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The COVID-19 outbreak in 2020 has caused
a major disruption in our global system. In
many ways, the pandemic and the political
measures taken to contain the spread of the
virus have revealed gender inequalities and
the importance of investigating sex and gender
differences.

While worldwide statistics suggest similar
infection rates for men and women,
a significantly higher proportion of men than
women succumb to the disease across groups of
similar age, and an increasing body of research
is putting forward biological differences
between the sexes, in particular relating to immune responses. At the same
time, women are more exposed to the virus due to their disproportionate
representation among healthcare workers. They are also being more
severely affected than men by the economic and social consequences of the
pandemic, due to their overwhelming role as care and education providers
within households and their larger proportion among non-salaried, self-
employed, part-time and precarious employees. Furthermore, they have
fallen victim to a surge in gender-based and domestic violence, observed
across the EU and worldwide.

L

This report includes a recent case study on the impact of sex and gender
in the COVID-19 pandemic, detailing findings that can inform a post-
pandemic recovery strategy that is truly inclusive and leaves no one behind.

Taking into account the gender dimension — that is, ensuring that the
biological characteristics as well as the social and cultural features,
behaviours and needs of both women and men are taken into consideration
- is vital for the societal relevance and quality of research and innovation
(R &). Integrating sex and gender-based analysis into R & |, and adopting an
inclusive approach which also considers intersecting social categories such
as ethnicity, age or disability, is a matter of producing excellent research to
the benefit of all European citizens.

This policy report provides methodological tools and concrete case studies
to researchers and innovators, showcasing projects funded under Horizon
2020 and illustrating a successful gender integration into key R & | areas,
including health, artificial intelligence and robotics, energy, transport, marine
science and climate change, urban planning, agriculture, fair taxation and
venture funding. The report also offers specific policy recommendations
for effective implementation in Horizon Europe, highlighting the strategic
objectives set out for the different Clusters, Missions and partnerships.
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As the EU Commissioner for Innovation, Research, Culture, Education and
Youth, and holding gender equality matters very close to my heart, | am
determined to step up our efforts to make sure that the integration of the
gender dimension into R & | content is a cornerstone of Horizon Europe,
and that it is fully acknowledged in the European Research Area (ERA). It is
indeed crucial that EU Member States make sure that their national R & |
programmes also take account of this dimension. In this way, together, we
can take great strides towards a new, inclusive, and transformative ERA.

This report proves that effective action can be taken and embedded in
R & I-funding programmes. | highly commend it and wish for it to be widely
used and disseminated.

Mariya GABRIEL

Commissioner for Innovation, Research, Culture, Education and Youth



The European Commission has become a global leader in setting policy
for the integration of the gender dimension into research, as well as the
implementation of these policies. Under the Horizon 2020 framework
programme, applicants were asked to integrate, where relevant, sex and
gender analysis into research content. Call topics for which this integration
was considered mandatory were gender-flagged for easy identification.

Despite these efforts, there is still room for improvement, not only in
Europe, but worldwide, as findings from the She Figures 2018 report
show!. The interim evaluation of Horizon 2020 found that fewer funded
research proposals than expected incorporated sex and gender analysis; it
correlated this to the lack of knowledge about how to effectively consider
a gender perspective and conduct gender and sex analysis, in addition to
the ‘absence of training on gender issues™.

To address this, the European Commission convened an expert group to
support the integration of the gender dimension into EU research and
innovation under the next framework programme, Horizon Europe. In 2011
the European Commission created the Gendered Innovations / Innovation
through Gender Expert Group, which produced the report entitled Gendered
Innovations: How gender analysis contributes to research, published by the
Commission in 2013°. This new expert group updated and expanded the
work.

Integrating sex and gender analysis into research and innovation (R & I)
adds value to research and is therefore crucial to secure Europe’s leadership
in science and technology, and to support its inclusive growth.

The strengthening of the integration of the gender dimension into R & |
is one of the gender equality priorities set for Horizon Europe. The gender
dimension cuts across all aspects of Horizon Europe and contributes to
numerous steps in the R & | cycle, ranging from disclosing the sex of cells
in experiments to considering the needs of women, men and gender-
diverse individuals as end-users of technological innovations.

1 Directorate-General for Research and Innovation (2019), She Figures 2018, European Commission
( ).

Directorate-General for Research and Innovation (2017), Interim Evaluation: Gender equality as
a crosscutting issue in Horizon 2020, European Commission (
), p. 26.

Directorate-General for Research and Innovation (2013), Gendered Innovations: How gender
analysis contributes to research, European Commission (

).
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Integrating sex and/or gender analysis into research and innovation:

) adds value to research in terms of excellence, creativity and business
opportunities;

) helps researchers and innovators question gender norms and
stereotypes, and rethink standards and reference models;

) leads to an in-depth understanding of diverse gender needs,
behaviours and attitudes;

) addresses the diverse needs of citizens of the European Union
and thereby enhances the societal relevance of the knowledge,
technologies and innovations produced;

) contributes to the production of goods and services better suited to
new markets.

This policy report presents the output of the work carried out by the Gendered
Innovations 2 Expert Group. The case studies, terms, methods and policy
recommendations presented here address the global challenges, targeted
impacts and key R & | orientations of the six clusters of Horizon Europe’s
Pillar 1, as well as mission areas and foreseen European partnerships.

These materials also provide guidance for future Horizon Europe work
programmes and, in so doing, seek to contribute to the achievement of the
United Nations Sustainable Development Goals. Case studies presented
here are interdisciplinary by nature and often fall under several Horizon
Europe cluster areas, thus illustrating the broad applicability of sex and
gender analysis.

The 15 case studies provide concrete examples of how sex and/or gender
analysis can lead to new insights, discovery and innovation — and, in
a number of cases, how taking into account other social categories
intersecting with sex and gender such as ethnicity or age can do so*

These case studies cover the health sciences, focusing on how sex and
gender analysis contribute to prescription drug development, understanding
and treating chronic pain, and improving systems biology. A new, state-
of-the-art case study on analysing sex in marine science is presented,
demonstrating how understanding sex-based responses to climate change
allows better modelling of demographic change among marine organisms
and downstream effects on humans. To support a green, sustainable Europe
and planet, case studies have been developed in smart mobility and energy
solutions, waste management, quality urban spaces and aquaculture. In
information and communications technology, three case studies focus
on facial recognition, extended virtual reality, and virtual assistants and
chatbots. Several new methods are designed to help computer scientists,
roboticists, and artificial intelligence researchers and innovators embed
gender and intersectional analysis in their technical research. The report

4 For a background paper, see Tannenbaum, C,, Ellis, R. P, Eyssel, F, Zou, J. and Schiebinger, L. (2019),
‘Sex and gender analysis improves science and engineering’, Nature, 575(7781), 137-146

( ).
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also addresses the areas of taxation and economics in case studies on
gender-fair taxation and gender equality in venture funding.

Finally, a cutting-edge case study on the impact of sex and gender in the
coronavirus disease 2019 (COVID-19) pandemic is included. This case
study highlights important findings of gender and sex differences in the
effects of COVID-19 on men and women due to biological factors, as
well as behavioural differences. Such sex- and gender-sensitive findings
build an important foundation for the development of appropriate medical
treatments as well as policies to combat the spreading of the virus and its
adverse socioeconomic consequences.

The expert group to update and expand Gendered Innovations /
Innovations through Gender was led by:

Professor Londa Schiebinger (chairperson)
Stanford University, United States

Professor (emerita) Ineke Klinge (rapporteur)
Maastricht University, Netherlands

The full membership of the group is presented in Chapter 6 of this report.



1. LIST OF CASE STUDIES

Health

) Prescription drugs: analysing sex and
gender

) Systems biology: collecting sex- and
gender-specific data

) Chronic pain: analysing how sex and
gender interact

Climate change, energy and agriculture
) Marine science: analysing sex

) Smart energy solutions: analysing
intersectionality

) Agriculture: embedding gender norms in
innovation processes

Urban planning, transport

) Smart mobility: co-creation and
participatory research

) Waste management: co-creation and
participatory design

) High-quality urban spaces: gender impact
assessment

Information and communication
technology (artificial intelligence,
machine learning, robotics)

) Extended virtual reality: analysing gender

) Facial recognition: analysing gender and
intersectionality in machine learning

) Virtual assistants and chatbots: analysing
gender and intersectionality in social
robots

Finance, taxation and economics

) Fair tax: gender equality and taxation in
the European Union

) Venture funding: analysing gender

Ad hoc case study: coronavirus

p The impact of sex and gender in the
COVID-19 pandemic



Sex

>> SEX refers to biological

characteristics

‘Sex’ refers to biology. In humans, ‘sex’ refers
to the biological attributes that distinguish
male, female and intersex. In non-human an-
imals, ‘sex’ refers to biological attributes that
distinguish male, female and hermaphrodite. In
engineering and product design research,
sex includes anatomical and physiological char-
acteristics that may affect the design of prod-
ucts, systems and processes.

Defining sex for biomedical research:
humans and lab animals

Sex relates to the biological attributes that dis-
tinguish male, female and intersex according
to functions that derive from the chromosomal
complement, reproductive organs, or specific
hormones or environmental factors that affect
the expression of phenotypic traits in sexually
reproducing organisms. These attributes may
or may not be aligned in any individual (Faus-
to-Sterling, 2012; Ainsworth, 2015). Sex may
be defined according to the following.

1. Genetic sex determination:
chromosomal make-up, generally XX/
XY for most mammals. The presence of
sex-determining genes means that every
nucleated human cell has a sex.

2. Gametes: germ cells. In species that
produce two morphologically distinct types
of gametes, the egg-sperm distinction
is the basis for distinguishing between
females and males.

3. Morphology: physical traits that
differentiate female and male phenotypes.

a. Primary sex characteristics in
humans and other mammals include
the following.

i. Internal reproductive organs
and genitalia derive from
bipotential organs (e.qg. indifferent
gonads that become ovaries or
testes) and dual structures. Usually,
one structure is maintained and the
other regressed.

ii. External genitalia generally
differentiate towards one of two
basic forms: distal vagina, labia
and clitoris in females, and scrotum
and penis in males. Nevertheless,
external genitalia may not reflect
karyotypical or internal genital sex
(Fausto-Sterling, 2000).

b. Secondary sex characteristics
in humans and many other animals
are phenotypic traits strongly
associated with females or males
that become prominent at puberty
under the influence of endogenous
oestrogens in females and androgens
in males. Examples of secondary sex
characteristics in humans include
shorter stature and wider pelvis, breast
development, and more fat in the
thighs and buttocks in females, and
broader shoulders, greater muscle
mass, more facial and other body hair,
and male pattern baldness in males.
These traits vary within each sex, and
ranges overlap. For instance, many
women are taller than many men and
some women are stronger than many
men.



Intersex conditions may be defined as varia-
tions or combinations of what are considered
XY male-typical and XX female-typical chromo-
somal, gonadal and genital characteristics. In
some cases, intersex individuals (ranging from
1:100 to 1:4 500 depending on the criteria
used) have genitalia or other traits not easily
categorised as male or female (Kessler, 1998;
Karkazis, 2008; Arboleda et al, 2014; Jones,
2018).

Defining sex for research in non-human
animals

Sex relates to biological attributes that distin-
guish male, female and hermaphrodite.

Sex may be defined according to the following.

1. Genetic sex determination:
chromosomal make-up (female/male),
such as XX/XY (mammals), ZW/ZZ (birds
and some insects) and XX/XO (insects).
Regardless of karyotype, the presence of
sex-determining genes means that every
nucleated cell has a sex.

2. Non-genetic sex determination:
common in many species (Gilbert,
2010). These are diverse and include the
following.

a. Social sex determination. For
a number of fish, mollusc and other
species, sex is determined through
social interactions with other members
of a population. In the slipper
limpet Crepidula fornicata, all young
individuals are male but some later
change to female, depending on their
position in a mound of snails.

b. Environmental sex determination.
In the echiuran worm Bonellia
viridis, sex is determined by physical
environment. Larvae that land on
the ocean floor develop as females
(~10 cm long), whereas larvae that
are engulfed by a mature female
through her proboscis develop

as males (~2 mm long) and live
symbiotically. In all crocodilians, most
turtles and some other reptiles, sex
determination is determined partially
or entirely by temperature. In certain
species, sex is genetically determined
within a temperature range but
environmentally determined outside
that range.

3. Gametes: germ cells. In species that
produce two morphologically distinct types
of gametes, the egg-sperm distinction
is the basis for distinguishing between
females and males. In some species
(called sequential hermaphrodites), the
type of germ cell produced by an individual
can change at different stages of life.

Hermaphrodite describes an individual that is
able to produce both male and female gametes
during its lifetime. Hermaphroditism is very
common in nature, occurring in approximately
30 % of animal species (excluding insects) and
most plants (Jarne and Auld, 2006). Hermaph-
rodites are classified as either simultaneous (in-
dividuals functioning as both male and female
at the same time) or sequential (individuals
first functioning as one sex and then changing
to the other at some point). The factors deter-
mining the timing, direction and frequency of
sex change are diverse throughout nature, and
dependent on the species and an individual’s
social-ecological context (Munday et al,, 2006;
see case study ‘Marine science’).

Defining sex for engineering and design

In engineering and product design research, sex
includes anatomical and physiological charac-
teristics that may affect the design of products,
systems and processes (see Schiebinger et
al, 2011-2020). Many devices and machines
have been designed to fit male bodies. For ex-
ample, military and commercial cockpits were
traditionally based on male anthropometry,
which made it difficult or even dangerous for
some women (or small men) to be pilots (We-
ber, 1997). Crash test dummies are also based
on male bodies; while small dummies are now



used to represent women, they do not model
bodily differences, such as neck strength (Linder
and Svedberg, 2019). Office building thermo-
stats, which are based on male metabolic rates,
may set temperatures too low for many women
(van Hoof, 2015). Workplace safety gear (e.g.

Works cited
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police vests) often does not fit women or small
men.

It is also important to understand differences
within groups of women, men and gender-di-
verse people. Many period-tracking apps fail
users who have irreqular cycles (Tiffany, 2018).
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Gender

>> GENDER refers to sociocultural

attitudes, behaviours and
identities

‘Gender’ refers to sociocultural norms, identi-
ties and relations that (1) structure societies
and organisations and (2) shape behaviours,
products, technologies, environments, and
knowledges (Schiebinger, 1999; Ridgeway and
Correll, 2004). Gender attitudes and behaviours
are complex and change in time and place. Im-
portantly, gender is multidimensional (Hyde et
al, 2018) and intersects with other social cate-
gories, such as sex, age, socioeconomic status,
sexual orientation and ethnicity (see ‘Intersec-
tional approaches’ in Annex B). Gender is dis-
tinct from sex (Fausto-Sterling, 2012).

Three related dimensions of gender

As social beings, humans function through
learned behaviours. How we speak, our man-
nerisms, the things we use and our behaviours
all signal who we are and establish rules for in-
teraction. Gender is one such set of organising
principles that structure behaviours, attitudes,
physical appearance and habits.

1. Gender norms are produced through
social institutions (such as families,
schools, workplaces, laboratories,
universities or boardrooms), social
interactions (such as between romantic
partners, colleagues or family members)
and wider cultural products (such as
textbooks, literature, films and video
games).

® Gender norms refer to social and
cultural attitudes and expectations
about which behaviours, preferences,
products, professions or knowledges
are appropriate for women, men and
gender-diverse individuals, and may

Gender Norms
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influence the development of science
and technology.

® Gender norms draw upon and reinforce
gender stereotypes about women, men
and gender-diverse individuals.

® Gender norms may be reinforced by
unequal distribution of resources and
discrimination in the workplace, families
and other institutions.

® Gender norms are constantly in flux.
They change by historical era, culture or
location, such as the 1950s versus the
2020s, Korea versus Germany or urban
versus rural areas. Gender also differs
by specific social contexts, such as work
versus home.

2. Gender identities relate to how
individuals or groups perceive and present
themselves in relation to gender norms.
Gender identities may be context-specific
and interact with other identities, such as
ethnicity, class or cultural heritage (see
‘Intersectional approaches’ in Annex B).

3. Gender relations relate to how we
interact with people and institutions
in the world around us, based on our
sex and our gender identity. Gender
relations encompass how gender shapes
social interactions in families, schools,
workplaces and public settings, for
instance the power relation between
a man patient and woman physician.

® Social divisions of labour are another
important aspect of gender relations,
whereby women and men are
concentrated in different types of (paid
or unpaid) activities. One consequence
of such gender segregation is that
particular occupations or disciplines
become marked symbolically with the
(presumed) gender category of the
larger group: for example, nursing is
seen as a female profession,
engineering as male.

Problems to avoid when
analysing gender

Problems can arise if researchers
assume that:

all women as a group, all men as
a group and all gender-diverse
people as a group (their attitudes,
preferences, needs, behaviours
and knowledge) are the same;

women, men and gender-diverse
people are completely different;

observed differences between
women and men are solely
biological in origin;

observed gender differences hold
across cultures;

life conditions and opportunities
are similar for women, men, and
gender-diverse people;

birth sex can be used as a proxy
for gender identity in surveys;

certain questions are relevant

to only one gender (e.g. survey
questions about caregiving relate
primarily to women or questions
about the strain of physical work
primarily to men).

Women and men who work in highly
segregated roles acquire different kinds
of knowledge or expertise, which can
sometimes be usefully accessed for
gendered innovations (see ‘Co-creation
and participatory research’ in Annex

B; see also Schiebinger et al., 2011-
2020a).

Gender relations can also become
embodied in products or urban
environments, such as transportation
systems (see case study ‘Smart
mobility’).



Sex and gender interact. The term ‘gender’
was introduced in the late 1960s to reject bio-
logical determinism that interprets behavioural
differences as the outcomes of biological dis-
position. ‘Gender’ was used to distinguish the
sociocultural factors that shape behaviours
and attitudes from biological factors related
to sex. Gendered behaviours and attitudes are
learned; they are neither fixed nor universal.
Nonetheless, gendered experiences can affect
biology. Moreover, some individuals seek to
change aspects of their bodies to align them
better with their gender identities. Sex and gen-
der are often useful analytical terms even if in
reality sex and gender interact (see Schiebinger
et al, 2011-2020b).

Legal gender categories. Governments typ-
ically require citizens to categorise their gen-
der identity on official documents such as birth
certificates, driving licences and passports. Nu-
merous countries recognise a third gender cat-
egory. These include Argentina, Australia, Bang-
ladesh, Canada, Colombia, Denmark, Germany,
India, Malta, Nepal, New Zealand and Pakistan,
among others.
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Intersectionality

‘Intersectionality’ describes overlapping or in-
tersecting categories such as gender, sex, eth-
nicity, age, socioeconomic status, sexual orien-
tation and geographical location that combine
to inform individuals’ identities and experiences.

Researchers and engineers should not consid-
er gender in isolation; gender identities, norms
and relations both shape and are shaped by
other social attributes (Buolamwini and Gebru,
2018).

In 1989, the legal scholar Kimberlé Crenshaw
coined the term ‘intersectionality’ to describe
how multiple forms of discrimination, power
and privilege intersect in Black women’s lives, in
ways that are erased when sexism and racism
are treated separately (Crenshaw, 1989). Since
then, the term has been expanded to describe
intersecting forms of oppression and inequality
emerging from structural advantages and dis-
advantages that shape a person’s or a group’s
experience and social opportunities (Hankivsky,
2014; Collins and Bilge, 2016; McKinzie and
Richards, 2019; Rice et al,, 2019).
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Sex and gender can influence all stages of re-
search and innovation, from strategic consid-
erations for establishing priorities and building
theory to more routine tasks of formulating
questions, designing methods and interpreting
data. Many pitfalls can be avoided — and new
ideas or opportunities identified — by designing
sex and gender analysis into research and inno-
vation from the start.

Sex and gender analyses work together with
other methodologies in a field, and with inter-
sectional approaches that take into account
intersections with other social factors, such as
ethnicity, gender identity and sexual orientation,
in order to provide filters for bias and contribute
to excellence in science and technology.

As with any set of methods, new ones will be
fashioned and others discarded as circum-
stances change. The value of their implemen-
tation depends on the creativity of the research
and/or innovation team. There is no recipe that
can simply be plugged into research or devel-
opment processes. Researchers and innovators
will want to consider all methods and think cre-
atively about how these methods can enhance
their research and innovations.

The methods listed below have been developed
by the Horizon 2020 (H2020) Expert Group
to update and expand Gendered Innovations /
Innovation through Gender (Gendered Innova-
tions 2).

These methods, described in Annex B, are ap-
plied in the case studies detailed in Annex A.
Case study abstracts are presented in the next
chapter.

General methods

) Analysing sex

) Analysing gender

) Intersectional approaches

) Co-creation and participatory research

) Asking about gender and sex in surveys

Field-specific methods
) Health and biomedicine

® Analysing gender in health and
biomedicine

e Analysing sex in tissues and cells
® Analysing sex in lab animal research
® Analysing sex in biomedicine

) Information and communication
technologies

® Analysing gender and intersectionality
in machine learning

® Analysing gender and intersectionality
in social robotics

p Climate change

e Analysing sex in hermaphroditic species
) Urban planning/transportation

e Gender impact assessment
) Innovation

e Norm-critical innovation



In addition to these newly developed or up-
dated methods, methods developed previously
by the Gendered Innovations 1 Expert Group
(Schiebinger et al,, 2011-2020) include:

rethinking research priorities and outcomes

rethinking concepts and theories

formulating research questions

analysing how sex and gender interact

engineering innovation processes

design thinking

rethinking standards and reference models

rethinking language and visual representations.
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4. ABSTRACTS OF THE 15 CASE STUDIES

Health

PRESCRIPTION DRUGS: ANALYSING SEX AND GENDER

The challenge

Historically, drug development has followed a ‘one size fits all’ model.
Drug testing has been conducted predominantly on males, from pre-
clinical research in rodents to clinical trials. As a result, women report
more unwanted, and sometime deadly, side effects than men.

© sorbetto via Getty Images

# Method: analysing sex # Method: analysing gender
Females and males must be included Gender stereotypes can affect clinical
in all drug trials — from early cell care in several ways. First, gender
and animal testing to human clinical and age bias can influence diagnostic
trials — and analysed separately. Age questions. Physicians and researchers
and genetic ancestry should also be should pay attention to language and
considered, as these characteristics gender norms in diagnostic procedures.
may affect drug efficacy, safety and Second, gender relations between the
toxicity. Pregnancy also requires healthcare provider and the patient
attention, as pregnant women become can affect prescribing patterns and
ill and ill women become pregnant. treatment outcomes. Age and race can
Information about drug safety effects also play a role.
on the foetus is a priority.

Gendered innovations 3. Reporting sex differences on drug
labels helps prescribers and patients
administer the right drug in the right dose
to the right person at the right time.

1. Including females and males in all
stages of drug development will help
us understand sex differences in efficacy,

toxicity and safety. This will allow the 4. Promoting gender-transformative
development of sex-specific dosing, when treatment approaches eliminates
necessary, or treatments. gender bias and stereotypes in diagnostic

questions, allowing better detection of
symptoms in women, men and gender-
diverse people.

2. Disaggregating reporting of side
effects by sex represents an essential
step to increase our understanding of how
medications work differently in women and
men in real-world settings.
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The challenge

SYSTEMS BIOLOGY: COLLECTING SEX- AND GENDER-SPECIFIC DATA

Sex and gender roles can affect the human metabolism. Consequently,
prevention and treatment of many non-communicable diseases require
a sex- and gender-related approach. Systems biology aims to predict
individual disease risk and enable precision treatment by mathemati-
cally modelling metabolic processes. Such models are based largely on
omics data (i.e. genomics, transcriptomics, proteomics, metabolomics).

Sex bias in the collection of these datasets, however, leads to sex bias
in the mathematical models and their predictions.

# Method: collecting sex- and
gender-specific data

The amount, quality and precision of
data have an essential influence on
research output. The growing use of
large datasets and their integration

in fields such as precision medicine,
pharmacotherapy and nutrition bring
this aspect to the forefront. When
collecting information about sex, clear
decisions need to be made on how sex
is operationalised (e.g. through genomic

data alone or in combination with
hormonal profiles and phenotypes). The
same applies to the potential inclusion
of gender in these analyses. Currently,
the only immediately available option
is the collection of data about gender
identity; however, as instruments
become more refined, information on
gender norms and behaviours could
also be collected. The integration of
this information could generate new
personalised therapies or preventative
offers.

Gendered innovations

1. Collecting data on sexual dimorphism

in gene expression improves biological
modelling. Accurate biological modelling
requires more studies of sexual
dimorphism in human gene expression.
Such studies should also take into account
different ethnic, cultural and societal
backgrounds, and different lifestyles.

. Collecting sex and gender data fuels

integrative omics. Integrative omics
provides a basis for sex-specific precision
applications in various fields such as
medicine, pharmacotherapy and nutrition.
Current datasets underrepresent females
and underreport participants’ gender
identity.

. Analysing sex improves understanding

of the role of the microbiome in health
and disease. Sex differences are found

in the gut microbiome. Analysing these
differences will enhance our understanding
of how the microbiome influences the
human metabolism and sharpen our
efforts to improve human health.

. Integrating sex difference improves

systems biology models. Some researchers
are retrofitting male models to account for
sex differences. Researchers and funding
agencies have a role to play in correcting
sex bias in omics experiments.
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CHRONIC PAIN: ANALYSING HOW SEX AND GENDER INTERACT

The challenge

Sex and gender affect all parts of the pain pathway, from signalling
through perception and expression to treatment. Recent studies have
shown that women generally display a lower pain threshold for all
types of pain: pressure, heat, cold, chemical or electrical stimulation
and ischaemia. Some researchers attribute these differences solely to
biological (sex) differences; others suggest that these observed dif-
ferences are, at least in part, due to gender. The fact that women and
men are raised to express pain differently may modify both their bio-
logical response to pain and their willingness to report it. A better understanding of biological (sex)
and sociocultural (gender) mechanisms of pain, and how these interact with pain management
regimes, may lead to better health outcomes for pain patients.

# Method: analysing how sex
and gender interact

Biological mechanisms, such as sex
hormones, influence the nervous
and immune systems and thus the
signalling, perception and expression
of pain, and response to treatment
of it. Gender roles and norms also
influence pain. Gender norms,

which vary between cultures, affect

a patient’s perceived sensitivity to
pain. During childhood, boys may be
taught to be tough and stoic, and girls
to verbalise discomfort. Researchers
have demonstrated that these gender
norms can be changed and that this
can affect perceived sensitivity to pain.
Thus, observed biological differences
(sexual dimorphism) might also be

a consequence of gendered social and
environmental influences.

Gendered innovations

1. Studying the underlying biological

mechanisms of pain in female-typical
bodies and male-typical bodies.

A better understanding of the influence of
biological sex on the nervous and immune
systems might help researchers design
sex-specific pain treatments.

. Studying how sex and gender interact,

and how sex and sex interact. Men/
boys, women/girls and gender-diverse
individuals are socialised to respond
differently to pain and this might influence
their sensitivity to pain. Researchers’ sex
might also influence a research subject’s
sex-related response to pain.

. Understanding how gender affects

the reporting and treatment of pain.
Gender stereotypes can influence how
pain is experienced, a patient’s willingness
to report pain and how healthcare
professionals manage pain.
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The challenge

Climate change, energy and agriculture

MARINE SCIENCE: ANALYSING SEX

Sex analysis is largely overlooked in marine science. A recent system-
atic review of ocean acidification literature, for example, revealed that
only 3.7 % of recent studies tested for sex differences, and 85 % of
studies failed to consider sex at all. Failing to account for such differ-
ences affects our ability to manage ecosystems effectively and set
conservation priorities.

# Method: rethinking concepts
and theories

The inclusion of sex in marine science
requires challenging the widely held
perception that sex plays no role in
determining biological responses to
environmental disturbances. We must
also move beyond the assumption
that sex is binary, fixed and genetically
determined. Nature abounds with
examples of sex along a continuum,
labile sex and sex determined by

an interacting suite of genetic,
hormonal, physiological, social and/or
environmental processes. In order to
understand the importance of sex for
basic biology, it is important to consider

the mechanisms, timings and direction
of sex determination and differentiation,
as well as differences in female, male
and hermaphroditic responses to
environmental perturbation.

Method: analysing sex

Studies that disaggregate and analyse
data by sex have highlighted the
importance of considering female and
male responses to climate change. In
many marine organisms, sex cannot be
easily seen. What is needed now is novel,
non-invasive methods of sex analysis

in non-model organisms, an effort that
will be facilitated by the increasing
affordability of omics approaches.

Gendered innovations

1. Understanding feminisation of marine

organisms in a warming ocean is
critical to elucidate the threat that
climate change poses to animals whose
sex is determined by temperature, such
as marine turtles. Understanding such
phenomena is vital to assess extinction

risk under future climate change scenarios.

. Understanding environmental sex

determination beyond temperature
is vital to population demography in
a number of organisms of economic,

ecological and experimental importance
to humans under future climate change
scenarios.

. Effective population management

using sex analysis will enable continued
sustainable exploitation of natural
resources.

. Understanding the differential

sensitivity of female and male
marine organisms to climate change
is critical to fully document the impact of
environmental change on populations and
ecosystems.
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SMART ENERGY SOLUTIONS: ANALYSING INTERSECTIONALITY
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The challenge
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In the EU, buildings are responsible for approximately 40 9% of energy
consumption and 36 % of CO, emissions. They are therefore the single
largest energy consumer in Europe. For climate change solutions, the
world needs an effective energy transition. This energy transition de-
pends, at least in part, on users’ acceptance of new technologies and
services, and on robust public engagement in conceptualising, planning

and implementing low-carbon energy solutions. This case study analy-
ses how to integrate gender and intersectional analysis into energy re-

search and into the development, design and commercialisation of energy products and services
in order to maximise the adoption of new energy efficiency tools and technologies.

# Method: engineering
innovation processes

Energy efficiency tools and solutions
need to attract everyone, both men
and women, in order to support an
effective energy transition. Although
many energy-efficient technologies and
products are available, they are often
rejected by users in households, the
public sector and industry because they
do not meet the values, motivations
and needs of different user groups,
which are shaped and influenced by
gender norms and different lifestyles.
Redesigning the engineering process
can lead to broader acceptance of
energy efficiency tools and products.

Method: analysing
intersectionality

The energy debates often ignore

the human factor. An intersectional
approach is needed, one that recognises
people’s multiple, interdependent and
overlapping axes of social identity, e.q.
gender, socioeconomic status and age.
A single factor, such as gender, both
shapes and is shaped by other social
attributes such as age, ethnicity and
socioeconomic status. Together, these
factors influence the life experiences
of citizens engaging with the complex
sociotechnical networks that constitute
the energy system.

Gendered innovations

1. Designing energy-efficient tools

that integrate gender perspectives.
Redesigning the engineering innovation
process has led to new opportunities for
environmental and economic solutions
that can propel the energy transition

by increasing users’ adoption of novel
technologies.

. Driving the energy transition by

taking an intersectional approach

to gender, age and socioeconomic
factors. Energy researchers, companies,
policymakers and researchers need to
better understand the role that gender and
other social, economic and demographic
factors play in energy policy. Gender
analysis and intersectional analysis are
required for effective and equitable energy
technologies and policies.
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AGRICULTURE: EMBEDDING GENDER NORMS
IN INNOVATION PROCESSES
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The challenge

Agricultural innovations tend to affect women and men differently.
Most innovations focus on resolving technical problems, such as rais-
ing yields, withstanding environmental stress and managing poor soil
or seeds. Such innovations often fail to account for (1) how gender
norms influence the implementation of technical solutions or (2) how
the implementation of technical solutions will influence gender norms.

Consequently, innovations may not reach women and may even am-

plify gender inequality.

# Method: analysing gender

Gender experts across the Consultative
Group on International Agricultural
Research (CGIAR) created Enabling
gender equality in agricultural and
environmental innovation (Gennovate),
aimed at developing gender-
transformative approaches that embed
gender norms in innovation processes.

. fostering critical examination of gender

. recognising and strengthening positive

. promoting the position of women, girls

. transforming underlying social

These include:

roles, norms and relations;

norms that support equality;

and marginalised groups;

structures, policies and widely held
beliefs that perpetuate gender inequality.

Gendered innovations

1. Gill nets in Bangladesh. Gender-related

cultural and religious expectations prohibit
women in rural Bangladesh from harvesting
fish, even from their own ponds. Such

tasks are seen as the responsibility of men.
Women are also reluctant to enter ponds
because they get their saris wet. To support
gender equality and to ensure food security,
WorldFish, a part of the CGIAR, introduced
gill nets in the poorest parts of Bangladesh.
The nets, which women can make
themselves, are used to catch the nutrient-
rich mola fish. Crucial to the success of this
project were initiatives addressing gender
consciousness to ensure that husbands,
in-laws and neighbours supported the

new role of women in cultivating fish and
catching them with gill nets.

. Embedding gender norms in

innovation processes. CGIAR gender
experts have proposed in-depth research
methods to include gender norms in
large-scale agricultural research and
development (R & D) programmes. In

a 4-year project (2014-2018) sponsored
by the Bill and Melinda Gates Foundation,
they collaborated in Gennovate to develop
extensive methodologies, reports, articles,
briefs and videos as resources for research
teams, and to understand how gender
norms and innovation processes in the
management of agriculture and natural
resources influence each other in diverse
rural settings.




Urban planning, transport

SMART MOBILITY: CO-CREATION AND PARTICIPATORY RESEARCH
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- The challenge
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Mobility patterns tend to be gendered in terms of where, when and
why people take trips from home. Transportation planning — for both
modes and infrastructures — often does not take into account the di-
versity of needs and issues that affect transportation. For example, the
need for safety can restrict mobility opportunities for specific groups.

# Method: co-creation and
participatory research

National Household Travel Surveys
form an important database for
mobility analysis and transport
planning. However, they underrate

i.e. doing errands to meet household
needs or to accompany or care for

trips performed as part of caring work,

others in the household. Surveys that
include such aspects explicitly help to
illuminate mobility needs. To go beyond
observation and analysis of mobility
evidence, participatory research and
co-creation help planners integrate
users’ gender-specific needs into the
process of new service and technology
development from the outset.

Gendered innovations

1. Understanding gender-specific needs
for mobility services. An understanding

of gender-specific needs throughout
populations can add new perspectives
to the collection of mobility data and
can improve transportation for broader
segments of the population. Attention
should also be paid to other factors,
such as age, abilities, ethnicity and
socioeconomic status.

. Creating new services and developing

new technology design for mobility.
Developing and applying gender-sensitive
methodologies to assess gender-specific
needs can improve mobility options for
more passengers, and simultaneously
promote environmentally friendly mobility
behaviours.




WASTE MANAGEMENT: CO-CREATION AND PARTICIPATORY DESIGN
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The challenge

The Fifth Assessment Report of the Intergovernmental Panel on Cli-
mate Change on urban and land use planning calls for adaptation and
mitigation strategies to combat climate risk in cities. Innovative ap-
proaches to urban waste management will help reduce CO, emissions
and increase the sustainability of cities and regions. This case study
highlights Horizon 2020 research on mainstreaming gender analysis
into urban strategies for waste prevention and management.

# Method: co-creation and when designing new methods, tools

participatory design and instruments from a gendered
. perspective. Both approaches are based
Part|c|pat0ry approaches are based on on gendered participatory research

co-creation and co-design to investigate using information and communication
the needs of different user groups technology (ICT).

Gendered innovations 2. Using participatory gender
mainstreaming to collect sex-
disaggregated data on waste behaviours
and to foster women’s participation in
waste management. Mainstreaming
gender analysis into waste management
innovates and transforms how we think
about waste.

1. Collecting data on gendered waste
behaviours and intervening to change
user behaviours. It is important to
understand and minimise waste production
in order to reduce greenhouse gas
emissions. This will help cities and regions
reach the EU’s 2050 climate goals.
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HIGH-QUALITY URBAN SPACES: GENDER IMPACT ASSESSMENT

The challenge

The quality of urban spaces in everyday life is important for many, par-
ticularly children, caregivers and elderly people. These groups spend
more time in public spaces than working-age women and men, and
may face specific risks in public spaces. They are more likely to suf-
fer life-limiting conditions when public spaces do not provide basic
amenities supporting their daily needs or are not safe. Planning and
designing public spaces that respond to the specific everyday needs of
mothers of young children, children and the elderly is required to make
cities work for all. This case study will look at innovations and methods used in various cities to
improve the quality of urban spaces for working mothers, children and the elderly, in both subur-
ban and dense urban environments, in the developed and the developing countries.

# Method: gender impact relevant for broader applications.
assessments Gender impact assgssments produ;e
. . systematic evaluations for developing
Gender impact assessments allow city more general recommendations. Where
planners to understand who benefits relevant, these assessments should
from urban design and who '§ left include intersectional variables, such
out. From the results, conclusions as age, ethnicity, physical ability and
can be drawn about what could be geographical location.
Gendered innovations 2. Building playgrounds for children of

different ages and genders. Children

of different ages and genders use spaces
in different ways, which sometimes

conflict with one another. Considering the
specificities of age and gender will improve
the quality of playgrounds for all children.

1. Building child-friendly and family-
friendly streets and public spaces.
Streets and urban public spaces are often
designed and built giving priority to the
needs of cars over the needs of people.
High-quality streets and public spaces
require careful attention to the daily needs
of people, particularly of children, the
elderly and their caregivers.




Information and communication technology (artificial intelli-
gence, machine learning, robotics)

EXTENDED VIRTUAL REALITY: ANALYSING GENDER

© iStockcom/franz12

The challenge

Research measuring progress in achieving gender equality concludes
that innovative solutions are still required. Technologies such as ex-
tended virtual reality have been found to be useful for promoting gen-
der equality by reducing bias and increasing empathy.

# Method: analysing gender

‘Extended virtual reality’ refers to
technologies such as virtual reality

(VR), augmented reality (AR) and mixed
reality (MR), which incorporate elements
of the virtual world into our real world,
thus enhancing the things we see, hear
and feel. These technologies may prove

fruitful in promoting gender equality;
however, they also come with risks.
Research shows that women, men and
gender-diverse people may differ in how
they experience virtual environments.
These potential gender differences

need to be taken into account in the
development and testing of prototypes.

Gendered innovations

1. Developing empathy through extended

reality (XR). VR and AR may help us
develop higher levels of empathy in
specific contexts, which can, in turn, reduce
implicit bias.

. Promoting gender equality through

VR. VR provides a technology for humans
to create imaginary worlds - in this case,
virtual worlds where gender equality exists
- with the hope that these experiences will
modify behaviours in the real world.

. Improving healthcare with XR. XR

technologies are increasingly used for
diagnosing and managing patients. These
technologies may improve women'’s health,
for example by aiding early diagnosis of
breast cancer or managing the symptoms
of menopause. Studies have also shown
that virtual reality is an effective tool to
engage men in preventative healthcare; for
example, men tend to seek screening for
testicular disorders after being exposed to
virtual reality interventions.




FACIAL RECOGNITION: ANALYSING GENDER AND
INTERSECTIONALITY IN MACHINE LEARNING

© iStock.com/iMrSquid

The challenge

Facial recognition systems (FRSs) can identify people in crowds, ana-
lyse emotion, and detect gender, age, race, sexual orientation, facial
characteristics, etc. These systems are often employed in recruitment,
authorising payments, security, surveillance or unlocking phones. De-
spite efforts by academic and industrial researchers to improve relia-
bility and robustness, recent studies demonstrate that these systems
can discriminate based on characteristics such as race and gender,
and their intersections. In response, national governments, companies
and academic researchers are debating the ethics and legality of facial recognition. One point is
to enhance the accuracy and fairness of the technology itself; another is to evaluate its use and
regulate deployment through carefully implemented policies.

populated with men and lighter-skinned
individuals will misidentify darker-
skinned females more often. This is an
example of intersectional bias, in which
different types of discrimination amplify
negative effects on an individual or
group.

# Method: analysing gender and
intersectionality in machine
learning
Bias in machine learning (ML) is
multifaceted and can result from data

collection, or from data preparation and
model selection. For example, a dataset

Gendered innovations Institute of Technology (MIT), developed
and validated such a dataset for four
categories: darker-skinned women, darker-
skinned men, lighter-skinned women and

lighter-skinned men.

1. Understanding discrimination in
facial recognition. Each step in an FRS
- from face detection to facial attribute
classification, face verification and facial

identification - should be checked for
bias. To work, models must be trained

on datasets that represent the target
population. Models trained on mature
adults, for example, will not perform well
on young people.

Creating intersectional training
datasets. To work properly in tasks
such as validating the identity of
people crossing international borders,
training datasets may need to include
intersectional characteristics, such as
gender and race. The Gender Shades
project, based at the Massachusetts

. Establishing parameters for a diverse

set of faces. Wearing facial cosmetics
can reduce the accuracy of facial
recognition systems by 76 %. Transgender
people, especially during transition,

may be identified incorrectly. Publicly
available face databases need to establish
parameters to improve accuracy across
diverse categories without endangering
those communities.




VIRTUAL ASSISTANTS AND CHATBOTS: ANALYSING GENDER
AND INTERSECTIONALITY IN SOCIAL ROBOTS
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The challenge

Chatbots and virtual assistants are often biased. Personal assistants,
for example, are often feminised, reproducing harmful gender stereo-
types about the role of women in society and the type of work women
perform. The datasets and algorithms used in these artificial intelli-
gences (Als) may also be biased, perpetuating existing discrimination

and incorrectly interpreting the language of certain ethnic or socioec-

onomic groups.

# Method: analysing gender
and intersectionality in social
robots

When designing virtual assistants and
chatbots, it is important to consider
how they might perpetuate stereotypes
and social inequalities. The designers
of virtual assistants should be aware

of how robots are gendered, e.g. by
name or voice. Designers should adopt
a participatory research approach to
better understand how conversational
Al agents can better fit a diverse group
of users, based on intersecting traits
such as gender, ethnicity, age and
religion.

Gendered innovations

1. Combating the harassment of

conversational Al. Feminised chatbots
are often harassed. Pushing back on
harassment presents an opportunity

for Al to help stop gender and sexual
harassment.

. De-biasing data and algorithms. Virtual

assistants need to be trained on a wide
variety of language so that they do not
discriminate against gender- and ethnic-
specific language variations or slang.

. Gender-neutral conversation. To

combat the harm caused by feminised
virtual assistants, companies and
researchers are developing gender-neutral
voices and gender-neutral language that
does not exclude women or gender-diverse
people.




Finance, taxation and economics

FAIR TAX: GENDER EQUALITY AND TAXATION IN THE EUROPEAN UNION

_ The challenge

Tax laws can be structurally discriminatory because of socioeconomic
inequalities, such as those that exist between men and women. A thor-
= ough understanding of gender aspects in tax policies, the implementa-
tion of legal and political requirements, and the realisation of gender
equality requires many reforms and future research.

© iStockcom/franz12

FairTax

# Method: analysing gender hard law (legal obligations that are
binding and can be enforced before
a court) and soft law (agreements,
principles and declarations that are
not legally binding). On tax policies,
it employs soft law regulations and
policies, combined with historical and
comparative framework analyses.

This case study is based on critical
cross-disciplinary gender analyses.
On the economy, it employs

literature reviews, macroeconomic
modelling, statistical comparisons
and microsimulations. On the law, it
employs doctrinal law studies, of both

Gendered innovations 2. Developing a new concept for fair
and sustainable taxation that merges
gender equality and tax policies.
Gender-differentiated outcomes of

tax policies result in the neglect of tax
objectives, such as fairness linked to
redistributive aspects of taxation. To
alleviate this problem and reduce income
inequalities, the European Parliament
has called on Member States to retain
progressive income tax systems and

to pay attention to the role of taxes on
corporations, wealth and capital.

1. Understanding the impact income tax
systems have on secondary earners.
National tax systems of EU Member
States have fuelled inactivity traps for
secondary earners, hindering the equal
participation of women in the labour
market. To overcome this problem, the
European Parliament has recommended
that Member States phase in full
individual taxation in their income tax
systems, including the elimination of tax
expenditures and benefits based on joint
income.




VENTURE FUNDING: ANALYSING GENDER
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The challenge

Entrepreneurship is one possible way to help women to empowerment
and economic citizenship, and at the same time ensure necessary
products and services for all, and thereby contribute to welfare de-
velopment. However, women globally earn less than men, have fewer
savings and own less property, i.e. women have less financial capital to
put into venture creation to start their own businesses. In addition, the
venture capital (VC) industry is highly gender-skewed. In the EU, firms
with a woman chief executive officer (CEO) receive only 11 % of VC
funding. In the United States, the percentage is even lower. Only 3 % of women-led firms receive
VC funding, and that number has not changed over the last two decades. Further, statistics from
the VC industry itself show that women hold few positions in the VC industry: 3 % of managing
directors are women, 4 % of vice presidents are women and 2 % of investment managers are
women. The relationship between the capital demand side (entrepreneurs) and the capital supply
side (investors) should be a major concern for politicians and policymakers who want to under-
stand — and change - how gender affects new venture funding, and thereby contribute to there
being more women entrepreneurs.

# Method: analysing gender how gender functions in signalling
theory. Signalling theory is one example

of theories used when learning more
about venture funding. Gender cannot
be treated as a separate variable; it
must be understood as embedded in
the relations in which entrepreneurs
operate.

Gendering the theory used to generate
knowledge about the VC industry is
one step towards overcoming the
gender gap in venture funding. This
creates awareness that knowledge
production, i.e. research results, is often
gendered. In this case we investigate

Gendered innovations 2. Identifying the impact of venture
funding systems on women’s
entrepreneurship. Entrepreneurship and
capital ownership are dominated by men,
and women entrepreneurs must clearly
communicate their legitimacy in order to
overcome the inherent gender bias in the
interpretation of signals.

1. Including gender analysis in theory
on venture funding. Signalling theory
that analyses the entrepreneur-investor
relationship, for example, can consider
how gender functions with respect to the
signaller, the receiver, the signal and the
feedback.
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Ad hoc case study: coronavirus

THE IMPACT OF SEX AND GENDER IN THE COVID-19 PANDEMIC
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The challenge

Although infectious diseases can affect everyone, sex and gender can
have an impact on immune responses and the course of the disease
in the human body. Biological impacts of the pandemic intersect with
broader social and systemic challenges, such as limited healthcare
and economic and logistical resources. Current worldwide statistics
on COVID-19 show more men than women dying of acute infection,
while women are projected to suffer more than men from the health,
economic and social consequences of the pandemic in the long term.
Innovative solutions beyond health, such as economic re-entry strategies, product development
and Al solutions, also need to consider sex and gender.

# Method: analysing sex # Method: analysing gender

All data related to COVID-19 morbidity
and mortality should be disaggregated
by sex. Females generally respond more
intensely to contact with viruses, such
as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV2), both
through natural infection and through
vaccination. Potential impacts of these
differences should be considered in
diagnostics and therapeutics. Studies
of COVID-19 need to integrate the sex
variable, by using female and male
cells and experimental animals in drug
discovery and preclinical research, and
women and men in clinical trials. All
drug and vaccine trials should include
sex-specific analyses, as females
develop side effects more frequently
than males.

Preventative measures should be
designed in a gender-sensitive manner.
Women reportedly comply more with
hand hygiene. Gender affects the
division of labour and care duties

in families. Women are more often
employed in professions with a high risk
of infection, such as healthcare, and
are more often responsible for the care
of sick family members. The allocation
of protective equipment, therapies

and financial aid should be gender-
equitable. Gender-sensitive design
should be used when developing digital
resources for preventative measures.
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Gendered innovations

1.

Studying sex differences in the
immune response could help address the
higher COVID-19 mortality in men than in
women.

Focusing on dosing and sex-
specific side effects of vaccines and
therapeutics will be essential in the
development of therapeutic responses
against SARS-CoV2 infection and
COvID-19.

. Analysing gender-specific risk factors

may help decrease mortality in women

in the long term. In the EU, 76 % of
healthcare workers are women. This has
the potential to expose them significantly
more to the virus; hence the need for fitted
personal protective equipment.

4. Designing gender-sensitive prevention

campaigns can increase compliance

and reduce exposure. For effective

public health campaigns, gender-specific
preferences should be analysed and
deployed in preventative measures, digital
platforms, data collection wearables and
Al prediction models.

. Considering the gender-specific

socioeconomic burden of public safety
measures can mitigate their inequitable
impact. Public health emergencies can
lead to the disruption of gender roles.
Women and gender-diverse individuals are
at significantly more risk of experiencing
economic insecurity, discrimination and
gender-based violence.




1. European Union policy
context

Integrating sex and/or gender analysis into the
contents of R & |