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ABSTRACT

The number of women is less than the number of men in degrees like physics and engineering. In this paper we present
the percentages of female students at the Spanish Universities. The percentage of women decreases for faculty members.
We also give some figures for female students in physics degree. The value of mentoring programs is analyzed. The
learning societies in physics and in optics have established committees and programs for helping the women in their
scientific career. We describe them in general and we focus on the SPIE Women in Optics program.
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1. INTRODUCTION

The low number of women in the fields of physics and engineering has been discussed in several conferences and in
some papers. The analysis is generally done by giving the number and percentage of female students as well as the
percentages of women who have developed a scientific career. Sociological studies may help to understand better the
reasons that produce this gender gap.

The knowledge based on education is an important factor to define the degree of social and economic development of the
society. So the access of women to high degree education, starting in some countries at the end of the XIX century, but
more generally along the XX century, is an important step in this direction. Now, in many countries, the number of
female students at the universities is slightly higher than the number of male students.

In a long and general study in US [1], Linda Sax compares women’s and men’s development during the undergraduate
years with a documented analysis that identifies many ways that college impacts men and women differently. From the
data obtained from a sample of 17000 male and female students that represent 200 institutions in US, Sax examines the
impact of college experiences, peer groups, and faculty on a comprehensive array of student outcomes. This documented
study suggests that women and men are not affected in the same way by the undergraduate experience.

The European Commission has released in April 2013 the document “She figures 2012 [2]. This document is published
every three years and provides a wealth of data on the gender breakdown at different levels, and in different sectors,
within research and innovation.

The International Union of Pure and Applied Physics organizes an International Conference on Women in Physics every
three years. The first Conference was in Paris in 2002 and the second one in Rio de Janeiro in 2005 [3,4]. The most
recent conference was held in 2011. In the two first conferences two surveys were carried out with participation of more
than 1000 women from 50 countries. The third survey, the Global Survey of Physicists [5,6], was sent to men as well as
women to document the differences between their experiences. It reached 15000 physicists from 130 countries and the
answers arrived by October 2010. The surveys try to ascertain working relationship in graduate schools and laboratories,
access to opportunities and resources, and the effects of those variables on women’s careers. In the third survey another
important variable was added: family obligations. Ivie and Tesfaye [7] point out that the low representation of women in
physics is a problem the community needs to address, but the community also needs to address inequities in access to
resources and opportunities. Other factors like cultural expectations about home and family that may inhibit the progress
of women physicists are more difficult to change.

The group of Women in Physics from the Spanish Royal Physical Society has participated in the four International
Conferences on Women in Physics organized by IUPAP. The last paper about the status in Spain can be read in [8].
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In this paper, we will present in section 2 numbers of students and percentages of women in the Spanish Universities. We
will compare the percentage of women in physics degree with the percentage of female students in general. The
percentages of professors at the universities are studied in section 2.1.2. In section 3, we will analyze the advantages that
the mentoring programs can provide for the recruitment and retention of female graduate and Ph.D. students in a
scientific career. Finally, we present in section 4 some projects developed by scientific professional societies in physics
and in optics. We focus on the SPIE programs in Women in Optics.

2. CURRENT SITUATION IN THE SPANISH UNIVERSITIES

2.1 General statistical data

In this section we present some relevant information about the current situation of women in the Spanish universities.
The tables and graphs showed below have been extracted from the comprehensive analysis conducted by the Spanish
Ministry of Education in the year 2012 [9] with statistical data from all Spanish universities. First, we focus on the
students distribution and then, on the professors.

2.1.1 Students

The percentages of women over the total registered and graduated students in Spanish universities are shown in Table. 1.
The unification of the new European studies has led Spain to the creation of new programs adapted to European Higher
Education Area (EHEA) [10]. This unification has not been made simultaneously in all universities. Thus, currently in
the universities, there are coexisting undergraduate students in the current program (EHEA) and in the previous program.
We observe that concerning registered students, women are more than 50% in all different levels of studies
(undergraduate and Master studies).

Table 1. Registered and graduated students in the university system, 2011-12.

Registered Graduated
Total % of women Total % of women

Total students 1.582.714 54,3% 267.069 59,1%

Undergraduate students in the current 824,741 55.4% 20743 46.0%
program

Undergraduate students in the previous 644.912 52.7% 196.497 61.1%
program

Master students 113.061 54,6% 49.829 56,9%

The percentage of undergraduate students divided by gender and education fields is represented in Fig.1. We observe
that the lowest percentage of female students is in engineering and architecture, whereas the highest is in health sciences.
The percentage of female students in science is slightly higher than 50%, but it is well known that this percentage
changes for each specific major. In particular, in physics is much smaller. We will discuss this case in the section 2.2.
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Figure 1. Undergraduate students distribution by education fields and gender, 2011-12.
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The percentages of women in Master degrees, shown in Fig.2, present a similar tendency with respect to undergraduate
studies. We see a small decrease of women in Masters in science; while in engineering and architecture, the percentage is
slightly higher for Master female students than for undergraduate female students.
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Figure 2. Master students distribution by education field and gender, 2011-12.
2.1.2 Professors

In Table.2, we show the distribution of the different academia positions, as well as the percentage of women in each
category. With respect to the categories of professors who have a permanent position (with tenure) at the public
universities, they are ordered in Table. 2 from the highest position (Full professor of university) to the lowest position
(Professor of university schools).
We see that these percentages are much lower than for female students (Tablel). In addition, the higher the position is in
the rank of professors, the smaller the women representation is. This tendency can be also observed in Fig. 3, where the
women scientific career is represented.

49,99 50,1%

Sciences

Table 2. Teaching and research faculty members in universities, indicating women percentage, 2010-11.

Total % of women
Total 115.218 38,1%
Public Universities 104.756 37,8%
Government employees (civil servents) 49.468 34,7%
e  Full professor of university 10.285 18,4%
e  Professor of university 30.082 38,9%
e  Full professor of university schools 1.378 29,4%
e  Professor of university schools 7.532 41,4%
e  Other government employees 191 30,9%
Professor emeritus 1.066 30,4%
Own centers contracted employees 49.797 40,3%
Affiliated centers contracted employees 4.425 45.2%
Private Universities 10.462 41,3%
Own centers contracted employees 10.098 41,2%
Affiliated centers contracted employees 364 44,0%
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The percentage of total women as faculty members of Public Universities is 37,8%, but in the highest position (Full
professor of university) the percentage of female professors decreases to 18,4% (Table2).
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Figure 3. Women scientific career, 2010-11.
2.2 Universitat Autonoma de Barcelona: physics degree

Concerning the representation of female students in the physics degree, we have focused on the Universitat Autonoma de
Barcelona (UAB). This academic year 2012-2013, the percentage of female students over the total registered students is
20,4%. This value is much smaller than the representation of women in science majors (53,6%, see Fig. 1). This
percentage of female students in the physics degree in our university has been without appreciable changes since 1994,
as Fig.4 shows. The figures are similar in the degree of physics in other Spanish universities.
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Figure 4. Evolution of women students registered in the physics degree at the Universitat Autonoma de Barcelona.

Since 2005, the UAB has an Observatory for Equality, a university organization created by the Governing Council of the
Universitat Autonoma de Barcelona as a specialist support for the design and evaluation of equality policies. This
organization is dedicated to the study and diagnosis of sexism at the university, of the situation of disabled people at the
UAB and social and economic inequality. As well as, the creation of proposals for action aimed at correcting inequalities
in these three fields.

3. MENTORING PROGRAMS

On the low number of women in physics and engineering, two moments in the women career are known to be crucial:
First, at the end of the mandatory education and when girls are deciding their higher education and second, when they are
finishing their majors or after their graduate studies, when the students will consider a professional or researcher career.
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Actually, the advisor guides to the graduate student, helping with the election of the professional career and transferring
his or her knowledge [11].

We consider that during this second moment a mentoring program can be helpful. In general, these kinds of programs do
not exist in the Spanish universities, although in other countries like in the US they are already integrated into the
university society.

However, three years ago there was a pioneer mentoring project in Catalonia [12]. The program was promoted by the
government of Catalonia, to promote the women career in science and technology. The project was addressed to 50
women in the scientific and technologist field, including the two authors of this paper. There were 25 pairs of mentor
(prominent women working in science, technology, engineering in the university or a private company) — mentee
(graduate student or young researcher). The mentoring process entails a personal exchange of knowledge and
experiences between mentor and mentee, creating a reciprocal relationship with benefits for both. The participants were
satisfied by the results achieved during this mentoring program. This project was stopped after that edition.

4. PROJECTS OF THE OPTICAL PROFESSIONAL SOCIETIES

The different international professional societies in physics and optics have their own groups focused on women in
science. For instance: SPIE (the International Society for Optics and Photonics) [13], OSA (the Optical Society) [14],
APS (American Physical Society) [15] and [UPAP (International Union for Pure and Applied Physics) [16].

SPIE Women in Optics promotes personal and professional growth for women through community building, networking
opportunities and encouraging young women to choose optics as a career.

Minorities and Women in OSA (MWOSA) is dedicated to providing focused educational and networking opportunities,
career support, grant information and related services to minorities and women in optics and photonics.

APS through the Committee on the Status of Women in Physics (CSWP), is committed to encouraging the recruitment,
retention, and career development of women physicists at all levels.

The TUPAP working group on Women in Physics is dedicated to survey the situation for women in physics in [UPAP
member countries. To analyze and report the data collected along with suggestions on how to improve the situation. To
suggest ways that women can become more involved in IUPAP, including the Liaison Committees, the Commissions,
the Council, and the General Assemblies.

We give here some figures and facts from SPIE. Women members currently make up 15% of SPIE membership. This
can give an idea of the representation of female professionals in the fields of optics and photonics. Women make up
more than 20% of the membership of SPIE Standing Committees; four of these 17 governance committees were chaired
by women in both 2012 and 2013.

The program Women in Optics in SPIE makes several actions.

There is a SPIE WiO web page that features 14 video interviews with women speaking on both technical and personal
development topics. The Women in Optics Planner is published yearly and 4,000 copies of it are distributed each year to
school programs, by individual request, and at SPIE events. Although published yearly, SPIE has expanded the WiO
planner to include 18 months so that its useful life is extended. 30 women were profiled for the 2013 edition. These
monthly planners feature interviews with women in leading positions in optics and photonics industry, government, and
academia.

In [17], Thomas comments from the stories of WiO planner 2013 that “Most people deal with obstacles when starting out
in their careers. Since these women have stood their ground and moved forward despite such obstacles, more doors have
been opened for women in science. The stories they share show that while the gender gap has narrowed, it has by no
means closed. Another common thread in these stories is the importance of networking. Much of the advice found in the
planner touches on learning from others, particularly those who have chosen a similar path”.

SPIE sponsors WiO gatherings, ranging from featured speakers combined with receptions, to networking lunches, at 6-8
SPIE events each year. At Photonics West 2013 the WiO event was entitled: What Works for You: A Mentoring Panel
for Women in Science and Technology, chaired by Michelle Xu, UC Berkeley, with five women panelists from different
age groups and backgrounds. Optics and Photonics Symposium in August 2013 will feature a presentation: Finding the
Right Fit: From Atmospheric Scientist to Educating the Next Generation of Scientists Worldwide, by Kathy Perkins,
Director, PhET Interactive Simulations, University of Colorado Boulder.

In the professional societies there are several parameters that indicate the recognition of the work done by the
researchers. We describe here the numbers of members upgraded to Fellow member category. With the data from SPIE
there are 52 women fellows (7%), out of 717 total fellows. To put it in perspective, 2% of the women members are
fellows, compared to 5% of male members who are fellows.
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5. FINAL COMMENTS

If we compare the above results with the data in Europe, we can add the following: the data from the European
Commission in 2010 show that the women make up 59% of all graduates, 46% of PhD graduates, and progressively
lower proportions of academic staff, down to 20% of grade A (equivalent to Full professors in most countries) across all
subjects in the EU-27. Female researchers are more likely to be found in higher education or government sectors than in
business enterprise, with only 19% in the latter sector (from a study of 2009). Women remain underrepresented on
boards, too. The report in [18] advocates the use of proactive policies to promote gender equality because the data along
the last years show little evidence that the gap will be closed by the action of time alone.

The actions that the community may do to correct the inequity of women in the professional careers in physics and in
optics should be addressed to remove all the differences in resources and opportunities that the women may face.

If the society wants to increase the number of female students in physics and engineering, some actions for attracting
more girls for pursuing these majors could be organized at the secondary schools. It is important to correct the image that
these fields are male dominated by showing the existence of women working in these fields. An international interest on
this issue exists and some countries organize specific actions (see for instance [19] in Spain and [20] in Germany).
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