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Gendering data care: curators, care, and computers in
data-centric biology
Ane Møller Gabrielsen

Department of Philosophy and Religious Studies, NTNU – Norwegian University of Science and
Technology, Trondheim, Norway

ABSTRACT
The increase in molecular data and the use of computer
technologies in biology have led to the emergence of
professional biocurators, who populate biological databases
and knowledgebases with high-quality information. Although
crucial to life science knowledge production, biocuration is, to
a large extent, invisible labour that takes place behind the
scenes of data-centric life science. The field suffers from a lack
of recognition and status that has been linked to a language
of service and a scientific system that is not equipped to
recognise and reward new types of scientific practices.
However, as the majority of biocurators are highly educated
female biologists, biocuration is also reproducing the
problematic pattern of women leaving the scientific tenure
track in favour of less prestigious positions. Instead of viewing
the issue as just another example of ‘the leaky pipeline,’ the
gendering of biocuration could be seen as an interplay of
gendered structures in science, organisations and society
which makes a career in biocuration attractive for female
scientists while at the same time positioning the activity as
non-scientific low-status work. By illuminating some of the
ways gender works in the processes which render certain
kinds of technoscientific work invisible, biocuration serves as
an example of how existing social structures influence the
emerging data-centric science.
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Introduction

In Matters of care in technoscience: Assembling neglected things (2011), STS
scholar and philosopher Maria Puig de la Bellacasa suggests directing our atten-
tion to the practices of care that are taking place in sociotechnical assemblages
and often devalued and rendered invisible. In this paper, I will direct the atten-
tion toward biocuration, ‘the extraction of knowledge from unstructured bio-
logical data into a structured, computable form’ (International Society for
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Biocuration, 2018b, p. 2). The word ‘curation’ comes from the Latin curare,
meaning ‘taking care of,’ and biocuration can thus quite literally be understood
as life science data care.

Despite their limited numbers – the The International Society for Biocura-
tion (ISB) currently counts around 250 members – the impact of professional
biocurators is massive. Biological databases have become crucial to life
science research (Baxevanis and Bateman, 2009; Hall et al., 2013) and a conser-
vative estimate of the usage of EMBL-EBI resources alone amounts to 88
million data accessions per year (Beagrie and Houghton, 2016). However,
despite the increasing attention and efforts directed toward data managing
and dissemination, biocuration tends to be overlooked and undervalued by
the scientific community (Holinski et al., 2020).

Within STS, there is a strong tradition of foregrounding the importance of
necessary and often uncredited care work in terms of technoscientific mainten-
ance work (e.g. Shapin, 1989; Knorr-Cetina, 1999; Mol et al., 2010; de la Bella-
casa, 2017). It is tempting to compare biocurators with Steven Shapin’s account
of the invisible technician in seventeenth-century science (1989). The role of the
technician was that of the servant, and as servants and craftsmen, technicians
were effectively written out of the history of knowledge production. Shapin
explains this with the political and moral economy at the times, where
science was primarily considered to be an activity of the mind, not the body,
and where the relationship between master and servant effectively prevented
the work of the latter from being recognised as scientific contributions. The
‘gentlemen scientists’ possessed the authority allowing them authorship and
acknowledgement and as Shapin comments, the modern equivalent giving
scientists their authority, is the PhD (Shapin, 1989). As biocurators generally
come from a scientific background and a majority of them hold PhDs, this is
clearly not the reason for their scientific invisibility. I will therefore turn my
focus towards something which is lacking from Shapin’s analyses of both
past and present invisible scientific work: gender.

Not much is written on the topic of gender in data-centric science, but the
existing literature suggests that practices of data care tend to be carried out
by women (Pinel et al., 2020). This corresponds with biocurator surveys
where the majority of respondents are female (Burge et al., 2012; International
Society for Biocuration and Vasilevsky, 2021).1 In other words, biocuration
seems to reproduce a well-known gendered pattern in which women occupy
the less prestigious jobs in science (Birke, 1986). There are, however, few
accounts of how gender works to devalue some types of technoscientific work.

Regarding biocuration, there are not many accounts at all. While digital cura-
tion and data curation in general have begun to attract some academic attention,
mainly within library and information studies (e.g. Faniel et al., 2014; Johnston
et al., 2018), the biocuration literature consistsmainly of descriptions of curation
workflows (e.g. Burkhardt et al., 2006; St. Pierre andMcQuilton, 2009) or appeals
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to the scientific community for recognition and support (e.g. Howe et al., 2008;
Bateman, 2010; International Society for Biocuration, 2018b). One exception to
the academic silence surrounding biocuration is philosopher of science Sabina
Leonelli, who has written about database curators and their importance in her
work onmodel organism databases, data-centric biology, and life science knowl-
edge production (e.g. Leonelli, 2014, 2016). This article aims to expand on Leo-
nelli’s work by exploring the gendering of biocuration and its effects based on
interviews with biocurators and theory on gendered work and feminisation.
The research questions structuring the paper are as follows: Why are there so
many women in biocuration? How do gendering processes relate to the status
of biocuration as technoscientific work? How does gendered data care play out
in data-centric biology on a broader scale?

Background, method, and material

The specific background for this paper is the interdisciplinary efforts that took
place in connection with a responsible research and innovation (RRI) project
centred around the notion of a Life Science Knowledge Commons. The knowl-
edge commons was conceptualised as the standardisation and interlinking of
existing digital life science infrastructures in a manner that would make the
content accessible and understandable for computers. In the project, computer
scientists, biologists, and socio-humanists explored the conditions for ‘well-
constructed knowledge commons while, at the same time, attempting to estab-
lish a distributed knowledge resource for a specific type of gene regulation
information. This was done within the context of systems biology, which is
an interdisciplinary approach to biology applying theories and tools from
systems theory, mathematics, and computer science in order to model, under-
stand and, ultimately, predict and control the mechanisms of living systems
(Kitano, 2002; Fujimura, 2005). Because the models in question depend on
the existence of detailed information about the molecular bits and pieces in
the systems, as well as the interactions between them (Kitano, 2002),
systems-level modelling would therefore benefit from a unified and interoper-
able Life Science Knowledge Commons.

As a postdoctoral researcher with background in STS and gender studies, I
soon encountered the challenges of navigating the rather complex and confus-
ing territory of systems biology, biological databases, and computational mod-
elling. A sort of unstructured and informal ethnography took place as I
travelled along with the life scientists on their missions to negotiate the gene
regulation knowledge resource,2 and this is where I encountered the biocura-
tors. I had never heard about biocurators before entering the project, and as
it turned out, neither had most of the people I talked to, including biologists.
However, it soon became clear that biocurators, in themselves, were important
to any attempts to create a sustainable and useful digital knowledge resource.
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Negotiations with biocurators thus became an important task for the project
as a whole. Although unknown to many, they were the gatekeepers of the bio-
logical databases and together with another project member, I decided to inter-
view biocurators about their work. The established connection between our
project and several important biological databases at the European Bioinfor-
matics Institute (EMBL-EBI) proved to be of great value in terms of recruiting
informants, and through snowball sampling we ultimately recruited eleven
informants (eight women and three men) working at various open life
science databases. These included several databases at the EMBL-EBI as well
as the Gene Ontology knowledgebase and some smaller European biological
databases relevant for systems biology. A majority of these databases were
so-called knowledge bases or value-added databases where curators manually
added relevant information about the biological entities in question. Nine of
the interviewed biocurators were employed on temporary contracts, which is
the usual practice in the field. For instance, EMBL-EBI operates with the so-
called ‘nine year-rule’ which means that the regular three-year contracts are
not renewed more than two times.

The interviews were carried out in order to understand more about biocura-
tion as a condition for biological knowledge infrastructures, but also to gain
more information about the issue that had gotten my attention: that biocurators
were important, yet still almost unknown outside the databases. The semi-
structured interviews included topics like the practice of biocuration, becoming
biocurators, what they cared about regarding their work, and how they experi-
enced their own status. Due to the noticeable lack of male biocurators, gender
also became a topic in these interviews which constitute the main material for
the paper. All identifying information has been altered or removed from inter-
view quotes used in the text. This includes specifying the databases further as
several of these databases only employ a few biocurators.

Analytical perspectives: gender, work, and feminisation

STS contributions often highlight the uneven distribution of power in tech-
noscience. Examples are Lucy Suchman’s displaced human workers in
Human-Machine Reconfigurations (2007) and Susan Leigh Star and Anselm
Strauss’ ‘Layers of silence, arenas of voice: the ecology of visible and invisible
work’ (1999). In the following I will draw on insights from these works and tra-
ditions but also add theory about gender, work and organisations in order to
analyse how gendered processes are working in life science knowledge
infrastructures.

Gendered work, often defined as the division of labour between men and
women, could be viewed as work defined, organised, divided, and valued in
ways that reflect patterns of relations between women and men or the meanings
associated with ‘masculinity’ and ‘femininity’ (Chalmers, 2014). While earlier
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accounts of gendered work tended to perceive gender as something static and
given, influencing the division of labour from the ‘outside,’ later feminist
accounts have emphasised the dynamic, multidimensional, and interconnected
nature of gender in work practices and organisations (Chalmers, 2014). As Joan
Acker writes in the seminal work ‘Hierarchies, Jobs, Bodies: A Theory of Gen-
dered Organizations’ (1990): ‘Gender is not an addition to ongoing processes,
conceived as gender neutral. Rather, it is an integral part of those processes,
which cannot be properly understood without an analysis of gender’ (Acker,
1990, p. 146).

According to Acker, gender is a constitutive element in what is termed
organisational logic, or ‘the underlying assumptions and practices that con-
struct most contemporary work organizations’ (Acker, 1990, p. 147). Although
this logic may seem gender-neutral, there is a gendered substructure that is con-
tinuously reproduced through activities and organisational writings and mate-
rialised through items such as written rules and management tools. An essential
element of the logic consists of hierarchies that are taken for granted, both by
managers and by the workers themselves. Different types of jobs are ranked
within these hierarchies, and there is an assumed relationship between hier-
archical position and the level of complexity and responsibility. A low level
in the hierarchy is therefore assumed to correspond with a low level of com-
plexity and responsibility (Acker, 1990).

The term feminisation is useful in order to describe some of the processes
involved in the gendering of organisations. The term has multiple meanings
and may refer to the rising rate of female participation in the workforce or to
women entering and coming to dominate a field previously dominated by
men (with the effect often being that wages and status are reduced) (Fondas,
1997). A third meaning of feminisation is the one employed by Nanette
Fondas in ‘Feminization Unveiled: Management Qualities in Contemporary
Writings’ (1997), in which feminisation refers to ‘the spread of traits or qualities
that are traditionally associated with females to things or people not usually
described that way’ (Fondas, 1997, p. 258). This is the understanding of femin-
isation I will use throughout this text.

Fondas shows how qualities usually held to be feminine have begun to show
up in the management literature, in contrast to the traditional masculine lea-
dership style. The management literature is thus spreading a ‘feminine ethos’
without ever naming it as such (Fondas, 1997). According to Fondas, the man-
agement literature legitimises the feminine ethos and contributes to its spread
in managerial practices. The term ‘feminine’ or other explicitly gendered terms
are, however, never used to describe the desired qualities. Fondas argues that
this is due to the status of masculinity in management discourse, which,
again, is closely connected to the existing gender regimes of the corporate
world. Naming the desired management qualities as ‘feminine’ would disrupt
the image of the universal male manager. Instead, the feminine is brought
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into the discourse under the guise of neutrality, which, again, does nothing to
reveal or challenge the already implicitly gendered managerial discourse in
which masculinity is the norm.

Fondas’ analytical framework draws on a poststructuralist understanding of
language as the main constituent of our social reality. According to this view,
language consists of signs, which are given meaning by being associated with
or contrasted with other signs (Jørgensen and Phillips, 2002). An analysis of
feminisation is therefore dependent on some qualities being viewed as mascu-
line and others being viewed as feminine. In ‘Gendered skills and unemployed
men’s resistance to “women’s work”,’ Yavorski et al. list the following qualities
as connected to either men or women:

Men are viewed as agentic, meaning they are perceived as being achievement-oriented
(e.g. competent, ambitious, task-focused), inclined to take charge (e.g. assertive,
dominant, forceful), autonomous (e.g. independent, self-reliant, decisive), and ration-
ale (e.g. analytical, logical, objective). Feminine-typed skills, on the other hand,
emphasize communality and have come to denote concern for others (e.g. kind,
caring, considerate), affiliative tendencies (e.g. warm, friendly, collaborative), defer-
ence to others (e.g. obedient, respectful, self-effacing), and emotional sensitivity
(e.g. perceptive, intuitive, understanding) (Yavorsky et al., 2021, p. 1527).

It is important to note that this is not a list of the inherent qualities of men and
women but, rather, traits that are culturally ascribed to the categories of ‘male’
and ‘female.’ Because the genders are considered complementary and mutually
exclusive, something described as feminine is also ‘not masculine.’ Further-
more, as Yavorski et al. notes the skills and qualities associated with men
and masculinity are usually those perceived as the most valuable. In the follow-
ing, I will draw on insights from these theoretical and analytical approaches in
analysing the role and effects of gender in biocuration.

Caring for life science data

In 1990, the Human Genome Project was officially launched, and in 1991, mol-
ecular biologist Walter Gilbert, at Harvard University, stated that biology was
facing a paradigm shift: the soon-to-be-realised knowledge of all the genes
would guide all future biological research, and the vessel for the shift would
be electronic biological databases (Gilbert, 1991). Because the large numbers
of nucleotide sequences could not be published through the usual means,
claims were made that biological databases would have to become a new
means of primary scientific literature in order to deal with the ‘megabytes of
archival-quality data’ that were being generated every year (Robbins, 1994, p. 3).

Today, the size of archival-quality data has far exceeded megabytes and biol-
ogists have joined ‘the Big Data club’ (Marx, 2013). Other terms used to
describe the current situation are ‘data-driven’ and ‘data-intensive,’ but as Leo-
nelli notes, the changes are not so much related to a new methodological focus
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on data, but rather to the attention given to the ways data is being handled and
disseminated. She therefore terms the current situation data-centric, where
‘data-centric’ refers to an approach to science where ‘efforts to mobilize, inte-
grate, and visualize data are valued as contributions to discovery in their own
right and not as a mere by-product of efforts to create and test scientific the-
ories’ (Leonelli, 2016, p. 2).

Once again filled with promise, the increasing number of life science data
also comes with challenges (Attwood et al., 2009; Chadwick and Zwart,
2013). Means of interpretation and integration are lacking, and the issue is
often framed as one concerning the way in which data and information are
handled and organised. As Attwood et al. state:

The real problem is that we have failed to store and organize much of the rapidly
accumulating information (whether in databases or documents) in rigorous, prin-
cipled ways, so that finding what we want and understanding what’s already
known become exhausting, frustrating, stressful and increasingly costly experiences
(Attwood et al., 2009, p. 318).

This is where biocurators enter the scene. Otherwise known as database cura-
tors or annotators (Harding, 2006), biocurators collect and connect biological
data and information from various sources, translate it into structured and
computable formats and publish it in biological databases (Howe et al.,
2008).3 As of 2022, there are 1,645 freely accessible biological databases
(Rigden and Fernández, 2022), and it is particularly the ‘added-value databases’
or ‘knowledgebases’ of molecular biology that constitute the domain of pro-
fessional biocurators (Figure 1).

Although researchers may perform curation activities as part of their data
practices, the majority of the work is carried out by professionals, with the
largest clusters working with public databases at institutions such as the
European Bioinformatics Institute (EMBL-EBI), the Swiss Institute for Bioin-
formatics (SIB) or the US National Center for Biotechnology Information
(NCBI) (Harding, 2006; Sanderson, 2011; Holinski et al., 2020).

Scientific picture straighteners

In ‘The Art of Biocuration,’ Vivienne Baillie Gerritsen and Marie-Claude
Blatter write that biocurators ‘have been referred to – whether endearingly or
not – as ‘museum cataloguers of the internet age,’ ‘those who prefer computers
to pipettes,’ ‘self-confessed bookworms,’ or ‘monk copyists’ (Gerritsen and
Blatter, 2016). The notion of biocurators as obsessed with rules and order
seems to be common. One biocurator job description asks, ‘Have you ever
been called pedantic or precise? Did you take that as a compliment, not a criti-
cism? If so, we have the job for you!’ (International Society for Biocuration,
2018b).
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Although it is time-consuming, biocurators seem to enjoy this careful tracing
and assembling of information and the feeling of ‘getting it right’ in the end. As
one biocurator stated, ‘I’ve always said we’re the picture straighteners and nit-
pickers of the universe. I think, if you’re not that sort of person, then you’re not
going to curate particularly well. You have to care about the detail, about getting
things correct’ [BC10]. Furthermore, ‘getting things correct’ requires more than
care for details and order. Biocurators facilitate what Leonelli (2016) refers to as
‘data journeys,’ in which data travel from their original site of production to be
reused in new settings. One important part of the work consists of detaching
data and information from their original context and rearticulating them for
reuse, which Leonelli (2016) terms ‘decontextualization’ and ‘recontextualiza-
tion.’ These processes consist of labelling data using standardised terms and
providing sufficient metadata, i.e. additional information about the data and

Figure 1. Biocurator. Illustration of a biocurator in action uploaded to Wikimedia Commons by
user Andrawaag and licenced under CC0 1.0 Universal (CC0 1.0) Public Domain Dedication.
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how they were produced in order for the user to make informed decisions about
quality and relevance.

The decontextualisation and recontextualisation of data are active trans-
lation processes requiring substantial knowledge and experience, and a
majority of biocurators have PhDs in biology and are trained in experimental
science (International Society for Biocuration, 2018b). As one biocurator com-
mented, there are also many aspects of biocuration that correspond with tra-
ditional biological research: ‘Even though it’s just reading papers, you are
doing research. Because you develop the ontology, you are developing things,
and you are developing ideas’ [BC09]. The ‘ontology’ in question refers to
bio-ontologies, standardised classificatory systems that allow biological infor-
mation to be represented in computable formats and facilitate integration
and comparison across species and databases (Blake and Bult, 2006; Boem,
2016). Ontologies entered biology from computer science (Boem, 2016) and
an important aspect of biocuration is also to facilitate sense-making for compu-
ters by translating the ‘natural’ language in papers into structured formats that
computers recognise and are able to process.

‘There are certainly a lot of women’

A quick glance at the names of biocurators employed at different databases or at
the members of the executive committee of the International Society for Bio-
curation (ISB) through the years reveals an overwhelming majority of
women 2023. Why do female biologists choose biocuration? An interesting
observation is that none of the biocurators we interviewed, regardless of
gender, wanted to become a biocurator from the outset of their careers. They
usually did a PhD and perhaps a couple of postdocs in biology before changing
direction and as a male biocurator explained, the motivation has more to do
with personality and interests than with gender:

I think it’s more like a character thing, rather than the gender thing. Because, for me, if
you are not the bookwormish type that I described beforehand, if you need more
action, then this job is not for you, because it’s a quiet job. For me, it’s more like
the character thing. If you need more oomph, then you do something else, but that
could be true for a woman as well as for a man, so I don’t really know why there is
an imbalance in terms of gender [BC04].

A female biocurator noted that the large number of women was typical of
biology in general: ‘There are certainly a lot of women, but that might be a
reflection of the fact that it’s biology and more of them tend to be women in
the biological sciences anyway’ [BC06]. The gender ratio in the biosciences is
known to be more balanced than in other STEM disciplines (science, technol-
ogy, engineering, and mathematics), with women accounting for about half of
the awarded PhDs (Hill et al., 2010; Bonham and Stefan, 2017). After the PhD,
however, the number of female biologists drops rapidly (Hill et al., 2010),
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making biology a typical example of ‘the leaky pipeline,’ i.e. the phenomenon of
women leaving science before reaching tenure (Goulden et al., 2011). Because
most biocurators are women with PhDs in biological science, they could be
viewed as examples of the leakage from the life science pipeline, but thus far,
the reasons for the gender disparity have not been explored.

The quiet and meticulous work of biocuration is not for everyone, but none
of the interviewed biocurators described biocuration as a something women
would be better suited to than men. One of the female biocurators commented
that the more technical databases seemed to be more balanced:

The databases that are a bit more technical, that you need more programming skills,
for instance, the European Nucleotide Archive, which is all about just taking big files
and fixing them a bit and putting them into a big archive, it’s probably more gender
balance there. It’s probably more men [BC10].

The same biocurator noted that there were always more women applying for
curation posts than for developer posts and suggested that this could be
related to female communication skills: ‘[C]uration posts, particularly the
ones where there’s a lot of writing free text, always seems to get more
women applying than men. And, I mean, I don’t know… female communi-
cation skills are supposed to be better […]. I don’t know whether it’s just coinci-
dence… ’ [BC10].

The comment illustrates the binary between what are considered to be fem-
inine, social activities and masculine, technological performance (Gansmo
et al., 2003). However, she did not seem quite convinced by her own argument
and added ‘Or women feel more pressure to leave the lab. I mean, this sort of
work you can do at home, so if you got a baby, you can take a laptop home’
[BC10].

When we followed up on the topic in other interviews, almost all the female
biocurators mentioned having children as a reason for going into biocuration.
This included one who initially stated that she simply grew weary of failing
experiments: ‘I really enjoyed working with plants, and growing them in green-
houses was very therapeutic, but when it came down to doing PCRs and repeat-
ing them constantly and just not getting results… […] Plus, I just had my first
child as well and wanted something a bit, not easier, but, yeah, I don’t know, 9
to 5’ [BC08]. The most explicitly gendered story came when a female biocurator
asked if we wanted ‘the real story’ of how she ended up in biocuration. She then
recalled how she had approached a PI and told him that she wanted to do her
PhD in the ‘wet lab’ (laboratory). He first approved, but when he found out she
had children, he changed his mind:

Then, he stopped and said, ‘I have to think about it because you have to decide
whether you want to stay in the lab until night or if you want to stay with your
family.’ I said that I wanted to stay with both, and he answered, ‘Ok, you can have
half or your thesis as wet biologist and the other half as curator’, and I agreed. And
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after two weeks, he came and said, ‘Ok, I’ve decided that you will just be a curator’
[BC05].

Although she later came to feel that biocuration had been ‘the greatest part of
my life’ [BC05], the story of how she entered the profession demonstrates that
biocuration is perceived as more attainable than lab work for women with
children.

The leaky pipeline is a complex phenomenon, with several suggested causes
ranging from a lack of ambition to cultural expectations and traditional gender
roles (Schiebinger, 1999; Hill et al., 2010; Goulden et al., 2011). However,
according to Goulden et al. (2011), family formation, in terms of marriage
and children, accounts for the largest leaks of women. The large number of
women in biocuration is therefore likely to be a result of the flexible work
hours and the biological sciences’ tendency to exclude persons with child
care responsibilities. In theory, working from home with a flexible schedule
should be just as relevant for men with children. However, as a male biocura-
tor’s experience at EMBL-EBI demonstrates, caring for children still often ends
up being the woman’s responsibility due to factors like uneven distribution of
parental leave:

So, in our case, for example, my wife and I, we are both curators, we both took part
time and we both shared the load of work. But since she was the one that had the chil-
dren, that had to go through the medical step, and also, the paternity leave here is not
great, it is not equal with maternity leave. So, she ended up taking more of a load of
family care than I did [BC07].

Or as a female biocurator put it: ‘it is very appealing to working mums, really.
And unfortunately, there is this kind of disparity where the mothers are always
the first to drop everything and look after their kids’ [BC02].

Unsung heroes

As Schiebinger (1999) emphasises, leaving the laboratory should not necessarily
be viewed as a failure. There is important scientific work to be done outside the
realms of academic science, and biocuration is a field where women and men
can practice science beyond the competitive demands of traditional biology.
One female biocurator commented that biocuration is also a field where
women may have more opportunities than in the more male-dominated aca-
demic STEM disciplines: ‘[A] lot of PIs and people who have pushed biocura-
tion are women as well. So, in terms of the executive structure, compared to,
you know, your university structure, there are a lot of women there. So, it’s
actually a place where career progression is quite possible’ [BC02].

The possibilities for career progression are, however, perhaps not as prom-
ising as this quote suggests. Despite the increasing attention and effort directed
toward data managing and dissemination, there is limited allocation of
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resources for biocuration (Howe et al., 2008; Leonelli, 2016), and as the above-
mentioned biocurator also explained, ‘[Funding agencies] always want a con-
nection with the wet lab and the translational aspects of the work. So, it’s
really hard to get funding agencies to fund the pure curation. You always
have to link it to something’ [BC02]. The lack of long-term funding makes per-
manent positions scarce, and many biocurators are employed on temporary
contracts that will only be renewed a limited number of times. Career planning
is therefore difficult and, according to a 2017 survey, only 18% of the respon-
dents were ‘very satisfied’ with their career progression (International Society
for Biocuration, 2017), while an earlier survey showed that a majority of bio-
curators expressed concern about future work opportunities and saw the lack
of opportunities for career progression as a barrier to remaining in biocuration
(Burge et al., 2012).

In addition to the lack of funding, the status of biocuration and biocurators
in the scientific community seems to be low. Biocurators have been termed ‘the
unsung heroes of molecular biology’ (Bateman, 2010, p. 991), and for good
reason. As Bateman (2010) notes, users of biological databases tend to take
the availability of information for granted, and according to one biocurator,
many researchers are surprised to learn that there are people doing the work
of extracting, annotating and integrating information: ‘They just assume it’s
there, it’s always been there and, if anything, it’s automatically added. Although
there are actually people reading papers and adding things, it’s like, ‘that sounds
crazy’’ [BC08].

Biocuration is currently not acknowledged or rewarded by established aca-
demic mechanisms (Ankeny and Leonelli, 2015; Pinel et al., 2020), and as
Ankeny and Leonelli note, biocuration is viewed as something useful but not
scientifically important:

Curation is more often viewed as background or routine work whose results are
crucial to making data available but do not influence the ways in which data are ana-
lyzed and interpreted. Hence, data curation remains largely invisible to data users,
who do not view the gathering and formatting of data as ‘real’ scientific work invol-
ving conceptual decisions (Ankeny and Leonelli, 2015, p. 141).

Despite being an activity that actively influences the results that can be drawn
from the data and information, the notion of biocuration as non-scientific
service work seems to be prevalent. As one experienced biocurator reported,
this also influences career progression: ‘I think that, in the research areas,
people see it as a service. I actually applied for a job recently in a university,
and the head of the department wrote back to me and said, ‘We don’t want
somebody doing this, providing this service. We want someone doing research’’
[BC09]. The general lack of status was further confirmed by a biocurator who
recollected how her former supervisor seemed to be disappointed over her
career choice when she decided to leave academic biology:
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When I told her that I wanted to be a biocurator, she kind of felt a bit disappointed
and thought, ‘oh, you could go on to do so much better.’ So, I think she thought it was
kind of a step down for me, which was kind of disheartening. And I kind of have that,
all the time, I have that feeling, that maybe, if I chose differently… I kind of have that
feeling for myself, maybe I could have done a bit better [BC08].

As this last quote shows, when biocuration is considered a step down from
‘real’ science, this also has consequences for the practitioners’ view of
themselves.

Gendering data care

At first glance, biocuration seems to be almost ‘accidentally gendered’ because it
is not usually perceived as a gendered occupation and the large number of
women seems to be a direct result of the flexibility of the work, which makes
it compatible with childcare responsibilities. The appeal of biocuration for
female biologists who need to combine work and family responsibilities was
commented upon in 2000 by Amos Bairoch, the founder of the Swiss-Prot
protein database (Bairoch, 2000):

It is also interesting to note that for almost 10 years Jean- Pierre was the only male
annotator in the Geneva SWISS PROT group. One of the key reasons that made
and still makes the SWISS-PROT group attractive to women scientists with children
is that it is possible to work part time, with a flexible schedule and that part of the
work can be done from home. All of which is not possible with practical laboratory
work (Bairoch, 2000, p. 54).

According to Acker, the association with childcare could in itself be a contribut-
ing factor in keeping biocuration at the lower end of the hierarchy. Even the
concept of ‘a job’ is gendered in itself because it ‘assumes a particular organiz-
ation of domestic life and social production’ (Acker, 1990, p. 149), and women’s
jobs are devalued due to the association with ‘childbearing and domestic life’
(Acker, 1990, p 152). However, there are also other ways that gender can
influence the status and positioning of an occupation and in the following I
will take a closer look at the language of biocuration.

InData-centric Biology, Leonelli (2016) argues that part of the reason for bio-
curation’s lack of scientific status lies in the language of service characterising
the way curation activities are communicated to research communities. This
language is important in order to make the databases attractive to users but
also means that the scientific contribution of biocuration is downplayed.
There is, however, also a gendered dimension of the rhetoric used in commu-
nicating biocuration to the wider scientific community. Like the managerial lit-
erature Fondas analyses, biocuration is never explicitly described as feminine or
something women should be better suited to than men. Still, there are many
similarities between the desired qualities for biocurators and Fondas’ descrip-
tion of qualities traditionally ascribed to women:
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[E]mpathy, helpfulness, caring, and nurturance; interpersonal sensitivity, attentive-
ness to and acceptance of others, responsiveness to their needs and motivations;
and orientation toward the collective interest and toward integrative goals such as
group cohesiveness and stability; a preference for open, egalitarian, and cooperative
relationships, rather than hierarchical ones; and an interest in actualizing values
and relationships of great importance to community (Fondas, 1997, p. 260).

An example is the previously mentioned generic biocurator job description
on the ISB webpage suggesting how biocuration could be advertised. Although
subject matter expertise is listed at the top, three out of the next four typical job
requirements in the job description are culturally coded as feminine: collabora-
tive skills, communication skills and interpersonal skills:

Typical job requirements

• Subject matter expertise – typically a PhD, although not a requirement

• Ability to collaborate and work on a team

•Defines and refines rules and standards (as data types and user requirements evolve)

• Can communicate well with computer programmers, bioinformaticians and biol-
ogists alike

• Liaise with all stakeholders regarding the data, from the producers/submitters to the
consumers

(International Society for Biocuration, 2018a)

The job description goes on to list several other types of skills and competen-
cies, but there are not any mention of qualities that are traditionally coded as
masculine, like analytical, logical, independent or ambitious (Yavorsky et al.,
2021). Furthermore, biocurators are often described in ways that allude to
caring capacities. As mentioned above, the word ‘curation’ means to take
care of, and biocuration could be seen as the practical caretaking needed to
enhance the value of the data and make it useful for others. There is,
however, also an affective dimension of care, that is, ‘the activity of attending
to others and responding to their emotions and needs’ (Coltrane and Galt,
2002, p. 16). In the job advertisement, the best biocurators are described as
‘adaptable to the needs of the community and/or to the needs of the software
systems’ (International Society for Biocuration, 2018a). The ideal biocurators
are thus described as caring in the affective and nurturing sense, which is a
dimension of care often attributed to women (Tronto, 1993; Baez et al., 2017).

The descriptions above could be seen as examples of feminisation. In
Fondas’s use of the term, ‘feminisation’ refers to the use of qualities that are cul-
turally coded as feminine to describe something that is not usually described in
that manner (Fondas, 1997). One might argue that collaboration, communi-
cation and care are crucial elements of biocuration that always have been
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and should be present in descriptions of the practice and its practitioners. The
issue is, however, not that biocurators are described in this way. Rather, it is that
scientists are usually not. According to Schiebinger, science ‘was part of the ter-
ritory that fell to the masculine party in the struggles that divided social and
intellectual labour between the sexes in European society’ in the eighteenth
century (Schiebinger, 1989, p. 233). When women were excluded from the
spaces where science was conducted, this also led to the exclusion of ‘a whole
set of values, qualities, and characteristics subsumed under the term femininity’
(Schiebinger, 1989, p. 234). Because the traits in question are associated with
femininity, they thus serve as a contrast for ‘science,’ where, just as in the man-
agerial discourse in Fondas’s example, masculinity is the norm. In other words,
‘science’ is already gendered, and due to the assumed differences in and com-
plementarity of the genders, naming the desired qualities for biocurators also
implicitly articulates biocurators as non-scientists despite their PhDs and the
scientific aspects of their work.

Another potential effect of feminised language in advertising biocurator pos-
itions could be the reinforcement of the actual gendering in terms of the
number of women applying. Although the large number of women seems to
be an unintended result of structural inequalities concerning laboratory
biology and the organisation of parental leave, several studies have shown
that gendered language in job advertisements matters in terms of who
applies, as well as that men tend to avoid applying for jobs emphasising femi-
nine-typed skills (Gaucher et al., 2011; Yavorsky et al., 2021). As one biocurator
stated in the above, curation positions involving a great deal of writing, always
attracts more women than men, while the technical databases seem to be more
balanced in terms of gender. Although seemingly reflecting inherent differences
between men and women, this could also be an issue of how the positions are
advertised and communicated. The effect is, nonetheless, that the gendered
construction of a biocurator materialises as real women working as biocurators.

It might be interesting to compare biocuration with related fields like bioin-
formatics, a rather recent interdisciplinary field applying techniques from
maths, computer science, and statistics in order to analyse and interpret
large-scale omics-data (Luscombe et al., 2001). Although bioinformatics also
suffers from a lack of acknowledgement (Lewis et al., 2016), there are important
differences. Unlike biocuration, which only exists as postgraduate courses,
bioinformatics has been institutionalised as an academic field and the lack of
acknowledgement is rather a matter of not getting sufficient credit. As Lewis
et al. writes in ‘Hidden in the Middle: Culture, Value and Reward in Bioinfor-
matics’ (2016), bioinformaticians might ‘not be as invisible as Shapin’s tech-
nicians’ but are ‘rarely afforded centre stage’ (p. 487). Biocurators, on the
other hand, are usually hidden behind the stage altogether. The reason for
this difference in status is hardly the level of scientific importance. Curated bio-
logical databases play a crucial role in defining what counts as biological
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knowledge for the fields they cover and could be said to constitute obligatory
passage points (Callon, 1984); i.e. the position which defines what is considered
as true knowledge about a field (Johnsen, 2004). Still, the curators creating and
maintaining these knowledge resources are struggling to be acknowledged or
granted scientific status. Again, the statistics are limited, but Lewis et al.
(2016) report that 80% of the respondents to their survey amongst UK bioin-
formaticians were male while other sources state a male ratio of around 65%
(Frontiers, 2023). As bioinformatics thus seems to be quite male dominated
it does not seem unreasonable to argue that gender plays a part in the position-
ing of the fields.

Gendering data-centric biology

The gendering of biocuration is also part of a broader picture. InMemory Prac-
tices in the Sciences, Geoff Bowker notes that databases are not the product of
the computer revolution. In fact, it is the other way around (Bowker, 2005).
The sequencing of the genome ‘brought computational and informatics
approaches to the forefront of life sciences research’ (National Research
Council, 2005, p. 12), and the careful collection and standardisation of infor-
mation has enabled an increasing amount of biological research to take place
in silico in the form of computer modelling and simulations (Lewis et al.,
2016). It could therefore be argued that data-centric biology is also a matter
of computer-centric biology.

In her account of the epistemic agency of technology, philosopher Federica
Russo (2016) notes that knowledge is ‘distributed not just across the ‘brains’ of
the scientists but also across the instruments that scientists use’ (Russo, 2016,
p. 166). Technology thus becomes an epistemic agent that ‘partakes in [the] pro-
duction of data, in their analysis, and thereby in their interpretation’ (Russo,
2016, p. 166). Although the epistemic agency of technology tends to be down-
played in traditional scientific accounts, it is often highlighted in data- and com-
puter-centric science where the ideal digital formats are not only computer-
readable but also computer-interpretable (Aranguren et al., 2011), meaning
that computers should ideally be able to make sense of them on their own.

The envisioned futures of computer-centric biology often take shape as auto-
mated processes where machines and artificial intelligence makes sense of the
increasing amounts of life science data with little or no human intervention
(e.g. Ginsparg, 2009; Evans and Rzhetsky, 2010; Nielsen, 2012; Alkhateeb,
2017). Although these automated scenarios are far from the current reality,
they are what Sheila Jasanoff terms sociotechnical imaginaries; ‘collectively
held and performed visions of desirable futures’ (Jasanoff, 2015, p. 4) and as
such, they inform current approaches and policies. An example is the FAIR
principles for scientific data management and stewardship (Wilkinson et al.,
2016). The FAIR principles provide guidelines for how to improve the
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Findability, Accessibility, Interoperability, and Reuse of digital assets, and are
currently gaining importance in science policies worldwide (Mons et al.,
2017). Within the FAIR discourse, the goal is ‘machine-actionability’ (Wilkin-
son et al., 2016), and the optimal state is described as a state ‘where machines
fully “understand” and can autonomously and correctly operate-on a digital
object’ (Wilkinson et al., 2016, p. 3).

However, computers are also entities in need of human facilitation and assist-
ing them is seen as ‘a critical consideration for all participants in the data man-
agement and stewardship process’ (Wilkinson et al., 2016, p. 3). Constituting
machines both as active agents in knowledge creation as well as entities in
need of human assistance, influences the way subjects are positioned in terms
of power. As Russo notes, ‘behind the machines, the softwares, or any any
other piece of technology, there always is the (techno)scientist, or actually,
many (techno)scientists’ (Russo, 2016, p. 160), meaning that there are always
human epistemic agents utilising the machines to produce knowledge. The
FAIR literature clearly states that the computational agents areworking on some-
one’s behalf, but also that someone is working on behalf of the computational
agents, a category that implicitly includes biocurators who enable actionable
machines through scientific translation work. Through imaginaries of
machine actionability, biocurators are thus positioned as assistants and service
providers for computers.

It should be noted that there have been numerous attempts to automate bio-
curation, and biocurators themselves are often avid supporters of automating
parts of the workflows (Tang et al., 2019). However, as Leonelli (2016) notes,
biocuration is difficult to automate completely due to the level of judgement
involved in extracting and rearticulating information. The curation process
requires substantial knowledge about biology as well as the use of tacit knowl-
edge and subjective judgement developed through training and experience
(Ankeny and Leonelli, 2015) and the skills of human biocurators will therefore
still be necessary in the foreseeable future. Still, the discourses surrounding
data-centric biology seldom mention the scientific expertise and cognitive
effort required in order to facilitate machine-actionability. As Suchmann
notes, discourses of information technology tend to erase human labour in
favour of a utopian fantasy of the perfect, invisible infrastructure (Suchman,
2007), and while machines are granted epistemic agency in the emerging com-
puter-centric biology, those who facilitate the machines are usually not.

The rise of computer technology in the life sciences resonates with historian
Thomas Haigh’s account of how the computer’s role, in the corporate world
during the 1960s, was transformed from being a processor of data to ‘a
mighty information system sitting at the very heart of management, serving
executives with vital intelligence about every aspect of their firm’s past,
present, and future’ (Haigh, 2001, p. 16). According to Haigh, the computer
was intimately connected with ‘the systems men,’ who were attempting to
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gain managerial control. This was also a gendered process, and as Haigh notes,
the use of the term ‘systems men’ could reflect an attempt ‘to separate them-
selves from the appreciable number of women working in the lower-status
job of office manager’ (Haigh, 2001, p. 22).

The gendering of biocuration seems to reinforce a similar gendered divide
between thosewho control the computers and thosewho are seen asmerely assist-
ing them indata-centric biology.AsRusso noted, there are always technoscientists
behind the machines and as women are underrepresented in computational
biology, i.e. the field using computational models to study biological functions
and systems (Bonhamand Stefan, 2017), there is reason to assume that a large pro-
portion of them are male. When biocurators are positioned as caretakers and
service providers for computers, they are therefore reproducingawell-knowngen-
dered pattern dating back to the female keypunchers who, in the 1960s, punched
the hand-written computer programs into the punch cards for the machines to
read, while the operators of the machines were male (Parolini, 2015).

Conclusion

By carefully attending to digital data and information, biocurators constitute an
intrinsic part of the systems that represents and shapes life science data and
knowledge. Perhaps not surprisingly, much of this work is carried out by
women, and the number of female biocurators reproduces well-known gendered
patterns in science. Throughout this paper I have argued that while the large
number of women in biocuration is an effect of gendered structures of biological
laboratory science and inequalities concerning childcare responsibilities, the dis-
cursive feminisation of biocuration through emphasis on care, communication,
and collaboration implicitly contrasts biocurators with scientific actors. It is
important to note that the problem is not that there aremany female biocurators.
Furthermore, biocuration does require care, collaboration, and communication,
regardless of the gender of the practitioner. Although there are attempts to coun-
teract gendered language in job descriptions, like Gender Decoder (2023), the
problem with the way biocuration is communicated is not that the language
has feminine connotations, but rather that the qualities in question are margin-
alised in representations of science in general. Being represented in amanner that
emphasises qualities often interpreted as ‘feminine’ rather than capacities that
are perceived as ‘scientific’ or even ‘masculine’ could therefore contribute to
the positioning biocuration as non-scientific service work.

This means that the low status of biocuration and biocurators is not simply a
matter of a lack of awareness or hidden work but must be viewed in the light of
how the organisational logic of science is already gendered. By attracting
women with childcare responsibilities and by communicating a ‘feminine
ethos’ which traditionally is seen as incompatible with scientific work, biocura-
tion becomes both materially and discursively gendered in a way that places the
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field at the bottom of both the scientific and the organisational hierarchies of
the data-centric biosciences. While Shapin’s technicians (Shapin, 1989)
lacked the societal status granting them scientific authority, gendered dynamics
position biocurators as non-scientific service providers who are effectively
written out of the official accounts of life science knowledge production.

In the final section of the paper, I have explored how gendered data care is
intertwined with devaluation of human effort in sociotechnical life science ima-
ginaries. As Starr and Strauss note (1999), work becomes visible through a
selection of changing indicators. When technology is granted epistemic
agency through envisioned machine actionability, the work that goes into facil-
itating the machines is further removed from scientific recognition. The effect is
that biocuration is positioned as service work for machines and biocurators
become parts of an invisible gendered infrastructure enabling computational
biology. Although the results of their work are visible through the databases,
biocurators fade further into the background and become what Star and
Strauss term non-persons: people producing visible results while remaining
invisible – a position more commonly associated with domestic service person-
nel, but increasingly relevant for digital infrastructures (Star and Strauss, 1999).

The biosciences are often perceived as being in the forefront of a computerised
data-centric scientific revolution but have not taken into account how this devel-
opment tends to reproduce and reinforce traditional gendered patterns of
inequality. The constant dripping from the leaky pipelines suggests that more
female biologists will seek towards the uncredited fields of data care while male
biologists continue to pursue fields like bioinformatics and computational
biology. There are, however, also signs of change towards more recognition of
data care. In the midst of the commotion surrounding machine-centric data-
driven science, there are also calls for a more open and collaborative science
which recognises the need to credit and reward data curation (e.g. European
Commission, 2018). Furthermore, biocurators are working toward increasing
the awareness and funding of biocuration through the International Society for
Biocuration (ISB). By emphasising the importance of biocuration efforts as well
as their role as professional scientists, the ISB is working towards increased visi-
bility and acknowledgement (e.g. International Society for Biocuration, 2018b).
To avoid reproducing and reinforcing existing gendered inequalities in emergent
data-centric science, these effortsmay benefit fromaddressing both the gendering
processes currently taking place aswell as the obvious need for qualities tradition-
ally coded as ‘feminine’ in the emerging data-centric science.

Notes

1. Of 130 respondents in the 2021 survey, 81 listed their gender as female, 31 listed their
gender as male and one reported themself to be non-binary. Seventeen of the respon-
dents did not indicate gender.
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2. For more about the background for this endeavor, see Tripathi et al. (2016): ‘Gene
regulation knowledge commons: Community action takes care of DNA binding tran-
scription factors.’

3. ‘Biocurator’ is the most common job title, but there is still a lack of standardised
names and titles for biocuration positions (Vasilevsky, 2021).
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