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From disparities in the number of exhibiting artists to auction opportunities,
there is evidence of women’s under-representation in visual art. Here we
explore the exhibition history and auction sales of 65,768 contemporary artists
in 20,389 institutions, revealing gender differences in the artist population,
exhibitions and auctions. We distinguish between two criteria for gender
equity: gender-neutrality, when artists have gender-independent access to
exhibition opportunities, and gender-balanced, that strives for gender parity
in representation, finding that 58% of institutions are gender-neutral but only
24% are gender-balanced, and that the fraction of man-overrepresented
institutions increases with institutional prestige. We define artist’s co-
exhibition gender to capture the gender inequality of the institutions that an
artist exhibits. Finally, we use logistic regression to predict an artist’s access to
the auction market, finding that co-exhibition gender has a stronger correla-
tion with success than the artist’s gender. These results help unveil and
quantify the institutional forces that relate to the persistent gender imbalance

in the art world.

Linda Nochlin’s question, "Why have there been no great women
artists?", formulated 50 years ago, today is informed by widespread
awareness of gender disparities across all disciplines, from science to
industry. It is also supported by evidence of women’s under-
representation in the art world, captured by multiple metrics, from
disparities in the number of women and men artists®>, to the lack of
gender balance in museums and galleries**°, and the lack of women
artists in auction sales' ™. The root of these gender differences remains
a topic of debate, with hypotheses ranging from genetic predisposition
to discrimination'®*, In this article, we focus on the potential rela-
tionship of institutional practices on gender inequality in the art world.
Regardless of whether institutional practices are grounded in potential
differences in the artwork itself, or reflect discrimination of the artists,
ultimately institutional practices combine with reputation shape access
to representation, resources and rewards in art'*", These mechanisms

are exacerbated by lock-in effects that limit the access of some artists to
future opportunities, while offering winners-take-all outcomes for
others'®. The interlocking effects suggest that to truly understand
gender inequality in art, we need to understand the ecosystem that
surrounds the production and the consumption of art, from the com-
plete exhibition careers of all artists to the exhibition record of all
institutions, together with the auction record of the secondary market,
as they together shape the structural and institutional patterns that are
related to gender bias. This research is methodologically aided by
recent advances in quantifying the evolution, roots, and impact of
gender disparities in science and other areas” . As scientific discourse
is increasingly rooted in data, its production and impact is cataloged in a
fashion that makes it amenable for quantitative analysis. In contrast,
systematic and reliable datasets that allow us to quantify artistic careers
have been difficult to develop and explore.
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Fig. 1| Gender bias in art. a The gender-identified artist population and exhibitions
studied in this paper. See “Methods” section for the data cleaning and filtering
process that resulted in the explored artist pool. b Number of artists over time,
showing separately the number of men and women artists. The shadowed area

1922 1938 1954 1969 1985 2001 2017

corresponds to artists and exhibitions selected for our study. ¢ Number of exhi-
bitions over time, shown separately for men and women artists. The shadowed area
corresponds to artists and exhibitions selected for our study.

Here, we remedy this situation by exploring a dataset with a broad
coverage, capturing the exhibition careers of 496,354 artists in 23,570
institutions, representing both museums and galleries®”. For the
purposes of this study, we restricted our focus to contemporary, active
artists who began exhibiting on and after 1990, hence their exhibition
history can be accurately reconstructed, resulting in 65,768 artists
participating in 378,517 exhibitions at 20,389 institutions worldwide
(Fig. 1a, b, c). This focus is motivated by our goal of identifying rela-
tionships between institutional gender representation and active artist
careers. To quantify gender-related patterns, we combine expert
curated gender information with a gender identification service based

on artists’ names genderize.io(**?), allowing us to assign most artists a
binary gender (See “Methods” section). To understand gender
inequality of each art institution, we inspect each institution under two
criteria of gender equity: gender-neutrality, when artists have gender-
independent access to exhibition, and gender-balance, which aims for
gender parity in representation. We find that 58% of art institutions are
gender-neutral but only 24% are gender-balanced, and the fraction of
man-overrepresented institutions increases with institutional prestige.
To connect institutional gender inequality with an artist’s career, we
define the co-exhibition gender of an artist to capture the gender
inequality of the institutions that an artist exhibits under gender-
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Table 1| Metrics of gender bias in art

Men Women Bias name Gender ratio (M/W)

Artist Population 41,738 24,030 Population Disparity 174
Number of Exhibitions 662,571 355,506 Exhibition Disparity 1.86
Auction Population 10,179 3,761 Auction Population Disparity 2.7

Auction Access Rate 24.39% 15.65% Auction Access Rate Disparity 1.56
Number of Auction Records 102,729 22,953 Auction Record Disparity 4.48
Average Auction Price 0.7 0.4 Auction Price Disparity 1.75

Average Number of Auctions 101 6.1 Auction Count Disparity 1.66
Auction Total Sales 9.8 x 10* 1.3 x10* Auction Price Disparity 7.54

The table lists the gender bias metrics explored in this study and their magnitude.

Table 2 | Definition of gender-neutrality and gender-balance hypotheses

Name Definition

Expected women representation

Gender-neutrality

Artists have gender-independent, equitable access to representation

The fraction of exhibiting women artists (36.54%)

Gender-balance

50/50 parity of men and women in population and representation

The fraction of women in the population (50%)

neutral criteria. We find that artists with high prestige are more likely to
be labeled as co-exhibition man, and co-exhibition gender tends to
remain stable over an artist’s career. Finally, we build a logistic
regression model to predict an artist’s access to the auction market,
finding that co-exhibition gender has a stronger association with
access to the auction market than artist’s gender.

Results

Gender inequality in artist population and access to exhibition
To begin, we identify gender differences in the number of artists and
exhibitions. This initial overview provides context for the more
nuanced analysis which follows and empowers us to capture institu-
tional standpoint of gender imbalances in the art world. Our sample of
65,768 artists contains 41,738 men and 24,030 women, which corre-
sponds to 1.74 men artists for every women artist (Fig. 1a, Table 1). This
ratio captures the inherent population disparity, an elementary and
widely explored evidence of gender imbalance>*®. However, popula-
tion disparity reflects only one dimension of gender inequality.
Another important metric is the exhibition disparity, which focuses on
an artist’s access to exhibition opportunities. We found that men
artists were exhibited 662,571 times, in contrast to women artists who
were exhibited only 355,506 times, resulting in an exhibition gender
ratio of 1.86 (Fig. 1a, Table 1). This exhibition disparity is higher than the
population disparity, indicating not only that men artists outnumber
women artists, but that men artists get more access to exhibition
opportunities than expected based on their presence in the artist
population.

Taken together, these results support previous observations
relying on fragmented or local data, used by art theorists, activists, and
artists to urge institutions to acknowledge and address gender
imbalance** %", These data further document a persistent gender
imbalance both in terms of the number of exhibiting artists, and in
terms of access to exhibition and auction venues.

Gender-balance and gender-neutrality in art

Museums and galleries today are under tremendous professional,
community, and societal pressure to address the widespread gender
imbalance present in the art world. Operationally, however, this con-
versation becomes muddled, since there are many different criteria for
assessing gender equality in art. Here, we quantitatively explore our
progress under two criteria: (1) gender-neutral hypothesis, i.e., the
expectation that all artists, independent of gender, should have the
same equitable access to exhibition opportunities (Table 2); and (2)

gender-balance, i.e., the important but different goal of achieving a 50/
50 gender ratio in both population and representation in art (Table 2).
Critically, gender-balance and gender-neutrality are two different
objectives, which require different metrics and different kinds of
interventions. Gender-balance, which aims for gender parity (50/50) in
the artist population and representation, is a primary goal towards
which the art community should and does strive. Achieving it requires
a strategy with a longer time horizon, including investment in art
education, balanced or affirmative enrollment in art programs, and
most importantly, career-nurturing programs that help reduce the
dropout of women artists, the root of gender-imbalance in many
professions®. In contrast, gender-neutrality represents a more
immediate goal of offering equal opportunities to all currently exhi-
biting artists, independent of their gender. Hence, gender-neutral
representation could be achieved over shorter timescales, by engaging
with the current gatekeepers of access, like curators, collectors, and
directors at museums and galleries, offering them the metrics and
structural insights to empower them to offer balanced representation.

Ultimately, the two goals are intertwined: to achieve a sustainable
50/50 gender ratio in exhibitions and auctions (gender-balance), it’s
not sufficient to focus only on the artist population, but we must
correct the institutional forces that affect gender-neutrality and inhibit
equal exhibition and auction access to women and men. While in
recent years, enrollment in many art schools has achieved gender
parity>*, the representation of those graduates is not 50/50, indicat-
ing a lack of institutional gender-neutrality in the art world. Yet, a
gender-neutral objective alone has its limitations: it freezes the current
status quo, and while it may improve access to exhibition opportu-
nities for the currently practising women artists, it is only a step
towards, but not a guaranteed path to gender-balance. In the follow-
ing, our goal is to independently explore gender equality in art in terms
of both gender-balance and gender-neutrality, asking how well the
institutions that support the art world do in terms of these two criteria.

Institutional representation inequality

Inequalities in the institutional representation of artists are revealed by
the extent to which the gender ratio of an institution’s list of exhibi-
tions deviates from the baseline composition of the artist population.
As only 36.54% of contemporary exhibiting artists are women (Fig. 1a,
Table 1), the active artist population is highly gender-imbalanced. A
gender-neutral institution, which offers equal access to all exhibiting
artists, must therefore devote 36.54% of their exhibitions to women
artists. In contrast, a gender-balanced institution strives for a 50/50
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representation, independent of the gender composition of the artist
population. It is important to clarify that the definitions of gender-
neutrality and gender-balance are based on statistical observations of
outcomes, and are not meant to infer the factors used by institutions in
their decision-making practice when selecting artists for exhibition.

Both gender-balance and gender-neutrality can be mathemati-
cally conceptualized with a two-tailed binomial hypothesis test, mea-
suring the deviation between the observed proportion p; of exhibitions
by women artists in institution i and the null hypothesis of po. In both
cases, an institution is assumed to be independently drawing their
exhibitions from a universal pool of artists with replacement. Gender-
balance implies po = 0.5 (50% of the exhibitions are of women artists),
while the gender-neutral goal corresponds to po = 0.365 (corre-
sponding to the current fraction of 36.54% contemporary women
artists). Using the recorded number of exhibitions n; as the sample size
for each institution, the binomial test’s Bayes Factor (BF) is used to
categorize each institution i into one of four possible categories (see
“Methods” for details). We define a gender as overrepresented in an
institution when the observed proportion of exhibitions featuring
artists of that gender deviates from the reference proportion po in a
given direction.

Institutions can therefore be classified into four categories. Man-
overrepresented institutions (p; < po) are those where the observed
proportion of exhibitions featuring women artists falls below the
reference proportion po, while woman-overrepresented institutions
(p: > po) are those where it exceeds po. Gender-neutral or Gender-
balanced institutions are those for which the observed proportion of
women artists is close to the reference proportion (p; = po). Finally,
uncategorized institutions are those for which the Bayes factors do not
provide sufficient evidence to support any of the above classifications.
We find that under the gender-balanced criteria, 12,489 institutions are
uncategorized while under gender-neutral criteria, 11,493 institutions
are uncategorized. Unless noted otherwise, we ignore these uncate-
gorized institutions in our analysis.

Due to the heavy-tailed nature of the exhibition distribution'®, the
uncategorized institutions account for only 27.64% and 19.85% of all
exhibitions under the gender-balanced and gender-neutral criteria
respectively, and therefore represent a minor contribution to most
artists’ careers.

We find that 57.80% of the art institutions are gender-neutral, but
only 24.46% of the art institutions are gender-balanced (Fig. 2a). Under
the gender-neutral criteria, 23.58% institutions are man-
overrepresented and 17.62% institutions are woman-overrepresented
(Fig. 2a). In contrast, under the gender-balanced criteria, 72.19% insti-
tutions are man-overrepresented and only 3.35% institutions are
woman-overrepresented (Fig. 2a).

Under the gender-neutral criteria (Fig. 2a), we find that a higher
fraction of museums than galleries are gender-neutral (69.10% of muse-
ums vs 51.60% of galleries). Moreover, galleries show a stronger positive
bias towards men artists (1541 man-overrepresented vs 929 woman-
overrepresented), while museums are split between man-
overrepresented (401) and woman-overrepresented (463). Under the
gender-balanced criteria, we again observe that a higher fraction of
museums are gender-balanced compared to galleries (27.77% vs. 22.76%),
with strong statistical support for this difference (Bayes Factor
9.95 x10°). In contrast, we observe that a higher fraction of galleries than
museums embrace women artists when evaluated using the gender-
neutral criteria (3.76% vs. 2.55%). This points to a small but noteworthy
subset of galleries that actively support the careers of women artists.
However, the corresponding Bayes Factor of approximately 2.82 pro-
vides only weak to moderate evidence for this difference.

Figure 2d shows the number of men and women exhibitions for
100 prominent institutions worldwide, plotted alongside the decision
boundary for the gender-neutral and gender-balanced criteria based
on the binomial test. The figure indicates, for example, that MoMA

(The Museum of Modern Art) is gender-neutral (BF: 0.108) but man-
overrepresented (BF: 4.229 x 107) under the gender-balanced
hypothesis; Whitney Museum of American Art is woman-
overrepresented (BF: 4.518) under the gender-neutral criteria but
man-overrepresented (BF:10.697) under gender-balanced criteria; and
the Albertina is woman-overrepresented under both gender-neutral
(BF: 45828.026) and gender-balanced (BF: 4.400) criteria. A similar
classification for countries/regions (Fig. 3b, c) reveals that most
countries/regions are man-overrepresented under the gender-
balanced criteria. However, under the gender-neutral criteria (Fig. 3a,
c), we can identify woman-overrepresented exhibition patterns in
Austria (BF: 107), Sweden (BF: 3.660 x 10%*), Finland (BF: 6.183 x 10%?),
etc., and we find that United States (BF: 4.344 x 10%), Germany (BF:
2.353 x 1077), United Kingdom (BF: 0.027) etc. are characterized by
gender-neutral exhibition patterns.

We next consider how institutional representation inequality
varies with the institutional prestige. In the visual arts, reputation and
networks of influence play an important role in determining access to
resources and rewards. Here, we adopt a network-based measure of
institutional prestige derived from the artist co-exhibition network, a
directed weighted network connecting two institutions if an artist
exhibits in the source institution before exhibiting in the target
institution'. Specifically, the eigenvector centrality of an institution in
the co-exhibition network correlates strongly with both expert
assessment of institutional prominence and the average auction price
of the exhibited artists, empowering us to assign a prestige score to all
art institutions in our dataset’. To reveal the relationship between
institutional prestige and gender representation inequality, we group
institutions into three prestige categories: low prestige (lower than
40th percentile of all institutions), mid prestige (between 40th and
70th percentile) and high prestige (higher than 70th percentile). We
find that under the gender-neutral hypothesis, the fraction of man-
overrepresented institutions increases with the institutional prestige,
while the fraction of woman-overrepresented institutions decreases
(Fig. 2b). The effect is particularly strong under the gender-balanced
hypothesis: while only 67.06% of the low prestige institutions are man-
overrepresented, 80.20% of the high prestige institution are in this
category (Fig. 2c). We also find that the percentage of woman-
overrepresented institutions is tiny (between 1.41%-5.30%) in all three
prestige categories (Fig. 2c). These results are robust to the specific
number and placement of the prestige bins, and are qualitatively
replicated on the subset of institutions with expert prestige scores
(Supplementary Information S2.5, Supplementary Information Fig. 6).

To offer an overview of the distribution of institutional inequality
across the whole institutional space, in Fig. 4a we show the art insti-
tution network'®, whose nodes are the museums and galleries, con-
nected to each other if they exhibit the same artists in a statistically
significant number. The network is laid out using a force-directed
algorithm, that tends to place close to each other directly linked
institutions, and helps uncover densely connected communities. We
colored each node to capture the respective institution’s gender
inequality  status:  man-overrepresented (blue),  woman-
overrepresented (red), and gender-neutral (gray). The emergence of
clusters dense in blue or red nodes is evidence of inequality-based
assortativity, indicating that institutions with comparable gender
representation tend to be connected to each other, often exhibiting
the same artists.

To better illustrate this, we also show a case study on the sub-
graphs of several European countries: Germany, Austria, France, Spain,
and Portugal (Fig. 4b). The sub-graph illustrates the regional differ-
ences: Germany and Austria have more woman-overrepresented
institutions while France, Spain, and Portugal have more man-
overrepresented institutions. It also captures clusters based on gen-
der representation within a region: for example, we can see that
woman-overrepresented institutions in Austria are close to woman-
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woman-overrepresented institutions in Austria are close to woman-
overrepresented institutions in Germany, while the few man-overrepresented
institutions in Austria are closer to the other countries. For more details about
network assortativity see Supplementary Information S1.2.

overrepresented institutions in Germany, while the few man-
overrepresented institutions in Austria are more close to man-
overrepresented institutions in other countries. To quantify the mag-
nitude and significance of this gender-representation assortativity, we
calculate the percentage of weighted outgoing links to institutions
with each gender representation under the gender-neutral criteria. We
find that man-overrepresented institutions connect to other man-
overrepresented institutions more than expected by institutions ran-
domly connected to each other, 43.7% compared to the random
baseline of 23.58%. Similarly, woman-overrepresented institutions
connect to other woman-overrepresented institutions more than
would be expected by institutions randomly connected to each other,
25.1% compared to the random baseline of 17.62% (Supplementary
Information S1.2). The institutional variability in assortativity can be
captured using a measure of multi-scale assortativity** (Supplementary
Information S1.2), which further illustrates the extent to which gender-
representation shapes the connectivity of the co-exhibition network.

In summary, we find that institutions vary widely in terms of their
ability to establish a gender-neutral or gender-balanced exhibition
schedule. Among categorisable institutions, 57.80% are gender-neu-
tral, embracing a list of exhibitions that mirror the gender mix of the
artist population. The institutions fare worse in terms of gender-bal-
ance, the majority of institutions displaying man-overrepresented
exhibition patterns. Overall, museums are more likely to be both
gender-neutral and gender-balanced than galleries. At the same time,
we do observe the emergence of a small number of galleries that
strongly embrace and promote women artists. Finally, we find that the
proportion of institutions characterized by gender-balance and
gender-neutrality varies with the prestige of the institutions: the higher
the prestige, the institutions’ exhibition patterns are more biased
towards men artists.

Co-exhibition gender of artists

We next explore the relationship between institutional gender repre-
sentation inequality and artists’ careers. For this, we assign to each
artist with more than 10 exhibitions a co-exhibition gender under the
gender-neutral criteria for institutional gender representation (see
Supplementary Information S2.2 for a similar analysis under gender-
balanced criteria), to reflect the dominant co-exhibition community an
artist exhibited in: an artist is labeled as co-exhibition woman (co-
exhibition man/co-exhibition neutral) if the artist’s exhibition history
contains an over-representation of woman-overrepresented (man-
overrepresented/gender-neutral) institutions compared to what we
would have expected if the exhibition institutions were selected at
random (formal definition in “Methods” section). For 47.8% of men
artists and 49.3% of women artists, the co-exhibition gender agrees
with the artist’s gender. At the same time, 19.6% of women artists are
labeled as co-exhibition man, 19.7% of men artists are labeled as co-
exhibition woman, and about 32% of all artists from both genders are
labeled as co-exhibition neutral (Fig. 5a). If we consider the relation-
ship with an artist’s individual prestige (calculated as the average
prestige of the institutions that exhibited the artist), both man and
woman artists with high prestige are less likely to be labeled as co-
exhibition woman (Fig. 5b).

How stable is an artist’s co-exhibition gender designation, i.e.,
does it change throughout an artist’s career? For this, we compare the
co-exhibition gender of an artist’s first 5 exhibitions to the co-
exhibition gender of the artist’s last 5 exhibitions. Figure 5c shows the
fraction of artists labeled using their early-career exhibitions (rows)
and then using their late-career exhibitions (columns), both under the
gender-neutral criteria (same analysis on gender-balanced criteria see
Supplementary Information S2.2). We find that the highest density lies
on the matrix diagonal, indicating that for all three categories (co-
exhibition man, co-exhibition woman, and co-exhibition neutral) there
is co-exhibition gender lock-in. In other words, the early co-exhibition

Nature Communications | (2026)17:6026


www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-026-71470-4

e Co-exhibition Man b o Co-exhibition Man
a e Co-exhibition Woman o Co-exhibition Woman C
Co-exhibition Neutral ® Co-exhibition Neutral
Man Woman g =

o n o B B L ES

S %5070\./‘ 50 853 22% 24%

c c c o=

8§ a0 & g0

I~ o 40 — 40 — Ox

|22] %] =0 %

c C ol

= 30 — = E5E

) ) 30 — 30 E<) & §

B B &°

£ . £ o0 - 20 O =

< < ~o >t 10% 18%
e o H ég

= 10 — = 10 — 10 | w o

© © © Co-exhibit Co-exhibit Co-exhibit
& 0 — 8 0 ‘ ‘ — 0 ‘ ‘ “ Man Woman Neutral

Man Woman Low Mid High Low Mid High Late Co-exhibit Gender

d Low Prestige Mid Prestige High Prestige

gt

c T3

& 5= 23% 21% 25% 26% 24%

-

g2

8 %c

c ?9

55

Q =

O 2

z 58

g ¢

w o

o 7% 12% 10% 20% 11% 21%

Co-exhibit
Man

Late Co-exhibit Gender

Co-exhibit
Man

Late Co-exhibit Gender

Co-exhibit
Woman

Co-exhibit
Neutral

Fig. 5 | Co-exhibition gender of artists under gender-neutral criteria. a Fraction
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different career prestige. ¢ Transition probability of early co-exhibition gender to
late co-exhibition gender based on the gender-neutral criteria. d Transition prob-
ability of early co-exhibition gender to late co-exhibition gender based on the
gender-neutral criteria for artists with different career prestige.

gender label of an artist tends to match the late co-exhibition gender
label. Overall, co-exhibition man artists have the highest lock-in
intensity: 73% of initially co-exhibition men artists remain co-exhibition
men, while only 54% of co-exhibition women artists and co-exhibition
neutral artists maintain their initial label. The strength of this co-
exhibition gender lock-in decreases slightly with an artists’ career
prestige (Fig. 5d), yet even at high prestige only 11% of co-exhibition
man artists transition to co-exhibition woman. Furthermore, the per-
centage of co-exhibition men artists that change their co-exhibition
gender is less than co-exhibition women and co-exhibition neutral
artists, indicating that the path towards high prestige institutions goes
through man-overrepresented institutions.

Gender disparity in auctions
Sales, both in the primary (galleries) and the secondary (auctions)
market, and the resulting valuation of an artist’s work, is a frequently
used measure of artistic success. While gender disparity has been
extensively documented in auction sales'>>>*, it is unclear if its
degree reflects the gender disparities already present in the artist
population and exhibition patterns, or represents additional dimen-
sions of gender disparity. To address this question, we linked the
exhibition record of each artist to his/her auction records (if any),
allowing us to explore the degree to which gender disparities in the
artist population and exhibition patterns translate to gender disparity
in auction sales.

We find that 10,179 men and 3761 women artists recorded at least
one sale at auction (Fig. 6a, Table 1), revealing an auction population
disparity of 2.71, larger than the population disparity (1.74) and the

exhibition disparity (1.86). The gender gap is even more pronounced
when we inspect the number of auctioned items (records): of the
125,682 auction records, 81.74% are for art created by men artists
(102,729), reflecting an auction record disparity of 4.48 (Fig. 6a, Table 1).
Looking at total auction sales in volume (calculated using normalized
price), we found an auction sales disparity of 7.54 (Fig. 6a, Table 1).

Combining exhibition and auction records allows us to explore
the rate at which artists transition from exhibitions to auctions. We find
that 21.83% of the artists that exhibit have at least one recorded auction
sale, an aggregate rate that favors men artists: 24.39% of the exhibiting
men artists transitioned to auction, in contrast with only 15.65%
women artists. The number of auctions and the auction prices are also
biased towards men artists (Table 1): on average men artists have 1.66
times more auctions than women artists (10.1 vs 6.1) and command a
1.75 times higher auction price (0.7 vs 0.4, normalized). Taken toge-
ther, these numbers indicate that the auction process does not simply
mirror the observed gender imbalance in terms of the artist population
or exhibition patterns, but exacerbates that, representing a new
dimension of gender disparity.

The relationship between institutional representation inequal-
ity and auctions

Most importantly, the auction market dynamics allow us to quantify
the relative importance of the different variables that correlate with
the access to the auction market, helping us to gain a deeper under-
standing of gender and co-exhibition representation inequality. To
achieve this, we built a series of logistic regression models (see Table 3)
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enters auctions. ¢ Access rate vs exhibition count per year, indicating that the
higher the exhibition count per year, higher the chances that of the artist enters
auctions.

to predict the probability P(a; =1) that artist { transitions to the auction
market, first given only his/her average exhibition count per year, and
career length in Model 1. Then, in Model 2, we add the artists’ gender,
and in Model 3 the co-exhibition gender under gender-neutral criteria.
For the gender and institutional gender variables, we employed a
dummy-encoding with a baseline value of man and man-
overrepresented respectively. Finally, in Model 4, we combine the
artists’ gender and co-exhibition gender through an interaction term.
Details of the logistic regression model can be found in Methods.

Rather than predictive ability, our focus here is on the relative
importance of each variable measured by the odds ratio.

The model suggests a notable association between the number of
exhibitions per year and career length with the likelihood of entering
the auction market, showing that artists that are frequently exhibited
and/or have a long career are more likely to enter the auction market,
which is in line with the trends seen in Fig. 6b, c.

The addition of artist gender into Model 2 reduces the Bayesian
Information Criterion (BIC), a general measure of goodness of fit based
on the log-likelihood discounted by the number of parameters used in
the model, indicating a model improvement. The artist’s gender has a
modest effect on auction access and reveals the different roles gender
plays: the woman’s odds ratio is 0.634 (coefficient: —0.456, p value:
p < 0.001, 95% confidence interval of coefficient: [-0.526, —0.385]),
indicating that the probability a woman artist enters the auction
market is 0.634 times that of a man. Consider, for example, man artist
A and woman artist B (Table 4), both with a career length of 11 years
and 5 exhibits per year, and careers dominated by man-
overrepresented institutions, i.e., they are both co-exhibition man

artists. The model predicts that the man artist A will transition to the
auction market with probability 0.73 while the woman artist B transi-
tions only with probability 0.69, reflecting the trend of man artists
having more auction access.

In Model 3, we add co-exhibition gender, and found that the
model BIC is further decreased. Interestingly, the odds ratio of co-
exhibition woman is 0.389 (coefficient: -0.945, p value: p < 0.001, 95%
confidence interval of coefficient: [-1.033, -0.856]), indicating that the
probability to auction an artist labeled as co-exhibition woman is 0.428
times that of a co-exhibition man. This number is lower than the odds
ratio for gender woman, which is 0.832 (coefficient: —0.184, p value:
p < 0.001, 95% confidence interval of coefficient: [-0.260, —0.109]).
This difference in magnitude suggests that co-exhibition gender has a
stronger correlation with the access to the auction market than the
artists’ gender. To illustrate the effect of this difference, consider a
comparison between artist A introduced above who is co-exhibition
man and artist C, fully matched to artist A but with a co-exhibition
woman designation (Table 4): while artist A has a 0.73 probability of
transitioning to the auction market, artist C has a transition probability
of only 0.52. Overall, the odds ratios suggest that the gender-
representation of institutions embracing an artist’'s work is a stron-
ger indicator of the likelihood that an artist will transition to the auc-
tion market than the gender of the artist.

Finally, we explore the interaction of gender and co-exhibition
gender in Model 4. This model has similar BIC as Model 3, indicating we
gain little predictive power by increasing the model complexity.
However, the odds ratio for interactions between gender and co-
exhibition gender are noteworthy. A woman labeled as co-exhibition
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Table 4 | Predicted auction access probability using logistic
regression given the artists profile of three hypothetical artist
A, B C

Artist A B

Exhibition Count Per Year 5 5 5
Career Length n n n
Gender Man Woman Man
Co-exhibition Gender Man Man Woman
Predicted Probability 0.73 0.69 0.52

woman has an odds ratio of 0.321 (coefficient: -1.137, p value:
p < 0.001, 95% confidence interval of coefficient: [-1.24, -1.033])
compared to a man labeled as co-exhibition man, yet this doubles to
0.754 (coefficient: —0.283, p value: p < 0.001, 95% confidence interval
of coefficient: [-0.42, -0.146]) when the woman artist is labeled as co-
exhibition man. In other words, simply changing the community in
which the artist associates is linked to a doubling of her chances of
gaining access to the auction market.

Multiple model variations including the artists’ prestige, nation-
ality, and medium command similar patterns (Supplementary Infor-
mation S2.4). Taken together, our results indicate that the institutions
which act as gatekeepers for the auction market show gender imbal-
ance, and their gender representation inequality correlate with the
valuation of the artists they embrace, independent of the gender of the
artist.

Discussion

In the 2Ist century, our society continues to struggle with gender
imbalance and its implications—from business to science, men out-
number women, often dramatically”>*%, Art is no exception, classical
art (19th century and before) being represented by virtually all men,
and contemporary art continues to struggle with gender-balance
despite considerable efforts to acknowledge and correct it*’.

In this work, we explored institutional gender inequality using a
comprehensive dataset of artist exhibitions and auctions. We find that
36.54% of the contemporary, active artists are women, a number often
quoted as the evidence of gender imbalance in art. An additional
gender disparity emerges if we inspect the opportunities offered to the
practising artists, resulting in an exhibition gender ratio of 1.86, indi-
cating that practising men artists are offered disproportionately more
exhibition opportunities than practising women artists. The gender
disparity is particularly dramatic in the secondary auction market
(Table 1), indicating that art produced by men are seen as more
valuable.

Controlling for the inherent population differences allowed us to
quantify the extent to which individual institutions exhibited artists of
a gender, showing overrepresentation of men artists for many (but not
all) galleries and museums, especially for high prestige institutions.
Surprisingly, we find that artist’s co-exhibition gender has a stronger
correlation with the access to the secondary market than the artist’s
gender, suggesting that there might be relationship between institu-
tional gender inequality and the auction market.

Our work opens directions for future research into potential
interventions that may address the gender inequalities in the art world.
For example, in education and academe, evidence-based training has
been shown to reduce individual stereotyping and implicit bias**°.
Due to the documented network constraints in artistic careers, these
interventions may have propagating influences beyond target institu-
tions which would enhance their effectiveness. Our findings on gender-
representation lock-in also suggest that potential interventions offer-
ing greater resources or opportunities to exhibit early in an artist’s
career may have compounding influences.

It is important to emphasize that these measures reflect emergent
properties of the art world as an interconnected system, synthesizing
the result of millions of local decisions by curators and museum and
gallery administrators, made in the momentary best interest of their
institutions. We think that awareness of these emerging outcomes are
necessary for institutions to revisit their decision process, allowing
them to rely on the proposed metrics to revise and guide their future
policies. Specifically, given the clustered structure of the artist’s co-
exhibition network (Fig. 4, Supplementary Information S1.2), there
may be interesting local patterns in institutional representation
inequality which may be revealed by conditioning institutional repre-
sentation on country-specific, temporal, community, or prestige rele-
vant gender ratios of the artist population. Reconstructing the co-
exhibition network based on artist-nodes may facilitate more nuanced
analysis of differences between galleries and museums on artists’
careers, and would empower an ego network analysis of different
exhibition patterns®. We want to emphasize that while our methods
contribute towards a quantitative understanding of the gendered
representational differences in art, they are not designed to identify
the specific policies and decisions which create and perpetuate the
barriers to representational equality. Nonetheless, we believe our
analysis has practical implications for museum administration, cultural
policy, and philanthropy, offering a quantitative framework to diag-
nose the extent and the nature of the biases they face, and help them
design appropriate policies to address them.

We must acknowledge some of the limitations of our work. First,
while the exhibition data used in this study is extensive in both scale
and coverage, it still offers an incomplete record, particularly when it
comes to less prominent institutions and geographical regions (see
data limitations discussed in “Methods”). Indeed, the observed gen-
der representation inequality (or its lack of) for some institutions
may be rooted in incomplete data. There is a need, therefore, for a
community effort to reconstruct the exhibition history of all artists
and institutions, independent of their perceived importance or
prestige. Extending our data to include expert curated biographies
could facilitate the application of more advanced gender identifica-
tion tools*. Additionally, we believe that the source of the institu-
tional inequality cannot be fully understood without data on the
curators and collectors, who are the driving force behind art collec-
tion, exhibition and auction, and often drive the behavior of galleries.
Such data, if it were to become available, would enable us to analyse
the artistic ecosystem in a more holistic way. Second, in this work, we
assign most artists a binary gender using genderize.io, which has
different coverage rate of names across ethnicity. Additionally,
artists may affiliate across a spectrum of gender identities, prompt-
ing many artists to examine, question, and criticize the relationships
between gender and society*”. While non-binary gender may also
affect artistic success, we lack an aggregated database of artists to
accurately infer non-binary gender information at scale. However, we
believe that our work provides the statistical framework that can be
combined with additional data to analyse inequalities impacting
more fluid gender identifies. Third, the present study focuses on the
exhibitions of contemporary, active artists. However, an equally
important issue is the historical gender inequality, crystallized within
institutional legacy collections and the consequential imbalanced
exposure for museum visitors’. Fourth, to ensure the robustness of
our classifications, we excluded cases where the Bayes Factor fell
within the ‘anecdotal evidence’ range (1/3 < BF < 3), as these values
provide insufficient support for determining gender representation
differences. While this approach reduces ambiguity, it results in
some institutions remaining uncategorized due to insufficient sta-
tistical evidence. Finally, while our analysis is limited to the signal
associated with gender, there is a need for an equally important data-
driven analysis on the role of ethnicity and non-binary gender
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categories, helping us unveil the institutional practices that affect the
career of all minority participants in the art space.

We must also acknowledge some of the severe limitations of the
gender-neutral approach: it ratifies and reinforces the structural
inequities that created those gender imbalances to begin with. While
gender-neutrality may seem a tempting and defensible institutional
goal, it becomes a reflection of the inequities of society. Under the
guise of fairness, it embeds discrimination into institutional practice,
hence achieving gender-neutrality does not eliminate the potential
need for affirmative action. Ultimately, gender equity in art would be
reflected both in equal representation (equal populations, number of
gallery and museum exhibitions, access to auctions, and auction sales),
and gender-neutral movement and selection criteria such that artist
careers are not additionally encumbered based on gender. The sta-
tistical and network-based frameworks that we introduce here address
both concerns, revealing the levels of representational equality pre-
sent in individual institutions, and allowing communities of institu-
tions to jointly reflect on how inequality emerges from their collective
behaviors.

Whatever conclusions are drawn from the diagnosis of an insti-
tution’s exhibition pattern, and whatever the institution defines as the
desirable goal in terms of gender, the challenge will remain to establish
institutional strategies and decision-making guidelines that will get all
institutions to a more desirable place. These strategies would need to
be translated to transparent policies and efforts to successfully
represent these in the court of public opinion. In other words, it is not
sufficient in the long run to quantify the existing imbalances, raising
awareness of their existence and extent, but such an analysis needs to
be followed with steps to address the appropriate ethical, adminis-
trative, and political dimensions of the issue. Taken together, our
results suggest that to establish gender equality in art, it is not enough
to only focus on enhancing the number of women artists, we must also
break down the strong institutional representation inequalities which
is related to artist mobility between institutions based on the artist’s
gender.

Methods

In this section, we provide details of the methods in this work. This
research has obtained an exempt review from the Institutional Review
Board (IRB) of Northeastern University with number IRB #: 22-08-10.

Data

Data description. Our dataset was collected by Artfacts.net (a leading
data company operating in the art market) and pricing information
was collected from magnus.net (a company focused on pricing data in
the art market). It combines information on artists’ exhibits, auction
sales, and primary market quotes, extending the information available
on websites such as Artnet or Artprice.

To collect data on art exhibits, Artfacts.net first identified insti-
tutions worldwide, using: (i) online aggregators, such as www.
artforum.com, www.index-berlin.de, and www.chelseagallerymap.
com, (ii) art institutions associations websites, like www.artdealers.
org, and (iii) art fairs websites, such as www.artbasel.com. For each
institution, they then collected the information listed on their websites
on all past exhibits. For each exhibit, they recorded the name of all
exhibited artists, the date at which it occurred, and the geographic
location where it took place. They also collected information on artists
birth date, city of origin, gender as well as death date in case of non-
living artists. The full exhibition dataset includes 787,473 art exhibi-
tions at 23,570 institutions across 143 countries, and the dis-
ambiguated exhibition history for 496,354 artists. Note that in our
work, we count exhibitions from the perspective of artist careers, such
that if an exhibition involves multiple artists, we count it once for each
artist equally (independent of the number of pieces/time exhibited).

Auction data is obtained by collecting all past transactions listed
by the largest auction houses, such as Sotheby’s, Christie’s, or Phillips,
as well as auction price aggregators. We have 3,257,886 auction
records for the same time period. Each auction sale is characterized by
its date, its realized price (converted to 2013 USD), the name of the
artist, the name of the auction house and the artwork media. More
information about data collection and validation can be found in
Fraiberger et al., and their online Supplementary Information'e.

Gender identification. The original data contain expert curated gen-
der information for 207,392 artists (130,848 men and 76,544 women),
covering about 41.78% of the total population. To identify missing
gender information, we use the tool genderize.io, a publicly available
service which identifies the likely gender based on first name. Using
genderize.io, we identified an additional 158,664 men artists and
105,741 women artists, giving a total of 471,791 artists with gender
assignments (289,512 men artists and 182,285 women artists), covering
about 93.04% of the total population in the dataset. For the analysis, we
excluded 24,557 (4.95%) artists for whom we could not infer a gender
because the name had an ambiguous gender (probability < 0.6) or was
not included in the database.

Data pre-processing. Since our focus is on the evolution of artists’
careers, for quality control, we filtered out those artists whose career
started after age 50, or before age 18, resulting in 86,894 artists. The
utility of this filter assumes that artists from antiquity would appear to
start their careers late in life (i.e., after 50) because our data coverage
before 1990 is sparse. We also filtered out exhibitions and auctions that
occur before an artist’s adulthood (age 18), suspecting data incor-
rectness for those records. Finally, we select contemporary artists
whose careers start their exhibitions on and after 1990, resulting in our
final 65,768 artists. After these filters, we end up with 65,768 artists
participating in 1,018,077 exhibitions at 20,389 institutions worldwide
and 125,682 auction records.

To account for the increasing price of auctions over time, we
normalize each sale price by the annual average auction price, allowing
us to compare artworks across artists and time.

Data limitations. It is important to acknowledge several limitations to
the dataset. The genderize.io gender identification algorithm
employed here has a low coverage rate for Asian names, meaning that
we may be unable to identify the gender of Asian artists, and thus our
sample may underestimate artist participation from East Asian coun-
tries. Furthermore, first name based gender identification ignores the
fact that gender is a spectrum. Yet, we argue that this simplification
allows us to capture large-scale statistical features of institutional
gender bias in the art world.

Since the exhibition data is collected from each institution, it may
reflect a biased coverage towards the more established institutions
with more effort in digitization. This may translate into incomplete
artist careers if the artists exhibited at institutions not covered by the
dataset, although, the missing institutions would likely be small and of
lower prestige. The data may also more accurately cover recent exhi-
bitions due to the growing prevalence of digitized access to exhibition
data. Additionally, we notice that based on Fig. 1b, ¢, both the men and
women curves peaked in 2006 for population and 2010 for exhibition.

There is a potential that our data is more well covered for the
Western art world such as in United States and Germany. As a further
check on the coverage of our data, we manually collected the artist
exhibition data for all active Hungarian institutions*. Of the identified
640 Hungarian institutions, 82 appear in our dataset, resulting in a
coverage rate of 12.81%, indicating a relatively low coverage in smaller
institutions. However, of those 82 institutions, we cover 75% of the
exhibition records. Additionally, those unmatched 558 institutions
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capture only 54% of the exhibitions, indicating that the matched
institutions are in generally large and prestigious institutions. Indeed,
we see that among the top 20 largest institutions, we have a 70%
coverage rate.

Determine institutional representation inequality

To categorize each institution based on the representation of exhib-
ited artists, we employ a binomial hypothesis test on the fraction of
women exhibitions. We first conduct the two-tail binomial test on Hy:
p = po (gender-neutral or gender-balanced) and Hy: p # po. We then
calculate the Bayes Factor BFj, for each hypothesis.

If BFj, <1, we categorize the institution as gender-neutral or
gender-balanced. If  <BF}, <3, it indicates that there is not sufficient
evidence for either hypothesis, we exclude this institution for the
analysis.

If BF}, >3, we then determine whether an institution is women-
overrepresented or men-overrepresented. Let’s assume we have an
institution where p < po, and we want to test whether we have enough
evidence to confirm it's men-overrepresented. Then the two hypoth-
eses are Hy: p = po and Hy: p < po. We calculate Bayes Factor BFll0 for the
above two hypotheses. If BBF], >3, then we can categorize this insti-
tution as men-overrepresented. Otherwise, this institution is excluded
from further analysis. We only need to flip the sign of H; for women-
overrepresented.

For all Bayes Factor calculations in the main analysis, we adopt a
default prior of Beta(l, 1), representing a uniform distribution over the
proportion p and reflecting the absence of prior information. To assess
the robustness of our classifications, we repeat the analysis using
alternative priors: Beta(0.5, 0.5), which places greater weight on
extreme values of p, and Beta(2, 2) which mildly favors central values.
Across these specifications, the results remain qualitatively consistent,
indicating that our findings are robust to reasonable changes in prior
assumptions. Full details are provided in Supplementary Information
Section S2.5.

Co-exhibition gender assignment

The co-exhibition gender of an artist is assigned as the dominant
institutional gender representation inequality of his/her exhibited
institutions, based on the gender-neutral or gender-balanced criteria.
Specifically, we measure the percentage of type a institutions in an
artist’s exhibition career (p,), where @ € {woman-underepresented,
man-underepresented, neutral or balanced}. We compare p, against
the expected percentage pf, of each type a of institution if it was
selected at random. We then calculate the relative difference between
po and ph, and find the the category a with the largest relative differ-
ence:

Pa — PZ(
—
a

a e{woman — underepresented, @
man — underepresented,

neutral or balanced}.

a =argmax,

Then we assign co-exhibition gender to the artist based on a. If @ is
woman-underepresented/man-underepresented/neutral or balanced,
we consider this artist as co-exhibition man/co-exhibition woman/co-
exhibition neutral or balanced.

In the main paper, we only showed results of co-exihibition gen-
der categorized under the gender-neutral criteria. For results under
gender-balanced criteria, see Supplementary Information S2.2.

Logistic regression on auction access
To build the logistic regression model to predict the artists’ access to
the auction market based on their exhibition history, the data was first
pre-processed following these two steps:

* For numerical features (number of exhibitions and the career
length), we took the logarithm of the values and applied min-max
normalization on the features.

* For categorical features (such as gender, co-exhibition gender and
prestige), we represented the values using dummy encoding,
where the baselines are Man, Co-exhibition Man and High
prestige, respectively.

The logistic regression model is then fitted on the processed data
using Python package statsmodels*. For different variations of the
logistic regression models see Supplementary Information Sec-
tion S2.4.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The data necessary to replicate the research are available at Harvard
Dataverse under accession code https://doi.org/10.7910/DVN/
ZTWCZR*. Processed data about artist gender, exhibition, sales and
institution information are shared. Access to this dataset is restricted
to noncommercial use and research purposes only.

Code availability
The code to replicate the research can be found in the GitHub repo-
sitory https://github.com/Barabasi-Lab/artGender*.
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