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Abstract

The under-representation of women in both undengasel and graduate students in technical
universities all over the world is a well-known tad¢-rom the beginning of the 21st century,

noticeable effort has been made to encourage wanterengineering and to support them in

their studies in Finland. Figures in the amountwfdergraduate and graduate students in
science and engineering have been moderately isgrgaHowever, women are not eager to

pursue a post-doctoral career as research scientWg¢é examine this problem defining the

female research scientists’ work circumstances wodking career strategies in technical

academic positions. We represent that the work fcanical research scientist is suitable and
can be very rewarding for women. However, theresegertain dominating factors that in large

scale clearly prevent women from considering techhiesearch as a favourable career choice.
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1. INTRODUCTION

Women form a minority of employees in most techiigad engineering professions.
When choosing a field of study majority of techrllgaand mathematically qualified
women choose in favour of other studies than engyiimg or natural science.[1] This
leads to a forceful segregation and variety of abt@ problems in some fields of
engineering. The phenomenon has strong societhyyrabiand organisational roots. In
Finland as well as globally this produces problemnsterms of labour market
segregation, potential loss of qualified employ@edield of technical research and
potential decelerated Gross National Product.

Our approach to examine this problem is to defime female research scientists’ work
circumstances and working career strategies inrtieeth academic positions. This
study is based on an extensive survey conductedl imernational three-year project
(2005-2007), WomEqual. WomEqual's objectives arestpport women’s career
development especially in technology fields, proem@tomen’s innovation activities

and entrepreneurship as well as to create and imgfe a tool for women’s

networking. WomEqual’s activities are:

* Development of weme.fi web community. This tool &itmo support women'’s
networking in technology fields. The community prdes e.g. role models and



the possibility to share experiences and knowleidgader to create co-support
and solve career and family challenges.

* Launch of peer support groups and mentoring progne, which aims too
create and implement operations models to univiessfor supporting women
who are studying or working in technology fieldshd supporting acts are to be
pair and peer group mentoring.

» Offering Business education for postgraduate sttglemfields of technology.
This programme is focused on sparring highly ededavomen into
entrepreneurship and improving the ability to recisg and productify research
results that can be applied to business developnidrt tool for this is a
training programme *“ Introduction into businesstking, technology
applications and enterprise leadership”

[2]

2. GENDER DIFFERENCIES IN ENGINEERING EDUCATION IN  FINLAND

In Finland, during year 2005 women constituted 57 dfomatricular examination
candidates. The gender-balance has been quite pentasince there is only one
percentage variation during the last ten year perjt] Most of these women apply for
a higher education of field other than technologht year 2005, 24,7 % of accepted
higher education engineering students were fenfgléhe same time, the proportion of
women in master’s level graduates was 24,9%. Thegeage of women of overall
students has been slightly less than 20 %. The anofiboth female applicants for
engineering studies as well as master graduatesbbas moderately increasing in
recent years. Figure 1 depicts the percentage ck@ed female applicants and
graduates in engineering education during year©18®5. Line has been adjusted by
method of moving average per two measuring poiatdiustrate this phenomenon in a
visually more explicable manner. [1]
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Figure 1. The percentage of accepted female apmcand graduates in engineering
education during years 1990-2005 illustrated in mgwaverage of two.

As can be seen from the figure 1, in year 1997,dah@unt of female applicants begins
to increase somewhat noticeable. The timing is eg@alis to the organizational
movements in Finland due to which the intake of ieegring students was remarkably
increased. At the same time the labour markethiendector of information technology
(IT) were growing rapidly. Simultaneously the Grdsational Product of Finland was
accelerating. At year 2001 a negative turn of thege of engineering profession took
place. This phenomenon was due to several widedpeaoffs from large-scale IT-
employers. At the same time the intake was decikaSkentionable however is that
the percentage of women, both as applicants andugttes, seems to continue their
growth despite overall societal pressure to otheeation. It seems that the reasons
that encourage women to engineering studies areegadrat separate from the ones of
their male peers.

The continuing growth has presumably two major deators: From the beginning of
the 21st century, noticeable effort has been madeencourage women into
engineering and to support them in their studieFinland. Large-scale supporting
projects have been originated both from two techhimiversities, Helsinki and Oulu
as well as The Association of Finnish Technologyustries. First pilot projects in
terms of this kind of activity were started alreanlythe eighties, but the operation
hasn't been this systematic or large scale bef@imultaneous, a few novel and
interdisciplinary programmes (for example Bioinfation Technology at Helsinki
University or Technology) were launched.

According to earlier research, increased interdigigtary has an impact on both
bringing women into technical fields and supportthgm through their studies. [3]-[5]
It is commonly noted that enhancing engineeringricuta with for example arts,
improves among other benefits networking channeld aommunication methods.
This in turn creates more balanced and supportiMaate for learning. [6]-[8] A
positive climate and feeling of comfort affects wemmore than their male peers: a
study of women in Computer Science (CS) suggesst wwomen with low comfort
level perform significantly worse than average. e other hand women with high
comfort level are most probably to exceed their mal ratings. [9] This example
reveals the importance of supporting acts in bmiggivomen into technical profession.

The proportion of women in doctoral studies has eradely grown already in the
eighties. However, the strong growth of female postiuate students started in the
early nineties and has continued straightforwardisTgrowth is straight connected to
the overall amount of postgraduate students in &idl The volume of doctoral
students has doubled from 1990 to 2005. In addittmamount of both licenciate and
doctoral degrees has grown, yet not as steadilhasiumber of students. This can be
due to two factors: the growth of the amount of tstleidents and an organisational
pressure to produce especially either licentiatesactorates. The amount of female
postgraduate students is noticeable compared taemsdevel students. Figure 2
illustrates the growth of doctoral students, licextes and doctorates during years
1990-2005. [1]
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Figure 2. The percentage of female graduate stsdéoénciates and doctorates during
years 1990-2005 illustrated in moving average ab.tw

Despite the high figures in postgraduate studewtsnen are not eager to pursue a
relevant post-doctoral career as research scientistyear 2005 female professors
formed only 6 % minority of professorship in theeld of higher technical education.
At the same time the proportion of female assistaantd lecturers were around 30 %.
Among the managing assistants the amount of womas %6 %. [1] It seems that
some kind of shrinking pipeline exists in the fatyubersonnel: women are capable of
accomplishing their postgraduate studies, but th@yot get promoted as post doctoral
scientists or they choose not to aim for higherderaic positions.

All figures represented above are merely averagenfrall technical fields in all
technical universities. The proportion of femalaidgnts and personnel members
seems to vary based on the field of technologyti§ias from the largest Finnish
technical university, Helsinki University of Techlogy, point out that the most
attractive master level programmes for women arer@ical Technology, Information
Networks, Architecture, Bioinformation TechnologgcaReal Estate Economics. The
proportion of female students in these programnseapproximately 40 %. The least
attractive programmes for women are Electronics daléctrical Engineering,
Computer Science and Engineering, Mechanical Ergging and Engineering Physics,
the percentage of female students being circa 1086.gender distribution with post-
graduate students can be considered approximasgbllpl with minor differences in
most and least popular departments. Mentionableh& women as postgraduate
students form a majority in two most popular depsehts: Chemical Technology and
Architecture. [10] The factors mentioned above oade that there is a strict
differentiation in gender balance between differéalds of technology. Some study
programmes can be considered as non-problematicealethers are in a great need
for supporting actions.



In our research, the majority of interviewees areni programmes with significant
gender unbalance in favour of men. Our approadb igentify common nominators in
their working circumstances, both positive and nagaimpacts to in their working
life as well as reasons for choosing their profeasi

3. RESEARCH METHODOLOGY

In this study, results of eighteen theme intervieaf$emale research scientists as well
as a group conversation of eight persons were aedly Additionally, the diary-
method was used with the interviewees. The intevee persons were mainly working
at the Helsinki University of Technology. Four paipants worked at the University
of Oulu and four at the Lappenranta University @fchnology.

The researched women were asked to keep a diatlgenf work and leisure time for
one week. In their diaries, they described theitielsy transactions, impressions and
feelings during the day. At the beginning of thesthe interview, they traversed their
records with the interviewer in more detail. Addmially, the interviewer asked several
guestions to elaborate their working life as wedlfamily and leisure time. The main
themes of the interview is shorly categorized below

Working life
* Basic duties, responsibilities
* Best and worst parts of one’s work
» Skills needed in one’s work
» Tools used
* Working community
» Support, need of support
* Networking
Family and leisure
» Life and family situation
» Everyday life, family — work arrangements
» Support, need of support
» Balance between family and work
* Leisure time
* Networking
* Future hopes
» Does one consider being on the right field

In the group interview eight female research sdamstgathered to talk about their
work, challenges, practices and strategies. Thevewation was guided, but not
restricted. At the end, participants wrote downeapdndently their own related ideas
and thoughs. Interviews and the conversation waped and transcripted. The data
was analysed qualitatively. The content of the W&t restructured and classified. The



aim was to interpret and form an understanding e tesearch subjects. When the
material was analysed, the researched individuadsewdivided into two categories
depending on the length of their careers. The fiaiegory consisted of the beginners
(graduate students, or otherwise early in theieagsh career) and the second one of
more experienced research scientists (licentiadestors, professors). Key elements
were arranged into a matrix from which similaritiesnd characterizations were
classified further.

4. RESULTS

The female research scientists experienced thekves interesting, versatile and
multifunctional. They felt creative and independamd had excellent possibilities to
affect their work, schedules and the completiontioéir duties. Additionally, the
constant learning and self development processeas seen as great advantages. A
detail worth mentioning is that female researchentists with children considered
their balance between work and family life to beisfactory and good. For some
mothers, the flexibility of their work was a decisi factor in choosing an academic
career.

The most significant problems experienced by thesamined female research
scientists were related to lack of support and aott, loneliness, isolation from the
society and fixed-term employments. These problerase most substantial among the
beginners and they were related to situations, ehbe woman was only or rare,
implicating the gender-balance strictly male donmndt seemed that the feelings of
loneliness and isolation correlated with the gero@iance of working team: those
being only or very rare women felt more left outsiform the community or excluded
form the group than those working in more even gardalanced communities.
However, despite the above mentioned problems, ntdrwomen working in a very
uneven gender-balanced society in favour of mens@red working in a male-
dominated field as a positive aspect in their warkcircumstances.

Due to lack of support many of the young femaleeaxhers had a low self-esteem
concerning their technical and research skills #r&y had doubts of their suitability in
research society. This problem was deepened by soale peers’ understatements
toward certain female researchers and their ideas/ar achievements. Some of the
interviewees found it problematic that they wereatty responsible of their work,
development and progress at the same time theyndideceive relevant guidance or
support. With lacking guidance many of the womemsidered keeping oneself in
track and advancing their research efficient enoagh difficult and problematic task.

One noted coping method among beginners was to esdrate on teaching tasks,
which were described as straight forward and welitted. Drawback of this method
was that the teaching activities took time and rgses from research work. However,
teaching student guiding activities were seen vameresting and motivational.
Majority of interviewees, both young and experieiceaw teaching or student
guidance a very positive part of their work.

More experienced researchers had created soluffongxample unofficial networks
and peer groups) making them less vulnerable towalee problems represented
above. Noteworthy was, that two researcher in thddhe of their career commonly
had networked geographically distributed and seetoetbnsider that solution easier



than approach colleagues in the same unit. Moshefwomen researched emphasized
the importance of communication and interactionllskiThese skills were actively
used when constructing research networks to sureivéeld.

Common denominator for many young researchers Waisthey didn’t actively plan a
career as an academic specialist in their field. f&wt considering one’s work
meaningless and fears of current position not pringoone’s career, some of the
interviewees had serious doubts, whether they shtedve. In fact, they considered
themselves lacking in career opportunities in tleademic society. Some women
openly stated family-situation as a reason for enotr academic position.
Simultaneously they planned on career outside avadé&chnical research. Many of
them assumed that in the future they would aim gtosition outside the academic
arena where they could utilize their full potenti@hd receive appreciation of their
efforts. As much as 40% of the female researchre@es stated that current work was
only contemplated as an intermediate phase in therking career.

5. CONCLUSIONS

This study reveals that in Finland the work of &haical research scientist is suitable
and can be very rewarding for women. Additionalan academic research position
offers favourable possibilities for combining wornd family. Certain level of
autonomy and even loneliness can be considereddopthe culture - partly gender-
related. We propose further extensive research igcoser whether women’s
experiences of isolation are at some level sharild @ther minority groups (linguistic,
racial, etc.) or their male peers in the technieearch society. Focus on getting rid of
isolation experiences and bringing in social supespecially important, since it has
been shown in earlier research that feel of comf@s a major effect on women'’s
study and work success.[9] Additionally feelings loheliness and isolation can be
explaining factor to the phenomenon that womena=semic work only as an phase

This research clearly depicts that women are ineachof special supporting acts to
manage in male-dominant, academic technical rekesocieties. These supporting
acts have emerged, but they need to be strengthienextier to gain better results to
keep these skilled female researchers in the acedeasearch field. Additionally
study and research guidance must be deepened tevadtuality and excellence. One
major problematic issue is that the work is heavgsed on unofficial networks and
contacts, which are difficult to attain for minaas. Our technical academic research
society is in a need for more effective networkiogls.
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