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Abstract

In Ara’s Bachelor of Information and Communication Technologies degree (BICT) there is a
strong gender imbalance that reflects the imbalance shown in the IT industry, and in the ICT
programmes of other tertiary learning institutions. Research has shown both that this imbalance is
stronger in IT than it is in other male-dominated STEM areas, and that a major contributing factor
is the perceived stereotype of IT being for ‘geeky male loners’ that is prevalent in society and in
popular culture. This stereotype affects girls’ choice of topics they choose at high school and as a
future career as they do not envision themselves in a role in which they do not see people who are
like themselves. This means that women are missing out on potentially lucrative and valued
careers, and the industry is not getting imbued with the perspective of half their client and user
base. A review of literature on the topic is presented with the view of developing future work to
minimise the barriers to females considering an IT career, and therefore increasing female
enrolment in Information Technology tertiary education.

1. Introduction

Under-representation of females in the IT workforce has long been identified as a problem, with research being
conducted on the issue for at least twenty years (Craig, Fisher, & and Dawson, 2011). However, figures show that
despite this there has been no significant progress made. Computing degrees at University of California, Los
Angeles (UCLA) although growing in overall numbers have had a growing gender imbalance since their inception.
In 1987 out of the 38,000 degrees awarded 35% went to women, but by 2013 the number of female graduates
remained about the same while the number of males doubled, resulting in only 20% of their computing degrees
being awarded to women (Whitney & Taylor, 2018). Recent New Zealand national figures are similar, with just
25% of both graduates and new enrolments of degree level computing and ICT qualifications in 2019 identifying
as female (see Figure 1- IT degree enrolments by gender 2019 and Figure 2 in Appendix A). At Ara, the Bachelor of ICT
had an average of only 15% female enrolments from 2018 — 2021 (see Figure 3 - Ara enrolments by gender 2018-2021 in
Appendix B).

To see if there were any common themes in terms of what the research so far has found and strategies to
overcome this ongoing disparity in IT education, a selection of research outcomes from various learning
institutions around the world over the last 30 years were reviewed. Surprisingly, nothing significant could be found
in the last 10 years, which has interesting implications in itself.



2. Analysis and Findings

An investigation into the lack of female computer scientists in the US found that women were negatively
influenced by gender differences in the way they are raised in general, as well as the stereotypes and implicit biases
present in male-dominated workplaces and in the use of language (Spertus, 1991).

A survey of high school girls in New Zealand (Selby, Young, & Fisher, 1997) discovered that female students
were both unaware of potential ICT careers and lacked confidence in themselves in the area compared to males,
despite equal or greater achievements. They also perceived it as a mostly solitary activity for anti-social ‘nerdy’
males which they did not align themselves with. Factors such as a lack of suitable training and female role models
in the teaching staff resulted in poor programmes of study, which discouraged female students from progressing
in the subject. Strategies the researchers suggested fell into seven categories:

e Improving knowledge of career opportunities via partnerships with industry bodies and other
tertiary institutions.

e Improving the image of computing by shifting the perception of what it is and who it is for.

e Increasing the confidence of female students via supportive and encouraging learning
environments.

o Increasing the number of female computing teaching staff, especially those with relevant
industry experience.

¢ Increasing the visibility of female role models in media and in career events, and of the
historical advancements in the area that were made by women (e.g., Ada Lovelace).

¢ Improving teaching and learning via competent staff, both in terms of industry expertise and
innovative teaching practice.

Stanford University Professor Kassianidou Roberts (2002) reported on the success of ten years of initiatives to
increase enrolment and retention in undergraduate computer science programmes. They applied strategies such as
a) providing female role models from across all levels of the programme, b) bridge programs that target the ‘at
risk” students, ¢) engaging undergraduates in faculty research, and d) offering the introductory computer science
course to students from other majors. This last strategy led to both an increase in female participation in the course
itself and a corresponding but smaller increase in female computer science graduates.

A similar report in the same year by the University of Virginia (Cohoon, 2002) found that one of the main
factors that attracted women to their computing programmes was they have encouragement and support from
friends and family to enter the field. However, women did not always find that support forthcoming from their
male classmates or from society in general, receiving both explicit and implicit feedback that they had made an
odd choice. Other factors were that it fits with their personal abilities and is creative, and that it could lead to a
well-paid and varied career. Their recommended strategies in how to increase recruitment fell into two main areas
—where to find suitable candidates, and departmental policies and practices. In terms of the former, they suggested
forming relationships with high schools, community organisations, and ‘poaching’ students internally as many of
their graduates had started out in other majors. In terms of internal procedures, they found a correlation between
high faculty staff turnover and loss of female computer science majors suggesting an unstable environment may
be a factor, as well as a lack of female role models. They suggest ensuring that the people teaching the
undergraduates enjoy doing so, and believe that they have an impact on the subsequent success of their students.
Other recommendations include peer support and mentoring, engagement in faculty research, and actively
highlighting the strengths of female students in a positive way. For example, departments that have high retention
of female students often give them praise for being diligent and organised, whereas otherwise they may feel bad
for not making ‘heroic efforts’ to pull all-nighters as the boys tend to do.

An article written by lecturers at Victoria University (Miliszewska, Barker, Henderson, & Sztendur, 2006, p.
107) stated that the gender imbalance in their computing courses “has continued to defy all attempts to resolve it”.
They measured both attraction and retention rates, with female enrolments dropping and attrition increasing despite
various strategies applied. Surveys of the students found that there was no strong gender bias in their learning
environments, or they were immaterial, so they concluded that the reasons for the attrition were wider than their
immediate experience in the course (contrary to the ideas presented previously by Selby, et al (1997) who stated
these very reasons and strategies). However, they also acknowledged that the attrition rate was in line with the



large numbers of male and female students dropping out of computing courses overall (which is a separate but
connected issue in the area). They applied initiatives that revolved around community events to increase
awareness, but these had no apparent effect, with female participation rates continuing to drop and attrition rates
increasing. They suggested that previous approaches had focussed too much on gender equality rather than equity
—i.e., still seeing IT as an inherently masculine discipline which women therefore need to develop masculine traits
to succeed in it, rather than focussing on how they can utilise their feminine traits to benefit the discipline. An
important point they found was that male students were more likely to have enrolled straight after high school,
whereas females tended to do other tertiary studies and/or careers prior. This corresponds with what we have
noticed at Ara, the female students most often have pursued other areas before they come to us, which both
indicates they had not considered it earlier, and conversely have more life and work skills. This raises the question,
if we succeed in recruiting more girls straight from high school will they have the same relative success as their
more mature counterparts?

A survey carried out on Australian school students found that as well as being perceived as a career for males,
girls strongly viewed IT as being ‘nerdy’, a stereotype that they did not want to be identified with. There was also
a strong misconception in both genders that IT was purely technical, i.e., programming and/or building computers,
rather than creative or social (Thomas & Allen, 2006). Zara Shah, programme manager at Re:Code (lIran) said
“There is a large misconception that you need technical skills to play a role in the tech sector” (BMZ, 2018, p. 14).
Research done by American Association of University Women (Hill, Corbett, & Rose, 2010) into the lack of
females in STEM subjects found that women in traditionally male roles tend to be viewed as less competent than
their male counterparts, and those that are viewed as competent are perceived to be less ‘likeable’ than equally
competent males. They advised to encourage girls to acquire skills and interests in math and science that are
perceived to be of core value in STEM fields. However, these skills may be perceived to be more ‘masculine’ by
the girls involved due to the fact they are valued in already male-dominated areas, which as previously mentioned
by Miliszewska et al (2006) is one of the causes of female attrition. This means it is a vicious cycle — because more
males are in certain roles, the skills needed to do them are perceived as masculine, so females don’t wish to acquire
them (even if they actually already have them), so the male-dominance persists.

Researchers from Australian universities summarised the various types of intervention programmes that had
been attempted from 1998-2009 categorising them by whether they were targeting school students, higher
education students, or women in industry. They listed many of the initiatives that have been discussed here so far
and more, and which were deemed to be successful. They found a distinct lack of formal evaluation of programmes
that were applied, with either an assumption that they will make a difference and are worth the often high cost and
effort, or claims of success without evidence unclear measurement criteria. They propose that intervention
programmes should be more based in thorough research and methods and follow a structured and clear evaluation
practice and provide a conceptual framework on how to do this (Craig, Fisher, & and Dawson, 2011).

One success story that both applied a structured programme and measured its effects was Harvey Mudd College
in the US. They implemented a three-pronged strategy that successfully increased female enrolments in their
computer science majors from 10% in 2005 to 37-50% in 2009. They first identified that the reasons women were
not enrolling were that they perceived it to be un-interesting, they did not think they would do well in it, and they
anticipated discomfort in the computing culture. To combat this, they created an introductory course that focussed
on applying problem solving and computational methods to benefit their other course areas such as engineering,
maths, and science subjects. This gave them a broader view of how CS can be applied in ways they could connect
with, and a variety of topics and activities kept them inspired and interested. They learnt how they can use
programming to solve real-world problems and developed confidence in their own abilities. This aspect was also
addressed by streaming them based on their prior experience, so the complete beginners were not overshadowed
by those who had self-learned or taken high school courses, each stream getting a different level of complexity
despite all being first years. The more experienced students were also encouraged to help the others rather than
‘show off” their skills and potentially intimidate their fellow students. This also helps reduce the ‘macho’ culture
that redresses the third concern of female students. All female students are also offered the opportunity to attend
Women in Computing events which they are taking up in increasing numbers, and they also organised research
opportunities and internships for the students over the summer break (Klawe, 2013).

A report put out by the National Center for Women & Information Technology investigates the issues
surrounding attracting girls to IT at a high school level. Although covering similar ground to the previously
mentioned studies which were mostly done by universities, they also discuss how much of the research does not



step out of the binary notion of gender. They acknowledge that apart from gender there are many other
demographics that are at play, and diversity overall is what we should be aiming for. They also suggest that perhaps
young girls need a more direct relationship with what they are creating in terms of the outcomes and what is
important to them, which may be deeper than they are ‘allowed’ to express, especially in terms of their sexuality,
social identity, and social/political views. If young people use technology to create awareness of topics or solutions
to issues that are truly important to them, they will be more inspired to learn how to develop it. Therefore, if they
are learning computing not just for its own sake but to make a difference and collaborating on it together, they will
more readily overcome the barriers (Ashcraft, Eger, & Friend, 2012). This idea is supported by the results of an
initiative outlined by Millen et al (2019) in which students used a mobile application to create their own game-
based educational programmes, which had a high uptake with the female students.

3. Conclusion and Recommendations

It seems that the focus of much research on the gender imbalance in IT is around getting females who are
naturally strong in the more ‘masculine’ skills that are traditionally valued in IT to feel comfortable in the IT
environment. Although this is imperative, what has been missed is having the other side of the coin. There is an
ongoing issue of IT products often fulfilling functional requirements but having a poor User Experience design
leading to further costs or even failure. The skills needed to do the back-end development are not necessarily the
best attributes to have when designing the user interfaces, but rather the more typically ‘feminine’ traits of artistic
expression and empathy.

It appears that although the gender imbalance in IT has long been seen as an issue and much time, effort and
resources have been thrown at it with poor results. Various and widespread organisations have come up with
similar reasons for lack of female enrolment and high attrition into computer science and IT courses, and similar
strategies for redressing them, with little corresponding evidence of success. However, the strategies applied are
often focussing on the computer science side of IT, while conversely identifying that it is a common misconception
that computing is purely technical.

The strategies should instead take two separate approaches. The first is to target those people who have the
more ‘masculine’ traits that would be good in the more technical sides of IT but did not see it as a potential career
and may have gone down the general science paths. The second is to target people who have more ‘feminine’ traits
that they do not realise can be utilised in the wider areas of IT such as interface and user experience design,
usability testing, business analysis, as well as training and leadership roles. Structured experiments to find out
what does actually change perception of IT roles at each stage of life from primary school upwards are also needed
to ensure the initiatives are based in solid research.

As more and more aspects of society are being run via computing and with the rise of artificial intelligence,
having only a limited variety of types of thinking and perspectives involved in the design and development of the
User Experience is a severe hinderance. Although this lack of diversity is wider than just gender, gender is the
most obvious and easily measured aspect. We need to focus our strategies not just on attracting women to
traditional computer science roles, but to raise awareness of the broad range of skills and opportunities that the IT
industry needs. We should be focusing on finding out what their skills are and directing them to areas that they
hadn’t considered they can work in. Rather than just trying to get girls to see themselves as programmers or
computer scientists, ask them what their strengths and interests are and show them what roles they could use them
in. More and more young people are ‘digital natives” and are therefore comfortable with using technology, but
don’t realise that they can be part of creating it. The social/psychological side of females not prioritising or seeing
themselves as worthy of high salaries is also part of the issue. When we survey the IT students at Ara as to why
they chose the field, it is usually males who state high salaries as a reason, often despite not having evidence of
any technological aptitude.

The researchers suggest that trying to encourage females to write code or develop their skills in math and
science is only one half of the answer. We also need to get people with design skills and empathy to be part of
development teams. So rather than asking girls ‘Are you interested in IT?” ask them ‘What are you interested in?”".



Appendix

Appendix A: National figures 2019

TABLE 15: Number of students enrolled in degree level IT qualifications by gender 2019

Source: Ministry of Education, 2020

Gender Diverse Female Males Total

_Computer science 15 2,065 7,060 9145

Information systems 0 1,620 3,885 5505

Software engineering 5 450 2,070 2525

Other information technology 0 285 625 910

Total 20 3,835 11,470 15,325
0.1% 25.0% 74.8%

Figure 1- IT degree enrolments by gender 2019 (NZ Digital Skills Forum, 2021)

TABLE 22: Number of students graduating with degree level IT qualifications by gender, 2019

Female Males Total
Computer science 400 1,325 1,730
Information systems 400 1,110 1,510
Software engineering 60 325 385
Other information technology 135 275 410
Total 810 2,455 3,265
24.8% 75.2%
Source: Ministry of Education, 2020
Figure 2 - IT degree graduates by gender 2019 (NZ Digital Skills Forum, 2021)
Appendix B: Ara figures 2018-2021
Year 2018 2019
gender EFTS Students  Applications EFTS Students Applications
Female 31.0 40 31 31.5 42 35
Male 167.8 211 171 1944 246 200
Mot Specified
Total 198.7 251 202 225.8 288 235
Year 2020 2021
gender EFTS Students Applications EFTS Students Applications
Female 26.0 36 38 18.5 25 30
Male 165.2 220 172 107.5 159 140
Mot Specified 0.9 1 3 0.8 1 3
Total 182.1 257 214 126.8 185 173

Figure 3 - Ara enrolments by gender 2018-2021
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