba and Chimedza, 1995). 

This is especially true for agricultural activities in urban areas, which take place when and where food is unaffordable or unavailable. Diana Lee-Smith argues that livelihood strategies of the poor, both urban and rural, consist of a mixture of agricultural and "off-farm" economic activity such as trading, small business and (often casual) employment. With increased rural-urban migration, urban agriculture is a sector which  sees increasing growth, but which tends to be ignored.  Urban farmers make up about one-third of the urban populations in East Africa. Most earn a living from other activities as well, but for about one third of peri-urban farmers and one-sixth of farmers in the inner urban areas it is the main source of income(Lee-Smith, 2004a and 2004b). 

RUAF has active centers in West [Senegal & Ghana] and East [Zimbabwe] Africa.  It has found that rapid growth in locally-based urban food systems are based on a series of interlinking factors:

       > awareness – media, internet, word of mouth

       > policy – municipal, district and national

       > urban growth

       > technology – plastic, drip irrigation, improved seed and eggs, etc.

       > empowerment of women

       > communication within and across national borders

Many cities and several countries have adopted pro-urban agriculture

policy.  Many NGOs including women's groups are promoting urban agriculture.

Source: Smit, 2004.

Other important and less-studied components of women’s agricultural activities include livestock management and the preparation and sale of street foods.  Irene Tinker’s landmark study revealed the importance of street foods in the urban economy of many developing countries, and as a food strategy for much of the urban population. Like urban agriculture, it is engaged in to supplement income, and the income produced ranges from the equivalent of minimum wage to wages higher than made by middle-class professionals. In Africa and the Caribbean, women and men run separate enterprises but in Asia, vending is a family affair. The importance of women in the trade reflects the need of most poor women to balance the earning of income with household responsibilities. (Tinker, 1997).

1.2. Water and Sanitation

In most cultures, women and men have different roles and responsibilities in the use and management of water. Women and girls are responsible for collecting water for cooking, cleaning, health and hygiene, and if they have access to land, growing food. In rural areas, women walk long distances to fetch water, often spending 4 to 5 hours per day carrying heavy containers and waiting in lines. The burden of fetching water (and firewood) inhibits women's and girl's involvement in other activities such as education, income generation, cultural and political involvement, and rest and recreation.  A plenary panel held in conjunction with the World Summit on Sustainable Development stated that “women and children and vulnerable populations in general are bearing the brunt of the negative impacts of the lack of action on water and sanitation (World Summit Report, 2002).”

Eighty percent of all sickness in the world is attributable to unsafe water and sanitation. Water-borne diseases kill 3.4 million people, mostly children, annually. Millions more are sickened with diarrhea, malaria, schistosomiasis, arsenic poisoning, trachoma, and hepatitis-diseases that are preventable by access to clean water and health care information.

Women determine domestic use of water, but are rarely involved in decision-making on sanitation and hygiene issues, such as availability and placement of toilets.  In many communities women must walk a long distance to use facilities, with increased risk of sexual and physical assault. Toilets are also often unavailable for poor women who work in urban centers and about 1 in 10 school-age African girls do not attend school during menstruation or drop out at puberty because they do not have access to clean and private sanitation facilities in schools.

Quisumbing and Meinzen-Dick argue that lack of access to clean, convenient water sources costs women millions of dollars and hours in time and labor to fetch water, and adds the burden of caring for those ill from polluted supplies. Domestic water supply programs often overlook women’s productive uses of water for irrigation, household gardens, livestock, or other enterprises (2001). 

Other water issues include degradation of ecosystems, polluted water, and contamination of groundwater and aquifers. Clean drinkable water is in increasingly short supply. 

Privatisation is posing obstacles to women’s use of water for household, community and productive responsibilities. Increases in water prices hikes, cut-off of water supply due to unpaid bills; lack of accountability mechanisms for users; deterioration of water quality; and hygiene are some of the results. 

Gender and watershed management, Patan District, India 

Patan District is arid. Average annual rainfall is seven inches. Frequent droughts, severe salinity in land and water, high temperatures and sandstorms reduce communities to survival level. When crops fail due to drought, there is no option except migration. Two-thirds of water users in this region are women.    

In 1995, the Self-Employed Women’s Association (SEWA), a trade union of 215,000 poor self-employed women, launched a ten-year water campaign in nine districts of Gujarat, India.  Watershed Committees were set up at meetings where every villager from user groups and self-help groups was present. Out of a total of 11 members, at least seven were women. The chairperson was unanimously elected from among the women members.    

The Watershed Committees first collected detailed information on the resources of each village natural resources as well as human resources. They then prepared an action plan for every four years. Treatment works were implemented on the basis of annual micro plans.    

Over the period of the program, the committees constructed 15 farm ponds, recharging 120 tube wells. They also repaired 20 village ponds, and recharged three check dams and 15 open wells in eight projects. Through soil and moisture conservation work, the salinity of the land decreased.  With more productive land, the women began getting higher and more sustainable incomes. About 3,662 hectares were thus treated. Now they grow cash crops using organic farming.    Using panchayat wasteland, community pasture land and private land, about 5,000 trees have been grown and grass cover created on 3,500 sq. metres of field bunding for better retention of water. This has created a green belt in the area and generated employment opportunities for about 240 women. Nearly 2,500 hectares of land, which formerly had only rain-fed agriculture, have an irrigation facility, and drinking water is now assured.    

Source: Self-Employed Women’s Association, 1995 in UNDP et al, 2003.
1.3. Energy

Biomass is the energy source most used by rural households, and is one of the major energy sources globally. For poor people, there are several repercussions of its use. The quality is low, and it gives off quantities of smoke and particulates that have negative effects on health: women experience higher levels of lung and eye diseases stemming from long hours of exposure to smoke and particulates in kitchens. The several hours a day spent in collecting fuel means that this time cannot be used for other livelihood activities, and the amount of time spent increases as environmental degradation increases. Poor households will spend more time searching than those in higher income groups, and women and girls tend to be responsible for gathering biomass, with resulting health repercussions. As well, girls can be kept away from school. In urban areas, poor people have to buy their cooking fuels, which can cost approximately 20% of household income. 

A simple conclusion is clear:  the burden of biomass fuel use is a major aspect of most poor women’s lives.  It absorbs large amounts of time in heavy work, it can have negative effects on health, and although this problem has been recognised for 30 years very little has been done about it (Clancy et al, 2003:12).

Wealthier people use more energy, and use cleaner energy with fewer health effects.  Poorer people boil water less, and use less lighting at night, which is said to improve educational performance and life opportunities. Night lighting also allows extended working hours for improved generation, and street lighting can improve safety and allow activities such as adult education.

Energy development and policy has generally benefitted urban users much more than rural communities. Use of renewable energies in rural areas is an important area for further work. 

The effects of privatisation and commercialisation of energy provision have not been studied to date, and pose important questions for the provision of energy to the rural poor. “Will the poor be seen as a mass market needing creative financing programmes to facilitate access to energy services, or will they be regarded as too high a risk, providing too low a profit margin (Clancy et al, 2003:8)?” In some areas, the decision to reduce energy provision (often in rural areas) is taken solely on a financial basis, although privatisation could contribute to sustainable livelihoods by offering new opportunities to enter the market by providing local energy services.  Privatisation also involves the removal of direct subsidies on fuels and appliances, and a trend to market-based solutions, posing obstacles to the introduction of renewable energies since many have high initial investment costs and are otherwise out of the reach of the poor. Research here is needed on whether and how improved access for the poor can be achieved through lower priced conversion technologies or through mass production, or whether transformations in the structures and processes within the energy sector are also necessary.

Recently, there has emerged the concept of energy services, as opposed to a focus on fuels and supply, or technologies, such as solar equipment and stoves.  A focus on services would include more consideration of what people need and use energy for, and related constraints to and conditions for, their use. This approach is user- rather than technology- or supply-driven, based on  analysis of the larger range of user needs.

Gendered perspectives on energy use involve a variety of aspects.  Men tend to see the benefits of electricity for leisure, quality of life and education for children; while women see it as a way to reduce workload, improve health and reduce expenditure. Women are generally responsible for household energy provision and use, particularly around kitchen activities.  When energy is purchased, men often make the decisions. Purchases of batteries, for example, are very expensive for poor rural households, and are often bought for luxury items such as radios and televisions rather than for labour-saving and energy appliances.  

Survey data from Uganda in 1996 showed that 94% of rural households not connected to the electricity grid used dry cell batteries, and were estimated to be spending about US$6 per household per month on batteries (Clancy et al, 2003).

Although we have focused on biomass in this section as having the greatest effects on the health and food habits of people in developing countries, it should also be remembered that the gender and energy debate has long moved beyond a simple understanding of women, fuels and stoves. Women are also active agents of change in use and application of energy, both in their role as technology purchasers, users and innovators, and in economic activities, political life and community organization. Women contribute to the shaping of energy approaches at the community level, and also influence national and international political or policy dialogue, such as at the World Summit on Sustainable Development. Women’s role as energy entrepreneurs, and small scale energy providers is not well understood. It is important to recognise and understand the economic, environmental and social impacts of energy choices exercised by women, but affecting women, men, children, and communities (McDade and Clancy, 2003) . 

In view of the varying forms and sectors of women’s energy choices and use, certain common policy challenges are faced by countries in the South and the North in engendering the energy policy debate and domestic legislative and local regulatory frameworks. Energy issues in richer countries also have important implications for gender relations, female political participation and sustainable development. In both North and South, the role of women in political life, community organizations, and families points to the important opportunities for leadership that can bring about positive change to use energy as an instrument to achieve multiple objectives linked to social justice, environmental protection and economic empowerment (McDade and Clancy, 2003).

Identified issues for research and policy  

Kettel outlines five “pathways” to support women’s S&T activities for social and environmentally-sound development:

· taking women’s environmental health as a starting point for ensuring the appropriateness of all S&T interventions

· using S&T in a gender-sensitive manner to alleviate women’s poverty through research and policy to meet their expressed environmental perceptions, needs, and interests

· supporting women’s microenterprises activities through environmentally sound and relevant S&T innovations and interventions

· ensuring women’s full environmental literacy through their increased access to formal and informal environmental education, and to relevant S&T expertise and information, as a basis for their increased participation in community-based environmental decision-making

· supporting women’s participation in national-level environmental decision-making through the development of gender-sensitive information technologies and approaches to environmental management. (1995:51-52)

In view of the large (and increasing) proportions of the poor living in urban areas who engage in farming, Diana Lee-Smith recommends research on the constraints and opportunities of this trend: 

· Research on the scope and structure of urban livelihood and farming systems, so that their contribution to household and overall urban food security can be understood and enhanced.

· Assessment of risks and benefits – particularly to health – that are involved.

· Development of urban policies that complement agriculture policies, or are an intrinsic part of them. (Lee-Smith, 2004a).

The International Food Policy Research Institute provides an outline of areas to focus on in supporting more gender-equitable access to and use of technologies for greater food production and income generation, which produce specific benefits for women (to redress past inequities) and poor men, such as:

1. Food processing

· ​Increased land productivity

· Increased access to land rights

· Independent income 

· Reduced drudgery, for example of hand pounding

· Time savings and flexibility in time use

· Additional income

2. Pest Management

· Integrated pest management strategies which increase savings on pesticides and reduce or eliminates harmful effects on human health and food in the natural habitat

 3. Livestock: 

· Upgrading of poultry breeds

· Use of local crop byproducts as ingredient for swine ration

· Increased profitability of backyard swine production (Paris et al, 2001; Quisumbing and Meinzen-Dick, 2001).

Paris et al point out that most technologies are bound up in hardware and their products are goods to be sold or used. Questions of access and control are central in determining actual benefits to women. Twenty years of research on appropriate technologies for women and agriculture provide well-tested guidance on how to develop technologies to assure their acceptability to, likelihood of success for, and ability to empower women users. Such efforts require commitment and attention. They have the following elements:

· Discarding assumptions about women's use of technology 

· Delineating target groups carefully. Women are not a homogenous group and often have different interests. 

· Forming multidisciplinary teams.

· Using a gender-sensitive participatory approach.

Tinker recommends that governments recognise the importance of street vending to urban economies and health of citizens, and implement policy to support rather than persecute them. She also recommends that vendors be trained in food handling, and other support services be offered (Tinker, 1997).  [durban case study]

In the water and sanitation sector, two main areas have been identified for policy and programming:

· women’s participation in decision making on irrigation and accessibility of water for agriculture. For example, stronger efforts should be made in irrigation and other water supply programs to include women and to ensure that they have decision-making rights over water.

· affordable and reliable access to clean water.

Energy

· McDade and Clancy (2003) identify the role of women as entrepreneurs, both sellers of energy services and sellers of products that depend on energy services for their manufacture, as a field of study of rapidly growing importance.

· Clancy et al (2003) call for research on and policy supporting energy interventions which reduce drudgery of daily household activities, such as use of a milling machine to replace human energy in grain preparation.

· Further research is also needed on the generation and distribution of clean, non-polluting energy sources for the poor and in rural areas. 

· Improved stoves need to be developed which use available biomass and do not cause respiratory problems.

· Dependency on carbon sources needs to be reduced and replaced with a focus on small, flexible energy sources which also offer entrepreneurship potential.

1.4 Biotechnology

Biotechnology is a knowledge-intensive area of science and technology which is considered to offer considerable promise for the improvement of the health, food security and environment of the world’s poor. It has the potential to raise productivity across a range of industries including healthcare, agriculture, food, fine chemicals, pulp and paper, waste treatment and waste disposal, many of which are relevant to poverty reduction in the developing world.

Given its potential applications, particularly in heath and food security, biotechnology may raise specific issues that concern gendered as well as biological differences between men and women.
 The knowledge, experience and perspective acquired through their distinctive roles in food production and health care leads men and women to have different priorities and resource needs. Moreover, differences in living and working conditions and differing entitlement to resources exposes men and women to different health risks.

Applications in biotechnology are already well established in agriculture and food production in several parts of world. Although advances in healthcare in the form of approved biotechnology-based medicines and genetic tests are growing rather more slowly than predicted, R&D in these areas is heavily reliant on the use of biotechnology. 

In taking account of biotechnology, policy makers concerned with development will be faced with a range of critical issues relating to gender.  This section will focus on the areas of agriculture, health, traditional knowledge and biodiversity.

The burden of disease in developing countries could be greatly diminished by greater access to existing interventions as well as the development of new treatments for major diseases and conditions. Research for new and cheaper medicines, vaccines, and diagnostics will be accelerated by the application of biotechnology which is already thoroughly integrated in the drug discovery process. Food security could also be improved by the application of biotechnology in agriculture. 

However, it should be kept in mind that the context for the development and application of biotechnology is particularly complex. Trade, intellectual property rights, the development of appropriate regulatory frameworks, and consumer acceptance are all important issues which will be influential in the adoption of the technology. 

Agriculture

In the case of agricultural biotechnology, there is insufficient information and experience available to judge the likely impact on women in developing countries.

Outside the USA, only China and Argentina have significant experience in cultivating biotechnology-related crops on a large scale. There is relatively little experience of these technologies in Africa and much of Asia. However,  in general, improved yields in cash crops can deliver benefits for individuals and their families. The fact that many women are farmers and heads of households suggests that some of these potential benefits could be directly available to them, and there is anecdotal evidence to indicate that women farmers in developing countries use techniques such as tissue culture
.  It is reasonable to argue that the two main areas of application – GM crops and tissue culture technologies – will both have broadly the same potential outcome as conventional plant breeding, i.e. increased production. Women as well as men can benefit, so long as they have access to resources, training and other inputs.

It is important to initiate research on the effect of traditionally-bred crops on women. Previous research has already shown that women in some poor environments are less likely to adopt new crop varieties than men. The involvement of women farmers by researchers in the development of new GM varieties may be crucial for their successful adoption in some countries. However, previous research also tells us that generalisations about the impact of new agricultural technologies on patterns of labour, land, and resource allocation are unlikely to be valid.
 

Health Applications

The introduction of health applications in some areas would have few gender implications in themselves, such as new therapeutics for trypanosomiasis, Chagas’ disease, and leishmaniasis. New treatments or vaccines for diseases such as malaria would have direct benefits for both sexes, but indirect benefits would accrue additionally to women as the main carers of children. New vaccines to prevent common diseases of childhood would also be a source of indirect benefit to mothers. Low-cost genetic testing for common, disabling blood disorders could also offer reproductive choice to parents who are at high risk of having affected children.

In the case of HIV/AIDS, women are the fastest growing group in terms of morbidity and mortality. Seven out of every 10 deaths caused by the virus are women or children. For a variety of economic, social and physiological reasons, women in developing countries are often more at risk of contracting HIV than men. Effective microbicides could enable women to protect themselves and their children, who can be infected during childbirth or breastfeeding. In the same way, effective vaccines for HIV/AIDS would benefit men but particularly women and children. The successful introduction of biotechnology-related products has the potential to bring benefits for women.  Public-private partnerships to develop treatments for neglected diseases in developing countries, have a crucial role to play. But these efforts will not be sufficient. There is also an urgent need for the significant scaling up of global R&D on the diseases of poor countries. 

Traditional knowledge

A relatively small number of highly publicised cases of ‘biopiracy’ have led to considerable sensitivity about the use of natural resources in developing countries by foreign organisations. The value of biodiversity in biotechnology in relation to drug discovery and bioprocessing is uncertain. The widespread and longstanding use of traditional medicines made from plant and animal materials in many developing countries is based on traditional knowledge which is often uncodified. Some of this knowledge is held by women to a greater extent than men, and a percentage may concern chemical compounds of potential interest to the pharmaceutical industry. Although the actual value of the raw materials is likely to be low, the possibilities for research collaboration and training may be worth pursuing. Relatively little attention has been paid to particular role of women in the guardianship of traditional knowledge relevant to biotechnology. The same observations apply to plant genetic resources which are of particular value to the seed industry.

The need to build capacity in both research and management of applications associated with biotechnology in developing countries has been increasingly recognised over the past 15 years. Prospects for the successful deployment of biotechnology in global health and food security clearly depend on major investments by wealthy nations. But it will also depend on the capacity of the poorer nations to absorb, adapt and implement new technologies to meet national and local needs. Specifically, skills and expertise are needed for the adaptation of crop technologies developed for Northern markets, the need for collaboration in externally sponsored clinical trials, the need to assess the possible potential of traditional knowledge and genetic resources, and the need to develop, negotiate and administer national regulations and codes of practice relating to trade, intellectual property, protection of biodiversity and release of GMOs. 

1.5 Recommendations for policy and research:

· Research to assess whether crops (or other products such as biopesticides) produced by means of biotechnology raise distinctive issues over and above those posed by conventional processes in terms of adoption by women and benefits experienced by women.

· A detailed analysis is needed to identify those categories of disease where gender is relevant in the context of the application of biotechnology.   

· Existing roles and possible expansion of gender roles in the codification of the knowledge should be studied.

· Assessment of training needs should be undertaken to promote the effective participation of women in biotechnology policymaking at national and international levels.

Gender and ICTs for Social Development

Despite economic and socio-cultural barriers to women's use of ICT, when women are able to use them productively, they can substantially improve their lives and increase their income. The use of ICTs can improve peoples’ lives and contribute to social development in developing countries. They have proved useful in: health care delivery; distance education; enhancing rural productivity through access to market information and access to finance; promoting empowerment and participation in national and international policy processes; improving service delivery by governments; improving environmental monitoring and response systems; and facilitating environmental activism (Digital Opportunity Initiative, 2001). Evidence is emerging that women use ICTs to increase income generation, increase their education, improve health, find information on their public and private rights, and improve family and community wellbeing. As argued by the Expert Group Meeting convened by the United Nations Division for the Advancement of Women in November 2002, “when there is an enabling environment, ICT can provide diverse avenues for women’s social, political and economic empowerment (UNDAW, 2002:3).”

A project in rural China to support women’s income generation through small enterprise support, micro-credit and training, found that it was the training and new knowledge that was appreciated the most by participants.  With the new information on business management they could continue to improve their income even without additional loans.  One of the results of the project was that they began to value education for their children, and no longer kept them home to work in their businesses.

A recent FAO study showed that women who are involved in meaningful ICT projects produce results for improved economic or social well-being in the community (Michiels and van Crowder, 2001). ICT can provide women with skills, training, and market information for their small-scale enterprises. At the same time, information on reproductive health can contribute to women’s economic activities by improving health and decreasing the number of children, thereby improving their income- earning ability (Mitter, 2001). 

These assessments and others have highlighted the urgency to investigate factors that explain the differential impact of information and communication technologies (ICT) on women and men in the emerging digital economy and the larger knowledge society. They have stressed the need to understand why women face challenges that are different from men in participating in the knowledge society. Most significantly, they have pointed towards the importance of rigorous research for exploring the benefits and challenges that women encounter in the use of ICT for employment and livelihood opportunities – entry into the “New Economy” – and for poverty reduction. This particular focus heralds a significant change in research orientation of policy circles, donor agencies and NGOs. The use of ICT in the context of women's empowerment has so far been limited to media, communications, and networking. An emphasis on ICT as a tool of economic and social empowerment for underprivileged women raises new research questions that are relevant both for advocacy and project work by NGOs as well as for policy intervention by national and international bodies. More efforts and resources are beginning to be directed to supporting a wider range of women’s activities around their health, income-earning, family well-being and natural resource management, but more work needs to be done in this area, including the development and refining of strategies and evaluation of best practices. 

Finally, in spite of the growing attention to this issue, there is a notable lack of methodologically sound information to base policy making in these areas; as a result, discourse in ICTs for poverty women's economic empowerment, poverty reduction and entrance into the digital economy relies mostly on anecdotal evidence.

Gender Equality and ICTs for Social Development

ICTs continue to benefit comparatively few and access continues to be determined – both on the global scale and within nations – according to wealth, education, geographical location and, to a great extent, sex. The digital divide has been broadly defined as "unequal possibilities to access and contribute to information, knowledge and networks as well as to benefit from the development enhancing capabilities of ICT (Digital Opportunities Task Force, 2001)."

Percentage of Global Population and Internet Users, by Region

	Region
	Population
	% of Global Population
	Users 
	% of Global Users

	Africa (including North Africa)
	788,340,000
	13.0
	6,781,200
	1.3

	Latin America
	524,000,000
	8.6
	26,607,300
	5.3

	North America
	314,930,000
	5.2
	156,335,000
	31.1

	Asia
	3,613,880,000
	59.5
	156,897,800
	31.2

	Europe
	800,570,000
	13.2
	147,269,200
	29.3

	Pacific
	31,160,000
	0.5
	8,467,000
	1.7

	Total
	6,072,880,000
	100.0
	502,357,500
	100.0



Source: ITU, 2002

Developing human capacity, or a base of citizens who are at home in an information and knowledge-based society, is a complementary requirement if that society is to reflect the concerns, aspirations and culture of its citizens. Information literacy has been defined as the ability to access, know where to find, evaluate, and use information from a variety of sources. It involves communication, critical thinking, and problem solving skills. The digital divide reflects a divide in the opportunities to develop and use such skills, much more than merely a divide in access to the Internet. To add the gender dimension, we can define social equality with respect to ICTs and the knowledge society as:

Equality in ICT access, knowledge and use – across all races, sexes and classes – as measured by technology fluency; mastery of analytical skills, computer, technology, information and communication concepts; ability to imagine innovative uses for technologies across a range of problems and subjects; and ability to find and use information and knowledge to improve one’s life, expand one’s choice.

Although we do not yet have good figures globally on women’s use of the Internet, we know that the digital or knowledge society divide is especially acute with respect to women. We know that women’s access to and use of ICTs is much lower than men’s around the world, while several recent project reviews have indicated that women continue to benefit less than men from the implementation of ICTs.
 

There are some signs that the gender gap is narrowing in certain countries. In the US and Canada, women have recently overtaken men in their use of the Internet at 51 percent, while in Singapore, Chile, Hong Kong, Iceland and Thailand the percentage of women users has increased in the last few years to between 47 and 49 percent. In several countries, such as China, South Africa and the Scandinavian countries, the percentage of women users is at or over 40%. But even in countries with a high use of ICT, women users are often greatly outnumbered by men. For example, in India, male Internet users outnumber women 77:23.
 It should also be remembered that in developing countries where women's representation is high, users represent a very small elite, often less than 1 percent of the population.

Women's participation in the IT sector is also low. [get numbers]
Women experience low rates of access to information and communications technologies for a number of reasons, ranging from socio-cultural attitudes and preconceptions about women's interaction (or lack of) with technology to a lack of understanding of the resource and situational obstacles experienced by women. Specific barriers include literacy and education, domestic responsibilities, training, language, time, cost, and geographical location (women make up the majority of populations in rural areas in most developing regions). An important barrier to women’s use of ICTs is a lack of content that speaks to their perspectives, activities and concerns.

In examining the potential for ICTs to incorporate gender equality into poverty eradication, and increase women’s empowerment, we examine the use of and implications of ICTs in the areas identified above as critical for poverty reduction by the UNDP. Specifically, we assess the interaction between ICTs, gender and poverty reduction in: 

· health, education, and other basic human development factors

· agriculture and food production

· ICT infrastructure and telecommunications policy

· IT Employment and use of ICTs in women’s SMEs 

· e-governance and advocacy

· natural resources management.

To orient ICT projects so that they address these areas, ICT project planning and implementation for social development and gender equality must take place in a context which consists of five main components:

· Creating an enabling environment which supports and encourages strategies to promote women’s equal access to and opportunity to benefit from ICT projects, as well as creating a regulation and policy environment which supports women’s use of ICTs;

· Developing content which speaks to women’s concerns and reflects their local knowledge, and which is of value for their daily lives, business enterprises, and family responsibilities;

· Supporting increased representation of women and girls in scientific and technical education, and using ICTs to promote their increased participation in education at all levels;

· Promoting increased employment in the IT sector for women.

· Implementing e-governance strategies which are accessible to women; and promoting women’s lobbying and advocacy activities.
With the exception of the last category, which is comprehensively addressed elsewhere
, activities and research for these areas and components are outlined below:

1. Creating an enabling environment which supports and encourages strategies to promote women’s equal access to and opportunity to benefit from ICT projects, as well as creating a regulation and policy environment which supports women’s use of ICTs. ICT access strategies will benefit women when they address the barriers identified above, including: cost of access; travel distance to access point, language, socio-cultural practices, infrastructural restrictions, flexible access times, and content. Experiments with a variety of approaches, and mixes of technologies are ongoing. This paper will not attempt to provide comprehensive assessments of all strategies, but outline key elements and present general findings and areas for more research on telecentres, technology mixes and low-cost technologies, and telecommunications policy and regulation. [example?]

Areas for further research include:

· Collection of evidence and data to demonstrate the links between gender and development; and gender and ICTs for development

· Analysis of the gendered effects of telecommunications policy and regulation, building on work done to date.

1. Effects on gender equality and social equity of telecommunications policy, regulation, and technologies such as GIS (footnote on GIS effects).

2. Research and packaging of guidelines on mainstreaming gender into ICT policy, including curricula development and information kits.

3. Research and analysis of strategies and approaches to integrate civil society consultation into ICT policy development and implementation.

4. Identification and incorporation of social elements of long-term goals into regulation frameworks.

5. Strategies for making low-income markets, including women, attractive to private sector providers and investors, including research on the opportunities in low-income markets.

· Developing content which speaks to women’s concerns and reflects their local knowledge, and which is of value for their daily lives, business enterprises, and family responsibilities (including information on health, agriculture/small-scale production, natural resources management and SMEs). More research is needed on identifying, developing and disseminating women-appropriate content, that is, content which a) is developed by women and reflects their knowledge and perspectives; b) helps them more effectively fulfil their daily tasks and responsibilities, thereby increasing their well-being and that of their families; and c) increases their income.

This is an important area for further research and policy action, where strategically allocated resources and support could produce enormous benefits. Particularly important is the recognition and valuing of women’s local knowledge.[footnote to paper for more information? Appendix?]

· Supporting increased representation of women and girls in scientific and technical education, and using ICTs to promote their increased participation in education at all levels;

ICTs can contribute to redressing these gender inequalities in access to education. They provide the potential to increase accessibility to knowledge in general, but more specifically, they can diversify and improve both formal and non-formal education in both developed and developing countries. This is especially true in the case of education for women, who are often restricted from formal education for reasons of distance, cost, time and family expectations. ICTs provide the possibility for women to obtain education on topics of interest and practical use, at times that are convenient to them. Different forms of information technologies provide flexibility of varying formats, suited to women's geographical location, language and daily schedule. They can also be used for literacy training (Evans, 1995).

Areas for further research :

· Gender-differentiated effects and benefits of the use of technologies for education
· Feasibility, efficiency and reach of various strategies for using ICTs for education, particularly on the benefits and degree of participation of women and girls. 

· Costs, efficacy and benefits of distance learning, including the use of computers and Internet, particularly related to the benefits for girls and women, at all levels of education.

· Collection of data and indicators on women’s participation in computer sciences and IT in educational institutions and employment.

· Strategies to encourage the participation of women and girls in scientific and technological education and training at school and in the workplace.
· Promoting increased employment in the IT sector for women.

Research should be geared to extending the benefits of Internet technology to improve the productive efficiency of those women who contribute to the wealth creation of the family and the local economy as unpaid family workers, poor workers or business women in the so-called informal sector; they are affected by ICT-led globalisation not through inclusion but through exclusion. There is a similar need for further research to improve the productive efficiency of women who produce goods and services for the local economy in micro enterprises, such as urban street vendors or garment makers.

Professional researchers will need to explore issues of access and education, and of spheres of implementation in new ways. Identifying ways of enhancing livelihood, if not employment opportunities, of women in rural areas will require greater commitment from donor agencies and policy makers, as the corporate sector, understandably, will not have much interest in such initiatives. It will be equally important to share knowledge regarding cost-effective technology and to offer non-elitist ICT-training to women in the informal sector. There is very little research and documentation on the impact of these factors on the entry of women in ICT-enabled business and commerce.

Specifically, there is a need for research on the following topics:

· National Policy

· Explore how ICT can enable developing countries to harness the cognitive skills of their female workforce and improve their competitiveness in an increasingly globalised world. 

· South –South dialogue among policy makers supported by research on how to learn from the experience of India or Philippines in creating a supportive policy framework and developing ICT skills in its population. 

· Enabling Women Entrepreneurs with ICTs

· Models for and approaches to telecommunications policy and infrastructure development which will support small-scale IT-based and –enabled businesses in both urban and rural areas

· Collection and assessment of case studies of ICTs for women’s micro and SMEs, including use of ICTs for business training and development; expanding connections to producers and customers; IT equipment as basis for income generation (i.e. GrameenPhone).

· Additional research and assessment of the blueprint providing women's cooperatives with access to business generated through e-governance 

· Strategies to provide women with information on international markets, e-commerce techniques and practices, and international and regional trade policies, and how their business can benefit

· Data collection and assessment of: 

· How many women participants use ICT training events, how many dropped out and why, how many return to further training events

· Which marketing research sites women entrepreneurs frequent.

· What software, software training and support service do women entrepreneurs in the region prefer, what is the upward trend in use of ASP services

· Which groups of women have or have not been reached with ICT-SME services? What outreach and support strategies have been successful, and which have been unsuccessful? What are the lessons learned? (Tandon, 2003)

3. Positioning Women in the Formal Sector

· Compilation and analysis of statistics and indicators on IT graduates and IT employment by sex and class/socio-economic level in Latin American, Africa, and Asia.

· Research on effects of cultural and management practices in a country/region and relation to rate and job level of women’s participation in telework.

· Relation of telework to career advancement, rate of pay and work performance of women.

· Monitoring the quality and sustainability of work in new institutions such as call centres.

4. Local vs. Global

· Comparison of women's prospects in the local economy with those in the global economy (particularly from the perspective of sustainability) 

· Comparative research by region on gains and losses in women’s income-generation and employment as a result of globalised e-commerce.
· Implementing e-governance strategies which are accessible to women; and promoting women’s lobbying and advocacy activities.
Policy Recommendations

Gender, S&T for Social Development

Gender Working Group, UN Commission on Science and Technology for Development
• 
Improve the decision-making mechanisms within the science system to ensure clear articulation of gender-specific needs and goals of society by incorporating end-user options, both those of women and men. Use decision-making techniques, such as technology assessment and decision framework analysis, that make the gender implications of the decisions explicit.


• 
 Encourage political parties and governments to be more explicit in their policy platforms about how they intend to use "science and technology" to meet the basic needs of both men and women equitably in society.


• 
 Encourage public media to sponsor popular science programming including reports on the potentials of science to serve goals of society and the basic needs of the people; promote reporting on the impact of science on people's lives and in particular the differential impact of science and technology on men and women.


• 
 Support NGOs working at the interface of gender in science and technology for development.
Women's role in natural resource management and the impact of environmental degradation on women's lives

World Conference on Women, 1995


• 
encourage the effective protection and sharing of the benefits arising from the use of the knowledge, innovations and practices of women of indigenous and local communities


• 
 identify and promote environmentally sound technologies


• 
integrate a gender perspective in the design and implementation of resource management mechanisms and production techniques


• 
 increase the number of women scientists and technical advisers involved on environmental planning and programming

• 
 support research on gender impact of environmental degredation and hazards.

Decision making:

246 Women remain largely absent at all levels of policy formulation and decision-making in natural resource and environmental management, conservation, protection and rehabilitation, and their experience and skills in advocacy for and monitoring of proper natural resource management too often remain marginalized in policy-making and decision-making bodies, as well as in educational institutions and environment-related agencies at the managerial level. Women are rarely trained as professional natural resource managers with policy-making capacities, such as land-use planners, agriculturalists, foresters, marine scientists and environmental lawyers. Even in cases where women are trained as professional natural resource managers, they are often underrepresented in formal institutions with policy-making capacities at the national, regional and international levels. Often women are not equal participants in the management of financial and corporate institutions whose decision-making most significantly affects environmental quality. Furthermore, there are institutional weaknesses in coordination between women's non-governmental organizations and national institutions dealing with environmental issues, despite the recent rapid growth and visibility of women's non-governmental organizations working on these issues at all levels

249 In addressing the lack of adequate recognition and support for women's contribution to conservation and management of natural resources and safeguarding the environment, Governments and other actors should promote an active and visible policy of mainstreaming a gender perspective in all policies and programmes, including, as appropriate, an analysis of the effects on women and men, respectively, before decisions are taken

253 
c.  Encourage, subject to national legislation and consistent with the  Convention on Biological Diversity, [35]  the effective protection and  use of the knowledge, innovations and practices of women of  indigenous and local communities, including practices relating to  traditional medicines, biodiversity and indigenous technologies, and  endeavour to ensure that these are respected, maintained, promoted  and preserved in an ecologically sustainable manner, and promote  their wider application with the approval and involvement of the  holders of such knowledge; in addition, safeguard the existing  intellectual property rights of these women as protected under  national and international law; work actively, where necessary, to  find additional ways and means for the effective protection and use  of such knowledge, innovations and practices, subject to national  legislation and consistent with the Convention on Biological  Diversity and relevant international law, and encourage fair and  equitable sharing of benefits arising from the utilization of such  knowledge, innovation and practic
f. Promote knowledge of and sponsor research on the role of women,  particularly rural and indigenous women, in food gathering and  production, soil conservation, irrigation, watershed management,  sanitation, coastal zone and marine resource management, integrated  pest management, land-use planning, forest conservation and  community forestry, fisheries, natural disaster prevention, and new  and renewable sources of energy, focusing particularly on indigenous  women's knowledge and experience

Integrate gender perspective in design, plan and execution of environmental projects

Actions to be taken 


256.  
By Governments:


a.  
 Integrate women, including indigenous women, their perspectives and  knowledge, on an equal basis with men, in decision-making regarding  sustainable resource management and the development of policies and  programmes for sustainable development, including in particular those designed to address and prevent environmental degradation of  the land;


b.  
 Evaluate policies and programmes in terms of environmental impact  and women's equal access to and use of natural resources;


c.  
 Ensure adequate research to assess how and to what extent women are  particularly susceptible or exposed to environmental degradation and  hazards, including, as necessary, research and data collection on  specific groups of women, particularly women with low income, indigenous women and women belonging to minorities;


d.  
 Integrate rural women's traditional knowledge and practices of  sustainable resource use and management in the development of  environmental management and extension programmes;


e.  
 Integrate the results of gender-sensitive research into mainstream  policies with a view to developing sustainable human settlements;


f.  
 Promote knowledge of and sponsor research on the role of women,  particularly rural and indigenous women, in food gathering and  production, soil conservation, irrigation, watershed management,  sanitation, coastal zone and marine resource management, integrated  pest management, land-use planning, forest conservation and  community forestry, fisheries, natural disaster prevention, and new  and renewable sources of energy, focusing particularly on indigenous  women's knowledge and experience;


g.  
 Develop a strategy for change to eliminate all obstacles to women's  full and equal participation in sustainable development and equal  access to and control over resources;


h.  
 Promote the education of girls and women of all ages in science,  technology, economics and other disciplines relating to the natural  environment so that they can make informed choices and offer  informed input in determining local economic, scientific and  environmental priorities for the management and appropriate use of  natural and local resources and ecosystems;


i.  
 Develop programmes to involve female professionals and scientists,  as well as technical, administrative and clerical workers, in  environmental management, develop training programmes for girls and  women in these fields, expand opportunities for the hiring and promotion of women in these fields and implement special measures to  advance women's expertise and participation in these activities;


j.  
 Identify and promote environmentally sound technologies that have  been designed, developed and improved in consultation with women and  that are appropriate to both women and men;


k.  
 Support the development of women's equal access to housing  infrastructure, safe water, and sustainable and affordable energy  technologies, such as wind, solar, biomass and other renewable  sources, through participatory needs assessments, energy planning  and policy formulation at the local and national levels;


l
Ensure that clean water is available and accessible to all by the  year 2000 and that environmental protection and conservation plans  are designed and implemented to restore polluted water systems and  rebuild damaged watersheds.

Recommendations are also made elsewhere in the Beijing Platform for Action to:

a. Strengthen or establish mechanisms at the national, regional and international levels to assess the impact of development and environmental policies on women.

b. Provide technical expertise in these sectors

Research: 
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b.  
Develop gender-sensitive databases, information and monitoring systems and participatory action-oriented research, methodologies and policy analyses, with the collaboration of academic institutions and local women researchers, on the following:


i.  
 Knowledge and experience on the part of women concerning the  management and conservation of natural resources for  incorporation in the databases and information systems for  sustainable development;


ii.  
 The impact on women of environmental and natural resource degradation, deriving from, inter alia, unsustainable production and consumption patterns, drought, poor quality water, global warming, desertification, sealevel rise, hazardous waste, natural disasters, toxic chemicals and pesticide residues, radioactive waste, armed conflicts and its consequences;


iii.  
 Analysis of the structural links between gender relations, environment and development, with special emphasis on particular sectors, such as agriculture, industry, fisheries, forestry, environmental health, biological diversity, climate, water resources and sanitation;


iv.  
 Measures to develop and include environmental, economic, cultural, social and gender-sensitive analyses as an essential step in the development and monitoring of programmes and policies;

v.      Programmes to create rural and urban training, research and resource centres that will disseminate environmentally sound technologies to women;

Specific Recommendations for Agriculture, Water and Energy

Water

The 1995 Beijing World Conference on Women made the following recommendations on access to and use of water:


256 k.  Support the development of women's equal access to housing  infrastructure, safe water, and sustainable and affordable energy  technologies, such as wind, solar, biomass and other renewable  sources, through participatory needs assessments, energy planning  and policy formulation at the local and national levels;

l. Ensure that clean water is available and accessible to all by the year 2000 and that environmental protection and conservation plans  are designed and implemented to restore polluted water systems and  rebuild damaged watersheds.

Energy

The Nairobi Forward-Looking Strategies for the Advancement of Women (1985) included a section on energy, which included references to “women as producers, users and managers of energy sources,” support to “grassroots participation of women in energy-needs assessment, technology and energy conservation, management and maintenance,” “substituting energy for muscle in the performance of the industrial and domestic work of women without loss of their jobs and tasks to men,” and in commercialization of fuelwood energy, avoiding “the loss of women’s incomes to middlemen and urban industries.” Several references were also made to the need for new energy sources to reduce women’s labour demands.   Recommendations on the involvement of women as contributors and beneficiaries in training, development and implementation of energy technologies and systems, as well as in decision making, were made.  

Agenda 21 of the UN Conference on the Environment and Development in 1992, while primarily focusing on climate change issues, also made some important references to women’s use of energy, including “the provision of environmentally sound technologies which have been designed, developed and improved in consultation with women, accessible and clean water, an efficient fuel supply and adequate sanitation facilities. (from Wakhungu and Cecelski, 1995). 

Energy was a major focus of the 2002 World Summit on Sustainable Development, and as a result of work by gender advocates, several specific references were made to gender issues in the outcome document, indicating that the need for gender=sensitivity in energy planning and policy has become more widely recognized and accepted.  Main areas of progress are in the sections on energy and poverty linkages; energy and education for girls; and energy and health.

UN World Conference on Women

Para 45.

Energy for poverty alleviation. Access to energy services for poverty alleviation should include a focus on access to energy in rural areas and for women. 

Meeting the needs of women: There is a need to design energy policies that meet the needs of women. These should address the particular burdens faced by women with regard to indoor air pollution and wood collection, access to credit for energy services and the inclusion of women in the decision –making process.

Biotechnology

Few UN policy bodies have addressed gender issues relating to biotechnology.  However, the World Conference on Science regional conference for Europe and North America in Turin included a number of recommendations in this area:

· scientists in the field of biotechnology must play an  active and central role in identifying and defining the ethical issues related to  biotechnology and their implications. These would include questions such as:   

· what research questions should be studied and  what avenues pursued;


· who defines the priorities and on what basis  -scientific curiosity, or human betterment, or financial gain etc;

· how the research is conducted – with or  without animals, with or without a gender perspective;

· in genetic research, people should have the  right to know, or the duty to know, or the right not to know, what their genetic make-up  is;

· whether or not positions should be codified in  law, or whether they should be left to the judgement of the people concerned – for  example in terms of surrogate motherhood, in vitro fertilisation.
Women’s Participation in the Information Society.

The Millennium Development Goals include ICTs in #8, as Target 18 to “make available the benefits of new technologies, especially information and communications.”.  while they are not explicitly tied to social development, as the UNDP argues, a focus on mainstreaming ICT will effectively contribute to achievement of the MDGs, particularly those related to income poverty reduction, education, health, environment and gender equity through:

· creating economic opportunities & contributing to poverty reduction;

· managing the processes of providing basic services (e.g. healthcare, education) at lower cost and with greater coverage; 

· facilitating access to information and the involvement of stakeholders through greater transparency and support to networking at every stage; an

· enhancing the capacity to measure, monitor and report progress on the goals and strategize.  (UNDP, 2003).

The Declaration and the Framework for Action of the 2003 World Summit on the Information Society contained several references to women’s participation in the information society, and ICTs in support of their activities.   

The Declaration contained a commitment to support the MDGs, including gender equality and the empowerment of women.   Paragraph 12 is the key paragraph here:

We affirm that development of ICTs provides enormous opportunities for women, who should be an integral part of, and key actors, in the Information Society. We are committed to ensuring that the Information Society enables women's empowerment and their full participation on the basis on equality in all spheres of society and in all decision-making processes. To this end, we should mainstream a gender equality perspective and use ICTs as a tool to that end. 

The Plan of Action contained a number of gender equality references:

Para 11. g) Work on removing the gender barriers to ICT education and training and promoting equal training opportunities in ICT-related fields for women and girls. Early intervention programmes in science and technology should target young girls with the aim of increasing the number of women in ICT careers. Promote the exchange of best practices on the integration of gender perspectives in ICT education. 

11 l) Governments, in collaboration with stakeholders, are encouraged to formulate conducive ICT policies that foster entrepreneurship, innovation and investment, and with particular reference to the promotion of participation by women. 

18. b) Facilitate access to the world’s medical knowledge and locally-relevant content resources for strengthening public health research and prevention programmes and promoting women’s and men’s health, such as content on sexual and reproductive health and sexually transmitted infections, and for diseases that attract full attention of the world including HIV/AIDS, malaria and tuberculosis. 

e) Encourage the adoption of ICTs to improve and extend health care and health information systems to remote and underserved areas and vulnerable populations, recognising women’s roles as health providers in their families and communities. 

19.a) Encourage the development of best practices for e-workers and e-employers built, at the national level, on principles of fairness and gender equality, respecting all relevant international norms.

c) Promote teleworking to allow citizens, particularly in the developing countries, LDCs, and small economies, to live in their societies and work anywhere, and to increase employment opportunities for women, and for those with disabilities. In promoting teleworking, special attention should be given to strategies promoting job creation and the retention of the skilled working force. 

d) Promote early intervention programmes in science and technology that should target young girls to increase the number of women in ICT careers.
23. h) Strengthen programmes focused on gender-sensitive curricula in formal and non-formal education for all and enhancing communication and media literacy for women with a view to building the capacity of girls and women to understand and to develop ICT content.

24. e) Promote balanced and diverse portrayals of women and men by the media. 


The Digital Solidarity Agenda aims at putting in place the conditions for mobilizing human, financial  and technological resources for inclusion of all men and women in the emerging Information Society. Close national, regional and international cooperation among all stakeholders in the implementation of this Agenda is vital.  To overcome the digital divide, we need to use more efficiently existing approaches and mechanisms and fully explore new ones, in order to provide financing for the development of infrastructure, equipment, capacity building and content, which are essential for participation in the Information Society.

28. a) In cooperation with each country concerned, develop and launch a composite ICT Development (Digital Opportunity) Index. It could be published annually, or every two years, in an ICT Development Report. The index could show the statistics while the report would present analytical work on policies and their implementation, depending on national circumstances, including gender analysis. 

d) Gender-specific indicators on ICT use and needs should be developed, and measurable performance indicators should be identified to assess the impact of funded ICT projects on the lives of women and girls. 
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� The exceptions are Chad, Benin, Burkina Faso, Guinea-Bissau, Mali, the Niger and Pakistan. Poverty is a major factor in those countries which have with a high level of gender disparity in school enrollments.


� In Canada and the US there is great concern about high drop-out rates for boys, and a decrease in male schoolteachers at primary levels.


� This particularly an issue as fewer men become primary school teachers in many countries.


� Studies show that women scientists tend to have fathers/mothers who are scientists in greater proportion than their male colleagues. See Rathgeber, 2002; National Research Council, 2001. 


� See Margolis and Fisher, 2002.


� Health sciences are not included in this category, which may account for the lower number in comparison with other regions.


� Analyses of first destinations shows that there are over three times as many women as men science graduates in non-professional employment in science in Britain (Glover & Fielding, 1999).


� The Consultative Group on International Agricultural Research  (CGIAR) was created in 1971 to support a system of 16 international agricultural  research centers known as the Future Harvest Centers. Working in more than 100 countries, the Future Harvest Centers use science to reduce hunger and poverty, improve human nutrition and health, and protect the environment. The Centers are located in 12 developing and 3 developed countries.


� The reasons for this lack of travel were not made clear, although the authors conjectured family and security reasons which may also be related to decisions on investment in female education.


� In 2002, women made up 46.1% of the Canadian workforce overall.


� The GAB/UNESCO Toolkit on Gender Indicators in Engineering, Science and Technology includes a chapter on potential methods, sectors and frameworks to measure the effects of S&T for development. See http://GSTGateway.wigsat.org/ta/data/toolkit.html.


� Derived from a range of sources, including Malcom, 2004; Glover 2001; NSF; and MIT, 1999.


�Stamp, 1991.


� This section is based primarily on Khosla and Pearl, 2003. 


� This section is based on Clancy et al, 2003; and McDade and Clancy, 2003.


� This is a question for further research. 


� This section is based on Thomas, 2003.


�Some of the biological differences are related to reproduction in that women are vulnerable to health risks associated with pregnancy and childbirth. There are also gender differences in the incidence and prognosis of a wide range of diseases.  For example, women are more likely to be infected with HIV than men through sexual intercourse and are more susceptible to auto-immune diseases while men experience higher rates of heart disease. See, for example Doyal, 2002.


� Conference Discussion, IDRC Research on Knowledge Systems (RoKS) Roundtable, Ottawa, Canada April 26-29, 2004.


�See Doss C (2001) Designing African technology for African women  farmers: Lessons from 25 years of experience. World Development, 29:2075-2095.


� This section is taken from Huyer and Mitter, 2003.


� This definition builds on the definition of gender equality and computing found in Kirkup,2002 and Castells’ work.


� See Thioune, 2003; Rathegeber, 2002; and Hafkin and Huyer, 2003.


� India National Association of Software and Service Companies � HYPERLINK "http://www.women.or.kr/apwin/www.nasscom.org" \t "blank" �http://www.women.or.kr/apwin/www.nasscom.org�.


� For example, the number of Internet users in Indonesia is only 0.715 percent of the population, of which 20% are women. (Indonesian Association of Internet Service Providers (APJII) � HYPERLINK "http://www.apjji.or.id/" \t "_blank" �http://www.apjji.or.id�). 


� See Huyer, 2003a.


� See for example, Martinez and Reilly, 2002.


� Examples include GrameenPhone (see Richardson et al, 2000 as well as research which indicates that the poor do constitute a viable market for technology (Prahalad and Hammond, 2002).





