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// We share findings from a study of 139 women,
revealing the frustrations they felt along their

way to software engineering and pinpointing
promising solutions, such as interdisciplinary
education, which could be of enormous

help to retaining women in computing. //

THE DEMOCRATIZATION OF
digital innovation is a remarkable so-
ciological shift driven by new tech-
nologies and lower costs, enabling
individuals to design and share cre-
ations as never before. Efforts to build
a sustainable and more balanced
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society require more diverse people in

innovation, shedding light on the crit-
ically low number of women choosing
software engineering (SE) education
and careers. Enabling more people,
particularly women (who constitute
half the world’s population), to fully
participate in innovation not only
guaranties more products for broader
audiences but increases individuals’

earning potential, ultimately strength-
ening the global economy.

Although progress toward more
involvement of women in SE is barely
visible, we are starting to understand
the reasons and myths behind the
problem. Harvey Mudd’s president,
Maria Klawe, summarized women’s
experience: “Number one is they
think it’s not interesting. Number two,
they think they wouldn’t be good at it.
Number three, they think they will be
working with a number of people that
they just wouldn’t feel comfortable or
happy working alongside.”?
Stereotypes about the environment
and nature of the work (e.g., lacking
social interaction and being boring and
repetitive) are indeed responsible for
discouraging many girls from engag-
ing with SE before their first contact
with it. A Google study conducted in
20142 showed that when it is not part
of their curriculum, girls tend to spon-
taneously develop negative connota-
tions about computing (using words
like boring, difficult, and nerd), in
contrast to girls who did have it (using
words like future, fun, and interesting).
Although the negative view of comput-
ing, combined with the confidence gap,
as described by Klawe, plays a role in
narrowing the pool of girls interested
in SE, there is still a substantial num-
ber of girls and women who would like
to pursue SE careers’ but get discour-
aged by unnecessary frustrations they
experience along the way.

In previous work,* we elaborated
on one of the frustrations and in-
troduced initial actionable recom-
mendations for practitioners. Our
suggestions were based on the fact
that girls’ first contact with SE typi-
cally happens in the presence of more
experienced learners. This leads to
an absence of success experiences.
Girls often struggle on their on their
own (as experienced learners tend to
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monopolize instructors’ time) and
gradually move into an outsider role
within the classroom, feeling un-
comfortable, missing a sense of be-
longing, and eventually dropping
the course. Next to building an en-
vironment that is supportive of nov-
ice learners, effective interventions to
recruit and retain girls in SE educa-
tion include strategies that combat
wrong stereotypes, spark interest
by actively engaging girls’ strengths,

that women experience through dif-
ferent phases of their education and
career. In our study, general terms
like computing and IT were preferred
by the respondents when referring to
SE (traceable from example activities
participants mentioned).

The goal of the study, as opposed to

7,8

others,”»® was to reach women who

would like to reestablish their con-

Women feel they are valued based
on their ability to mimic strengths
typical of the majority group while

being expected to have other

“feminine strengths” that are given

less credit.

manage suitable first contact, build
self-confidence, and sustain long-
term commitment, as we summarized
in Happe et al.,> where we accumu-
lated knowledge from more than 800
publications via a cumulative review
of the literature on the topic. Despite
these interventions, which have been
used for more than 20 years by the
research community, government,
and educational institutions, we have
achieved little progress.®

In this article, we go further and
identify and examine causes that un-
derlie females’ attrition in SE and un-
derstand the perceived frustrations
that women report as the reasons why
they dropped out of SE education de-
spite being keen about it in general. To
this end, we designed a retrospective
questionnaire study, which revealed
numerous insights into frustrations

nection to SE and compare their re-
sponses with women who stayed in
the field. We focused on the women’s
view of moments that formed the di-
rection they decided to take (stay in
or disengage), and we asked about
the biggest obstacles and drivers
along girls” way to SE and requested
recommendations to improve the sit-
uation. The study was realized via a
questionnaire (in English) designed
to understand how and why women
engage with SE as well as challenges
girls and women face when partici-
pating in SE at school and home and
factors that enable their entry and
participation in further education.
The survey consisted of a number
of questions, including six open ones
asking respondents to reflect on and
analyze their previous studies and
ambitions. These questions inquired

about participants’ understanding
of who computer scientists are, the
drivers and obstacles on their way
to SE, what made them enthusiastic
about the field, and what they would
recommend to improve SE education
for girls. The results presented in this
article are based on responses to the
open questions (quoted as written),
in combination with basic classifi-
cation questions about participants’
age, gender, and major interests.

We distributed the questionnaire
among groups with an affinity for
SE and at institutions providing
adult education, such as Czechitas
(www.czechitas.cz). The survey was
circulated worldwide, mostly through
Facebook groups targeting adult
education for women. We specifi-
cally looked for respondents who
likely had high potential to study
SE in their earlier years, making our
study different from similar ones.””?
We collected 139 responses (filtered
from 151 after removing incomplete
answers and those representing gen-
der groups outside our target demo-
graphic) from women in three age
groups (18% between 18 and 26,
41% between 27 and 34, 33% older
than 34, and 8% without age indi-
cation). The study’s population was
represented by a near-even distribu-
tion of respondents (and personas)
across three regions: the Czech Re-
public, Germany, and other. The
questionnaire resonated with the
audience: 90% of respondents filled
out all the open questions, and many
did it very thoughtfully and expres-
sively. The responses were distributed
among three personas:

1. Persona 1 (P1): women who
studied and stayed in computing
(39% of respondents)

2. Persona 2 (P2): women who
transitioned to computing later
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in life, after studying another
discipline (32% of respondents)
3. Persona 3 (P3): women who
never considered entering com-
puting (29% of respondents).

P2 respondents had potential to
stay in SE but in many cases reported
a dilemma about whether to follow
their interest. The insights into their
struggle are a valuable part of this
study. Thus, this article reflects on
a comparison of responses from P1

and P2 to identify the frustrations
that steered P2 away from comput-
ing. We analyze what formed the ex-
periences of P1 and P2 when entering
the computing world and what made
them to decide differently later.

The three factors hindering girls’ en-
trance to SE mentioned in Klawe’s
quote (also see Fidelman'), i.e., ste-
reotypes, confidence, and a sense of
belonging, are confirmed by other

studies, which add early access as
a factor.!0 These factors were the
first items added to our list of codes
in the first cycle of our exploratory
analysis, and qualitative responses
were coded based on them. Within
our code structure, besides the four
key codes, a fifth factor emerged
while we analyzed responses: feel-
ing valued as women in comput-
ing careers. The code structure and
results of the study are outlined
in Table 1.

Table 1. Factors hindering women’s participation in SE education: coded results.

Respondents

Code 1 (C1): access

C1.1: to suitable education

C1.2: to support and encouragement
C1.3: to a computer

Code 2 (C2): stereotype

C2.1: carried by others

(C2.2: about the purpose of SE

C2.3: about themselves

Code 3 (C3): confidence

C3.1: self-efficacy

C3.2: imposter syndrome

(3.3: missing success experiences
Code 4 (C4): sense of belonging
C4.1: not comfortable to express themselves
C4.2: sexism and unwanted attention
C4.3: missing relatable peers

Code 5 (C5): feeling valued

C5.1: defensive culture

€5.2: women not valued

C5.3: nonstereotypical skills/interests not valued

P139% (54) P2 32% (45)

32% (17)
30% (10% of P1)
41% (13% of P1)
29% (9% of P1)
35% (19)

79% (27% of P1)
5% (2% of P1)
16% (6% of P1)
26% (14)

43% (11% of P1)
50% (13% of P1)
7% (2% of P1)
32% (17)

82% (26% of P1)
18% (6% of P1)
N/A

17% (9)

22% (4% of P1)
56% (9% of P1)

22% (4% of P1)
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40% (18)

67% (27% of P2)
22% (9% of P2)
11% (4% of P2)
46% (21)

38% (17% of P2)
19% (9% of P2)
43% (20% of P2)
42% (19)

21% (9% of P2)
58% (24% of P2)
21% (9% of P2)
27% (12)

58% (16% of P2)
25% (7% of P2)
17% (4% of P2)
34% (15)

N/A

33% (11% of P2)

67% (23% of P2)
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Access

Studies summarized in Main and
Schimpf!® show that differences in the
leisure preferences of children result in
girls getting less exposure to comput-
ers, hence experiencing less psycholog-
ical and material access to computing.
Access to computing could be under-
stood not only as exposure to comput-
ers themselves but opportunities for an
engaging education, supportive teach-
ers and family, and guidance.

Among participants who indicated
this (32% of P1 and 40% of P2; see
Table 1), some talked about limited
access to a computer at a young age,
either because the machines were ex-
pensive or their father did not allow
them to use one. A computer scientist
(P2) from Germany summarized her
experience: “My father did not allow
me to have a computer, so since I grew
up, I totally fell in love with every-
thing. I sometimes feel not allowed to
be interested into computers because
my uncle is a coder, and he always
says that woman only can do health-
care work. So, I started to study very
late (32) and without any knowledge
of friends and family. And I love it.”

Forty-one percent of P1 partici-
pants within C1 (P1-C1) and 22%
of P2 respondents within C1 (P2-C1)
referred to psychological access, em-
phasizing a lack of support and en-
couragement from their family and
school, which is typically paired with
stereotypical views of girls and boys.
Another major aspect (30% of P1-C1
and 67% of P2—-C1 respondents) was
the topic of limited access to suitable
education, which would not be un-
derstood as the “bonus subject for
nerds” (P2) but as providing applica-
ble skills to solve real issues.

Stereotypes
Although current discussions focus
on stereotypes girls have about SE

professionals, the nature of the work,
and the purpose of the field, our
study revealed a very different pic-
ture. Among participants who men-
tioned stereotypes in a negative or
limiting way (35% of P1 and 46% of
P2; see Table 1), 79% of P1-C2 and
38% of P2—-C2 respondents referred
to beliefs that society and their fam-
ily, teachers, and peers have about
women not being a good fit for tech.
Often, women reported being dis-
couraged by family and teachers who
thought they were acting in their best
interests and guiding them toward
more suitable jobs, e.g., in caregiv-
ing. A young woman studying for a
bachelor’s degree in computer science
(P2) said: “My family is still not sup-
portive cause they do not like seeing
their daughter doing manly stuff. I
should get married and get kids in-
stead of doing research.” Others
listed major obstacles, such as: “Soci-
ety women don’t do this, women are
not interested in this, why don’t you
do something that is more a women’s
thing? It is hard to swim against the
stream every day” (P1). And: “Itis a
man-dominated field stereotyped by
our societies worldwide. As a woman
you have to prove them wrong” (P1).

Next to this, 16% of P1-C2 and
43% of P2-C2 respondents men-
tioned a past belief that only ex-
tremely smart people can understand
computer science (see the confidence
discussion in the following), and some
were not aware that computing was
an option: “I did not think it was ac-
cessible to me. I just did not think
of it as an option. I can’t even say if
I would have wanted to go there be-
cause it was so far off at the time”
(P2). Finally, 5% of P1-C2 and 19%
of P2—-C2 respondents said they did
not understand the purpose of com-
puting and thus found it boring: “Bor-
ing computer programming in school

put me off for decades. Why would I
want to write a game I wouldn’t want
to play? Waste of time” (P2).

Confidence

The confidence gap is a gender differ-
ence observed across various fields.!!
In SE, it is widened by limited access
to resources, equipment, education,
and support. In effect, girls often find
themselves in classrooms with more
experienced learners, which makes
the gap hard to close.* In our survey,
26% of P1 and 42% of P2 respon-
dents (see Table 1) listed confidence as
a major factor. Some, 43% of P1-C3
and 21% of P2-C3, referred to it as
a tool to engage more girls in SE (via
encouragement), while others, 50% of
P1-C3 and 58% of P2-C3, referred
to a lack of confidence as a major
obstacle. They talked about impos-
ter syndrome and a fear of not being
good enough: “Many girls think that
if they try, they will fail, and people
will laugh at them” (P1). And: “En-
couragement. That’s what girls need.
And community where they don’t
feel embarrassed that they are not
experts in computing but they want
to learn anyway. Community where
they are not afraid to admit that they
don’t know how to change from Eng-
lish to Czech keyboard! But even
though they want to learn program-
ming and they will be amazing at it
in the future, it’s not the obstacle!”
(P2). Some participants proposed that
girls should be pushed early to engage
in difficult assignments and experi-
ence success, with mandatory coding
classes being part of the initiative.

Sense of Belonging

A number of respondents (32% of P1
and 27% of P2; see Table 1) listed a
sense of belonging as a major concern.
This is surprising in the case of P1
participants, who have been involved
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with computing since their early edu-
cation. Many do not feel comfortable
in a predominately male environ-
ment—a “bro culture,” as they call
it: “Sometimes it’s hard to work in
field dominated by men. Right now, I
would be really glad if more women
worked in IT because I work in IT,
and I don’t like that feeling that I'm
something extra or abnormal” (P2).

What women (82% of P1-C4
and 58% of P2—C4 participants) dis-
like about being underrepresented in
the environment is that they do not
feel comfortable expressing them-
selves and believe “other people
[are] watching and/or judging me”
(P1). Additionally, some referred to
people in computing as being “nar-
row-minded” and using a strange
language, which makes it hard to
feel they belong, but they emphasized
that “there is a large divide, I think,
between the CS people and commu-
nities that are healthy, productive,
and wholesome and those that are
very toxic places” (P2). In addition,
18% of P1-C4 and 25% of P2-C4
participants reported sexism: “Had
my share of, ‘Hey, you’re not bad
at programming for a girl’ and pro-
grammers keeping posters of girls in
bikinis in their offices/on their com-
puter” (P1).

Feeling Valued

Besides the four key factors, also con-
firmed by existing studies,'® we add
the fifth factor that emerged from
the responses (17% of P1 and 34%
P2; see Table 1). This observation
matches research into the underrep-
resentation of women in leadership,!2
showing that women feel they are val-
ued based on their ability to mimic
strengths typical of the majority
group while being expected to have
other “feminine strengths” that are
given less credit. In effect, women

with strengths matching the majority
group in SE (e.g., logical thinking and
technical knowledge) feel annoyed by
the need to keep proving their worth
(a so-called defensive climate!©),
while women with different strengths
(e.g., in user-centered design and mul-
tidisciplinary interests) believe they
are seen as second-class. This causes
discomfort and hinders women’s ca-
reer growth, which might result in
them leaving the field.

Among P1 participants, 56% of
P1-C5 explicitly expressed concern
about women in computing not be-
ing valued, experiencing discrimina-
tion, and not feeling encouraged to
use their full potential (e.g., multidis-
ciplinary knowledge). Although rare,
some respondents viewed the field as
“being dominated by men that look
down on women in computing” (P1).
Others said “the work of female
developers is rather not acknowl-
edged” (P1), and some reported be-
ing advised that they “should not
go into computer science because
women are not being taken seriously
in that area” (P1). The 33% of P2—
CS5 participants who expressed con-
cern about women not being valued
did so in a more implicit way, e.g.,
some of them believed they had to
do something (e.g., invest more time,
spend less time with children, study
more, leave their other interests be-
hind) to be more valued.

Furthermore, 67% of P2-C35 re-
spondents said they feared that a
tendency toward multidisciplinary
interests would lead to them being
valued less: “I am not a person that
enjoys computing on its own; I need
some higher goal. I like to think of it
as means of fulfilling my other goals
in different fields. That’s what I’d like
to see more of—showing that IT is not
just I'T; more commonly it is connected
to some other field, and you can work

with anything being in IT” (P2). And:
“IT should be part of every study we
do today .... I think we should con-
nect pure science with IT somehow;
e.g., during my history studies we used
computers only to make presentations
in MS PowerPoint. We could learn
how to model data and make predic-
tions based on some historical events.
We could make graphic designs of ar-
chaeological sites, whatever...but we
didn’t” (P2).

What is SE lacking that makes
women seek other interests, study
programs, and professions as an
alternative? To answer this ques-
tion, we were especially interested
in understanding what made P2
participants step away from SE and
computing in the first place. Thanks
to the admirable ability of the partic-
ipants to reflect on their previous ex-
periences, we could follow a pattern
in the responses. The funnel into SE
education is leaky. There is a likeli-
hood of 0.27 (C1.1) that girls will
not have an engaging educational
offer in their areas of interest, 0.2
(C2.3) that they will be convinced
that they and their interests do not
fit and are not connected to SE, 0.24
(C3.2) that they falsely believe that
because they have other interests and
do not invest all their time in com-
puting they cannot be successful in
SE, and 0.23 (C5.3) that they will
experience their nonstereotypical
skills and interests as second-class,
misunderstood, and unappreciated.
There is a silver lining to these
leaks—multidisciplinarity. The women
in the study had many major inter-
ests, on average, 5.5 besides com-
puting (which was true for P1 and
P2). Thus, the time when they could
have practiced computing was filled
with other activities, something
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they never consciously noticed. This
was nicely expressed by one partici-
pant: “In retrospect, I'd like there to
be someone who noticed that I had
my head on computers and kept me
there. I had a lot of other interests:
guitar twice a week, volleyball twice
a week. I took computers like, “Yeah,
I'd probably like that,” but I had a lot
of other things” (P2).

There is thus potential to create
alternative pathways'® to the field
by building on individual interests.
Since many women find it hard to
identify themselves with computing
(which is indicated by the confidence

in computing courses via realistic ap-
plications and real-world projects.
This would expand different entry-
ways to computing, help students be
more comfortable exploring and ex-
perimenting with computing, provide
the stability of a familiar knowledge
base, and foster an ability to self-iden-
tify with relevant problems. While
mixing the “unfamiliar with the famil-
iar,” students might be more intrigued
when unexpected things happened
and feel more competent because
they could explain new findings by
using their strengths in a comfortable
context. Interdisciplinary approaches

Interdisciplinary approaches
could enrich formal education by
integrating other sciences and
humanities, promoting versatility
for future workplaces and real
innovation.

gap and missing sense of belonging),
we might want to leverage their per-
sonal interests to create identities that
resonate. We suggest that a different
learning approach, i.e., an interdisci-
plinary one,'* could be particularly
promising for strengthening women’s
engagement in computing. Interdis-
ciplinary subcultures can provide an
environment where students who feel
left behind can learn SE without a
sense of being trapped by the domi-
nant culture associated with the field.

To this end, different means and
strategies can be utilized, from the inte-
gration of computing-powered solutions
in noncomputing courses to the inte-
gration of noncomputing knowledge

could enrich formal education by inte-
grating other sciences and humanities,
promoting versatility for future work-
places and real innovation, which can
hardly be achieved without computing
crossing its own boundaries.

Before concluding, it is important
to keep the limitations of this study
in mind. First, the accuracy of the
responses depended on participants’
ability to recall their experiences. Sec-
ond, we used open questions to cap-
ture a full range of expression, which
had to be conveyed in English. That
required writing skills and an ability
to describe feelings and experiences,
which can be difficult for nonnative
English speakers. Nevertheless, the

study’s results align with the assump-
tions and evidence reported in the lit-
erature,’ 10 although those findings
have not been confirmed by a project
like ours. Further studies attempting
to replicate our findings using larger
samples for different gender groups
would be welcome.

omputing-driven innova-

tion and creativity cannot

achieve their full potential
if they are performed by a fraction of
the population. The potential talent
pool is significantly reduced with-
out girls and their nonstereotypi-
cal strengths. However, measures to
diversify the computing workforce
should be motivated not only by at-
tempts to balance the gender books
but out of understanding that par-
ity is an enormous advantage for our
digitalized future. Our study shows
a lack of understanding and appreci-
ating diversity in SE.

On top of this, there is danger in
some of the attitudes in SE, and it was
visible in the responses of P1 partici-
pants. They emphasized experiencing
hostile stereotypes (C2.1) and feel-
ing uncomfortable expressing their
true nature around SE practitioners
(C4.1). Noticing and counteracting
this should be a norm by today, and to
one participant (P2), who stated that
she did not enter SE because of the
“necessity to change herself, to change
her field, to get into the ‘men’s world’,”
we can hopefully respond that soon
enough 1) each person will be able
keep her own identity (as sporty,
artsy, or feminine) in computing; 2)
nobody will have to change her field,
as SE will not be compartmentalized
and will function across disciplin-
ary boundaries; and 3) it will not be
a “man’s world” anymore—it will be
everyone’s. It will be ours. @

68 IEEE SOFTWARE | WWW.COMPUTER.ORG/SOFTWARE | @ EEESOFTWARE

Authorized licensed use limited to: Masaryk University Brno. Downloaded on June 24,2022 at 09:21:39 UTC from IEEE Xplore. Restrictions apply.



Acknowledgment

This work has been partially supported
by European Cooperation in Science
and Technology action CA19122,
through the European Network for
Gender Balance in Informatics.

References
1. M. Fidelman, “Here’s the real reason

LUCIA HAPPE is a senior researcher with the Faculty of Infor-
matics and Center for Teacher Education, Karlsruhe Institute of
Technology, Karlsruhe, D-76131, Germany. Her research inter-
ests include gender-sensitive education in the context of soft-
ware engineering, performance engineering, and model quality
in model-driven software engineering. She founded RockStartIT,
a nonprofit initiative to provide more appealing computing

there are not more women in technol-
ogy,” Forbes, June 5, 2012. https:/
www.forbes.com/sites/markfidelman/
2012/06/05/heres-the-real-reason
-there-are-not-more-women-in
-technology/

. “Women who choose computer sci-
ence — what really matters: The criti-
cal role of encouragement and
exposure,” Google, 2014. https:/
edu.google.com/pdfs/women-who
-choose-what-really.pdf

. B. Buhnova and D. Prikrylova,
“Women want to learn tech: Lessons
from the Czechitas education project,”
in Proc. 2nd Int. Workshop on Gender
Equality Softw. Eng. (GE), 2019, pp.
25-28. doi: 10.1109/GE.2019.00013.

. B. Buhnova and L. Happe, “Girl-
friendly computer science classroom:
Czechitas experience report,” in
Proc. Eur. Conf. Softw. Architecture,
Springer-Verlag, 2020, pp. 125-137.
doi: 10.1007/978-3-030-59155-7_10.

. L. Happe, B. Buhnova, A. Koziolek,
and I. Wagner, “Effective measures to
foster girls’ interest in secondary com-
puter science education,” Educ. Inform.
Technol., vol. 26, no. 3, pp. 1-19, 2020.
doi: 10.1007/s10639-020-10379-x.

. E. Gorbacheva, ]J. Beekhuyzen, J. vom
Brocke, and J. Becker, “Directions for
research on gender imbalance in the
it profession,” Eur. |. Inform. Syst.,
vol. 28, no. 1, pp. 43-67, 2019. doi:
10.1080/0960085X.2018.1495893.

. K. Joshi, E. Trauth, L. Kvasny, and S.
McPherson, “Exploring the differ-
ences among it majors and non-

majors: Modeling the effects of gender

education for broader audiences. Contact her at https://www.
linkedin.com/in/lucia-happe/ or lucia.happe@kit.edu.

BARBORA BUHNOVA is an associate professor and vice
dean with the Faculty of Informatics, Masaryk University, Brno,
60200, Czech Republic. Her research interests include various
quality concerns (trust, reliability, and security) in the context
of software architecture, and gender-sensitive education in the
context of software engineering. She is an editor of Empirical

Software Engineering. She is a member of multiple initiatives
to engage women in technology, and she cofounded Czechitas,
a nonprofit to make IT skills more accessible to girls and
women. Contact her at https://www.fi.muni.cz/~buhnova/ or
buhnova@fi.muni.cz.

role congruity, individual identity, and
it self-efficacy on it career choices,”
in Proc. Front. Educ., Comput. Sci.

10. J. B. Main and C. Schimpf, “The

underrepresentation of women in
computing fields: A synthesis of liter-
ature using a life course perspective,”

IEEE Trans. Educ., vol. 60, no. 4,
pp- 296-304, 2017. doi: 10.1109/
TE.2017.2704060.

Comput. Eng., 2013, pp. 1-21. 11. K. Kay and C. Shipman, “The

. D. J. Armstrong, C. K. Riemenschnei- confidence gap,” The Atlantic,
der, and L. G. Giddens, “The advance- 2014. https://www.theatlantic.
ment and persistence of women in the com/magazine/archive/2014/05/
information technology profession: An the-confidence-gap/359815/
extension of Ahuja’s gendered theory 12. B. Annis and R. Nesbitt, Results at
of it career stages,” Inform. Syst. |., the Top: Using Gender Intelligence
vol. 28, no. 6, pp. 1082-1124, 2018. to Create Breakthrough Growth.
doi: 10.1111/isj.12185. Hoboken, NJ: Wiley, 2017.

. K. Clayton, J. Beekhuyzen, and S. 13. E. A. Patitsas, “Explaining gendered
Nielsen, “Now I know what ICT can participation in computer science edu-
do for me!” Inform. Syst. J., vol. 22, cation,” Ph.D. dissertation, University
no. 5, pp. 375-390, 2012. doi: of Toronto, Toronto, Canada, 2019.
10.1111/5.1365-2575.2012.00414..x. 14. V. Millar, “Trends, issues and pos-

sibilities for an interdisciplinary stem
curriculum,” Sci. Educ., vol. 29, no.

4, pp. 929-948, 2020. doi: 10.1007/

s11191-020-00144-4.

JULY/AUGUST 2022 | IEEE SOFTWARE 69

Authorized licensed use limited to: Masaryk University Brno. Downloaded on June 24,2022 at 09:21:39 UTC from IEEE Xplore. Restrictions apply.



