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The underrepresentation of women in science and engineering is well known and documented, and is a deep concern in many countries. Female engineering students lack role models and networks. Teachers and mentors play an important part in recruiting and retaining female students. But many women leave their studies, and later the profession, which loses a great number of talents. This is known as the ‘leaky pipeline’. The problem has now been firmly addressed by the ‘Committee for Mainstreaming –Women in Science’ in Norway. In order to bridge the gender gaps, strong measures are needed. At the Faculty of Engineering, Oslo University College, attempts are made to help the female students succeed in their studies. A mentoring project has been initiated. A women’s network group aims at giving female students an opportunity to form networks in the same way that men do. This paper describes experiences with a networking group and a mentoring program for women at Oslo University College, and the results that have been achieved. A study shows how female students who belong to a group and feel included, have heightened self-esteem and continue their studies.  

Introduction

The number of female students who enter and complete engineering is significantly lower than expected, when compared to the percentages of female students in higher education. The job market in Norway is still surprisingly sex-segregated, even after years of gender mainstreaming in all fields of education and society. Young people’s choice of education and career is still often extremely traditional. 

Paradoxically, the situation in Norway is such that women with good grades in engineering will be certain to get jobs. There is today an acute demand for engineers, but female engineers are still extremely underrepresented in industry. Colleges and universities in Norway have made several attempts at recruiting young women during the past years, especially in the field of computer science. Amongst these are campaigns pointing out the ‘soft’ aspects of engineering, and awarding special scholarships to women. However, although such attempts have led to small successes for a few years running, the numbers of female students are going down, and many leave after the first year. This indicates that the problem is not only recruiting female students, but retaining those that have entered the studies. Young women need role models. Mentoring programs can help in this respect, because the students will be introduced to the working profession during their studies, and female teachers can inspire the students to enter careers in science and engineering. 

Research shows that female students often feel that technical careers are impersonal and individual. In order to recruit and retain female students such stereotypes must be corrected and replaced with visions of engineers working together as a team to solve complex and rewarding technical projects [1]. The experiences of the networking group at Oslo University College support this view. 

The Pipeline Problem
‘The leaky pipeline’ is a term used by the European Commission to describe how women fall away from studies and careers in engineering. The European Commission established a group of national representatives responsible for women and science issues in both European Union Member States and countries associated to the Framework Programme in November 1999. This group is commonly known as the ‘Helsinki Group on Women and Science’. The Commission's Progress Report of May 2001 includes an update on the work of the Helsinki Group. The survey shows evidence that gender-segregation is a feature of scientific careers in all the countries surveyed [2].

It is not difficult to identify the causes of the leaks. They range from gender-based biases in hiring, evaluation, and promotion of women, to inadequate institutional support for women, and a shortage of encouraging female mentors in science and engineering. Ruth Graham, an engineer from the Imperial College London, interviewed over 50 women at different career stages from all over Europe. Some of the interviews were published in ‘Women in Science and Technology – The Business Perspective’ [3]. Women in Science and Technology (WIST) is a group composed of 20 company representatives and five experts, which examined the situation of inequality, diversity and gender mainstreaming in a number of Europe's top companies. One of the findings of Dr. Graham was how encouragement and support from family and teachers can greatly increase the chances of young girls entering scientific or engineering studies.
Many teachers and researchers have documented the problem of retaining women in engineering education and professional life, and recommend mentoring as an efficient remedy. In particular, Mary Anderson Rowland at Arizona State University has done extensive research on the issue of American Women in Engineering. Her findings show that the sense of belonging and being included is a major factor in the retention of engineering students, and how special programs for female, ethnic minority and freshmen students have an impact on retention. [4] [5] [6]. 

Barriers for Women

There are many barriers to women's success in careers. These include a lack of professional and educational support systems, and work-family conflicts [7]. Statistics released by the EU show European women do better in school than men, but get lower pay and fewer top jobs. Women also have smaller chances of becoming scientists than men do, and careers will be slower than that of male colleagues, according to the European Commission's last year’s  report ‘2006 She Figures’. The report shows how Europe has a deficit of women scientists, particularly in the business sector, where the average is about 18 per cent [8]. 
The declining numbers of women entering the computer science major is well documented and has been widely discussed, for instance in Tracy Camp’s ‘The Incredible Shrinking Pipeline’ [9], and ‘The Incredible Shrinking Pipeline Unlikely to Reverse’ [10]. Researchers at Stanford University show how women continue to be underrepresented in computer science degree programs at both the undergraduate and graduate level, and describe the strategies they adopt to remedy the problem [11]. According to the Helsinki Group report referred to above, the sexstereotyping of science and engineering should be attacked through the curriculum, pedagogy and the media. Strategies to help women to enter and remain in science and engineering include introducing role models, mentoring, networks, and encouraging women to apply for fellowships and posts [12]. A report by the National Academies on the status of women in academic science and engineering shows how US universities foster a culture that fundamentally discriminates against women [13]. 

Recently, an interesting initiative to incorporate diversity issues into the common engineering curriculum has been introduced at the University of Wollongong (UoW) in Australia. Students are made acutely aware of the problems women face in the engineering profession. Through this awareness one hopes for required change in culture, and prepare women to draw on available support [14]. 
Gender Mainstreaming
In order to compensate for the underrepresentation of women in various fields, many countries use gender mainstreaming as a tool for establishing gender equality. Gender mainstreaming is the systematic integration of gender equality into all policies and programmes, organisations and their cultures. It is supported by the European Commission [15] [16]. Nordic countries in particular have been using gender mainstreaming as an integrated approach to gender equality in all fields. Attending to the special needs of women in science and engineering is therefore in accordance with the recommendations of the European Commission.  
In Norway, the ‘Committee for Mainstreaming – Women in Science’ was founded by the Ministry of Education and Research in 2004. The Committee’s mandate is to support and give recommendations on measures that contribute to mainstreaming of gender equality work in universities and colleges, and thus promote gender equality.  
The Committee has recently proposed to financially award institutions that employ female scientists (February 2007). The Ministry of Education is following this advice, and Norway is the first country in the world to implement such a model. The University in Bergen is the first institution to reward institutes with a sum of 100.000 NOK (approximately 16.000 USD) for each female scientist who is hired [17]. 
Retaining Female Students at Oslo University College

The number of female students at The Faculty of Engineering has been going steadily down over the past few years. Figures collected from the college statistics show that from 2003 to 2006 the decline has been around 20 per cent. The total representation of women is currently 263 out of a total of 1141 students, thus amounting to a total of 18 percent. The figures vary on the different programmes. The computer science department has 16 per cent female students, but in the chemistry department, the percentage is high, around 65 per cent. Chemistry has become a female field. On the other hand, the mechanical engineering department has only 8 per cent female students. Interestingly, there has been an increase in female students in the building department, there are now 20 per cent female first year students. Building engineering has become extremely popular, also among women. Unfortunately, computer science studies do not have the same popularity, even though there is a great demand for experts in the IT industry.  
Being concerned about the low application figures and the numbers of female students leaving their studies, the author of this paper formed a women’s network group in the autumn of 2004 together with a colleague. The intention was to help female students form lasting networks, to indulge in both social and professional activities, and arrange seminars, talks and courses. The group has now existed for over two years, and has been firmly established. The name of the group is ‘ETWW’ – Engineering and Technology, the Women’s Way. Choosing an English name indicates the international aspect. 30 per cent of the students at the faculty of Engineering at Oslo University College are minority students, and many of them are women. The group has no formal membership. All female students are welcome, and male students are included in certain activities like seminars and courses.
The students are in charge of the group’s activities, and organize all the events. The goal is to have at least four important events per semester. There are board meetings every month, where everybody is welcome, and encouraged to participate. The group has a constituted leader. Activities include talks by women scientists, engineers and faculty, panel discussions and social events, hardware and software courses, job search seminars, interview seminars and a course in self-defense. The numbers of participants in the activities range from around 15 to 30. Hardware courses are very popular, and the students keep asking for more. The group has its own website where the activities are presented [18]. The role of the staff is now to act as support and mentors. 
Job search seminars are held without charges in collaboration with the Career Centre at Oslo University College. The Career Centre advises students about jobs and careers, and benefits from the publicity gained from conducting seminars in the women’s network group. The job search seminar has been held twice, with 30 participants. Male students, especially minority students, were also invited, and on the course, half the participants were male. The course in self-defence will be held exclusively for female students in the spring term of 2007, and by a female instructor, so that all women can participate, regardless of religion and culture. 

The Faculty of Engineering strongly supports the network group, having included it as part of the formally organized student activities. The Faculty provides a small budget of 25.000 NOK a year, (approximately 4000 USD), and promotes the group on the official College web-pages. Women are sensitive to the kind of criticism which attacks special activities for women. Therefore, support is important, because the group is now officially recognized by the institution as part of recruitment and retention strategy of the College.
 
A survey has been conducted in order to receive feed-back from the students. 10 female students have answered an extensive questionnaire. The group leader was interviewed. She said that in her role as leader, she has become acquainted with many of her female students that she did not even know existed, and that this is very inspiring. She is therefore working hard to include all the female engineering students in the activities of the group. Having an inspired and motivated leader has strengthened the group enormously. 

The results of the survey show that the group has had an effect on self-esteem and work results.  Several students reported that they felt better when they realized that other students had the same problems with for instance exams. Some expressed that they felt terrible after having failed an exam, but when realizing that other girls were in the same situation, they did not feel ‘stupid’ or discouraged, but were inspired to carry on their studies. This indicates that feeling included and part of a larger group has an effect on retention, as is shown by Anderson-Rowland [5]. The students believe that the existence of the group has an effect when trying to recruit women to engineering studies, because girls place emphasis on groups and socializing. They also stress the importance of having female teachers, because as well as being an inspiration and role models, female teachers are proof that women can go far in their careers, a strong motivating factor. More women in academic positions will have an impact on retention, therefore, the Norwegian financing model for hiring women in academic positions is extremely interesting.  
Mentoring Programs

A mentor is a role model who has first hand information about the profession she has chosen. A female engineer can help other women to understand the hidden structures in industry, especially in heavily male dominated fields. The mentor is not a professional adviser, but should encourage personal and professional development. Older students can also act as mentors for first year students. 

Several universities in the United Kingdom and the United States use mentoring as a way to improve the gender balance. In the UK, The Athena Project was established in 1999 by the UK higher education funding councils, and Office of Science and Technology, Department of Trade and Industry. Its aims are the advancement and promotion of the careers of women in science, engineering and technology (SET) in higher education and research, to achieve a significant increase in the number of women recruited to top posts. Athena has worked in partnership with universities, research councils and SET professional societies [19] [20]. Among the partners are the University of Cambridge, Sheffield Hallam University, and MentorSET, a national mentoring scheme started in 2002 [21]. The University of Leicester is working in partnership with the IEEE UK Section to develop a mentoring scheme linking female Leicester students and student members of the IEEE to established female engineering professionals [22]. The University of Cambridge has set up a mentoring group to support women in IT and computer science research, Women@CL. It was officially launched in 2004 [23]. 
In the USA, Harvard University launched two Task Forces in February 2005, the Task Force on Women Faculty and the Task Force on Women in Science and Engineering (WISE) - to ‘develop concrete proposals to reduce barriers to the advancement of women faculty at Harvard’ [24]. AWIS (Association for Women in Science) has the following mission: ‘The Association for Women in Science is dedicated to achieving equity and full participation for women in science, mathematics, engineering and technology. We are a Network, a Resource, and a Voice.’ [25]. The Committee on Women in Science and Engineering (CWSE) was established in 1990 as a standing committee of the National Research Council (NRC). The committee collects and disseminates information on the education and employment of women scientists and engineers, and recommends ways to enhance women’s advancement [26].
The mentoring project at Oslo University College
The goal of the mentoring project is to offer personal support, especially in the beginning of the studies, when the students need it most. The traditional marketing approach is to recruit women by trying to convince them to try engineering, and to emphasize the soft aspects of the profession. However, once they have started the studies, students are offered little follow-up, and retention is low. Also, many girls are disappointed to find that the studies are different from what they have expected, and also extremely male dominated. 

The mentoring program was established in January 2007. It aims at creating a basis for mutual exchange of knowledge and experience between mentee and mentor, encouraging personal and professional development and heightening self-esteem.  The role of the mentor is to give advice and to inspire. Female students in their third and final year volunteer to become mentors for first year students. Mentors are also recruited from industry in the Oslo area. Female engineers in several large industrial companies have been invited to join the program. By being in touch with women who work as engineers, the students learn what it takes to become successful in engineering. They receive information about the tasks of an engineer, the barriers other women have overcome, and about the hidden codes and networks that exist, independent of gender. The students welcome the program and have high expectations. 
A mentor can have several students. It is recommended that each mentor should have four mentees, no more. The mentoring program includes receiving professional guidance, visiting local companies, and social gatherings for all mentors and mentees. The mentor and mentee themselves decide how many times they will meet during a semester, and the nature of those meetings. 

Conclusion

For several years, the numbers female scientists and engineers have been going steadily down in Norway and in Europe. The European Commissioner has expressed concern that industry and science is losing many talents by excluding women. Strong measures are needed to bridge the gender gaps in engineering and science. Norway is implementing a program for financially awarding institutions that hire women in permanent academic positions.  Science and engineering need women, and more female faculty will act as role models and inspiration for female students. Mentoring and network groups for women are recommended by the European Commission in order to recruit more women into technological studies and professions and retain them.  International research shows how building networks helps with retention among female students in science engineering, because they become included as part of a larger group. The official policy of the Faculty of Engineering at Oslo University College is to recruit more women to the various study programmes. The network group ETWW and the mentor program are now part of this recruitment strategy, and the project has been included in the formal organization of the institution. ETWW is becoming well known at Oslo University College, and collaborates with the Career Centre, a resource centre for students. Female students express satisfaction with the group and its activities, and are benefiting from both the social and the professional activities. The existence of the group is believed to have an effect on recruitment of women into the engineering studies, and is now used as part of the marketing strategy by The Faculty of Engineering. The mentor program provides personal support, guidance and follow-up of the female students, something which is of great importance especially in the beginning of the studies. Together with the mentor program, the network group helps with retention among female engineering students. Students report how being part of a larger group means feeling included, and also more successful. 
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