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Onlineimages are more
gender-biased than text

Bas Hofstra & Anne Maaike Mulders

Abig-data analysis shows that men are starkly over-represented
in online images, and that gender bias is stronger inimages
compared with text. Suchimages could influence enduring
gender biases in our offline lives. See p.1049

Images are an increasingly important vehicle
for circulating information online and for
grabbing and keeping people’s attention’. On
page 1049, Guilbeault and colleagues? detail
how online images reflect and exaggerate
existinggender bias found inthe offline world.
The authors googled a wide variety of
social categories (such as ‘lawyer’, ‘doctor’,
‘neighbour’, ‘friend’ and ‘cousin’) and docu-
mented that, across these social categories,
the number of images representing men was
larger than the number representing women
compared with similar social categories in
other media. Furthermore, the association
of these categories with a particular gender
(for example, women and ‘art teacher’ versus
men and ‘carpenter’) is much stronger in
online images compared with online texts,
and exposure to these online images can
affect individuals’ measures of unconscious
(implicit) bias for several days. The findings
support the idea that production of online
content, incombination with the dynamics of
people’s online behaviours, might reproduce
and even exacerbate offline patternsrelated to
inequity and a lack of diversity. Because peo-
ple spend a significant portion of their lives
online, these dynamics seem striking.
Guilbeault and colleagues compiled alarge
data set of 349,500 images — 100 images
extracted for each of the 3,495 social catego-
ries they studied — and employed thousands
of human coders to capture whether those
images leaned towards male or female rep-
resentation (excluding images found of
non-binary people). Men seemed to be starkly
over-represented in images compared with
theirrepresentationinarange of other sources
(suchasintexts,inpublicopinionandinacen-
sus describing employment statistics). What
makes theresults compelling is that they were
not affected by the country from which the
images were searched for, suggesting that
male over-representation is not unique to
Google searches performed in specific coun-
tries. Furthermore, the authors replicated
their results using images extracted from
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different sources, such as Wikipedia and the
Internet Movie Database (IMDDb). This suggests
that the observed male over-representation
and gender bias in images are consistent and
generalizable across other widely popular
online platforms.

The authors also compared the magnitude
of gender biasinimages and text by assessing
towhat extent 2,986 social categories co-occur
with references to women or men in various
online texts. Using several models to analyse
text from arange of sources, they observed a
similar association between gender and social
categories in text as in images. The gender
associations —thatis, how each genderisrep-
resented in each social category — correlate
strongly across both types of media. This sug-
gests that gender associations for the social
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category ‘artteacher’, for example, are compa-
rableinbothimages and texts. Yet, the authors
found that gender associations with certain
categories are much more extreme inimages
thanin text (Fig. 1). For example, observing
female ‘art teachers’in onlineimages was more
likely than reading about female ‘art teachers’.
Perhaps this finding is not wholly unexpected
because, asthe authors note,images portray-
ing people naturally signal some demographic
information, whereas text can be writtenina
way that minimizes information on specific
demographics.

So why does all of this matter? Guilbeault
etal. argue that people process images more
quickly and images are more memorable than
text. Therefore, if online images convey such
strong gender associations, they could influ-
ence people’sbeliefs about gender. To test this
conjecture, Guilbeault and colleagues con-
ducted a preregistered experiment in which
450 participants from the United States were
organized randomly into three groups: partic-
ipants searched for specific occupations using
either Google News or Google Images, or for
phrasesthat do not describe occupations (such
as ‘guitar’) using Google (the control group).
Afterwards, the participants completed tasks
designed to measure unconsciousbiasinrela-
tion to gender (an ‘implicit association test’).
The authors found that the participants who
searched forimages exhibited stronger gender
bias compared with those who searched text or
whowereinthe control group. Most strikingly,
gender bias seemed to endure for up to three
days after the experiment, but only in those
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Figure1|Gender associations with social categories in online images compared with online

text. Guilbeaultet al.?searched for 2,986 social categories, such as occupations, using Google Images
(forimages) or Google News (for text) and measured the frequency with which each social category was
associated with one or another gender in the search results. They found that gender association was more
extreme for online images than for online texts. The graph shows a selection of occupations across the range
of gender association scores. (Figure adapted from Fig. 1a of ref. 2.)



who searched forimages.

These results suggest that online images,
and hence the online realm, are not only highly
gendered, but that this gendered nature might
also influence further gender bias in every-
day life. Previous work shows that exposure
to stereotype-confirming images negatively
affects women’s self-esteem and hampers
their leadership aspirations, suggesting
that gender-biased images can establish and
reinforce gendered career choices®. Repeating
the current study’s measurements of uncon-
scious bias using social categories other than
occupations (forexample, ‘cousin’) would ena-
ble afurther exploration of the consequences
of strong gender associations in online
images. The authors’ conclusions might also
be strengthened by conducting the implicit
association test with more participants and
indifferent countries, or by further examining
conscious (explicit) gender bias.

There are several lingering questions that
are essential for future studies to address.
What are the exact mechanisms that cause the
Internet tobecome such agendered environ-
ment with respect to online images? Could it
berelated to particular populations of Internet
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users, certain design choices or the transfer
of existing offline imagery to websites? Once
the exact mechanisms are known, what inter-
ventions could be putin place to ameliorate
those dynamics? Answering these questions
isimperativeinanage inwhichimages gener-
ated by artificial intelligence (AI) will probably
become highly prevalent and widespread on
the Internet. If these Al-generated images
are based on online images that are already
gendered, imagery found on the Internet
might spiral into becoming increasingly
gender-biased.

Bas Hofstra and Anne Maaike Mulders
are in the Department of Sociology,
Radboud University, Nijmegen 6525 GD,
the Netherlands.

e-mail: bas.hofstra@ru.nl;
annemaaike.mulders@ru.nl

1. Zhang, L. & Rui, Y. ACM Trans. Multimedia Comput.
Commun. App. 9, 36 (2013).

2. Guilbeault, D. et al. Nature 626, 1049-1055 (2024).

3. Simon, S. & Hoyt, C. L. Group Proc. Intergroup Rel. 16,
232-245 (2013).

The authors declare no competing interests.
This article was published online on 14 February 2024.

Light canrestore
aheart’srhythm

Igor R. Efimov

Implantable electric pacemakers save millions of lives
worldwide, but they aren’t perfect. A proof-of-concept
study shows that using light to regulate a heartbeat might
be abetter option than existing strategies. See p.990

Life starts with a heartbeat and ends without it.
Thisregularrhythmis set by the body’s natural
pacemaker: a collection of cells known as the
sinus node'. When this node fails, cardiologists
canimplant an electric pacemaker to stimu-
late a person’s heart back to a normal rate?.
Butstandard pacemakers are powered by elec-
trochemical batteries that have alimited life,
andthedevicesare proneto electrode failure
and interference from external electromag-
netic fields®. On page 990, Li et al.* present a
technique that uses the energy from light to
stimulate the heart, which could offer a solu-
tion to these problems.

Heart muscle consists of cells that interact
through chemical, mechanical and electrical
signalling systems. The electrical coupling
allows the entire muscle to be excited by ena-
bling anelectrical signal to spread rapidly from
asingle stimulation point. The other types of

coupling have offered inspiration for alter-
natives to the standard electric pacemaker.
Researchers haveinvestigated the possibility
of targeting specific proteins that can transmit
the required signal mechanically or through
changesintemperature or light. These sensors
could be triggered non-invasively by light or
ultrasound*®.

However, despite considerable efforts,
these approaches are yet to yield clinically
viable therapies. One obstacle is that both
natural and genetically engineered molecular
sensors are not sufficiently sensitive. Another
problemis that existing devices are not sophis-
ticated enough to interface well with human
tissue. It has also proved difficult to achieve
targeted and stable delivery of the genetically
engineered molecular sensors to the heart.

An alternative tactic involves implanting
biocompatible photoelectrochemical devices,

From the archive

Stephen Hawking proposes that black
holes can explode, and William H. Bragg
reflects on the perseverance of scientists.

50yearsago

Quantum gravitational effects are usually
ignored in calculations of the formation
and evolution of black holes...Even though
quantum effects may be small locally, they
may still...add up to produce a significant
effect over the lifetime of the Universe...
[I]t seems that any black hole will create
and emit particles such as neutrinos

or photons...As a black hole emits this
thermal radiation one would expect it to
lose mass. This in turn would increase the
surface gravity and so increase the rate of
emission. The black hole would therefore
have a finite life... For a black hole of solar
mass this is much longer than the age

of the Universe. There might, however,

be much smaller black holes which

were formed by fluctuations in the early
Universe. Any such black hole...would have
evaporated by now. Near the end of its life
the rate of emission would be very high
and about 10*° erg would be released in the
last 0.1s. This is a fairly small explosion by
astronomical standards but it is equivalent
to about 1 million 1 Mton hydrogen bombs.
From Nature 1 March 1974

100 years ago

In what way do we hope to benefit by
research?...There is so much...work to

be done before the good observations
come; it may be that weeks are spent in
preparation and five minutes in making
the actual measurement. It is all very
humiliating; and the blunders one makes
are very foolish...[O]ne redeeming feature
is that...there is always the hope...every
student...who strives to understand the
workings of Nature by experiment...is paid
by...discovery of a richer world. There is

a fellowship between all who have tried

to understand...[W]e must research, and
with all our energy...[T]he spirit of research
is like the movement of running water,
and the absence of it like the stagnation
of a pool. Scientific research, in its widest
sense, ...is an act of faith in the immensity
of things.

From Nature 1 March 1924
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