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Abstract. Introduction. The problem of the relatively small number
of women professionally employed in computing (computer science and
information technology) is relevant throughout the world. Despite the fact that
IT professionals are widely in demand, women in many countries, including the
USA and Russia, make up no more than a quarter of their total number, which
requires explanation. One of the major reasons for this phenomenon, according
to the authors, lies in the education system.

The aim of this article was to analyse the factors affecting gender imbalance
in IT professions, by comparing two countries in which information technology
has historically played an important role, and which are very different from each
other in many ways — economic, political, educational system and others.

Research methodology. The present research is based on the comparison of
data on IT education in schools and universities, and the degree of involvement
of girls and women in computing in the USA and Russia.

Results. Both in the USA and in Russia, gender imbalances in IT
professions are formed largely in the field of education. Cultural stereotypes
about computing as a male-dominated profession are produced by the media.
Such stereotypes can discourage some girls and young women from studying
computer science and also result in imbalance formation. The education system
needs to increase the confidence of girls and young women in the possibilities
of realising their abilities in the field of computer science and information
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technologies. Educational institutions should help to eliminate the negative
attitude towards girls’ choice of IT professions.

Scientific novelty. For the first time, general factors in the field of
education were identified that affect gender imbalances among IT professionals
in Russia and the USA — the countries with significantly different traditions and
educational systems.

Practical significance of the present work is to justify the conditions
for improving school and university education to solve the problem of gender
inequality in IT industry.
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AnHomayusi. BgedeHue. [IpobGaeMa OTHOCHUTEABHO MaAOH MOOAM JKEH-
IITUH, TPO(PECCHOHAABHO 3aHATBIX B KOMITBIOTUHTE (HHOpPMAaTUKE U HHOPOP-
MaITMOHHBIX TEXHOAOTHIX), aKTyasbHa BO BceM Mupe. Hecmotps Ha TO, uTO IT-
CHIEIIMAaAUCTHI IITHPOKO BOCTPEOOBAHBI, JKEHIIIMHEI BO MHOTHX CTPaHax, BKAIOYAsd
CIIIA u Poccuro, cocTaBAgIOT He 6oAee YeTBEPTH OT UX 00111ero KoandectBa. OqHa
U3 IIPUYNH YKAa3aHHOTO IBACHHS, 110 MHEHUIO aBTOPOB Ype3BBbIYAHHO BecoMmas,
KpOeTCsl B CHCTeMe 00pa30BaHUs.

Ilenb maHHOTO UCCAEIOBAHUS — aHAAU3 (PAKTOPOB, IIPUBOMASIINX K TI'eH-
aepHoi nucnpomnopuuu B IT-npodeccusx, ¢ IIOMOIIBI0 CPABHEHUs OIbITA ABYX
CTpaH, B KOTOPBIX UH(OPMAIIMOHHBIE TEXHOAOTHH HCTOPUYECKH UTPAIOT BaXK-
HYIO POAb M KOTOPBIE CUABHO OTAMYAIOTCA APYr OT Apyra II0 MHOTHM IlapaMerT-
paM — 3KOHOMHUYECKHM, IIOAUTHUYIE€CKHUM, CUCTEMaM O6pa3OBaHI/IH H UHBIM.

Memoodonozust uccnedoeaHust — COIIOCTABAEHHE MAHHBIX O IIIKOABHOM I
yHuBepcuterckoM IT-o0pazoBanuu B CIIA u Poccuu 1 cTerieHH BOBAECYEHHOCTH
JKEHIIUH B 9TUX CTPaHax B 00AaCTh KOMITHIOTEPHBIX TEXHOAOTUH.
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Pesynemamost pabomest. Ilokazano, yro u B CIIA, u B Poccuu reHmepHbIe
aucIporiopinu B IT-oTpacau popMHPYIOTCH B 3HAYHUTEABHOU Mepe B o6paszoBa-
TeABHOH cpene. VX MOABAEHHUIO CIIOCOOCTBYIOT TaK:Ke TPAaHCAHUPYEMble MacC-Me-
[Ha COLMOKYABTYPHBIE CTEPEOTHUIIBI O IIPOrPAaMMHUPOBAHUU KaK HCKAIOYHUTEABHO
MyzKCcKoO# mpodeccuu. CucreMe obpa3oBaHUs HEOOXOAMMO MOBBIIIATL YBEPEH-
HOCTB [IEBYIIIEK U MOAOJBIX JKEHIITUH B BO3MOXKHOCTH PEAAM3AIINU UX CIIOCOOHO-
creil B cpepe HHPOPMATHKH U HH(MOPMAIIMOHHBIX TEXHOAOTHI. O6paszoBaTeAb-
HBIE YIPEIKICHHUS JOAKHBI COIeCTBOBATE ANKBHIAIIMH HETATUBHOTO OTHOIIIEHHUS
K BbIOOpY AeByIinkamu IT-mipodeccuii.

HayuHas HosusHa. BriepBrle BbIIBAEHBI 00IHe (haKTOpPEI B chepe obpaszo-
BaHUs, BAUSIOINE Ha IeHIepHbIe AuCIIpoIiopiuu cpenu IT-cnenmaancros B CIIA
u Poccuu — cTpaHax € CyIIECTBEHHO Pas3HBIMU TPAIULIUAMU U CHCTEMaMU obpa-
30BaHUd.

IIpaxmuueckas 3Hauumocms PaboTbI COCTOUT B OOOCHOBAHUH YCAOBUH CO-
BEPIIIEHCTBOBAHHUS IITIKOABHOTO H YHHUBEPCUTETCKOTO 00pa30BaHUs A PEIIEeHUs
mpobaeMbI TeHIepHOro HepaBeHcTBa B IT-oTpacau.

Knroueesvle cnoea: IT-obpaszoBanye, 3KEHIIUHBI B KOMIIBIOTUHTE, TeHAEP-
HbIE AUCIIPOIIOPIINH.

Ans yumupoeanusi: Xeuuep E. K., @pus K., 3eita O. IT-obpazoBanue Kak
hakTOp BAMUSHHA Ha T€HAEPHBIE AUCIIPOIOPIHMH B KOMIIBIOTHHIE: CPaBHEHHE
onblTa Poccuu u CIIIA // O6pasoBanue u Hayka. 2020. T. 22, Ne 8. C. 189-206.
DOI: 10.17853 / 1994-5639-2020-8-189-206

Introduction

In this paper, we present data and perspectives on women in informatics
and computing from two seemingly different countries with two distinct
cultures: Russia and the USA. Both the USA and Russia share a concern about
the low levels of women’s participation in computing. At the same time, women’s
participation levels between Russia and the USA differ. We ask: is access to
computing education making the difference?

Let us clarify, for the Russian-speaking readers, that in this paper we use
the term “computing” as a collective term that includes all types of education
in computer science, information technology, information system, software
engineering and computer engineering.

The problem of women’s low participation in computing is relevant in
many aspects. Computing offers some of the highest paid and fastest growing
professions in the USA and Russia. In the USA it is projected that 70% of all
new jobs in STEM will be in computing; but only 17% will be filled by computer
science graduates [1]. In Russia IT specialists are highly sought after; appropriate
vacancies are in third place among all existing in the labor market (the first and
second places are occupied by workers and professions in the service sector)!.

1HeadHunter Russia [Internet]. Moscow: Head Hunter Group; 2020. The labor market
in Russia in the first quarter of 2015; 2015 Apr 30 [cited 2020 Jun 20]. Available from: https://
hh.ru/article/ 16709
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This makes it even more disturbing to see that American and Russian
girls and women are seriously underrepresented in computing in both industry
and academia. At the same time, in both Russia and the USA women earn
approximately 56 percent and 57 percent respectively of the bachelor’s degrees
awarded by institutions of higher education. Clearly, women are as successful
as men in studying in higher education programmes.

In Russia, women make up only about a quarter of workers in computing
fields!. A similar situation exists in the USA, where women account for more than
half of the professional workforce but only 26% of computing professionals [2].

In this paper, we analyse how education in general and IT education
in particular affect the situation in this area. This analysis is based on both
numerous publications on this topic and our own experience. The main method
used by us is the comparison of various aspects directly or indirectly related to
IT education in our countries.

Comparative Analysis

University professors

Regarding wuniversities and academic positions in the USA, the
representation of women in computing fields is even lower than in industry
accounting for between 18% and 21% of research faculty. The proportion of
women faculty members overall is also 21% and most American women faculty
are untenured [3]. Women hold only 15% of full tenured professorships.

In Russia, among university teachers, there are 57% of women and
43% of men. Their positions are distributed as follows: heads of departments:
women — 43%, men — 57%; full professors: women — 33%, men — 57%; assistant
professors: women — 59%, men — 41%; senior lecturers: women — 70%, men —
30%; assistants (teachers responsible only for laboratory work and practical
classes): women — 67%, men — 33% [4]. In both Russia and the USA women
advance much more slowly than men and achieve high-level positions less often
than men.

There are significant differences among university teachers in the
distribution of men and women by profession: women among professors are
much more in the humanities and less in technical, mathematical and natural
sciences, including IT.

Below we give several specific examples taken from the websites of some
of the leading Russian universities. 21 faculty members work in the System
Programming department of the Faculty of Computational Mathematics and
Cybernetics in the Moscow State University. Among them there are six full
professors (all of them are men), and 11 assistant professors (only two of them
are women). A slightly more gratifying picture can be seen at the Department of
Informatics of St. Petersburg State University (22 faculty members in total, one

1Federal State Statistics Service (Russia). Women and Men of Russia Statistical Digest
[Internet]. Moscow: Federal State Statistics Service; 2018 [cited 2020 June 20]. 241 p. Available
from: https://www.gks.ru/free_doc/doc_2018/wo-man18.pdf
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woman out of five full professors, three women out of seven assistant professors).
In the Higher School of Economics, a university established in the post-Soviet
period when it had the opportunity to form its academic staff from scratch, there
are 11 females out of 44 faculty members (including one woman out of 11 full
professors and one woman out of 11 assistant professors) in the Department of
Software Engineering.

Approximately the same is observed in regional universities: for example,
in the Perm State University, there is not a single woman in the full professor
position among 50 faculty members of computing (but women occupy 40% of
the assistant professor positions).

A similar situation occurs in US universities. For example, in the
Department of Electrical Engineering & Computer Science in the Schwarzman
College of Computing at MIT (Massachusetts Institute of Technology) among
160 faculty members, 27 are females of which eight are full professors. In the
Department of Computer Science at the University of Chicago among 67 faculty
members, 11 are females, and only three of them are full professors.

University students

Among undergraduate students in the USA, 19% and 21% of CS Bachelors
recipients were women according to the 2018 Taulbee and NSF! reports
respectively [4].

The data for Russian women is much higher ranging from 23% to 39%
depending on the particular programme. At the Master’s level, women account for
26% and 30% of degrees awarded in the USA while ranging from 21% to 46% in
Russia. However, it should be noted that in Russia the least popular programmes
among women are the highly technical fields such as Informatics and Computer
Engineering and Software Engineering. At the Doctoral level in the USA women
account for 20% and 19% according to Taulbee and NSF respectively. In Russia
the situation is notably better; among doctoral students, 47% are women. NSF
also reports that 21% of Associate’s degrees (these are usually 2 year degrees
from community colleges or online studies) are awarded to women in CS.

CS education at school

Russian schoolchildren start to study elements of informatics in primary
school, where informatics can be either a separate subject or be integrated into
other subjects. Boys and girls learn the foundations of logical and algorithmic
thinking along with the initial elements of computer literacy [5].

In middle school, computing/informatics is always a separate subject,
compulsory for all students. The course of informatics introduces the basics
of information science and basic information technologies. Most high schools
offer informatics because it is a popular subject and most students who enter
university will have studied informatics in high school at a basic level; those

1 National Center for Science and Engineering Statistics. Women, Minorities, and
Persons with Disabilities in Science and Engineering: 2019 [Internet]. Alexandria, VA: National
Science Foundation; 2019 [cited 2020 June 12]. 11p. Special Report NSF 19-304. Available
from: https://www.nsf.gov/statistics /wmpd
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students who study informatics at an advanced level, as a rule, plan to continue
their education at university in the field of computing.

School education in Informatics in Russia is briefly described by Khenner
and Semakin [6]. A more detailed description, including the evolution of this
education from its inception, can be found in the book, Methods of Teaching
Computer Science [7].

Most of the university programmes related to IT require students to take and
pass the Unified National Exam (UNE) in Informatics after high school. It is difficult
to determine exactly what part of their successful results in the UNE in Informatics
applicants need to present for IT training programmes, since some engineering
universities traditionally prefer physics to informatics, which sometimes looks
rather strange (for example, for programmes “Computer Science and Computer
Engineering”, “Software Engineering” and some others). However, this does not
apply to all technical universities: for example, Tomsk, Novosibirsk and many other
technical universities, for admission to IT training programmes, require the UNE in
informatics. Most classical universities do the same, including federal and national
research universities. It is safe to say that for the majority of school graduates
entering the IT training programmes UNE in Informatics is necessary.

Statistics on the gender composition of students choosing an exam in
Informatics, demonstrates the interest of girls to IT professions. From the
regional reports on the results of UNE for the last five years, girls made up 23-
26% of the total number of applicants taking the Unified National Examination
in Informatics (depending on the region). The average score for Informatics was
61 (out of 100 points), which is higher than for most other subjects. In general,
girls usually show marginally better results than boys: girls on an average show
62 points and boys 60 points. It allows us to conclude that at the level of studying
informatics at school, girls are no less successful than boys, but this picture is
seen against the background of the fact that the number of boys who chose the
Unified National Examination in Informatics are three times more than number
of girls. The mere fact of choosing this or that National Examination tells a lot
about the choice of subsequent professional education and professional careers.

The picture for USA students at the K-12 levels is quite different. Until
recently, few American students, boys and girls, had the option to study CS or
even to discover if computing fields were of interest to them. However, recent
increased funding in K-12 education, and the introduction of the CS Principles
course (situates programming in a broad college level introduction to computer
science), has led to an upswing in students taking CS classes in High School.
The number of girls taking the Advanced Placement (AP) Computer Science
exam rose from 17% in 2014 to 28% in 2018!. This increase is especially present
in states with more robust policies around K-12 CS education. In 48 states
and Washington D.C. students can now count computer science courses toward
high school graduation. The AP in computer science course in the USA may be
comparable to the Russian Unified National Exam (UNE) in Informatics, but in
the latter case girls often outperform boys.

1 College Board. Program Summary Report 2019 [Internet]. New York City: College Board,
2019 [cited 2020 July 1]. 1p. Available from: https://research.collegeboard.org/programs/ap/
data/participation/ap-2019
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Overall, American K-12 schools continue to lack substantial CS education
and “most high schools do not yet offer rigorous computer science”. Despite
nine in ten parents wanting their children to study computer science, only 40%
of schools offer courses in programming'. These schools are disproportionately
wealthy and white and skew slightly towards high schools with few elementary
schools offering computer science courses.

Even with the increase in girls’ engagement with high school CS in the
USA the percentages are still low. There have been several explanations for why
this came about. One of the leading arguments revolves around the arrival of
the home computer, marketed to men and boys, and often featuring computer
games thought to appeal to boys [8]. Overall, American boys and girls, parents,
teachers, and the media, tend to perceive CS as a boys’ field [9].

Discussion

What happened to women in computing?

The above data does not tally with the history of women’s early emerging
presence in computing. Women played critical roles in the USA throughout
the World War Two years and onwards. According to NCWIT in 1984 37% of
students who graduated with a CS bachelor’s degree were women [9]. In the case
of Russia women played a significant part in the pioneering stages of informatics
and computing development. “In the 60’s — 80’s of the last century, at least half
of the university students majoring in specialties related to programming were
women; and after graduation, almost all of them worked in their profession” [10].

What happened to women in computing in the USA and Russia (even if to a
lesser degree in Russia), to squash what seemed like a growing presence? In the
USA the situation appeared to go unnoticed until 1997 when American computer
scientist, Tracy Camp, brought attention to the issue with her momentous paper
“The Incredible Shrinking Pipeline” [11].

By the early 2000’s many American industries were starting to notice the
value of diversity and attention to the low participation of women in computing
prompted several business led reports. A 2007 McKinsey & Company study
looked at 101 mainly large corporations from a range of industries across
Europe, Asia, and the United States.

“(C)ompanies with a higher proportion of women on their management
committees are also the companies that have the best performance” [12].

The European Commission’s report, “The Business Case for Diversity,”
showed surprising benefits resulting from including good diversity practices as a
business priority?. Benefits ranged from reduced absenteeism, reduced employee
turnover, and improved corporate image. With such reports came more calls for

1Code.org. 2019 State of Computer Science Education [Internet]. Seattle: Code.org;
2019 [cited 2020 June 12]. Available from: https://advocacy.code.org/2019_state_of_cs.pdf

2Directorate-General for Employment, Social Affairs and Inclusion (EU). The Business
Case for Diversity: Good Practices in the Workplace [Internet]. Luxembourg: European
Commission; 2005 September [cited 2020 June 12]. 62 p. Available from: https://rownosc.
info/media/uploads/biblioteka/publikacje/business_case_for_diversity.pdf
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improved gender diversity in computing fields in the higher education system.

In Russia, the share of women in business has been growing in recent
years, but the statistics are very heterogeneous and depend on what is meant
by “business”. If we talk about women entrepreneurs, according to Otkrytie FC
Bank, one of the largest Russian banks, based on an analysis of loans issued,
in 2019 women entrepreneurs account for about 30% among entrepreneurs
of Russian small and medium-sized businesses!. According to government
statistics the proportion of women among self-employed persons is 43%; in the
same category, the share of women-employers is 32%.

In the USA, there have been several explanations for the low participation
of girls and women in computing fields. One of the leading debates has focused
on the lack of computer science (CS), or programming classes in the Kindergarten
through high school (K-12) curriculum. At the same time there is a strong belief
that student exposure to the field is critical to taking the next steps into a
computing major and careers in the field [8].

The explanation that it is the lack of computer science education that
holds girls back does not hold true for girls in Russia.

Stereotyping and other obstacles

While access to computing in the education systems differs greatly between
Russia and the USA another obstacle appears widespread in both countries.
The issue of gender stereotyping and gender norms is believed to impact the
participation of girls and women in the fields of computing in both Russia and
the USA. In the USA “inaccurate stereotypes depicting computer scientists and
engineers as geeky, brilliant and socially awkward” abound [13]. Similar attitudes
hold true for Russia. One Russian study found that girls were more likely than
boys to base their future careers on their perceived ability in the field. At the
same time girls were more likely than boys to have low self-esteem and negative
evaluations of technology subjects. Thus, it is not surprising that they do not
choose computing careers. Researchers attribute their findings to the roles of
socialisation and gender norms. “Formally, the education system does not put
obstacles for boys and girls in choosing professions. However, starting from
children’s games, through textbooks, home economics lessons for girls and
plumbing / carpentry for boys, stereotypes are laid in the minds of young people
that professions are divided into “male” and “female” [14]. The study confirms that
this stereotype continues to play a significant role in choosing a profession” [15].

This brings us to another leading debate on the low participation of girls
and women in computing fields in the USA. Throughout the 1990s and to date,
gender difference thinking has become entrenched in public attitudes [8]. Gender
stereotypes and beliefs that boys and girls, men and women are very different,
not just biologically but also intellectually have become a common way of seeing
the world [16]. Best-selling books like Men Are from Mars, Women Are from

1Bank “Otkrytie”: The share of women entrepreneurs in the small and medium
business of the Russian Federation is growing. Prime Business News Agency [Internet]. 2019
Jun 26 [cited 2020 Jun 20]; Finance: [about one p.]. Available from: https://lprime.ru/
finance/20190626/830107377.html
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Venus have perpetuated the belief that men and women are very different. This
has meant that many boys and girls, encouraged by the well-meaning (but often
unconscious) messages from the adults around them grow up thinking they are
suited to different studies, behaviors, and careers. For example, “... anonymous,
aggregate data from Google searches suggests that contemporary American
parents are far more likely to want their boys smart and their girls skinny” [17].
The belief that men are innately better at coding than women, is another case
in point. This mindset, fed by stereotypes, is relentlessly perpetuated in the
popular media of the USA [18, 19].

Another explanation for the low participation of girls and women in
computing fields in the USA revolves around the issue of “choice” [20]. American
students have a huge selection of courses and areas of study to choose from. In
many cultures choice is influenced by economic factors such as the need to find
employment, sometimes to help support families, and sometimes for economic
independence. India is a good example where women represent almost 50% of
CS undergraduates and are strongly encouraged to study computer science for
its career opportunities [21]. In the USA choice is often determined by what
the student loves. “American girls who aim to ‘study what they love’ might be
just as passionate about computer science and engineering as they are about
teaching and nursing if they had more chances to find out whether they love
these STEM fields” [22]. Choice also plays a role in the lives of Russian girls. We
saw earlier that in Russia at the level of studying informatics at school, girls are
no less successful than boys. But this picture is seen against the background of
the fact that the number of boys, who chose the Unified National Examination
in Informatics, are three times more than the number of girls. The mere fact of
choosing, or not choosing, the Informatics option in the National Examination
tells a lot about the choice of subsequent professional education and professional
careers.

In one Russian survey study of high school students’ choices for college
studies, results showed that boys and girls made choices comparable to
American stereotypes: the boys chose the natural and technical sciences while
girls showed the opposite trend, planning to study the arts and humanities.
Differences in choice were found to be statistically significant. “Only 35% of girls
preferred STEM disciplines (technical and natural), while in boys this indicator
was almost twice as high (65%)” [23]. The researchers tied the choices of the
girls to self-esteem in STEM disciplines but also to the way in which the “hidden
curriculum” of schools steered girls and boys in different directions. “This is
very likely to demonstrate to girls: their life path is different from men’s, which
cannot but affect their professional choice”.

The majority of educators in the USA are women (76%), often thought to
be tied to the belief that women tend to occupy low status jobs and teaching is
considered a low status job “Unlike in many other countries, in the United States,
teaching has long been seen as a relatively low-status profession” [24]. Women
also dominate the teaching profession in Russia where teaching is considered
“women’s work” [10]. But while the majority of teachers of informatics in Russia
are women, in the USA men dominate the math and science classes (we have
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no data specific to computing, probably because so few schools have computing
on the curriculum). It can be said that school informatics in Russia stands on
women’s shoulders. This is confirmed by the data of modern statistics taken
from statistical reports of the Ministry of Education of the Russian Federation.
According to them, in Russia in 2019 the teaching of informatics was the main
occupation for 29,270 teachers. Among them, 21,233 women (72.5%), and they
dominate in all age groups. Russian women have the benefit of paid maternity
leave (70 days before the expected date of birth and 70 days after). Afterwards,
they can take unpaid leave to care for a child up to 3 years with guaranteed work
in the same position after its completion. This policy prevents Russian women
with a “gap” in their work history from being shut out of IT/CS teaching.

For girls in the USA to choose computing often means having to challenge
stereotypes and go against gender norms [25, 26]. At the same time with few
women established in the field there are few role models to inspire young girls.
In this sense we might argue that although girls are not told they cannot do
computing, subtle messages are telling them it is not what girls do.

Ifwe put this all together for girls in the USA -little exposure and experience
in computing, little encouragement to see yourself in the field, media stereotypes,
many alternative gender appropriate choices - it is not really so surprising that
few girls and women participate in computing fields. The education argument
does not hold true for Russian girls who receive a solid foundation in computing
education in their early years in school but Russian girls still have to overcome
low self-esteem before they feel that informatics is a choice they can make.

Approaches and strategies to improve women’s
participation in computing

As awareness of the low participation rates of women in computing in the
USA, along with increased understanding that careers in computing are plentiful
and lucrative, have brought more attention to the issue. Industry demands for
more skilled workers with computing expertise have also raised awareness of
the USA falling behind in the global technology market. The past few years have
brought more encouragement and options for girls to study computing. We
have seen the growth of organisations like the National Center for Women in
Information Technology (NCWIT), packed with resources and support for girls
and women in information technology; we have seen the emergence of online
opportunities like Code.org providing the means and encouragement for girls
to learn coding; Google’s Girls Who Code provides community-based clubs and
summer immersion programmes. These represent a sampling of the many new
efforts to address the gender gap in computing.

In the USA, there have been several approaches to address women’s
low participation in computing. In the 1990’s through to early 2000’s, some
researchers thought the best approach was to change computing to suit women.
In this approach CS course work would be more practical based and meaningful,
appealing to the gender stereotype that women care more about the applications
of computing than about theoretical or abstract aspects [9]. Our work at Carnegie
Mellon University (CMU), where we have 50% women in the CS major, has
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challenged this strategy. We know women can do the work and our curriculum
has not changed to accommodate perceived gender differences. Indeed, we believe
a gender difference approach that serves to accommodate perceived gender
differences will ultimately perpetuate the gender gap in computing [9].

More recently, we see a move towards recognising that the low participation
of women in computing is cultural and needs to be addressed at the cultural
level. We see this clearly when we look at other cultures where boys and girls
grow up without the same gendered steering towards studies and careers [20].
In Malaysia, for example, men and women participate equally in CS at the
undergraduate level; a similar situation exists in India [27, 21]. These students
do not grow up thinking math, science, CS is just for boys. Girls in the Arab
sector of Israel are equally represented in CS in High School (unlike the Jewish
sector), largely as a result of parental encouragement [28].

Studies at Carnegie Mellon University

At Carnegie Mellon University (CMU) we recognised that culture was
indeed the primary factor for determining women'’s participation in computing.
We recognised that women have the intellectual potential to equal their male
peers but may not have had equitable exposure and experiences in computing
as their male peers. For example, it has been well documented that many more
boys have been programming at home or in schools and are more likely to
choose a CS major in college [8]. To help alleviate this disadvantage in 1999 CMU
dropped the programming requirement in their applications for the CS major.
This recommendation was part of the findings from a 1990’s study at CMU
which concluded that students did not need a background in computing skills
to study and graduate with a bachelor’s in computer science [8]. From 1999
onwards admitted students are still required to have excellent high school exam
scores, strong interest in math and science, computing and technology, and a
demonstrated leadership contribution to their home communities. Around one
third of students are admitted into CS with no CS background. This shift in the
admissions criteria was a critical point of change in the undergraduate student
body, a change from a homogenous student body to one with more women and,
also, more men from a range of backgrounds.

At the same time, we recognised that women are often situated in
unwelcoming environments, in very male dominated classrooms and peer
groups [29]. To address this CMU developed programmes to enhance women’s
leadership, mentoring, socialisation, and CS skills through the organisation,
Women@SCS. Further studies at CMU were carried out from 2002-2017. These
studies involved interviews and surveys to assess student attitudes towards
CS and their experience at CMU. These studies have shown that since the
change in admissions and the implementation of Women@SCS to help level
the playing field women have become central to the culture and have provided
many community building events and activities that have benefited the entire
community [9]. Since 2018 CMU has seen gender equity in the CS student body.
Our studies concluded that cultural change (in this case at the school level with
institutional support), not curriculum change, has been the key.

Obpaszoearue u Hayka. Tom 22, Ne 8. 2020 / The Education and Science Journal. Vol. 22, Ne 8. 2020

199



© E. K. Khenner, C. Frieze, O. Zane

Conclusion

While women in Russia are still underrepresented in the field they are
well ahead of the USA in terms of both CS K-12 education and the percentages
of women studying computer science in higher education. One article suggests
“Russian women’s foothold in science and technology can in part be traced back
to the Soviet era, when the advancement of science was made a national priority.
Along with the growth in specialist research institutes, technical education was
made available to everyone and women were encouraged to pursue careers in
this field.” [30]. CS educators in the USA can gain a broader perspective by
looking at CS education in Russia.

There are many obstacles to improving the participation of women in
computing that need addressing from both the USA and Russian perspectives.
Here we present five issues of mutual importance:

In the USA, and in Russia, we need to be challenging cultural stereotypes
that may discourage some girls and young women from studying computer
science. Russian girls are heavily exposed to American media and we might
assume that negative images of women in computing roles, or the absence of
women, could be impacting their participation in the field in much the same way
as American girls.

In the USA, and in Russia, we see girls and young women with low self-
esteem and confidence regarding their CS/IT capabilities.

Some parents and teachers still hold negative views about girls going into
computing fields.

Unconscious bias among some tech companies and high level employers
(and some academics) means they fail to notice how company culture discourages
some women from remaining in the field.

Company leaders need to recognise that women are often at a disadvantage
in maintaining work/life balance. Susan Wojcicki, the CEO of YouTube, gave a
speech at Grace Hopper in 2015 and showed how companies can change. In
one example, she addressed the problem of women leaving IT after several years
of work (e.g. after the birth of a child) and then having difficulty returning to
their previous status. She showed how improving this situation for women could
benefit both women and the company [31].
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