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History of the Netherlands. Her dissertation focuses on the relationship between the urban fabric 
and artists� location choices within the city. Combining her training in digital methods at �� and art 
history at the University of Amsterdam, she uses digital tools to analyse archival sources and aims to 
visualise the development of the art market from a spatial perspective.

Abstract

�is article demonstrates how an expanding population of artists in the seventeenth- 
century Dutch Republic was connected artistically, and how such connections were 
translated into artistic innovations that fuelled the rapid �ourishing of Dutch arts and 
the art market. It does so by conceptualising and visualising an art-historical network 
of iconography that, for the �rst time, connects artists not through social relations but 
through shared subject matters. Using network analysis, this study revisits the de�ni-
tion of product innovations used by the socio-economic art historian John Michael 
Montias. It further demonstrates that painters� choices of subject matter, styles, and 
qualities were o
en unrelated while artists� thematic connections had little to do with 
their social relations and the location of their residence. Rather, the choices of subject 
matter were subject to market forces and rooted deeply in an artist�s ability, ambition, 
and marketing strategy. Lastly, this article visualises the artistic network implied in 
Rembrandt�s rivals by Eric Jan Sluijter, which helps explain the breakaway success of 
the Dismissal of Hagar paintings.
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From the late sixteenth century, the burgeoning population of painters in the Dutch 
Republic was responsible for producing an unprecedented quantity of painted material.�  
�e many studies dedicated to estimating just how many painters there were in the  
seventeenth century have mostly relied on inventories, museum holdings, and demo-
graphic databases.� �ey have all reached a similar conclusion: the number of painters 
grew at astonishing speed in the �rst half of the seventeenth century but declined equally 
quickly a
er mid-century, although the exact turning point is still under debate. However, 
it remains unclear how the painters that fuelled the meteoric rise of Dutch arts and the art 
market were connected either socially or artistically.

To explain this rapid �ourishing of both art and art market, scholars have followed two 
well-trodden paths. On the one hand, economic art historians have used market forces to 
account for the advent of new styles, techniques, and subject matters. John Michael Mon-
tias famously applied �process and product innovations� to understand the link between 
economics and style.� And yet, he did not specify what constitutes a new product or how 
the various features in paintings such as subject matter, painting technique, and quality 
relate to each other.� On the other hand, art historians try to discern connections among 
artists and artworks but o
en within a limited scale.� Although specialised studies on 

� �e growth of the painter population is discussed in Montias, �Estimates�; Woude, �Volume and Value�; Ras-
terho	, Cultural Industries,���-���; Li, �Innovative Exuberance�.
� Notable studies include Montias, �Estimates�; De Vries, �Art History�; Woude, �Volume and Value�; Montias, 
�Artists Named�; Bok, Vraag en aanbod; Bok, �Fluctuations in the Production of Portraits�; Rasterho	, Cultural 
Industries; and Li, �Innovative Exuberance�.
� Montias, �Cost and Value�; Montias, �In�uence of Economic Factors on Style�.
� Montias focused mainly on process innovation as a way to cut costs, but he did not specify what product 
innovation entailed. He mentioned that product innovations �generate either totally new products or products 
whose characteristics depart signi�cantly from those known in the past�, but did not elaborate on what makes a 
painting �new� or �departing from the past�. See Montias, �Cost and Value,� ���; Montias, �In�uence of Economic 
Factors on Style,� ��-��.
� �ey o
en focus on either a single artist or a small number of artists and their immediate circle. �e histori-
ography of the development of Netherlandish art is summarized in Sluijter, �New Approaches�.
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particular artists, subjects, or genres abound, these studies struggle to o	er a comprehen-
sive explanation of why certain subject matters were more popular over the rest, perhaps 
as a result of their limited scope.�

In confronting the limitations of both approaches, scholars have begun to use social 
networks to unveil connections among artists, combining socio-economic and art histor-
ical methodologies. A few small, in-depth studies that reconstructed the social networks 
of individual artists have yielded convincing results.� �ese studies, however, still take a 
descriptive approach and have yet to realise the analytical power o	ered by network analy-
sis in extracting and visualising information.� Recently, researchers have begun to develop 
methodological frameworks and have successfully embedded social network analysis on a 
larger scale within research on the art market.�

Art historians, however, tend to view any attempt to employ data-driven, quantitative 
analysis with scepticism, as it shi
s the focus away from the works of art. In some sense, 
they are, of course, correct to do so, because discerning relational patterns from a massive 
social network would indeed steer attention away from artworks and the core art historical 
interests � the evolution of style, iconography, and artistic innovation.�� Art history, there-
fore, requires a new network concept that foregrounds artworks while still being amenable 
to network analytics. �e recent exhibition Vermeer and the Masters of Genre Painting, 
held at the Louvre, the National Gallery of Ireland, and Washington�s National Gallery of 
Art, explored this idea by considering a network of skills and in�uences among a few genre 
painters.�� �is study, however, still su	ers from a lack of scale: it provides much informa-
tion about speci�c artists but lacks a comprehensive vantage point that goes beyond the 
immediate social circles of a few painters.

�is article seeks, therefore, to explicate artistic connections and their relations to artis-
tic innovation at a larger scale. It does so by developing a novel network in which artists 
are connected, for the �rst time, not through their social relations but through their artis-
tic ideas revealed in the subject matters of their works. As we shall see, this network of 
subject matters helps to reveal changes in artistic linkages through thematic choices, mir-
roring the market development. �is article will then investigate whether artists� social 
relations, active locations, and style and quality of their works in�uenced the choice of 
subject  matter. Lastly, this essay uses Rembrandt�s circle and his rivals as a case study to 
showcase how this method can help to explicate implicit networks inscribed in art his-
torical writings, and how the new insights explain the breakaway success of Dismissal of 
Hagar paintings, one of the most popularised scenes by Rembrandt and his circle. While 

� Exhibitions and studies on the visual connections within a genre are many, but to name a few: Sluijter, De 
�heydensche fabulen�; Sutton, Vergara, and Adams, Love Letters; Kol�n, �e Young Gentry at Play; Rosen, Soldiers 
at Leisure; Kwak, �Proe� de kost�.
� Kok, Culturele ondernemers.
� Larson, �A Network Approach�; Sun, �Social Network behind an Architectural Style�.
� A theoretical framework is discussed in Marx, �Social Network Analysis for Art Historians�. For a brilliant 
application of this method, see Ginhoven, Connecting Art Markets, and for a more recent survey Lincoln, �Net-
work �inking�.
�� A notable exception is Matthew Lincoln, who has explored an alternative use of social network in explaining 
artistic relations: Lincoln, �Social Network Centralization Dynamics�; Lincoln, �Continuity and Disruption�.
�� Waiboer, Wheelock Jr., and Ducos, Vermeer and the Masters of Genre Painting.
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verifying existing knowledge using comprehensive digital sources, this study delves deeper 
into the evolution of market structure and revisits Montias�s concept of �process and prod-
uct innovations�. Given its exploratory nature, this essay raises more questions than it can 
answer, but it is hoped that the methodology proposed here will provide inspiration for 
scholars wishing to bridge digital and conventional approaches.

Data on Subject Matters and Research Scope

�e network of iconography draws a connection between two artists through mutual 
choices of subject matter (the term �iconography� in this essay is used interchangeably 
with �subject matter� to indicate the content of images as a whole, without interpreting 
possible meanings).�� A link in this network between two painters is measured by the total 
number of overlaps in the subject matters found in their oeuvres. Constructing such a 
network generally requires a source that meets two criteria: �rst, it should o	er a sizable 
pool of artworks attributed to a signi�cant number of artists; and second, it should identify 
subject matter in artworks with standardised references, free from consistency issues and 
amenable to categorisation and comparison. �ese rather daunting prerequisites may have 
thwarted previous attempts to build a network of iconography, given that the image recog-
nition technology is not yet mature enough to detect subjects of visual arts, were it not for 
the digitalised archives in the Netherlands Institute of Art History (���), which o	ers an 
opportunity to realise such a network, albeit within a limited scope.

�e ��� Images database, the online version of the ����s visual collections, presents 
a comprehensive digitised collection of Dutch art. It features broad and deep collections 
of photographs and reproductions of paintings by Dutch and Flemish artists, containing 
more than ���,��� unique paintings (including copies of known, attributed paintings), 
drawings, and sketches produced between ���� and ����.�� While the ��� collection 
has remarkably rich holdings, it cannot be regarded�as perfectly representative�of the full 
range of paintings produced in the seventeenth century. For example, it under-represents 
low-quality paintings as most did not survive.�� �e ����s own collection history may 
exacerbate this survival bias, as the collection originated in the personal photo archives 
of early twentieth-century art experts and collectors, which introduced a selection bias 
that favours high-quality works of famous seventeenth-century Dutch artists. �at said, 
studying networks of artists and iconographies requires artistic originality and attribution. 
�ese two prerequisites rule out low-quality copies or cheap paintings without identi�ed 
painters missing from ��� Images, meaning that a carefully cra
ed research focus can 

�� Erwin Panofsky has di	erentiated the description of an image�s content (iconography) from the interpreta-
tion of the content�s meaning (iconology): Panofsky, Meaning in the Visual Arts.
�� ���images contains ���,��� unique paintings, drawings, and sketches (including ��,��� unique paintings). 
Data was acquired via the ��� public ���, https://rkd.nl/nl/explore/images (Accessed on � February ����).
�� �e low-quality paintings (dosijnwerck) had a much lower survival rate than those of Rembrandt, and are 
thus under-represented in the modern database. For the bottom layer of the art market, see Jager, Mass Market. 
Except for the few artists� oeuvres Jager laboured to assemble, most low-end artists� works were lost or remain 
unattributed.
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alleviate � though not entirely eliminate � biases from the database. Despite some lim-
itations, then, ��� Images,� with its sheer volume, wide coverage, and diverse sources, 
is viewed as one of the most comprehensive repositories for surviving and/or identi�ed 
Netherlandish paintings.

Besides images, the ��� releases curated data on its collection.�� It employs a hierarchi-
cal notation system known as Iconclass to describe subject matters and label works of art.�� 
A shared Iconclass tag denotes that paintings depict the same subject matter, thus drawing 
a thematic connection between these works of art. As such, ��� Images o	ers a unique 
opportunity to create a network of iconography at scale. Admittedly, this approach favours 
artworks falling into the broad category of history painting that depict moments in nar-
rative stories in the Bible, mythology, history, and literature. �ese paintings are arguably 
the most researched and best documented in this database: they are the most thoroughly 
labelled with Iconclass tags and o
en have explicit references to scenes or stories, such as 
Diana discovers Callisto�s pregnancy (��C�����). Other genres like landscape and still life 
are o
en bere
 of Iconclass labels, as they do not have an apparent iconographic reference 
to scenes or stories. It is worth noting that the Iconclass labelling should not be confused 
with the keywords encoded in the same dataset. Iconclass o
en compresses complex 
scenes into a succinct code, like the Adoration of the Shepherds (��B��), whereas key-
words are more descriptive, listing for example genres, scenes, and motifs.�� Furthermore, 
the Iconclass classi�cation system with its standard vocabulary is used by museums and 
art institutions worldwide, thereby su	ering less from uniformity and consistency issues 
than the keywords.�� It must also be noted that the genre of history painting underwent 
dramatic iconographical changes in the seventeenth century. Fig. � shows the number of 
new Iconclass codes introduced each year, suggesting that novel subject matters were con-
centrated in history paintings depicting scenes from the Old and New Testament (yellow 
and bright green) as well as from classical mythology (light blue).

To take full advantage of the richness of the dataset and bypass its inherent limitations, 
this essay will restrict itself to history paintings (including landscapes with small-�gured 
histories), prints, drawings, and oil sketches concerning stories from the Bible, mythol-
ogy, classical history, and literature by artists active in the Dutch Republic.�� �is limited 

�� �e ��� houses various duplicated images from various sources under the same painting entry. �erefore, 
image duplication does not a	ect the quality of the ��� data.
�� See for the Iconclass system: http://www.iconclass.nl (Accessed on �, February ����).
�� For instance, Pieter Aertsen�s Adoration of the Shepherds (����, Amsterdam Museum) has the Iconclass code 
��B��, and is tagged with keywords at various levels, such as New Testament and Apocrypha, herdsman, birth, 
and bull: https://rkd.nl/explore/images/����/ (Accessed on � February ����).
�� Since the Iconclass system is maintained regularly, its vocabulary is less subject to the limitations of the cer-
tain dated terms. See the recent update in Section ��B: http://www.iconclass.org/help/outline (Accessed on �� 
October ����).
�� Allegory paintings, although falling into the broader genre of history, are excluded from this study because 
their iconographies can hardly suggest thematic connections among artists. For example, Ferdinand Bol�s Alle-
gory of education in the Rijksmuseum is labelled as scholastic education, tuition (��B), historical persons, �portrait 
historiØ� (��B+�), and cupids (��D����), all of which are not helpful to discern the shared iconographies between 
artists. Regarding prints, two major collections of Netherlandish prints are in the Rijksmuseum and the British 
Museum respectively, but their databases neither employ Iconclass nor can be easily linked to the ���. �erefore, 
paintings and drawings are the main source of this article.
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scope guarantees the best coverage and high-quality Iconclass labelling in ��� Images. 
�is research takes into account not only paintings but also drawings and oil sketches, 
because such preparatory sketches and studies also point to the awareness of an idea or a 
subject among artists, regardless of whether that idea was eventually executed in a painting 
or not. To guarantee the consistency of the Iconclass labelling, I manually processed the 
relevant labels to mitigate any possible �aws in the database.�� I then linked ��� Images 
to the ������� database to add biographical information about the artists, in order to 
understand if artists could have seen each other�s work through their social connections 
or because they resided in the same city or neighbourhood.�� In particular, I used artists� 
active period and location as listed in ������� to introduce a temporal dimension, trac-
ing the evolution of popular subjects among generations of artists in the Dutch Republic. 
Admittedly, the dataset inevitably imposes a Dutch-centric view of artistic connections 

�� Iconclass is a hierarchical database: the number of digits of an Iconclass code o
en indicates the level within 
the hierarchy. For example, the Adoration of the Shepherds (��B��) consists of �ve levels: � (Bible) � �� (New 
Testament) � ��B (birth and youth of Christ) � ��B� (adoration of the Christ-child; Christ�s birth) � ��B�� (ado-
ration of the Christ-child by the shepherds; Mary and Joseph present). However, the number of digits or the level 
within the hierarchy does not necessarily indicate how speci�c a scene is in an art historical sense: the eight-digit 
Diana discovers Callisto�s pregnancy (��C�����) and the seven-digit Diana bathing with her nymphs (��C����) 
mark two distinctive scenes. �erefore, manual processing that applies art historical judgements is necessary to 
correct the possible biases in the ��� database.
�� ������� provides a comprehensive collection of structured biographical data concerning painters and 
other agents involved in the �cultural industries� of the Low Countries in the sixteenth and seventeenth centuries: 
http://www.vondel.humanities.uva.nl/ecartico/ (Accessed on � February ����).

Fig. � Number of new Iconclass codes for paintings produced in the Dutch Republic, ����-���� (�-year average). 
New Iconclass codes are counted the �rst year they appeared in ��� Images.
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among Dutch painters and artworks, and overlooks the fact that painters sometimes drew 
inspiration from visual sources from abroad or from non-visual ones such as literature.�� 
�e development of Dutch art was in fact more intertwined with the wider European art 
world than this article may suggest. It is hoped, however, that the methodology intro-
duced in this essay can be applied to more comprehensive sources and datasets when these 
become available in the future.

Constructing a Network of Subject Matters

I took advantage of network theories and analytics programs such as ��tudio and Gephi 
to translate the vast visual database into clouds of connections, visualising a network of 
artistic ideas and iconographies. �is section will brie�y explain how the iconography net-
work is developed conceptually, leaving technical measures to Appendix �. �e record of an 
attributed painting in ��� Images identi�es a link between the painter and the subject mat-
ter (labelled with Iconclass). One painter can link to many subjects as he painted various 
scenes, and one subject matter can be tied to numerous painters who picked it up. Putting 
them together, I created a two-mode network with two types of nodes: artists and subject 
matters. Fig. �a gives an example of such a two-mode network of artists (red) and subjects 
(blue), including around �
y scenes in mythology like Venus and Adonis and Diana and 
Callisto, both popular themes painted by many artists. Painters who created a variety of 
mythological scenes stand out with numerous connections (larger in size).

�� It is known that prints circulated throughout Europe. �e discussion of Dutch art in relation to the inter-
national conventions is summarized in Sluijter, �New Approaches,� ���-���. For an example of artists using 
literature in absence of a visual convention, see Seifert, Pieter Lastman, ��-��.

Fig. � a) Two-mode sample network of popular mythological themes (blue) and painters (red); b) detail of �g. �a.
























































