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Abstract As co-directors of the Social Networks of Athenian Potters (SNAP) 
project from 2017 –  2021, we have experimented with social network analysis to 
map the networks of painters and potters in Archaic and Classical Athens dat-
ing between 600 – 400 BCE (snap.sbs.arizona.edu). We use sociograms to visual-
ize connections between the artists and SNA metrics to understand individuals’ 
roles in network terms, find clusters within the components, and then learn more 
about the topology and characteristics of the network as a whole. The data is 
derived from catalogues of vase painters who worked in the Kerameikos of an-
cient Athens, using techniques known as black-figure and red-figure. We have 
previously published the black-figure elsewhere; here we are concerned with the 
non-directed bimodal red-figure network composed of 13 components with 1,067 
nodes and 1,583 edges. Most of the sociogram shows disassortative mixing, but 
we have identified one area which appears to be assortative and which we believe 
draws as close as possible to being representative of a social network of a com-
munity of contemporary artisans, to the extent that our data allows. This group of 
70 artists with 94 ties between them is unusual in terms of its topological struc-
ture. The rest of the red-figure network appears to be disassortative, with high de-
gree nodes in the center of a cluster and low degree affiliates. These hubs rarely 
link directly to other hubs in one degree. This network structure may reflect the 
master artist and his relationships with minor artists, though it could also simply 
visualize shape of vases and the many artists working on that shape; it is also 
possible that it merely reflects the bias of our source, i.e., Beazley’s published 
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volumes. Limitations of applying SNA to material from 2,500 years ago emerge. 
Many historical SNA projects also have such problems and limitations, so here we 
mention the challenges involved with working with incomplete data sets and how 
we chose to manage them. The decisions and choices that we made are presented 
here knowing that others may have addressed the problems differently, and so we 
welcome further discussion.

https://doi.org/10.25517/jhnr.v8i1.200
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1.	 Introduction to Social Network Analysis for Athenian Potters 
and Painters1

Community detection inside a large network has long been a basic goal and stand-
ard practice in social network analysis. It is usually accomplished through input-
ting the edge list or adjacency matrix, calculating each node’s metrics, sorting by 
clusters or attributed groups, perhaps using time slices to narrow the field, vi-
sualizing the network, and then studying a sociogram to work out the topology of 
the network as a whole, the communities within it, and the individuals and their 
status and roles.

The application of SNA to identify subsets of networks (communities, clusters) 
is easy in modern organizations, for which a researcher can conduct interviews 
and gather documents for data. It is more difficult to do for ancient networks, ob-
viously, though scholars of ancient art have been diligently working on identify-
ing “schools” or “workshops” of ancient artists for decades.

Our data comes exclusively from the seminal scholarship of Sir John Beazley 
of the University of Oxford, who worked on Athenian black-figure and red-figure 
painters. Drawing on methods established for identifying “schools” of Renais-
sance painters, known as “connoisseurship studies,” Beazley created catalogues 
of the vases made by these Athenian potters and painters, which he published 
in five books, totaling over 3,000 pages.2 He studied and sorted the potters and 
painters working in the traditional black-figure technique, publishing them in 
one volume (abbreviated as ABV ), as well as those working in the red-figure tech-
nique (Figure 1), which he published in three additional volumes, and these are 
the sources for this study (abbreviated ARV; see Figures 2 and 4).

1 The research for this paper has been supported by a 2020 –  2021 US National Endow-
ment for Humanities Digital Humanities Advancement Grant, HAA-271803 awarded to 
the University of Arizona, which funded Eleni Hasaki (University of Arizona) and Diane 
Harris Cline (George Washington University) for their joint project entitled “Social Net-
works of Athenian Potters [SNAP]: Networks, Tradition and Innovation in Communities 
of Artists.” Hasaki received additional funding through a Faculty Research Award by the 
School of Anthropology, University of Arizona. Harris Cline acknowledges the generous 
support from George Washington University and the support of the Getty Research In-
stitute and Villa in Los Angeles, CA. The authors are also indebted to Sandra Blakely, Eric 
Cline, and Alan May, who have encouraged their endeavor in meaningful ways, as well as 
Peter Stewart, Thomas Mannack and Gregory Parker (Classical Art Research Center and 
the Beazley Archive at the University of Oxford, UK), Ben Shneiderman, and Marc Smith 
(Smith et al. 2010). The authors warmly acknowledge Joshua Sanchez-Genao and Lauren 
Sides for their outstanding work on formatting the data while serving as our research as-
sistants in 2020 –  2021. NodeXL software was used for this research.

2 These foundational texts are Beazley 1956 (ABV ), 1963 (ARV2), and 1971 (Paralipomena). 
Note that Beazley made adjustments to the entries for several artists (e.g., the Andokides 
Painter) between the first and second editions of ARV.

https://doi.org/10.25517/jhnr.v8i1.200
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Beazley’s volumes contain lists of vases for each artist, with brief commentaries 
relating artists to each other or to vase shapes, though no photos or diagrams were 
included. These stylistic ties have been foundational in understanding how the 
Athenian ceramic industry developed and was organized. Later monographs on 
specific potters, painters, and craft communities have used Beazley’s lists and fur-
ther studied those artists with ample visual material.

Fig.	1	 Athenian red-figure bell-krater depicting a scene at a potter’s workshop, 
c. 470 BCE; attributed to the Komaris Painter. The Ashmolean Museum, Univer-
sity of Oxford, AN1896-1908.G. 287. Reproduced with permission.

https://doi.org/10.25517/jhnr.v8i1.200
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We have previously presented our methodology in recent publications on the 
Athenian potters’ communities, which were using the black-figure technique,3 
but we will do so again here, briefly acknowledging again that we built our SNA 
edge list using data only from Beazley’s volumes, for consistency. This choice to 
work with Beazley’s dataset came with inherent challenges, which we will outline 
below, and includes both challenges that came from within the set as well as is-
sues from external factors.

2.	 Methodology

Our overall research goal was to map and analyze the structure of the com-
munities of Athenian potters and painters who worked in the Kerameikos during 
the period from 600 to 400 BCE. As mentioned, we hoped to discover relation-
ships between clusters of artisans, which could be vestigial traces of the true or-
ganization of the Athenian Potters’ Quarter.

Our edge list thus comes from the similarities that Beazley saw among the 
potters as well as the painters, based in particular on stylistic relationships that 
connect potters to each other through a variety of social ties: a potter can have 
a pupil, a follower, an imitator, or a group of companions, for example. In order 
to create the edge list, we went page by page through all of Beazley’s volumes, 
searching for associations.

Our network is bipartite (or bimodal), because we can partition all nodes into 
two sets: artisans and pots.4 We included the pot shapes in our network since 
these helped us to find communities even if the artists themselves did not appear 
to have direct ties to each other. The edges between pots and artisans may show 
preferential attachment to making and decorating these kinds of vase shapes.

Because we believe vase shapes to be an organizational framework for link-
ing people (artists), we made the choice not to compress or project the bipartite 
network into a single mode network, which would have eliminated the pots and 
made direct ties between the people who worked on those pots. Ordinarily, in bi-
partite networks it is standard practice to study them by projecting them down 
into one mode.5 This requires us to assume the artists who work on a specific vase-
shape are affiliates and belong together, or perhaps even knew each other. This is 
not necessarily the case, however: the various shapes continued to be produced 
for many generations, but the artists who made them lived and died, so we have 

3 See Hasaki and Harris Cline 2020; Harris Cline and Hasaki 2019.
4 See Vasques Filho and O’Neale 2020. “Artisans” includes both artists with known names 

and artists with attributed names.
5 Vasques Filho and O’Neale 2020; Newman 2003, 24 –  25.

https://doi.org/10.25517/jhnr.v8i1.200
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Fig.	2	 Social Network of Athenian black-figure potters and painters, as catalogued by Beazley; reproduced from Harris 
Cline and Hasaki 2019: Figure 5.

https://doi.org/10.25517/jhnr.v8i1.200
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Fig.	3	 Social Network of Athenian black-figure potters and painters, as cata-
logued by Beazley, without labels. Blue squares represent vase shapes; yellow 
diamonds are classes of shapes; black circles are artists with known names; 
black disks are those with attributed names.

https://doi.org/10.25517/jhnr.v8i1.200


Diane Harris Cline/Eleni Hasaki28

Fig.	4	 Social Network of Athenian red-figure potters and painters, as catalogued by Beazley.
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made the choice not to compress them, as mentioned above. It might be pos-
sible to do this inside a time slice; however, we are not confident that just because 
artists worked on a specific shape of pot, even at the same time, that they knew 
each other. On the other hand, the Athenian Potters’ Quarter was not that large.

In the sociograms that we subsequently generated, we wished to see the in-
dividual potter’s or painter’s position within the network, as well as the topol-
ogy of the whole network. For this reason we have included sociograms that are 
both labeled (Figures 2 and 4) and unlabeled (Figures 3 and 5), so that the net-
work structure, components, and clusters can be more easily seen and studied. In 
these four sociograms, we coded the data using color and shape to distinguish the 
types of nodes in the network: blue represents vase shapes (e.g., cups) and yellow 
“classes” or sub-sets of vase shapes, while the black circles are artists with names 
known by their signatures (e.g., Euphronios), and black disks are artists with at-
tributed names (e.g., the “Berlin Painter”).

3.	 Context for Athenian Potters and Painters

Before proceeding further, we should provide the context for our exploration of 
the data. Of the various potters’ quarters that no doubt existed in Athens and the 
Attica countryside from the 6th through the 4th centuries BCE, the most famous 
was probably the area in ancient Athens known as the Kerameikos, which was the 
main industrial hub of the city at the time. Situated NW of the ancient Agora of 
Athens, we think that this is where many of the artisans made their vases during 
this period; it is close to both the marketplace and the major urban cemetery.

Whether in smaller workshops in neighborhoods or in the Kerameikos indus-
trial quarter with its high end products, the ceramics industry was a familiar craft, 
since everyone needed plates, cups, cookware, drinking ware, or containers to 
store liquid and dry goods. Consider, though, that all of these needs could have 
been satisfied with plainware, i.e., ceramics without any decoration. And yet the 
Athenian potters and painters developed ornate and elegant vessels, from tiny 
cups to enormous craters, decorated with mythical scenes, daily life, legends of 
heroes, and funerary tableaux.6 These have provided a window into all aspects 
of ancient Greek life and imagination. Within the larger industry, Athenian dec-
orated pottery from the 6th and 5th centuries BCE was the most luxurious and 
well made of all the ceramics from ancient Greece.

As a result, Athenian pots were a highly desirable commodity, both for local 
consumers and foreign markets, sold throughout the trade networks of the an-

6 For a general overview of the rich iconography on Athenian vases, see Oakley 2013; 2020.

https://doi.org/10.25517/jhnr.v8i1.200
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cient Mediterranean and Black Sea regions.7 This consumer demand, both local 
and international, fueled competition, perhaps bringing new techniques, iconog-
raphy, and refinements in shape and decoration, leading to innovation.

The black-figure technique (first developed in Corinth and then adopted by 
other Greek cities by ca. 630 BCE) owes its name to the post-firing black/dark 
brown color that the decoration received after firing.8 The figures were drawn 
in silhouette with incised details against a red background, which is the natural 
color of the clay, in Athens. The red-figure technique (invented by the Athenians 
around 525 BCE) reversed the color scheme; it is called red-figure because the fig-
ures appear red, as they are created using the reserved, unslipped area of the red-
dish clay (see Figure 1). To liven up this uncovered area, painters used an intricate 
system of relief lines and dilute slip for details. The background was covered in 
slip that becomes black after firing. The new technique largely replaced the old 
technique and continued to be used for several centuries.9

In studying ancient Greek potters and painters, the identification of com-
munities, namely the workshops, has been a desideratum, but unfortunately the 
Kerameikos has been built over for centuries and archaeological evidence comes 
primarily from rescue excavations, which makes it difficult to locate and recon-
struct the physical evidence for their workshops. So far, excavations have not suc-
ceeded in uncovering a single, kiln-anchored workshop of a “named” ancient 
Athenian potter or painter whose signature survives (e.g., Exekias, Amasis, or 
Euphronios).10 Nor do we have the archaeological foundations for the workshops 
of collaborating artisans, such as those who produced cups and signed them to-
gether (e.g., Hischylos “made this” and Pheidippos “painted this”).11

7 For discussions of the trading networks of Athenian producers, Etruscan consumers, and 
the major role of middlemen, see Bundrick 2019, Johnston 2006.

8 For a detailed description of the black- and red-figure techniques with informative 
visuals, see Bentz, Geominy, and Müller 2010.

9 The bibliography for Athenian vase-painting is immense. Overviews can be found in, e.g., 
Rotroff 2021; Boardman 2001. See also Schreiber 1999 for a technical study on the shapes 
of Athenian vases.

10 For signatures on Athenian pottery, see Bolmarcich and Muskett 2017; Hurwit 2015.
11 These names appear together on a red-figure kylix, British Museum inv. no. 1846,0512.2. 

The collaboration also appears in the assortative cluster discussed in sections 6 –  7 below. 
In Athens, a few pits may relate to ceramic workshops. For example, in one pit archaeolo-
gists found debris which included deformed red-figure pelikai and bell craters attributed 
to the Amazon Painter (Eschbach 2014), which had been discarded. A second pit con-
tained works by the Brygos Painter (Baziotopoulou-Valavani 1994; mostly unpublished) 
and the Briseis and Triptolemos Painter. Both pits are known mostly from preliminary 
reports. More workshop examples of “attributed” artists come to us from South Italian 
red-figure vase-painting, where the study of the Metaponto Kerameikos has demon-
strated that the Dolon Painter and Creusa Painter worked together (D’Andria 1980).

https://doi.org/10.25517/jhnr.v8i1.200
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Furthermore, unlike studying a modern social network, scholars attempting 
to study the ancient ceramic industry face severe challenges because of the lack of 
contemporary written information of how a pot was made or how a workshop op-
erated, in addition to the question of where the workshop was located. However, 
there is a relative abundance of actual pot sherds and vases, some of which show 
potters at work (Figure 1), along with kilns and excavated ceramic workshops.12 
Apprenticeship was the primary way a young artist joined the community, sug-
gesting the likelihood that there was, in fact, life-long social connectivity. Surely 
people working in the Kerameikos had social networks. Discovering these based 
on our incomplete data and lack of written records was one of the challenges that 
we faced.

Traditional scholarship on the study of artist workshops in ancient Athens 
has emphasized the role of specific painters or potters and their circles. As such, 
scholarly publications have tended to focus on the attributed works of single 
artists and their worlds, but without actually mapping those worlds.13 The im-
balance of sources steers many scholars of vase painting towards research ques-
tions concerned with identifying “who made this,” thereby focusing on individual 
painters or potters by themselves, and where they fit into the matrix.

In reaction to what we (and others) see as an overemphasis in earlier scholar-
ship on such attributions – that is, putting the most scholarly effort into the 
question of attribution so as to put the extant ancient pots in the hands of spe-
cific potters and painters – we join a small but growing set of researchers in-
terested in relational questions concerning the organization of the workshops 
which produced the pottery, in order to situate them within the social and eco-
nomic contexts of the periods in question. We are thus more interested in find-
ing out how individual artisans formed workgroups, collaborated, learned from, 
or copied each other, and innovated in their techniques and iconography inside 
communities of practice.

Despite all of the inherent problems involved, we were interested in seeing 
if we could use social network analysis to visualize the diffusion of technical in-
novations and understand the structure and pathways inside these communities 
of artisans. While we were able to make headway with community detection, 
tracing paths for the diffusion of innovation proved more difficult in this data set, 
especially since all members of the network had already adopted the red-figure 
technique of vase painting. In the sections below, we present our methodology as 
well as further exploring some of the challenges that come from using data based 

12 For an updated discussion on ceramic technology in ancient Greece, see Hasaki 2021.
13 E.g., Padgett 2017 for the Berlin Painter (but see Williams’ essay on workshops in the 

same volume, 144 –  87); von Bothmer 1987 for the Amasis Painter.

https://doi.org/10.25517/jhnr.v8i1.200
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primarily on scholarly handbooks which catalogue and categorize the relevant 
Greek pottery, before then presenting some of our results.

4.	 Challenges

In working through the data, we realized that there were a number of challenges 
to be faced and, hopefully, overcome. Among these we would mention the follow-
ing in particular:

(1) Beazley relied on (mostly European) museum collections for his study of 
Athenian decorated pottery, primarily Athenian pottery exported to Etruria and 
recovered from looted tombs. As a result, these pots, coming mostly from burial 
contexts, tended to be larger, thereby both satisfying the desires of museum cu-
rators to acquire impressive pieces and enabling Beazley to study a painter’s style 
on a larger surface.14 Therefore his lists favor larger vessels, such as amphoras, 
kraters, and hydrias. Moreover, since the museums mostly acquired them from 
places to which they were exported, rather than being found in Athens where 
they were manufactured, our dataset highlights producers who were active in the 
export ceramics trade.15

(2) There are two types of stylistic personalities in Beazley’s dataset: “attrib-
uted” artists and “signed” artists. In mapping the network, we opted to use black 
circles for artists with known names and black disks for those with attributed 
names (as noted in the captions for some of the figures). Using these symbols al-
lows our viewers to understand just how few named artists we actually have.

(3) In the past half century, since the time of Beazley, the scholarship on vase 
painting has intensified, with numerous monographs and articles written about 
specific artists or workshops. However, we have chosen to leave these later studies 
out of our dataset because including or inserting studies on single painters would 
skew the metrics (since artists who do not yet have such monographs or studies 
would by default be left with lower scores). Thus, with some reluctance, we settled 
on only using Beazley’s data when creating our edge list, even though this put 
constraints on our ability to trace pathways directly between artists.

(4) Moreover, scholarly consensus has shifted over the years on whether a set of 
pots belongs to one artist with a lengthy career, whose style and technique evolves 
over time, or if the set should be split into two or more different hands. For ex-

14 For general descriptions of the method of connoisseurship, see Hasaki and Harris Cline 
2020; Harris Cline and Hasaki 2019; Arrington 2017; Neer 2005; Whitley 1997; Opper-
man 1990; von Bothmer 1987; Kurtz et al. (eds.) 1985; Kurtz 1983, 1985; Robertson 1982.

15 Bundrick 2019; Johnston 2006.

https://doi.org/10.25517/jhnr.v8i1.200
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ample, the current thinking is that two named potters (the Bonn Painter and 
the Colmar Painter) should be combined into one (the “Bonn-Colmar Painter”), 
with early and later works.16 This would be represented by two nodes in this so-
ciogram, to keep it consistent with Beazley’s data, but understood to be perhaps 
earlier and later work of the same artist or shop. In recent decades, specialists on 
Athenian vase-painting have added more complexity to the collaborations among 
painters, especially when studying a specific artist, such as the workshop of the 
potter Nikosthenes,17 but we are considering here only those which were cata-
logued by Beazley. Modern scholarly consensus would generally agree that the 
number of painters has changed since Beazley’s day.

(5) In our study we generated sociograms of the whole network, including 
those who were distant from each other in time. Beazley assigned dates of activity 
for each artist using decades and/or quarter centuries, as the paucity of data made 
it almost impossible for him to assign absolute dates (e.g., 408 BCE). Our edge 
list, which is based entirely on Beazley’s work, therefore includes artists working 
in the red-figure technique who lived, in some instances, nearly a hundred years 
apart. In these all-inclusive sociograms, the earliest clusters are in the upper right 
of the main component and flow over time to the far left; the disconnected com-
ponent on the right consists of clusters without obvious ties to any node in the 
main component (Figures 4, 5). Thus, in order to understand our artists’ contem-
porary communities, we chose to divide the edge list into time slices of quarter 
centuries (like Beazley) in order to investigate more closely the artists that we be-
lieve were in fact contemporaries. However, since Beazley sometimes gave an art-
ist a thirty- or forty-year period of productivity, we had to decide to which time 
slice that artist belonged. Since we decided to work with quarter-century slices 
to agree with the dataset from the Beazley Archive, and in order to accommodate 
the dates traditionally assigned to the majority of our artists, and since our data 
set is incomplete to begin with, we must acknowledge that our time slices would 
benefit from further refinement. We do, however, have confidence in the contem-
poraneity of artists presented in Figures 7, 9, and 10.

(6) There is a lack of written sources from Greek and Latin literature which 
discuss the ceramic industry and individual artists. Therefore our knowledge, and 
our edge lists, comes exclusively from archaeological excavations and art histori-
cal studies. We don’t have known associations between these ceramic artists from 
written sources, apart from the inscriptions on the vases themselves.18 There-
fore, in cases where we had artists for whom there is nothing known about their 

16 For the Colmar Painter, see ARV2: 352 –  357.
17 Tosto 1999.
18 For another craft sector, the marble sculptors of the Hellenistic period, Larson (2013) 

studied the inscriptions on statues to highlight father-son relationships and used the find 
spots of the sculptures or their bases to reconstruct networks of mobility.

https://doi.org/10.25517/jhnr.v8i1.200
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social ties, which is the vast majority, but could nonetheless see that they work 
on the same vase shapes or share stylistic commonalities, we decided that we had 
to make a link between them on the assumption that they either collaborated or 
were located physically close to each other; at the very least, they must have seen 
each others’ work. We took this step with some trepidation, but had we not done 
so, we would have had hundreds of disconnected solo potters and painters, leav-
ing us unable to see any kind of social networks or patterns. Since we think it 
highly unlikely that there were no connections at all, given their proximity in the 
Kerameikos, we made the decision to include the shapes of the vases in the edge 
list to tie artists together, thereby creating a bipartite network, and without com-
pressing the pots and people.

(7) Finally, we are certain that we have included all of the artists studied by
Beazley in our large sociograms, but recognize that we have therefore included 
artists who couldn’t possibly have known each other. For these reasons, we have 
limited our observations and conclusions presented below to explore only assor-
tative clusters inside the larger connected component.

5. Results: Topological Analysis of the Red-Figure Network
of Artists and Vase Shapes

Overall, we discovered 1,067 unique nodes with 1,583 edges in the network. In 
the red-figure network, the sociogram has 13 components (Figures 4 and 5). The 
smaller components shown on the right are groups which Beazley separated from 
the core because of their unusual shapes or late 4th century date, although we 
believe that the makers of these pots were part of the artist community. Without 
them, we have one large core component with 821 nodes and 1,312 edges. How-
ever, these numbers should not be mistaken for the precise number of people 
who worked in the Potters’ Quarter of Athens.19 Because of the numerous com-
ponents, the geodesic distance and average path lengths are unusually large: the 
diameter is 23 and the average geodesic distance is 7.787. These are disappoint-
ing metrics for identifying a social network of artists, even a bipartite one that in-
cludes their vases. In Figure 5, the small components may be more easily seen on 
the right side.

The large diameter and average geodesic distance may also be explained by 
our choice to map all the artists in Beazley’s ARV in one sociogram, even though 
the length of this time period, from c. 525 –  400 BCE, means that not all artists 
in the network were contemporaries. We note that not all nodes represent indi-
vidual artists, because some of our nodes are actually vase shapes, while others 

19 For different estimates of the potters’ population in Archaic and Classical Athens, see 
Sapirstein 2013, 2020; Stissi 2020.
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are groups of artists, within which Beazley did not tease out the individuals. We 
know the picture is very incomplete; the Potters’ Quarter had these artists, the 
painters and potters, but this was a multiplex community of artisans with appren-
tices, merchants, suppliers, kiln-workers, and errand boys, all working as a com-
plex system, in coordination but without formal supervisory leadership. Some 
were citizens, some slaves, some foreigners living in Athens, and all were of a var-
iety of ages, from young apprentices to very aged community members.20

In both the black-figure and red-figure, the shapes of the vases often serve as 
the hub for clusters inside the network as a whole. Because we have more than 
one type of node (artisans and vases), the vase shapes can be interpreted as affili-
ation-networks, as artists tend to specialize in shapes, and those actors who were 
contemporaries perhaps knew of each other and trained together. Artists special-
ized in larger or smaller vessels, which required learning specific drawing skills, 
because each vase shape had different curvatures, but they became comfortable 
painting on lower or higher curved surfaces as they gained expertise.

This is our current explanation for why the shapes often have the highest de-
gree in a cluster. All this shape-specific technical knowledge was transmitted 
from generation to generation in the potters’ quarters, where potters and painters 
learned how to adhere to a strong tradition in shape specialization, while making 
room for innovation and experimentation.21 Through our social network analy-
sis, the impact of shapes on the organization of the Athenian Potters’ Quarter be-
comes very clear.22

When we studied the black-figure vase painting network in 2018 –  19, we found 
that the structure was relatively uniform, with clusters very lightly connected 
to each other, centered around the shapes (Figures 2 and 3). One or two artists 
might be tied directly with each other, such as a potter and a painter who signed 
their work, but generally the connections between these hubs were the result of 
an artist who worked on two shapes, tying the two clusters together very lightly.23 
Few of the high degree actors in the center of the cluster have first order ties to the 
others with high scores, because they are vases. The distribution is disassortative 
(see, e.g., Figure 6), where assortativity is defined as “a network-level measure 
which quantifies the tendency of nodes to mix with similar nodes in a network.”24 
This may also be identified as a preferential-attachment pattern, which makes 

20 Rotroff 2021, 276 –  77; Stissi 2002; Keuls 1989, 153.
21 On craft networks and communities of practice, see Gandon et al. 2020; Kadrow and 

Müller 2019; Harris Cline 2018; Fejfer 2015; Williams 2017; Crown 2014; Arnold 2012; 
Hasaki 2012; Knappett 2011; Singh 2005.

22 Harris Cline and Hasaki 2019.
23 Hasaki and Harris Cline 2020; Harris Cline and Hasaki 2019.
24 Piraveenan et al. 2018, 329.
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Fig.	5	 Social Network of Athenian red-figure potters and painters, as catalogued by Beazley, shown without labels.
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sense in a knowledge-based community, as low degree centrality members try 
to join the community by attaching themselves to influencers or hubs (Figures 4 
and 5).25 Nevertheless, Jiang et al. found that true human social networks tend to 
have assortative mixing.26

It seems that our red-figure network is mainly disassortative, with the vase 
shapes in the center of each cluster. The shapes tend to have a lot of ties, while the 
individual artists or groups have just one or two. This is measured using simple 
Degree Centrality, wherein the top vase shapes are those that are less specialized, 
which would have had far more samples and more artists. Thus, in descending 
order, the top ten are as follows: the Classic Pot-Painters (44), Early Classical 
Cup-Painters (35), Slight Lekythoi and Alabastra Painters (32), Early Fourth-Cen-
tury Krater-Painters (30), Classic White Lekythoi Painters (29), Early Classical 
Large Pot-Painters (28), Other Early Red-Figure Cup-Painters (28), the Penthesi-
lea Workshop (28), Head Vases (26), and Other Small Vase Painters (24).

We found that, just as for the black-figure networks, the high scoring nodes for 
most of the red-figure networks are not usually in a first order direct relationship 
with each other. When we looked purely at Degree Centrality, 31 of the top 50 
were vase shapes. Of the 29 that were artists, 7 were really workshops or groups. 

25 Kadushin 2012, 117: “In the preferential-attachment model, high degree nodes are linked 
to others with low degree.”

26 Jiang et al. 2016.

Fig.	6	 Schematic illustration of 
disassortative and assortative 
mixing in social networks. Cre-
ated by Hao and Li (2011); avail-
able from Creative Commons 
(https://creativecommons.org/
licenses/by/4.0/)
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Our dependence on Beazley’s chapters, where he used vase shapes to bring the 
artists together for his descriptions, could easily explain this pattern, for our so-
ciograms may be visualizations of Beazley’s books, rather than a representation 
of the communities themselves. In other words, in the majority of our black- and 
red-figure networks, we might not have true social networks and must consider 
the possibility that we have mapped the books rather than the communities, ex-
cept for one zone, as we will see below.

But even given the predominantly disassortative network, there are important 
areas for specialists in vase painting to study further. In both the black- and red-
figure techniques, the shapes of the vases are often the hub for clusters inside the 
network as a whole, as discussed above. One cluster in particular shows well the 
interrelationships between artists and the vase shapes, and also gives strong ev-
idence of the social networks between the artists, despite the bimodality of the 
study. Here we find a small subset of red-figure potters and painters, first identi-
fied by John Oakley, who were working in a variety of shapes (Figure 7).27 These 
are not the only artists to work on these shapes, but were selected for their inter-
locking positions within the network. Four artists stand out in this cluster: the 
Achilles Painter, Berlin Painter, Phiale Painter, and Persephone Painter.

The sociogram allows us to see the shared vase shapes but also the shared tech-
niques, since the White Ground Lekythos (Figure 7, lower right), for example, is 
a vase shape used in funerals for offering perfume. It was usually decorated using 
a specialty technique, requiring vase painters to be trained and share traditional 
knowledge on how to apply the white ground and decorate using a wider range of 
colors than in traditonal black- or red-figure. Apparently, artists and pots shown 
together in bipartite networks can sometimes facilitate new observations in ways 
that a written description cannot.

6.	 The Zone with Assortative Mixing

Let us now take a deeper look at one particular zone, where we discovered assor-
tative mixing and where we believe there is a chance of recovering a real social 
network of artists (Figures 8, 9, 10). This group of interlocked artists, who worked 
in the late sixth and early fifth centuries BCE (ca. 520 –  490 BCE), appear to have 
been part of a contemporaneous artistic community. Indeed, they have been pre-
viously identified, independently from our study, as the “Pioneer Group,” whose 
preserved signatures included the names Epiktetos, Euphronios, Euthymides, 
Oltos, Phintias, Andokides, Nikosthenes, and Psiax, among others.28

27 Data set adapted from Oakley 1997, 93 –  94.
28 See, e.g., Neer 2002, 27 – 86; Robertson 1992, 20 – 42; Boardman 1975, 29 – 54.
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Fig.	7	 The vase shapes which the Achilles Painter, Berlin Painter, Persephone Painter, and Phiale Painter have in 
common.
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This assortative cluster also contains the highest percentage of signed artists 
in the entire red-figure dataset: 17 potters and 12 painters who signed their vases, 
and 41 attributed artists (i.e., whose work is identifiable stylistically even though 
we don’t have their signatures). This set of artists worked on at least ten vase 
shapes. Based on network positions and connoisseurship scholarship, these art-
ists are among the well-connected painters who propelled the acceptance of the 
red-figure technique. One could potentially label these artists as influencers, for 
they chose to collaborate with multiple potters.29 The cluster includes collab-
orations attested through the signatures of a potter and a painter on the same 
vessel, such as the painter Epiktetos with the potters Andokides, Hischylos, Ni-
kosthenes, Pamphaios, and Pistoxenos, as well as style-based collaborations such 
as Epiktetos and the Euergides Painter. The ties are among contemporary artists, 
either of comparable age, or across two generations, as Psiax is believed to have 
been a pupil of the Amasis Painter.30

Their direct ties with each other are notable. In fact, we know that many of 
them collaborated with each other as potters and painters. In context, we can 
situate this tightknit group within the broader network, for we also have chains 
of potters and painters who worked with each other. In Figure 8, therefore, we 
can see numerous potters and painters who signed their work, tied directly to 
each other. The vase shapes appear as nodes so that we can see which potters cre-
ated which kinds of shapes, and the painters that were affiliated with them. Sub-
sequently, in Figure 9, we can see the potters and painters with the vase shapes 
they worked on, and in Figure 10, without them, we can see this area of the net-
work as a social network with individuals or groups of artists only.

This zone is also unusual in terms of its topological structure (Figure 8). The 
rest of the red-figure network appears to be disassortative, as mentioned, with 
high degree nodes in the center of a cluster with low degree affiliates, which look 
like daisy petals. These hubs rarely link directly to other hubs in one degree. This 
structure may reflect the master artist and his relationships with minor artists, or 
with the shapes of vases and the many artists working on that shape. However, 
the assortative area is different. Here we see assortative mixing, the bias in favor 
of connections between network nodes with similar characteristics, or like tend-
ing to connect with like.31 This means that while we are looking at a generally 

29 For the influence of community leaders in social networks and social contagion, see 
Centola 2018; Hodder and Mol 2016; Christakis and Fowler 2013; Kadushin 2012, 209 –  
210; Iyengar et al. 2011.

30 ARV2: 6. See, e.g., Hasaki and Harris Cline 2020, Figure 2b; Harris Cline and Hasaki 
2019, Figures 2 and 3.

31 On assortative and disassortative mixing, see Vasquez Filho and O’Neal 2020; Peel et al. 
2018; Piraveenan et al. 2018; Arcagni et al. 2017; Jiang et al. 2016; Newman 2003, 191 –  93; 
Goh et al. 2003.
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Fig.	9	 The red-figure potters (in red) and painters (in blue), along with the shapes and the vases, within the assortative 
zone.
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disassortative network for red-figure, within it there is also one high density as-
sortative area.

We first identified this anomalous area purely by sight: the density (a large 
number of connections between the members of social networks) appeared 
higher (Figure 8).32 Here, within this observable assortative high density area, 
potters and painters are directly tied, and there are few low degree members in 
the cluster. There appears to be something special going on with them. On closer 
inspection, many named red-figure potters and painters are in first order zone di-
rect relationship, which is unusual for our networks (Figure 9). The signatures in 
this cluster alone – 29 named artists (17 potters and 12 painters) – account for ap-
proximately half of all 51 signed artists in the entire sociogram, so here we come 
closer to a true social network with named artists.

7.	 Centrality Measures

Whereas the network as a whole includes artists who worked a century or more 
apart, this assortative mixing zone only consists of artistic contemporaries. The 
difference between the whole network and this assortative zone in their average 
geodesic distance and density metrics is quite remarkable, signifying much more 
connectivity and the possibility of a healthy flow of information; it also bears 
more similarity to human social networks. If this were a modern social group, we 
would interpret the density as an indicator that this part of the network enables 
members to find social support and facilitates the transmission of ideas.

Overall, in assortative, non-directed scale free social networks, we should find 
many links within the community, but fewer ties to other clusters. Inside such 
community structures, one expects to find high node embeddedness, and high 
link density. In contrast, disassortative mixing describes networks which exhibit 
hub dominance and high compactness with short path lengths between members 
of the community.33

In terms of Degree Centrality, the painters Epiktetos and Oltos stand out, hav-
ing 18 and 15 ties, respectively. They also have three nodes in common, all potters: 
Hischylos, Pamphaios, and Nikosthenes. Additionally, Epiktetos and Oltos, as 
vase painters, both painted the same shapes of vases, mainly cups, requiring 
the same technical expertise and traditional knowledge. The specific shapes of 
vases which they both decorated include Standard Eye-Cups, Bilingual Eye-Cups 
Class I, Palmette Eye-Cups Class III, and Red-Figure Eye Cups Class II. Cups are 

32 “Density is defined as the number of direct actual connections divided by the number of 
possible direct connections in a network” (Kadushin 2012, 29).

33 See Jiang et al. 2016, 1, 9 –  14 for fuller definitions of these terms.
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among the most ornately decorated shapes, as both their exterior sides and their 
interior central circular space (tondo) were painted with scenes. Floral ornaments 
filled even the areas under the handles. This intense painting activity fostered 
collaboration as the sharp curvature of the exterior sides required different paint-
ing techniques than the flat interior tondo. With both artists working in such a 
variety of specific cup shapes as their contemporaries, we must assume that they 
knew each other, or were at least familiar with each other’s work. These common 
ties indicate a close relationship through style, form, and technical expertise.

In a sociogram where we omit the vase shapes (thus compressing the bipar-
tite network), the relationships between potters (red) and painters (blue) be-
comes even more evident (Figure 10). As noted, in this one cluster without the 
vase shapes there are 70 nodes with 94 edges. Some of these nodes are attributed 
groups of painters, so the number of artists should actually be higher than 70.

Furthermore, for this group in the assortative zone, there are multiple connec-
tions between the top five artists in Betweenness Centrality. For instance, Epikte-
tos (#1) and the Euergides Painter (#2) have a direct tie. Euphronios (#4) has 

Fig.	10	 The red-figure potters (in red) and painters (in blue), projected down 
into one-mode to exclude vase shapes.
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direct ties to both Oltos (#5) and the potter Kachrylion (#3), while Oltos and 
Kachrylion also have a direct tie to each other, thereby creating a triangle between 
the three nodes/artists. In no other part of the larger network have we found 
peer-to-peer interaction at this scale. Newman explains that the highest-scoring 
nodes in Betweenness Centrality “may have considerable influence within a net-
work by virtue of their control over information passing between others.”34 Indi-
viduals in these key positions can serve as gatekeepers or bridges. These nodes 
can have low degree scores (that is, they are tied to relatively few other nodes) 
and still have high Betweenness Centrality scores, because they can lie on a path 
between two nodes with high degree, but are the only (or primary) way for all of 
their associates to get information across the network from both sides.35

Epiktetos and the Euergides Painter also rank #1 and #2 in Degree, with 14 and 
12 ties, respectively. Although we find no direct ties, three potters link Epikte tos 
and Oltos, and one potter connects Oltos to the Euergides Painter (Figure 10). By 
using the same potters, we learn they were contemporaries who worked on the 
same shapes, and most likely knew each other personally.

In this subset of the red-figure sociogram we believe that we may have come 
closer to capturing a real situation on the ground of interactions among craft-
speople working in the Potters’ Quarter of Athens. In the assortative zone (Fig-
ures 8, 9, and 10), we hypothesize that potters who collaborated with painters may 
have been bridges or brokers, who possibly introduced painters and other potters 
to each other, perhaps even sharing collaborators, although we have no evidence 
for them playing these roles besides their network positions. The potters who are 
connected to the top five Betweenness Centrality painters include Chelis, His-
chylos, Kachrylion, Nikosthenes, and Pamphaios. We met three of these above 
through their collaborations with Epiktetos and Oltos. We see a higher concen-
tration of potters in this zone than anywhere else in the network, and they signed 
their works and collaborated with multiple painters. In describing assortative 
network distribution, Kadushin explained that we can observe “connections in 
a small world made through elites that have many links to one another.”36 Al-
though we cannot claim that the Athenian red-figure network is a “small world,” 
we do believe that something special is happening in the assortative zone.37 As 
a result of our social network analysis, we believe that here we may have located 
and identified an actual community of artists who worked in the Potters’ Quarter 
in Athens.

34 Newman 2010, 186.
35 Newman 2010, 188 Figure 7.2.
36 Kadushin 2012, 209 –  210.
37 Harris Cline 2020.

https://doi.org/10.25517/jhnr.v8i1.200


Diane Harris Cline/Eleni Hasaki46

eISSN: 2535-8863
DOI: 10.25517/jhnr.v8i1.200

Journal of Historical Network Research
No.  8 • 2023 • 23 – 55

8.	 The Mirage of the Achilles Painter

There is a cautionary tale involved in our analysis of the large component as a 
whole, however. Overall, the top ten individual artists with high Betweenness 
Centrality scores in the entire network are a surprising mix of obscure and famous 
painters. For instance, the Achilles Painter, the Phiale Painter, the painter whom 
Beazley thought worked in the “Manner of the Achilles Painter”, the Painter of 
Munich 2335, and the painter Beazley called “Near the Phiale Painter” rank as the 
top five artists in Betweenness Centrality.

About half of these top ten artists are also those usually identified by special-
ists as the innovators of Athenian vase painting, including the Achilles Painter, 
Berlin Painter, Sabouroff Painter, Douris, and Epiktetos. Others are more obscure 
and drew our attention because of their high scores. Within the disassortative 
zones, however, unfortunately the artists with high scores are those with first de-
gree ties to two main vase shapes, inflating their Betweenness and Eigenvector 
Centrality metrics. Perhaps the statistics are not so valid or useful in this his-
torical social network as a whole. Nevertheless, there are a few stand out artists, 
despite the limitations of dealing with the bipartite problem of vase shapes in 
the mix.

Using social network analysis brought these artists to our attention, as it prob-
ably would never have occurred to us using conventional methodologies, which 
is one of the major advantages of creating a panoramic view of the whole com-
munity of artists. Of them all, the Achilles Painter turns out to be the highest 
scoring individual artist in both Betweenness and Eigenvector Centrality scores. 
The central role of the Achilles Painter has been highlighted by John Oakley, in 
his monograph on this artist, who suggests that this painter channeled his en-
ergies and his “innovative spirit” not only into the dominant red-figure technique 
but also into a second minor technique, the white ground one.38

In all, the Achilles Painter has 14 first-degree ties, which included 11 artists 
and 3 vase shapes. In his second order ties, we find all the Classic White Lekythos 
Painters and the so-called Classic Pot-Painters as groups with which he is affili-
ated, plus well-connected and influential (stylistically, at any rate) painters such 
as the Phiale Painter and Berlin Painter. By the time we light up the third order 
ties of the Achilles Painter, we find his ego-network occupies substantial space in 
the center of this much larger red-figure network (Figure 11).

A problem becomes evident, though, and doubts arise. If a vase shape has 
many ties and acts as a hub (high Degree), then anyone who bridges two or more 

38 See Oakley 1997, 68; Beazley 1963, 986 –  1013.
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such shapes earns extremely high scores both in Eigenvector and Betweenness. 
Centrality scores in a bipartite disassortative network make statistical analyses 
unconvincing. The Achilles Painter may have been stylistically influential, but 
his high scores cannot be used as evidence of this. His ties to three vase shapes 
mean that every artist affiliated with those shapes is, at maximum, second degree 
in his ego-network; however, it is unlikely they were all influenced directly by the 
Achilles Painter (Figure 11). Situated inside a disassortative zone, we must con-
clude that his high scores are a mirage. Betweenness Centrality may have seemed 
like a useful vector to trace the transmission of technology and style diffusion, 
but what does an Eigenvector Centrality score mean in reality, if vase shapes hold 
so much “power,” or skew the statistics by giving “power” to individuals just be-
cause there are a lot of painters who work on that shape? Having realized this, we 
stopped using this metric early on in our study, and remain sceptical about the 
use of any other SNA metrics in this project.

9.	 Summary

During the course of mapping the networks of artists working in red-figure in 
Athens from 600 –  400 BCE, we successfully uncovered evidence for one assorta-
tive zone with a community of 70 interlocked Athenian artists or workshops. We 
also grappled with the methodological challenges of having to rely on Beazley’s 
connoisseurship studies for our data, and how his reliance on shapes obstructed 
our ability to find other human social networks. One subset featuring the Achilles 
Painter, Phiale Painter, and Berlin Painter showed that shapes have an important 
role in linking actors to the network, and created communities around making 
and decorating the specific vase shapes. Such work connected artisans through 
sharing technical and embodied knowledge, which helped communities of prac-
tice grow over time.

Through social network analysis, we investigated the connectedness of these 
potters’ networks, searching for communities of practice. Social networks can 
be used to evaluate and fill in the gaps for the methodological problems linked 
to the nature of the sparse archaeological and literary evidence for craft com-
munities of pottery workers. The SNA provided comprehensive visualizations 
which will encourage scholars to see the entire Kerameikos. On the other hand, 
the predominantly disassortive structure of the resulting sociograms and the as-
sociated metrics are problematic, as our networks are bipartite with shapes and 
artists. Straightforward answers on how craft and business partnerships informed 
their technical and artistic decisions to either maintain traditional methods or 
embrace innovation in red-figure pottery are unlikely to be provided solely by 
using social network analysis, but the sociograms that are generated may be use-
ful for viewing old problems in new ways. One thing that is quite clear is that 
the disassortative structure of the sociograms built solely on Beazley’s original 
publications reflects the formalist organizational character of connoisseurship 
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studies.39 In this respect, sociograms based on connoisseurship present their own 
challenges compared to social networks derived from historical texts.40

It is conceivable that with more integrated approaches from the Beazley Ar-
chive Pottery Database in terms of shape specialization, additional decorative 
techniques used (such as coral red or white ground), imagery choice, and targeted 
markets in export trade, scholars of Athenian pottery production could perhaps 
explore further questions about the connected communities of practice based on 
their own expertise. Themes for continued research in the study of the social net-
works of Athenian potters might include searching for evidence for the diffusion 
of innovation, apprenticeship, knowledge transfer, mobility, comparative studies, 
and more detailed studies of shorter chronological spans (Figure 12).

The use of SNA and sociograms have several affordances: they are useful for 
helping researchers evaluate their own datasets; they point to individuals, groups, 
clusters, and zones which may be worth investigating; and they have illustra-
tive value. For historical network researchers, after gathering and organizing the 
data, one must consider how incomplete the set is, and what skews or biases are 
inherent. Some research topics do not lend themselves to applying SNA, but ex-
perimentation can still be helpful in understanding the characteristics and limits 
of the data set. During the research phase, sociograms may be used to identify 
anomalous or interesting areas or individuals in the network which one might 
not have thought to investigate without them. Metrics of centrality also point to 
nodes or clusters worth investigating. They are also illustrative of one’s findings, 
with the power to convincingly present results to others.

For the field of classical archaeology overall, and for ancient Athenian vase 
painting in particular, the application of a social network analysis approach is 
experimental, allowing us to probe central questions from a different angle. All 
else aside, it clearly has the potential to move us from an understanding of artist 
communities traditionally focused on single actors towards a more relational per-
spective, which involves seeing how things and people are entangled and become 
greater than the sum of their parts.

39 For formalist and relationalist theory in Network Analysis, see Erikson 2013; for formal-
ism in Art History and Connoisseurship see, for example, Neer 2005 and Opperman 
1990.

40 For Cicero’s correspondence, see Alexander and Danowski 1990; for historical figures in 
Classical Athens, see Harris Cline 2019, 2020. A useful survey of challenges in networks 
with material culture can be found in Collar 2020.
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Fig.	12	 Social Network of Athenian red-figure potters and painters, as catalogued by Beazley; colors are clusters of con-
temporary artists in 25 year segments. Dates provided by Gregory Parker from the Beazley Archive Pottery Database.

https://doi.org/10.25517/jhnr.v8i1.200


Assortative Mixing in the Social Networks of Athenian Potters 51

eISSN: 2535-8863
DOI: 10.25517/jhnr.v8i1.200

Journal of Historical Network Research
No.  8 • 2023 • 23 – 55

10.	 References

Alexander Michael C. and James A. Danowski. “Analysis of an Ancient Network: 
Communication and the Study of Social Structure in a Past Society,” Social 
Networks 12 (1990): 313 –  335.

Arcagni, Alberto, Rosanna Grassi, Silvana Stefani, and Anna Torriero. “Higher 
Order Assortativity in Complex Networks.” European Journal of Opera-
tional Research 262, no. 2 (2017): 708 –  19. https://doi.org/10.1016/j.
ejor.2017.04.028.

Arnold, Jeanne E. “Detecting Apprentices and Innovators in the Archaeological 
Record: The Shell Bead-Making Industry of the Channel Islands.” Journal 
of Archaeological Method and Theory 19, no. 2 (2012): 269 –  305. https://
doi.org/10.1007/s10816-011-9108-1.

Arrington, Nathan T. “Connoisseurship, Vases and Greek Art and Archaeology.” 
In The Berlin Painter and His World: Athenian Vase-Painting in the Early 
Fifth Century B.C., edited by Michael Padgett, 21 –  39. Princeton: Princeton 
University Press, 2017.

Baziotopoulou-Valavani, Evstathia, “Ανασκαφές σε αθηναϊκά κεραμικά εργαστή-
ρια των αρχαϊκών και κλασικών χρόνων.” In The Archaeology of Athens 
and Attica under the Democracy, edited by William D. E. Coulson, Olga 
Palagia, T. Leslie Shear, Jr., H. Alan Shapiro, and Frank J. Frost, 45 –  54. 
Oxford: Oxford University Press, 1994.

Beazley, John D. Attic Black-Figure Vase-Painters. Oxford: Oxford University 
Press, 1956.

Beazley, John D. Attic Red-Figure Vase-Painters. 2nd edition. Oxford: Oxford 
University Press, 1963.

Beazley, John D. Paralipomena. Additions to Attic Black-Figure Vase Painters 
and to Attic Red-Figure Vase Painters. Oxford: Oxford University Press, 
1971.

Bentz, Martin, Wilfred A. Geominy, and Jan Marius Müller. TonArt: Virtuosität 
antiker Töpfertechnik. Petersberg: M. Imhof, 2010.

Boardman, John. Athenian Red Figure Vases: The Archaic Period: A Handbook. 
London: Thames and Hudson, 1975.

Boardman, John. The History of Greek Vases. London: Thames and Hudson, 
2001.

Bolmarcich, Sarah, and Gina Muskett. “Artists’ Signatures on Archaic Greek 
Vases from Athens,” in Artists and Artistic Production in Ancient Greece, 
edited by Kris Seaman and Peter Schultz, 154 –  176. Cambridge: Cambridge 
University Press, 2017.

Bundrick, Sheramy. Athens, Etruria, and the Many Lives of Greek Figures Pot-
tery. Madison, University of Wisconsin Press, 2019.

Centola, Damon. How Behavior Spreads: The Science of Complex Contagions. 
Princeton Analytical Sociology Series. Princeton: Princeton University 
Press, 2018.

https://doi.org/10.25517/jhnr.v8i1.200
https://doi.org/10.1016/j.ejor.2017.04.028
https://doi.org/10.1016/j.ejor.2017.04.028
https://doi.org/10.1007/s10816-011-9108-1
https://doi.org/10.1007/s10816-011-9108-1


Diane Harris Cline/Eleni Hasaki52

eISSN: 2535-8863
DOI: 10.25517/jhnr.v8i1.200

Journal of Historical Network Research
No.  8 • 2023 • 23 – 55

Christakis, Nicholas A., and James H. Fowler. “Social Contagion Theory: Exam-
ining Dynamic Social Networks and Human Behavior.” Statistics in Medi-
cine 32, no. 4 (2013): 556 –  77.

Collar, Anna. “Networks, Connectivity, and Material Culture.” In New Ap-
proaches to Ancient Material Culture in the Greek and Roman World, 
edited by Catherine Cooper, 47 –  62. Leiden: Brill, 2020.

Crown, Patricia L. “The Archaeology of Crafts Learning: Becoming a Potter 
in the Puebloan Southwest.” Annual Review of Anthropology 43, no. 1 
(2014): 71 –  88. https://doi.org/10.1146/annurev-anthro-102313-025910.

D’Andria, Francesco. “Scavi nella zona del Kerameikos (1973).” In Metaponto I, 
edited by Dinu Adamesteanu, Dieter Mertens, and Francesco D’Andria, 
355 –  452. Roma: Accademia Nazionale dei Lincei, 1980.

Erikson, Emily. “Formalist and Relationalist Theory in Social Network Analysis.” 
Sociological Theory 31, no. 3 (2013): 219 –  42.

Eschbach, Norbert. “Athenian Vases for Whom? A New Workshop of the Late 
Fourth Century In the Athenian Kerameikos.” Metis N.S. 12 (2014) 99 –  118.

Fejfer, Jane, Mette Moltesen, and Annette Rathje, eds. Tradition: Transmission 
of Culture in the Ancient World. Acta Hyperborea 14. Copenhagen: Mu-
seum Tusculanum, 2015.

Gandon, Enora, Tetsushi Nonaka, John A. Endler, Thelma Coyle, and Reinoud 
J. Bootsma. “Traditional Craftspeople Are Not Copycats: Potter Idiosyn-
crasies in Vessel Morphogenesis.” PLoSONE 15(9):e0239362, 2020.

Goh, Kwang-ll, Eulsik. Oh, Byungnam Kahng, and Doochul Kim. “Betweenness 
Centrality Correlation in Social Networks.” Physical Review. E, Statistical, 
Nonlinear, and Soft Matter Physics 67, no. 1, Pt 2 (2003): 017101 –  017101.

Hao, Dapeng and Li, Chuan-Xing. “The Dichotomy in Degree Correlation of 
Biological Networks. PloS One. 6. e28322, 2011. 10.1371/journal.pone.00 
28322. Available from: https://www.researchgate.net/figure/Disassorta-
tive-and-assortative-networks-Schematic-illustration-of-a-disassortative_
fig12_51873746.

Harris Cline, Diane. “Entanglement, Materiality, and the Social Organisation of 
Construction Workers in Classical Athens.” In Ancient Greek History and 
Contemporary Social Science, edited by Mirko Canevaro, Andrew Erskine, 
Benjamin Gray, and Josiah Ober, 512 –  28. Edinburgh: Edinburgh Univer-
sity Press, 2018. https://doi.org/10.3366/edinburgh/9781474421775. 001. 
0001.

Harris Cline, Diane. “The Social Network of Socrates.” CHS Research Bulletin 7 
2019. https://research-bulletin.chs.harvard.edu/2019/02/21/social- 
network-of-socrates/.

Harris Cline, Diane. “Athens as a Small World.” In The Ties that Bind: Ancient 
Politics and Network Research, edited by Wim Broekaert, Elena Köstner, 
and Christian Rollinger. Journal of Historical Network Research 4 (2020): 
36 –  56. https://doi.org/10.25517/jhnr.v4i0.84.

https://doi.org/10.25517/jhnr.v8i1.200
https://doi.org/10.1146/annurev-anthro-102313-025910
https://www.researchgate.net/figure/Disassortative-and-assortative-networks-Schematic-illustration-of-a-disassortative_fig12_51873746
https://www.researchgate.net/figure/Disassortative-and-assortative-networks-Schematic-illustration-of-a-disassortative_fig12_51873746
https://www.researchgate.net/figure/Disassortative-and-assortative-networks-Schematic-illustration-of-a-disassortative_fig12_51873746
https://doi.org/10.3366/edinburgh/9781474421775.001.0001
https://doi.org/10.3366/edinburgh/9781474421775.001.0001
https://research-bulletin.chs.harvard.edu/2019/02/21/social-network-of-socrates/
https://research-bulletin.chs.harvard.edu/2019/02/21/social-network-of-socrates/
https://doi.org/10.25517/jhnr.v4i0.84


Assortative Mixing in the Social Networks of Athenian Potters 53

eISSN: 2535-8863
DOI: 10.25517/jhnr.v8i1.200

Journal of Historical Network Research
No.  8 • 2023 • 23 – 55

Harris Cline, Diane, and Eleni Hasaki. “The Connected World of Potters in An-
cient Athens: Collaborations, Connoisseurship and Social Network Analy-
sis”. Harvard Center for Hellenic Studies CHS Research Bulletin 7 (2019). 
https://research-bulletin.chs.harvard.edu/2019/03/19/connected-world-
of-potters/.

Hasaki, Eleni. “Workshops and Technology.” In A Companion to Greek Art, 
edited by Tyler Jo Smith and Dimitris Plantzos, 255 –  74. Oxford: Oxford 
University Press, 2012.

Hasaki, Eleni. Potters at Work in Ancient Corinth: Industry, Religion, and the 
Penteskouphia Pinakes, Hesperia Supplement 51. Princeton: American 
School of Classical Studies at Athens, 2021.

Hasaki, Eleni, and Diane Harris Cline. “Social Network Analysis and Connois-
seurship in the Study of Athenian Potters’ Communities.” In Recon-
structing Scales of Production in the Ancient Greek World: Producers, 
Processes, Products, People, edited by Eleni Hasaki and Martin Bentz, 
59 –  80. Heidelberg: Propylaeum, 2020. https://doi.org/10.11588/
PROPYLAEUM.639.

Hodder, Ian, and Angus Mol. “Network Analysis and Entanglement.” Journal of 
Archaeological Method and Theory 23, no. 4 (2016): 1066 –  94. https://doi.
org/10.1007/s10816-015-9259-6.

Hurwit, Jeffrey. Artists and Signatures in Ancient Greece. New York: Cambridge 
University Press, 2015.

Iyengar, Raghuram, Christophe Van den Bulte, and Thomas W. Valente. 
“Opinion Leadership and Social Contagion in New Product Diffusion.” 
Marketing Science 30, no. 2 (2011): 195 –  212. https://doi.org/10.1287/
mksc.1100.0566.

Jiang, Jiaojiao, Sheng Wen, Shui Yu, Yang Xiang, Wanlei Zhou, and Houcine 
Hassan. “The Structure of Communities in Scale-Free Networks.” Concur-
rency and Computation: Practice and Experience 29, no. 14 (2016): e4040, 
1-. https://doi.org/10.1002/cpe.4040.

Johnston, Alan, W. 2006. Trademarks on Greek Vases: Addenda. Oxford: Oxbow 
Books.

Kadrow, Sławomir, and Johannes Müller. Habitus?: The Social Dimension of 
Technology and Transformation. Leiden: Sidestone Press, 2019.

Kadushin, Charles. Understanding Social Networks: Theories, Concepts, and 
Findings. New York: Oxford University Press, 2012.

Keuls, Eva. “New Light on the Social Position of Vase Painters in Late Archaic 
Athens.” Collection de l’Institut Des Sciences et Techniques de l’Antiquité 
404, no. 1 (1989): 149 –  67.

Knappett, Carl. An Archaeology of Interaction: Network Perspectives on Ma-
terial Culture and Society. Oxford: Oxford University Press, 2011.

Kurtz, Donna C. “Gorges’ Cup, an Essay in the Connoisseurship of Greek Vases.” 
Journal of Hellenic Studies 103 (1983): 68 –  86.

Kurtz, Donna C. “Beazley and the Connoisseurship of Greek Vases.” Greek Vases 
in the J. Paul Getty Museum 2 (1985): 237 –  250.

https://doi.org/10.25517/jhnr.v8i1.200
https://research-bulletin.chs.harvard.edu/2019/03/19/connected-world-of-potters/
https://research-bulletin.chs.harvard.edu/2019/03/19/connected-world-of-potters/
https://doi.org/10.11588/PROPYLAEUM.639
https://doi.org/10.11588/PROPYLAEUM.639
https://doi.org/10.1007/s10816-015-9259-6
https://doi.org/10.1007/s10816-015-9259-6
https://doi.org/10.1287/mksc.1100.0566
https://doi.org/10.1287/mksc.1100.0566
https://doi.org/10.1002/cpe.4040


Diane Harris Cline/Eleni Hasaki54

eISSN: 2535-8863
DOI: 10.25517/jhnr.v8i1.200

Journal of Historical Network Research
No.  8 • 2023 • 23 – 55

Kurtz, Donna C., Dietrich Von Bothmer, and Bernard Ashmole, eds. Beazley 
and Oxford: Lectures Delivered in Wolfson College, Oxford, 28 June 1985. 
Monographs, Oxford University Committee for Archaeology 10. Oxford: 
Oxbow Books, 1985.

Larson, Katherine A. 2013. A Network Approach to Hellenistic Sculptural Pro-
duction, Journal of Mediterranean Archaeology 26: 235 –  260.

Neer, Richard. Style and Politics in Athenian Vase-painting: The Craft of De-
mocracy, ca. 530 –  460 B.C.E. Cambridge Studies in Classical Art and Ico-
nography. Cambridge: Cambridge University Press, 2002.

Neer, Richard. “Connoisseurship and the Stakes of Style.” Critical Inquiry 32 
no. 1 (2005): 1 –  26.

Newman, Mark E. J. “The Structure and Function of Complex Networks.” So-
ciety for Industrial and Applied Mathematics Review 45, no. 2 (January 
2003): 167 –  256. https://doi.org/10.1137/S003614450342480.

Newman, Mark E. J. Networks: An Introduction. Oxford: Oxford University 
Press, 2010.

Oakley, John H. The Achilles Painter. Mainz/Rhein: von Zabern, 1997.
Oakley, John H. The Greek Vase. The Art of the Storyteller, London: British Mu-

seum Press, 2013.
Oakley, John H. A Guide to Scenes of Daily Life on Athenian Vases. Madison, 

WI: University of Wisconsin Press, 2020.
Opperman, Hal. “The Thinking Eye, the Mind That Sees: The Art Historian 

as Connoisseur.” Artibus et Historiae 11, no. 21 (1990): 9 –  13. https://doi.
org/10.2307/1483380.

Padgett, Michael. The Berlin Painter and His World: Athenian Vase-Painting in 
the Early Fifth Century B.C. Princeton: Princeton University Art Museum, 
2017.

Peel, Leto, Jean-Charles Delvenne, and Renaud Lambiotte. “Multiscale Mix-
ing Patterns in Networks.” Proceedings of the National Academy of Sci-
ences 115, no. 16 (April 17, 2018): 4057 –  62. https://doi.org/10.1073/
pnas.1713019115.

Piraveenan, Mahendra, Mikhail Prokopenko, and Albert Y. Zomaya. Classify-
ing Complex Networks Using Unbiased Local Assortativity. Proc. of the 
Alife XII Conference, Odense, Denmark, 2010. arXiv:1802.00539v2, 2018.

Robertson, Martin. “Beazley’s Use of Terms.” In Beazley Addenda Additional 
References to ABV, ARV, and Paralipomena, edited by Lucilla Burn and 
Ruth Glynn, xi – xviii. Oxford: Oxford University Press, 1982.

Robertson, Martin. The art of vase-painting in Classical Athens. Cambridge: 
Cambridge University Press, 1992.

Rotroff, Susan I. “The Ceramic Industry.” In The Cambridge Companion to An-
cient Athens, edited by Jenifer Neils and Dylan Rogers, 269 –  81. Cam-
bridge University Press, 2021. https://doi.org/10.1017/9781108614054.020.

Sapirstein, Philip. “Painters, Potters and the Scale of the Attic Vase-Painting In-
dustry.” American Journal of Archaeology 117 (2013): 493 –  510.

https://doi.org/10.25517/jhnr.v8i1.200
https://doi.org/10.1137/S003614450342480
https://doi.org/10.2307/1483380
https://doi.org/10.2307/1483380
https://doi.org/10.1073/pnas.1713019115
https://doi.org/10.1073/pnas.1713019115
https://doi.org/10.1017/9781108614054.020


Assortative Mixing in the Social Networks of Athenian Potters 55

eISSN: 2535-8863
DOI: 10.25517/jhnr.v8i1.200

Journal of Historical Network Research
No.  8 • 2023 • 23 – 55

Sapirstein, Philip. Productivity of Athenian Vase-Painters and Workshops. 
In Reconstructing Scales of Production in the Ancient Greek World: 
Producers, Processes, Products, People, edited by Eleni Hasaki and Martin 
Bentz, 81 –  96. Heidelberg: Propylaeum, 2020. https://doi.org/10.11588/
PROPYLAEUM.639.

Schreiber, Toby. Athenian Vase Construction: A Potter’s Analysis. Los Angeles: 
Getty Publications, 1999.

Seaman, Kristen, and Peter Schultz, eds. Artists and Artistic Production in An-
cient Greece. New York: Cambridge University Press, 2017.

Singh, Jasjit. “Collaborative Networks as Determinants of Knowledge Diffu-
sion Patterns.” Management Science 51, no. 5 (2005): 756 –  70. https://doi.
org/10.1287/mnsc.1040.0349.

Smith, Marc, Nataša Milic-Frayling, Ben Shneiderman, Eduarda Mendes 
Rodrigues, Jure Leskovec, Cody Dunne. NodeXL: a free and open network 
overview, discovery and exploration add-in for Excel 2007/2010, https://
www.smrfoundation.org/nodexl/ from the Social Media Research Foun-
dation. 2010.

Stissi, Vladimir. Pottery to the People. The Production, Distribution and Con-
sumption of Decorated Pottery in the Greek World in the Archaic Period 
(650 –  480 BC). Ph.D. dissertation, Universiteit van Amsterdam. Amster-
dam Institute for Humanities Research (AIHR). 2002.

Stissi, Vladimir. “From Counting Pots to Counting People: Assessing the Scale 
of Athenian Pottery Production and Its Impact on Workshop Staff. 
In Reconstructing Scales of Production in the Ancient Greek World: 
Producers, Processes, Products, People, edited by Eleni Hasaki and Martin 
Bentz, 97 –  108. Heidelberg: Propylaeum, 2020. https://doi.org/10.11588/
PROPYLAEUM.639.

Tosto, Vincent. The Black-figure Pottery Signed Nikosthenes Epoiesen. Allard 
Pierson Series 11. Amsterdam: Pierson, 1999.

Vasques Filho, Demival, and Dion R. J. O’Neale. “Transitivity and Degree Assor-
tativity Explained: The Bipartite Structure of Social Networks.” Physical 
Review E 101, no. 5 (2020): 052305.

Von Bothmer, Dietrich. “Greek Vase-Painting: Two Hundred Years of Con-
noisseurship.” In Papers on the Amasis Painter and His World, edited by 
Marion True, 184 –  204. Los Angeles: Getty Museum Press, 1987.

Whitley, James. “Beazley as Theorist.” Antiquity 71 (1997): 41 –  47.
Williams, Dyfri. “Beyond the Berlin Painter: Toward a Workshop View.” In The 

Berlin Painter and His World: Athenian Vase-Painting in the Early Fifth 
Century B.C., edited by Michael Padgett, 144 –  187. Princeton: Princeton 
University Press, 2017.

https://doi.org/10.25517/jhnr.v8i1.200
https://doi.org/10.11588/PROPYLAEUM.639
https://doi.org/10.11588/PROPYLAEUM.639
https://doi.org/10.1287/mnsc.1040.0349
https://doi.org/10.1287/mnsc.1040.0349
https://www.smrfoundation.org/nodexl/
https://www.smrfoundation.org/nodexl/
https://doi.org/10.11588/PROPYLAEUM.639
https://doi.org/10.11588/PROPYLAEUM.639

	Title
	Imprint
	Keywords
	Abstract
	1. Introduction to Social Network Analysis for Athenian Potters and Painters
	2. Methodology
	3. Context for Athenian Potters and Painters
	4. Challenges
	5. Results: Topological Analysis of the Red-Figure Network of Artists and Vase Shapes
	6. The Zone with Assortative Mixing
	7. Centrality Measures
	8. The Mirage of the Achilles Painter
	9. Summary
	10. References
	Figures
	Fig. 1 Athenian red-figure bell-krater depicting a scene at a potter’s workshop, c. 470 BCE; attributed to the Komaris Painter
	Fig. 2 Social Network of Athenian black-figure potters and painters, as catalogued by Beazley
	Fig. 3 Social Network of Athenian black-figure potters and painters, as cataloguedby Beazley, without labels
	Fig. 4 Social Network of Athenian red-figure potters and painters, as catalogued by Beazley
	Fig. 5 Social Network of Athenian red-figure potters and painters, as catalogued by Beazley, shown without labels
	Fig. 6 Schematic illustration ofdisassortative and assortative mixing in social networks
	Fig. 7 The vase shapes which the Achilles Painter, Berlin Painter, Persephone Painter, and Phiale Painter have incommon
	Fig. 8 The zone with assortative mixing inside the red-figure network
	Fig. 9 The red-figure potters (in red) and painters (in blue), along with the shapes and the vases, within the assortativezone
	Fig. 10 The red-figure potters (in red) and painters (in blue), projected downinto one-mode to exclude vase shapes
	Fig. 11 Third order ties of the Achilles Painter
	Fig. 12 Social Network of Athenian red-figure potters and painters, as catalogued by Beazley; colors are clusters of contemporaryartists in 25 year segments




