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Introduction

Diversity in Computer Science: Design Artefacts for Equity and Inclusion presents
and documents the principles, results, and learnings behind the research initiative
FemTech.dk, which was created in 2016 and continues today as an important part of
the Department of Computer Science at the University of Copenhagen’s strategic
development for years to come. However, this book is also the story of how we (the
authors) as computer science researchers embarked on a journey to engage with a
new research field — equity and gender in computing — about which we had only
sporadic knowledge when we began. We refer here to equity and gender in comput-
ing as a research field — but in reality, this research field is a multiplicity of entan-
gled paths, concepts, and directions that forms important and critical insights about
society, gender, politics, and infrastructures which are published in different venues
and often have very different sets of criteria, values, and assumptions. Thus, part of
our journey is also to learn and engage with all these different streams of research,
concepts, and theoretical approaches and, through these engagements, to identify
and develop our own theoretical platform, which has a foundation in our research
backgrounds in human computer interaction broadly — and interaction design and
computer supported cooperative work specifically. We chose in this book to include
insights about our own journey, including failures and successes we experienced
along the way. In this way, we choose to become vulnerable through our writing and
hope that readers will appreciate our efforts in making transparent and visible those
aspects of research that sometimes remain invisible in research publications.
Demonstrating vulnerability in research can be scary and present risks — however,
in true equity and inclusion research, personal self-disclosure is a common practice
(Hamidi et al. 2018; Keyes 2018) that allows peers to consider the perspectives
through which research activities are being conducted and accomplished. Among
the main theoretical assumptions within equity and inclusion research is that who
you are and where you come from matter and shape the kinds of research endeav-
ours you can accomplish (Muller 2011; Rode 2011; Spiel et al. 2020). Thus, when
you study a phenomenon, you always take a position and study from ‘somewhere’
(Haraway 1990), and for peers to fully judge your work and contribution — and to
consider how your work embraces the complexities of the contextual
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considerations — they need insights into your position. We hope readers of this book
can learn from our mistakes and challenges and in this way push equity and inclu-
sion research as well as interventions forward, changing the state of diversity in
computer science.

How to Read This Book

This book is written with five different audiences in mind. Surely, you can decide to
read the whole book from cover to cover. We have intentionally made the book short
with many illustrations and expect that readers can get through it in appropriate time
and hopefully enjoy all the content. However, if you have specific interests, knowl-
edge, or insights you want to start with, we will here provide suggestions for directed
reading.

One audience is computer science teachers (at all levels but mostly high school
and up) who are interested in thinking about diversity and equity when designing
their classrooms, their assignments, and interactions. While our book is not about
new teaching methods or computer science curriculum per se, the FemTech princi-
ples demonstrated through the design artefacts Cyberbear, Cryptosphere, and
GRACE can inform teachers on how to think differently about their curriculum and
teaching environments. We expect that such readers would benefit from focusing
their reading on Chaps. 4, 5, and 6. It is in these chapters that we introduce the
FemTech design principles and our design artefacts, and present the data and results
from our workshops and interventions.

A second audience includes the decision-makers, managers, and policymakers
who lead tech organizations or computer science departments and want to have
dedicated strategies for diversity, equity, and inclusion initiatives beyond ‘window
dressing’. For these readers we suggest focusing their readings on Chaps. 7, 8, and
9. Of specific interest for management at universities (and computer science depart-
ments), we would include reading Chap. 1.

A third audience includes researchers who do research within equity in comput-
ing within areas such as software development, human computer interaction, com-
puter supported cooperative work, and design research. For these readers we would
suggest reading Chaps. 2, 3, 4, 5, and 6. These chapters introduce our research,
methods, and findings.

A fourth audience includes tech organizations and unions, who are in the unique
position of being able to make a concrete impact and push for equity within the
computing industry. For this audience, we suggest reading Chaps. 7, 8, and 9 — to
find a way to move organizations from only celebrating International Women’s Day
on March 8 each year to making real change.

The fifth audience includes journalists, the public, and other individuals who
have an interest in questions such as: Why are there so few women in computing
and tech organizations in Denmark? What are the historic reasons for computer sci-
ence departments to have so few women? What can we do about it?
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There might be even more audiences who have an interest in this book — we hope
so — and therefore we have been dedicated to making the book as available as pos-
sible for a large audience in both Denmark and internationally. To help all audiences
navigate the book, we next introduce each chapter briefly. Further, there are lists of
all tables and figures.

The book contains nine chapters of different lengths and foci. ‘Introduction’ sets
the stage for the book through the introduction you are currently reading. We sug-
gest that all readers use this chapter and the table of contents to navigate the book
for directed reading.

Chapter 1, ‘The State of Diversity in Computer Science in 2022’, focuses on the
state of diversity in computer science in 2022 in Denmark. The chapter includes
historic facts about three women pioneers in computing — and introduces gender
statistics about PhD degrees and PhD supervision in the Department of Computer
Science at the University of Copenhagen. We suggest that you read this chapter if
you are interested in the history of computer science in Denmark and are puzzled
about why we know so little about the women.

Chapter 2, ‘Femtech.dk Research Initiative’, introduces FemTech.dk, the
research interest, our aim, and contextual situations, which is the foundation for the
book. If you are considering being inspired by the FemTech work, it is important to
understand the basic interests and assumptions behind the approach, and thus we
suggest reading this chapter.

Chapter 3, ‘Interventionist Research’, introduces the research method used in
FemTech. Chapter 3 includes reflections on how our work is situated within the
Scandinavian approach to participatory design and action research. Finally, the
chapter introduces our interventionist agenda and provides reflections on our role as
researchers. This chapter will be most interesting for readers who want to know
about the epistemological assumptions behind our work.

Chapter 4, ‘Makerspace Methodologies & Design Principles’, situates our work
in the physical DIY (do-it-yourself) computing laboratory and explicates how mov-
ing the narrative on computer science from desktop research to the lab is a dedicated
interest and concern of our work. Further, the chapter includes how we mobilized
various resources in our attempt to create and build physical places for our work.
The chapter also introduces the four FemTech design principles, on which all our
artefacts and interventions have been based.

Chapter 5, ‘Cyberbear & Cryptosphere: Sociomaterial-Design, Social Belonging,
and Gender Representations’, is one of the core chapters in the book. The chapter
presents the research we did considering the design of FemTech artefacts and the
events we organized for women who do not see themselves as belonging to comput-
ing. If you are organizing events or other activities — or considering concrete new
outreach strategies for your diversity work — we suggest reading this chapter.

Chapter 6, ‘GRACE: Designing Sociomaterial Assemblages Unpacking Gender
Equity in Computing’, is the second core chapter in this book. The chapter focuses
on the FemTech artefact GRACE, an installation for discussing and reflecting on
gender in computing. The chapter includes all the research results we gained using
GRACE as an artefact of inquiry. If you are interested in provocative design
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artefacts and how they can travel and be used for engaging people in conversations,
you should read this chapter.

Chapter 7, ‘Equity & Inclusion’, is a reflective chapter which introduces impor-
tant vocabulary for organizations and individuals to consider when thinking about
equity, diversity, and inclusion. The chapter is core reading if you are involved in
any kind of diversity work in your organization — in particular, we suggest that all
decision-makers in tech organizations as well as computer science university depart-
ments read this chapter.

Chapter 8, ‘Organizational Change for Equity and Inclusion’, introduces three
propositions, based on all our work, which can help move ‘diversity, equity, and
inclusion” work in organizations. We suggest that decision-makers and managers at
all levels involved in tech organizations or computer science departments read this
chapter. Also, unions, union representatives, and political policymakers would ben-
efit from reading this chapter, in their attempt to move the agenda forward in a
concrete manner.

Finally, in Chap. 9, ‘Final Reflections’, we reflect on our own learnings, which
we hope will benefit others as they move the agenda forward. This includes norma-
tive statements about what kind of activities and initiatives we found to be beneficial
if tech organizations and computer science departments truly are to reach equal
gender representation within computer science and technology development.
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Chapter 1

The State of Diversity in Computer Science
in 2022

Check for
updates

‘Datalogy’ (or computer science) is the academic foundation and practice that
determines how digital technologies are designed, developed, and introduced into
peoples’ lives. Digital technologies shape society, life, and work and influence how
people think and act with technology in all aspects of life. In a democracy it is vital
that the people who create technology mirror the society’s diversity, to ensure that
new digital technologies do not constrain people’s agency but enable people to act
and take part in society. Today, in 2022, diversity and inclusion is one of the main
challenges for computer science as a field and profession in Western countries such
as Denmark and the USA (Frieze and Quesenberry 2019; Borsotti and Bjgrn 2022),
and studies have shown that computer science will not reach gender parity in this
century (Holman et al. 2018) without interventions directed at change.

Three Pioneer Women in Computer Science in Denmark

All the research we present in this book took place in the Department of Computer
Science at the University of Copenhagen (Datalogisk Institut Kgbenhavns
Universitet [DIKU]), in Denmark. Thus, our work is situated in Denmark, and since
gender is culturally shaped (Butler 1999), providing some contextual information
about the Computer Science Department is important. The University of Copenhagen
was established in 1479 and is the oldest university in Denmark and the second old-
est in Scandinavia (Uppsala University in Sweden was established in 1477). DIKU
was established in 1970 by Turing Award winner Peter Naur and grew out of the
Department of Mathematics. DIKU was thus created during the ‘68 student rebel-
lion at universities in Denmark, where students and administrative personnel fought
for voice and decision power in the universities, thus challenging the prior unified
power owned only by professors (Hansen 1997). At this time, universities in
Denmark transformed from elite institutions for the few to mass universities that
were democratically organized. At DIKU this meant that students were highly
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engaged with the department’s planning and teaching — active in creating the institu-
tion — and that Head of Department was an elected position. At that time approxi-
mately 20% of the students were women (Sveinsdottir and Frgkjer 1988), and one
of the core faculty members creating the department in 1970 was professor Edda
Sveindottir (1936-2022). Considered the first woman computer scientist in
Denmark, Professor Sveindottir was the first woman to be appointed Head of
Department for Computer Science. Professor Sveindottir was never appointed full
professor at DIKU, remaining an associate professor until she left DIKU, but
became a full professor at Roskilde University, where she stayed until her retire-
ment. Professor Sveindottir is to date the only woman Head of Department at DIKU,
and her pioneering research and impact on the development of computer science in
Denmark is well celebrated.

The PhD degree was introduced in Denmark in 1987, and the first woman to earn
the degree in computer science in Denmark was at Aarhus University, the second
largest university in Denmark, Professor Susanne Bgdker, that same year. The
Department of Computer Science at Aarhus University was established in 1975 —
and Professor Bgdker continues to be one of Denmark’s most influential and inter-
national leading computer science researchers to this day. The first woman to earn a
PhD in computer science at DIKU was Professor Emeritus Elin Rgnby Pedersen, in
1988. After finishing her PhD with Peter Naur as supervisor, Professor Pedersen
become associate professor at Roskilde University. She left Denmark and academia
and moved on to industry at Google and Microsoft for more than 25 years. Professor
Rgnby Pedersen returned to Denmark in 2021, continuing as a senior research sci-
entist at Google, but was also appointed professor at the University of Southern
Denmark.

There is no doubt that these amazing women all had — and still have — a huge
impact on how computer science research has developed in Denmark and interna-
tionally. They have each in different ways been pioneers and trailblazers!
Unfortunately, they are also only a very small set of the very few women who man-
aged to succeed in computer science academia in Denmark during the period
1970-2010. Let’s look at the numbers. First, however, it is important to mention that
we are aware that gender is not a binary construct divided into only two categories:
women and men. However, for reporting numbers we are basing our observations
on the available historical data, which are reported in binary terms.

Lack of Diversity: PhD Degrees & PhD Supervisors

The PhD degree is the highest obtainable academic degree, and it documents a per-
son’s research skills and qualifications. Since its introduction to Danish academia in
1987 (there were other merit systems in Denmark before that), the PhD degree has
been a requirement for obtaining a faculty position at universities in Denmark and
internationally. Thus, to understand the diversity potentials in universities, one must
start by looking at the numbers for people obtaining the PhD degree.
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If we look at the numbers from the Department of Computer Science at University
of Copenhagen (DIKU) focusing on PhD degrees, we find the following. Since the
PhD degree was introduced in 1987 in Denmark, only 23 women have been awarded
the degree in computer science from DIKU, whereas 155 men have been awarded
the degree. Of the 35 years that DIKU have been awarding PhD degrees, there have
been 21 years with no women graduating with a PhD degree but only 2 years for
men. In the period 1987-1997, only 4 women received the PhD degree in computer
science from DIKU, whereas 37 men did; and in the period 1998-2008, only 2
women received the PhD degree from DIKU, whereas 38 men did. If we look at the
statistics for the last 5 years (2017-2021), 8 women and 42 men graduated with a
PhD degree from DIKU. While PhD degrees have been awarded to women from
DIKU since 1988, the numbers are clearly unbalanced (Table 1.1).

The Privilege of PhD Supervision

To fully comprehend the gender unbalance in the Computer Science faculty at
DIKU, it is important to consider the different measures and metrics by which fac-
ulty success is considered. While there has been a change in recent decades in terms
of evaluating the impact and research quality of universities in Denmark — with an
increased focus on citation indexes, grant procurements, and relevance to industry —
most academics would agree that PhD education continues to be an important mea-
sure both nationally and internationally within computer science. Supervising and
graduating PhD students is thus a privilege that allows faculty to extend their
research agenda and continue their personal research interests. Having the opportu-
nity to supervise PhD students in Denmark depends on individuals’ success in win-
ning research grants to pay for those students. However, as clearly demonstrated by
research on grant distributions in Denmark (Aagaard et al. 2018; Madsen and
Aagaard 2020), the 20% most-grant-winning researchers in Denmark are awarded
75% of all available funds (Norn 2019). Further, even considering the gender unbal-
ance in the overall Danish academic environment across all topic areas, only 22% of
all funds are allocated to female PIs.

Overall, 40% of Danish researchers are female, while this is the case for only 34% of the
grantees. However, when considering the distribution of grants and funding amounts only
29% of all grants have a female PI, and only 22% of all funding is allocated to a female
PI. (Madsen and Aagaard 2020)

Funding influences career advancement in academia, not only in terms of having
available resources to do research but also as part of the merit that provides access
to faculty positions. The ability to win funds is perceived as part of the qualification
criteria for academic hiring — and for the next funding application. This means that
researchers who have already demonstrated their ability in attracting funds are more
likely to continue attracting new funds (safe bet). This phenomenon that scientists
who have previously been successful are more likely to succeed again, producing
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Table 1.1 PhD degree awarded in the period 1987-2021 from Department of Computer Science,

University of Copenhagen

Women Men All

2021 3 13

2020 8

2019 2 5

2018 2 9
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increasing distinction, is referred to as the Matthaeus (or Matthew) effect (Bagilhole
and Goode 2001). The Matthaeus affect refers to the Bible quote “For everyone who
has will be given more, and he will have an abundance. But the one who does not
have, even what he has will be taken away from him” (Matt. 25:29); the term was
coined by sociologists Harriet Zuckerman and Robert K. Merton (Zuckerman and
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Merton 1971), who studied the scientific elite of Nobel laureates in the USA (Merton
1968; Zuckerman 1977). Their research showed that in the matter of academic
credit, credit is given to already famous people, and in cases of co-authorship where
the authors have unequal reputations, the person who is best known gets more credit
and the names of the additional authors tend to be forgotten (Merton 1968). If we
apply this pattern of recognition and academic credit to the funding landscape in
Denmark, the Matthaeus effect seems to apply given that only 20% of Danish
researchers receive 75% of the complete available funding.

Access to external funding is highly connected to the privilege of PhD supervi-
sion in Denmark. First, in Denmark, PhD students are both students and employees,
which means that they are accepted to the PhD school as a student but that their
supervisor must be able to fund their salary as hired employees. Because of the
decrease in universities spending basic funds on PhD students and a higher reliance
on external funding for PhD employment, gaining the privilege to supervise PhD
students relies heavily on individual faculty success in winning external funding to
pay for PhD employment. Successful supervision of PhD students will in most
cases lead to an increase in high-ranking publications, which in turn will increase
the citation index of the individual PhD student as well as the supervisor — which
again would improve the chances of winning research grants, and so forth. The
increased pressure on securing grants and decreased chance of receiving funds
mean that brilliant ideas and excellent qualifications are not enough to win.
Innovative international initiatives try to reduce bias and improve openness to radi-
cal, non-mainstream ideas by implementing new mechanisms for distributing grants
based on a lottery (Adam 2019), and Danish researchers have also suggested that
the Danish funding landscape should consider such approaches (Baggersgaard
2021). In 2022, the Novo Nordisk Foundation, one of the largest private funders in
Denmark, declared that they will experiment with partial randomization of fund
distribution (Frandsen 2022).

Gender Distribution of PhD Supervisors

Given the unbalanced funding distribution, the low number of women PhD gradu-
ates, and the low number of women faculty in the Computer Science Department —
we decided to explore the gender distribution of PhD supervisors. Associate and full
professors can be PhD supervisors, and tenure-track assistant professors can be co-
supervisors until they are promoted to associate professor. Examining the relation-
ships between supervisors and their PhD students who graduated from DIKU during
the period 1987-2021, we find no PhD student graduate with a woman supervisor
until 2010. This means that for the first 23 years of DIKU awarding the PhD degree,
only men received the privilege of supervising PhD students. There are multiple
cases from the period 1990-2010 where the privilege and work of supervising a
PhD student was shared by a group of supervisors. However, not until 2010 did a
mixed-gender supervisory team graduate a PhD student. Even after 2010, women
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supervisors were a rarity — and of the 35 years (1987-2021) in which DIKU awarded
the PhD degree, there were 31 years where no women had the privilege of solo
supervising PhD student graduating. In comparison, there is only one year without
male supervisors, 1992, when no PhD student graduated from DIKU.

Of the 35 years, DIKU awarded the PhD degree to students with mixed-gender
group supervisors in only 8 years, during the period 2010-2021. Further, in only
4 years were PhD graduates solo supervised by a woman (2010, 2019-2021), gradu-
ating in total 6 PhD students. There have been no women-only group supervisions
and only 13 mixed-gender group supervisions in total over the 35 years, whereas
there have been 27 men-only group supervisions. Co-supervision is also a privilege,
which means that where a faculty member benefits from being a co-supervisor, it is
most likely a man. In comparison, 133 PhD graduates from DIKU in all 35 years
have been supervised by male supervisors. Graduating PhD students as a supervisor
confers privilege and power, as it is a core measure for promotion. Further, extremely
few PhD students experience women supervisors (Table 1.2).

Finally, we should mention that besides Professor Edda Sveinsdottir who was
associate professor at DIKU until she left (1970-1987) and was promoted to full
professor at Roskilde University; Senior Scientist Dr. Julia Lawall was also associ-
ate professor at DIKU during the period 2000-2011, before she left to work at
INRIA. Both Edda Sveinsdottir and Julia Lawall were the solo women faculty dur-
ing their time at DIKU. We have not been able to identify any women who were
faculty at DIKU during the period 1987-2000. Corinna Cortes is VP at Google
Research in New York, and also hold the title as adjunct professor at DIKU since
2011. Marleen de Bruijne was recruited as associate professor at DIKU in 2011;
Christina Lioma was recruited as tenure-track assistant professor in 2012; and Aasa
Feragan was recruited as associate professor in 2014; Katarzyna (Kate) Wac was
recruited as associate professor in 2015; and Pernille Bjgrn was recruited as full
professor in 2015.

The point here is that to fully comprehend the state of affairs shaping the unbal-
anced gender representation in computer science in Denmark in general and at
DIKU specifically, it is not enough to pay attention to the gender disparity between
bachelor’s and master’s degree students; we must also look at the gender disparity
within the PhD student cohorts — as well as the gender disparity within the faculty
having the privilege of supervising PhD students.

Slow Change 2015-2022

In May 2015, DIKU hired a woman into a full professor position for the first time.
As of 2022, DIKU has increased the number of women faculty for tenure-track
assistant professors, associate professors, and full professors. For women faculty,
DIKU has as of January 2022 four full professors (Professor Pernille Bjgrn, recruited
in 2015; Professor Marleen de Bruijne, promoted in 2018; Professor Christina
Lioma, promoted in 2019; Professor Irina Shklovski, recruited in 2020), three asso-
ciate professors (Associate Professor Melanie Ganz-Benjaminsen, promoted in



Slow Change 2015-2022 7

Table 1.2 Supervisors of PhD graduates, 1987-2021: 133 solo men supervision, 6 solo women
supervision, 13 mixed-group supervision, 26 group of men supervisions, and 0 women group
supervisions, for a total 178 PhD graduates

PhD supervisors 1987-2021

Man ‘Woman Group supervision mixed Group supervision men
Year | (solo) (solo) gender ONLY

1987 |2
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1989
1990
1991
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1993
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2019
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2021
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2021; Associate Professor Joanna Bergstrom, promoted in 2021; and Associate
Professor Isabelle Augenstein, promoted in 2020), and six assistant professors
(Tenure-Track Assistant Professor Maria Maistro, Tenure-Track Assistant Professor
Sarah Homewood, Tenure-Track Assistant Professor Valkyrie Savage, Tenure-Track
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Assistant Professor Naja Holten Mgller, Tenure-Track Assistant Professor Hasti
Seifi, and Assistant Professor Stina Matthiesen).

As of the beginning of 2022, DIKU has 13 women faculty, the majority recruited
after 2017. We do not have the number of current PhD students with women super-
visors; however, to the best of our knowledge, most of the women faculty are cur-
rently supervising PhD students, and in all tenure-track packages new faculty
receive funding for one-half a PhD grant to help them begin their research. Further,
women faculty have been included in department management since 2018 as Head
of Section and since 2019 as Deputy Head of Department for research.

For historic documentation, it should be mentioned that Professor Aasa Feragen
at the Danish Technical University (DTU) was recruited from her associate profes-
sor position at DIKU to become full professor at DTU in 2019; and that Professor
Katarzyna (Kate) Wac was promoted to full professor at DIKU, but was immedi-
ately recruited by University of Geneva, Switzerland, in 2020. Finally, late Dr.
Luana Micallef was assistant professor at DIKU 2018-2019.

The latest official statistics from the university as of September 2021 show that
the current faculty (assistant, associate, and full professors) measured in full time
positions is 85% men and 15% women (67 full time positions); while the numbers
for PhD candidates are 65% men and 34% women (72 full time positions). At the
Professor level the difference is 93% men and 7% women full professors.

The FemTech.dk initiative was started in 2016 with a focus on gender diversity
within the bachelor’s and master’s student cohorts; however, the above numbers for
the department provide important context for understanding the lack of gender
diversity which has existed for many years. Improving gender diversity at universi-
ties cannot focus on bachelor’s and master’s students alone. We must include critical
examination of gender diversity for PhD students and the representation of gender
diversity in faculty. For excellent young students to engage with computer science,
universities will benefit from demonstrating how people from different backgrounds
can become successful within the field and profession. The 17 women faculty who
have been or currently are at DIKU are such a small percentage of the full faculty
who have been doing research and research-based teaching in the 52 years the
department has existed (1970-2022).
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Chapter 2
FemTech.dk Research Initiative

FemTech.dk is situated in the Department of Computer Science at University of
Copenhagen Denmark and has been an ongoing inquiry into the specific circum-
stances within computer science that produce gender imbalance and includes activi-
ties dedicated to making a change through design interventions.

FemTech’s Initial Focus on Bachelor’s and Master’s Students

FemTech.dk was created in 2016 to engage with research within gender and diver-
sity and to explore the role of gender equity as part of digital technology design and
development. FemTech.dk considers how and why computer science as a field and
profession in Denmark has such a distinct unbalanced gender representation in the
twenty-first century. The focus was initially on the student base of the bachelor’s
program in computer science, which from the 1980s until 2016 was remarkably
smaller than for other science programs at the University of Copenhagen (Table 2.1).

In terms of numbers, only 15 women students entered the bachelor’s degree pro-
gram in 2012 and 2013, and only 12 women students entered the program in 2014.
In each of these 3 years, more than 160 students entered the program in total.
Reviewing the 15-year period 2000-2014, the share of women students in the pro-
gram was 7% to 9%, the lowest percentage of women in a study program across all
of the University of Copenhagen. To compare, in 2016 the share of women students
in the Math program was 30%, and in Physics was 25%. Further, these percentages
match those at other universities in Denmark.

Why do so few women choose to pursue a computer science degree in Denmark?
More puzzling is that Denmark is known to score high on the gender-equality scale
for the UN Sustainable Development Goals (SDG) (DataHub 2019), and that in
Denmark all (theoretically) have equal access to free education. Danish university
students do not pay tuition fees and receive economic support for living costs while
enrolled in education from the government. Moreover, Denmark has paid parental
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Table 2.1 University of Copenhagen, Educational services for data and systems
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leave (also for students) and a childcare infrastructure that allows students to return
to their studies or to work as parents. All these factors would otherwise be consid-
ered obstacles to attending university and choosing a well-paid career in technology
development. Also, across all university programs, women students represent more
than 50% of the student population. Still, there is a huge discrepancy between the
availability of and access to pursue a degree in computer science and the number of
women who choose to apply.

FemTech.dk Is About Research, Not Recruiting

While these numbers describe an important context for the FemTech.dk research
initiative, we acknowledge that a sole focus on “numbers” risks addressing the gen-
der imbalance as a communication or marketing concern, which will limit the
research results and long-term impact. FemTech.dk does not have a communication
and marketing agenda. Instead, it is a research initiative, where we treat our con-
cerns about a real-life phenomenon as a research concern. Our research concern
takes its starting point in experienced practice, but the fundamental research interest
guiding our work is to explore and unpack the situated fundamental assumptions,
values, norms, and background knowledge that serve as the infrastructural socio-
technical foundation shaping the current contextual situations of gender imbalance.

As computer science researchers, we draw on technology design research meth-
ods — specifically what we label makerspace methodologies. Briefly, makerspace
methodologies combines analog and digital means to design, create, and implement
interventionist critical design artefacts as a vehicle for change. Our primary aim is
not to attract women to computer science but to figure out how we can open com-
puter science to allow people from different backgrounds and with different
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interests to engage with computer science as a field and profession where they can
succeed. We do not want to change women to make them fit in; instead, we want to
change the field to make it more inclusive. As Shaowen Bardzell and Jeffrey Bardzell
so elegantly phrase it:

if we want more women in computing, the feminist approach would suggest that rather than
transforming women in primary and secondary education to better prepare them for under-
graduate CS, we might also consider transforming undergraduate CS so that it more clearly
relates to undergraduate women’s own intellectual agendas. (Bardzell and Bardzell
2011, p. 679)

Inspired by feminist Human—Computer Interaction (Bardzell 2010; Rode 2011), the
FemTech.dk research foundation is intended to extend the field of computer science
and promote agendas that allow women (and other under-represented groups) to
pursue their own agendas within the field. In all activities and interventions,
FemTech.dk is about extending and embracing the field of computer science, allow-
ing for people with diverse backgrounds and interests to see themselves as success-
ful within the field.

Computer science is the foundation for how new information technologies are
designed, developed, and introduced into peoples’ lives. Digital technologies shape
society, life, and work in important ways globally and locally, influencing how peo-
ple think and act with technology in all aspects of life. Focusing on Europe, and
specifically Denmark, we use digital technologies when we work, when we interact
with governments and other institutions, when we engage with friends and family —
and when our children engage with other children. We use technology in transporta-
tion, in manufacturing, in healthcare, and in unemployment services (Boulus-Rgdje
2018; Nielsen and Mgller 2020; Boulus-Rgdje and Bjgrn 2021). We use technology
to track illness, energy, or politics (Boulus-Rgdje and Bjgrn 2015; Mgller et al.
2021a, b). Digital technologies are pervasive and ubiquitous. This means that the
people who create them influence our lives in important ways. Computer scientists
have the power to invent, design, and create the digital technologies that shape our
society. “With great power — comes great responsibility” (quoting the popular
adage, which is also included in the DIKU student songbook, department song:
Tomorrow the world is ours).

A large responsibility of computer scientists is thus to ensure that digital tech-
nologies that are developed enable the potentials of all individuals, communities,
and societies; and to notice when important aspects of human interaction are
neglected, constrained, or simply missing representation in technology design. To
embrace this responsibility, societies would benefit from a situation where com-
puter scientists with diverse backgrounds, perspectives, and ideas are available and
can participate in the important task of shaping society though technology.
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FemTech as Long-Term Endeavor

Making fundamental long-term change is evidently not a short-term endeavor. Thus,
FemTech.dk is more than a project — it is a long-term initiative, and a sociotechnical
infrastructure that collects and interlinks several projects and activities supporting
the long-term change agenda for gender equity in computer science. FemTech.dk
reaches beyond the individual projects, and new projects exist beyond this book. At
the end of the book, we briefly touch on these other activities and initiatives, but it
is important to state that meaningful and authentic change happens slowly and can
only truly manifest itself as stable mainstream approaches shaping overall practices
if we think 10-30 years into the future.

However, the importance of focusing on the long term does not mean that we
simply act blind-folded and cannot determine short-term changes. Throughout the
years of FemTech.dk, we reflectively chose to take certain actions and leave other
actions behind. Over the years we have developed a set of principles and guidelines
which help us make decisions about where to continue and where to step aside. In
this book we give insights into these principles and guidelines and hope that others
can be inspired in their endeavors for long-term change.

We hope to inspire other researchers, institutions, computer science teachers,
university management, and so forth in designing their own interventionist design
artefacts and taking actions to unpack and represent different agendas in computer
science and digital technology design. The concrete manifestation of artefacts and
interventions we have done, and which we describe in this book, are fundamentally
based on the Internet-of-Things, micro-controller programming, and makerspace
methodologies. However, future artefacts and interventions can take many different
forms, since FemTech.dk interventions are highly interlinked with the new digital
technologies and opportunities — and these change rapidly and continuously
(Schaller 1997). While the digital opportunities will change, we hope the FemTech.
dk design principles will be applicable over the long term.

Open Access  This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://creativecommons.org/licenses/by/4.0/

®

Check for
updates

Chapter 3
Interventionist Research

FemTech.dk is fundamentally about combining research and interventions with a
focus on making long-term change. Inspired by sociotechnical design (Mumford
2006) and action research (Bjgrn and Boulus 2011; Bjgrn and Boulus-Rgdje 2015),
FemTech.dk follows two main interlinked paths: (1) unpacking and understanding
the challenges related to unbalanced gender representation in computer science, and
(2) intervening and extending the field of computer science to allow for multiple,
diverse agendas. In this way, the overall methodological approach is characterized
as action research.

Scandinavian Participatory Design & Action Research

Action research was developed as a research method to account for the lack of
research methods and insights into a social phenomenon which made it impossible
for practitioners to take appropriate action and to consider the results of that action
(Lewin 1946). Action research is thus characterized by an immediate problem situ-
ation, which requires attention but lacks methods and descriptive insights to solve.
The urgency of the problem required immediate action — despite missing methods
and theory. Thus, an important part of the research is to plan and conduct interven-
tions — while collecting data about the interventions to develop theoretical insights
(Rapoport 1970). Moving from social sciences and into computer science, action
research has been used as a method for reflective system development (Mathiassen
1998, 2002) or as an approach to information system research (Avison et al. 1999).
Action research in computer science in particular shaped the Scandinavian approach
to system development (also referred to as participatory design) in the “70s and
‘80s — where unions and computer science researchers collaborated closely to
ensure that new digital technologies entering the workplace would empower
employees and not just support management (Kensing and Blomberg 1998; Bgdker
et al. 2000). In these research endeavors, there was awareness of the politics that
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arrive with digital systems (Markus 1983; Suchman 1994; Bjgrn and Balka 2007),
and thus a clear political agenda for taking the perspective of workers (Bgdker et al.
2004; Bgdker 2015) — blue-collar workers (Kristiansen et al. 2018), workers in tra-
ditional women’s professions (Wagner 1993; Mgller and Vikkelsg 2012) — or in
general taking seriously work and workers, which are often neglected when new
technology is introduced (Bishop 1999; Star and Strauss 1999; Oudshoorn 2008).

The methodological approach in FemTech.dk takes from the traditions of action
research and participatory design in the way that we join the interests and perspec-
tives of the gender-minority in computer science with a clear interest in making a
change. The emphasis on gender is a methodological decision to be able to opera-
tionalize our interventions within the university context; and we consider intersec-
tional aspects as part of our analysis and activities. Thus, we do have a political
agenda for change, and we are taking a side in working towards an inclusive com-
puter science field and profession. Simultaneously, we are studying the phenome-
non of ‘gender in computer science’ as an entity — as a black box — and that we want
to unpack as many facets as possible of this complexity to discover the core founda-
tions that have made computer science gendered as male in Denmark.

Computer Science Is Not Male — It Was Made Male

Historical research has documented how computer science was made male and
White in the USA (Ensmenger 2010) and in the United Kingdom (Hicks 2017) —
despite the fact that computer programming and software development were done
by women and people of color in the early days of computing, and that historically
computer science was a women’s occupation (Menendez-Blanco et al. 2018; Rosner
et al. 2018a, b; Shorey and Rosner 2019). Interestingly, computing began during
WWII, while Denmark was occupied — and thus computing as a profession was
introduced later in Denmark (in Regnecentralen (Thorhauge 2006)) than in the USA
and the UK. As mentioned earlier, the first department of computer science was not
established until 1970. These historic accounts are important to understanding the
current situations where Denmark, like the USA and the UK, has produced unbal-
anced gender representation in computing.

Developing initiatives to improve gender diversity in computing has been a con-
tinual topic of interest internationally since the ’80s (Albusays et al. 2021).
Surprisingly, the gender-minority in computer science detected in the USA, UK,
and Denmark is not mirrored in countries such as Malaysia (Mellstrom 2009) or
Israel (Frieze and Quesenberry 2015). Clearly, the gendered characterization of
computing is culturally determined; thus, a change must include considerations of
societies’ assumptions and prejudgments of the field and profession. Several initia-
tives have been taken to transform gender representation in computer science
departments; among the most impressive is the transformation of the computer sci-
ence department at Carnegie Mellon University in Pittsburgh, Pennsylvania,
USA. Here, long-term initiatives and efforts transformed the gender representation
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toward 50/50 men and women in the computer science student population from
1995 to 2020 (Margolis and Fisher 2003). FemTech.dk is inspired by the work at
CMU; however, the culturally different structures of university education between
the USA and Europe in general and Denmark in particular means that we cannot
simply transfer what others have done in the USA to Denmark.

We do not assume to know a priori why computer science in Denmark lacks
diversity; instead, part of our research is to inquire into and unpack the sociotechni-
cal structures that form the foundation of computing in Denmark today. We want to
both empirically investigate the research inquiry and make interventions that change
the field of study while providing additional important insights.

Our Interventionist Agenda

Interventions can be many things and have many different manifestations (Karasti
2001; Vikkelsg 2007; Zuiderent-Jerak and Jensen 2007; Boulus-Rgdje 2012). In
FemTech.dk our interventionist approach focuses on design artefacts and draws on
a long tradition of interaction design research and research through design
(Zimmerman et al. 2007, 2010; Goodman et al. 2011; Wakkary et al. 2013; Disalvo
etal. 2014, 2016; Blythe et al. 2016; Menendez-Blanco and Angeli 2016; Menéndez
et al. 2017; Bjgrn and Rosner 2021).

Examples of interventions in FemTech.dk are hands-on workshops and public
events. These interventions focus on inviting participants to implement design arte-
facts that we had carefully designed to engage and produce certain characteristics
about computer science. Our intention was that, when used in interventionist activi-
ties, the artefacts would manifest the assumptions and narratives that challenge
existing pre-determined understandings of computer science. One important feature
of the FemTech.dk design artefacts is that interventions are not only manifested in
implementing a final ‘artefact’ — they are being produced in and through the design
activities that lead to the final artefact. Thus, the intervention is about both develop-
ing a product and engaging in a process — and includes considerations for who are
included in our design process as well as the participants invited for events and how
participants shaped the narrative of the artefacts. Thinking about design artefacts as
a process forces us to consider and to not only collect data about our interventions
when the final artefacts are displayed but, more importantly, to collect data about
the process by which an artefact becomes made and enacted during events by par-
ticipants joining in the events.

When we intervene, we use design artefacts not to solve a need or problem;
instead, we used them as a contextual feature shaping our interventions by challeng-
ing basic assumptions about computer science. For example, the design artefacts
challenged the assumptions that digital technology centers around screen or key-
board interaction or that computer science is an individual activity rather than a
cooperative one. FemTech.dk for design thus comprises a conceptual framework
that manifests our embedded agenda about change in computer science. We do this
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by depicting and displaying the interventionist agenda when inviting participants to
engage with our proposed agenda, which often means challenging their own basic
assumptions about computer science. We used the FemTech.dk events and work-
shops as a vehicle for interventions, as they provided us a way to engage with dif-
ferent audiences. While we attempt to challenge different kinds of assumptions in
different types of ways with different audiences, all the design artefacts fundamen-
tally served the same purpose: to challenge basic assumptions about technology
design, the design materials, and the people who make technologies.

Our interventionist agenda includes thinking about the issue as an analytical
problem to be explored through design activities. By creating design artefacts that
question existing narratives and assumptions about computer science, we can create
new boundaries for what digital artefacts might entail (Bjgrn 2012, 2014). The
boundaries for what make the design artefacts are more than ‘physical’ and ‘digital’
boundaries and reach into activities and engagements with people (Bjgrn and
@sterlund 2014). This approach produces new potential for who can execute inter-
ventions and learn about a problem through change. We conceptually designed the
artefacts as a multiplicity of strings (Haraway 1987, 1994) for the participant to
follow, such as exploring gender concepts within the computer science education
and industry or following relevant strings leading into and through the empirical
field (stats, documents, stories, narratives etc.), which leads participants to join our
production of an in-depth analysis of the problem from multiple sociomaterial-
design perspectives (Bjgrn and @sterlund 2014). Sociomateriality challenges the
ontological assumption that technology and humans are different and separate enti-
ties, instead arguing for a relational ontology where humans and technology only
can be understood as mutually entangled (Haraway 1990; Barad 2003; Suchman
2007; Orlikowski and Scott 2008; Bjgrn and Markussen 2013; Law and Singelton
2014). Sociomaterial-design brings this relational ontology into the design of arte-
facts by explicitly designing digital technologies with open-ended boundaries
(Bjgrn 2012; Bjgrn and @sterlund 2014). In FemTech we embrace our work as
sociomaterial-design.

Our Role as Researchers

We are women and computer science researchers studying gender in computer sci-
ence, and thus we are part of the phenomenon we study. Studying our own organiza-
tion as insiders raises specific challenges (Blomberg et al. 1993; Kensing and
Blomberg 1998; Blomberg and Karasti 2013), increasing the demand for reflexivity
by us as researchers. Being situated as insiders risks blinding us to invisible struc-
tures and taking for granted assumptions that we as insiders encounter in the orga-
nization. To account for these challenges, we have explicitly addressed our own
assumptions and tacit knowledge about the field as part of the research process. A
crucial part of this reflection has been done when reading about gender, feminism,
and equity in computing and challenging our experiences with insights from
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existing literature. Also, working on the project meant that we were exposed to, and
engaged with, discussions, events, and people we would not have engaged with
otherwise. Our discussions about designing the activities, writing papers, publish-
ing in news media, and understanding the feedback on our work have also contrib-
uted to our reflections on feminism and computing. At the same time, coming from
within the phenomenon of study also gives us unique access to and engagement with
the field, making the long-term effects of our work more sustainable.

In this way, our methodological approach, combining action research and design
research into interventions driven by the design process and final design artefacts, is
our way of combining activism and research — of learning about gender and equity
in computing while creating interventions — of pushing the research forward by
reflecting on results and challenging our own assumptions and lived experiences.
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Chapter 4
Makerspace Methodologies & Design
Principles

The four FemTech design principles which underscore all our work are that design
artefacts must (1) produce alternative narratives of computer science, which (2)
challenge the taken-for-granted assumptions about computer science, by (3) embed-
ding a story into the design while (4) allowing for surprising interactive opportuni-
ties. However, before we dive into the details of these principles, we contextualize
the principles in the design practices by which they were made.

Makerspace Methodologies

FemTech.dk is fundamentally about unpacking the phenomenon of gender repre-
sentation in computer science, with the aim of creating interventions through design
artefacts. Thus, the process by which the design artefacts are produced is important
for understanding our work — a design process guided by the FemTech.dk design
principles that form the basis of our artefacts.

In this chapter, we provide more details about the contextual design situations in
which we have worked. These design situations were characterized by technologi-
cal choices, physical spaces, and events. Then, we introduce the design principles
that serve as the foundations for our work. We hope that both the contextual situa-
tions and the design principles can assist others in creating their own initiatives and
interventions, transforming gender representation in computing.

First, it is important to state that when we began our work, we shared an interest
in creating design artefacts that combined physical and digital properties — and we
were inspired by the amazing work of researchers such as Daniela Rosner, Nadya
Peek, Morgan Ames, Silvia Lindtner, Amanda Williams, Leah Buckley, Audrey
Desjardin, Shaowen Bardzell, and Verena Fuchsberger, to mention just a few
(Buechley et al. 2008; Bardzell et al. 2012; Tanenbaum et al. 2013; Wakkary et al.
2013; Ames et al. 2014; Rosner et al. 2014; Fox et al. 2015; Fuchsberger et al. 2015,
2016; Peek et al. 2017; Rosner et al. 2018a, b). Each of these researchers has their
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own individual ways of creating their unique and novel research, yet they share a
dedication to understanding design practices in various contexts, places, and com-
munities — and have in important ways influenced how we can think and practice
design and development of digital technologies, as well as how to make creative
spaces (e.g., makerspaces, and fablabs) and artefacts that demonstrate counter-
political concerns and challenging narratives.

Our research interest aligns well with the above agenda, and part of our work has
focused on creating a space — a makerspace — at the university. The vision for the
makerspace was to have a place both that could drive change for the perception of
computing but also where we could work with participants and students, inviting
them into the interventionist activities of design.

UPCH Makerspace as a Concept

In 2016 there was no makerspace or anything similar at the University of
Copenhagen, so one of the first initiatives was to see whether we could pilot a
MakerWeek as part of our teaching in Fall 2016 and use the insights to mobilize
diverse researchers across the university in 2017 to see what we could accomplish
(Bjorn and Hornbzk 2017). Simultaneously, we identified all the makerspaces,
hackerspaces, fablabs, and so forth located in the Copenhagen area at that time to
see which connections we could make outside the university as well (Lundberg
et al. 2017; Menendez-Blanco and Bjgrn 2019). This work allowed us to define a
strategy for conceptualizing a makerspace at the university and to begin as a small
grassroots community. We used the UCPH makerspace concept early on to create a
Facebook page as well as a website about activities and ideas. This digital presence
allowed us to engage in activities despite having no physical facilities. The physical
manifestation of the makerspace at this time was plastic boxes with electronics in
our offices or borrowed 3D printers which we transported to the SCIENCE library
(KUBNord) to set up for the MakerWeek (Fig. 4.1).

At this time, the practical circumstances for engaging in activities in the maker-
space made our activities cumbersome and required a lot of resources and flexibility
to adapt to changing circumstances. Over the years, we were able to secure a physi-
cal space, where we also included bachelor’s and master’s thesis students in our
efforts. The space began as a shared space between Computer Science, the
Department of Information Science, and the Department of Communication at the
Southern campus. We were also able to raise funds to help set up a component
library at the makerspace. At this time, part of the Department of Computer Science
was also located at the Southern campus; however, the entire department was moved
to the Northern campus in 2018. Although we moved our offices, the makerspace
stayed at the Southern campus and gained more resources over time. We, however,
continue our efforts towards establishing a makerspace at the Northern campus
as well.
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Fig. 4.1 MakerWeek preparation and execution

While the UCPH Makerspace concept created a physical and digital context for
our design practices, what was even more important was that in our work we wanted
to challenge the assumptions and characteristics of computer science as a field,
profession, and practice that were centered around screens and keyboards. We
wanted to find new ways to demonstrate how computer science and the artefacts
produced could be interactive by mixing digital and physical materials. We wanted
to move the representation of computer science from a practice directed at creating
digital applications for use on traditional digital devices such as smartphones, tab-
lets, laptops, or desktops to exposure as a practice that can also engage in creative
design practices embedding technology in the physical world. Such representations
indeed exist, but they were not visible initially in the computer science narrative at
our university. We wanted to change how computer science is perceived at the
University of Copenhagen: not solely as a desktop activity but also requiring lab
facilities. Thus, a core design decision we made early on was to focus our
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technology choices on micro-controllers and electronics — since this allowed us to
clearly create artefacts combining digital and physical functionalities and thereby
challenge the predominant narrative of computer science in our institution.

Micro-controllers are small computers, such as Arduino, that can be embedded
in physical materials, such as textiles, and connected with other devices or the
Internet. To allow for extended potentials for designing interactions, we decided to
work with Internet-enabled micro-controllers; this choice enabled us to center our
design artefacts on the technological concept of the Internet-of-Things (IoT).
Concretely, we explored the different technical opportunities and ended by choos-
ing the ESP8266 micro-controller (SparkFun Thing Dev Board ESP8266) as our
main micro-controller. The ESP8266 was chosen because of its size, price, and
robustness — and because programming could be done using the well-documented
Arduino IDE (Fig. 4.2).

In designing the interaction of the artefacts, we also wanted to explore and play
around with materials and physical interactions that challenged ordinary touch-
screen and keyboard interactions. This made us explore and experiment with differ-
ent materials such e-textiles and origami paper, as well as different kinds of
interaction sensors and actuators such as motion sensors, accelerometers, and

Fig. 4.2 Arduino experimentation
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gyroscopes. These different electronics became the technological foundation for
our activities both for the FemTech.dk design artefacts and for the opportunities we
created for students to join the makerspace.

Similar to the FemTech interventions, our purpose when creating design arte-
facts is not only to develop an artefact but also to reflect the FemTech principles in
the process by which artefacts are created. Thus, having a makerspace concept
allowed us to invite participants to join our design activities and take part in locally
producing new perspectives on computer science. Having a makerspace was espe-
cially important for the ways we ended up designing the activities. The main activi-
ties we developed were the FemTech.dk workshops, the public events, and the
conceptual work for the later kick-starter course for new computer science students
created by our colleague Martin Dybdal.

Concrete Interventions

We conducted the first FemTech workshop in April 2016, and since then the work-
shops have been a yearly event. Since 2018 the workshops have been mainstreamed,
developed, and organized by other people in the department based on the same
principles. Further, participation has expanded, and in 2021, the workshop was held
online because of the COVID-19 pandemic and was open to more than 100 partici-
pants invited from all high schools in mainland Denmark, Greenland, and the Faroe
Islands.

The kick-starter course was introduced in 2018 as a voluntary opportunity for
new students who had just been accepted to the bachelor’s degree program in com-
puter science. Enrolled students are invited for a two-week intensive kick-starter
course where they learn basic programming and get to know other students. One
motivation for the course was to address the empirical observation that while Danish
15-year-old school youth have the same level of ICT skills and competences based
on actual accomplishments, Danish girls still assess their own skills as lower than
boys (Bundsgaard et al. 2018). This mean that the difference between young girls’
actual computing skills and perceived computing skills risks impacting youth
choice, since they might question whether they can succeed if pursuing an educa-
tion in computer science. By offering a kick-starter course specifically aimed at new
bachelor’s students without prior programming experience, we wanted to demon-
strate that one can start and be successful in the program without such experience.
The course was open to everyone, and its structure was designed to foster collabora-
tion and engagement between students.

The kick-starter course is a returning event and has grown in enrollment; in 2021,
120 students joined of the more than 400 students enrolled in the computer science
bachelor’s program. The course builds on the same principles as the FemTech work-
shops. Further, we are currently discussing how to bring the same principles to
ordinary teaching in the computer science program, and dedicated, hands-on
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Fig. 4.3 Workshop with faculty in the Department

activities have been held with the members of the department to demonstrate their
possibilities (Fig. 4.3).

It is beyond our scope here to explore the details of the kick-starter course or
current efforts to be included in ordinary teaching; however, what is important is
that ideas and concepts developed as part of FemTech are moving beyond FemTech
activities, and efforts are invested in normalizing the principles for ordinary teach-
ing in computer science. In the following chapters, we focus on the details of three
FemTech design artefacts: Cyberbear, Cryptosphere, and GRACE; however, before
we turn to these, we want to make explicit the design principles.

The Four FemTech Design Principles

The four FemTech design principles stipulate that design artefacts must (1) chal-
lenge the taken-for-granted assumptions about computer science and (2) produce
alternative narratives of computer science, by (3) embedding a story into the design
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while (4) allowing for interactive opportunities that trigger curiosity. Let’s unpack
each of these.

Challenging Taken-for-Granted Assumptions

Design artefacts must challenge the taken-for-granted assumptions about computer
science in the local context. The first principle guides the design process to explic-
itly address taken-for-granted assumptions about computer science in the specific
context of intervention. Such assumptions about computing can take many different
forms, and in our case the focus for our designs has been on materials and interac-
tion. The materiality of computing artefacts is often viewed as merely digital, as
these are structured as O s and 1 s. Interestingly, digital online artefacts (such as
e-books, gaming worlds, and interactive websites) are not solo digital entities but
instead depend on material properties and physical infrastructure such as fiberoptic
cables and server farms (Dourish 2017), and we wanted to make these physical
properties visible in our digital design. We wanted to emphasize the physical experi-
ence of digital interaction through physical manifestation in the artefacts. This
meant that when we designed our artefacts, we needed to explicitly and reflectively
experiment with and use materials that were often not connected to digital interac-
tion. The material matter that produces the artefacts should through choice of mate-
rial challenge taken-for-granted assumptions about the material matter of digital
devices. Concretely, we experimented with many different materials in our design
processes — and in the end each of the three FemTech design artefacts presented in
this book are based on a different material experience using different material prop-
erties, namely e-textiles, polystyrene foam, and origami paper. By making the mate-
rial design decision of specific artefacts a dedicated interest in challenging
perceptions of computer science, we were able, through the material manifestation,
to challenge taken-for-granted assumptions.

Using the same process for choosing the materiality of the artefact, we also con-
sidered the artefact’s interactive nature. Again, to challenge taken-for-granted
assumptions, it was important that the very interaction also challenge existing per-
spectives of how people interact with computing technologies. We wanted to open
the field of interaction by removing interactions from screens and keyboards and
introducing interaction as physical movements, soft buttons, or cloud-based repre-
sentations. We wanted to demonstrate interaction as single user, as collaborative,
and as community interaction. Thus, to the design choices of material we added the
choice of interaction. Note that we did not select random materials or interactions
for the artefacts but instead explored how the choice of different materialities and
interactions would be aligned with the second design principle concerning alterna-
tive narratives embedded in the design.
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Producing Alternative Narratives

Design artefacts must produce alternative narratives of computer science in the local
context. The second principle guides the design process by explicitly producing an
alternative narrative opposing the taken-for-granted assumptions. Here considerations
about representation of residual populations, invisible voices, and intersectional per-
spectives are important, and choices should reflect such concerns in the design of the
artefact, taking into account the specific context where they are to be enacted. This
entails that we as designers consider the activity, the technology, the functionality, the
look and feel together as one. Emphasizing alfernative narratives means paying atten-
tion to mainstream narratives in the context where we work, explicitly identifying the
invisible, often overlooked aspects of computer science, and bringing these to the cen-
ter of attention. In this work, we are inspired by the research on reflection, inversion,
and defamiliarization by design spearheaded by, among others, Senger, Bell, Blythe,
Harrison, and Hertz (Bell et al. 2005; Senger et al. 2005; Hertz 2012; Pierce et al.
2015). Mainstream narratives about computer science are many and multiple — and
can be related to the practices that computer scientists engage in, how they work,
whom they work with, who they are, what kinds of devices they create, what the mate-
rial of computer science comprises, what kind of interaction is possible, what kind of
situations computer science artefacts are deployed in, and why we have computer
science devices and products in the first place.

These diverse questions together form narratives about what computer science
entails and are locally situated. Therefore, this FemTech principle guides our design
towards choosing one or more of these local mainstream narratives and then identi-
fying what has been de-centered or is invisible in them — and then introducing the
identified characteristic as the central focus for the design artefact. In our case, a
local mainstream narrative about computer science was that technological products
are mainly intangible pieces of software (e.g., algorithms and data). To challenge
this narrative, we made visible the materiality of computer science through micro-
controllers and physical materials. Further, because we applied a do-it-yourself
(DIY) aesthetics to the design, our artefact gave participants an opportunity to see
‘into-the-black-box’ and to touch the wires, the silicon chip, and physical materials
allowing for direct visual access to the mechanics of computer science. The second
design principle entails that we, both in the process of creating the artefacts and in
the final end artefact, must find ways to manifest the alternative narratives of com-
puter science we are trying to promote. Thus, this reflective design process should
consider the activity, the technology, the functionality, the look and feel as the
design strategy to propose alternative narratives on computer science.

Embedding Storytelling

Design artefacts must embed a story within the design. The third principle relates to
the sociomaterial idea that the boundaries of artefacts include their contextual
nature — and that this contextual nature is part of what makes the sociomateriality of
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specific artefacts (Bjorn and @sterlund 2014). The contextual nature of our design
artefacts depended on the situation in which we imagined them having a function.
The situational approach to the context meant that we in the design process wanted
to create stories that would make sense in the context given the participants. We had
three ways to design the embedded stories. One approach was to identify stories
about hidden minorities in the history on computing, but we also wanted to make
the stories relevant for participants in the specific situational context. Concretely,
one story was about embedding digital technology in mundane objects to enable
uncommon interactions; another was based on tracking computer science topics
through tangible interactions. The third focused on using interactive technologies to
playfully expose an interesting historic event in computing that allowed us to dis-
cuss gender in computing. Each of these stories was linked back to the alternative
narrative, the material choices, and interaction features.

The embedded story was important in all our activities, since our artefact alone
was not solving any problems, did not resemble any ordinary technologies; thus, we
needed the context to explain what it was we had created to make it relevant to that
context. The idea of making technology that does not solve a problem but instead
explores a situation has received increasing attention in the form of design fiction
research (Blythe et al. 2016; Nielsen and Mgller 2020; Sicart and Shklovski 2020)
and different contemporary approaches to critical design (Disalvo 2012; Bardzell
et al. 2014; Menéndez et al. 2017; Rosner et al. 2018a, b; Bjgrn and Rosner 2021).
We are inspired by these approaches in our work to include a story within the design.

Allowing for Interactive Opportunities

Design artefacts should allow for interactive opportunities that trigger curiosity.
The fourth and final design principle focuses on the situation in which the artefact
is deployed. Throughout our work is the idea that participants engaging with the
artefacts should experience interactive opportunities that trigger their curiosity and
allow them to gain a memorable experience of computing. The interactive opportu-
nities are related both to the experience of creating and making the artefacts and to
their actual enactment. The interactive opportunity can in some situations be about
allowing participants to actually make, build, and program the artefacts; in other
situations, participants experience an artefact by interacting with it. We have used
both approaches — and it is in the enacting of the design artefacts that the alternative
narrative and story emerged together with the participants through their interaction
with materials challenging taken-for-granted assumptions.

In deciding how to design an interactive opportunity for participants, it is impor-
tant to consider how the social design of the event becomes part of the design shap-
ing the context. When we want to promote collaboration, we design the event around
collaboration; when we want to promote reflection, we design the event around
reflection; and so forth. Thus, it is critically important that when we design a
FemTech design artefact, it is not the artefact alone that makes the intervention — it
is also the complete social engagement design around the artefact as part of the
interactive opportunity (Fig. 4.4).
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FemTech Design Principles

Design artefacts must produce alternative narratives of
computer science in the local context

Design artefacts must embed a story within the design

Design artefacts must challenge the taken-for-granted
assumptions about computer science in the local context

Design artefacts should allow for surprising interactive
opportunities

Fig. 4.4 Four femtech design principles

We have now introduced the design principles produced by our work while guid-
ing it, and we next move on to the two chapters in which we introduce the actual
design artefacts created and produced as part of the FemTech research initiative.
Chapter 5 focuses on Cyberbear and Cryptosphere — both of which were used to
create design workshops for young women prior to their choosing to attend univer-
sity. Chapter 6 focuses on GRACE, an interactive installation produced for
Copenhagen Makers in September 2017, to celebrate the 70 years since Grace
Hopper found the first bug in a computer program. The GRACE installation, besides
being displayed in Copenhagen, was displayed in Florida, USA, in 2018, and Nice,
France, in 2019. For the international installations, we re-designed and re-built the
GRACE installation at the specific site, while the original GRACE remains in the
makerspace at the Southern campus.
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Chapter 5

Cyberbear & Cryptosphere:
Sociomaterial-Design, Social Belonging,
and Gender Representations

As digital technologies are integrated into societies, questions about who partici-
pates in technology development become increasingly crucial. When in 2016 we
began FemTech, we wanted to redefine the nature of computer science in a way to
reach out to people who were not already within the field — and who did not consider
or see themselves as potentially successful in technology development. To make
such change through interventions, in some of our first initiatives, we sought ways
to create design artefacts that manifested alternative narratives of computer science
while meaningfully interlinking with people outside computer science. Thus, our
interest was to strive for gender equity in computing with an impact not only on
educational programs but also on the underlying structures and society, through
opening educational programs in alternative ways.

We wanted to enable participants in our interventions to develop critical thinking
and practical skills, while allowing us to identify actionable factors to consider
when designing interventions aimed at equity in computing with an emphasis on
gender. This chapter contributes three analytical and operational factors that are
important to consider when developing interventions for gender diversity:
sociomaterial-design, social belonging, and gender representations.

In the last 30 years, a myriad of initiatives have tried to promote equal opportuni-
ties, diversity, and equity in computing. These initiatives take many different forms:
from policies (Mayer and Tikka 2008) to educational programs (Valla and Williams
2012) to after-school activities (Scott et al. 2010; Pinkard et al. 2017). A popular
format is short-term workshops (Cakir et al. 2017) and hackathons (Richard et al.
2015; Than et al. 2018). Research provides solid foundations for articulating insights
and developing best practices (Duplantis et al. 2002; Frieze and Quesenberry 2015;
Tabel et al. 2017); however, we still need more methodological guidance on how to
design events in ways that consider the complex matter of gender equity. In this
chapter, we report on our experiences and insights in designing and executing such
events, and in particular how to develop learning events that consider gender equity,
contributing to the research agenda of developing an analytical and operational
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corpus of research around learning and education, with an emphasis on diversity
and gender in computing (Xie et al. 2019).

Concretely, in this chapter we report on the design and execution of FemTech
workshops. We developed and implemented these workshops in 2017 and 2018 —
and since then, the concepts have been continued by others in the Department of
Computer Science and are now a recurring, yearly event. The FemTech workshop
concept is based on the FemTech design principles and has as its centerpiece a
design artefact that manifests these principles. The design artefact we developed for
the 2017 workshop was Cyberbear and for the 2018 workshop was Cryptosphere. In
2020 the FemTech workshop concept attracted participants for two workshops (24
participants in each); however, the last one was canceled because of COVID-19. In
2021, a virtual FemTech workshop was designed as an online event for more than
100 participants invited from Denmark, the Faroe Islands, and Greenland.

What is important to point out is that the concept behind the FemTech workshop
is not simply a workshop to teach young women to code. The challenge of changing
gender diversity within computer science is not about teaching women program-
ming. It should not be a surprise that gender is not related to ability in learning how
to program. Teaching women or other gender minorities to program is not the chal-
lenge. The challenge that the FemTech workshop takes on concerns changing par-
ticipants’ perceptions of and narratives about computer science, through practical
engagements and skills.

In the last three decades, many initiatives led by industry, organizations, and
public institutions have tried to engage more women in computing through different
learning activities. A few examples are the Atari Camps for girls in 1984 in the US,
diverse sets of IT camps for girls, or Girls Who Code (Kruger 1983; Kelleher and
Pausch 2006; Kelleher et al. 2007). These initiatives are instantiated in different
formats: from after-school activities to summer camps to hackathons. Most of these
initiatives are time-bounded learning activities and, more concretely, activities that
seek to foster equity in computing using the short-term workshop format. From a
methodological perspective, workshops are an interesting challenge for us in meet-
ing our goal of combining learning activities with an overarching agenda of chang-
ing perceptions of computing.

Prior work has demonstrated that when designing workshops that include pro-
gramming activities, the choice of programming environment is essential. One of
the most influential graphical programming languages, Scratch (Resnick et al. 2009;
Maloney et al. 2010), has often been used in workshops seeking to increase diver-
sity and inclusion in computing (Richard et al. 2015; Tabel et al. 2017). While
Scratch is one of the most popular languages, other graphical programming envi-
ronments have been used, including Alice (Dann et al. 2000), to teach girls and
young women to develop video games in recruiting workshops (Fiebrink and Alcott
2003; Kelleher et al. 2007), and Virtual Family, designed as a “gender-neutral game-
based software that introduces Java programming” (Duplantis et al. 2002).

However, in the context of gender and computing, placing too much emphasis on
programming environments can lead to an excessive focus on including women in
computing as a way to address the symptoms of gender imbalance while
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disregarding underlying problematic structural issues that caused this imbalance in
the first place (Henwood 2000). Therefore, the FemTech approach is based on addi-
tional considerations for the design of such workshops trying to make fundamental
and long-term changes. Important considerations include identifying ways to mini-
mize problematic situations by, for example, challenging gendered stereotypes
(Huffman et al. 2013), preventing essentialist perspectives on gender and technol-
ogy (Trauth 2002), or considering intersectionality (Armstrong and Jovanovic 2015;
Rodriguez and Lehman 2017; Buolamwini and Gebru 2018; Rankin and Thomas
2019, 2020). Indeed, recent research urges researchers to consider that gender can-
not be considered in isolation; instead, it should be considered in interaction with
other categories such as socioeconomic status or ethnicity (Schlesinger et al. 2017,
Albusays et al. 2021).

There are examples where the design of learning activities placed special empha-
sis on addressing issues of stereotyping, gender, and intersectionality. For example,
COMPUGIRLS is a multicourse curriculum that seeks to foster the interest of “girls
of color” in computing by reconceptualizing theory of culturally relevant comput-
ing in ways that address their identities through connectedness, reflection, and skills
development (Scott et al. 2010). Similarly, Digital Youth Divas is an out-of-school
program that seeks to create alternatives to dominant representations of computing
by creating digital artefacts based on narrative stories (Pinkard et al. 2017). In terms
of time-bounded events, StitchFest is a hardware hackathon seeking to broaden par-
ticipation in computing through collaborative arrangements (Richard et al. 2015).
This corpus of research provides insightful outcomes; however, further method-
ological guidance is needed if we are to increase the number of organizations and
institutions that are not experts in gender or educational studies and are willing to
organize time-bounded events to foster gender equity in computing.

‘Women’ is not a singular, mutually exclusive category that can be used to guide
design and interventions. Instead, women’s experiences are as diverse and frag-
mented as those of men or non-binary people. Thus, the gender categories cannot
sufficiently be used as a guiding principle for design. Instead, we used the FemTech
principles. The FemTech principles are not instantiated as recommendations but as
guiding questions to aid the design and assessment of concrete activities.

The FemTech Workshops

The FemTech workshops add to the larger FemTech research agenda where we
study the phenomenon of gender equity in computer science (developing knowl-
edge) while intervening in practice (addressing problems) (Mumford 2006). The
workshops began as an educational initiative seeking to create opportunities for
young women to explore their interests in developing digital technologies and were
organized as interventionist activities, meaning that our intention was to intervene
through an activity, and then to learn about our phenomenon of interest. Our
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workshops were carefully crafted to make inquiry into the interests of our partici-
pants (Mumford 2001).

We conducted two workshops at the University of Copenhagen, Denmark. The
first took place on April 6, 2017, from 9 am to 5 pm. The second took place on
March 14 and 15, 2018, from 5 pm to 7 pm and from 9 am to 5 pm. Both workshops
invited only young women since we intended to create an environment that avoided
replicating gender stereotypes in computer science education as being predomi-
nantly male (Cheryan et al. 2009, 2013).

Recruitment for the first workshop was done by approaching 14 high schools’
headmasters. Concretely, the first author of this book emailed and telephoned head-
masters to explain the project and workshop design. Through the replies of the
headmasters, we connected with math teachers at ten schools. We encouraged them
to promote students who attended math classes but having no previous program-
ming experience and without showing explicit interest in computer science. This
approach was motivated by an interest in fostering curiosity in computer science
among people who had not considered computing before. The reason for requesting
math skills was that, in case any of the participants decided they would like to study
computer science, having passed math classes is a requirement for acceptance into
the program. The invitations were sent to different areas of the city having very
diverse socioeconomic profiles. We also published an open call on Facebook in a
closed group for IT teachers in Denmark and on the university’s website. Finally, we
reached out in our local professional network. For the second workshop, we relied
on these existing contacts with high schools.

In total, 24 participants were invited by their math teachers to the first workshop;
only one participant answered the open call. A total of 26 participants were invited
to the second workshop. Participants’ age ranged from 16 to 22 years (mean: 17).
As part of the design of the intervention and the descriptions sent to the high schools
and teachers, we deliberatively did not include the terms ‘coding’ or ‘program-
ming’. The reason for this was that the main goal was not to teach participants how
to program but to open opportunities for participants to relate computer science to
their interests.

Event Design

The workshops took place at the university campus. Participants sat in groups of
four and collaborated in groups of two (one group had three participants in the first
workshop). Similar to other initiatives (Mayer and Tikka 2008; Frieze and
Quesenberry 2015; Sax et al. 2018), we designed the workshops as a collaborative
activity to challenge the normative narrative that stereotypes computer scientists as
individuals with few social skills, and programming as a solitary activity (Cheryan
etal. 2013). We split the groups across the different schools to ensure that no partici-
pants had worked together previously (Fig. 5.1).
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Fig. 5.1 FemTech workshop events

The workshops began with an icebreaker activity. Afterwards, participants were
introduced to electronic circuits and micro-controllers and to the Arduino IDE,
which was installed on all individual laptops during the workshop. In both work-
shops, there were six teachers in the room. In the first workshop there were five
women and one man; in the second, four women and two men. In the second work-
shop we included computer science students as teachers.

To ensure ownership of the code, teachers were instructed not to touch or take
control of keyboards, breadboards, and so forth; instead, we made suggestions and
answered questions. In this way, all editing of and modifications to the code were
made by participants. After a basic introduction, we presented the interactive prod-
ucts. Participants engaged in different activities, which included programming,
modeling (e.g., sewing and foam cutting), and connecting the micro-controller to
the Internet and pulling information from the server.

After the workshops, some participants proactively organized activities at their
high schools. These included a presentation on what they had learned (IoT, e-textiles,
micro-controllers) and a video showcasing what can be done using motion sensors
and how to encrypt messages on Facebook. In addition, two participants were inter-
viewed by a journalist after the first workshop. The article was featured on the main
page of a local newspaper. We joined the presentation and observed the interview
(Fig. 5.2).

FemTech Artefacts

The center of our workshops was the FemTech artefacts: Cyberbear (first workshop)
and Cryptosphere (second workshop). Both artefacts were inspired by critical
design artefacts (Menéndez et al. 2017), as they not only question normative narra-
tives but also propose alternative agendas for the perception of computer science.
Let’s look more closely at both designs and how they are based on the FemTech
design principles.
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Fig. 5.2 FemTech in the newspaper

Cyberbear Design

Briefly, Cyberbear is a hacked IKEA bear transformed into an IoT artefact by add-
ing a WiFi-enabled micro-controller. Concretely, this IoT artefact allows partici-
pants to look up their personal high school schedule online and retrieve information
about whether the first module on that day was canceled (Fig. 5.3).

The artefact is actuated by an e-textile bottom (Strohmeier et al. 2017), which
participants created and sewed on the bear. The output mechanism is LEDs, which
blink according to how the students had programmed the output signal: usually
green for canceled, allowing them to sleep longer.

When we created Cyberbear, we wanted to make an artefact that, through its very
physical expression, would challenge fundamental stereotypical understandings
and narratives of computer science. We discussed the design choices and their rel-
evance as part of an interventionist inquiry. The design decision to make Cyberbear
in soft materials using e-textiles was meant to shift the idea of computer science as
‘something hard’ towards computer science as ‘something soft’. Thus, by connect-
ing digital and analog materials to the Cyberbear artefact, we manifested the socio-
material relational connections between what is digital and what is material and
produced an alternative narrative depicting computer science as reaching beyond
the computer screen — as being more than what occurs in the digital world and
including the physical world. The material choice challenged the taken-for-granted
assumptions about the boundaries of what is relevant for computer science. By
bringing in IoT technology through a Wi-Fi-enabled micro-controller design, we
demonstrate how programming and creating technology is not limited to keyboard
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Fig. 5.3 FemTech cyberbear artefact

and touchscreen interaction but includes physical, material interactions. The inter-
active opportunities of Cyberbear also connect the FemTech artefact with partici-
pants’ everyday lives by linking the artefact to a technology they use every day — their
high school online schedule.

Cyberbear was presented to participants as a relevant narrative (waking up in the
morning) that has a direct impact on their lives. The purpose of contextualizing
Cyberbear within a larger context of critical thinking was to trigger participants’
interest in culturally relevant technologies (Scott et al. 2010). The artefact was
framed as “Hacking an IKEA bear”, since hacking a teddy bear with micro-
controllers and electronic components would connote a different activity than one
would normally expect to take place within computer science. Finally, we wanted to
challenge basic assumptions about skills and expertise relevant for computer sci-
ence (e.g., as only including programing) and instead show how alternative skills
such as sewing to combine digital materials are also relevant. Thus, the choice of
materials (e-textile, digital, and analog materials) related to the activity (to create
and design Cyberbear and potentially changing the design expression) was embed-
ded in the artefact and the story about the artefact (Fig. 5.4).
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Fig. 5.4 First workshop (artefact and event)

Cryptosphere Design

Cryptosphere manifests encryption as part embodied interaction through move-
ment. Concretely, Cryptosphere is a hollow polystyrene foam sphere, digitalized by
a Wi-Fi-enabled micro-controller connected to a gyrometer and accelerometer,
which allows the artefact to be connected online while sensing movements as input.
As output signals, Cryptospheres have an attached LED strip that reacts based on
user input from movements (Fig. 5.5).

Unlike Cyberbear, Cryptosphere is a collaborative technology. Cyberbear is a
single-user artefact, where the person using the artefact is interacting with their own
profile on a high school scheduling system, Lectio. Cryptosphere is a personal arte-
fact that links to the user’s Facebook profile and can be used to communicate with
others who have a Cryptosphere using color-coded encrypted messages. The
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Fig. 5.5 FemTech cryptosphere artefact

interaction flow between two spheres is that a message is written on a specialized
message board and uploaded to the sender’s Cryptosphere. The sender then creates
an encryption code using movement and gestures to set the color-coding of the mes-
sage: for example, choosing light blue, red, and orange. Next, the now encrypted
message is uploaded to the shared Facebook group, for everyone to see. However,
to read the message, the receiver must know the color-coding and can then down-
load the message to their own Cryptosphere and decrypt it using the color code. The
encryption mechanism is created as a mixture of movements with the sphere, which
results in a set of colors (each LED on the LED strip supports 250 combinations,
and with up to 12 LEDs you can create multiple encoding combinations). For oth-
ers, reading and decrypting the messages requires them to know the exact color
combinations and how to move the Cryptosphere in creating these, which allows
other participants to “read” these movements through motion sensors (Fig. 5.6).
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In designing Cryptosphere, we wanted to link some of the important computer
science areas and technologies so that participants could gain insight into the his-
tory of the field. Among the important historical events in computer science is the
story of breaking the Germans’ Enigma encryption and the role of Alan Turing and
Joan Clarke in breaking the code. Turing is famous from his historic role in develop-
ing the field of computer science, illustrated by the naming of the equivalent of the
Nobel Prize in computer science — the Turing Award — in recognition of his contri-
butions. However, less known is Turing’s close colleague Joan Clarke, an extraordi-
nary mathematician working at Bletchley Park to break the Germans Enigma code
during WW2. In designing Cryptosphere, we wanted to frame the artefact within the
history of encryption and link to the history of women in computing by manifesting
the practice of encryption through the artefact. In this way, we wanted to give visi-
bility to hidden minorities as part of the design. Zooming in on the interaction fea-
tures (input/output) — the sensors and actuators of Cryptosphere — our interest was
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in taking the e-textile button from Cyberbear to the next level. Cyberbear had one
only interactive possibility — pressing down on the e-textile button — and then all the
interaction was driven by the code, producing only the output in the form of LED
blinking patterns being red or green. The interaction opportunities of Cryptosphere
are a complex coordination of sensor input (gyro and accelerometer) and how these
are connected and displayed within encrypted LEDs of multiple colors. In this way
Cryptosphere manifests how designing digital technology interaction is about far
more than touch screens and keyboard input, and thus challenges the taken-for-
granted assumptions about what kinds of devices and artefacts can be created
through digital interaction. Further, the combination of polystyrene foam as the
physical material and the digital programmable micro-controllers produces alterna-
tive narratives about the potentials of computer science. Thus, we combined the
story about encryption with an artefact facilitating a cooperative activity using digi-
tal and analog materials, thus creating a FemTech artefact to serve as the centerpiece
for the second FemTech workshop. Computer Science student Christoffer Belange
took part in designing and implementing Cryptosphere and wrote his thesis on the
project (Fig. 5.7).

FemTech.dk Online

To facilitate the FemTech workshops, and to support the workshop participants, we
decided to use the Arduino IDE and teach participants to program their artefacts
using the standardized micro-controller programming — similar to C-programming.
Further, we, as part of the workshops, installed all necessary programs, drivers, and
so forth on participants’ own laptops, and after the workshop all equipment was
given to the participants to take home.

In introducing micro-controllers, including installing the Arduino IDE on par-
ticipants’ own laptops and providing them electronic components (wires, resistors,
etc.) to take home, we wanted to enable them to leverage their new skills and con-
tinue to use these at home. Thus, the design structure of the artefacts allowed par-
ticipants to continue to design at home — also after the workshop.

We wanted to create a space for participants to continue the dialogue after the
workshop. Here the purpose was for participants to share pictures of their accom-
plishments after the workshop — and potentially to make contact again at a later
point. Therefore, we created a closed Facebook group (Fig. 5.8).

We also created the FemTech.dk website, which included a detailed, step-by-step
description of how to create the FemTech artefacts, using open-source materials,
inviting others to join and use the same concept elsewhere (Fig. 5.9).

Moreover, the website was continuously updated with activities from the research
project, including summaries and photos of past events and announcements of
future events. The website continues to exist (Femtech.dk).

We followed up with workshop participants though a Facebook page for them
only. We asked them to share pictures of their artefacts there (Fig. 5.10).
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Fig. 5.7 Second workshop (artefact and event)

In 2017, we also visited two of the high schools after the workshop: @restad
Gymnasium and Albertslund Gymnasium. At @restad, one of our participants pre-
sented Cyberbear, how she hacked her own Lectio profile, and created the e-textile
button. At Albertslund, two students were interviewed for a local newspaper and
presented what they had created. Two @restad students also created a video present-
ing Cryptosphere (Fig. 5.11).

However, other than these immediate interactions, we did not have the resources
to follow up on the long-term impact on specific workshop participants. We can,
however, see that as the FemTech workshop has developed into a yearly event, the
number of participants has increased, and when we asked new students entering the
bachelor’s program in computer science, several had joined the FemTech workshop
earlier.
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Documenting and Learning from the FemTech Workshops

The FemTech workshops were documented through detailed, rich observation notes
and audio files of participants’ interviews. In addition, parts of the workshops were
video recorded. Following the first workshop, we emailed a questionnaire to all
participants. We received 19 responses. For the second workshop, we email a pre-
and post-questionnaire, for which we received 23 and 21 responses, respectively.
Most of the responses were in English, and we translated all material into English
and then imported everything into ATLAS.ti. We then analyzed the complete mate-
rial using inductive thematic analysis. This bottom-up approach ‘allowed the data’
to guide our analysis and point us to interesting directions (Glaser and Strauss
1967). This analysis yielded 373 empirically driven categories (codes), clustered in
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Fig. 5.11 Student presentation at @restaden

28 groups such as “assumptions regarding IT”, “sewing as stereotypical activity”,
and “positive opinions towards social aspects of the workshop”.

In analyzing the data, we became intrigued by the impact of the design of the
FemTech artefacts and activities on students’ experience of the workshop. Following
this insight, we began to detect patterns in the responses across participants. More
precisely, through our analysis, it became evident that there were distinct differ-
ences in the way the participants experienced the activities, and that many of these
differences were related to the methodological choices we took to make the event
inclusive. In addition, the distinct differences were often based on their understand-
ing of computer science and prior knowledge. We found that the responses could be
categorized into three main classifications of perceptions and reactions to the
FemTech workshops and FemTech artefacts: ‘Computer Science is not for me’,
‘Computer Science is maybe for me’, ‘I am a Computer Scientist’.
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Computer Science Was Not for Me

Although we intended to include only participants with no prior expertise in pro-
gramming, it turned out that both workshops attracted a variety of participants rang-
ing from no expertise to relatively high expertise. This variety, while not originally
intended, gave us the opportunity to explore differences among participants. These
results show that the workshop challenged the normative narrative on computer sci-
ence and that most participants embraced our alternative narrative — but not all of
them did.

The fact that the participants joined the workshop through personal invitations
by their teachers influenced the group’s composition. Some participants claimed
that even though they had opportunities to engage with technology in other situa-
tions, technology did not appeal to them. Others expressed that their lack of engage-
ment with technology and programming was influenced by their lack of interest in
what can be considered the “stereotypical aspects of technology”, such as gaming
and robots:

When PS, Xbox, and Wii emerged, my brother was one of the first buyers, as he was a
gamer, unlike me. I was not that much interested in video gaming, it did not really appeal
me as colours and white canvas did. So, I did not really try anything with technology or
programming other than playing some video games. However, I always had ideas of invent-
ing a machine, such as inventing a running machine that convert the output into electricity.
[P9, 2017]

What is interesting with the above quote is that after the workshop, the participant
expressed a broader idea of the nature of computer science, and of how inventing
technology to collect and track running activities could be included in the definition
of computer science in a way that was appealing to her. Indeed, many participants
expressed being positively surprised about encountering a context different from the
stereotypical representations of computer science:

I never really noticed the computer science education because I believe it is an all boys/
gamers place. Or my prejudice was that only gamers study computer science there to
become game developers. But now I have found out that women study there too and people
study at [department’s name] for many different reasons and not only because of a gaming
past. [P3,2018]

This quote suggests that prior to the workshop, the participant assumed that technol-
ogy development and programming were not for her. However, the workshop
changed that view and, as she also explained in the questionnaire, made her think
that it would indeed be possible for her to learn how to develop technologies. The
important point for her was that she experienced being able to engage with the topic
and be successful.

Working with everyday prototyping materials (textiles, foam) challenged several
of the participants’ assumptions about computing. More concretely, the choice of
materials helped move away from a representation of computing as a complex and
tedious activity; instead, the workshops exemplified that it is possible to develop
technologies through low-cost and hands-on activities:
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I learned that creative ideas can create new technologies with fairly simple equipment.
There are countless ways to use, for example, one LED strip, micro controller and motion
sensor to create something. [P4, 2018]

In addition, the choice of using physical prototyping materials (micro-controllers,
sensors, actuators) and collaborative activities also seemed to influence the experi-
ence of learning digital technologies as more attractive. Working with physical
interactive devices challenged several of the participants’ perspectives on program-
ming from an uninteresting activity to a creative activity, as illustrated by the fol-
lowing quote:

Most importantly is that I have changed the way I used to see technology. I learned that
technology is not really sitting on a chair and programming for the whole day, but it really
is not boring at all! and that one can invent anything and make it come true as long as one
learns the basis and have patience. [P9, 2017]

Analyzing the responses from the participants with no prior experience in computer
science, it is clear that the workshop design succeeded in drawing interest and pro-
viding participants an experience of agency and ability in working with technology,
which they did not have prior to the event. The fact that the interactive product was
deliberatively designed to bring success after 1 day allowed those who had never
worked with technology before to try and not be afraid of engaging with program-
ming or developing digital technologies.

Another grouping of participants had previously tried to engage with computer
science but found those experiences frustrating and excluding, leading them to con-
clude that computing was not for them. Prior experiences with programming classes
or events seemed to have influenced their expectations for the workshop. For exam-
ple, one participant, who had tried some basic programming at school, explained:

I thought that we would be doing a lot of coding or doing something with computer hard-
ware. I was nervous because I do not have any experience. [P17, 2017]

Indeed, the data suggested that emotional distress prior to the workshop was related
not only to the risk of lacking the right technical capabilities but also to the social
experiences of participation, as exemplified in the following quote:

I have really liked this workshop. Usually I am quite shy and do not feel good about meet-
ing new people, but I was surprised about how easy it was for me this time. [P6, 2017]

The workshop was designed to make everybody feel welcome. Participants not only
learned new things but also developed a network of contacts across the participating
schools. The effort involved in the design of the social structure turned out to be
crucial. Many participants highlighted that they really enjoyed the format of the
workshop and how it facilitated meeting new people while creating a convivial
atmosphere.

The data also suggest that those who had previously tried to get engaged with
programming but had dropped out — or did not find it interesting — found especially
important that the workshop combined many different materials and activities. For
example, one found that the proposed activities tackled many different interests:
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The workshop had both: theoretical work and some practical as well, there was something
for everyone; sewing, programming, breadboards. Everyone seemed happy and satisfied.
[P3,2017]

The above participant stayed after the workshop had ended to finish the e-textile
button. In the evening on the day of the workshop, she also posted a picture of her
finished Cyberbear to the Facebook group (Fig. 5.12).

Similarly, another participant, who had reported previous experiences with try-
ing to learn programming without success, appreciated the combination of different
materials and highlighted it as one of the strengths of the workshop and a reason for
suggesting that others participate in future events:

I would tell them [to her classmates/friends] about the fascinating way one combines soft
technology and hard technology and stitching. [P18, 2017]

Clearly, the combination of materials and micro-controller programming was
deemed exciting by participants who had not previously experienced computer sci-
ence as relevant to them.
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Fig. 5.12 Facebook cyberbear picture
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Computer Science Might Be for Me?

There were also participants who had prior experience at the intersection between
design and technology, such as web and product design; however, they did not con-
sider themselves as having expertise in developing digital technologies. Several of
these participants reported having only limited technological skills prior to the
workshop, even if they also reported extensive experience with HTML and CSS. In
general, participants often did not mention skills such as experience with conduc-
tive materials, breadboards, and wiring as relevant to developing digital
technologies.

The data show that participants with prior and unacknowledged technical skills
found it particularly important that developing technology entailed creating some-
thing meaningful in a concrete context, where it could serve a purpose. This was
exemplified by one participant who had quite extensive experience in web design
and found that it was “cool to see how to incorporate computer science in everyday
life” [P1, 2017], or by another participant, who had studied design of interactive
products at school, and thought that it was “fascinating to create technology and see
it ‘come to life’” [P11, 2017]. Similarly, for other participants, programming was
not relevant as a goal in itself but only acquired meaning when it could be used as a
means to act in the world:

I have attended a programming camp, 2 workshops and I have tried to study it at my
Efterskole, however, all I can do at this point is Lua and basic Arduino. I understand basic
java, but I am unable to write it. I want to be able to write code that actually does something,
and I hope to understand how codes can interact with machinery to get a job done. [P1, 2018]

For these participants, developing an interactive product contextualized in their
daily lives — by checking their class schedule or sending encrypted messages
through social media — influenced their engagement in the workshops and their
interest in computing. This group of students expressed how it was important to be
introduced to theoretical concepts in programming and subsequently be able to
instantiate them in a concrete, meaningful product:

I thought [...] that it was a smooth transition and was pleased to experience that the abstract
programming functioned in real life and that we were able to create an interactive product
(the cyberbear) with it. [P10, 2017]

These results support not only the importance of learning through practice but also
how legitimating skills beyond programming as part of computing is important to
making computing inclusive. Shaping the workshop around an interactive product
not only supported learning by doing but also prompted participants to think about
the use of the product and reflect on it in terms of design and innovation. For exam-
ple, participants emphasized the importance of considering the product’s aesthetic
aspects. Concretely, some participants commented on the appearance of the e-textile
button, and one suggested that it should be improved so it did not look like “a bro-
ken arm”. Another student described that she would have liked to work on the
Cryptosphere so that it looked like a finished product and not a prototype. Another



48 5 Cyberbear & Cryptosphere: Sociomaterial-Design, Social Belonging, and Gender...

participant stressed that creating the interactive product also entailed reflecting on
design constraints:

It was exciting to work with the production of the teddy bear, when you still have to think a
part of that power conducting wires not to touch each other and so on. [P1, 2017]

Some participants had relatively extensive experience in programming prior to the
workshop. Their skills ranged from scripting languages to object-oriented program-
ming. These participants had learned programming at school, had proactively
engaged in coding activities with friends, or had used online educational resources
(Code academy or Khan academy). Some embraced the workshop activities and the
interactive product — especially the collaborative engagement. The challenge for
them was that when they engaged in programming activities, they usually experi-
enced the activities as working alone, which often negatively influenced their
engagement:

Currently, I don’t do any programming, since I could not find a community or opportunity
though I definitely enjoyed it while taking it at school. Over the summer, I briefly tried to
get back into programming via ‘Hackthissite.org’ but it required self-learning a lot of new
scripts so after learning HTML and Java I dropped it. As a solitary activity, it wasn’t
extremely enjoyable. [P5, 2017]

Even these experienced participants explained that the workshops helped them feel
more confident about their knowledge and skills. In addition, the workshops seemed
to open up possibilities for combining technology with other, varied, interests. For
example, some explained that after the workshops, they had become interested in
exploring technology with respect to other topics, such as medicine and engineer-
ing. One student explained that prior to the workshop, she had wanted to become a
medical doctor but that now, after the workshop, she was considering education in
technology innovation for healthcare. Similarly, another student described that the
workshop made her want to explore the potential of technology with respect to art.
Another participant expressed her perspective on computer science after the work-
shop thus:
I don’t think I would take an education in Computer Science since I'm about 99% sure 1

want to do mechanical engineering. However, I’'m more interested in Robotics as a subsec-
tion of mechanical engineering now, so I will definitely look more into that topic. [P5, 2017]

The workshops thus helped reveal capabilities of technology development that par-
ticipants had not previously considered despite their prior interest and expertise in
programming. In this way, the workshops incited participants to think about com-
bining their programming expertise with other academic interests in the future.
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I Am a Computer Scientist

The final grouping of students had previous experience in and knowledge of pro-
gramming and were quite critical of the workshops. Interestingly, their critiques
were mostly based on the misalignment between their expectations and their experi-
ences of the workshop. While they found working with e-textiles, foam, micro-
controllers, sensors, and actuators interesting and novel, they also expressed that the
workshop activities did not match their expectations of what a computer science
workshop should be. One such participant expressed how the interactive product of
the first workshop was not related to computer science in any way:

Cyberbear was strangely irrelevant and bored me. It had nothing to do with technology.
[P16,2017]

Many of the critical comments referred to the activity of connecting e-textiles
together through sewing. The fact that the first workshop required sewing was
largely discussed during the activities and in the questionnaires. Few participants
thought of sewing as enjoyable. For some, it was a tedious and unfamiliar activity,
requiring a lot of time. However, for those who knew how to program and were
critical of the workshop, sewing was not only tedious but also problematic because
it reinforced stereotypes. In this regard one participant explained:

I felt a bit forced to be a ‘girly’ girl when it isn’t what it is all about. Maybe a more down to
earth programming experience with the hands more into the dirt next time? Try microbit?
[P7,2017]

This is somewhat paradoxical if we consider that they liked e-textiles and that sew-
ing is the activity required to combine pieces of e-textiles, in the same way that
soldering is the activity required to join metal pieces. If we consider a scenario in
which we had used traditional conductive materials, soldering would have been
required to connect them. If we assume that soldering can be seen as an activity
traditionally performed by men, we might speculate whether participants would
have felt forced to be a ‘manly’ girl? Alternatively, the empirical observations reflect
a larger concern, namely that participants wanted to experiment with activities that
are “gendered”, because they wanted to escape the narrow script of their gender
roles and try something either “neutral” or “opposite”. In this way, their expectation
for the workshop might be that they wanted to be exposed to a narrative opposite of
expectations, and then they felt forced into a script they were not interested in.

Moreover, the data revealed different assumptions regarding computer science
and what is — and is not — included. It is interesting that the normative narrative
about computer science influences the criticisms. Indeed, participants’ answers to
the questionnaires revealed assumptions regarding their perspectives on computer
science, as illustrated in the following quote:

I was already interested in IT, and was already considering studying IT or something like it
at a university. My opinion has not changed since the workshop, but I am pretty certain, that
if I had known little about IT before the workshop, my interests wouldn’t have changed for
the better since the workshop didn’t really show a good side of IT. [P13, 2017]
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Note that what some participants believed qualified as proper, or improper, is linked
to their references to previous skills or assumptions. The data suggest that the ste-
reotypical narrative of computing made them differentiate between what was part of
computer science and what was not. For this group, designing situated technologies
was considered outside “proper” computer science, as illustrated in the follow-
ing quote:

I was already considering it [studying computer science] and I do not feel that this was a

proper introduction to computer science itself, more of an introduction to interactive design
and how to incorporate technology into everyday situations. [P1, 2018]

It is crucial to note that while the workshops were inclusive in terms of inviting new
participants, who had not previously seen themselves as fitting in, the format also
challenged the normative narrative on computer science, which risked pushing
away participants who already subscribe to the existing narrative. Thus, by pushing
for one type of inclusion, we risked excluding others. Indeed, some participants
subscribing to the normative narrative had different expectations for what inclusion
would look like:

I think my expectation was more like “We are going to make some killing- zombies-
videogame or something’ and kind of get the boy/girl differences and expectation according
to IT away. [P2, 2017]

The above perspective clearly reinforces the normative narrative that technology is
about ‘killing-zombies-videogames’. Interestingly, it also provides us new insights
into how some participants had different perspectives on inclusion: namely, that
inclusive participation entails supporting minorities to become part of the normative
representation — without questioning the fundamental structures. This group of stu-
dents had already experienced computer science as an attractive domain, and their
challenge was related to fitting in to the existing social and cultural structures. These
might be examples of the few (the 7-9%) who already choose an education in com-
puter science at the university.

These results suggest that even though this group of young women represent a
minority in computer science, it is not an excluded minority in terms of interest.
Instead, the exclusion they experience is linked to the gender expectations they meet
when trying to fit in. They wanted to develop ‘zombie games’ and get rid of the
‘boy/girl’ expectations they had experienced. This insight also highlights that mak-
ing the field of computer science more inclusive by relying on minorities within the
field experiences risks posing limitations. Actually, the results suggest that their
efforts in making themselves fit in to the field might place them in a defensive mode,
insisting on the normative narrative, and therefore refusing change.
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Embracing Alternative Agendas

The FemTech workshops succeed as a scaffold for designing time-limited events
that help participants engage with technology design while being challenged on
basic assumptions about computer science. In both workshops, all participants man-
aged to create, build, and implement a FemTech artefact — either Cyberbear or
Cryptosphere — successfully. Moreover, all participants managed to install all driv-
ers and the Arduino IDE on their personal laptops, which meant that they had the
technical resources if they choose to change anything in the code or re-mix it later.

We structured the workshops so that even though each participant made their
own FemTech artefact, they worked in groups of two and were introduced to pair
programming as a working method. This focus on the social element in technology
development was an important feature of the workshop, as part of the purpose was
to begin socializing participants into considering that they themselves might be able
to achieve and work together on the kinds of agendas they find interesting — and that
technology design could be a potential element in this.

Most participants did not know each other prior to the workshop, and we wanted
to support all in experiencing a belonging — also in case some participants after-
wards might want to continue in any of the computer science degrees around
Denmark — knowing others from different high schools who might do the same and
that being able to reach out would be supportive.

The first workshop took place on 1 day, and we experienced that the program was
long, leaving little time for breaks — and since we wanted to include socializing, we
extended the second workshop for one evening, and then 1 day. The evening before
the actual workshop took place as a socializing event with food combined with
installations of software and drivers. This turned out to be time well spent. It also
meant that we could begin directly on the content the next morning.

Introducing the workshop format initially for the participants included introduc-
ing them to the FemTech artefact they were to create. This included the story behind
the artefact — and here a simple story (like sleeping late) was easier to convey than
the history of encryption, since participants were eager to simply begin building and
programming. The narratives around the design artefacts are important because this
is what makes it engaging and potentially challenging of participants’ previous per-
ceptions. However, finding ways to display and manifest the alternative narratives
as part of the crafting and making of the artefacts works better. We also found that
the DIY aesthetic of the artefacts made participants interested in adding and chang-
ing part of the design both digitally and physically — e.g., re-designing the blinking
patterns of LEDs on the Cyberbear or decorating the Cryptosphere like the Death
Star from Star Wars. These small design changes were part of personalizing the
artefacts.

Part of the purpose behind the design of the FemTech workshop was for partici-
pants to learn through experimenting and examples — and then to reflect on their
experiences as potential future ideas for how technology could be used in novel
ways. Since time was short during the first workshop, there was not really time to
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reflect together — however, we could see in the follow-up questionnaires reflections
on the potential use of technology in diverse domains: e.g., one participant explained
how health and computer science could be combined. During the second workshop,
we spent more time on reflections together, and through drawings it was clear that
participants drew potential links between their knowledge of micro-controllers and
motion sensors and different domains and usage (Fig. 5.13).

Most participants in both workshops embraced the alternative narrative, which
we introduced through the FemTech artefacts. However, we also found that our
empirical insights demonstrate the diverse and fragmented nature of women’s expe-
riences, where not everyone experiences computer science as an alien culture
(Sproull et al. 1984). Women are not a distinct group sharing all the same features,
characteristics, and interests. Instead, women — like all other genders — have differ-
ent interests and concerns. This points to the importance of creating and demon-
strating the wide variety of potential narratives that exist in parallel and
simultaneously. However, since there are specific gender minorities in computer
science, it is important to make extra efforts to actively not exclude minorities and
favor the majority. Further, these insights are not narrowly linked to gender but
instead apply to all kinds of diversity dimensions. When we facilitate welcoming a
minority, we also facilitate people from majority groups but with different interests
fitting in. Based on our experiences, we propose three main considerations that can
help guide the design of events and activities to foster equity in the very design.
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Fig. 5.13 Femtech workshop, second workshop
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These are sociomaterial-design, social belonging, and gender representations (see
Table 5.1). Let’s consider each in turn.

Sociomaterial-design includes considerations of how participants comprehend
the boundaries of the domain of computer science and its impact and potential reach
in the outside world. Designing activities where you learn about technology for the
sake of technology is interesting and engaging for participants who already have an
interest in technology; learning about culturally relevant technologies can be engag-
ing for participants without such pre-existing interest. However, previous research
has highlighted tensions between culturally relevant approaches and traditional
approaches to skills development (Enyedy and Mukhopadhyay 2007; Tissenbaum
et al. 2019), such as programming or coding. In our experience, seamlessly creating
learning activities that combine reflective activities on the societal impact of tech-
nology and low-level programming exercises is difficult. Our workshops show
promise for how the digital-analog artefact approach is one way to combine the two.
Creating specific artefacts, which include design activities in combination with pro-
gramming, can extend the definition of computing while allowing for diverse inter-
ests. For example, the design of the Cryptosphere (storytelling, materiality)
introduced privacy issues of protocols while embedding practical exercises to con-
trol sensors and actuators.

Sociomaterial-design also includes considerations of which types of domains are
used in concrete examples as well as in a general teaching approach (Scott et al.
2010). These decisions entail considering whether to include domains that can be
easily recognized as relevant for computer science (e.g., video games) or other types
of examples that are less obvious but equally relevant (e.g., biology, art). If we had
made the participants create a zombie-killing game, we would have confirmed the

Table 5.1 Factors and guiding questions that provide methodological guidance when designing
workshops to foster gender equity

Sociomaterial-design How are the activities/artefacts presented in the description of the
Participants’ definitions of | event? To what extent do the activities focus on skill development
the boundaries of the (e.g., programming)? To what extent do the activities support
computer science domain critical thinking (e.g., design considerations, culturally relevant

and its impact and potential | computing)? What initiatives at the structural and cultural levels
reach in the outside world. can help legitimate the activities in computing?

Social belonging How are participants recruited to the event (personal invitations,

The impact of prior positive | teachers” mediation)? How does the design of the event support

or negative social collaboration (activities design, didactic method)? Which types of

experiences with computer | domains are used in examples? How does the design of the event

science. help participants connect after the event (social media, follow-up
events)?

Gender representations How do the criteria for inviting participants consider gender and

The gendered connotations | intersectionality (women-only event, different socioeconomic
embedded in the design of | backgrounds)? How does the choice of materials relate to

the event such as dynamics, | gender? Are the functionalities or materiality of the artefacts
artefacts, and materials. gender-laden? Does the artefact design allow different gender
representations? How is gender considered in the design of the
event (selection of teachers, choice of pictures)?




54 5 Cyberbear & Cryptosphere: Sociomaterial-Design, Social Belonging, and Gender...

expectations of some of our participants by confirming their bias towards what
belongs in computer science. However, challenging the normative narrative, and
proposing an alternative, allowed us to open up the domain to be relevant for other
participants who are currently excluded from the gaming narrative as a computer
science domain.

Interestingly, after the workshop all participants found themselves potentially
included in technology development, although in different ways. Most participants
embraced the alternative narrative introduced at the workshop. Thus, their techno-
logical perspectives extended the definition of computer science to include various
parameters, such as different types of use (sleeping longer in the morning, encrypt-
ing messages on social media), different kinds of materials (e-textiles, polystyrene
foam), and different kinds of activities (design-oriented activities). In addition, they
expressed an interest in exploring the potential of using digital technology develop-
ment to innovate in other domains, e.g., healthcare, art, and engineering.

Some participants refused our alternative narrative and stated that we ‘luckily’
did not scare them away with our intervention. This was especially true in the first
workshop because of the use of e-textiles. Some participants did not enjoy working
with e-textiles and described them as too “girly”. That some of the participants
rejected this material challenges prior work suggesting that working with e-textiles
can minimize the sense of ‘gender inauthenticity’ (Faulkner 2000; Weibert et al.
2014). Our results reveal a complex scenario in which some participants did not
want to express themselves through e-textiles, because it was not aligned with what
they thought was within the reach of computer science. Therefore, initiatives seek-
ing to open up participation through alternative and critical approaches (Menéndez
et al. 2017) need to work to legitimate those activities as part of a broader under-
standing of computing through structural changes. Otherwise, these initiatives risk
designing engaging activities for under-represented minorities that remain disem-
powered in the broader context (Hicks 2017; Bjgrn and Rosner 2021).

Social belonging includes considerations of how prior positive or negative social
experiences with computer science matter in shaping future experiences. More con-
cretely, whether participants feel they belong or are alienated (Sproull et al. 1984;
Frieze and Quesenberry 2015) depends on the social organization of activities and
contexts. All participants offered positive evaluations of the social engagement and
of experiencing programming as a social activity. Indeed, the workshop highlighted
the importance of collaboration in computing, which can be also considered an
alternative to the predominant stereotype of the lonesome computer scientist in the
basement.

More concretely, computing is often depicted as an individual activity rather than
a collaborative endeavor, and such a depiction shapes the nature of inclusiveness.
For example, the extent to which computing is displayed as a collaborative activity
displays the value of group activities and discussions and of finding the best solu-
tions together with others. In addition, our collaborative approach challenges pre-
dominant representations of success: from individual geniuses to groups of people
having complementary skills.
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If we want changes in the demographics in computing, it is important to consider
the recruitment process for the activities. Concretely, by personally inviting partici-
pants, we were able to engage with young women who would not proactively
engage with programming and technology development themselves. Thus, we
extend existing research focused on self-driven adopters (Buechley and Hill 2010;
Tabel et al. 2017) towards not-self-selected participants. Finding ways to engage
people who do not self-select is a huge challenge if we want to a have long-term
impact. When the math teachers promoted the event as a ‘programming activity at
the computer science department’, the expectations for the activity were not aligned
with our workshop design. This could have a positive or a negative impact, depend-
ing on participants’ pre-existing interests.

Our findings show that experiencing social belonging to an academic field and
practice is also shaped by how society embodies certain gender identities in the use
of materials (e-textiles, polystyrene foam) and activities (sewing, foam modeling).
Our choice to introduce these materials engaged the majority of participants and
thus promoted inclusion (Weibert et al. 2014; Richard and Giri 2017). However, the
sewing activity was seen as a gender-laden activity; thus, it alienated a minority of
our participants, who described feeling forced into a stereotypical gender
representation.

Finally, the design of our event as ‘women only’ was aimed at providing an envi-
ronment where people felt they could join and be themselves (Fox et al. 2015). This
choice was explicitly mentioned and appreciated by many participants, who high-
lighted the social interaction and structure of the workshop as positive and welcom-
ing. This choice amplifies our interest in change, and it allowed us to explore the
diverse nature of the category of women. Still, to be truly open and diverse, future
workshops should consider the gender spectrum beyond the binary (Henwood 2000;
Vitores and Gil-Judrez 2016). To accommodate this, we in the current call for par-
ticipation in the FemTech workshops explicitly phrase the audience as open to other
genders beyond binary. Concretely, we write: “we use an inclusive definition of
women and invite transgender, genderqueer, and non-binary students to join, as well
as everybody who identify as women” (DIKU 2022).

Gender representations remind us how choices in the design of the event, dynam-
ics, artefacts, or materials can have gendered connotations. When we designed our
activities, we were cautious about whom to include as teachers (Scott et al. 2010)
because we did not want to manifest the predominant stereotype that men know
about technology (as teachers) and women know less about technology (as stu-
dents). Thus, when inviting teachers, it was very important to us that most of the
teachers were aware of these sensitivities. The leading teacher was a woman full
professor demonstrating that women can also be successful computer scientists. It
is critical to carefully consider which gender roles and stereotypes are introduced
and embedded within the structure and context of the inclusive interventions.

Gender identity played an important role for the participants in our workshop,
who also displayed their experiences in their individual descriptions of having a
particular gender (girly-girl and boyish-girl). We gained insights into what these
gender types entailed for the participants and how they shaped the ways in which
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participants performed their gender through their appearance and actions (Cheryan
et al. 2009, 2013). When participants rejected or embraced the sewing activity, the
main issue they expressed was that sewing was a feminine activity, which they
refused, rather than seeing sewing as an activity of ‘attaching materials.’

Our findings support prior studies of the gender transformation in computer sci-
ence in higher education, which show that the essentialist approach to gender can-
not explain the lack of diversity in computer science (Henwood 2000; Frieze and
Quesenberry 2015). Our findings thus confirm that the gender imbalance in com-
puter science education has nothing to do with the biological sex of students, and
everything to do with structures and norms of the academic field and education in
society.

Moving from gender binaries to gender representation, we need to consider how
diverse gender categories extend the ways in which we design and evaluate inclu-
sive and exclusive mechanisms. So, the question is: Did we manage to produce such
an inclusive environment at the workshop? We did include participants who had
been excluded in prior situations through the ways we organized the workshop
topic, activity, social engagement, interactive product, et cetera. However, we did
not manage to create a fully inclusive workshop. As a minority of the participants
expressed, we were lucky that we did not push them away from pursuing a computer
science education.

Essentialist approaches risk reinforcing the gender divide (Henwood 2000;
Frieze and Quesenberry 2015; Bjorn and Rosner 2021) by reproducing existing
gender stereotypes. Despite good intentions for an agenda of inclusion, essentialist
approaches to gender and diversity might have totally opposite effects. When the
results of experiments report differences between women and men, we neglect the
role of education and society in shaping how we comprehend gender in particular
ways. Approaches based on elements of what is stereotypically classified as a
behavior performed by men or women in a certain society reinforce the assumption
from this society instead of challenging the very existence of such essentialist clas-
sifications of gender in the first place.

OpenAccess  This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://creativecommons.org/licenses/by/4.0/

®

Check for
updates

Chapter 6

GRACE: Designing Sociomaterial
Assemblages Unpacking Gender Equity
in Computing

This chapter introduces GRACE, a FemTech sociomaterial assemblage that per-
forms concerns related to equity in computing. GRACE is an interactive installation
combining IoT, origami paper, and the history of computing performed at three
events in Denmark, the USA, and France. Each event was designed to unpack equity
in computing through different types of sociomaterial performances, while allowing
us to collect data about the lived experiences of equity in computing. GRACE is
both reconfigurable and relational. It is reconfigurable because GRACE is malleable
and can take different forms (reaching out to people who are committed to the
agenda as well as to people who are within the domain but not necessarily commit-
ted to the agenda) — even though its core remains the same. GRACE is relational
because the nature of the installation emerges in use and thus is shaped by the rela-
tional connections created through specific use and people enacting the artefact.
Through sociomaterial manifestations, GRACE seamlessly integrates the perfor-
mance of equity in computing with data collection on equity in computing. We
argue that designing GRACE as a sociomaterial assemblage allowed for long-term
engagement with a gender-equity agenda across multiple diverse encounters and
over several years.

With GRACE we wanted not only to understand gender diversity within a spe-
cific institution but also to see how we could create an interactive artefact that would
produce both encounters that allowed for reflections and discussions on the issue at
hand and new insights and data about the currently lived experiences of equity in
computing.

Rosner et al. (2018a, b) demonstrate the strengths of exploring the past as part of
understanding the contemporary when they, through the core memory project, made
design inquiries into gendered legacies of engineering. In their work, they combine
stories of women literally crafting the memory core allowing the Apollo expedition
to happen (Rosner et al. 2018a, b). Similarly, we explore that past in computing by
building on the story of Grace Hopper finding the first ‘computer bug’ —a moth —in
the vacuum tubes of one of the first mechanical computers and use this as a starting
point for the development of GRACE (Menendez-Blanco et al. 2018).
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GRACE is designed as a critical design artefact (Menéndez et al. 2017) which
both challenges computing as predominantly digital, male, and ‘hard’ while propos-
ing parallel narratives combining different materials like colorful origami paper in
the mixing of the back-end functionality of GRACE with the front-end experience
through a DIY design (Tanenbaum et al. 2013), where the functionality is open and
visible for scrutiny. Thus, GRACE is designed to trigger reflection and help articu-
late matters of concern (Disalvo et al. 2014), which in our case is equity in
computing.

We performed GRACE at three different events: a tech festival in 2017 in
Denmark for approximately 300 people, an ACM SIGCHI conference in 2018 in the
USA for approximately 25, and an ACM SIGMM conference in 2019 in France for
approximately 400. While the performances took different forms during each event,
the core design remained the same. We collected data about each performance in
different ways, and over time we were able to identify ways to seamlessly integrate
the performance with the data collection about equity in computing.

In this chapter, we introduce the design of GRACE and multiple performances of
GRACE over the 3 years. We argue that designing GRACE as a sociomaterial
assemblage allowed it to both challenge equity in contemporary computing and act
as a data collection vehicle, which ultimately allowed us to unpack the contentious
issues (Disalvo et al. 2014; Menendez-Blanco and Angeli 2016) of equity in com-
puting and their consequences for peoples’ lived experiences in the field. But first
we introduce our sociomaterial-design approach.

Sociomaterial-Design

Researchers generally agree that design objects produce distinctive knowledge
(Gaver 2012) that reaches beyond what the designers themselves say about these
objects. Yet how to situate, translate, and transform design knowledge gained
through design artefacts into broader relevant academic knowledge and insights
remains a challenge (Zimmerman et al. 2007; Koskinen et al. 2008; Bardzell et al.
2012, 2016).

Taking seriously the blurred boundaries between design creation and design pre-
sentation — between designers’ intention and peoples’ encounters — we want to
develop practical and theoretical ways to think about designs as extending creation,
presentations, and knowledge production into multiple intertwined activities. In our
work we do not distinguish between design production and design presentation;
instead, the two are interlinked in our agenda to impact and intervene in the matter
of concern (equity in computing). Thus, we need to pay equal attention to our design
intentions and staging (use-before-use) and to how design objects are being pro-
duced after the fact (design-after-design) through the encounters people have with
our design objects (Bjogvinsson et al. 2012). Our knowledge interest is not limited
to our design intention; instead, it must focus on the knowledge produced through
these encounters. As phrased by Jeffrey Bardzell, Shaowen Bardzell, and Lone
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Koefoed Hansen: “imagine if our knowledge of modernist painting were limited to
what Matisse said about Matisse, what Picasso said about Picasso” (Bardzell et al.
2015, p. 2096). As in art, knowledge produced through design objects is not limited
to the intentions of the designers but reaches beyond those intentions.

Design objects are made and re-made through encounters, and knowledge is pro-
duced through these encounters. Design objects do not have pre-determined bound-
aries but instead are bounded in the temporal practices by which artefacts are
enacted in practice (Bjgrn and @sterlund 2014). The design objects we create are
not pre-determined but instead must be understood as emergent phenomena where
the boundaries for when an object begins and ends are open-ended (Bjgrn 2012).
Objects become bounded in practice; the boundaries for what makes the object are
created in practice. In this perspective, “bounded has a double meaning — namely to
bind together, as in a hyphenated structure, and to set the boundaries for what
makes the entity, as in [bracketing structures]” (Bjorn and @sterlund 2014, p. 9). It
is through the encounters that the nature of the design objects — sociomaterial
assemblages — emerges in specific temporal entities. This relational perspective on
design objects entails that design objects cannot fully be understood as clear-cut
entities with clearly defined boundaries but instead come into existence through
encounters of a temporal nature.

Design activities become infrastructural activities by which designers situate
design objects as sociomaterial assemblages connecting humans and non-humans —
as when Design Things (with capital letters) for social innovation produce infra-
structures combining artefacts, people, and experiences (Bjogvinsson et al. 2012).
Design objects are both “objectified”, as they exist in the world as entities, and
simultaneously “experienced”, meaning they manifest a matter of concern as part of
the sociomaterial assemblages through the lived encounters and experiences of
actors (Binder and Redstrom 2006). In adding agency to design objects, the impor-
tance of investigating the agency of humans and non-humans is foregrounded
(Bjorgvinsson et al. 2010). Further elaboration of the agencies of design objects and
computation points out how objects do not exist in isolation but interconnect people,
artefacts, values, and contexts, also referred to as “object ecology”, highlighting the
role of design as a generative device created through infrastructural activities
(Jenkins et al. 2016).

Design inquiry in the sociomaterial perspective entails that knowledge is pro-
duced through a dialogue between activities and design materials, a dialogue that
continuously challenges the agenda in focus (the matter of concern) through the
design activities (Binder and Redstrom 2006; Lowgren et al. 2013). The design
inquiry becomes the inspiration for design interventions (Koskinen et al. 2011;
Lowgren et al. 2013), and the artefactual aspects of the design become the objects
of inquiry producing knowledge. The design object becomes epistemic, as it “can-
not in advance be fully articulated and demarcated. Rather, researchers shape and
develop their understanding of the nature of the questions they examine, as well as
potential answers to them, through the process” (Dalsgaard 2016, p. 4992). Objects
of inquiry designed to trigger reflection and imagination can take different forms,
for example reflective design (Senger et al. 2005), adversarial design (Disalvo
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2012), or critical making (Ratto 2012). Adopting any of these approaches entails a
focus on eliciting discussions and debate by provoking, challenging the status quo
(Disalvo 2012; Ratto 2012), or proposing alternative narratives through design arte-
facts (Menéndez et al. 2017). Our interest is in investigating how we, through socio-
material-design activities, can articulate, engage, and challenge matters of concern
through sociomaterial assemblages with open-ended boundaries (Bjgrn and
@sterlund 2014).

It is not only the design object that produces knowledge. Knowledge is also cre-
ated through the ways in which the artefacts are staged, allowing for different
encounters in different situations such as public events or exhibitions. While we
quite literally design through construction — as in building and placing physical and
digital materials — an essential part of our work includes considerations of how we
produce knowledge through material choices, staging our matter of concern sup-
porting our design research inquiry (Koskinen et al. 2011). When we construct and
stage digital and analog materials, we shape the spaces and engagements as key
means to construct knowledge (ibid). In our interventions, engagements with objects
are usually ephemeral and spontaneous, which poses challenges for knowledge con-
struction (Bardzell et al. 2015) and, in particular, for how we can produce insights
from such events. Therefore, challenges are a matter not only of “how” to construct
knowledge but also of “what” kind of knowledge we are able to create. Thus, our
design inquiry research question with GRACE is: How can we design an artefact
that both performs concerns related to equity in computing across multiple encoun-
ters and produces new insights about the concern?

GRACE Design Process

When we began the design process, we wanted to create a design object that would
allow us to perform concerns related to equity in computing while collecting data
about those concerns. To that end, we followed traditional methods in design
research and interaction design. More concretely, we were inspired by design
research projects that focused on designing for debate and on eliciting change
through those debates such as the Presence Project (Gaver 2012) and the Slow
Technology project at the Interactive Institute (Hallnds and Redstrom 2001). In
addition, we relied on traditional methods and techniques in interaction design such
as conceptual designs, sketches, and lo-fi prototypes (Buxton 2010). The design
process did not follow a linear path; instead, we iteratively engaged with processes
of ideation, prototyping, and reflection.

Concretely, we outlined a set of variables that we considered important (Sharp
2003). Some of these were related to interaction (e.g., What are the individual task/s
that people can engage with?), to technical details (e.g., Which kind of components
could be used?), or to design limitations (e.g., Design a physical installation that
challenges traditional assumptions about computer science dealing with screen-
based interactions). For each concept, we collected a set of inspirational images that
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illustrated the envisaged aesthetics of the design. In total, we came up with six dif-
ferent conceptual designs, including a digital message board, a digital wall of great
inventors, and an interactive origami landscape.

Once we had developed the conceptual designs individually, we got together and
extensively discussed each of the concepts, assessing their advantages and limita-
tions. For example, we reflected on the extent to which the concepts could trigger
discussions among different audiences about equity in computing (How could the
participants engage in discussion? How could the artefact be described? How
could the motivation to design such an artefact be described?).

Simultaneously, we worked on the general story of the installation. Building on
previous work that relies on historical events to unpack and reflect on current issues
with digital technologies (Rosner et al. 2018a, b; Bjgrn and Rosner 2021), we brain-
stormed on different historical events that could serve as props. Examples we
explored were the inventions made by Hedy Lamarr, which formed the basis for
today’s WiFi technology, or the discovery of the first computer bug, by Grace
M. Hopper.

Exploring each of these stories, we selected Grace Hopper’s story. While this
story presents many interesting perspectives, one specific reason for this choice was
that the 70th anniversary of the discovery of the first computer bug conveniently
matched the days we had planned to perform GRACE for the first time — September
9,2017.

GRACE as an Interactive Installation

GRACE is an interactive installation that celebrates Grace Hopper’s finding the first
bug in a computer in 1947. The installation uses analog materials (paper, rubber
strings, and wood) and combines these with digital materials (micro-controllers,
sensors, and actuators) as well as IoT technology (people can interact with the phys-
ical installation through a mobile app developed for both iPhone and Android). In
addition, the installation is visually designed to create curiosity and prompt pass-
ersby to participate in the installation through a combination of colorful materials
and interactive technologies.

More concretely, the installation depicts a retro mechanical computer with vac-
uum tubes, powered by eight ESP8266 WiFi-enabled micro-controllers, which
allow the retro computer to connect to the internet. Each micro-controller controls a
servo motor attached with conductive wires and rubber strings. Upon the rubber
strings, participants can attach paper origami bugs depicting the bugs in the com-
puter. Participants can control the movement and blinking LED lights of the attached
origami bugs and thus metaphorically ‘debug the machine’ by using the accompa-
nying (and publicly available) mobile app. GRACE attempts to push the boundaries
of what could be considered computing by combining different materials and tech-
nologies in a single installation. Finally, there are four different types of origami
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bugs shaped by different types of bugs — one being the moth — resembling the actual
moth found by Grace Hopper.

When exploring the process of creating origami-paper-based bugs for use in the
installation, we found that one of the main drivers in the Danish origami community
was a former computer science student, Hans Dybkjer. We reached out and together
identified four different types of origami bugs that were appropriate for our use. It
was important that they look different and be not too difficult to learn how to fold.
We also chose four colors of paper to give the origami bugs distinct expressions:
green, yellow, blue, and orange. These paper-based origami bugs were also digitized
(scanned), and then used as the main characters in the GRACE app (Fig. 6.1).

The GRACE app was designed as a digital representation of the physical instal-
lation, and had as its background the same historic mechanical computer that the
digitized origami bugs would fly around. The music for the app was created by Peter
Bjgrn Rasmussen with Lise Dandanel singing as an ambient background, which
could run in continuous loops. The number of origami bugs ‘caught in the com-
puter’ represented the number of paper origami bugs attached to the physical instal-
lation. Participants could, by tapping their fingers on the digital origami bugs,
‘debug’ the system, and the origami bugs will disappear from the app, while moving
or blinking on the physical installation. The GRACE app works for both iPhone and
Android and was programmed by Kasper Lorentzen.

Fig. 6.1 GRACE folding origami
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GRACE Performance & Intervention, Copenhagen 2017

The City Makers faire was part of a larger tech festival in Copenhagen, where we
joined with the GRACE installation in 2017. The event lasted 3 days and drew more
than 2000 attendees in total. The audience was very diverse and included families,
schools, teachers, researchers, and tech enthusiasts. The physical appearance of
GRACE took the form of a large and heavy wooden board (3 x 2 m), which took us
approximately a full week to build (cut out and assemble the wooden boards, place
the background image, attach the micro-controllers and actuators, etc.). We pre-
pared different promotional materials to be distributed at the maker faire, such as
leaflets and laser-cut wooden moths. The leaflets were also intended as a gentle
introduction to equity in computing and included the story of how the first computer
bug was found by Grace Hopper, a description of GRACE, and information about
the research project. Further, we carefully curated the physical staging area we had
been allocated in order to create a flow between different activities (welcoming
area, origami activities, and discussion area).

The performance placed specific emphasis on challenging stereotypes about
computer science (e.g., male-dominated, nerdy field, for video game lovers) and
proposing an alternative (e.g., digital-analog installation, public event, craft activi-
ties). The performance was meant as a playful yet serious provocation: a large
wooden board with colorful origami bugs, portraying a historical event about a
woman computer scientist, physically assembled by academic researchers from a
computer science department.

Exploring whether and how GRACE triggered reflection on assumptions on
computer science, we together with a science education researcher from the univer-
sity, Jesper Bruun, had brainstormed different possibilities for collecting data about
the ways in which the performance had “worked” or not. After three brainstorm
sessions, we decided to define the extent to which the performance “worked” as the
extent to which it succeeded at challenging individual assumptions about computing.

To that end, we conducted semi-structured interviews that included questions
about interviewees’ background information (e.g., Do you have any experience
related to computing ?), general knowledge of computer science (e.g., Do you know
what computer science is? What does a computer scientist do?), and expectations
about GRACE (e.g., Would you expect a computer scientist to build GRACE?). The
interviewees were approached after they had left the area of the performance, to
preserve their anonymity. They were informed that their responses could be used for
research purposes, and a verbal agreement was recorded. The interviews lasted a
maximum of 10 min.

GRACE attracted the attention of people walking by. During the 3 days, more
than 300 participants approached us and engaged with GRACE. People explained
that the colors, movements, and ‘artsy’ look of the installation had prompted their
curiosity. Thus, GRACE’s aesthetic qualities were a crucial mechanism for trigger-
ing curiosity and served as a starting point for engagement.
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In addition, the staging (installation, welcome booth, table for origami activities,
discussion area) guided participants through the different activities and engaged
them in different ways. Participants included children, parents, teachers, and
researchers. Some created paper origami bugs to attach to GRACE, while others
interacted with GRACE using the mobile app to ‘debug’ the machine. Some pre-
ferred to learn about the technical details, and others discussed concerns related to
equity in computing. In general, children preferred doing origami and playing with
the mobile app; adults engaged in all kind of activities. When talking with partici-
pants, the story was instrumental in smoothly guiding discussions towards equity in
computing. As researchers, we experienced that the story of Grace Hopper helped
us connect the performance with the matter of concern and open up discussions with
a heterogenous audience in an informal setting.

In total, 57 micro-interviews were conducted and later transcribed. These inter-
views transformed the ephemeral encounters with participants into small accounts
about perceptions of computer science. GRACE triggered reflection on assumptions
about computer science; but, more interestingly, they also showed that despite those
assumptions, many people did not really know what being a computer scientist
meant. Indeed, when participants were asked whether they knew what working as a
‘datalog’ (computer scientist in Danish) entailed, hardly anyone knew:

I have no idea, but my guess is that it would be someone who are sorting data, but I really

do not know.(...) they are probably sitting in front of a computer. (Micro-interview,
Denmark, September 2017)

Then, when asked whether they were surprised that it was researchers from a ‘data-
logi’ department who had created the installation, only a few were surprised, since
only few knew what ‘datalogi’ was in the first place (Fig. 6.2).

The installation succeeded in performing the matter of concern while gathering
data about that concern. When reflecting on what made the installation ‘work’
(Koskinen et al. 2011), we identified three main aspects. First, it was important that
the performance of GRACE prompted people to approach the installation and that
the activities shaped by the curated staging engaged diverse audiences. Second, it
was important that the story embedded in the design object was designed to open up
discussions about equity in computing in an informal setting. Finally, it was impor-
tant that we were able to transform these ephemeral encounters into returns for the
project. However, our reflections also highlighted several weaknesses. For example,
a key aspect was the temporal and spatial division between the interviews and the
performance. This distinction reduced the richness of and insights about our equity
in computing, as the insights turned out to be more about the participants’ under-
standings of computing rather than producing new insights about equity in
computing.
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Fig. 6.2 GRACE at the Maker Faire

GRACE Performance & Intervention, Florida 2018

In 2018, GRACE was accepted as a demonstration at an international SIGCHI con-
ference with approximately 80 attendees. Since it was impossible to transport
GRACE’s large wooden scaffold by plane to the conference, we created a different
GRACE manifestation specifically adapted to the context. The installation was
made of cardboard (with the same image on the old mechanical computer), micro-
controllers, and actuators, and origami bugs were attached using paper pins. We also
shaped the interactive activities differently than we did at the City Makers faire. We
staged the performance to focus on opportunities to reflect, discuss, and share per-
sonal experiences related to equity in computing.

To that end, we invited the demo session attendees to reflect on their concerns
regarding equity in computing, to think about actions that could help address those
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concerns based on their personal experiences, and to discuss those concerns and
actions with other participants. We did not ask participants to add any personal data
(e.g., gender, position, country), since this could influence their engagement, espe-
cially given that the group was small and relatively familiar with each other. This
decision was based on our experience, which shows that equity in computing is a
highly sensitive and often controversial subject, where people might be reluctant to
share their thoughts and experiences if there is a chance they might be identified.

After, we invited participants to write those concerns and actions on a piece of
origami paper, fold the paper into an origami bug, and attach the bug to the installa-
tion. The performance included demo-ing the installation, discussing with partici-
pants, and assisting them in folding origami bugs — which could be added to the
installation.

In total, 11 people wrote on, folded, and attached their bugs to the installation.
Several participants did not create bugs and preferred to engage in discussions with
other participants and researchers. After the end of the performance, we collected
all the bugs and transcribed these for further analysis. Concerns written on the ori-
gami paper included personal experiences and struggles related to, e.g., hiring pro-
cesses, allocation of research funding, and students’ feedback, as illustrated in the
following quote collected in a bug:

Students can sometimes be very negative and abuse my status as a young, female professor.
Nasty comments in reviews and evaluations hurts the most. (Note on bug, USA,
January 2018)

This quote expresses a concern about equity in computing illustrated by a shared
experience. Other bugs and discussion included participants’ individual experi-
ences, as in a collective diary of anonymously collected concerns.

In addition, some of these individual concerns expressed in the bugs related to
themes discussed during the conversations. For example, when discussing equity in
computing with respect to hiring processes, a senior researcher highlighted how it
was important to consider gender when hiring computing professionals. Relatedly,
one participant described in her bug that even though she considered it important to
think about gender during hiring processes, such initiatives should be implemented
carefully. Concretely, she explained that she had been encouraged to apply for a
position at a ‘big fancy software company’ because ‘there are no girls in the team’,
which she found ‘insulting in some many ways’ (Note on bug, USA, January 2018).
This situation demonstrates that even though everyone agreed that hiring processes
are important to creating equity in computing, there are nuances to these concerns.
The performance of concerns through different means (discussions, anonymous
notes on the origami bugs) including different participants was instrumental in pro-
ducing these different views (Fig. 6.3).

Not all concerns were illustrated through personal experiences; some were
expressed in terms of existing studies, theory, or available data related to equity in
computing, as illustrated in the following quote:

I worry about what Lorraine Code called “discrimination by design” i.e. user experiences
that implied that the user was a member of an assumed demographic group. We often use
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Fig. 6.3 GRACE at the SIGCHI conference

ourselves as our model of a human being. We white men [need] to think outside of those
assumptions, so that we stop discriminating by design (even if that is not our conscious
intention). (Note on bug, USA, January 2018)

In this case, the concern was expressed not in terms of lived experiences but as a
matter of interest for research purposes, aligned with the topics of the conference.
This quote exemplifies a participant who is not dependent on the change but is still
committed to it (Fig. 6.4).

The performance of GRACE allowed us to produce insights about equity in com-
puting in a different way from the City Makers faire, since instead of holding inter-
views after the fact, we were about to produce insights about equity in computing
from the diverse perspectives of the participants. The insights gave us interesting
snapshots of participants’ concrete experiences. Interestingly, GRACE as a perfor-
mance was adapted in a very concrete way, as in replacing wood with cardboard —
and reducing the size by more than one-fourth of its first instantiation — however, the
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Fig. 6.4 GRACE unfolded Origami bugs

main qualities and story remained the same and shaped interactions and participa-
tions in ways similar to the City Makers faire. So, while the physical manifestation
looked different, the core story and aesthetic expression remained the same.
Moreover, the performance emphasized the importance of sharing opinions and
experiences while engaging in discussions by reducing the prominence of the ori-
gami activities. Note that while the origami activities were not as prominent as in
the Makers faire, they were still relevant because they enabled a playful and conviv-
ial setting in which to discuss issues of critical importance.

The GRACE performance at the SIGCHI conference allowed us to collect
insights not only as observations but also as actual experiences written on the ori-
gami bugs collected. In this way, there was no spatial or temporal division between
performance and data collection. However, this activity did not fully match the
metaphor of the ‘bugs’, since the origami bugs contained not only challenges
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(considered the ‘bugs’ in the computing field and profession) but also proposals
for action.

GRACE Performance & Intervention France 2019

In 2019, we were invited to present GRACE in a keynote at a top international con-
ference in the field of multimedia and computing. The performance was divided into
a keynote and an interactive demo session. At the keynote, we introduced FemTech
work, discussed the issue of equity in computing, and presented some of the
FemTech actions we had done previously. At the end of the keynote, we invited
attendees to write on a piece of origami paper the challenges for people to enter,
stay, and advance in a career in computer science. Next, we asked them to create one
origami bug each (only using the moth origami design linking it back to Grace
Hopper’s real moth) and to leave these on the table. Instructions for how to fold the
bugs were placed on each table, and a total of eight student volunteers aided the
task. After all the bugs were collected, we attached these to the GRACE installation,
which was made using a pinboard and was much larger (3 x 4 m) than in the two
previous events.

Attendees were invited to visit the installation, unfold the bugs made by other
anonymous attendees, read the challenges aloud, and discuss the issues written. A
voice recorder was placed on the tables to record the conversations. We intention-
ally did not ask attendees to include any information in the bugs that could identify
them in any way. With this strategy, we wanted people to feel free to answer and not
feel intimidated to express their opinions openly (Fig. 6.5).

Around 400 people attended the lunch keynote. A total of 154 people folded
origami bugs, and 75 wrote down challenges inside them. This performance

Fig. 6.5 FemTech Keynote, 2019
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provided a rich corpus of data displaying participants’ concerns about equity in
computing. As in the previous performance, participants highlighted personal sto-
ries and research-related issues. However, this was the first time that participants
highlighted issues related to intersectionality, expressed potentially unpopular opin-
ions, or challenged equity being a concern at all.

For example, in the context of discussing the stereotypes and assumptions about
gender in computing written in the bugs, a man explained:

Coming from [countryl], the first foreign country was [country2] and I was treated like...

“criminals are coming!” But when I said “I’'m an engineer” and suddenly, you know, they
appreciated me. (discussion, PS5, Demo session, France, 2019)

This comment generated an interesting discussion among people who had experi-
enced discrimination in computing because of intersectional aspects (e.g., gender,
race, nationality). Interestingly, the discussion triggered by reading aloud the text
written in the ‘bugs’ helped participants adopt the strategy of finding common
ground, rather than achieving a unified consensus. In addition, and differently from
previous performances, some of the data contained potentially unpopular
stereotypes:

Men are thinking in a rational way while women think more in an emotional way but CS
needs people be reasonable... (Note on bug, France, 2019)

Indeed, stereotypes and assumptions occupied much of the discussions during the
performance of GRACE, and participants agreed that stereotypes are especially
harmful to equity. Interestingly, they talked about not only stereotypes related to a
specific gender, and how these might prevent people from choosing a career in com-
puting, but also concerns about stereotypes related to nationalities or assumptions
about the skills a computer scientist has, which potentially can prevent people from
continuing or advancing in a career in computing. For example, a woman partici-
pant expressed that when collaborating in research projects, her colleagues in other
disciplines referred to her as ““‘the technical people’ as if I came with a screwdriver
or the soldering station” (Discussion, P1, Demo session, France, 2019) (Fig. 6.6).

Finally, a few participants reported skepticism about the existence of the concern
in the first place in writing on their anonymized origami bugs sentences such as ““/
see no problem!!!” (Note on bug, France, 2019). What we find particularly interest-
ing is that some participants felt entitled to express their opinion, even if it meant
challenging the idea of equity as a concern at all, and that our performance managed
to engage their views in the discussion, thereby producing opportunities for collec-
tive interaction with many different views on a concrete concern.
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Fig. 6.6 GRACE at ACMMM

GRACE as Intervention and Performance

Our research interest with GRACE was to perform concerns about equity in com-
puting while producing new insights about those concerns. What made GRACE a
conceptual vehicle for different types of engagements and social events were three
main relations. These produced the sociomaterial assemblages (Orlikowski 2007,
Bjgrn and @sterlund 2009, 2014; Psterlund and Bjgrn 201 1) that made GRACE: (1)
a reconfigurable core that was adaptable to concrete situations, (2) diverse ways to
engage with both people who are dependent on a change and to mobilize additional
people to commiit to the change, and (3) seamless integration of the performance of
GRACE and the collection of insights about equity in computing.
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Reconfigurable Core

While our process was inspired by traditional interaction design methods, our intent
was not to create a finished prototype, or a final product (Pierce et al. 2015). Instead,
our interest was in expressing the lived experiences, perceived consequences, and
desired futures (Disalvo et al. 2014; Nielsen and Mgller 2020) pertinent to equity in
computing moving towards heterogeneously participation in ‘who’ can successfully
take part in shaping the digital technologies of the future. Concretely, GRACE was
flexible enough to be adapted for specific audiences and thus to perform differently
during events, while still having a core — an ‘installed base’ (Bowker and Star 2002)
that remained the same. The installed base embedded in the design of GRACE chal-
lenges equity in computing through different types of provocations (Raptis et al.
2017). Aesthetic provocation concerns the material design, the combination of the
digital and analog features, and the use of colors, origami paper, and physical instal-
lation. Functional provocation challenges computing through the representation of
an old mechanical machine with vacuum tubes and how this old computer becomes
a novel IoT device that metaphorically allows participants to debug the technical
system and the social system of computing. Conceptual provocation (Raptis et al.
2017) is related to the story of Grace Hopper and how a woman is behind one of the
core concepts in computing debugging, even if the field is predominantly male.

While the core remained the same, GRACE was flexible for interpretation across
different social groups (Orlikowski 1992; Mark et al. 2007) and in this way resem-
bled a boundary object (Star and Griesemer 1989). However, what allowed GRACE
to move across events were the ways in which it was performed as sociomaterial
assemblages (Bjgrn and @sterlund 2014) — as a relational artefact that shaped the
connections between the IoT implementation, the material nature of origami paper,
the GRACE app, the specific event, and the engagement with people. GRACE’s
concrete physical manifestation took different forms in terms of both physical size
(from 3 x 2 m in Denmark, AO size in the USA, and 3 x 4 m in France) and physical
material (wood, cardboard, and pinboard). Yet the fundamental aesthetic expression
and provocations remained the same.

Thus, GRACE can be perceived as an epistemic artefact (Dalsgaard 2016) due to
the open-ended design that allowed it to transform and be shaped through local and
situated encounters. Each new manifestation of GRACE became a way for us to
enact recursively on the matter of concern — equity in computing — and how this
concern was embedded in the core design of the sociomaterial assemblages. Each
new iteration included and was defined from the former iterations. So, while future
iterations of GRACE might take different forms, past manifestations remain as the
reconfigurable core.

By explicitly not engaging in stereotypical norms and cultures around comput-
ing, GRACE seeks to produce the field of computing as an alternative narrative
combining novel technological components like IoT with digital and analog design.
GRACE is a multiplicity demonstrating equity in computing as something that can-
not merely be understood as a ‘percentage of women’ (Bardzell 2010) but instead
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must be understood from several equally important cultural and social perspectives.
These include history, women, technologies, and the lived experiences of people in
the field — whether women or transgender experiences of sexism or participants’
opinions that there is no problem (as we saw in France).

These insights tell us something about what is visible and what is invisible in the
concrete lived experiences of gender norms and stereotypes in computing. In this
way, GRACE as a sociomaterial assemblage produces the agenda of equity in com-
puting not as an exclusively women’s problem but as rooted in cultural and social
phenomena shaping what is seen as prestige in computing in terms of topics and
domains (back-end developing system or front-end developing interactions) but
also in terms of gender norms and stereotypes. In producing the back end of GRACE
as a visible DIY installation with wires, micro-controllers exposed, we produce the
front end of GRACE — the human interaction with the GRACE computer as embed-
ded visible part of the back end. Thus, we break down the barriers between what is
back end and front end — what is often seen as prestige within computing (back-end
development) becomes a ‘naturalized’ part of the front end and the user experience.

Engaging People Through Encounters

When we engage and produce GRACE through different encounters, we serve two
agendas. First, we explore the seamless relations by which GRACE is produced to
embody our concern for equity in computing through material objectification of the
very issue. Second, we produce engaging encounters situated in specific sociocul-
tural situations. These encounters foster discussions that challenge the status quo by
producing opportunities for collective interaction and endeavors. Through these
events, GRACE disputes fundamental assumptions about equity in computing
through collective engagements (Menendez-Blanco and Angeli 2016) which include
different groups of people, some of whom are affected directly by the homogeneity
of the computing field and who want to make a change, and others who are part of
the producing of homogeneity in the field without such explicit change agendas. In
each manifestation of GRACE, we engaged not only those who were alert to the
unbalanced gender concerns in computing and dependent on a change but also those
who had not considered the problematic issues of homogeneity in computing prior
to their experience of GRACE, however prone they were to committing to the cause
for change. GRACE as our design artefact seeks not only to engage with people
outside computing to get them to join (this would be a project about increasing
numbers of women in computing) but also to engage people inside computing to
allow them to notice the challenges of equity, thus mobilizing a transformation
(Akrich et al. 2002a, b).

By drawing together involved actors, artefacts, resources, and creativity in order
not only to manifest concerns about equity in computing but also to involve people
who are not currently taking part in the transformation, we extend the group of allies
through design (Latour 1987). The artistic expression of GRACE produces meaning
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as part of the cultural exchange with the participant, which again provides theoreti-
cal insights and resources (Bardzell et al. 2015) contributing to insights about the
issue. When making real change, it is critical to engage those who depend on a suc-
cessful change as well as those who do not but are however still committed to that
change (Marres 2007; Dantec and DiSalvo 2013). Extending the involved groups
allows us to involve people who are important for the change but not affected by the
unbalanced gender distribution to engage with and commit to make a change seek-
ing to foster equity in computing.

Seamless Integration of Performance and Collecting Insights

GRACE is about creating change by making artefacts (Menéndez et al. 2017) —
since it is through the design we create that contemporary orientations about society
are produced (Disalvo et al. 2014). GRACE is about challenging contemporary
society to think differently about equity in computing — so that the sociomaterial
assemblages we create become carriers of alternative societal thinking. GRACE is
not about resolving the issue by design; it is instead about producing a meaningful
shift (Rosner et al. 2018a, b) from telling historical facts about Grace Hopper find-
ing moths in vacuum tubes towards a way of collecting and reflecting on lived expe-
riences in contemporary computing. Such reflections are critical to engage in
criticism through conversations. A narrow focus on only the historic narrative of
Grace Hopper and how well GRACE makes participants aware of the history would
be a simply fact-based perspective, solving the problem of people not knowing the
history of Hopper. However, this perspective neglects the story by which GRACE
challenges the status quo — and produces an alternative narrative (Menendez-Blanco
et al. 2018) which is embedded in the sociomaterial assemblages.

Our focus is not whether the situations are resolved through the design (Koskinen
etal. 2011) but about creating engaging conversations, increasing the group of com-
mitted people required to make a change. GRACE asks questions such as What does
equity in computing mean, and how is it produced in real-life experiences? GRACE
invites people to enter a world where gender homogeneity is pertinent and then to
reflect on what heterogeneously computing would look like and how it would trans-
form the field and profession.

The sociomaterial assemblages producing GRACE serve as a scaffold and infra-
structure for engaging in discussions on equity. The scaffold includes the physical
installation (origami, app, etc.) as it is produced through the events’ structure and
staging, but not only that. GRACE’s sociomaterial assemblages function to expose
and re-imagine the conversations on gender equity — and thus seek to begin and
move the conversation towards transformation. GRACE allows participants to re-
imagine through ‘prototyping’ a new future for computing through their stories on
the origami bugs. The GRACE artefact comes into being through participation. The
open-endedness is deliberate and critical for the purpose of being not only a perfor-
mance but also an instrument to provide novel insights into the area of computing.



GRACE as Intervention and Performance 75

We engage in the design of GRACE to ask questions while collecting data about
the core problems that are pertinent to the matter of concern. We are not trying to
solve a problem; we are actively conceptualizing the problem. In this way, we use
research through design as a mode of inquiry (Zimmerman et al. 2007). GRACE is
about exploring and learning about the lived qualities of the political conditions
(Disalvo et al. 2014) that make gender homogeneous in computing. GRACE is a
provocation (Raptis et al. 2017) and a method of inquiry — as a way to collect data.
Thus, we use it to unpack the ‘implicit norms and stereotypes’ that challenge gender
diversity (Bjgrn and Menendez-Blanco 2019). We critically explore what roots have
turned the field of computing into a gender-homogeneous field instead of a
diverse one.

Methodologically, GRACE is interesting as a knowledge production artefact.
Over the years during which we iteratively developed GRACE, its performance
became seamlessly integrated with the collection of data about equity in computing.
During the first manifestation, the performance and the data collection had weak
ties, in that the data were collected through micro-interviews with participants after
the fact. In this way, the data collection and the performance were two separate
activities. During the second and third performances, the data collection was merged
into the origami-folding activity when participants wrote down their concerns about
equity. The connection between the performance and the data collection became
completely seamless in the third manifestation, when conference participants were
asked not only to write down their experiences but also to open the anonymous
origami bugs and read aloud the text and discuss the issues collectively. GRACE
produces knowledge as embodied in the object by combining historic facts about
Grace Hopper, through an IoT functionality linked to digital interaction with the
lived experiences documented by participants as they write on the origami paper
and attach the bugs. When we change the mode from participation as producing
data (writing on origami bugs) 7o reflecting (reading and discussing what is written
on the origami bugs), we also shift from the subjective experiences to a collective
reflection searching for insights about the issue at hand. We move from knowledge
as embodied in design into knowledge as research insights on the area of concern
(Bardzell et al. 2016). The knowledge of GRACE is not just about what we, as
designers, say (Bardzell et al. 2015) about GRACE but also the manifestation of the
sociomaterial assemblage that makes GRACE. The sociomaterial performance of
the matter of concern (Bjorgvinsson et al. 2010, 2012) — equity in computing —
became completely integrated with the data collection about the concern. In this
way, GRACE had a double nature and performed a robustness over time. GRACE
was designed through temporal initiations and yet persisted over 3 years. Though
the physical manifestation of GRACE might disappear, the GRACE app persisted
on participants’ mobile devices as reminders of the issues of equity in computing.
Fundamental and culture challenges are not simply fixed through one event; thus,
designing for long-term engagement is vital however difficult — and future research
should continue to explore the temporal and interventionist nature of design artefact.

Who are the champions proposing alternative narratives to homogeneous com-
puting? Who are the advocates for equity in computing? We as designers take on the
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explicit agenda when we design sociomaterial assemblages such as GRACE. Thus,
we are the carriers of alternative narratives (Bardzell et al. 2015). But since GRACE
is produced through interactions, participants are invited to become protagonists
and thus to shape the future of computing by adding their story and experience to
the design artefact. The design artefact is not about answering clearly formulated
questions (since if we knew the clear question, the issue of equity in computing
would not be a wicked problem (Dalsgaard 2016)) but instead serves as a vehicle for
materializing questions and bringing new insights. The design artefact is a way to
embody the problem of gender equity and thus to explore the problem as a reflection
on concrete realized experiences. In this way, GRACE embodies and examines a
wicked problem (Bell et al. 2005) as a way of exploration. The design artefact is a
knowledge producer (Bardzell et al. 2015) both for people encountering the artefact
and for us as researchers who designed it, since we use it to learn about the lived
experiences of equity in computing.
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Chapter 7
Equity & Inclusion

When beginning our research on equity, diversity, and inclusion under the umbrella
of FemTech.dk research, we engaged with new literature, theory, and analytical
approaches from research on equity and inclusion — research we did not know prior
to FemTech.dk but which has been fundamental to our activities. In this chapter, we
introduce the theoretical vocabulary we have learned as we entered this research
space. Our purpose is to provide a short introduction to the most important concepts
we found essential and relevant for our purpose of exploring diversity in computer
science and to give readers a quick introduction to the most important concepts,
which they then can use to initiate equity work in their institutions.

However, we encourage readers who want to expand their knowledge to dive into
some of the foundational literature on equity in order to gain much more detailed
insights on the complexity of historic structures that challenge equity today
(Crenshaw 1988, 1989; Haraway 1990, 1991; Butler 1999; Ensmenger 2010;
Ahmed 2012, 2016, Benjamin 2016, 2019a, b; Hicks 2017).

But before we discuss all the important concepts, we begin with a fundamental
discussion of technology design which we brought to FemTech.dk initially. Namely,
the discussion on politics in technologies — since this argument demonstrates why
equity and inclusion in computer science are critically important for democratic
societies, and why we urgently need to take action.

Technologies Have Embedded Politics, and It’s
a Technical Problem

“Artefacts have politics” is a much quoted phrase from Landon Winner’s famous
paper (Winner 1986) where he uses the height of a bridge to demonstrate how access
to a beach can be controlled by preventing public buses (thus, people who do not
have their own car) from traveling under it en route to the beach. Bringing the
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argument to classification schemes, Lucy Suchman (Suchman 1994) began an
important debate about whether such schemes and categories bring in politics when
designed into digital systems. Engaging in this debate, Wanda Orlikowski
(Orlikowski 1995) demonstrated how classification schemes and categories devel-
oped under apartheid in South Africa were very much used to restrict and constrain
particular people while enabling other groups in their efforts. Clearly, technologies
are not apolitical artefacts; they bring certain values embedded in the kinds of clas-
sification schemes that serve as the infrastructure in these systems (Bjgrn and Balka
2007). This political nature of technology requires us to pay attention to several
questions: Who benefits from the use of technologies, and how? Who are the design-
ers and creators of technology? Where are the designers and creators of technology
located in the world, and how do their perspectives, frames of reference, and/or
privileges shape the technologies that are built?

So why is this a technical problem? Let’s unpack that through the example of
designing a dental appointment scheduling IT system for a pediatric dental clinic in
Denmark. In Denmark, pediatric dental clinics are part of primary schools, and
patients are scheduled for regular visits by the clinic secretary, which includes
informing a child’s parents of the appointment date and time. So, unlike adult dental
systems, appointments are initiated by the clinic — not the patient — and patients and
parents are informed of appointments.

Before 2001, all invitation letters from the school dental clinic were send by
physical mail to the child’s address. However, in 2001 e-Boks (governmental digital
mail) was implemented in Denmark, and in 2010 NemID (unique citizen login to all
official IT systems such as tax IT-systems, school IT-systems, banking IT-systems,
pension IT-systems, healthcare IT-systems etc.) was implemented. These two IT
systems together allow all Danish citizens to receive and communicate digitally
with public and private entities. While these systems indeed decreased the resources
otherwise spent on envelopes and stamps, they also introduced new challenges and
considerations about societal classification systems and their impact on the user
interface, on the algorithms, and on the database models and tables embedded
within such technical systems. Let’s dive into the problem.

Prior to the implementation of e-Boks and NemlID, all dental invitation letters
were sent to the mother of a child in a physical envelope. The letter was easy to
share within the household, e.g., by hanging it on the fridge or a shared pinboard —
or simply by handing it to household members. However, when the invitations to
dental appointments became digitalized using the same classification scheme and
‘algorithm’ as in the paper-based system, invitations were limited to mothers’
e-Boks and were no longer easily shared among household members.

Figure 7.1 presents a simplified database diagram of the pediatric dental appoint-
ments IT system, demonstrating how appointments are performed at specific clin-
ics, scheduled by the secretary, and invitations sent to patients. Further, the patient
entity includes a number of fields such as mother’ name, father’s name, and address.
The database structure is based on the assumption that patients’ households com-
prise these variables. Now algorithms for sending the invitation use the data in the
database but also include assumptions about the household, namely that it is the
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Fig. 7.1 Database model for pediatric dental appointment illustration no. 1 on how the politics of
classifications and categories is a technical problem
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mother who is responsible for children’s dental appointments. This means that the
invitation is sent to the mother. However, when the name and address is not just
physically printed on paper but is instead used to direct which digital e-Boks the
invitation should be addressed to, it limits who has access to the information about
dental appointments in the household, which again limits the household’s agency in
deciding how to organize the tasks.

As concretely experienced by the first author of this book, the change to e-Boks
meant that her children missed their dental appointments because in her household
she would receive the digital appointments, but in her family, it is her husband who
takes on the task of ensuring that their children do not miss dental appointments. For
this example, a simple change could be to ‘re-design’ the algorithm for sending
notifications of dental appointments to include both mother and father. However, it
is not enough to simply change the algorithm since the underlying database contin-
ues to create problems.

If we have a case where a mother chooses to raise her child with her own sister,
and thus the three are living together and both the child’s mother and maternal aunt
need to be informed of dental appointments, then the secretary can choose to cir-
cumvent the system, using it in a different way than intended by the designers, and
simply enter the name of the maternal aunt in the field reserved for the father. The
algorithm would remain the same and the secretary would achieve the task of
informing both mother and aunt of dental appointments (Fig. 7.2).

However, this would be an incorrect use. Instead, a re-design (see Fig. 7.2) of the
underlying database and categories would be more appropriate. Here the issue could
be resolved by replacing the categories of ‘mother’ and ‘father’ with caregiverl and
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Fig. 7.2 Dental appointment database system, where ‘mother’ and ‘father’ are replaced by the
category of ‘caregiver’; illustration no. 2 of how the politics of classifications and categories is a
technical problem

caregiver 2 in the database and potentially adding a dropdown menu to the user
interface allowing the secretary to indicate the relation between child and caregiver.

Adding the ‘relation” dropdown menu means implementing a new classification
scheme for this technical design. It is evident that the classification scheme embed-
ded in the dropdown menu for potential types of relations is based on certain
assumptions about which relationships a pediatric dental patient can have. Such
categories and classifications are based on assumptions embedded in society. In
designing such a dropdown menu, the IT developer needs to consider the complete-
ness of categories capturing a pediatric dental patient’s relations. Such technical
decisions thus require careful examination of the completeness of the classification,
including that those dental patients might have two mothers or two fathers, or that
patients in rainbow families have multiple fathers and mothers who together are
responsible for the child’s dental appointments.

Complicating the matter further in exploring the family structures in Denmark, it
is not uncommon to have divorced families, where previous partners find new part-
ners — and where families comprise ‘mine’, ‘your’, and ‘our’ children. Considering
re-designing the pediatric dental appointment system based on the 2022 family
structures in Denmark, we in Fig. 7.3 show how the database design with multiple
relations between patients and caregivers could look like.

The database design in Fig. 7.3 is based on the fundamental assumption that
patients can have one or more caregivers (1...*) and that each caregiver can have one
or more relations to multiple patients (1...*). All schemes for classifying these rela-
tions have been removed from the database design. Instead, the algorithm for whom
to inform about dental appointments is re-designed and is now based on a new
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Fig. 7.3 Dental appointment database, where each child can have multiple caregivers and each
caregiver can have multiple children, and where the algorithm is re-designed to use a Boolean
notification feature (true/false) rather than the classification of caregiver; illustration no. 3 of how
the politics of classifications and categories is a technical problem

variable, ‘Notify’, which is also included in the user interface, allowing the secre-
tary to indicate whom to notify. This design imposes no limitations on different
family structures, as the database ‘table’ in Fig. 7.3 demonstrates that Jenny Olsen
and Jens Olsen have Hans as their child; when Hans has a dental appointment, Jens
Olson need to be notified. Further, Lise is living with her mother, Mette Hansen, and
her maternal aunt, Sussie Hansen, who both need to be notified of dental appoint-
ments. What we also see is that Jens Olson also has a relationship to Lise (his
daughter from a previous marriage), and he also needs to be notified of dental
appointments for Lise.

Our point here is not to provide a step-by-step introduction to database design
but to demonstrate that each time an IT developer makes a technical decision and
implements categories and classification systems, it matters for how the user inter-
face, the algorithms, and the database structures are created and implemented.
Decisions about database design structures matter for how to design appropriate
algorithms which can search, relate, and manipulate the data. Decisions about algo-
rithmic design matter for which kinds of data manipulations and visualizations can
be produced to connect back to the database design. Finally, decisions on user inter-
faces also impact database design, since new features or variables implemented in
the user interface need to be accommodated in the database structure. It is not
enough to change, e.g., the gender classification scheme in a banking system from
binary ‘woman’ and ‘man’ to include ‘non-binary’, ‘other’, and ‘prefer not to say’
if the fundamental statistics and visualizations continue to only report on binary data.

Clearly the above example is simplistic, and many IT systems are much more
complex, embedding multiple and related databases which are not so easily
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examined and changed. One example is IT job portals. IT job portals often imple-
ment different types of predictive natural language processing technologies such as
Microsoft’s Word2vec to train the recommender functionality in the portal. Such
technologies are trained by using different neural network models to learn word
association in large datasets and uses the learned relations to predict and match
people with jobs. When training algorithms based on historic data on job relations,
the algorithms will learn the historic bias in jobs, such as that women historically do
not hold top management positions whereas men historically do. This means that
the historic bias will persist in newly implemented prediction systems unless IT
developers and designers find ways to circumvent and balance bias considering not
the past as a predictor of the future but how we want the future to be a predictor of
the future.

In Fig. 7.4 we demonstrate the risk of bias embedded within algorithms based on
a historically biased dataset. The example shows a LinkedIn message received by
the first author on November 5, 2018, when she had been a full professor in the
Department of Computer Science for 3 years. The message suggests that a top job
pick was ‘Easy Online Part-Time Job’ as a “Web Search Evaluator’, which, if any-
one should be in doubt, she was overqualified for. LinkedIn is not alone; several
other recruitment tools at large IT companies such as Amazon have been trained to
vet applications by learning patterns in historic resumes (Dastin 2018), clearly re-
introducing bias from the past to the future.

Other large IT systems where the classification schemes and categories enable or
constrain certain populations include IT systems for insurance, in immigration, in
job centers, or in hospitals (Bjgrn and Balka 2007; Boulus-Rgdje 2018; Mgller et al.
2019, 2021a, b; Asbjern Ammitzbgll Fliigge and Naja Holten Mgller 2021; Petersen
et al. 2021). For example, the classification schemes embedded in private insurance
policies in Denmark have systematically let to mistreatment of pregnant women
(Hall 2020). All insurance companies are highly digitalized in Denmark, which
means that these policies have been enforced through IT systems, and thus that

Date: Monday, 5 November 2018 at 10.42.05 Eastern Standard Time
From: LinkedIn
To: Pernille Bjgrn, Ph.D.

ﬁ Pernille Bjern, Ph.D. ’

Top job picks for you

Easy Online Part-time Job, Work from Home Anywhere in
Denmark | Web Search Evaluator (Websoegningsevaluator)
oo Appen - Copenhagen, Capital Region, Denmark

Fig. 7.4 Demonstrating bias in LinkedIn prediction of job
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changing the behavior — following the law — requires re-designing the IT systems —
databases, algorithms, and user interfaces.

As we showed above, the categories embedded in IT systems risk introducing
problematic classification schemes which constrain certain populations. While this
might not have been the IT developer’s intention, it does not change the fact that
when software designers, IT developers, and computer scientists — maybe uninten-
tionally — design systems with problematic categories, it has real impacts on the
lives of real people.

When computer scientists build a social media application for people to rent each
other’s homes (e.g., Airbnb) or develop a personal driving service where people
drive others around in their own cars (e.g., Uber) (Sachs 2015; Kircher 2017), they
use their own experiences of living and working in San Francisco’s Silicon Valley
as more generally applicable to other parts of the world. However, they tend to for-
get that the world is not the same everywhere, and that the conditions for travel or
renting out houses vary.

To illustrate this point, let’s look at an example from research conducted over
several years by Nina Boulus-Rg@dje and the first author that explores challenges
faced by tech entrepreneurs in Palestine. When we create technologies, these are
socially situated within certain translocal infrastructures (Bjgrn et al. 2017). You
cannot import the technological concepts from Silicon Valley to Ramallah in the
West Bank and expect success (Bjgrn and Boulus-Rgdje 2018). Tech entrepreneurs
cannot simply adapt Western concepts to a land of occupation (Boulus-Rgdje and
Bjgrn 2021). If the problem of getting parcels is not about local transportation and
drop-off boxes but fundamentally about border control and harassment, there is no
technological fix. Further, technology developed locally within Palestine cannot
simply transcend the separation wall and reach the outside world (Boulus-Rgdje
et al. 2015; Boulus-Rgdje and Bjgrn 2019) if global technological infrastructures
such as Apple’s App Store or global payment gateways are inaccessible (Bjgrn and
Boulus-Rgdje 2018).

Technology intersects with societal constructs such as workers’ rights (Bgdker
et al. 1988; Kensing and Blomberg 1998) and through such encounters is trans-
formed while transforming society. Tech entrepreneurs do not merely provide tech-
nological platforms allowing others to participate in the sharing economy. Instead,
they risk unintentionally building an infrastructure that eliminates workers’ rights
(since they are not employees) and reinforces hidden structural racism in who gets
to rent what kinds of houses (since landlords can choose tenants without justifica-
tion) (Martin et al. 2014). For example, research found that prospective Airbnb
guests with African American—sounding names are 16% less likely to be accepted
than guests with White-sounding names (Edelman et al. 2017) and that facial recog-
nition software does not work correctly on darker skin tones, introducing discrimi-
nation by design into Uber applications (Sachs 2015; Barry 2021).

Technologies have politics (Suchman 2003) — intentional as well as uninten-
tional — and it is urgently important that we train new computer scientists to take
their share of the responsibility for identifying and taking actions to reduce the risks
of constraints for certain users embedded in the design. If problematic
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classifications are embedded in technology producing biased interfaces, biased
database systems, or biased algorithms, it is vital that technology developers be
trained to analyze and discover such problems — allowing them to correct the prob-
lems or perhaps prevent them in the first place.

A good way to begin is to ensure a diverse workforce: a diverse group of tech
developers and designers. This agenda is increasingly gaining traction in the indus-
try and in education. But we also need to educate and empower tech developers,
including computer scientists, to prevent the creation of bias and barriers that can
act as exclusion mechanisms. Positive change needs to be embraced at multiple
levels in the computing ecosystem, besides the mere introduction of “diverse”
teams. We argue for the need to introduce structural changes in both tech education
and the tech industry. Such changes take time and effort, and we suggest beginning
with including critical approaches to computing and accessibility into the core com-
puter science curriculum, as researchers in computing education have been increas-
ingly advocating for (Ko et al. 2020). Further we must ensure that organizations do
not just engage in what former Google researcher Timnit Gebru referred to in an
interview as “diversity theatre” (Preston 2021), when diversity commitments fail to
truly empower and support the work of (often under-represented social groups) in
the areas of bias prevention and equity.

Note that the implied user is often built in the image of the designer or developer,
since people act and develop based on what they know and experience. However,
users of technology are multiple and diverse simultaneously; if you develop a tech-
nology for a pharmacy in Danish society, you might have homogeneity across phar-
macies. However, while each pharmacy generally follows the same procedures,
contextual contingencies will always exist and must be considered in technology
design (Bjgrn et al. 2009). Thus, if we move the pharmacy technology to the
Philippines, the main purpose of the pharmacy remains the same, but the procedures
might differ vastly, resulting in different use of language and vocabulary within the
IT system (Jensen and Bjgrn 2012). Developing technology for the global market
clearly requires us to work in teams with diverse perspectives and backgrounds to
ensure that we consider the potential barriers that we risk building into our systems,
allowing us to take steps to make them more inclusive — or at least not exclusive by
design (Mgller et al. 2017; Mgller 2018; Matthiesen et al. 2020, 2022).

The FemTech agenda sees the responsibility for addressing the risk of embedded
bias in system design as collective: empowering change begins in education, within
computer science programs, enabling graduating computer scientists to think criti-
cally and intentionally about the power of classification schemes and the impact of
bias built into technologies, and thus to make better choices when designing and
maintaining digital interfaces and infrastructures.
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Diversity Dimensions and Equity Classification

Studying equity and inclusion in computer science from an interventionist perspec-
tive provides different challenges and opportunities for our endeavors. Our role as
insiders (being computer scientists) meant that we had prior relevant knowledge
about practices (e.g., programming), vocabulary (e.g., nerd culture), and artefacts
(e.g., micro-processors). However, from ethnographic approaches, we must
acknowledge that being an insider does not make you an expert in studying your
own field (Forsythe 1993, 1999, 2001). Basic assumptions about the field risk hid-
ing important aspects that need scrutinizing. Important aspects of the practices risk
being invisible to insiders, who simply take such aspects for granted rather than
question their very existence through examination. Further, as researchers, we knew
that important knowledge about gender, equity, and inclusion already existed in
research literature. Thus, as with any other new domain, we needed to become
familiar with the core concepts and research vocabulary — not just within the field of
computer science (empirical focus) but also within existing research on gender and
equity (theoretical focus). We needed theoretical concepts to help us question fun-
damental assumptions within the empirical field to make them noticeable and visi-
bly available for scrutinizing. Thus, an important part of FemTech research is to
establish a theoretical reasoning that can help us explore our own blind spots as
insiders in the field.

In this section we want the reader to reflect on how social inequalities in tech
manifest in relation to specific social markers — we call this a diversity classification
scheme. The scheme is not exhaustive, and it is meant to be open; each context
would call for additional dimensions. We also want the reader to reflect on the dif-
ferent areas in which social inequalities in technology can manifest. A diversity
classification scheme is not only about gender but fundamentally about all different
kinds of ways that people can be unique while still being part of a larger commu-
nity — and the different ways in which social inequality can manifest in relation to
these differences such as sexism, racism, and ableism, just to name a few. A diver-
sity classification scheme is not a checklist but an incomplete list of aspects that
technology designers and developers need to consider and critically reflect on to
understand how the dynamics of social inequalities manifest in relation to forms of
human diversity shaped by technology.

There are four main areas where social inequalities can manifest in technology
design and development: (1) user interfaces, (2) databases & data structure, (3)
algorithms, and (4) team composition & power dynamics. The first three areas con-
cern the technical design and link back to the prior section: “Technologies have
embedded politics and it’s a technical problem”, where we unpack how diversity
and equity is a technical problem. The risk of social inequality embedded in user
interface design, database design, and algorithms often considers ‘an omnipotent
user’ stripped of all social markers for the design. However, the world is full of
diverse people, and when engaging with biased technology, people ‘who do not fit
the characteristics of the omnipotent user’ will be constrained in their interactions
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Fig. 7.5 Diversity
dimensions & social
identifies — an
incomplete list

Diversity Dimensions
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Ethnicity/race
Age
Disability
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with the technology. The fourth area is then related to the actual design and develop-
ment process of technology, considering ‘who’ belongs to the group of people
developing technologies as well as the hierarchy, decision power, and power dynam-
ics. All four areas are important if we want to create unique, innovative, and relevant
technologies and be mindful of bias and how biases can manifest in technologies,
along different social markers — in the design, testing, maintenance, and use of tech-
nology. The diversity classification scheme is relevant for all four areas.

Fundamentally, there are infinite diversity dimensions that are relevant for tech-
nology design — including gender, race/ethnicity, disability, age, sexuality, religion,
and socioeconomic background — depending on which kinds of individual projects
and technologies are being designed. Technologies are used by everyone; thus, tech-
nologies should be able to express and consider all kinds of diversity
dimensions (Fig. 7.5).

Gender as a diversity dimension for technology has broadly received much atten-
tion within computer science research in the last couple of years (Breslin and
Wadhwa 2014; Hicks 2017; Buolamwini and Gebru 2018; Frieze and Quesenberry
2019; D’Ignazio and Klein 2020; Albusays et al. 2021). When we created FemTech
in 2016, a gender lens was our focus and has guided much of our work throughout
all the design artefacts presented in this book. We originally conformed to a cis-
gender binary framework, influenced by our institution’s focus on “attracting more
women” to computing, rather than being intentionally inclusive of trans*, intersex,
and gender-non-conforming people. In current editions, we ensure that expansive
gender language is used, intentionally targeting people from all under-represented
gender identities. However, from the beginning we strived to create not gendered
artefacts but artefacts that were as gender-neutral as possible. We were not success-
ful in this with Cyberbear, but we did succeed in this with GRACE and Cryptosphere.

Moving forward with initiatives, events, and strategies, we consider gender as a
non-binary dimension that includes trans* and other gender-non-conforming identi-
ties. Gender is a social construct, shaped by social norms, and different societies
have different gender norms that again affect people differently. Since our work
focuses on gender diversity in computing in a Scandinavian country, these are the
gender norms we engaged in our design artefacts. However, we are well aware that
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different gender norms exist, and that other initiatives in other countries should
identify, address, and challenge the gender norms shaping computer science in
those countries.

Ethnicity/race as a diversity dimension for technology was put on the agenda in
2020 with the increased mobilization of the Black Lives Matter movement in the
USA and in human computer interaction research (Ogbonnaya-Ogburu et al. 2020).
Understanding ethnicity and race from a global perspective is difficult. The concept
of race is foundational to systemic repression in, for example, the USA (Noble
2018), and racial classifications are social constructions first and foremost devel-
oped and performed through historic situations of slavery and colonization
(Benjamin 2019a, b). Racial and ethnic classifications are constructed differently in
different contexts, and social inequalities that manifest in relation to them are unfor-
tunately pervasive: technology is increasingly scrutinized as one of the areas in
which racism and discrimination are embedded, with harmful social impacts.
Racism also exists in Scandinavia, including Denmark. Thus, it is important for the
design of technologies to consider the ways in which ethnicity produces social
inequality to ensure that problematic societal markers are not being reproduced and
potentially re-enforced through IT system designs. Ethnicity is an important diver-
sity dimension to include in equity interventions and needs to be situated within the
specific societal context considered for a technology design.

Being honest about our own work, we initially in 2016 did not address ethnicity
as a diversity dimension explicitly in our design artefacts; however, we did have a
strong focus on including participants from a wide range of socioeconomic back-
grounds, and we focused on reaching out to non-Danes, ensuring that all our events
were in English. When we recruited participants for the FemTech workshops, we
initially explicitly reached out to high schools in the lower socioeconomic areas of
Copenhagen, which also provided us a diverse group of participants in terms of
ethnicity.

Age as a diversity dimension for technology includes considerations for how to
address various aspects of the growing elderly population for technology design
(Tellioglu et al. 2014; Hornung et al. 2017) as well as for children and youth (Boyd
2007; Thyssen 2015; Pinkard et al. 2017). We need to consider the digital divide
between digital natives growing up with the internet and having different advan-
tages for technology use and older adults for whom internet access is not necessarily
a main part of their lives. Age in technology development is also related to privacy
and security, such as considerations of who has access to which types of data under
which conditions (e.g., parents’ access to children’s data) and of when people are
considered adults, which varies between societies. Age can also be considered in
terms of experience, as a number, or in terms of bodily decay. How we understand
age depends on the living conditions of a specific geographical location. We have
not directly addressed age in our design of artefacts and events. However, while
most participants in our FemTech workshops were teenagers, a few were in their
twenties. These were people who for different reasons had moved to Denmark from
abroad (as refugees or immigrants) and thus began high school later. At the GRACE
events, we had mixed age groups; at the Danish event, participants ranged from
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primary school children to retirees. At the two conference events, we estimated the
participants to be 22—60 years old.

Disability as a diversity dimension for technology includes considerations of
both mental and physical health. Disability studies in computer science is an ongo-
ing attempt to include voices related to personal and social experiences of disability
in the academic field (Spiel et al. 2020). Mental and physical health can shape peo-
ple’s experiences and access to technologies (e.g., blind software developers use
screen readers for programming (Potluri et al. 2018)). However, instead of viewing
disability as primarily the loss of a function in an individual (the so-called medical
model of disability), contemporary research stresses how disability arises in the
interaction between functional limitations and impairments and social and physical
barriers (social model of disability). Disability is used also as an analytical lens to
identify problems that can be a vehicle for developing new areas for research. As
stated by Jennifer Mankoff, Gillian Hayes, and Devva Kasnitz: “A better under-
standing of what constitutes a problem from a disability studies perspective can
help to enrich existing research and illuminate new areas of inquiry” (Mankoff et al.
2010, p. 3). Thus, critically addressing and understanding how people with a dis-
ability (temporary, permanent, or situational) face barriers in sociotechnical spaces
also offers an opportunity to drive the field of technology design forward for all. In
FemTech, we have not addressed disability in our published work, but current
FemTech work by the third author of this book is pushing the agenda further, con-
sidering how we can bring in disability and accessibility as part of FemTech.

Socioeconomic background as a diversity dimension for technology places the
focus on the socioeconomic backgrounds of people and places, and how such aspects
shape people’s access to or inaccessibility to engage with technology. Often technol-
ogy is articulated as the driver of making the world equally accessible to everybody —
and how, for example, digital platforms remove physical borders in a globalized
world. However, barriers remain. Classist algorithms using healthcare spending as a
proxy for healthcare needs or using collected health data on wearable devices to deter-
mine health insurance costs perpetuate inequalities (Christophersen et al. 2015; Vartan
2019). Bias manifesting along nationalities and geographical contexts, rooted in colo-
nialism, are still prevalent. There are distinct differences between working as a soft-
ware developer in the Global South versus the Global North (Bjgrn 2019). Where you
are located matters for your translocal contingencies (Bjgrn et al. 2017), infrastruc-
tural accessibility (Bjgrn and Boulus-Rgdje 2018), or implicit bias (Matthiesen et al.
2022) and shapes the global encounters mediated by technology in different ways. By
paying attention to socioeconomic and geopolitical conditions (e.g., for refugees
(Stickel et al. 2015)), when we explore and design technology, we will notice the
nature of the taken-for-granted assumptions about sociotechnical infrastructures that
serve as the foundation for contemporary technology development. This will allow us
to challenge the status quo and begin creating inclusive and diverse technology devel-
opment practices, which are accessible for a larger global group.

Sexual orientation and religious beliefs are diversity dimensions relevant for
technology in considering both the classification schemes we embed in the applica-
tions (Abid et al. 2021) and how people’s personal beliefs or sexual orientation are
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important areas for technology innovation (Mustafa et al. 2020). As with other
diversity dimensions, sexual orientation and religious beliefs open the design space
for technology development. Muslim prayer practices were the driving force for
adding a digital compass to smartphones, now standard in most phones; and dating
apps are examples of the importance of diversity in sexual orientation and religious
beliefs for the analytical design perspectives of technology (Hariri et al. 2021).
However, additional considerations are important. In the rise of social media, we
have also witnessed a new type of situation where sexual orientation and religious
beliefs have driven online harassment in anonymous fora (Rubin et al. 2020) and in
the workplace (Tenorio and Bjgrn 2019) (Fig. 7.5).

As we work to create inclusive environments, we need to consider the different
diversity dimensions and acknowledge that diversity is not always something you
can ‘see’. You cannot immediately see who people are, where they come from, or
which ‘characteristics’ contribute to making them who they are. In creating an
inclusive environment, whether for computer science education, software develop-
ment work, or any other aspect of society where digital technologies are used, we
must consider that people are different and assume that the people we design for are
different from ourselves. We cannot rely on our own experiences and bodies as a
template for others. The unconscious process by which designers configure users as
fundamentally resembling themselves is defined as “I-methodology” (Akrich 1995),
and this implicit representation process presents clear constraints even for user-
centered design practices (Oudshoorn et al. 2004). Software developers and design-
ers must learn as part of their education to be mindful and aware of the biases that
can occur in design processes and in the application of technology to different
sociocultural contexts. Being aware of the multiple intersecting diversity dimen-
sions, and of how they can affect the design of interfaces, databases, and algorithms,
is necessary to actively get an edge in our digital innovations. By designing while
keeping in mind the rich variety of social identities, we improve technology for all
people instead of just a few (who typically resemble the individuals who make up
technology design teams). In having a diverse and inclusive workplace that consid-
ers the rich variety of human difference and that is mindful of the social dynamics
that manifest in relation to diversity, we have direct access to noticing and identify-
ing the otherwise invisible exclusive mechanisms in our technologies — which can
give tech companies a competitive advantage over other software company com-
petitors. Software developers and computer scientists in their education will benefit
greatly from learning about and experiencing working actively with diversity
dimensions, connected social identities, and related mechanisms of bias and dis-
crimination, enabling them to use these insights when developing digital technolo-
gies. It has always been fundamental to computer science education and software
development practice to work together in teams and with people from different pro-
fessions. When designing IT system for pharmacies, software developers need to be
able to talk with pharmacists, and when designing IT systems for healthcare practi-
tioners, they need to be able to talk to doctors and nurses. Thus, the skills required
to engage with other professions with the aim of designing technologies are part of
the core curriculum of computer science. Collaborating and communicating are
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fundamental skills and expertise that are critically important to designing technol-
ogy for people and society.

We argue in this book for extending the existing perspective on user-centered
design and including teaching and learning about diversity dimensions in technol-
ogy development as core and fundamental skills and expertise for two reasons. First,
because paying attention to diversity dimensions connected to social identities
opens the field of computer science in terms of who belongs and can succeed in the
field; second, because diversity dimensions can be used strategically in technology
design to reveal spaces for new innovations, technologies, and practices shaping a
just and fair society of tomorrow.

Equity and Intersectionality

The diversity dimensions introduced above are important as individual dimensions,
and together they benefit technology research and innovation by extending the ana-
lytical and design agendas in novel directions. However, rather than use these
dimensions as a mere checklist for innovation, we must pay attention to the historic
conditions that created unbalanced participation in the first place. The dynamics of
social inequality have historically manifested in relation to social identities (gender,
race/ethnicity, age, etc.), having a concrete impact on the starting point for individu-
als’ actions. We must consider the history that produced certain unequal situations
in society in general to understand the unbalanced diversity in computer science.
“[E]qual process (...) make[s] no sense at all in a society in which identifiable
groups had actually been treated differently historically and in which the effects of
this difference in treatment continued into the present” (Crenshaw 1988, p. 1345).
Different societies have different historical backgrounds; thus, comprehending how
the different diversity dimensions are shaped historically requires insights into the
historically situated conditions. The practice of ensuring diversity and inclusion is
not a process of equal access for all, since the conditions for people to participate at
the outset are not equal.

Moving into the situated historical conditions for computer science in Denmark,
introduced in the beginning of this book, we need to pay attention to social inequal-
ity as it manifests in the field, indicated by the numbers of women and other gender-
minority faculty in the computer science department; the so-called Matthaeus effect
for distributing grants, indicating a self-reinforcing mechanism whereby already
successful researchers keep getting funded; and the statistics for the privilege of
supervising PhD students (see Chap. 1). While some women have succeeded as
computer scientists and received national and international recognition, only very
recently (since 2016) can we detect an improvement in numbers in Denmark. To
understand the current situation, we need to revisit the history of computer science.

Historically, computer science as a field and domain emerged during WWII, as
men historically were recruited to the military as soldiers while women worked on
measuring missile trajectories or breaking communication codes (Ensmenger 2010;
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Hicks 2017). The term “software engineering” was coined by a woman, Margaret
Hamilton, and the first computer bug was found by another woman, Grace Hopper.
Katherine Johnson, Dorothy Vaughn, and Mary Jackson worked at NASA as ‘com-
puters’, where they made the calculations allowing for space travel. Software was
woven by threaded copper wires into the core rope memory for the Apollo moon
landing by women working as Raytheon’s expert seamstresses, nicknamed ‘Little
Old Ladies’ (Rosner et al. 2018a, b). The ENIAC women were the first to program
a general purpose computer (Ensmenger 2010), and Jean Valentine, Joan Clarke,
Margaret Rock, Mavis Lever, and Ruth Briggs all worked to break Nazi Germany’s
Enigma code at Bletchley Park. Computer science and programming began as a
women’s occupation in the USA and UK.

During WWII, Denmark was occupied by Germany and thus was not part of
developing the field of computing via military endeavors. This meant that comput-
ing did not arrive in Denmark until after the war, and here computing began in
industry (Sveinsdottir and Frgkjaer 1988). We know little about the work of the early
women in the Danish computing industry, since it is not well documented; however,
in a few places women are mentioned as ‘hulkort damer’ (punch-card ladies). When
computer science became an academic field in 1970, it was during the student rebel-
lion in which universities in Denmark changed from being controlled by professors
(the vast majority being men) to allow equal representation for student and staff on
different committees. There were women when computer science was first created;
however, only one woman, Edda Sveinsdottir, is mentioned by name in the written
history (DIKU 2021). There are no gender statistics available from the University of
Copenhagen until 1997; however, that year there were 18 women out of 241 stu-
dents (7.47%). The years with the lowest numbers of women students were 2004
(3.66%) and 2011 (3.9%), when their share was below 4% (Forskningsministeriet
2021). These low percentages are surprising given that Denmark is known for its
high ranking for equality; however, in recent years Denmark has not been among
the top 10 countries on the equality index, and even our Nordic neighbors Iceland,
Norway, Finland, and Sweden occupy the top 4 positions (Forum 2020).

Birgitte Possing, a professor of history and women in Denmark, tries in her book
to unpack some of the conditions explaining historical gender inequality in Denmark
(Possing 2018). Referring to professor of law Hanne Petersen, she suggests that in
the *80s and *90s there was a marriage between two different political movements
in Denmark. On one hand was the historical embedded cooperative movement
(“andelstanken”) stipulating that all are equal, and which has been strong in
Denmark since the 1700s. On the other hand, a new liberal thinking was introduced
in the late *90s, often referred to by the slogan “du er din egen lykkes smed”, which
can be understood as a Danish version of the American “dream”, meaning that you
are responsible for your own success and that if you fail, it’s your own fault. Thus,
responsibility for equal conditions in Denmark was left to the individual, and formal
organizations responsible for ensuring equality were shut down in 2000 (Possing
2018). Possing proposes that one explanation for Denmark’s lack of gender equity
is that when society combines the cooperative idea that everybody is equal with that
of individual responsibility for ensuring equal access, any analysis of or pointing to
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problematical existing structures with unequal conditions becomes an individual
concern rather than a collective responsibility.

The very idea and understanding that there are fundamental conditions embed-
ded in society causing some people to have privilege and better conditions for suc-
cess than others — and that these conditions are based on people’s gender, ethnicity,
disability, or socioeconomic conditions — must be acknowledged as the starting
point before new initiatives to make change can have long-term impact.

Following Possing’s argument, as part of a process towards making computer
science diverse and inclusive, we must consider the historically unequal conditions
in academia based on gender, ethnicity, disability, or socioeconomic background.
We need to pay attention to the people who are under- or unrepresented within the
field and find ways to mobilize and encourage their efforts in joining and using the
opportunities that digital skills and expertise bring for social mobility in the society.
We must find ways to allow under-represented groups in computer science to enter
and shape the field in their own ways, creating new agendas for technology design
and use. It is not about getting people who are currently not included to fit into exist-
ing schemes stipulating the nature of computer science and computer scientists.
Instead, the approach we argue for in this book is to open the field and allow new-
comers from diverse backgrounds to shape and transform the field to their interests
and perspectives, and to recognize that we all have responsibility for collective,
structural change in order to empower new perspectives and new efforts that push
against normative frameworks. Encouraging diversity in computer science is not
about equality, it is about equity.

Equity is a concern directed at balancing the support, encouragement, cost, and
so on, in relation to the benefit, reward, outcome, et cetera, of an activity, taking into
account individual conditions. Thus, equity is fundamentally about the fair distribu-
tion of resources based on actual need, which requires us to be better equipped to
critically assess whose needs have been overlooked and which groups are more
likely to incur negative social outcomes due to bias and discrimination. This means
that making change is not about providing equal opportunity for all but about iden-
tifying who is excluded and focusing our interventions there. Further, making inter-
ventions towards equity is not an individual responsibility but a collective
responsibility directed at providing and improving the conditions for equity.

So, what does collective group responsibility really mean? Ogbonnaya-Ogburu,
Smith, To, and Toyama provide an excellent example of this in their 2020 paper on
critical race theory (Ogbonnaya-Ogburu et al. 2020). They list an immediate estima-
tion of the 133 CHI Academy — a prestigious award and recognition in the research
field of human—computer interaction — showing that more than 90% recipients were
White and that none were of Black/African descent (ibid.). The CHI Academy is
supposed to be global and thus has a collective responsibility to ensure that people
recognized within the field represent the community. Celebrating people’s achieve-
ments is a collective responsibility of the field, and we as researchers should care-
fully consider whether we are considering all relevant people or whether we are
unintentionally neglecting and overlooking people who do not fit the norm. Being
chosen for such an honor is not an objective decision but always a negotiation
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among groups with people of power (who have already been chosen earlier); thus,
groups in power need to consider their own privilege and provide space (and power)
to others if we are to see a change. Equity is about providing space, privilege, and
power to people entering and transforming the field in new ways — people who are
not the norm but who will take the field in new and innovative directions. In such
efforts it is critical that we consider that the diversity dimensions intersect. Where
diversity dimensions intersect, active attention is required to reduce the risk of
neglecting important achievements (since they do not fit the norm of evaluating
achievement) and recognize how individual conditions serve as barriers.

Intersectionality refers to the complex overlapping of diversity dimensions, cre-
ated to consider the problematic consequences of treating race and gender as mutu-
ally exclusive categories of experience and analysis (Crenshaw 1989, p. 139). The
problem is that we tend to consider one category exclusively rather than how the
categories interlink. “Women” tends to mean White women, and “Black” tends to
mean Black men. In her famous paper, Kimberlé Crenshaw shows how a Black
woman failed in her legal efforts to demonstrate that General Motors did not hire
Black women before 1964 and fired all Black women hired after 1970. General
Motors successfully argued that they hired women (White) as well as Black (men)
and thus she could not show discrimination since some parts of the case focused on
race and others on gender — and that these dimensions were seen as mutually exclu-
sive categories (Crenshaw 1989). Exploring the experiences of Black women in
computing, Ranking and Thomas find that “because women of color share the same
gender as white women but differ in race, they are subjugated to a different reality
and set of social injustices that are often ignored by gender-focused efforts” (Rankin
and Thomas 2020, p. 199).

It is critically important to consider how the diversity dimensions intersect
instead of addressing categories as mutually exclusive; focusing on single catego-
ries means that certain populations risk falling between them and thus are neglected
in interventions. They end up as residual categories (Matthiesen and Bjgrn 2016,
2017; Matthiesen et al. 2020, 2022) in our diversity dimension classification.
Residual categories are the “in-between” categories that do not fit the formal clas-
sifications because they are neither-nor. When aspects, things, people, concepts,
identities, and so forth are residual, they risk being overlooked and becoming invis-
ible. They do not exist as part of the society receiving attention and thus are forgot-
ten and potentially unintentionally omitted from technology design considerations.
Stina Matthiesen in her research on global software development shows how the
classification schemes of corporate email addresses disadvantaged software devel-
opers working from Poland compared with software developers working from
Denmark (Matthiesen et al. 2020). As it turned out, an international company
assigned email addresses to developers in Denmark using abbreviations of people’s
names; however, software developers in Poland were assigned email addresses
beginning with ‘xxx’, indicating that they were not physically located in Denmark.
Their colleagues would not respond promptly to emails from addresses beginning
with ‘xxx’ because this classification was also used for external consultants, who
were not seen as part of the company, and thus not important to answer rapidly.
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Because of this labeling and classification scheme, software developers working
outside Denmark were disproportionally ignored. This was due not to gender, socio-
economic, ability, or other individual diversity dimensions but to the intersection
between perspectives on external consultants and perspectives on global work.

Cultural Taxation and the Imposter Phenomenon

Reaching for equity for all — considering all the diversity dimensions —is a direction
and future goal, not where computer science and software development are in 2022.
To make the change, we need multiple people from around the globe and in different
professions and research areas of computer science education and practice to pave
the road to equity and inclusion. Responsibility for gender diversity should not
uniquely fall to women and gender minorities to advocate, and it is not the respon-
sibility of immigrants to advocate for ethnic diversity. Instead, it is the work of the
majority and of people with power in the field to notice and create space to invite
and distribute power for otherwise invisible voices. Equity is also a process of deci-
sion power, and of how new groups need to get voice and access to the distribution
of value. What counts as value depends on the context — in academia, value includes
things like citations, awards, grants, and mentoring of PhD students — and all these
criteria are mutually dependent (see Chap. 1). What is often not valued is the effort
involved in equity work.

Equity work takes effort and resources and often adds extra work of advocacy for
under-represented groups. Often institutions seeking to attract more people from
diverse backgrounds will ask the few people within under-represented groups to act
as mentors, as role models, and to be visible — atop existing advocacy work and their
normal work. Concretely, we, the authors of this book, have multiple times joined
events internal or external to the university with the purpose of recruiting more
women to computer science. We have been asked to recruit current computer sci-
ence students from our own program, to help others by acting as mentors or as
instructors for programming workshops for women and non-binary individuals.
While good intentions underlie these invitations, such work is often unpaid, takes
time away from work on subject matter (students’ studies or our research), and is
not valued as real work. Fundamentally, such efforts — while important — do not add
to people’s CVs more than a little ‘nice to have’, so while peers from majority
groups do not have to join such activities, they simply have more time to focus on
their individual carriers or studies. The extra burden of diversity work thus risks
reducing under-represented groups’ opportunities for individual success. This extra
work of minority groups has been identified as cultural taxation by Amada Padilla
(Padilla 1994; Joseph and Hirshfield 2011).

Cultural taxation is the “obligation to show good citizenship towards the institu-
tion by serving its needs for ethnic representation on committees, or to demonstrate
knowledge and commitment to a cultural group, which may even bring accolades to
the institution but which is not usually rewarded by the institution on whose behalf
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the service is performed” (Padilla 1994, p. 26). The problem here is not whether
diversity work is important for the institution: it is. The problem is that diversity
work is seen as important but that, in terms of reward systems for promotion, gradu-
ating with excellence, or receiving awards, it is not viewed as relevant for estimating
intellectual excellence. Thus, each time under-represented groups spend time and
effort on diversity work, they risk reducing the quality of their own resumes. Further,
organizations often fail to understand and acknowledge that diversity work cannot
simply be turned on and off but is instead embedded in the lived experiences and
interactions of under-represented individuals, which at times can be extremely
stressful and pose a high risk of burnout (Padilla 1994). Visibility of diverse repre-
sentation is important — under-represented groups benefit from ‘seeing’ themselves
represented in faculty and in auditoriums, and their opinions are important for
decision-making. However, it is an ongoing challenge for organizations to ensure
that under-represented groups spend their limited time and representation on impor-
tant and impactful agendas while supporting their careers. Further, organizations
should consider how to appreciate the value of diversity work as part of excellence
with direct link to awards, promotions, prestige, and privilege. Diversity work of
under-presented groups is needed to push the balance towards equity, and seeing
under-represented groups succeed is critical for the experience of belonging to
a field.

The term imposter phenomenon has been used to describe the feeling of not
belonging to a field, profession, or community despite results, qualifications, and
competences (Clance and Imes 1978). This phenomenon (also referred to as the
imposter syndrome) has particularly been identified in high-achievement environ-
ments of high competition such as academia (Langford and Clance 1993). Studies
have shown that the imposter phenomenon is more prevalent in women and mem-
bers of under-represented racial, ethnic, and religious groups; thus, researchers have
argued that organizations must pay attention to these challenges, which risk coun-
tering diversity efforts (Chrousos and Mentis 2020). Actions to mitigate the impos-
ter experience have been proposed as therapeutic approaches; the former chief
operating officer at Facebook Sheryl Sandberg wrote the controversial book Lean
In, wherein she proposes that women overcome the imposter syndrome and take
leadership by leaning in and sitting at the table (Sandberg 2013). While we do not
doubt the presence of the imposter phenomenon in high-achievement environments,
we would argue that by introducing the imposter syndrome to the discussion on
equity, we risk moving responsibility for the alien experience of under-represented
groups from the external surroundings to a personal internalization. Sandberg, in
her guidebook for women in tech leadership, places the responsibility for women’s
success on women’s own abilities and performance — hiding the role of the institu-
tional conditions that produce unbalanced access to success. The fundamental mes-
sage in Lean In is that women must themselves take power — it is not given to them.
However, the missing message is that people in power must relinquish some of their
power if organizations are to provide space for alternative voices. Navigating the
imposter syndrome — which fundamentally is about discomfort and anxiety in high-
achievement workplaces — is not about teaching under-represented groups more
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technical skills and expertise while allowing them to navigate in existing biased
organizational situations. Instead, it is about changing structurally biased circum-
stances, allowing them to succeed on their own terms and develop themselves as
well as the field of digital technology. In the words of Ruchikan Tulshyan and Jodi-
Ann Burey, “Stop telling women they have imposter syndrome”; we should be “fix-
ing bias, not women” (Tulshyan and Burey 2021). It is critically important that we
not place the responsibility on the individual to join in but instead consider this
challenge of equity as a collective responsibility we all must take — especially peo-
ple in power.

Equity initiatives are not about creating diversity committees — populated by
under-represented groups paying cultural taxes — who can then advise and council
decision-makers. Instead, equity initiatives are about inviting the under-represented
groups to be full members of the decision power committees and ensuring that the
interaction and communication — language and vocabulary — are appropriate for
diverse groups and having a respectful and genuine interest in making a change.
Women like Sheryl Sandberg who have reached top positions are not automatically
the best advocates for equity, since they have managed to navigate the current cir-
cumstances and, in that process, risk internalizing the systemic bias on which the
system is built. In the process of becoming successful, the few under-represented
individuals do much work to fit in and internalize the same metrics and behaviors
for what success entails. Therefore, when inviting under-represented individuals to
join important decisions as full members, it is important to consider (1) how we can
recruit and invite people with different perspectives from ours, and (2) how we can
train all decision-makers in equity as a collective responsibility. We cannot expect
that simply because an individual is from an under-represented group they are inter-
ested in building or know how to build an organization characterized by equity. The
challenge for decision-makers (no matter their background) is to figure out how to
mainstream equity within the organization.
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Chapter 8 m
Organizational Change for Equity & ST
Inclusion

In this chapter, we situate how the insights in equity and inclusion we have gained
through the FemTech research can inform how organizations such as computer sci-
ence departments or tech companies can step up and improve inclusivity. We cannot
offer a complete set of guidelines, but we can propose agendas, questions, and con-
siderations which hopefully can assist organizations in creating their own strategies
for intervention.

First, it is important to state that increasing diversity and reducing homogeneity
related to gender in computer science organizations will not benefit from an essen-
tialist focus on cis- and binary gender differences. No relevant insights will come
from using specific stereotypical characteristics of, for example, women and men
related to computer science as a lens through which to make a change. Women and
men are not two exclusive categories possessing certain characteristics related to
technology, computer science, or programming. It is not more difficult for women
to learn how to program, and plenty of excellent women are very technically inclined
and extraordinary programmers. Similarly, some men have no prior experience in
programming when entering a bachelor’s-level program in computer science and
struggle to get through. Just to be clear: women do not have specific characteristics
that make it more difficult for them than men to work with computer science topics,
methods, or domains.

We propose that organizations, instead of considering the unbalanced gender statistics as
the central problem to solve, will benefit from considering the statistics as a symptom of
how systemic structures, traditions, and culture within the organizations privilege and
award certain kind of behaviors and interactions while constraining others.
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Empowering People Considering Multiple
Diversity Dimensions

The main problem is not the innate inability of specific social groups to engage with
tech design and development (as some prejudiced views still hold) but rather the
existence of inequitable conditions for true access to the tech playing field that
derive from a combination of factors that are more or less relevant in different social
contexts: exclusionary cultures in computing, ableist infrastructures, digital divides,
preparatory privilege (indicating the many extra-curricular courses and activities
mostly engaging boys, for instance), and social norms linking choices of tech
careers and even the existence of tech skills to specific genders, cultures, and eth-
nicities. It is vital that we expend effort and resources to allow equitable access to
and conditions of computer science, which sometimes includes programming work-
shops designed for certain populations.

Improving and finding new ways to teach programming for all is critical. Jane
Margolis and Allan Fisher document that before interventions that led to 50/50 gen-
der diversity, the computer science curriculum and teaching structures at Carnegie
Mellon University were hurting all students, and that these structures particularly
served as a barrier for women and under-presented groups who felt vulnerable in an
unfamiliar territory when they began their education. For example, large courses
trying to teach too broad a range of students made “students who are less experi-
enced feel that the professors assume students know more than they do” (Margolis
and Fisher 2003, p. 83), since they experienced their peers describing the curriculum
as ‘easy’, ‘boring’, and ‘repetitive’, while they themselves were ‘drowning’ (ibid.).
Similarly, reporting from the experiences from Harvey Mudd College, Alvarado and
Libeskind-Hadas (2012) found that large classes with students spanning a wide
range of experience in programming upon entering a program was identified as a
barrier. This insight led the institution to create two parallel initial computer science
courses (Gold: ‘no prior experience in programming’; and Black, ‘prior experience
in programming’), which both led to the same second computer science course in
the next semester (Alvarado et al. 2012). The ‘outsider-ness’ experienced by under-
represented groups in computer science made the students much more vulnerable to
problematic teaching environments, which led them to leave the field even in an
otherwise welcoming environment (Margolis and Fisher 2003). It is not our agenda
here to discuss how to best teach computer science; instead, we aim here to encour-
age organizations to remember that time spent improving the conditions for under-
represented groups is fundamentally about improving the conditions for all.

Improving conditions for under-represented groups in computer science organi-
zations includes considering all the diversity dimensions and their intersections (see
Chap. 7). Meredith Ringel Morris, Andrew Begel, and Ben Wiedermann studied the
challenges of neurodiverse software engineering employees at Microsoft and found
that a major challenge was working in noisy environments (Morris et al. 2015).
Software engineers working in open offices is not uncommon; however, this office
layout might compromise the efficiency of neurodiverse software developers. From
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an intersectionality perspective (Crenshaw 1989), combining gender and cognitive
abilities (gender and disability diversity dimensions), women software engineers
diagnosed with neurodiversity risk being disproportionally harmed by noisy work
environments as well as educational structures of large classes. Research on open
office spaces shows that such designs are negatively related to employee satisfaction
and productivity (Brennan et al. 2002). Thus, by accommodating software engi-
neers with neurodiversity in terms of office layout, we also improve teaching envi-
ronments for neurotypical software engineers.

We propose that organizations take a multi-dimensional perspective on diversity including,
but not limited to, gender, ethnicity, disability, age, socioeconomic background, and so
forth, and that they consider the ways in which infrastructures, including physical layouts,
technological platforms, and work processes, enable or constrain a diverse group and take
action to accommodate an inclusive environment.

Diversifying Computer Science Stereotypes

Working explicitly with diversifying tech organizations (education and IT industry)
benefits from breaking down existing narrowly defined stereotypes within and out-
side formal and informal spaces. Historically, computer science began as female
(Hicks 2017); yet, over time, the prevalent computer science stereotype became
masculine, celebrating the male subculture of computer hacking (Ensmenger 2010).
Nathan Ensmenger (2010) documents how this change was accidental but continues
to be reinforced and institutionalized today. Ensmenger points out that the stereo-
typical notion of “the antisocial programmer, wearing sandals and a beard” was a
deliberate self-construction rather than emerging from the initial field of computing
(Ensmenger 2010, p. 240), a stereotype repeated in public culture such as in popular
TV series like Silicon Valley, The IT Crowd, and The Big Bang Theory.

A crucial part of becoming an inclusive organization is breaking with the singu-
lar stereotype of the computer scientist as a male geek and instead opening up to
alternative definitions of computer scientist (Frieze and Quesenberry 2013, 2015).
It is important to challenge stereotypes and to extend and multiply narratives about
who can belong to and succeed in the field. The emergence of new co-existing and
parallel alternative narratives about who belongs in computer science is profoundly
important for the field’s long-term transformation. It is about developing the organi-
zation professionally. The organization must be developed in tandem with
institutional support for and a professional organization of inclusive initiatives driv-
ing the change for diversity while improving the organization for all (Frieze and
Quesenberry 2015, p. 77). Diversity initiatives should not only be about outreach
and communication or about organizing yearly recruiting events or celebrating Ada
Lovelace Day and International Women’s Day. Diversity initiatives are not about
changing members of other under-represented groups to make them fit into existing
structures. Instead, the diversity, inclusion, and equity agenda is about re-thinking
institutional structures, including language and symbolic representations, events,
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norms, and artefacts embedded in certain cultural perceptions and assumptions, and
opening the field of computer science in new ways and for new groups of people.
Acknowledging our own privileged and subjective perspectives on computer sci-
ence (we are insiders to the field), we do enjoy the nostalgia of the 1980s geek cul-
ture. Taking an honest and dedicated interest in computer science retro and nostalgia
as a playful and creative way to scaffold new types of engaged interactions can
assist equity initiatives in changing from within. By rewriting the history of comput-
ing to include the invisible women through intertextual design (Bjgrn and Rosner
2021), the first author worked closely with Daniela Rosner in creating AtariWomen
artefacts that manifest the important contributions of women in the early days of the
computing gaming industry. We use these AtariWomen artefacts as a vehicle to
bring in past stories about the women in gaming to the present with the aim of
impacting the future of computer game development (ibid.).

There is a need for multiple parallel narratives about computer science — and
computer scientists — that can coexist and benefit each other. Our agenda is not —
and has never been — about making things ‘womanly’ or painting technology ‘pink’.
Instead, in each activity, in each design artefact, in each intervention, we always
consider how our intervention designed with inclusivity in mind will be perceived
by everyone. We want everyone to find the new learnings, abilities, technological
artefacts, designs, and interventions made for and together with commonly under-
represented groups interesting, and thus to appreciate the inherent qualities of the
technological artefacts.

We propose that organizations actively work towards identifying and challenging stereo-
types, not just as part of branding and communication but, more importantly, in the organi-
zation culture, considering all the stereotypical markers present in artefacts, technologies,
and organizational layout, and that explicit interventions allowing for multiple parallel nar-
ratives can coexist.

Equity Mainstreaming

Gender mainstreaming has in recent years been a political approach adopted by the
EU and the UN to measure and consider gender equity (Daly 2005). Inspired by this
term, we propose equity mainstreaming to extend the focus from gender to the mul-
tiple diversity dimensions relevant to technology design. Equity mainstreaming in
tech organizations and computer science departments is related to people, work
processes, and the actual work of designing IT systems.

Equity mainstreaming includes diversity data collection. Collecting data about
the state of diversity is not a simple task, and often organizations lack access to and
insights into current situations, which also makes it difficult to evaluate whether
new initiatives have the expected impact (Bjgrn and Borsotti 2021). Often diversity
data are limited to binary stats about women and men. In many situations, there are
no data available across diversity dimensions, and the lack of data makes it difficult
for decision-makers to consider intersectionality. As we argued in Chap. 7, classifi-
cations and categories have politics (Suchman 1994; Bowker and Star 2002; Bjgrn
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and Balka 2007), which means that the categories and classifications we have for
data collection and analysis considering diversity also have politics. By choosing to
collect certain data while omitting other types of data — by making it possible to
combine certain data and omit others — organizations make choices (maybe uninten-
tionally) not only about what is visible and what remains invisible in the organiza-
tion but also about what is excluded and what is included. For example, when
job-posting software systems require applicants to state their gender as one of just
two categories, applicants who identify as non-binary are forced to fit into this clas-
sification. Besides forcing applicants into categories they do not identify with, the
system also renders invisible important insights about gender diversity in hiring.
Further, if the classification of sexual harassment cases in an organization does not
specify the situation and location of an event, it is difficult to act to prevent future
harassment. Differently, if we knew from the data that harassment cases most often
took place during social rather than professional events, and whether there are spe-
cial locations and areas of the organization that are more prone to harassment situa-
tions, this would provide important insights for the organization to act on. Collecting
detailed, yet anonymous, data about harassment might show how the introduction of
technology blurring the barriers between work and private life produces new risks
of workplace harassment (Tenorio and Bjgrn 2019).

Available diversity statistics are essential for organizations to make strategies for
inclusive environments. We need access to diversity statistics in order to make diver-
sity data visibly available within the organization, emphasizing that diversity is impor-
tant to its agenda. While diversity data are a multiplicity, not easily collected in a
template, we have identified three main types of relevant diversity data, both quantita-
tive and qualitative: retention and career development data to help organizations help
everyone succeed within the organization; harassment and discrimination data to help
organizations understand the contextual nature of events and to work towards reduc-
ing the risks; and organizational citizenship data to help organizations balance impor-
tant service and care work required to function while reducing the risk of cultural
taxation for under-represented groups (Bjgrn and Borsotti 2021). Combining these
data sources, while considering various diversity dimensions as well as intersectional-
ity (Crenshaw 1989), will allow organizations to make interventions that support
diversity and to consider how to use the data to inform them about important qualities
of individuals that are often overlooked in promotion cases. Further, collecting data
that can help the organization improve productivity for specific groups, such as neu-
rodivergent software engineers, would also be beneficial.

Equity mainstreaming is about improving the work environment for all and uti-
lizing opportunities for innovative thinking that accompany increased diversity.
Technology design is fundamentally built on classification and categorization
schemes and on processes by which users are often configured in resemblance to
designers (I-methodology). These biased processes can affect the interface design
and testing, database structures, and procedural design of, for example, workflow
systems. Organizations should both increase diversity in software engineering
teams and provide them the space, power, and resources to promote actual change —
to identify and extend the edge cases and complex combinations of categories
required for the IT systems being implemented. For example, in designing IT
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systems for interaction between schools and parents, software developers need to
consider the wide variety of family constructions in a society such as “rainbow”
families, single parents, or divorced parents (see Chap. 7). Having a diverse soft-
ware engineering team increases the chances that different participants can provide
different insights into the complex nuances of family structures, improving the qual-
ity of the system’s data structure. Further, having a diverse team will also reduce the
risk of overlooking important aspects of technology design such as how light reflects
differently on different skin colors, constraining people with darker skin to interact
with certain digital systems (Benjamin 2019a, b). Values and ethics are hugely
important for the design of IT systems (Mgller et al. 2020). In this way, introducing
equity agendas to tech organizations and computer science education programs also
means improving the curriculum in computing and the ethical aspects of technology
design. Such initiatives will contribute to reducing the risk of discrimination by
design (Sachs 2015; Rubin 2017).

Finally, equity mainstreaming in tech organizations can be used as a vehicle for
tech innovation. Using diversity as a vehicle for tech innovation has particularly
been emphasized in research on accessibility in technology design, where amazing
researchers such as Katta Spiel, Kathrin Gerling, Cynthia Bennett, Emeline Brule,
Rua Williams, Jennifer Rode, and Jennifer Mankoff (Spiel et al. 2020) have for
years demonstrated how designing technology for people with a disability is an
innovative way to develop technologies for all. For example, Cynthia Bennett dem-
onstrates how the experiences of blindness and interaction with technology can be
used to re-imagine technology design (Bennett et al. 2019). Over the years, acces-
sibility research has argued for how tech experiments and user studies should
include people with disabilities, since assessing, for example, a website using screen
readers will allow software engineers to make their technologies more accessible
and available — improving technology use for all.

We propose to implement equity mainstreaming both as a strategy for improving the work
environment in tech organizations and educational settings, increasing the diversity of
employees and students, and as a strategy for technology design. Using equity mainstream-
ing in technology design requires considerations of categories and classification schemes,
ethics, and how to account for diverse user groups when designing and implementing IT
systems in society, improving technology use for all.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http:/creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://creativecommons.org/licenses/by/4.0/

®

Check for
updates

Chapter 9
Final Reflections

Working on research in equity, inclusion, and diversity in technology development
has brought us many interesting reflections on the kinds of research we do, what we
include, and what we exclude — and on the kind of institutions we are part of, were
part of earlier, and will take an active part in creating in the future.

Misunderstanding FemTech

In re-reading reviews of early manuscripts for FemTech research, we see that we
have often been misunderstood. Reviewers would expect and understand our work
as developing new learning methods for STEM education, and we have often been
asked to revise our research papers accordingly and advised to submit to confer-
ences in education rather than computer science. For example, we might get state-
ments such as: “related work that is missing from other fields such as learning
science, CSE, and STEM education” in the reviews of our work (anonymized
review). Demonstrating and arguing that our work is not about developing the field
of learning science, computer science engineering, or STEM education — but instead
about subverting norms and introducing institutional change in computer science as
a community — has been a difficult task. Our work is directed at changing material
and symbolic representations of computer science, as well as narratives about com-
puting — and at opening the field through design activities, materials, and interac-
tions based on the FemTech.dk design principles. Although it took us time to find
ways to get our agenda understood, we have since received many invitations and
much interest in our work both in Denmark and internationally, including invita-
tions to present keynote talks at large conferences in Europe and North America as
well as presentations at tech companies such as SAP, Microsoft, and Google.
Further, some of these invitations have allowed us to publish in alternative and
experimental venues such as Madeline Balaam and Lone Koefoed Hansen’s
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collection Wilful Technologies (Balaam and Hansen 2019), where a version of
GRACE is presented (Fig. 9.1).

These interactions with the international computer science community though
invited talks and alternative publication venues have developed our knowledge,
arguments, and design principles by allowing “outsiders” to engage with us around
our alternative narratives developed inside the computer science department where
they were created. This work of engaging with researchers and practitioners has also
supported our agenda of changing the narrative, since by engaging with our work,
we seek others to join our efforts. Our point here is that the impact of our work
might not be visible via the ‘ordinary’ measures of academic production but instead
has garnered much greater visibility outside ‘ordinary’ academic productions that
might be more important when assessing the quality of research that includes advo-
cacy and interventions. We conduct our research with the aim of long-term change —
and if we evaluate the bare numbers of women students, they have increased; thus,
from this perspective, we are succeeding. However, we would argue that our success
cannot be reduced to the mere “numbers of women students”, since the most impor-
tant measure should be the change in institutions — the long-term change in the
international computer science community. There is an increased focus on diversity,
equity, and inclusion in computer science education and the profession worldwide,
many people are doing work in this regard, and we are proud to add our small con-
tribution to this endeavor.

Internal events and activities (such as workshops we organized for our faculty to
reflect on how to use micro-controllers in teaching) were all important parts of the
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transformation process of the institution; however, such activities require effort and
resources to plan and execute, and when they do not directly add to ordinary mea-
sures of academic success, they easily end up as cultural taxation. The time and
effort spent on departmental citizenship is crucial to transforming an organization
towards equity and inclusion, but it also takes time away from research. Given that
academic currency in terms of papers, grants, and citations is what makes or breaks
an academic career, it also means that time not spent in these areas risks jeopardiz-
ing academic promotions and careers. Thus, throughout our FemTech research, we
have also kept ‘alternative’ research streams alive, which then have served as the
‘bread and butter’ of our academic CVs. While we put in effort to align the different
research streams we engaged with — for example, we researched makerspaces and
open design (Menendez-Blanco and Bjgrn 2019) — engaging in the important
FemTech organizational work took time otherwise spent on academic merits.

Saying No to Window Dressing

Being aware of the risk of cultural taxation, we carefully discussed and reflected,
each time we were asked to plan, join, or otherwise engage with people outside and
inside the organization, whether a particular event would benefit the larger research
agenda or just take time away for our already very occupied workdays. Saying ‘no’
is difficult in academia, but it is important to remember that each time you say no to
something, you say yes to yourself, and the sparsest resource for a researcher is
time. This meant that when someone asked us to join a podcast, a radio program, a
talk, et cetera, we would consider whether the event was genuinely addressing the
diversity and inclusion agenda through actions or was just ‘window dressing’ for
events such as International Women’s Day or Ada Lovelace Day. We did not want to
use our sparse time if an event did not add to the existing agenda, and if organiza-
tions — such as companies or unions — did not take the agenda seriously. Finding
ways to interrogate potential external invitations for events to determine whether we
shared common ground is an important learning when doing equity work.

Mentoring and Bias Training Alone Will Not Foster Change

Transforming an organization towards equity and inclusion is many things and
requires work by everyone. Liza Reisel, deputy project manager of the Nordic
Centre of Excellence on Gender Equality in Research and Innovation, classifies the
equity initiatives into four main categories: (1) network and mentor programs, (2)
awareness-raising, (3) organizational change, and (4) affirmative action. Reisel and
her colleagues found that while initiatives 1 and 2 often are the main ones imple-
mented as strategies for transforming organizations, they do not foster long-term
change in the Nordic countries. The problems here are not linked to a general
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prejudice against women, and networking and mentor programs are fine but not
really doing the fundamental work required. Instead, Reisel cited by Hgjsgaard
(2022) argues that having long-term effects on diversity requires effort and resources
spent on organizational change anchored in high management at the institutions. In
academia this would be at the vice-chancellor, dean, and department-head levels.
Without attention and focus from decision-makers ensuring that equity, diversity,
and inclusion are ‘mainstreamed’ into all parts and aspects of an organization, insti-
tutions and organizations will not be able to change. What does this really mean in
practice?

Equity Is About Real Opportunity and Building CVs

In academia, as we have already mentioned, building a CV to ensure academic pro-
motion requires papers, grants, and citations. However, as we also mentioned in the
beginning of this book, the fundamental conditions for successful academic cur-
rency that serve this agenda of CV-building are based on researchers’ privilege in
supervising PhD students, which again is based on researchers’ luck in winning
external funding and grants. Academics can be viewed as entrepreneurial actors,
situating themselves and navigating multiple interlinked opportunities and barriers,
finding ways to win grants, allowing them to move towards their academic ambi-
tion. In this navigation work, opportunities such as awards, recognized prestige
roles, and invitations play subtle yet crucial roles in building the academic
CV. Winning a small grant or an award early in an academic career is a stepping
stone to the next award and grant. What happened in an academic’s past matters for
the present state of the academic’s CV and determines the potential of their future
academic career. This means that management of academic institutions must take
seriously their role as decision-makers with respect to diversity and equity when
nominating, promoting, proposing, et cetera, researchers at all levels to ensure
career development for the individual through building their CV.

In academic management, some of the leadership opportunities that need to be
distributed in the organization support people’s CVs, whereas others do not. For
example, participating in an equity committee does not count in the same way that
participating in a research committee does. Receiving an award for equity work is
not as prestigious as receiving an award for research. Moreover, awards for equity
work are often tokens, like a cup, whereas awards for research entail money.

Giving the estimated value of the work matters, and while we here provide exam-
ples from academia, there are similar incentives in industry and the public sector for
what is viewed as valued, and how. Studying the organizational behaviors of mixed
gender work organizations Linda Babcock, Maria Recalde, and Lise Vesterlund
found that women disproportionally are expected to volunteer and accept to volun-
teer (Babcock et al. 2018) — for what has recently been labeled as “non-promotable
tasks” (Babcock et al. 2022). Non-promotable tasks are tasks which are important
for the organization but does not add to a person’s CV. Equity work takes effort and
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time, and to do it right, management must carefully consider how to share leader-
ship opportunities that count and how to acknowledge and value the leadership
opportunities that do not really count but are important for the organization. Equity
work cannot be a non-promotable task, if organizations truly want to change.
Organizations must find ways to make essential equity work matter not just as extra
work but as core to the organization and thus as adding value for promotion. Further,
as part of the organization equity activities, it is essential that managers make sure
to propose a diverse set of people for awards, allow them opportunities to sit on core
prestige committees, and in general ensure that they can take advantage of leader-
ship opportunities. If participating in a committee will benefit a person’s CV, orga-
nizations must find ways to ensure that people who historically have not held
leadership positions are proposed for such opportunities.

The Myth of Meritocracy

Besides considering how to share with equity new opportunities for career advance-
ment between people in an organization, management also needs to consider current
evaluation schemes or protocols for evaluating contributions. Special attention
should be given to how to evaluate contributions that do not fit current evaluation
schemes or protocols. Such initiatives need to take different forms depending on the
organization and their work; however, to explain what we mean, we will use aca-
demia as an example.

In academia, evaluation schemes and protocols include measures often referred
to as academic meritocracy. Academic meritocracy is based on the idea that if you
do excellent research and work hard, you will succeed. Referring to the qualitative
analysis of academic recruitment practices in the Netherlands by Van den Brink
(2010), Mathias Nielsen (2016) explains how academic recruitment and selection
processes are practices which ‘mobilize masculinities’ without academic decision-
makers being fully aware of these practices:

[The] theoretical concept ‘mobilizing masculinities’ [is] a starting point for exploring how
male (and female) academics practice networking in recruitment and selection processes.
The study illustrates a multiplicity of gender practices affecting who is invited to apply for
research positions, whose reputations are built, and whose visibility is promoted through
the recommendations of eminent (male) colleagues. While the authors note that such prac-
tices are clearly acknowledged by the recruiters as being intrinsic to the academic promo-
tion game, their gendered consequences do not arise from conscious choices. (Nielsen
2016, p. 388)

Formal and inform network ties appear to be critical to academic recruitment and
hiring but matter differently for women and men. Promotions, awards, and grants in
academia often involve recommendations of academic referees; thus, the need for
sponsorship is a crucial part of using the network (Bagilhole and Goode 2001).
Bagilhole and Goode argue that success in academia is a socialization process
involving reliance on colleagues for collaboration, friendship, and co-authorship.
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Further, they show that success in academia requires self-promotion and that men
scientists are often good at promoting not only themselves and also other men — but
occasionally also other women (ibid.). Marianne Ferber studied academic citation
practices and found that women tend to cite other women researchers more than
men cite women, which, again, they argue, creates a larger citation gap between
researchers of different genders (Ferber 1988). Both women and men cite the work
of men, but only women cite the work of women. Ferber suggests that the problem
of lack of recognition (lack of citations) is more severe when ‘out-of-group’ num-
bers are low — and that if these numbers increase, out-of-group participants will
increasingly find it easier to gain acceptance (ibid.). Ferber’s research indicates that
citation numbers are not about research quality but are instead linked to the fact that
the majority in most academic fields are men, and that they tend to quote other men.
The closed successful sponsor network is thus not only about collaboration and co-
authorship but also about mutual promotion practices as well as citation sharing.

From Gender to Intersectionality

We extend the analytical focus from a sole focus on gender to include other social
identities and intersectionality. When women are cited less, non-White people are
cited less, and people from the Global South are cited less, then women of color
conducting research at a university in Africa are marginalized and rendered virtually
invisible (Kumar and Karusala 2020). Affirmative actions within the international
research communities such as citational justice, increasing the diversity in awards
committees and paper selection committees, and decreasing costs and financial sup-
port for attending large conferences are required to make a change.

The streamlining of research — whereby a few highly cited researchers with a
history of winning grants, supervising PhD students and post-docs, and being the
last authors of an increasing number of publications that also cite prior publications,
thus resulting in a steadily growing number of citations — risks only allowing for
uniform and singular research following a certain template, reducing the plurality
and multiplicity of the potential research questions that society needs to address. As
expressed by Alon Zivony:

Inequality inevitably leads to homogeneity of viewpoints and experiences, which limits our
ability to ask new worthwhile questions and raises the risk of scientific stagnation. A fair
evaluation system is therefore crucial not only from a social justice perspective, but also
from a scientific standpoint. (Zivony 2019)

When we streamline our evaluation schemes and measuring protocols, we risk los-
ing diverse perspectives and the ability to surprise each other with counter-narratives
and productive debates. So what will it take to change this in academia?

We suggest that a place to begin this transformation is openness to the idea that
the measuring of quality needs to consider how to evaluate and acknowledge differ-
ent types of contributions to research, including how to consider merit. We should
consider not analyzing people’s CVs as objective measures but instead investigating
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the quality a person has achieved given the available resources. Graduating PhD
students with many publications and citations from high-prestige institutions with
high-prestige supervisors having many resources is less impressive than graduating
PhD students who managed to do impressive work with few resources. However,
even at high-prestige institutions that graduate PhD students from diverse back-
grounds, these students will have had different conditions of success and failure
based on their backgrounds and privileges.

Beyond Celebration of ‘Women in Tech’ Events

While we talk here about academia as the organizational unit, we suggest that simi-
lar structures, based on different metrics, are also at work in the tech industry. If we
want to move beyond celebrating the need for “women in tech” at events in March
each year, management in the tech industry and academia needs to take the prob-
lems seriously. It is management’s responsibility to ensure the best possible condi-
tions for all people having an interest in shaping the digital society of the future
through engaging with computer science research and practice to succeed despite
various intersectional diversity dimensions. This means that management must
address and consider the distribution of promotional opportunities through the lens
of equity, not equality. As long as people in computer science education or the tech
industry, in the Nordic countries, lack equal conditions for access and success, it is
management’s responsibility to insist on the agenda in all organizational processes —
and potentially consider how affirmative actions might be appropriate in specific
situations to change the dynamics. Networking, mentoring, and learning about bias
are not enough. We need equity mainstreaming in all areas of organizations, which
requires critical analysis, creativity, cooperation, and management accountability.

Measurable Goals and Key Performance Indicators

This leads to the final reflection we would like to share based on our work: the
reflection on numbers, goals, and measurement for success. If tech organizations
and computer science education departments embark on a journey to transform their
organizations to increased diversity, it is important that we develop measurable
goals and markers that can help us navigate the challenging road and determine
whether we are on the right path or need to take new initiatives.

The bare number of women versus men in an organization is not a good marker
because it depends on the types of jobs these different groups of people fill. If we
have an organization where all the women hold the administrative positions while
the men hold the technical and leadership positions, we do not have a balanced
workplace. Therefore, each organization must analyze and determine which mea-
surable points allow management to pay attention and strategically shape a plan for
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diversity. In academia, one potential measure is increasing diverse faculty in the
applicant pool for permanent faculty positions aiming at hiring 50% underrepre-
sented groups in all new positions — and concrete activities could include specific
faculty search protocols, new ways to post faculty positions, and protocols for invit-
ing potential faculty to campus. Other potential measurements could be decreasing
the gender gap for permanent high positions (full professors) considering a promo-
tion path for existing underrepresented associate professors as well as including
such initiatives as part of the hiring strategy. Ensuring that diverse faculty groups
have access to PhD funding could be a concrete action, and here activities could
include, besides fundraising from an institutional perspective, considerations of bal-
anced co-financing and team PhD supervision. Such efforts could also include stra-
tegic use of awards and other CV-building activities, increasingly supporting diverse
faculty in building their CVs.

Managerial monitoring of the ways that the distribution of academic citizenship
and tasks are divided across faculty is important. Goals for this include defining a
balance between responsibility for committee work critical for the institution and
the people who do these tasks. In this work, knowledge of people’s personal goals
and strategies is important, to see whether there is any way the organization can
support them. Last, more attention has to be directed to specific barriers experienced
in academia by underrepresented groups, such as harassment and prejudice
(Else 2021).

Diversity and equity efforts take work and resources. To succeed, organizations
must develop organizational strategies where equity work is prioritized financially.
We join others in stating that such efforts are crucial for computer science and the
tech industry — since in the absence of diverse participation in the tech industry and
academia, we risk jeopardizing democratic values and constrain certain popula-
tions in our digital technologies of tomorrow, intentionally or not. One could argue
that, readers of this book occupying positions of power, now know about the risks,
and inaction could be seen as an intentional neglect to act.

Equity, diversity, and inclusion are not a transformation process driven by the
few members of marginalized groups. To succeed, we need collective action, which
includes having people with decision power and responsibility lead the way.
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