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Editorial 
 

Harald Klinke, Liska Surkemper 

 

he digital age has revolutionized 
many spheres of the modern world: 

society as a whole, the economy as well 
as our private lives. Financial trans-
actions happen in real time, global 
communication via the Internet is avail-
able free of charge, and the smartphone 
is our ubiquitous companion. Moreover, 
the natural sciences have enjoyed 
tremendous success from using new 
technology. The vast amount of data 
contained within the human genome 
could only be unlocked with the help of 
computers. And Big Data Analysis has 
turned into a new method for discovering 
otherwise hidden structures. 

None of that has gone unnoticed in 
the Humanities. For decades now, the so-
called digital humanities 
have striven to use 
algorithms to attain their 
objectives. Robert Busa 
started with his ma-
chine-generated concor-
dance back in 1951, and 
text mining has since de-
veloped into an estab-
lished method in literary 
studies. And art history? 

Some say that except 
for using a word pro-
cessor not much has changed in art 
history. We have digitized the slide 
library, but the image database very 
much still resembles its physical model in 
function. Can’t we imagine much more? 
Certainly, we can do more with the 
image database alone. The fact that our 

art historical data is digital opens up a 
whole universe of possibilities. And the 
use of computers will revolutionize our 
discipline in many ways. The truth is: the 
future is already here. Research fields and 
methods have already changed. Digital 
art history has existed in many ways for 
a couple of decades. Publications, con-
ferences and Summer Schools on the 
topic have been organized and many 
digital projects are popping up all over 
the world. What has been missing is a 
means of bringing concepts and projects 
to an audience of digital art historians 
who are scattered all over the world and 
engaging them in a fruitful discourse. 
What has been missing is a platform for 
exchange and networking.  

The International 
Journal for Digital Art 
History (DAH-Journal) 
provides the opportunity 
to reflect on changes 
currently happening and 
thus make it possible to 
discuss questions con-
cerning the future of our 
discipline, for example: 
what will art history 
look like in 5 or 10 
years? Will art historians 
become data analysts? 

How do digital methods alter our tradi-
tional objectives? What is our relation to 
computer science? How do we adapt 
university curricula to this change? 

When the strongest call to action 
around researchers in the digital human-

T

The fact that our 
art historical data 
is digital opens up 
a whole universe 

of possibilities 
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ities is to “Get data!” in order to get 
things started, perhaps it is also the time 
to ask: what kind of 
data do we really need 
and for what purpose? 
Collecting art-histor-
ical data is still time 
consuming, and one 
has to analyze it, de-
velop algorithms for it 
and so on. Thus one 
task of this journal is 
to report which data 
sets already exist and 
are in use, and point 
out where gaps remain 
– and discuss which should actually be 
filled in order to get useful results.  

Eventually, we as a community will 
have to decide which way we want to go 
with technology. We want to take part in 
developing and strengthening collab-
orative work internationally and inter-
disciplinarily and – amongst other things 
– bringing art historians and computer 
scientists together.  

Art history has never been afraid of 
new technology. Think of Heinrich 
Wölfflin’s use of slide projection 100 
years ago. He changed the method of art 
history for good. A professor at the 
Ludwig Maximilian University of Mu-
nich, he was one of the first to regularly 
use slide projectors in his lectures. Using 
two projectors at the same time, he was 
able to compare two art works simulta-
neously. This fact and the rest of his 
academic career are well known history. 
His scientific achievements were a game 
changer in perceiving, analyzing and 
presenting works of art in the scientific 
world and beyond.  

Today, being in the middle of an even 
larger and broader paradigm shift – the 

digital revolution – art 
historians face partic-
ular challenges in con-
trast to other disci-
plines in the digital 
humanities. Because 
we primarily work 
with pictures rather 
than texts, we have to 
deal with issues of 
computer vision, re-
production quality, 
copyright issues, and 
so on. Therefor the 

DAH-Journal addresses these problems 
and informs the community of current 
projects and progress in the field. That 
the home base of the journal is in 
Munich, where Wölfflin once introduced 
a new technology in his lectures, could 
be a random fact. However, we like to see 
it as a good omen.  

 

Eventually, we as a 
community will have 
to decide which way 
we want to go with 

technology 

Liska Surkemper, Harald Klinke
(Photo: Janusch Tschech. Artwork „Nachschub“: Li-Wen Kuo) 

http://www.janusch-tschech.com/
http://www.liwenkuo.com/
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In time the scientific approach, which 
we today call digital art history, will soon 
be just called art history. Again looking 
back in time, 100 years ago, nobody back 
then – even those against using new 
technologies – felt the need to label the 
approaches of Wöllflin, Warburg and 
others e.g. mechanical art history. One 
reason might be that it seemed obvious 
that the epistemic outcomes were still 
generated by humans and not by the 
technology – photography or slide pro-
jectors. Hence, we emphasize that art 
historians in their profession as scientists 
will not become obsolete – even if there 
are some prominent voices who foresee 
“The End of Theory” and with that the 
end of science as we know it, as Chris 
Anderson, publisher of Wired magazine, 
states in his eponymously titled article 
(Anderson 2008). 

The word digital in the title of our 
journal points out that right now, as 
scientists still try to grasp all the pros 
and cons of the use of technology, it is of 
the utmost importance to reflect on and 
not to blindly applaud every de-
velopment that is taking place. Beginning 
in this first issue by examining the 
fundamental question “What is Digital 
Art History?”, we will dig into its history 
and present some intriguing results.  

The journal is itself an experiment in 
publishing. As scholarly discours should 
be freely available, we have decided to 
publish open access. Since digital 
questions should be in the digital realm 
but the physical object remains impor-
tant in the digital age, we publish online 
and in print. And believing e-publishing 

is more than a PDF-file on a web-server, 
we are probing what scholarly publishing 
can be and are open to new formats that 
meet the needs of the Humanities in the 
digital age. Accordingly, we will be 
constantly working on evolving our e-
publishing format. We invite authors to 
write on new approaches to publishing 
work in the digital humanities com-
munity and we welcome critique as well 
as suggestions that help make this 
journal a worthy representative of our 
field. 

The DAH-journal is already a success. 
The first tweet announcing the Call for 
Manuscripts was retweeted 76 times 
yielding a reach of tens of thousands and 
gaining 7,800 visits to the website. The 
interest in this topic is very strong and – 
we trust – will continue to be. 

We would like to thank those people 
and institutions who have supported us 
thus far: our advisory board members, 
the reviewers, the Technical University 
of Munich and Ludwig Maximilian Uni-
versity, and of course the authors. 

We would like to invite everyone to 
actively participate in the discourse on 
the future of art history as readers and 
authors. Hence, we would also like to 
draw your attention to page 131, where 
we have published the Call for Manu-
scripts for the second issue – please, 
spread the word! This journal is a 
platform for projects and ideas, for 
networking, expanding knowledge and 
pushing forward our discipline, art 
history. 
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Figure 1: An example of the web interface for interactive exploration of image collections 
from our project Selfiecity (http://selfiecity.net, 2014).  
A visitor can filter the collection of 3200 Instagram self-portraits by using graphs in the 
upper part of the screen. The left column contains graphs and controls for filtering imag-
es using cities, ages, and gender information. Age and gender estimates were obtained 
by using Amazon Mechanical Turk service. Other columns contain graphs that show 
features extracted by face analysis software from https://rekognition.com/.  
They include face orientation (up/down, left/right, and degree of tilt), presence of smile 
and glasses, open/close eyes and mouth and seven emotions detected in faces (only 
three emotion graphs are included). 



 

 

Data Science  
and Digital Art History 
 

Lev Manovich 

 

Abstract: I present a number of core concepts from data science that are relevant to digital art 
history and the use of quantitative methods to study any cultural artifacts or processes in gen-
eral. These concepts are objects, features, data, feature space, and dimension reduction. 
These concepts enable computational exploration of both large and small visual cultural data. 
We can analyze relations between works on a single artist, many artists, all digitized production 
from a whole historical period, holdings in museum collections, collection metadata, or writings 
about art. The same concepts allow us to study contemporary vernacular visual media using 
massive social media content. (In our lab, we analyzed works by van Gogh, Mondrian, and 
Rothko, 6000 paintings by French Impressionists, 20,000 photographs from MoMA photo-
graphy collection, one million manga pages from manga books, one million artworks of con-
temporary non-professional artists, and over 13 million Instagram images from 16 global cities.) 
While data science techniques do not replace other art historical methods, they allow us to see 
familiar art historical material in new ways, and also to study contemporary digital visual culture. 

In addition to their relevance to art history and digital humanities, the concepts are also im-
portant by themselves. Anybody who wants to understand how our society “thinks with data” 
needs to understand these concepts. They are used in tens of thousands of quantitative stud-
ies of cultural patterns in social media carried out by computer scientists in the last few years. 
More generally, these concepts are behind data mining, predictive analytics and machine learn-
ing, and their numerous industry applications. In fact, they are as central to our “big data socie-
ty” as other older cultural techniques we use to represent and reason about the world and each 
other – natural languages, material technologies for preserving and accessing information (pa-
per, printing, digital media, etc.), counting, calculus, or lens-based photo and video imaging. In 
short, these concepts form the data society’s “mind” – the particular ways of encountering, 
understanding, and acting on the world and the humans specific to our era. 

 

Keywords: data science, data mining, visualization, data analysis, features, metadata, social 
media, algorithm, dataset 

Invited Article 
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Introduction1 
Will art history fully adapt quantita-

tive and computational techniques as 
part of its methodology? While the use of 
computational analysis in literary studies 
and history has been growing slowly but 
systematically during 2000s and first part 
of 2010s, this has not yet happened in the 
fields that deal with the visual (art histo-
ry, visual culture, film, and media stud-
ies). 

However, looking at the history of 
adoption of quantitative methods in the 
academy suggests that these fields sooner 
or later will also go through their own 
“quantitative turns.” Writing in 2001, 
Adrian Raftery points out that psycholo-
gy was the first to adopt quantitative 
statistical methods in 1920s-1930s, fol-
lowed by economics in 1930s-1940s, soci-
ology in 1960s, and political science in 
1990s.2 Now, in 2015, we also know that 
humanities fields dealing with texts and 
spatial information (i.e., already men-
tioned literary studies and history) are 
going through this process in 2000s-
2010s. So I expect that “humanities of the 
visual” will be the next to befriend num-
bers. 

This adaption will not, however, 
simply mean figuring out what be count-
ed, and then using classical statistical 
methods (developed by the 1930s and still 
taught today to countless undergraduate 
and graduate students pretty much in the 
same way) to analyze these numbers. 
Instead, it will take place in the context 
of a fundamental social and cultural de-
velopment of the early 21st century – the 
rise of “big data,” and a new set of meth-

ods, conventions, and skills that came to 
be called “data science.” Data science 
includes classical statistical techniques 
from the 19th and early 20th century, addi-
tional techniques and concepts for data 
analysis that were developed starting in 
1960s with the help of computers, and 
concepts from a number fields that also 
develop in the second part of the 20th 
century around computers: pattern re-
cognition, information retrieval, artificial 
intelligence, computer science, machine 
learning, information visualization, data 
mining. Although the term "data science" 
is quite recent, it is quite useful as it acts 
as an umbrella for currently most fre-
quently used methods of computational 
data analysis. (Alternatively, I could have 
chosen machine learning or data mining 
as the key term for this article, but since 
data science includes their methods, I 
decided that if I am to refer to all compu-
tational data analysis using a single term, 
data science is best right now.) 

Data science includes many ideas de-
veloped over many decades, and hun-
dreds of algorithms. This sounds like a 
lot, and it is. It is much more than can be 
learned in one or two graduate methods 
classes, or summarized in a single article, 
or presented in a single textbook. But 
rather than simply picking particular 
algorithms and techniques from a large 
arsenal of data science, or borrowing 
whatever technique happens to be the 
newest and therefore is currently in fash-
ion (for example, “topic modeling” or 
“deep learning”) and trying to apply them 
to art history, it is more essential to fist 
understand the most fundamental as-
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sumption of the field as a whole. That is, 
we in art history (or any other humani-
ties field) need to learn the core concepts 
that underlie the use of data science in 
contemporary societies. These concepts 
do not require formulas to explain, and 
they can be presented in one article, 
which is what I will attempt here. (Once 
we define these core concepts, a variety 
of terms employed in data science today 
can also become less confusing for the 
novice.) 

Surprisingly, after reading thousands 
of articles and various textbooks over last 
eight years, I have not found any short 
text that presents these core concepts 
together in one place. While many data 
science textbooks, of course, do talk 
about them, their presentation often 
takes place in the context of mathemati-
cally sophisticated techniques or particu-
lar applications which can make it hard 
to understand the generality of these 
ideas.3 These textbooks in general can be 
challenging to read without computer 
science background. 

Since my article is written for human-
ities audience, it is on purpose biased–my 
examples of the application of the core 
concepts of data science come from hu-
manities as opposed to economics or 
sociology. And along with an exposition, 
I also have an argument. I will suggest 
that some parts of data science are more 
relevant to humanities research than 
others, and therefore beginning “quanti-
tative humanists” should focus on learn-
ing and practicing these techniques first. 

From World to Data 
 

f we want to use data science to “un-
derstand” some phenomenon (i.e., 

something outside of a computer), how 
do we start? Like other approaches that 
work on data such as classical statistics 
and data visualization, data science starts 
with representing some phenomenon or 
a process in a particular way. This repre-
sentation may include numbers, catego-
ries, digitized texts, images, audio, spatial 
locations, or connections between ele-
ments (i.e., network relations). Only after 
such a representation is constructed, we 
can use computers to work on it.  

In most general terms, creating such a 
representation involves making three 
crucial decisions: 

What are the boundaries of this phe-
nomenon? For example, if we are inter-
ested to study “contemporary societies,” 
how can we make this manageable? Or, if 
we want to study “modern art,” how we 
will choose what time period(s), coun-
tries, artist(s), and artworks, or other 
information to include? In another ex-
ample, let’s say that we are interested in 
contemporary “amateur photography.” 
Shall we focus on studying particular 
groups on Flickr that contain contribu-
tions of people who identify themselves 
as amateur or semi-pro photographers, or 
shall we sample widely from all of Flickr, 
Instagram, or other media sharing service 

I
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- since everybody today with a mobile 
phone with a built-in camera automati-
cally becomes a photographer. 

What are the objects we will repre-
sent? For example, in modern art exam-
ple, we may include the following “ob-
jects” (in data science they can be also 
called data points, records, samples, 
measurements, etc.): individual artists, 
individual artworks, correspondence 
between artists, reviews in art journals, 
passages in art book, auction prices. (For 
example, 2012 Inventing Abstraction ex-
hibition in MoMA in NYC featured a 
network visualization showing connec-
tions between artists based on the num-
ber of letters they exchanged.4 In this 
representation, modernist abstract art 
was represented by a set of connections 
between artists, rather than any other 
kind of object I listed above.) In a “socie-
ty” example, we can for instance choose a 
large set of randomly chosen people, and 
study social media they share, their de-

mographic and economic characteristics, 
their connections to each other, and bio-
logical daily patterns as recorded by sen-
sors they wear. If we want to understand 
patterns of work in a hospital, we may 
use as elements people (doctors, nurses, 
patients, and any others), also medical 
procedures to be performed, tests to be 
made, written documentation and medi-
cal images produced, etc. 

What characteristics of each object we 
will include? (These are also referred to 
as metadata, features, properties, or at-
tributes.). In humanities, we usually refer 
to characteristics that are already availa-
ble as part of the data (because somebody 
already recorded them) and characteris-
tics we have added (for example, by tag-
ging) as metadata. In social science, the 
process of manually adding descriptions 
of data is called coding. In data science, 
people typically use algorithms to auto-
matically extract additional characteris-
tics from the objects, and they are re-

 
Figure 2: An example of visualizations of image collections that uses image features automatically extracted by 
a computer. (Source: our project Phototrails, http://phototrails.net/, 2013). Left: a random sample of 50,000 
Instagram images from Bangkok. Right: a random sample of 50,000 Instagram images from Tokyo. In each 
visualization, images are organized by mean hue (angle) and brightness mean (distance to the center). 
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ferred as features (this process is called 
“feature extraction”). For example, artists’ 
names is an example of metadata; aver-
age brightness and saturation of their 
paintings, or the length of words used in 
all titles of their works are examples of 
features that can be extracted by a com-
puter. Typically features are numerical 
descriptions (whole or fractional num-
bers) but they can also take other form. 
For example, a computer can analyze an 
image and generate a few words describ-
ing content of the image. In general, both 
metadata and features can use various 
data types: numbers, categories, free text, 
network relations, spatial coordinates, 
dates, times, and so on. 

Fig. 1 shows the examples of metadata 
and features used in one of the projects 
of my lab. We assembled a collection of 
3200 Instagram self-portaits and created 
an interactive web interface for explora-
tion of this collection. The examples of 
metadata are the same of the cities where 
Instagram images were shared. The fea-
tures include estimate of the people age 
and gender, and results of computer 
analysis (emotions, face position and 
orientation, presence and amount of 
smile, etc.) 

Fig. 2 shows examples of visualiza-
tions that present large image collections 
using features. 50,000 Instagram images 
shared in Bangkok are compared with 
50,000 Instagram images shared in Tokyo 
using two features extracted by computer 
analysis – average color saturation, and 
average hue. 

I suggest that in digital art history we 
adapt the term “features” to refer to both 
information that can be extracted from 

objects through computer analysis and 
the already available metadata. In natural 
and social sciences, the most common 
term is “variable,” and it is used in the 
context of experiments. But since in hu-
manities we do not do systematic exper-
iments like in the sciences, for us the 
term “features” is better. It only implies 
that we represent objects by their various 
characteristics - but it does not imply any 
particular methods of analysis. (However, 
in the section “Classical Statistics and 
Statistical Graphs” below I will use “vari-
able” because this was the term used 
during the period described in this sec-
tion.) 

Although it is logical to think of the 
three questions above as three stages in 
the process of creating a data representa-
tion– limiting the scope, choosing ob-
jects, and choosing their characteristics – 
it is not necessary to proceed in such 
linear order. At any point in the research, 
we can add new objects, new types of 
objects and new characteristics. Or we 
can find that characteristics we wanted 
to use are not practical to obtain, so we 
have to abandon our plans and try to 
work with other characteristics. In short, 
the processes of generating a representa-
tion and using computer techniques to 
work on it can proceed in parallel and 
drive each other. 

Depending on our perspective, we 
could assume that a phenomenon (such 
as “contemporary society,” for example) 
objectively exists regardless of how we 
study it (i.e., what we use as objects and 
their properties). Or we can also assume 
that a phenomenon is equal to a set of 
objects and their properties used in dif-
ferent qualitative and quantitative stud-



Data Science 

18 DAH-Journal, Issue 1, 2015  

ies, publications and communication 
about it (books, articles, popular media, 
academic papers, etc.) That is, a phenom-
enon is constituted by its representations 
and the conversations about it. My de-
scription of the three questions above 
assumes the first position, but this is 
done only for the convenience of explain-
ing the steps in moving “from world to 
data.” 

 

Objects + Features  
= Data 

 

ogether, a set of objects and their 
features constitutes the “data” (or 

“dataset”). 

 People in digital humanities always 
like to remind us that data is something 
that is “constructed” - it does not just 
exist out there. But what does this mean 
exactly? Any data project, publication, or 
data visualization includes some aspects 
of the phenomena and excludes others. 
So it is always “biased.” But this this is 
something that in most cases can be cor-
rected. For example, in the case of a sur-
vey of social media use that only samples 
people in the U.S. and asks them particu-
lar questions about their social media use 
(such as popular Pew Internet surveys), 
we can add people from different coun-
tries and we can also ask them additional 
questions. But the concept of “data” also 
contains more basic and fundamental 
assumptions that cannot be changed, and 

this is equally important. Before we can 
use computers to analyze a phenomena 
or activity, it has to be represented as a 
finite set of individual objects and also a 
finite set of their features. For example, 
consider music. The computational anal-
ysis of music typically divides a music 
track into very small intervals such as 
100 ms and measures some properties of 
each sample. In this way, analog media is 
turned into discrete data. 

How is a “data representation” of 
some phenomenon today different from 
other kinds of cultural representations 
humans used until now, be they repre-
sentational paintings, literary narratives, 
historical accounts, or hand drawn maps? 
Firstly, a data representation is modular, 
i.e. it consists from separate elements: 
objects and their features. Secondly, the 
features are encoded in such a way that 
we calculate on them. This means that 
the features can take a number of forms 
– integers, floating point numbers, cate-
gories represented as integers or text 
labels, etc. – but not just any form. And 
only one format can be used for each 
feature. 

But the most crucial and interesting 
difference, in my view, is that a data rep-
resentation has two types of “things” 
which are clearly separated: objects and 
their features. What is chosen as objects, 
what features are chosen, and how these 
features are encoded – these three deci-
sions are equally important for represent-
ing phenomena as data – and conse-
quently, making their computable, man-
ageable and knowable though data sci-
ence techniques. 

T
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Practically, objects and features can be 
organized in various ways, but the single 
most common one is a familiar table. An 
Excel spreadsheet containing one work-
sheet is an example of a table. A table can 
be also stored as a standard text file if we 
separate the cells by some characters, 
such as tabs or commas (these are stored 
as .txt or .csv files, respectively). A rela-
tional database is a number of tables 
connected together though shared ele-
ments. 

A table has rows and columns. Most 
frequently, each row is reserved to repre-
sent one object; the columns are used to 
represent the features of the objects. This 
is the most frequent representation of 
data today, used in every professional 
field, all natural and social science, and in 
government services. It is the way data 
society understands phenomena and 
individual, and acts on them. 

 

Classical Statistics 
and Modern Data 
Science: From One 
to Many Variables 

Classical Statistics and Statistical 
Graphs: Dealing with One or Two 
Variables 

Statistics comes from the word “state,” 
and its rise in the 18th and 19th century is 
inseparable from the formation of mod-

ern bureaucratic, “panopticon” societies 
concerned with counting, knowing and 
controlling its human subjects, and also 
its economic resources. Only in the mid-
dle of the 19th century, the meaning of 
“statistics” changes – it becomes a name 
for an independent discipline concerned 
with producing summaries and reasoning 
about any collections of numbers, as op-
posed to only numbers important for the 
states and industry. 

For our purposes – understanding 
core principles of contemporary data 
science and how they are different from 
classical statistics - we can divide the 
history of statistics in three stages. The 
first stage encompasses 18th and first part 
of the 19th century. During this stage, 
statistics means collecting and tabulating 
various social and economic data. During 
this stage, William Playfair and others 
develop a number of graphing techniques 
to represent such collections visually. 
Playfair is credited with introducing four 
fundamental techniques: bar chart and 
line graph (1786), and pie chart and circle 
graph (1801). The titles of the books 
where Playfair first used these techniques 
exemplify the kinds of number gathering 
that motivated the invention of these 
techniques: The Commercial and Political 
Atlas: Representing, by Means of Stained 
Copper-Plate Charts, the Progress of the 
Commerce, Revenues, Expenditure and 
Debts of England during the Whole of the 
Eighteenth Century (1786); Statistical 
Breviary; Shewing, on a Principle Entirely 
New, the Resources of Every State and 
Kingdom in Europe (1801). 

These graphing techniques invented 
by Playfair are still most popular today, 
despite the invention of other data visu-
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alization techniques in later periods. Note 
that they all visualize only a single char-
acteristic of objects under study. Built 
into all statistical and graphing software 
and web services, they continue to shape 
how people use and think about data 
today – even though computers can do 
so much more! 

(Note: When you make a graph in a 
program such as Excel, you often also 
select an extra column that contains la-
bels. So even though these techniques 
show only patterns in a single character-
istic – i.e., some numbers stored in a sin-
gle column - in order to include the labels 
for the rows, a second column is also 
used. But it is not counted as a data vari-
able.) 

In the 19th century topical maps also 
became popular. An example is a map of 
country where the brightness of each 
part represents some statistics, such as 
literacy rate, crime rate, etc.5 Although 
such maps are two-dimensional graphical 
representation, they still only use a single 
variable (i.e. a quantity is used to deter-
mine the brightness or graphic style for 
each part of the territory shown on a 
map).  

In the second stage of statistics histo-
ry (1830s-1890s), the analytical and 
graphical techniques are developed to 
study the relations between two charac-
teristics of objects (i.e., two variables). In 
1880s Francis Galton introduces concepts 
of correlation and regression. Galton was 
also probably the first to use a technique 
that we now know as a scatterplot. To-
day scatterplot remain the most popular 
techniques for graphing two variables 
together.6 

One of the most famous uses of statis-
tics in the 19th century exemplifies “data 
imagination” of that period. In 1830s 
Belgian Adolphe Quetelet measured 
height and weight in a large number of 
children and adults in different ages and 
published his results in a book that was 
to become famous: A Treatise on Man and 
the development of his aptitudes (1835). 
Quetelet concluded that these character-
istics measured in large numbers of peo-
ple follow a bell-like curve (called now 
Gaussian or normal distribution). Along 
with analyzing height and weight as sin-
gle separate variables, Quetelet also ana-
lyzed their relations in many people, 
creating in 1832 the modern “body mass 
index.” He found that, on the average, 
“the weight increases as the square of the 
height.”7 

More canonical examples can be 
found in the book considered to be the 
founding text of sociology – Suicide by 
Émile Durkheim (1897).8 The book has 
dozens of data tables. Durkheim used 
such summary statistics to compare sui-
cide rates in different population groups 
(Protestants vs. Catholics, single vs. mar-
ried, soldiers vs. civilians, etc.). He then 
proposed theoretical explanations for 
these differences. (Note that the book 
does not have a single statistical graph, 
not any statistical tests of the signifi-
cance of the differences.) 

In the third stage (1900-1930) the sta-
tistical concepts and methods for the 
analysis of one or two variables were 
further refined, extended, systematized, 
and given rigorous mathematical founda-
tion. These include summarizing a collec-
tion of numbers (measures of central 
tendency such as mean and median, and 
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measures of dispersion, such as variance 
and standard deviation), analyzing rela-
tions between two variables (correlation 
and regression), doing statistical tests, 
and designing experiments that gather 
data to be analyzed with statistics. The 
key work in this period was done by Karl 
Pearson, Charles Spearman, Ronald Fish-
er working in England and the American 
Charles Pierce.9 

The content of contemporary intro-
ductory textbooks on statistics for college 
students is very similar to the content of 
Fisher’s book Statistical Methods for Re-
search Workers published in 1925 – and 
we may wonder why we keep using the 
concepts and tools developed before 
computers to analyze “big data” today. 
The practicality of manual computation 
was an important consideration for the 
people who were consolidating statistics 
in the beginning of the 20th century. This 
consideration played key role in shaping 
the discipline, and consequently still 
forms the “imaginary” of our data socie-
ty. 

Modern Data Science: Analyzing 
Many Features Together 

In the 20th century, statistics gradually 
develop methods for the analysis of many 
variables together (i.e., “multi-variable 
analysis”). The use of digital computers 
for data analysis after WWII facilitates 
this development. As computers get fast-
er, analyzing more and more features 
together becomes more practical. By the 
early 21st century, a representation of 
phenomena that has hundreds or thou-
sands of features has become common-
place. The assumption that objects are 

described using a large number of fea-
tures is standard in data science, and this 
is one of its differences from classical 
early statistics. 

While basic statistical classes today 
still focus on the techniques for the anal-
ysis of one or two variables, data science 
always deals with many features. Why? 
In social sciences, the goal is explanation, 
and its ideal method is systematic exper-
iments. The goal of experiments is study-
ing how some conditions may be affect-
ing some characteristics of a phenome-
non or activity. For example, how does a 
person’s background (place of birth, eth-
nicity, education, etc.) affect her current 
position and salary? How does an ath-
lete’s preparation and diet affect her per-
formance in multiple sports competition? 
If there are many factors and effects, it is 
not easy to understand what is affecting 
what. Therefore, in an ideal 20th century 
experiment, a researcher wanted to only 
measure one condition and one effect. All 
other factors ideally are hold constant. In 
an experiment, one condition (called 
independent variable) is systematically 
changed, and the values of a single char-
acteristics thought to be affected by this 
condition (called dependent variable) are 
recorded. After the experiment, statistical 
techniques (graphing, correlation, regres-
sion and others) are used to study the 
possible relationship between the two 
variables. 

In modern data science the key goal is 
automation. Data science (like Artificial 
Intelligence field earlier) aims to auto-
mate decision-making, prediction, and 
production of knowledge. Based on the 
available information about the custom-
er, shall a bank make a loan to this cus-
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tomer? Does a photograph contain a 
face? Does this face match an existing 
face in a database? Based on the phrase a 
search engine user typed, what web pag-
es are most relevant to this phrase? In 
principle, each of these questions would 
be best answered if a human or a team 
spent sufficient time studying all relevant 
information and coming up with the an-
swer. But this would require lots and lots 
of time for a single answer. Given the 
scale of information available in many 
situations (for example, the web contains 
approximately 14-15 billion web page), 
this time will approach infinity. Also, 
how many different conditions (varia-
bles) the data may contain, even infinite 
time will not help humans fully under-
stand their effects. 

Therefore, credit ranking systems, 
face recognition systems, search engines 
and countless other technological sys-
tems in our societies use data science 
algorithms and technologies to automate 
such tasks. In summary, the goal of data 
science is automation of human cognitive 
functions – trying to get computers to do 
cognitive tasks of humans, but much 
faster. 

Achieving this goal is not easy be-
cause of what computer sciences call 
"semantic gap." This is the gap between 
knowledge that a human being can ex-
tract from some data, and how computer 
sees the same data. For example, looking 
at a photograph of a person, we can im-
mediately detect that the photo shows a 
human figure, separate the figure from 
the background, understand what a per-
son is wearing, face expression, and so 
on. But for a computer, a photograph is 
only a matrix of color pixels, each pixel 

defined by three numbers (contributions 
of red, green and blue making its color). 
A computer has to use this “low-level” 
information to try to guess what the im-
age represents and how it represents it.. 
Understanding a meaning of a text is 
another example of the semantic gap. A 
human reader understands what the text 
is about, but a computer can only “see” a 
set of letters separated by spaces. 

Trying to “close the semantic gap” 
(this is the standard phrase in computer 
science publications) is one of the moti-
vations for using multiple features. For 
example, the case of image analysis, a 
computer algorithm may extract various 
features from images, in addition to just 
the row RGB values of the pixels. Com-
puter can identify regions that have simi-
lar color value and measure orientations 
of lines and properties of texture in many 
parts of an image. The hope is that to-
gether all these features will contain 
enough information for an algorithm to 
identify what an image represents. 

In summary, 20th century statistical 
analysis and contemporary data science 
use variables in exactly the opposite way. 
Statistics and quantitative social science 
that uses it ideally wants to isolate one 
independent and one dependent variable, 
because the goal is understanding the 
phenomenon. Data science wants to use 
many features in the hope that together 
they contain the right information for 
automating recognition, classification, or 
another cognitive task. 
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Feature Space 
 

efore we move on, a quick summary 
of what we learned so far about rep-

resenting phenomena as data. We repre-
sent a phenomenon as a set of objects 
(also called data points, measurements, 
samples, or records) that have features 
(also called attributes, characteristics, 
variables, or metadata). Together, the 
objects and their features is what we 
mean by "data" (or "datasets"). Features 
can be represented in a variety of ways: 
whole and fractional numbers, categories, 
spatial coordinates, shapes and trajecto-
ries, dates, times, etc. 

These are the basic requirements/ 
conventions of modern data analysis and 
also data visualization. Now, let’s start 
our next “lesson.” To the concepts above 
(objects and features) we are going to add 
the third core concept: feature space. 

We assume that our data is stored in a 
table. But now we will conceptualize our 
data table as a geometric space of many 
dimensions. Each feature becomes one of 
the dimensions. Each object becomes a 
point in this space. This is a “feature 
space,” and it is the single most im-
portant and also most relevant for us in 
humanities the concept from contempo-
rary data science, in my opinion. 

The easiest way to understand this is 
by considering a familiar 2D scatter plot. 
Such a plot represents data in two di-
mensions. One dimension (X) corre-
sponds to one feature (i.e., one column in 
a data table); the second dimension (Y) 

corresponds to a second feature (another 
column in the table). (Fig. 3 uses a space 
of two features to compare paintings 
Vincent van Gogh created in Paris and in 
Arles). 

If we want to also add a third feature, 
we can make a three-dimensional scat-
terplot, if our software allows this. And if 
we have 10 features, our plot now con-
ceptually exists in a 10-dimensional 
space. And so on. However, while math-
ematics and computer science have no 
problems working with spaces that may 
have arbitrary numbers of dimensions, 
we humans cannot see or plot them di-
rectly, because we exist physically and 
can only see in three dimensions. But we 
can still use computational techniques to 
think about objects in multi-dimensional 
spaces, and study their relations. 

 

Use of Feature Space 
in Data Science 

 

nce we represent some phenomenon 
or a process as a set of objects de-

fined by many features, and conceptual-
ize this representation as a multi-
dimensional space, many analytical oper-
ations become possible. Many fundamen-
tal applications of data science corre-
spond to such different operations, ex-
plicitly or implicitly. 

For example, we can use a set of tech-
niques called exploratory data analysis 
(described below) to “look” at the struc-

B 
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ture of the space and visualize it. To per-
form cluster analysis, we divide the space 
into parts, each containing points that 
are more similar to each other than to 
points outside this part. In classification, 
we identify the points belonging to two 
or more categories. (“Binary classifica-
tion” deals with two categories; “mul-
ticlass classification” deals with more 
than two classes. If cluster analysis and 
classification sound similar, it is because 
they are, but while the first is completely 
automatic technique, classification needs 
some data that already has category in-
formation.) In many search algorithms, a 
computer finds the points in the space 
that are most similar to the input terms 
(these are points that that are closest to 
the input in feature space – see the sec-
tion on measuring distance in feature 
space below). Some of the recommenda-
tion algorithms work similarly – starting 
from the points that a user have previ-
ously favored, they find and display other 
points the closest to them (of course they 
do not show the points directly but the 
media objects represented by them such 
as movies, songs or people to follow on 
social media). 

These operations rely on more basic 
ones such as computation of similari-
ty/difference between points in a feature 
space. The degree or similarity/difference 
can be equated with the simple geometric 
distance between the points in the space). 

I would like to mention a few more 
terms because they are so common in 
data science that you will inevitably en-
counter them. “Exploratory data analy-
sis” is also called "unsupervised learning." 
In contrast, "supervised learning" needs 
part of the data already labeled as be-
longing to this or that category. Algo-
rithms then use this labeled data along 
with its features to “learn” how to classi-
fy new data. The practical application of 
unsupervised learning is part of the field 
of "predictive analytics.") 

Among the contemporary applications 
of data science, probably the most com-
mon is automatic classification. However, 
in my view it is the least interesting one 
for humanities. Why should we use com-
puters to classify cultural artifacts, phe-
nomena or activities into a small number 
of categories? Why not instead use com-
putational methods to question the cate-
gories we already have, generate new 
ones, or create new cultural maps that 
relate cultural artifacts in original ways? 

This is why this article does not go in-
to any detail about the widely used data 
science methods you will find extensively 
covered in standard data sciences text-
books and courses – i.e., classification 
methods. But while these textbooks typi-
cally only devote a small part to explora-
tory data exploration, I think that for the 
humanities we need to reverse this ratio. 

 
Figure 3: Comparing paintings created by van Gogh in Paris (left) and Arles (right) on 
brightness and saturation dimension. X-axis – average brightness; y-axis – average satu-
ration. The visualization shows that on these dimensions, van Gogh’s Paris paintings 
have more variability than his Arles paintings. We can also see that most paintings creat-
ed in Arles occupy the same part of the brightness/saturation space as Paris paintings; 
only a small proportion of Arles’s paintings explore the new part of this space (upper 
right corner). (Visualization by Lev Manovich / Software Studies Initiative). 
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Accordingly, in the rest of this article I 
will discuss data exploration techniques. 

 

Difference as Distance 
in Feature Space 

 

e learned that we could conceptu-
alize a set of objects with many 

features as points in a multi-dimensional 
space. What are the benefits of such a 
representation for humanities? 

The most basic method of humanities 
until now has been the same as in every-
day human perception and cognition – 
comparison. (This is different from natu-
ral and social sciences that have been 
using mathematics, statistics, data visual-

ization, computation and simulation to 
study their phenomena and objects.) In a 
20th century art history class, a two-slide 
projector setup allowed for simultaneous 
viewing and comparison between two 
artifacts. Today in an art museum, a label 
next to one artifact point out the similari-
ties between this artifact and a few other 
artifacts (or artists) in the same exhibi-
tion. 

Manual comparison does not scale 
well for big data. For example, for our 
lab’s project On Broadway that visualizes 
a single street in NYC using many data 
sources, we collected all publically visible 
Instagram images from the whole NYC 
area for five months in 2014. The result 
was 10.5 million images. Let’s say we 
want to understand some patterns in this 
nice sample of contemporary vernacular 
photography – what are the subjects of 
these images, what are common and un-
common compositions, how this may 
differ between parts of NYC, how many 

W
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images are by people using techniques of 
professional commercial photography, 
and so on. Simply looking at all these 
images together will not allow us to an-
swer such questions. And in fact, no 
popular commercial or free image man-
agement or sharing software or web ser-
vice can even show that many images 
together in a single screen. 

However, data science techniques can 
allow us to answer the questions such as 
the ones I posed above for very large 
datasets. By representing each image as a 
point in a space of many features, we can 
now compare them in quantitative way. 
In such representation, the visual differ-
ence between images is equated with a 
distance in feature space. This allows us 
to use computers to compute differences 
between as many images (or other types 
of cultural objects) as we want. Such 
computation then becomes basis for do-
ing other more “high-level” operations: 
finding clusters of similar images; deter-
mining most popular and most unusual 
types of images; separating photos that 
use the language of professional photog-
raphy, and so on.10 

Using only two features is useful for 
developing an intuition about measuring 
distance in a multi-dimensional feature 
space. Consider a visualization in Fig. 3 
showing images of van Gogh paintings 
that uses average brightness (X axis) and 
color saturation (Y axis). The geometric 
distance between any two images corre-
sponds to the difference between them in 
brightness and saturation. Note that, of 
course, this example disregards all other 
types of difference: subject matter, com-
position, color palette, brushwork, and 
so. However, this is not only a limitation 

but also an advantage – by letting us 
isolate particular features, we can com-
pare artifacts only on dimensions we 
want. 

We can also compute and add as 
many features as we want. And although 
we may not be able to visualize and see 
directly the space of, for example, 50 or 
500 features, we can still calculate the 
distance between points in this space. If 
the distance between two points is small, 
it means that the corresponding objects 
are similar to each other. If the distance 
between two points is large, it means that 
the corresponding objects are dissimilar 
to each other. 

There are many ways to define and 
calculate distance, and data science uses a 
number of them. One popular way that is 
easiest to understand is using Euclidian 
geometry. (Another popular way is “co-
sine similarity,” defined as the cosine of 
an angle between two vectors in feature 
space.) Note that in these calculations, we 
do not need to give equal weight to all 
features; if we believe that some of them 
are more important, we can also make 
them more important in the computation. 

The concept of a geometric feature 
space allows us to take the most basic 
method of humanities – a comparison – 
and extend it to big cultural data. In the 
same time, it allows us (or forces us, if 
you prefer) to quantify the concept of 
difference. Rather than simply saying 
that artifact “A” is similar to artifact “B,” 
and both “A” and “B” are dissimilar to 
“C,” we can now express these relations 
in numbers. While this quantification 
may appear to be unnecessary if we are 
only considering a small number of arti-
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facts, once we start dealing with thou-
sands, tens of thousands, millions, and 
beyond, it becomes a very useful way of 
comparing them. 

 

Exploring Feature 
Space 

 

et’s say we want to understand some 
cultural field in a particular period – 

Ming Dynasty Chinese painting, realist 
art in Europe in late 19th century, graphic 
design in 1990s, social media photog-
raphy in early 2010s, etc. What kinds of 
subject matter (if the field has a subject 
matter), styles and techniques are pre-
sent? How they develop over time? 
Which of them were more popular and 
which were less popular? Art historians 
so far relied on human brain’s abilities 
that developed evolutionary to see pat-
terns and understand similarity and dif-
ference between sets of artifacts. They 
seemed to do well without using mathe-
matics, graphic methods, statistics, com-
putation, or contemporary data science. 
But the price for this “success” was the 
most extreme exclusion – considering 
only tiny sample of “important” or “best” 
works from every period or field. In the 
words of the pioneer of digital humani-
ties Franko Moretti, 

What does it mean, studying 
world literature? How do we 
do it? I work on West Europe-

an narrative between 1790 and 1930, and 

aleady feel like a charlatan outside of 
Britain or France... ‘I work on West Eu-
ropean narrative, etc....’ Not really, I 
work on its canonical fraction, which is 
not even one per cent of published litera-
ture. And again, some people have read 
more, but the point is that there are thir-
ty thousand nineteenth-century British 
novels out there, forty, fifty, sixty thou-
sand—no one really knows, no one has 
read them, no one ever will. 
And then there are French 
novels, Chinese, Argentinian, 
American...11 

Moretti’s point certainly applies to all 
other humanities fields; and it applies 
even more to the analysis of contempo-
rary culture. Who can look at even a 
tiniest percentage of photos shared on 
Instagram every hour – or for example 
hundreds of million Instagram photos 
with a tag #fashion? Who can visit hun-
dreds of cities around the world in a sin-
gle month to understand the differences 
in street fashion between all of them? 
Who can browse through billions of web 
pages to understand the landscape of 
current web design? 

Let’s apply the concepts we learned – 
objects, features, feature space, distance 
in feature space, and various operations 
this representation allows (exploration, 
clustering, etc.) to this problem. First we 
need create an appropriate data set. As 
we already know, this means represent 
some cultural field as a large set of ob-
jects with various features. Each feature 
captures some characteristic of the ob-
jects. The features can use existing 
metadata (such as dates or names), ex-
tracted automatically by a computer, or 
added manually (in social sciences, this 

L
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process is called “coding,” in humanities, 
we call this “annotation” or “tagging”). 

The objects can be photographs, 
songs, novels, paintings, websites, user 
generated content on social networks, or 
any other large set of cultural artifacts 
selected using some criteria. They can be 
all works of a single creator, if we want 
to understand how her/his works are 
related to each other. Instead of the cul-
tural artifacts, the objects in our repre-
sentation can be also individual cultural 
consumers and features can represent 
some characteristics of their cultural 
activities: for example, web sites visited 
by a person, a trajectory though a muse-
um and time spent looking at particular 
artworks, or the positions of faces in 
selfie photos (see our project 
http://www.selfiecity.net for the analysis 
of such data.) 

Once we represent some cultural field 
or cultural activity field as data (objects 
and their features), we can conceptualize 
each object as a point in a multi-
dimensional feature space. This allows us 
to use “exploratory data analysis” tech-
niques from data science and also tech-
niques from data visualization field to 
investigate the “shape” of this feature 
space.  

The space may have different struc-
tures: all points may cluster together, or 
form a few clusters, or lie at approxi-

mately equal distances from each other, 
etc. Any of these patterns will have an 
appropriate cultural interpretation. If 
most points form a single cluster, this 
means that in a particular cultural field 
most works/activities have similar char-
acteristics, and only a small number are 
significantly different. Or we can find a 
few large clusters that lie at sufficient 
distances from each other (this can be 
quantified by measuring distances be-
tween the centers of the clusters.). And if 
we find that there are no clusters, this 
means that a given cultural space has a 
high degree of variability, and every 
work is significantly different from the 
rest.12 

Note that just as it was the case with 
van Gogh example, even if we use many 
different features, we cannot be sure that 
we have captured the right information 
to quantify difference as we humans see 
it. But producing a single "correct" map 
should not our main goal.. Every selec-
tion of features and choice of parameters 
of the algorithm will create a different 
map of cultural artifacts we are interest-
ed in. And every map can show us some-
thing new.  

Using modern data analysis and visu-
alization software, we can generate mul-
tiple views of the same data quickly and 
compare them. This helps us to expand 
our understanding of a cultural phenom-
enon, and also notice the relations and 
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patterns we did not see before. In other 
words, data science allows us not only 
just to see the data that is too big for our 
unaided perception and cognition; it also 
allows us to see data of any size (includ-
ing very familiar canonical cultural da-
tasets) differently.  

 

Dimension Reduction 
 

e want to explore the structure of 
a feature space: the presence, posi-

tions and the shapes of clusters, the dis-

tances between them, and the average 
distances between individual points. How 
to do this? It will be great if we can visu-
alize this space. If we only have two fea-
tures, we can directly map each of them 
into one dimension and create a conven-
tional 2-D scatterplot. If we have many 
features, a space of many dimensions can 
be represented as a series of separate 
scatter plots, each plot showing a pair of 
features. This visualization technique is 
called a scatterplot matrix. 

Scatterplot matrixes become less use-
ful if we have lots of dimensions. Each 
plot only shows a particular projection of 
the space onto two dimensions, i.e., a 
single flat surface. If the shapes of point 
clusters are truly multi-dimensional, 

W

 
Figure 4: Heat map visualization 
of top tags assigned by Insta-
gram users to images shared in 
the center of Kyiv during Febru-
ary 2014 Maidan revolution in 
Ukraine. Using Instagram API, we 
collected images for February 
17-22. During this period 6,165 
Instagram users shared 13,208 
images which they tagged with 
the total of 21,465 tags (5845 
unique tags). Visualization shows 
25 most frequently used tags. 
The intensity of color/size indi-
cates how frequently the two 
tags were used together. (Visuali-
zation by Lev Manovich / Soft-
ware Studies Initiative.) 
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studying a large number of separate 2-D 
plots may not help us to see these shapes. 

Another method for visualizing points 
in a space of many dimensions (i.e., many 
features) is to use a distance matrix. Dis-
tance matrix is computed directly from a 
data table. In a distance matrix, each cell 
represents a numerical distance between 
two objects from the original table. By 
converting the values of the cells into 
gray tones, colors, or shapes, we can turn 
the distance matrix into a visualization. 
Such visualization is called a heat map. 
Like scatterplot matrixes, heat maps can 
also quickly become very dense as we 
add features, and they also have the same 
limitation of making it hard to see the 
shapes of multi-dimensional clusters. Fig. 
4 is an example of a heatmap visualiza-
tions used to explore tags assigned by 
Instagram users to images they share. 

Data science developed another ap-
proach for seeing and interpreting the 
structure of a space of many dimensions. 
It is called dimension reduction. Along 
with objects, features, feature space and 
distances, dimension reduction is another 
fundamental concept of data science im-
portant for humanities. 

Dimension reduction is the most 
widely used approach today for exploring 
data that has arbitrary larger number of 
features. It refers to various algorithms 
that create a low dimension representa-
tion of a multi-dimensional space. If this 
new representation only has two or three 
dimensions, we can visualize it using one 
or two standard 2D scatterplots. 

Note that typically each axis in such 
scatterplot(s) no longer corresponds to a 

single feature. Instead, it represents a 
combination of various features. This is 
the serious challenge of dimension reduc-
tion algorithms – while they allow us to 
represent data using scatterplots where 
we can see the structure of a space easily, 
it can be quite challenging to interpret 
the meaning of each dimension. But even 
if we cannot say exactly what each axis 
represents, we can still study the shape of 
the space, the presence or absence of 
clusters, and the relative distances be-
tween points. 

Dimension reduction is a projection of 
a space of many dimensions into a fewer 
dimensions – in the same way as a shad-
ow of a person is a projection of a body 
in three dimensions into two dimensions. 
Depending on the position of the sun, 
some shadows will be more informative 
than others. (For example, if the sun is 
directly above my head, my shadow be-
comes very short, and my body shape is 
represented in a very distorted way. But 
if the sun is at 30 or 45 degree angle, my 
shadow will contain more information.) 
Similarly, the idea of dimension reduc-
tion is to preserve as much of the original 
information as possible. But it is crucial 
to keep in mind that some information 
will be always lost. 

Different dimension reduction tech-
niques use different criteria as to what 
kind of information should be preserved 
and how this is to be achieved. The fol-
lowing are among three very widely used 
data exploration methods that use di-
mension reduction: 

Multi-dimensional scaling (MDS): We 
want to preserve the relative distances 
between points in a multi-dimensional 
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space while projecting it into a lower 
dimension space. 

Principal Component Analysis (PCA): 
We want to preserve most variability 
(spread of the data) when we go from all 
to fewer dimensions.  

Factor analysis: Similar to MDS and 
PCA, but its original motivation was 
different. The idea of factor analysis is to 

extract “factors” - a smaller number of 
“hidden” variables that are responsible 
for the larger set of observed (recorded, 
measured) variables.13 

Fig. 5 is an example of MDS visualiza-
tion. We explore top 25 Instagram’s tags 
for 13,208 images Kyiv during February 
2014 Maidan revolution in Ukraine, and 
find distinct semantic clusters. 

 
Figure 5: Visualization of the data from Fig. 4 using multi-dimensional Scaling (MDS). The tags that are often used to-
gether appear close to each other in the plot. On the right, we see a tight cluster of the tags that represent the “univer-
sal” Instagram language: #like, #follow, #instagood, etc. (these same tags are popular in lots of locations around the 
world). On the left, we see another cluster of tags associated with Maidan revolution. The visualization suggests that 
there is little interaction between these two types of tags: one group of Instagram users was using generic tags while 
another group was primarily tagging the local and specific events. 
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Fig. 6 shows an example of a visuali-
zation of approximately 6000 paintings of 
French Impressionists that uses PCA. In 
such visualization, images that are simi-
lar to each in terms of particular visual 

features are grouped together. Such visu-
alizations allow us to compare many 
images to each other, and understand 
patterns of similarity and difference in 
large visual datasets. 
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Conclusion 
To explore is to compare. And to 

compare, we need first to see. To see big 
cultural data, we need to turn to data 
science. 

Until the 21st century, we typically 
compared small numbers of artifacts, and 
the use of our human cognitive capacities 
unaided by machines was considered to 
be sufficient. But today, if we want to 
compare tens of thousands or millions of 
cultural artifacts (born digital user gener-
ated content is a prime example of such 
scales, but some digitized collections of 
historical artifacts can be also quite large) 
we have no choice but to use computa-
tional methods. In other words: To “see” 
contemporary culture requires use of 
computers and data science. 

This computer “vision” can be under-
stood as extension of the most basic act 
(or method) of humanities - comparing 
cultural artifacts (or periods, authors, 
genres, movements, themes, techniques, 
topics, etc.) So while computer-enabled 
seeing enabled by data science may be 
radical in terms of its scale – how much 
you can see in one “glance,” so to speak – 
it continues the humanities’ traditional 
methodology. 

In this article I introduced a number 
of core concepts of data science: objects, 
features, feature space, measuring distance 
in feature space, dimension reduction. In 
my view, they are most basic and funda-
mental concepts of the field relevant to 
humanities. They enable exploration of 
large data, but they are also behind other 
areas of data science and their industry 
applications. In fact, they are as central to 
our “big data society” as other main cul-
tural techniques we use to represent and 
reason about the world and each other – 
natural languages, lens-based photo and 
video imaging, material technologies for 
preserving and accessing information 
(paper, printing, digital media, etc.), 
counting, or calculus. They form data 
society’s “mind” – the particular ways of 
encountering, understanding, and acting 
on the world and the humans specific to 
our time. 

Notes 
1 Acknowledgments: This article draws on the 
research by Software Studies Initiative between 
2007 and 2015. I would like to thank all graduate 
and undergraduate students who participated in 
our projects and our external collaborators. Our 
work was supported by The Andrew Mellon 

 
Figure 6: Example of a visualization of an image collec-
tion using Principal Component Analysis. The data set 
is digital images of approximately 6000 paintings by 
French Impressionists. We extracted 200 separate 
features from each image, describing its color charac-
teristics, contrast, shapes, textures and some aspects 
of composition. We then used Principal Component 
Analysis to reduce the space of 200 features to a 
smaller number of dimensions, and visualized the first 
two dimensions. In a visualization, images that are 
similar to each in terms of features we extracted are 
grouped together. One interesting finding is that the 
types of images popularly associated with Impression-
ism (lower left part) constitute only a smaller part of the 
larger set of artworks created by these artists. At least 
half of the images turn to be rather traditional and more 
typical of classical 19th century painting (darker tones 
and warm colors.) Note that our data set contain only 
approximately ½ of all painting and pastels created by 
participants in Impressionist exhibitions in 1874-1886. 
(Visualization by Lev Manovich / Software Studies 
Initiative). 
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nology (Calit2), University of California Humani-
ties Research Institute, Singapore Ministry of 
Education, Museum of Modern Art (NYC) and 
New York Public Library. 
2 Adrian Raftery, “Statistics in Sociology, 1950-
2000: A Selective Review.” Sociological Methodol-
ogy 31 (2001): 1-45, https://www.stat.washington. 
edu/raftery/Research/PDF/socmeth2001.pdf (ac-
cessed April 24, 2015). 
3 For example, David Hand, Heikki Mannila, and 
Padhraic Smyth, Principles of Data Mining (Cam-
bridge, Mass.: The MIT Press, 2001); Jure Leskovec, 
Anand Rajaraman, and Jeff Ullman, Mining of 
Massive Datasets. 2n edition (Cambridge: Cam-
bridge University Press, 2014); Nina Zumel and 
John Mount, Practical Data Science with R (Shelter 
Island: Manning Publications, 2014).  
4 MoMA (Museum of Modern Art), Network dia-
gram of the artists in Inventing Abstraction, 1910-
1925 exhibition (2012), http://www.moma.org/ 
interactives/exhibitions/2012/inventingabstraction 
/?page=connections (accessed April 24, 2015).  
5 For historical examples, see Michael Friendly and 
Daniel Denis, “Milestones in the History of The-
matic Cartography, Statistical Graphics, and Data 
Visualization" (n.d.), http://datavis.ca/milestones/ 
(accessed April 24, 2015). 
6 Michael Friendly and Daniel Denis, “The Early 
Origins and Development of the Scatterplot,” 
Journal of the History of the Behavioral Sciences 41, 
no. 2 (2005): 103–130, http://www.datavis.ca/ 

papers/friendly-scat.pdf  (accessed April 24, 2015). 
7 Quoted in Garabed Eknoyan, “Adolphe Quetelet 
(1796–1874)—the average man and indices of 
obesity,” Nephrology Dialysis Transplantation 23, 
no. 1 (2008): 47-51, http://ndt.oxfordjournals.org/ 
content/23/1/47.full (accessed April 24, 2015). 
8 Émile Durkheim, Le Suicide. Étude de Sociologie 
(Paris, 1897).   
9 For a highly influential presentation of statistics 
in this period, see Ronald A. Fisher, Statistical 
Methods for Research Workers (Edinburgh: Oliver 
and Boyd, 1925), http://psychclassics.yorku.ca/ 
Fisher/Methods/index.htm (accessed April 24, 
2015). 
10 For one of the first publications in now what is a 
big field of computational analysis of large photo 
datasets, see Ritendra Datta et al., “Studying aes-
thetics in photographic images using a computa-
tional approach,” ECCV'06 Proceedings of the 9th 
European conference on Computer Vision Volume 
Part III (2006): 288-301.  
11 Franko Moretti, “Conjectures on World Litera-
ture,” New Left Review 1, January-February (2000): 
55, http://newleftreview.org/II/1/franco-moretti-
conjectures-on-world-literature (accessed April 24, 
2015). 
12 See Lev Manovich, “Mondrian vs Rothko: foot-
prints and evolution in style space,” 2011, 
http://lab.softwarestudies.com/2011/06/mondrian-
vs-rothko-footprints-and.html (accessed April 24, 
2015). 
13 For one of the original formulation of factor 
analysis in psychology, see Louis Leon Thurstone, 
“Vectors of Mind,” Psychological Review 41 (1934): 
1-32, http://psychclassics.yorku.ca/Thurstone/ (ac-
cessed April 24, 2015). 
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Abstract: The past five years have witnessed a growing interest amongst art historians in the 
potential of digital projects to impact, if not transform, the discipline. A steep rise in conferences 
and institutes dedicated to digital art history, along with funding opportunities and institutional 
support, has accelerated the rate at which art historians are now engaging with digital tech-
niques. With this new visibility, art historians have criticized themselves for lagging behind other 
disciplines such as history and archaeology. This article questions the assumption that art his-
torians have been slow to embrace digital tools and methods through a brief historical examina-
tion of projects undertaken by institutions and scholars during the infancy of art history compu-
ting: the early 1980s through the early 1990s. Using Johanna Drucker's distinction of the "digit-
ized" and "digital" iterations of art history, this essay traces the genealogies of both categories, 
arguing that scholars have been more active in theorizing, practicing and creating digital meth-
ods than is often seen to be the case. Ultimately, this essay is an attempt to help define from a 
historical perspective what "digital art history" is and how it has been practiced. 

Keywords: historiography, databases, art history, methodology, museum, digital, digitized 

 

Introduction1 
In her 2012 report for the Kress Foun-

dation Transitioning to a Digital World: 
Art History, Its Research Centers, and Digi-
tal Scholarship, Diane Zorich summarizes 
both the consternation that art historians 
have been left behind by the digital turn 
in the humanities and the skepticism that 
it is going to change the practices of the 

discipline in any meaningful way.2 In her 
estimation, "There is a pervasive sense 
that the discipline is too cautious, moves 
too slowly, and has to "catch up" in the 
digital arena."3 This perception is not a 
new one. In his 1992 article "Computer 
Applications in the History of Art," An-
thony Hamber argues how "information 
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Figure 1: The VASARI Scanner. Date unknown.  
(Photo: Kirk Martinez. Reproduced with permission) 
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technology within the world of the histo-
ry of art has, until recently, lagged 
somewhat behind [other disciplines]."4 
Such attitudes have continued to circu-
late throughout art history. In the 2004 
book A Companion to Digital Humanities, 
Michael Greenhalgh, a longtime support-
er of art history computing, laments how 
it is "the human element [rather than the 
technological] that restricts obvious de-
velopments in the discipline."5 The an-
nouncement for a conference on "Digital 
Art History" held at the Institute of Fine 
Arts, New York University, at the end of 
2012 proclaims, "In the context of art 
history the integration of digital tools 
and processes has lagged, in varying de-
grees, in comparison to other disciplines 
like archaeology and literary studies."6 
And in a paper delivered at the confer-
ence "The Digital World of Art History 
2013: From Theory to Practice" at the 
Index of Christian Art, Zorich argues that 
art history has been "slow at adopting the 
computational methodologies and analyt-
ic techniques that are enabled by new 
technologies," singling out as examples 
visualization, network analysis, and topic 
modeling.7  

Rather than embracing the methodo-
logical innovations or challenges pre-
sented by computational practices, the 
argument goes, art historians have simp-
ly lapsed into using technology as ever-
expanding slide libraries. Johanna Druck-
er makes this point in a 2013 article in 
the journal Visual Resources, in which she 
distinguishes between art historians who 
practice digitized art history and those 
who practice digital art history. Accord-
ing to Drucker, "[a] clear distinction has 
to be made between the use of online 
repositories and images, which is digit-

ized [emphasis in original] art history, 
and the use of analytic techniques ena-
bled by computational technology that is 
the proper domain of digital [emphasis in 
original] art history."8 In Drucker's view, 
the "digitized" iteration of art history 
propels traditional practices, exemplified 
by the online publication of image collec-
tions and born-digital periodicals such as 
Nineteenth-Century Art Worldwide. This 
iteration gives scholars quicker access to 
more materials without challenging the 
practices under which they work.9 In 
contrast, the "digital" is "the use of ana-
lytic techniques enabled by computation-
al technology," including structured 
metadata, network analysis, discourse 
analysis, virtual modeling, simulation, 
and the aggregation of materials from 
disparate geographic locations.10 

With the steep rise of scholarly inter-
est in using, theorizing, and funding the 
creation of digital tools and methodolo-
gies, it seems as though art historians are 
indeed playing catch-up. But art histori-
ans' engagement with both the digitized 
and the digital versions of art historical 
practice, as per Drucker, is more histori-
cally complex than current debates sug-
gest. For instance, as early as 1981 the 
Getty Art History Information Program 
(AHIP), an antecedent of the Getty Re-
search Institute, set out to facilitate the 
creation of sets of linked "data banks" by 
the Getty and a group of international 
partner institutions that included the 
National Gallery of Art, Washington, and 
the Witt Library.11 In 1985, the group 
Computers and the History of Art 
(CHArt) was founded in London in order 
to bring together academics, museum 
professionals, and information technolo-
gy specialists who were interested in 
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pursuing computational practices, such 
as database creation and quantitative 
analysis, as well as developing new soft-
ware and hardware with which to exam-
ine works of art.12 CHArt began publish-
ing a newsletter in 1986, a book in 1989, 
and an eponymous journal in 1990. 13 
Indeed, 1990 also witnessed the first 
“Electronic Visualization and the Arts” 
(EVA) conference at the Imperial College, 
London. In 1997, Hubertus Kohle pub-
lished the volume Kunstgeschichte digital: 
eine Einführung für Praktiker und Stud-
ierende, a collection of 15 essays explor-
ing a diverse array of projects and theo-
retical positions on the relationship be-
tween art history and computers. 14 That 
same year, two unrelated articles were 
published exploring the intersection of 
art history and emerging technologies: 
"Digital Art History: A New Field for 
Collaboration" by Sally Promey and Miri-
am Stewart in American Art, and "Digital 
Culture and the Practices of Art and Art 
History" by Kathleen Cohen et al in The 
Art Bulletin.15 And in 2005, CHArt pub-
lished the volume Digital Art History: A 
Subject in Transition.16 

In this short essay, I want to question 
the assumption that art history has 
lagged behind other humanities disci-
plines in its engagement with digital 
tools and techniques.17 I approach the 
ontology of "digital art history" from a 
historical perspective rather than a tech-
nical or methodological one.18 I want to 
sketch out the genealogies of "digital art 
history" itself to better understand how 
the practices and debates subsumed un-
der this concept have taken shape. I do 
not attempt to tell the complete story. 
Indeed, I limit my chronological scope 
from roughly the early 1980s through the 

mid 1990s, and have selected just a few 
examples from a rich body of material. 
Ultimately, this essay is an attempt to 
help define from a historical perspective 
what "digital art history" is and how it 
has been practiced. 

 

A Genealogy of 
"Digitized" Art History 

 

rucker's distinction between digit-
ized and digital art history, while 

imperfect categories, affords us with a 
good point of entry from which to under-
stand the history of doing art history 
digitally. Let us begin with the digitized, 
the creation of electronic databases and 
the digitization of works of art and image 
collections.  

The earliest projects integrating com-
puters with art history primarily 
emerged from museums and libraries in 
the late 1970s and the early 1980s.19 As 
computers enabled cultural organizations 
to organize better large and sometimes 
poorly documented collections, museums 
and libraries from the United States and 
Europe saw the potential for collabora-
tion and the cross-referencing of their 
collections. But there were complications. 
While computers allowed for the unprec-
edented exchange of information, dispar-
ate standards of cataloging practices 
made communication difficult. Several 
ambitious initiatives and groups sought 
to tackle this problem. For instance, in 
1983 the international Architectural 

D
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Drawings Advisory Group (ADAG) first 
convened at the Center for Advanced 
Study in the Visual Arts (CASVA) in 
Washington in order to systematize cata-
loging standards that would ensure for 
scholars "a consistent set of research 
information across repositories, perhaps 
eventually, through an electronic network 
[emphasis added]."20  

In 1986, a sub-group of four ADAG 
repositories and the Getty Trust, the 
Foundation for Documents of Architec-
ture (FDA), was created for the purpose 
of addressing disparate cataloging prac-
tices for closely related drawings. In 
1988-1989, and housed at the National 
Gallery in Washington, the FDA project 
staff was tasked with experimenting on a 
new cataloging system devised by AHIP 
that "would allow scholars to manipulate 
catalogue information in ways that 
would yield new views of the material 
itself [emphasis added]."21 The ideal goal 
was not simply to reconcile cataloging 
practices through computers, but to use 
them as a means to find new research 
questions. They sought "to define what 
an electronic research environment 
might be."22 While the FDA eventually 
concluded that the development of a 
computer network was beyond its reach, 
the ambition to develop such a project, 
and the foresight regarding its possibili-
ties, was at the cutting edge of conceptu-
alizing the intersection of art history 
with information technology.  

Smaller institutions began inde-
pendently testing the ideas floated by the 
ADAG and AHIP from an early date. In 
1989, Janet Barnes, Keeper of the Ruskin 
Gallery, Sheffield, England, considered 
implementing a database that would 

function as both the first accurate catalog 
of the gallery's collection and as a multi-
faceted image retrieval system for users 
rather than a standard commercial inven-
tory system.23 The logic behind creating 
such a system was to follow the inten-
tions of the art critic John Ruskin, who 
compiled the museum's collection, so that 
visitors could easily make connections 
between ostensibly unrelated artworks – 
effectively an early user-oriented and 
visually-constructed relational database. 
The ultimate fate of the project is sadly 
unclear. 

1989 also witnessed the initiation of 
the ambitious and well-documented im-
age-oriented database VASARI project, 
both a reference to Giorgio Vasari and an 
acronym for Visual Arts System for Ar-
chiving and Retrieval of Images.24 VA-
SARI was an international collaborative, 
bringing together scientific departments 
from the National Gallery, London, the 
Doerner Institute of the Bavarian State 
Galleries, Telecom Paris, the Louvre, and 
the Department of the History of Art, 
Birkbeck College, University of London, 
which handled much of the art historical 
and computer science aspects of the pro-
ject. 25 The goal of VASARI was to create 
digital images of sufficiently high resolu-
tion that could replace photographs as 
the preferred recording system for art-
works. VASARI did not rely on scanning 
existing images or transparencies into a 
database. Rather, it sought to create new 
colorimetric images taken directly from 
paintings, which involved the creation of 
a new type of scanner that recorded 
paintings frame by frame (or pixel by 
pixel) through seven simultaneous color 
filters, and then "mosaiced" them togeth-
er using custom software (Fig. 1).26 These 
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images were to be far more accurate in 
terms of their color reproduction and 
color monitoring than analog photog-
raphy.27 Most interestingly, the VASARI 
project was envisioned as "machine inde-
pendent," able to be transported from 
computer to computer and, ideally, over a 
network, rather than tied to a single 
workstation.28 In this way, VASARI was 
conceived as a web-based project before 
the "web" was in the public conscious-
ness – indeed, conceived of at the same 
moment as Tim Berners-Lee's revolu-
tionary work at CERN.  

In 1994, AHIP published Humanities 
and Arts on the Information Highways, 
one of the earliest "state of the field" re-
ports for what would become better 
known as the "digital humanities."29 The 
report extolled the possibilities presented 
by the exchange of information electron-
ically, while also highlighting its many 
challenges, such as technological barri-
ers, political apathy, and the undercapi-
talization of projects. The report lists 
many art history projects in their survey 
of important computer-based projects in 
the humanities and the arts (a number of 
which still function), including the MIT 
Museum Architecture Project, the Bibli-
ography of the History of Art, the Save 
Outdoor Sculpture Project, the Witt 
Computer Index of Print Works, and the 
Census of Antique Art and Architecture 
Known to the Renaissance.30  

The above projects are electronic da-
tabases or iterations of mostly pre-
electronic initiatives. But the report goes 
deeper than summarizing then-current 
electronic projects. It enumerates a series 
of recommendations for the practice of 
creating and maintaining digital projects, 

such as enabling the "highest fidelity of 
representation of originals" and preserv-
ing object integrity through "technical 
methods such as color matching and 
compensation."31 Moreover, the report 
encourages the development of new tools 
for humanities and arts computing, in-
cluding building authoring tools that 
"exploit networked resources," "capture 
text, image, and sound in its editing and 
mark-up while capturing the history of 
different versions," "annotate videoclips, 
images, oral interviews, music, dance, 
and other cultural heritage information," 
and "support annotation systems that 
allow not only for personal commentary, 
but also for additions to the cumulative 
scholarly record."32 AHIP was highly 
conscious of the impact that the digitiza-
tion of source material could have on 
scholarly exchange while being equally 
aware of how electronic formats present-
ed a host of particular challenges and 
possibilities. 

There are many other notable exam-
ples of art historical projects that began 
testing the limits of technology's impact 
on image databasing in the 1980s and 
1990s, such as the Visual Arts Network 
for the Exchange of Cultural Knowledge 
(VAN EYCK) project, a European interna-
tional collaborative that sought to ex-
change text and image information be-
tween different art historical databases 
that could be searched simultaneously 
from remote terminals – a precursor of 
aggregator sites like Europeana or the 
Getty Research Portal.33 The point to be 
taken from the above survey is that art 
historians have not simply been interest-
ed in creating a better slide library. For 
many years scholars have recognized the 
potential that the digitized iteration of art 
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history held for organizing and working 
with both the objects of study and for 
scholarly collaboration; something that is 
becoming increasingly important with 
the move towards linked open data and 
the semantic web. 

 

A Genealogy of 
"Digital" Art History 

 

hat, then, about the digital itera-
tion of art historical practice that 

art historians are criticized for not prac-
ticing? Can this charge hold up to a scru-
tiny of the historical record? 

Let us begin answering this question 
by examining one the earliest projects 
that sought to use computational tech-
niques for art historical research: the 
pioneering MORELLI project, named 
after the physician and connoisseur Gio-
vanni Morelli and initiated in the mid 
1980s by William Vaughan, Professor of 
Art History at Birkbeck College. In short, 
MORELLI was a pattern recognition tool 
that automatically classified and analyzed 
the formal qualities of pictures.34 
Vaughan conceptualized the project as "a 
simple matching process…the visual 
equivalent of the 'word search' [fea-
ture]…"35 But MORELLI did not rely on 
metadata as its organizing principle, as 
would be the case with a traditional da-
tabase. Instead, features such as composi-
tional configuration and tonality were to 
be derived directly from the process of 
digitization, which would then be com-

pared across a base data set of 10,000 
images.36 Moreover, it used a mono-
chrome low-resolution digital image of 
64KB rather than large files, and was able 
to recognize within "reasonable limits" 
different copies of the same picture and 
differentiate formally similar pictures 
without confusion.37 

According to Vaughan, the ultimate 
ambition of the project was to enable a 
new methodology in order "to make such 
visual sorting and selecting…. something 
that could genuinely be the basis of 
structured pictorial analysis."38 Because 
the system relied on visual matching and 
sorting, in a fully implemented system 
the user could sift through an enormous 
visual archive, one beyond the capacity 
of human memorization, to find patterns 
and anomalies in the historical record; 
that is, to find if a particular type of 
composition is unique to one artist or 
one period, and, most importantly, to 
"link images together that cannot be 
found by means of textual reference."39 
MORELLI was thus envisioned as ena-
bling a "visual syntax of forms" from 
which complex visual arguments could 
be made, and stands as an unheralded 
antecedent to contemporary projects like 
Image Plot.40 

Vaughan's MORELLI project had a 
cognate in IBM Almaden's Query by Im-
age and Video Content System (QBIC).41 
Like MORELLI, QBIC retrieved data from 
images not based on subject matter, as 
art historians might understand "content" 
to mean, but on the visual qualities of the 
image – line, color, patterns, textures, 
and shapes.42 In theory, the system al-
lowed a user to conduct queries such as 
"Find images with a red, round object," 

W
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"Find images that have approximately 30-
percent red and 15-percent blue colors," 
or "Find images that have 30 percent red 
and contain a blue textured object."43 In 
1993, the Department of Art and Art His-
tory at the University of California, Da-
vis, put these ideas into practice and 
launched a pilot database using QBIC as 
a means of enabling better searching 
through the department's collection of 
200,000 slides.44 After the completion of 
initial testing using a data set of 2,000 
images, the department concluded that 
QBIC's chief strength resided in its ability 
to sort artworks by aesthetic values ra-
ther than search for them. The value of 
applying the QBIC system to an image 
collection was to allow a user to sift 
quickly through large datasets to find 
hidden trends, relationships, or themes; 
the visual equivalent to computational 
methodologies such as text mining and 
topic modeling.  

During the late 1980s and early 1990s, 
a number of art historians were also 
working on smaller-scale digital projects. 
For instance, around 1988, Marilyn Lavin 
began planning an interactive three-
dimensional recreation of Piero della 
Francesca's Legend of the True Cross at 
Arezzo.45 As she saw it, formats such as 
slides gave uniform scale to all images, 
unintentionally eliminating important 
aesthetic and experiential differences. 
The aim of the Piero project was to "pre-
sent an electronic surrogate for the con-
figuration of the fresco paintings as they 
appear to a visitor in the church," which 
would incorporate natural color, relative 
scale, and physical environment.46 
Lavin's project sought to use the digital 
environment to re-create one of the most 
persistent concerns of the history of art – 

understanding a work of art in its physi-
cal and historical context. The central 
problem tackled by Lavin's project was 
by no means a radical one; in fact, it was 
a rather conservative one. But the virtual 
modeling approach allowed for an "ana-
lytic flexibility" that still photography 
could not equal.47  

One of the more interesting early digi-
tal projects (c. 1990) was Gilbert Herbert 
and Ita Heinze-Greenberg's statistical 
analysis of the profession of the architect 
in Palestine during the British Mandate 
of the 1920s and 1930s.48 In contrast to 
the biographical approach (understanda-
bly) favored by most scholars, Herbert 
and Heinze-Greenberg organized a data-
bank of 595 persons who had lived and 
worked in Palestine as architects between 
1918 and 1948, of which 470 contained 
enough information to use in their study. 
The authors organized their data by the 
years of immigration of architects into 
Palestine, the countries from which they 
emigrated, the country of education of 
architects born in Palestine, and the 
country of education of architects who 
qualified for the profession after immi-
gration. Some of the conclusions they 
reached by quantitative analysis included 
the large number of German-born and 
German-educated architects, many who 
studied at the Bauhaus; that while the 
number of British-born architects was 
small, a large group of Russian and 
Polish-born architects trained in the 
United Kingdom; and that during the first 
decade of the mandate, 85% of immigrant 
architects had been in the country less 
than ten years.49 

The value of such quantitative studies 
as Herbert and Heinze-Greenberg's for 
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art history is that they can problematize 
the weighty claims put forth by scholars 
based upon very small data sets. By dis-
placing the centrality of exceptional 
works of art or individual biographies 
into larger networks, this approach can 
function as a research method that raises 
new questions about historical events 
and as a potential mode of historiograph-
ic critique. As the foundation for meth-
ods such as topic modeling and data min-
ing, the quantitative analysis of art his-
torical data can be both a challenge and a 
complement to the case-study model of 
practice.  

Conclusion 
This brief enumerative trip into the 

historical record shows how art histori-
ans have been engaged in theorizing and 
using computational technologies and 
techniques since the 1980s. As noted 
earlier, the projects outlined here merely 
scratch the surface of a much richer his-
tory. While working digitally has been a 
small subset of disciplinary practice, it 
has by no means been absent. Many of 
the challenges these early forays in the 
digital world faced and that sadly could 
not be addressed here – funding, sustain-
ability, archiving, copyright, technologi-
cal obsolescence, documentation, tenure 
consideration, peer evaluation – will 
remain issues that art historians must 
tackle as the field moves forward. By 
gazing at the recent past, the field can 
recognize these pioneering contributions 
and learn from their ambitions. Technol-
ogy has reached a point where it is now 
easier (but by no means easy) to experi-
ment with digital tools and methods, 
from using content management systems, 

to analyzing collection metadata released 
by museums, to employing open-source 
programs such as the visualization tool 
Gephi and the mapping program QGIS. 
But as digital art history continues to 
grow, as the problems it addresses be-
come more sophisticated, as we work to 
define the tenets under which it func-
tions, as it occupies a more central place 
in the discipline, and as scholars become 
more active in the creation of digital 
tools, we should be careful not to forget 
that the digital itself has formed part of 
the larger history of art history. 
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Debating Digital Art History 
 
 
Anna Bentkowska-Kafel 
 
 
Abstract: This paper offers a few reflections on the origins, historiography and condition of the 
field often referred to as Digital Art History (DAH), with references, among others, to the 
activities of the Computers and the History of Art group (CHArt, est. 1985) and my personal 
experience, spanning over 20 years, first as a postgraduate student, then doctoral researcher 
and eventually Lecturer in DAH. The publications and teaching activities of scholars connected 
to CHArt are seen as indicative of the evolution of the field internationally. Personal experience, 
or a reality check, is limited to higher education in the UK. The key argument here concerns the 
questionable benefit of promoting DAH as a discrete discipline and detaching digital practices 
from the mainstream history of art and its institutions. When introduced in the late 1990s, the 
‘DAH’ served to indicate a dramatic shift in the way art history could be practiced, taught, 
studied and communicated. The changes were brought about by widening access to 
computers and information technology. DAH was suggested—“perhaps a little ahead of time—
as a new kind of intellectual fusion” (W. Vaughan). It is no longer necessary to argue for the wise 
use of computers. Digital technology has become part and parcel of teaching, learning and re-
search. It is the History of Art and its more traditional research methods and critical per-
spectives that are seen at risk of neglect. The theories of crisis, even ‘death’ of Art History have 
contributed to general anxiety over the discipline’s future. However, a discipline has “the ability 
and power to control and judge its borders” (R. Nelson). The discipline of Art History is richer 
and stronger through the fusion of digital scholarship with, not separation, from more traditional 
methodologies and critical canons. The need to continue with the ‘digital’ distinction is 
questionable.   
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Digital Art History. 
A new or old field?1 

HAIR – History of Art Information 
and Resources; HAGGIS – History of Art 

Group for Information Systems; and 
HACKS – History of Art, Computers, 
Knowledge, Slides, were among many 
names proposed in 1985 for a group, 
which eventually established itself inter-
nationally under the name of Computers 
and the History of Art, or CHArt.2 The 

Invited Article 

 
Figure 1: A cartoon drawing by an unknown hand, in CHArt Newsletter, 2 (1986): 21. 
(© CHArt. Reproduced by permission) 
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acronym CHIMERA was also considered, 
in the same light-hearted spirit, but was 
rejected on the grounds of ‘enough 
anxieties about our ontological status al-
ready’.3 Thirty years on, does this anxiety 
not sound familiar to those engaged in 
art-historical computing? 

After a few years of intense activity 
and debate, in 1989 CHArt published its 
first scholarly overview of the field. The 
book was titled, predictably, Computers 
and the History of Art.4 A bibliographic 
record, located in what appears an early 
online library catalogue, reads ‘No 
discipline assigned’ (Fig. 2). It shows the 
bibliographer’s inability to assign the 
title to any discipline known at the time. 
Why the bibliographer did not classify 
this book under the History of Art, which 
features in the title, gives food for 
thought.  

The present new Journal and numer-
ous recent and upcoming international 
events are indicative of the renewed 
interest in Digital Art History (DAH).5 
Four institutes held in the US in the 
summer of 2014 led to the belief that 
‘Digital Art History Takes Off’.6 This has 
been a frustratingly long ‘take-off’. The 
tendency is to discuss and define this 
field through its presumed novelty and in 
opposition to art-historical scholarship 
and its dissemination formats that do not 
rely on digital media. Digital Humanities 
(DH) has been engaged in a similar 
debate. The blurred relationship between 
DAH and DH has been noted on many 
occasions. For example, in the Digital Art 
History workshop organized by the Getty 
Research Institute and the University of 
Málaga in 2011.7 The resulting publica-
tion, with additional material, includes 
the burning question, on this occasion 

Figure 2: Computers and the History of Art (1989) and the book record 
at http://www.getcited.org/pub/102797848 (accessed 1.03.2013). 
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raised by Johanna Drucker, ‘Is There a 
“Digital” Art History?’ 8 

Why do we continue raising questions 
concerning the ontological status of 
DAH? Are we asking the wrong ques-
tions? Or, being engaged in this field in 
one way or another, are we simply 
asking for recognition? Those who are 
new to this debate, students in particular, 
may find this continued scrutiny of the 
place of digital technology in the art-
historical practice and critical inquiry 
confusing and perhaps even pointless. 
These few personal reflections on the 
origins, historiography and condition of 
DAH are addressed to them. 

 

Am I a Digital 
Humanist or a Digital 
Art Historian or, 
simply, an Art 
Historian? 

 

he big question for this Journal—
what is DAH?—has been recurring 

since the late 1990s. The desire to define 
the field anew has been the reason for 
convening the aforementioned recent 
international events. What it takes to 
become a digital art historian and pursue 
a career in this field is an interrelated 
question. In most disciplines the level of 
professionalism is normally determined 
by a degree or another recognized qual-

ification after a period of training. If one 
practices medicine without a diploma, 
one is a charlatan; if one paints without 
having studied fine art, one is a dilet-
tante. Is it necessary to have a degree in 
DAH to be considered a professional 
digital art historian?  

In 1990 the Department of the History 
of Art at Birkbeck College, University of 
London, introduced an MA in Computer 
Applications for the History of Art, later 
renamed MA DAH. Postgraduate stu-
dents were taught by the art historian 
William Vaughan, photography expert 
Anthony Hamber and art imaging 
scientist Kirk Martinez, among others. 
These academics were engaged at the 
time (1989–92) in the European Esprit II 
project, best known under the acronym 
VASARI — Visual Art System for Ar-
chiving and Retrieval of Images. The 
project was a collaboration between Birk-
beck, the National Gallery in London, 
Bramuer Ltd. UK, Telecom Paris, the 
Doerner Institute in Munich and other 
institutions. Benefiting from the funding 
of around US$2 million, the project de-
veloped a prototype scanner and a meth-
odological basis for accurate color re-
production of paintings, for the purpose 
of recording and conservation. 

Apart from the expertise of the 
teachers and their infectious enthusiasm 
for computing, Birkbeck’s students ben-
efited from a departmental Vasari com-
puter lab. It was well-equipped with net-
worked Mac and IBM computers, a Silicon 
Graphics workstation for imaging and 3D 
work, scanners and a wide range of 
software. The syllabus could be envied by 
many Art History departments even 
today.9 The emphasis was on critical dis-

T 
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cussion of the value of using compu-
tational methods in art-historical in-
vestigations. Essay/exam questions in-
cluded, for example: ‘To what extent 
have imaging techniques for pictorial 
analysis yielded concrete results for the 
study of art history?’; ‘Discuss the value 
of using statistical methods in the study 
of history of art, using specific examples.’ 
[my emphasis] Of course, to be able to 
answer such questions, it was mandatory 
for the student to have a background in 
art history, as well as acquire practical 
computing skills, including basic coding. 
I arrived at Birkbeck with a master’s de-
gree in ‘straightforward’ ‘old’ History of 
Art and several years of curatorial 
museum experience. The reading list 
drew on a considerable body of specialist 
literature published in the 1980s, with a 
significant number of titles published by 
CHArt and the Getty Art History Infor-
mation Program (AHIP). The course is no 
longer offered. 

Having graduated from Birkbeck in 
1994, with an MA in Computer Applica-
tions for the History of Art, I went on to 
do a PhD in digital iconology. I located a 
small body of some 50 Early-Modern 
paintings, drawings and prints represent-
ing nature in human form. I undertook to 
establish, mainly through sixteenth- and 
seventeenth-century cosmological texts, 
the purpose and meaning of such 
anthropomorphic representations for the 
contemporary beholder. I was curious to 
find out why a number of mediocre 
artists depicted landscape as a human 
figure; how many such works have 
survived, in what form and where. I 
wanted to describe, classify, date and 
attribute these double images to partic-
ular schools and propose an indexing 

system independent of ambiguous sub-
ject classifications. I was also driven by a 
determination to prove a prominent critic 
of my chosen computational methods 
wrong. I owe him my gratitude. Every 
stage of my ‘old-fashioned’ research—
pre-iconographical, iconographical and 
iconological—benefited from digital tools, 
computer graphics, pattern recognition 
and image processing in particular.10  

In the course of my unconventional 
career I have had the opportunity to 
slowly, but steadily introduce classes in 
DAH. First, in 1995, to a BA (Hons) Art 
and Design History course at South-
ampton Institute, then to the graduate 
and postgraduate programs at Birkbeck 
and the Centre for Computing in the 
Humanities at King’s College London. I 
renamed the King’s module to Digital 
Arts and Culture, making it more ap-
proachable to students. In 2014–2015 it is 
being offered for the last time. 

King’s Digital Humanities has offered 
me a stimulating academic environment; 
a scholarly community of distinction 
with critical enthusiasm for arts com-
puting. From 2000–2008 I also worked at 
the Courtauld Institute of Art on the 
British Academy’s Corpus of Romanesque 
Sculpture in Britain and Ireland. Regret-
tably, there was no interest to embed this 
or any other large-scale computer-based 
projects, hosted by the Institute, in the 
teaching curricula, to enable students to 
learn from the then cutting-edge dig-
itization practices. Project teams endeav-
ored, in collaboration with external 
specialists, to produce digital images of 
medieval stain-glass and sculpture of the 
highest resolution possible, coded records 
of objects in XML, automated some of the 



Debating Digital Art History 

 DAH-Journal, Issue 1, 2015  55 

editorial processes, designed databases 
and managed large sets of data11, while 
postgraduate students and academics 
continued to rely on the slide library and 
print reproductions in the Conway and 
Witt libraries renowned for the custom-
made, red and green filing boxes. The 
situation at King’s Centre for Computing 
in the Humanities (now the Department 
of Digital Humanities) was quite the 
opposite. Postgraduate teaching has al-
ways evolved around scholarly com-
puter-based projects, which established 
the reputation of the Department. This 
has been a computer-friendly environ-
ment, but my art-historical specialism, 
with its emphasis on visual arts, rather 
than text, felt out of place.  

It was the recognition of digital 
visualization as a scholarly method of 
Digital Humanities that provided a wel-
come context to my research, and ex-
tended teaching and training oppor-
tunities to include historical visualization 
and virtual museums.12 Through ex-
perimentation with digital tools and pro-
cesses my students and I have been able 
to better understand the complexity of 
human perception. The opportunity to 
experience and discuss, for example, the 
potential cognitive value of machine 
haptics in simulating touch and handling 
of museum objects that is normally not 
possible, made us more aware of the 
extent to which art-historical appreci-
ation and museum education privilege 
the role of visual experience (Fig. 3).  

Despite benefiting from affiliation to 
DH, I believe the place of DAH is within 
academic art institutions, ideally with 
access to teaching art collections. 

Digital Art History. 
A history 

 

rt History has been described by 
Robert Nelson as “a discipline that 

typically studies the histories of every-
thing but itself, conveniently forgetting 
that it, too, has a history and is His-
tory.”13  

An early use of the phrase ‘DAH’ is in 
1997 by Sally M. Promey and Miriam 
Stewart in “Digital Art History: a new 
field for collaboration”, published in 
American Art.14 The authors describe 
teaching and learning with digital im-
ages, and recognize "the larger impli-
cations of new electronic technologies for 
visual education and scholarship in the 
museum and the academy".15 There is no 
mention of DAH other than in the title, 
but the authors offer a number of 
insightful observations concerning the 
subject.  

Since its initiation in 1985, CHArt "has 
set out to promote interaction between 
the rapidly developing new IT and the 
study and practice of Art. [Over the 
years] it has become increasingly clear 
that this interaction has led, not just to 
provision of new tools for carrying out of 
existing practices, but to the evolution of 
unprecedented activities and modes of 
thought. It was in recognition of this 
change that we decided, in 2001 to hold a 
conference entitled 'DAH' [A Subject in 
Transition: Opportunities and Problems], 
suggesting – perhaps a little ahead of 
time – a new kind of intellectual fusion.” 

A
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explains William Vaughan.16 The subject 
of the conference proved extremely 
controversial. Therefore, the following 
year CHArt convened, again at the 
British Academy, the conference Digital 
Art History? Exploring Practice in a 
Network Society, adding a question mark 
and the emphasis on the impact of the 
internet on art and AH.17 CHArt's voice 
was international and far-ranging, but 
not unanimous in the understanding of 
DAH. 

One may argue that the founding 
principles and methods of DAH were laid 
down decades ago. The vision and 
achievements of pioneers of arts com-
puting deserve proper recognition. Some 
key concepts were developed well before 
the advent of personal computers and the 
internet, in anticipation of information 
communication technology as it is known 
today. “A worldwide museum informa-
tion network for research, [...] lectures 
and simulated exhibitions (in audio/ 
visual form) delivered electronically, 
upon request, to a classroom console or 

even to the home” was Everett Ellin’s 
vision already in the mid-1960s.18 
Significant considerations and appli-
cations of computer technology—dem-
onstrating its benefit to the study of art—
go back to the 1980s. The second 
Conference in Automatic Processing of Art 
History Data and Documents, held in Pisa 
in 1984, set the international research 
agenda for years to come.19 The need to 
learn programming languages seemed 
then inevitable and frightened most art 
historians, but not William Vaughan. In 
the 1980s he initiated the development of 
early pattern recognition software for 
matching and retrieval of images of 
paintings. Using the University of Cam-
bridge (UK) mainframe computer, the 
architectural historian Tim Benton of the 
Open University created a database of Le 
Corbusier’s architectural drawings and 
notes. He went on to enhance this 
resource with tools for scaling and 
comparing the drawings in a way not 
possible with paper originals.20 The 
resource is not widely available, but the 
insights into the architect’s creative 
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process it has enabled are evidenced in 
Benton’s writings. The pioneering work 
of Marilyn Aronberg Lavin in the course 
of her research into “the narrative 
disposition of medieval and Renaissance 
mural decoration”, since 1988, involved 
the creation of a database of some 280 
fresco cycles and construction of a com-
puter model of the Cappella Maggiore of 
San Francesco in Arezzo, decorated with 
Piero della Francesca’s the Legend of the 
True Cross.21 A later version of the 3D 
model is, remarkably, still available 
online.22 

When we talk about the nature and 
significance of DAH, we recognize the 
rise in the status of this field. Some of the 
earlier concerns over Art History “not 
being at the helm of the sweeping visual-
ization revolution” have been resolved, 
although not entirely satisfactorily.23 

However, defining the nature of DAH, in 
all its cognitive and methodological 
complexity, proves more difficult. It is 
relatively straightforward to look at the 
applications of digital technology—past 
and current—to art practice, art scholar-
ship, conservation and education. They 
give us a good picture how the field has 
evolved over the years, and help to 
foresee its possible future directions. 
Whether applied DAH has led to 
establishing a theoretical basis that could 
set the field firmly within or apart from 
mainstream AH is an open question. 
There is no area of DAH that cognitively 
would be distinct from AH. Evolving 
digital analytical methods facilitate the 
discovery of new knowledge and review 
of earlier scholarship. It is particularly 
satisfying when this discovery comes 
from students, as in the case of Ryan 
Egel-Andrews’s original, visualization-

 
Figure 4: Visualization of Piet Mondrian’s studio 
at 5 rue de Coulmiers, Paris. South wall view 
with and without easel. 
(© Ryan Egel-Andrews, 2009) 
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based research into Piet Mondrian’s 
experiments with architectural space. It 
challenges earlier assumptions about the 
artist’s lack of interest in the third di-
mension.24 Three-dimensional computer 
model of the artist studio supported the 
reading of Mondrian’s writings and 
interpretation of Neoplastic principles. A 
photo-realistic recreation of architectural 
space was not the aim of this visual-
ization.    

Digital Art History has been mainly 
promoted through applications of digital 
technology. Little effort has been made to 
conceptualize this practice; to connect 
projects and evaluate patterns in emerg-
ing methodologies and critical perspec-
tives. Digital Art History has not estab-
lished its own canon of critical texts. 
When asked to identify the most signifi-
cant written works about New Media art 
1970–2000, Lev Manovich proposed a list 
of ten titles.25 Literature on applied DAH 
is abounding, but I would find it difficult 
to identify critical texts that have made a 
lasting impact.  

 

Reconnecting 
Digital Art History 
to Art History 

 

n the introduction to his popular 
anthology of critical texts in Art 

History and its Methods (1st ed. 1995), Eric 
Fernie refutes the apparent 'death' of Art 
History.26 He addresses a need to present 

a history of the methods, “which art 
historians have found appropriate or 
productive in studying the objects and 
ideas which constitute their discipline 
[believing that] undergraduates might 
welcome a discussion of the range of 
approaches available to them for the 
study of their subject […]".27 When refer-
ring to the present, Fernie notes ‘Versa-
tility and Potential’. There is no mention 
of the computer. No text concerning its 
use or impact on key concepts is included 
in the anthology. While the addition of 
digital practice and more recent texts 
would be welcome in future editions 
(similarly to the anthology edited by 
Donald Preziosi28), my identification of 
the lack of theoretical writings concerned 
explicitly with DAH is not a criticism.  

In his keynote address to the first 
CHArt conference dedicated to DAH, 
held in 2001, Eric Fernie was not only 
provocative, but also right to question 
the very concept of DAH as a subject 
separate from the traditional History of 
Art.29 DAH scholarship has investigated 
intrinsically ‘mainstream’ art-historical 
questions, such as the narrative schemes 
in Italian Renaissance wall decoration, 
and artistic principles of Mondrian’s 
Neoplasticism. Digital iconology needs 
Panofsky. The study of digital aesthetics 
would be poorer without Kant or 
Goodman. A phenomenological critique 
of virtual historical environments may 
only benefit from the writings of 
Wilhelm Dilthey. Walter Benjamin’s The 
Work of Art in the Age of Mechanical 
Reproduction [1936] is probably one of 
the most frequently cited texts in 
discussions of digital culture. Critical 
perspectives of DAH are well served by a 
much broader canon.  

I
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Art History has always been inter-
disciplinary and always aware of broader 
theoretical contexts. Serious art-historical 
arguments not only require, but neces-
sitate erudite knowledge of—variably—
history of ideas, philosophy, history, 
literature, religion and beliefs, etc. Earlier 
attempts at defining DAH have been only 
partly successful, because they sought 
the differences rather than affinities with 
established methodologies and conven-
tions. It is impossible to address art-
historical questions—whether philosoph-
ical, social, political, formal and aesthe-
tical—without drawing on the history of 
human thought and artistic practice. 
Digital research into art and cultural 
heritage, which has not been informed by 
a professional art-historical knowledge 
and rigorous scholarly methodology, 
often demonstrates inferior or uncertain 
cognitive value of the findings. Examples 
include historical visualization that does 
not show the difference between known 
facts and hypotheses.   

Digital Art History is not a discrete 
discipline, but an umbrella name for 
methods that involve digital tools, 
techniques and processes of analysis and 
interpretation, ranging from basic 
statistics to complex applications of 
Artificial Intelligence (computer vision, 
pattern recognition, automation, etc.). 
These tools and techniques are not 
unique to Art History; they are uni-
methods. The Zurich Declaration on 
Digital Art History (2014) reads like re-
commendations for digital scholarship in 
general.30 Its eight points—on 
methodology, authority data, archives 
and collections, big data, digital work-
space, open access, legal matters and 
sustainability—describe the conditions 
that are necessary to practice many other 
disciplines.  

Like ‘New Media’ and ‘Digital 
Humanities’, ‘DAH’ is a temporary name 
that has served its purpose. By continu-
ing to emphasize the ‘digital’, rather than 

Figure 5: Students of Digital Arts and Culture at Michael Takeo Magruder’s De|Coding the Apocalypse 
exhibition, Somerset House, King’s College London. (Photo: A. Bentkowska-Kafel, 2014) 
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‘art’ and ‘history’, we are contributing to 
further ontological disruption of the 
discipline. We should instead stress the 
significance of earlier thought and 
methods.  

Hans Belting believed that "Both the 
artist and the art historian have lost faith 
in a rational, teleological process of 
artistic history, a process to be carried 
out by the one and described by the 
other".31 The twentieth-century rift 
between art-historical scholarship and art 
practice (about which Belting argued so 
eloquently, if controversially) is allevi-
ated when an art form is also a means of 
scholarly inquiry. The De|Coding the 
Apocalypse exhibition (Somerset House, 
2014) may serve as an example of art, 
which has the power of reconnecting 
artistic practice with scholarly enquiry 
and learning.32 This particular collabora-
tion was between the computer artist, 
Michael Takeo Magruder, programming 
and digital technology specialists, and 
theology scholars. Visiting the exhibition 
has inspired the students of Digital Arts 
and Culture to decode the Book of Re-
velation of St John the Divine and 
interpret it for their own time.  

According to critics, the crisis of 
academic art history is partly due to 
changing education needs and students’ 
loss of interest in historical art; the 
tendency to ignore historical sources; in-
creasing neglect of fieldwork and 
archival research; “denigration of critical 
thinking as practiced in the pre-digital 
age”.33 It is therefore counter-productive 
to continue to differentiate between DAH 
and AH. The emphasis should be on 
erudite historical knowledge, including 
earlier digital scholarship and its 

historiography. Art, rather than appli-
cation of digital technology, should be 
seen as the incentive for acquiring this 
knowledge. DAH should drop the 
‘Digital’ label which soon will become 
irrelevant anyway. The embrace of 
digital technology in the best possible 
manner and in intellectual fusion, not in 
opposition to critical and methodological 
traditions of the discipline, is a way of 
demonstrating that there is no ‘crisis’, no 
‘lagging behind’, that continues to plague 
the reputation of the academic history of 
art and is discouraging new students.  

Students are interested in history 
when it is presented as relevant and in a 
way they find appealing. The classroom-
based model of teaching, with the typical 
projection of images of art, away from art 
being the subject of study, is now an 
inferior mode of teaching and learning. 
Although not without logistical prob-
lems, a class at the De|Coding Apocalypse 
exhibition, led by the artist, is a perfect 
scenario. Students responded with equal 
enthusiasm, and eagerness to learn, when 
they visited the National Gallery, London 
to study Hans Holbein the Younger’s so-
called Ambassadors (1533), in the vicinity 
of other works of the artist and best 
examples of Western painting. 

“What would be a digital modern 
equivalent to the Holbein image?”—is a 
question that in the early days of my 
teaching career I would not have asked of 
postgraduate students. Today such a 
question inspires international students 
of the Google and Wikipedia generation 
to learn about the making, meaning and 
provenance of Holbein’s masterpiece; the 
art, music, science, religion and politics 
of the time. The students typically re-
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present different cultural backgrounds 
and very different levels of general 
knowledge; some are unfamiliar with 
European Renaissance. In the case under 
discussion, the inspiration to learn his-
tory and digital technology came primar-
ily from the sixteenth-century work of 
art. The digital collage that resulted from 
student collaboration was based on a 
thorough study of sources, surprisingly 
also books in print. The collage employed 
a variety of media, including an original 
musical composition. It was creative and 
funny, but also thoughtful and critical of 
the past and present. The students also 
learned about copyright restrictions that 
are preventing a public showing of their 
coursework. The future of the History of 
Art is in training of the observant eye 
and knowledgeable, critical mind, using 
digital tools when useful. CHArt’s early 
idea of HACKS requires only one re-
vision—History of Art, Computers, 
Knowledge, seriously. 
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Abstract: Taking into account the call of this journal to examine the epistemological and meth-
odological assumptions in the field of art history on the verge of its digital turn, the aim of this 
essay is to contribute to the ongoing discussion by questioning the role of the framing device in 
the context of image appropriation and critical interpretation of visual documents. Focusing on 
the cognitive and structural potential of the frame, a common feature between analogue and 
digital art historical practice, we try to provide points of historical perspective through a selec-
tion of particular examples (Giorgio Vasari, Gustav Ludwig and Aby Warburg) and bring them 
closer to the notions of instrumentation and interface. 

Keywords: art historical methodologies, interface, frame theory, image manipulation, critical 
visual thinking, visual perception 

 

Introduction 
Digital Art History is “taking off.” 

Summer institutes, conferences as well as 
new resources such as this journal, are 
emerging at an ever increasing rate.1 
Critical epistemological consciousness 
begins to morph and the study of visual 
forms of knowledge production makes 
room for the act of interpretation, more 
common in the humanist realm than in 
the natural sciences.  

In his classic essay “Art History as a 
Humanistic Discipline” Erwin Panofsky 
posed the question: “How, then, is it pos-
sible to build up art history as a respecta-

ble scholarly discipline, if its very objects 
come into being by an irrational and sub-
jective process?” His answer was, in part: 
“This question cannot be answered, of 
course, by referring to the scientific 
methods which have been, or may be, 
introduced into art history. Devices such 
as chemical analysis of materials, X-rays, 
ultraviolet rays, infrared rays and macro-
photography are very helpful, but their 
use has nothing to do with the basic me-
thodical problem. […] These devices ena-
ble the art historian to see more than he 
could see without them, but what he sees 
has to be interpreted 'stylistically', like 

Peer-Reviewed 

 
Figure 1: Orazio Samacchini (1532-1577), leaf from the Libro de’ Disegni. 
Paris, Musée du Louvre, D.A.G. INV 9024-recto.  
(Photo:  © RMN-Grand Palais (musée du Louvre) / Thierry Le Mage) 
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that which he perceives with the naked 
eye.”2 What interests me here is not 
Panofsky’s method per se, nor the many 
more that have followed; it is rather the 
juxtaposition of the instruments and of 
the act of interpretation. For Panofsky (as 
for many others), the art historian is a 
person with an equipped eye who inter-
prets works of art. 

In Panofsky’s essay, which aimed 
primarily to define the humanistic un-
derpinnings of a then very young disci-
pline, this takes the form of a theoretical 
analysis. But there are also practical fac-
ets of that act of interpretation. Panofsky 
uses the terms “re-creation” and “archae-
ology of patterns”, which he argues, con-
stantly interpenetrate and nourish each 
other organically; today we could use the 

more generic terms “appropriation” and 
“critical interpretation”. In both of these 
activities/phases of research, the role of 
the framing device seems crucial. What 
happens to this device in the digital 
sphere when it comes to art historical 
interpretative practice? I will try to pro-
vide some answers below, but first let us 
take a step back and approach our ques-
tion historically.  

In her 2010 article “Graphesis,” Jo-
hanna Drucker stated that: “When it 
comes to using visualization as interpre-
tation, […] our practice is just beginning 
to take shape.”3 Her recent book, bearing 
the same title, provides a comprehensive 
overview and extremely suggestive ob-
servations about the critical thinking of 
humanistic interfaces.4 Instructively, the 
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framing device emerges once again as a 
basic but nonetheless powerful structure, 
one that takes on new dimensions in the 
digital arena. Art history, however, is 
only briefly discussed in the scope of her 
essay, and I hope to contribute to the 
discussion by shedding light specifically 
on art historical practices pertaining to 
the use of the framing device.5 The re-
flections that follow are the result of two 
converging interests and strands of re-
search, the common denominator of 
which is the framing device. One is early 
modern decorative systems (such as the 
Sistine chapel ceiling) and the other is 
the use of the image as document by art 
historians.  

I approach this topic through particu-
lar examples of art historical practice –
 some familiar if not indeed canonical, 
others less well-known. In adopting this 
line of reasoning, I take into account the 
recent call to examine our epistemologi-
cal and methodological assumptions.6 At 
the same time, I seek to bridge analog 
and digital art history by highlighting 
examples taken from the history of the 
field where one can observe elements of 
syntax, interpretation and subjectivity. 
My aim is to provide an alternative read-
ing of art historical practices pertaining 
to image appropriation and interpreta-

tion, a reading that will shed both light 
on the notions of instrumentation and 
interface and provide points of historical 
perspective that might inspire the crea-
tion of more meaningful resources that 
will resonate with art historians. 

 

The Framing Device as 
Element of Syntax and 
Cognition in Art 
Historical Practice 

 

he notion of the “framing device” is 
essential and should not be dismissed 

casually.7 For the present discussion, the 
“frame” is considered as a cognitive and 
structural element from the angle of vis-
ual semiotics. The frame has a functional 
value since it shows/ presents/ indicates – 
it is a sign of the index family,8 and pro-
vides the conditions of contemplation 
and critical reception of the object 
shown.9 In other words, it is an instru-
ment of cognitive perception that en-
courages the articulation of visual ele-
ments and their appropriation by the 
viewer. But at the same time, when inte-
grated within a system – or a complex 
visual environment such as a digital re-
source user interface (UI) – the frame 
becomes a nodal element. In other words, 
without shedding its previous qualities 
the frame further enables a network of 
visual relations through visual percep-
tion.10 

T

 
 
 
Figure 2: Probably Tomaso Filippi (photographer),  
Reconstruction of Carpaccio’s Sant’Orsola cycle with 
wooden model, albumen print, c. 1904.  
Photothek of the Kunsthistorisches Institut in Florenz, 
inv. 87154.  
(Photo: © Photothek des Kunsthistorischen Instituts in 
Florenz – Max-Planck-Institut) 
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The use of the framing device in art 
history goes all the way back to Giorgio 
Vasari (1511-1574) and his Libro de’ dise-
gni (Fig. 1). Starting out at the age of 
seventeen, Vasari compiled his collection 
in a scrapbook where he pasted drawings 
by various artists spanning the periods 
laid out in his Lives of the Artists (1550, 
1568). It is no coincidence that Vasari 
elected to employ frames to build a con-
vincing visual rhetoric. His project, after 
all, was contemporary with High Renais-
sance fresco cycles where the semiotics 
of the frame orchestrated effective rhe-
torical visual machines in the form of 
decorative systems – systems which the 
elite of the period conceived and were 
also able to decode. Dispersed across a 
number of repositories, the surviving 
leaves of Vasari’s Libro tell us the follow-
ing story: their creator used original 
drawings, which he combined in such a 
way that each leaf constitutes a complex 
critical and aesthetical argument. His 
approach is one of hermeneutics.11  

A second, not so famous example, is 
that of Gustav Ludwig (1854-1905), who 
was a Carpaccio specialist. In 1904, after 
having mastered the technique of pho-
tography, he constructed a wooden mod-
el of the Sant’ Orsola Church in Venice 
that would help him reconstitute the 
cycle of Carpaccio’s paintings (Fig. 2).12 
He experimented with various place-
ments and combinations of the narrative 
following the concordance of external 
and internal lightning conditions. When 
he was finally satisfied, he asked the pho-
tographer Tomaso Filippi to take pictures 
of the finished model and then retouched 
the photographs in order to create the 
context and thus provide a satisfactory 
rendering of his hypothesis. Apart from 

the fact that Ludwig’s approach shows 
the enormous potential of the surrogate 
image as an agent of cognitive emancipa-
tion, it also provides an example of a 
model-frame where one could test a hy-
pothesis of visual reconstruction. In his 
case we are closer to a heuristic process.  

At this point one can hardly fail to 
mention Aby Warburg (1866-1929) and 
his Mnemosyne Atlas, with its imposing 
panels holding various visual documents 
such as artwork reproductions, newspa-
per clippings etc. (Fig. 3). Without wish-
ing to add to the vast literature already 
dedicated to his oeuvre, it is worth noting 
that Warburg used the framing device 
not only in the already established form 
of the surrogate image; he also recorded 
his plates/montages, documenting there-
by the stages of his argument. Moreover, 
he used frames as marks in order to de-
sign his argument before integrating it 
into his imposing panels.  

 

Theoretical 
Observations 

 

hat theoretical observations can 
we make based on these exam-

ples? First of all, both Vasari and Ludwig 
mastered the technique that allowed them 
to build their projects and each invented 
his own way of “playing” with images in 
order to formulate complex visual para-
digms/arguments.  

W
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In the first case Vasari used disegno –
 a practice placing the tracing of an idea 
conceived by the intellect in the center of 
the interpretative effort.13 In the second 
instance, Ludwig found the tools and 
learned how to use them in order to give 
form not only to a final product – and 
this is where it becomes interesting – but 
to his own interpretative process. He 
built a wooden model, a miniature archi-
tectural “frame,” in order to have the 
whole picture and to be able to test his 
hypotheses; the mockup allowed for per-
formative actions14 and enabled the re-
cording of an interpretative effort. If the 
finalized albumen prints provide “contex-
tualization,” the photographs recording 
the intermediate stages of this project 
clearly testify to an approach stressing 
the messy, non-conclusive, ambiguous 
outcome. 

One more parallel emerging from 
these examples is the question of the 
interface. Vasari built his own interface 
by drawing frames and adding ornamen-
tal figures that functioned as linking 
agents and deictic cues, thus influencing 
the perception of the drawings. Not only 
did he exploit the cognitive aspects of the 
frame as a device, but he also used its 
unifying qualities in order to assemble 
what one could call “a montage/ assem-
blage” of visual sources. The use of 
frames denotes a desire for appropria-
tion. What Vasari created was a kind of 
hermeneutics playground.  

Warburg took this approach much 
further. Recent scholarship has contrib-
uted essential observations concerning 
the “linking” aspect in Warburg’s meth-
od;15 the HyperImage16 and Meta-Image17 

projects have been primarily based on 
these conclusions. I would like to bring 
into play a few more elements. Proceed-
ing through a structural reading of his 
oeuvre, Maud Hagelstein has highlighted 
two instances. On the one hand we have 
the “framing operations” such as clip-
pings and on the other the “montage 
effects,” in other words a recombination 
of elements. One could say that the art 
historian destroyed the initial frame and 
imposed his own subjective frame18 in 
order to work with his visual documents 
in the organic manner of finding and 
appreciating through a process which 
mutually fed the two poles.  

In this dynamic process, the technical 
specificities of the medium, in this case 
the albumen prints, were exploited in 
combination with the dialectical proper-
ties of the framing device. Framing and 
assembling constitute the real epistemo-
logical richness of Warburg’s Atlas,19 
where unexpected association of ele-
ments, flexibility of scale (the whole and 
the detail) were treated simultaneously 
and equally. But most importantly, War-
burg built systems of representation, 
where the framing device operated as a 
structural element but also as node; its 
syntax alluded and enabled comparison, 
combination and recombination, close-
looking, rearrangement and of course, 
linking. As part of a visual system though 
the images also brought into play their 
in-between space, the interval; a space 
where decisions are made, where pattern 
change begins to emerge. Stable frames 
and mobile frames, details and ensembles 
were thus combined in order to exploit 
the networking aspects of framing.  
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Figure 3: Aby Warburg, Picture Atlas Mnemosyne, 1928-29, Panel 47. 
(Photo: © The Warburg Institute London) 
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Figure 4: Results of the Ornamental Prints online catalog. Screenshot of website ”Ornamental Prints 
Online”  http://www.ornamentalprints.eu.  
(© MAK – Austrian Museum of Applied Arts / Contemporary Art  - UPM - Uměleckoprůmyslové museum 
Prague  - Kunstbibliothek, Staatliche Museen zu Berlin – Preußischer Kulturbesitz) 
Retrieval date: April 10, 2015 
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Panofsky was among the first to ob-
serve that Vasari’s use of the framing 
device constituted a major turning point 
and in fact gave birth to art history.20 
Vasari created a structure that not only 
allowed for their aesthetic reception but 
also for their cognitive reception, thus 
encouraging a critical appropriation of 
the images.21 Often referred to as the 
“first art historian,” Vasari used original 
drawings and transformed them into 
objects of study by inscribing them with-
in a frame whose style corresponded to 
his stylistic and aesthetic appreciation of 
the whole. His process of framing decon-
textualized the drawings from their ini-
tial context of creation and integrated 
them into his conception of art historical 
eras – they had been repurposed. His ar-
guments can be refuted or criticized to-
day but this has only become possible 
because of his process. Of course, with 
photography this repurposing dimension 
takes on its full potential, but it cannot be 
denied that as an archetypal figure for 
our discipline, Vasari’s method proves 
the systemic nature of image appropria-
tion and that of framing as its primary 
method, a need inherent in our modus 
operandi, which transcends the technical 
aspects of the medium across time. 

One final note on the non-innocence 
of these systems. The examples discussed 
above do in fact carry the mark of their 
makers, their view of historical time, 
their conceptions of pattern evolution or 
style, the importance of context etc. 
Warburg for instance seems to have been 
influenced by Simmel’s image of history, 
his “opening” of the frame and that of a 
transhistorical view.22 

 

Art historical 
research protocols 
in the digital realm 

 

earing in mind these theoretical ob-
servations and turning to the pre-

sent, I would like to examine the use of 
the framing device in an array of digital 
environments. Following this I shall fo-
cus my attention on the potential of cre-
ating digital heuristic spaces which fully 
exploit the image-as-document. 

Frames and framing:  
a method-inducing 
mechanism 

If the frame is capable of shaping the 
reception of a given image within an 
interface, these qualities are not always 
exploited at their full capacity. In order to 
illustrate this argument let us briefly 
compare the Ornamental Prints Online 
(OPO) meta-catalog23 with the Virtuelles 
Kupferstichkabinett (VK) catalog of the 
Herzog-Anton Ulrich Museum.24  

Both projects present a collection of 
prints. The first one is a bit more special-
ized, pertaining solely to ornamental 
prints. What I wish to stress here is how 
the VK catalog alone proposes an “instru-
mented interface” and links the data in a 
way that makes sense for people who 
work with prints.  

 

B
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Figure 5: The Virtuelles Kupfer-
stichkabinett results display. Multi-
ple images have been selected; 
their frames are a lighter shade of 
grey.  
(© Herzog-Anton Ulrich Museum, 
Braunschweig) 

 
Figure 6: Results for "Adam and Eve" from the Cranach Digital Archive.  
(© Cranach Digital Archive, 2015) 
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The fundamental difference of princi-
ple lies among other things in the theo-
retical foundations behind the use of 
frames. In the OPO catalog the frames 
simply present the image and they sepa-
rate it from its surroundings (Fig. 4). By 
contrast, in the VK project the “slide 
frames” are not purely decorative (Fig. 5). 
By stressing the presence of the frames 
through visual means, these capture the 
user’s attention and direct it towards the 
practice of a historically meaningful and 
deeply familiar process – that of spread-
ing one’s slides across a light-table in 
order to make a selection, by assembling 
and comparing multiple images. On the 
one hand we have an index destined for 
passive consultation comparable to a 
printed inventory – the Illustrated Bartsch 
for instance – while on the other the 
results page is only the beginning of the 
quest. By virtue of such features such as 
multiple selection, comparative zooming 
light tables and linking series of prints 
together the platform becomes not just a 
finding aid but a research resource 
adapted to its object of study, capable of 
becoming a denkraum – a space for reflec-
tion. Interestingly once the user enters 
the zooming light table workspace, the 
frame becomes invisible allowing one to 
concentrate solely on the object of study, 
in other words the print itself. It would 
seem that in this case the intensity of the 
framing device is calibrated according to 
the context of use.25  

Towards systems of 
interpretation? 

Ludwig’s project, apart from alluding 
to projects of restitution of monuments 

no longer extant, sheds additional light 
on the potential of the surrogate image as 
document which in its digital form ena-
bles the researcher to use and visualize it 
in much more meaningful ways. 

Turning to the Cranach Digital Ar-
chive, which is by all means an amazing 
project, we marvel at the high quality of 
the images and the fact that each of the 
artworks is presented as a unit of docu-
mentation along with a substantial criti-
cal apparatus (Fig. 6). In this case the 
interface functions as a documentation 
frame – but it is still not possible to ac-
tively engage with the image, in the way 
Ludwig did. There are many different 
versions of Adam and Eve for example, 
but one can only compare two images at 
a time and in addition to that the zoom-
ing levels are predefined. In other words 
the interface gets in the way of image 
manipulation.  

If interface is an enunciation space 
where a subject is invoked,26 then in this 
case this subject can only passively con-
sume the information provided. One 
could of course propose that the ancestor 
of such a project is the traditional schol-
arly catalog. And yet the project has “se-
lectively” integrated a feature stemming 
from a different tradition – that of the 
atlas. I am referring to the pre-
visualization thumbnails view which 
reminds us of paradigms such as the 
plates of Seroux d’Agincourt’s L’histoire 
de l’art par ses monumens [sic] (Fig. 7).27 
So, if in fact we have the possibility to 
mix and match scholarly precedents – 
and why shouldn’t we? – why not create 
more dynamic creator-centered projects? 
Historically conscious instrumentation 
and critical apparatus play a crucial role 
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here. Ludwig’s example demonstrates 
how by thinking through a given inter-
face one can create an instrument that 
goes beyond the optical metaphor of the 
Latin word speculum and gives way to an 
interpretative space. 

The multiplication of frames and their 
mobility seem to be in the heart of more 
recent environments such as Mirador 
(Fig. 8) and the Virtual Mappa project 
(Fig. 9).28 These two characteristics inevi-
tably bring forward their impact on ar-
ticulation and their potential for mean-
ingful combination in the process of 
building a visually compelling argu-
ment.29 How could we exploit the notion 
of “interval” in the digital environment? 

Apart from being a device which pre-
sents, the frame is also a space in its own 
right and one that does not have to be 
necessarily transparent or invisible. What 
kind of instrumentation could a frame 
carry in order to allow for a meaningful 

appropriation/interpretation within a 
digital environment? Could this instru-
mentation differ from one frame to an-
other within the same resource depend-
ing on the specificities of its content? 
Would it be desirable that a frame adapt 
to its content but also its context? Art-
works are “anachronic” objects especially 
when it comes to interpreting them.30 
Could the instrumentation of the frame 
and its interaction with the rest of the 
system help us grasp that by playing on 
the separating/unifying dimension? By 
allowing their insertion into a completely 
different conception of time? By combin-
ing its different contexts (historical, art 
historical, critical evaluation, material 
history, history of collections, visual cita-
tions etc.) and materiality aspects? All 
these factors come with their individual 
“frames,” which the interface could help 
either accentuate or keep more discreet 
depending on the type of question asked 
by the user. 

 
Figure 7 : Tableau historique et chronologique 
des frontispices des temples, avant et durant 
la décadence de l'art. Plate 64. Extract of : 
"Histoire de l'art par les monumens depuis sa 
décadence au IVe siècle jusqu'à son renou-
vellement au XIVe"  / by J. B. L. G. Seroux 
d'Agincourt. Vol. IV. Paris: Treuttel and Würtz, 
1823. Anonymous. Paris, bibliothèque de 
l’Institut National d’Histoire de l’Art, collec-
tions Jacques Doucet.  
(Photo: © INHA, Dist. RMN-Grand Palais/ 
image INHA) 
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Figure 9: Screenshot of the Virtual Mappa project. Reproduced by permission of Martin K. Foys. 

 

 

 

Figure 8: The Mirador project, screenshot of website. 
http://projectmirador.org/demo/?json=552702fee4b06666571d23a1. Retrieval date: April 10, 2015 
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Imagine for instance comparing a 
fresco detail from Renaissance Rome 
with an illuminated manuscript border of 
the fourteenth century and an ancient 
Roman sarcophagus relief. You might not 
need the parallax view for the miniature, 
but you certainly need a 360° view of the 
sarcophagus and you need to see the 
detail of the fresco in context, perhaps 
also some preparatory drawings and rel-
evant archival material. Going back to 
the miniature, you might want a thumb-
nails view of the entire book. Cropping, 
annotating and linking can follow and for 
their combination an additional space is 
required where a button, for instance, 
could allow for capturing and archiving 
of the workspace in its current phase. 
The full documentary value of these 
practices can emerge when the capacity 
to record and integrate in previous work-
flow are enabled.31  

Conclusions 
The objective of this essay is to under-

line the fundamental and constitutive 
dimension of image appropriation in the 
field of art history. In the enunciative 
system that is interface, the frame has a 
strategic role to play. It is capable of “de-
contextualizing” an artifact as well as 
reintegrating it into a new pattern of 
thought. As we have seen, the frame 
separates but also brings together; it pro-
vides an intermediate space where action 
and decision-making can occur. Viewed 
from the perspective of art historical 
methodologies I would argue that present 
environments should at least enable or 
accommodate previous methodologies. 

Throughout the discussion I have 
chosen not to distinguish between refer-
ence resources and virtual research envi-
ronments since my primary aim has been 
to shed light to the cognitive aspects of a 
common visual device and to stress its art 
historical prerogatives in the context of 
visual thinking. At this pivotal moment 
for digital art history it seems necessary 
to bear in mind the variety of methodol-
ogies in the field, the multiple angles and 
traditions from which we select to ap-
proach our objects of study. Even if the 
act of constructing an interpretative 
space carries seeds of interpretation it-
self, promoting for example a certain 
view of historical time, we could use this 
to our advantage by using frames to dif-
ferentiate the dimensions of the object in 
relation to its various contexts. In other 
words, being flexible and intuitive is not 
merely an interface design issue; it 
touches the core of our practices. 

Finally, it seems to me – and at this 
point I completely agree with Nuria 
Rodríguez Ortega’s conclusions32 – that 
this kind of specifically art historical 
epistemological awareness is essential if 
we want to bridge the gap between tradi-
tional methodologies and innovative 
computational practices. Historically 
relevant epistemological perspectives are 
just as important as the vision of things 
that we could not do before. One way to 
bring this kind of discourse into play is 
by integrating it into our peer-reviewing 
protocols and by training students not 
only learning how to use new software 
and resources33 but to critically process 
these resources and situate them within a 
methodological framework, thus building 
a continuity with the previous phases of 
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the field, a continuity that could only 
reinforce the meaningful use of resources 
in the future as well as the questions 
asked. Apart from finding the tool which 
best serves our needs, we should also be 
conscious of how we want to see our ob-
ject of study, now and in the future. 
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P ark and Rick sit across a desk facing each
other in Rick’s office in Cornell’s Engi-

neering College. We see Park’s back and Rick’s
face. They are dressed in winter clothes. Over-
seeing the proceedings, peering over Rick’s
shoulder at Park, is a six foot tall Terra Cotta
Warrior that has made the journey from China.

The view is into Rick’s office with a small win-
dow in the back wall offering a view ofbar-
ren tree limbs and falling snow. Rick’s office
is situated between closed doors to offices on
the same hall. The office on the left houses a
professor expert in information theory. On the
right a professor specializing in medical image
processing.

Along the left wall in Rick’s office stands a
bookcase with treatises, dissertations, books,
and volumes about control systems and signal
processing and art history and conservation.
The top ofthe bookshelves displays pictures of
Rick’s graduate students. Among the awards
advertised on the wall above the bookcase is
Rick’s prized Eagle Scout certificate. The war-
rior is in the back left corner ofthe office.

Along the right wall ofthe office hang three
full-size prints ofVan Gogh’s "Bedroom": col-
or, false-color infrared, and raking light.

Park has been observing Rick for years, with
Rick luring him along. Everyone, including
Rick, knows Park has written about 'cultural'
battles between physicists and biologists (not
to mention technicians and administrators) in
a particle physics laboratory, and about inter-
actions between experts and 'lay persons' with
regard to issues ofscience and public welfare.
Rick had previously explained to Park how he
was entering the world ofart history, muse-
ums, curators, and conservators, and how much
he was learning in the process about approaches
(some successful) to cross-disciplinary research.
Imagining the potential for insights from an
expert observer, Rick offered Park access to a
front row seat for viewing a real-time attempt
at cross-cultural collaboration between tech-
nologists (represented by signal processors) and
humanists (represented by art historians and
conservators). Park couldn’t possibly say no to
such an offer. We are about to observe one of
their bull sessions.

Park looks down from the Terra Cotta soldier’s
eyes to Rick’s.

RJ – OK – how do you want to get started?

PD – I sent you that list of questions. We
could go through them.

Park Doing and C. Richard Johnson, Jr.

On Applying Signal Processing

to Computational Art History:

an Interview

Park Doing (left) and Rick Johnson with the Chinese Warrior in Rick's office.

(Photo: Jessica E. S. Edmister, ECE, Cornell University)
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Rick turns away from Park toward his com-
puter monitor.

RJ – Sure. Sure. OK. Let me get that email.

Park interrupts this gesture.

PD – First though, let me just step back and
ask you a big picture question.

Rick answers, still looking sideways.

RJ – OK. What’s the question?

PD – Why did you get into the application
of signal processing to problems in art his-
tory? What is interesting about it to you?

Pause, Rick still looking at screen rather than
at Park.

RJ – What is interesting about it to you?

Park is not flustered by this push back. Both
Park and Rick exhibit nothing but comfort with
the flow evidently familiar from many pre-
vious such episodes ofwandering banter.

PD – Well… I have to think a little… for me
it comes down to a scene in Gabriel Garcia
Marquez’s 100 Years of Solitude. Toward the
end of the novel, the story is told of a priest
and a peasant playing chess beneath a tree,
but the game can never end because each of
them is playing with a different set of rules.
I’m forever intrigued by that kind of situation.

Rick laughs.

RJ – That’s the question? It’s exactly your
type of question. When there’s no blueprint
for picking the problems – how do you pick
the problems?! This is especially critical in
trying to bring two areas together that are
deemed by all to have little to no overlap. In
all ofmy research subjects, there are two lan-
guages to learn, one for the area of the ex-
ploited technical expertise and another for
the domain of the subject to which it is to be
applied. It has always been that way for me.

My first crossover between control systems
and digital signal processing (DSP) began
during my PhD studies in the 1970s when
the researchers in these two subjects occu-
pied two distinct worlds, with separate jour-
nals, separate conferences, etc… This is
difficult to visualize now as the two fields
are intertwined in many ways with a large
number of top researchers active in both com-
munities. Back then, I saw issues in adaptive
filtering popular among the DSP crowd that
were being addressed in slightly different
versions in recursive system identification
research in the control systems community.
I was one of a small group – at first – of re-
searchers exploiting and explaining this in-
terconnection. That worked out well.

PD – So even within engineering – those
were two different worlds.

Park’s tone conveys that he is trying to push
Rick to acknowledge the disunity in science
and engineering, the bricolage ofwhat appears
from the outside to be monolithic endeavor
unified by shared understandings – that scien-
tists themselves face language and cultural
barriers.

RJ – Absolutely. At the time.

PD – So, you’ve already done this crossover-
thing before.

RJ – Well, Yes and no. This time is much
more extreme in the differences encountered.
The institutions – universities and museums

Interview

Scientists face
language and

cultural barriers.
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in the US and Europe – are different. Their
languages are different. Research conven-
tions are different. Different worldviews. A
lot to overcome in getting us on the same
page.

PD – Let’s talk about world-
views. I would say that you
have a ‘signal processing
worldview’. You see the
world in signals. You see the
elements of those signals and
how they can be broken
down, rearranged, reformu-
lated even.

RJ – I agree. Continuing that
train of thought, the art ex-
pert’s reliance on examina-
tion of images viewed as
signals suggests that signal
processing can somehow as-
sist art investigation. Actually, that line of
thinking gave me the confidence to seek out
ways to enter the museum world to observe
the users of technology within the museum,
i.e. the conservators, in the hope of seeing
where my expertise could be applied. My
PhD minor in art history helped me speak at
a basic level in their language. I was keenly
aware from the start that I could not resort
to mathematical language or thinking in de-
scribing to them what types of problems I
could tackle.

PD – In addition to the cross-cultural chal-
lenges, I’ve heard you remark on the unex-
pectedly large amount of time required to
obtain access to sufficiently-high-resolution
digitized images of art works.

RJ – The time commitment to gain access to
scientific quality data has proven formida-
ble. It remains a high barrier for new entrants
into this growing field from outside the mu-
seum community. Fortunately, this is begin-
ning to change.

You run into this in pure engineering too –
in the middle phase ofmy career we were
working on receivers for terrestrial broad-
cast high definition television before it ex-

isted on a wide scale. For
competitive reasons, compa-
nies with field data were re-
luctant to share it with per-
ceived competitors. And with-
out data it is nearly impossi-
ble to pose an academically
appealing theoretical problem
that will have practical im-
pact. The downside ofwork-
ing with real data is that it
comes with all the nasties in
it that complicate the specific
problem’s solution. But, hav-
ing the data lets you raise
questions that you do not
know to raise without the da-

ta. That’s the whole point. Real data helps
you ask the right questions, and get useful
answers.

PD – Why do you think painting data was
made available to you?

RJ – Basically, I was very lucky with my first
museum contact: the Van Gogh Museum in
Amsterdam. In 2006, when I had my first
meeting with their research and conserva-
tion management, they agreed right away to
grant me the access to observe their conser-
vators in action in my hunt for promising is-
sues for collaboration. In exchange I offered
to organize an international workshop the
museum would host that would bring image
processing experts to talk – without using
mathematics – to art experts about computer-
based tools for brushwork style classification.

Eighteen months later, we had identified the
thread counting problem. The Van Gogh Mu-
seum ultimately provided us scans of x-ra-
diographs of all of their paintings on canvas

"Without data
no theoretical

problem can be
posed that will
have practical

impact."

Interview
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by van Gogh. They also approached other
museums with requests for scans of their x-
radiographs of van Gogh paintings on can-
vas. I learned that museums are used to shar-
ing data with other museums, but not with
outsiders like me. The museums have some-
thing to offer each other, i.e. access to images
of artworks in each other’s collections. At
first, I had nothing to offer.

PD – What other attitudes/procedures did
you have to adapt to?

RJ – I promised not to ask for the three things
I knew they did not have to offer: money,
space, or staff time.

PD – Tell me more about getting started on
thread counting and weave matching?

RJ – In the beginning, I went to the Van
Gogh Museum for a 10-day visit every 3
months or so. One day they said we were
going to count threads. I asked to see a doc-
ument beforehand that tells about this pro-
cedure and got blank looks. The concept of
standard procedures, i.e. detailed algorithms
for capturing measured data in a standard
way, was itself not standard to them. When
they showed me the x-radiograph images
and taught me to count the threads visible
under magnification, I recognized this task
as a measurement of period that could be
done on a scale unimaginable manually with
the use of a Fourier transform. I would be
helping to answer a question they wanted to
answer.

PD – And weave matching came out of that?

RJ – Well, yes. But nobody said, “We’re going
to invent a weave map.” We started with the
goal of automating thread counting. With
that you can count not just the threads in a
few sections of the painting, but in every sec-
tion of the painting – and in every painting.
So, after I got my first basic Fourier analysis
program to work, I said to the Van Gogh Mu-
seum people that we could count all the paint-
ings in their museum. They laughed. We
started with x-radiographs for about 30 paint-
ings. I realized later that they thought I was
a funny guy – so American, wants to rush
and do everything. I resolved to hew more
to what I saw as the Dutch style of consen-
sus decision-making where individuals are
expected to suppress public display of their
personal ambitions.

PD – So, a cultural difference beyond art and
science?

RJ – Yes.

PD – Please continue.

"We started with
the goal of

automating thread
counting."

Interview

The color-coded maps of local computations of weave density (threads/cm) re-

veal a matching stripe pattern in a pair of paintings by Vermeer.

(Image: Don H. Johnson, ECE, Rice University)

[For further detai ls see W. Liedtke, C. R. Johnson, Jr. , and D. H. Johnson,

"Canvas Matches in Vermeer: A Case Study in the Computer Analysis of Fabric

Supports, " Metropolitan Museum Journal, vol. 47 (201 2): 99-1 06. ]
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RJ – Weave maps emerged as we considered
ways to present our count data. I knew a ta-
ble with numbers was just about the worst
thing we could do. That would go against
what I was learning about how to commu-
nicate with art experts. It needed to be visu-
al. I was working with people in the art
community who are subli-
mely visually adept. Ifwe
could get it right, they would
see it in a second. We color-
coded the weave densities
that were automatically
counted and presented them
as they covered the canvas.
When we saw the vertical
bands of color emerging we
saw this pattern as a finger-
print for canvas from the
same roll. You could see it
clearly. I remember when I
first presented an image of a
match at a conference for
conservators. I unveiled it
and there was an audible
gasp in the room. They got it
right away. The weave map
is now accepted as a new object with which
to ask and answer questions about paintings
on canvas.

PD – After the canvas studies and weave
matching, the photo paper analysis came
about. How did that start?

RJ – For two months in 2010 I spent half of
each week visiting the Museum ofModern

Art looking for a task suited to the applica-
tion of image processing. I met with their
conservation scientists and paper conserva-
tors. I learned that photo paper is made for
its texture and could be classified by observ-
ing the changes in reflectance as the paper
sample was moved around under a bright

light. Raking light is a stan-
dard illumination for revealing
modest surface texture varia-
tions by their shadow pattern.
We chose to collect raking
light images of photographic
paper at a microscopic scale.
It took me over a year and a
half to convince the paper ex-
perts that we needed images
of some sets of paper for
which the classification is
known to allow us to build al-
gorithms. While museums are
most curious regarding the
objects about which their
knowledge is uncertain or
simply lacking – to start we
need images known to be a
match. We need them in or-

der to be able to design and test the accura-
cy of our candidate algorithms. Once we built
such a dataset suitable for algorithm devel-
opment and testing, the groups pursuing dif-
ferent textural strategies for classification
were all able to show promise in using rak-
ing light images of historic photographic pa-
per as a proxy for classification by metadata,
i.e. manufacturer, surface finish, brand, pe-

Interview

Raking light images of 1 .00 x 1 .35 cm patches from two different 20th century

black and white photographic papers displaying their distinct textures.

(Photo: P. Messier, Messier Reference Collection)

[For further detai ls see C. R. Johnson, Jr. and others, "Pursuing Automated

Classification of Historic Photographic Papers from Raking Light Images, " Jour-

nal of the American Institute for Conservation, Vol. 53, No. 3 (201 4): 1 59-1 70. ]

"That
encourages the

pursuit of
automating
photographic

paper
classification."
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riod ofmanufacture. Just last year we pub-
lished a paper in the art conservation litera-
ture on this study that encourages the pursuit
of automating photographic paper classifi-
cation.

PD – And what about the chain line work?

RJ – That came about a little differently,
since I had already done some useful work
with the weave mapping and
photographic paper, I didn’t
have to ‘shadow’ the art folks
to scout out an opportunity. I
was approached by a paper
conservator at a digital hu-
manities workshop. The task
of identifying pieces of antique
handmade laid paper made on
the same mold from the im-
pression in the paper left by
the screen in the mold was
proposed to me as being simi-
lar to thread counting and
worth my consideration. At that time the
standard approach to identifying moldmates
was to match watermarks. But only about a
third of, for example, Rembrandt’s prints
have a watermark or a fragment of one in
the paper. But all laid paper exhibits chain
lines. We decided to see if a simple descrip-
tion of the chain line pattern was enough to
guide reduction of a library of paper samples
to a manageable number of candidate matches.

Therefore, we skipped development of an au-
tomatic chain line marker, which is a diffi-
cult problem that will ultimately need to be
solved in a real system, in order to get more
quickly to testing the hypothesis ofmold-
mate candidate discovery using just the chain
line pattern. We observed that many paper
samples had straight but non-parallel chain
lines, which for some reason was a combi-
nation that had not been studied in the thin
literature on automating moldmate identifi-
cation for antique laid papers. From there a

least squares fit did the trick. That was enough
to establish the feasibility of using chain
line spacing sequences to help find laid pa-
per moldmate candidates.

A big issue was that the data to which we
had gained access was collected for looking
at watermarks. Thus, the images were taken
of just a small part of the full print. Conse-
quently, they typically contained too few

chain lines. The chain line
sequences were often just
not long enough to be
unique enough to sufficient-
ly reduce the percentage of
false matches. We needed
full-print images of the
prints. Luckily, last year we
gained access to a trove of
indexed full print images of
etchings by Rembrandt. We
should have much to report
by the end of this year.

PD – Why do you call what you do a part of
"Computational Art History" rather than
"Digital Art History"?

RJ – I’m mimicking the currently fashion-
able use of "computational" as in computa-
tional biology or chemistry or fluid dynamics
or linguistics. I want to imply that it’s not
just sorting and displaying images in large
datasets, which is what is implied to me –
perhaps incorrectly – by the label "digital art
history". It’s now much more than just man-
aging digitized datasets. It extends to extract-
ing information from the images, both forensic
and contextual. It’s modeling and simulation.
Recently, I’ve begun to interpret most of the
problems of current interest in applying sig-
nal processing to computational art history
as some form of image feature mining.

PD – Feature mining?

RJ – Yeah – you see that article.

Computational
Art History or

Digital Art
History

Interview
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Rick points to his desktop where he has laid
out an article with "image feature mining" in
its title by researchers using facial recognition
as their application.

RJ – The big deal with this paper is that the
algorithm didn’t know what features to look
for ahead of time. It came up with the inter-
esting features itself. In many of our prob-
lems the feature of interest is defined in the
problem statement. The issue is locating/ex-
tracting/measuring this feature automatically.

PD – Do you think that is a direction for
Computational Art History?

RJ – Yes. But, again, if the problems and ques-
tions being answered aren’t coming from the
art community – it’s not going to be adopted.

PD – What is the biggest impediment to
showing you can be of value?

RJ – Still I think it is typically the lack of
quality data in sufficient quantities. But, this

is definitely starting to change. In the begin-
ning I had to use images they already had
gathered. And very few were digitized in
2006. Conservation departments didn’t
have their own scanners. It took too many
resources to digitize large numbers of images.
You have to figure out what they can actual-
ly provide – can you get enough data to get
started and convincingly demonstrate a po-
tential positive impact by what you are de-
veloping? We managed to get enough and
get something going. Data is everything.
That’s why one ofmy targets has been con-
vincing museums to provide easy access to
academic researchers ofmore and more
images of art objects.

PD – Let’s imagine that that the floodgates
open up and the data issue fades – where do
you see the future of computational art his-
tory going?

RJ – Rather than try to make long-term pro-
jections, I’ll relate a recent relevant experi-

Vertical chain l ine impressions visible in rak-

ing l ight image of the back side of a Rem-

brandt etching "The Small Lion Hunt (with

Two Lions)" on laid paper.

(Photo: David O. Brown/Herbert F. Johnson

Museum of Art, Cornell University)

[For further detai ls refer to C. R. Johnson, Jr.

and others, "Hunting for Paper Moldmates

Among Rembrandt's Prints, " IEEE Signal

Processing Magazine (Special Issue on Si-

gnal Processing for Art Investigation), (July

201 5). ]

Interview
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ence. As a guest editor for a forthcoming spe-
cial issue of the IEEE Signal Processing Mag-
azine on art investigation, I was trying to
draft our editorial foreword about how what
we are doing now in this nascent field re-
lates to activity at the start of the 21st cen-
tury when fewer signal processors were
involved. I decided to divide the activities in-
to image acquisition, manipulation, and fea-
ture mining. After consultation with my
fellow guest editors, we decided that all of
the articles in the special issue dealt with
aspects of feature mining. Here we are using
an inclusive definition of feature mining en-
compassing situations where the features are
prescribed as well as instances where they
are to be learned automatically – with a com-
mon primary objective being classification.
This emphasis on feature mining contrasts
sharply with the strong emphasis on image
acquisition and manipulation around 2000.
The current range of feature mining appli-
cations is quite broad, as evidenced by the
topics addressed in the special issue, which
include classifying ancient coins, facial rec-
ognition in Renaissance paintings, extract-
ing and comparing visual stylistic features
of paintings by a particular artist or school
of artists, canvas thread counting, photo-
graphic and laid paper classification, and con-
tent based image indexing.

Imagine offering an art historian automatic
labeling of content information in art works
covering an artist’s entire output – who
knows what kinds of questions they would
then ask? This is where I run out ofmy abili-

ty to predict the future. Uncertainty about
the most fruitful future directions in such a
young interdisciplinary field is a major rea-
son for maintaining active cross-disciplinary
collaborations in such projects. The domain
is rich enough that I am convinced that
some useful knowledge nuggets no one knows
about now are waiting to be discovered.
Thread counting and the subsequent weave
density maps, thread angle maps, and roll
layout capabilities form my current best ex-
ample for this optimism.

PD – If the data is there…

RJ – Precisely! I think we are going to get to
giant databases for images – I definitely think
that is the direction. You’ll load yours up to
the cloud and within minutes you’ll get a
bunch of suggestions back about its mates.
That’s within reach. Within a decade, may-
be. That should be a major target for our cur-
rent collaborations. Again, my sense is not
to try and predict – but get the data there
and then we will see what happens – things
I can’t even guess now! Studying these moun-
tains of data with feature mining tools seems
like a very promising path to take.

PD – How do you see your contributions to
this new field?

RJ – When I started I made a list of things
that I wanted to accomplish. I wanted to con-
vince more signal processors to look at
these art investigation tasks. I wanted to con-
vince art historians, curators, and conserva-
tors that the results from the signal processors

Interview

"Newly institutionalized interactions are
forming with art historians, curators,

conservators, and engineers."



97DAH-Journal, Issue 1, 2015

C. Richard Johnson, Jr. received a PhD in Electrical Engineering from Stanford University, along with
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focusing on applications of algorithmic processing to social issues and the humanities. He is

currently a Lecturer in The Bovay Program in History and Ethics of Engineering at Cornell .

Interview

will extend the scholarly reach of the art ex-
perts. I wanted to help establish an accessi-
ble archive of data and algorithms. I wanted
to produce one textbook for both undergrad-
uate engineers and graduate art and conser-
vation students. And I wanted to give away
software with a short course to conservation
grad students. Basically, all of these targets
were adopted as measures ofmy desire to
accelerate the integration of signal proces-
sing and art history. All of these targets are
now in hand or in sight.

I am very heartened – newly institutional-
ized interactions are forming with art histo-
rians, curators, conservators, and engineers
all together at the start of interdisciplinary
projects. The Netherlands Institute for Con-
servation, Art and Science and the Yale Lens
Media Lab are recently inaugurated exam-
ples I have watched at close range as they
took shape. I sit back sometimes and I think
– it’s really happening!

Sunshine is visible through the office’s small
window.
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Figure 1: Plot of the number of artworks per artist in sample 1 
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Distant Viewing in Art History 
A Case Study of Artistic 
Productivity 

 
 

K. Bender 

 
 

Abstract: With reference to the concept of distant reading in literary history, distant viewing is a 
valuable analogy for a quantitative approach to art history. In this case study of artistic produc-
tivity eight samples are analyzed, extracted from a digital thematic research collection about the 
iconography of Aphrodite/Venus from the Middle Ages to Modern Times. The result is an empir-
ical finding of regularity never before highlighted in art history. The artistic productivity fits per-
fectly the distribution known as Lotka’s law of scientific productivity in bibliographic science. 
Issues of collecting and sampling are discussed and the meaning of this empirical finding is 
hinted. Suggestions for future research are made. 

 

Keywords: artistic/scientific productivity, distant reading/viewing, Lotka, quantitative art history 

 

Introduction1 
The French philosopher Michel Tour-

nier2 discusses the difference between 
quantity and quality and cites a quota-
tion:  

Sans doute la qualité vaut mieux que la 
quantité, mais sur la qualité,  
on peut discuter à l'infini, tandis que la 
quantité, elle, est indiscutable.  

Edward Reinrot3 

Franco Moretti4, who initiated the 
concept of ‘distant reading’ in literary 

history, made the same statement in oth-
er words: ”Quantitative research provides 
a type of data which is ideally independ-
ent of interpretations...”. Moretti argues 
that literature isn't a 'sum of individual 
cases', but a 'collective system'. Scholars 
have focused on a select group of texts: 
the canon. In 'distant reading' the canon 
disappears into the larger literary system.  

These arguments are equally valuable 
for art history, where traditionally 'quali-
ty' matters more than 'quantity' and 

Peer-Reviewed 
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monographs focus predominantly on 
works considered as the great master-
pieces of art. However, quantitative data 
such as the number of replicas, of en-
gravings and subsequent duplications or 
imitations by other artists are gaining 
greater attention, and studies about the 
economics and market related aspects of 
art production are increasingly popular. 
The analysis of the spreading and popu-
larity of motifs and style also requires 
‘numbers’.  

This quantitative aspect of art history 
needs specific types of data acquisition. 
Structured data collections, alongside 
standard bibliographies, are crucial for 
advanced quantitative studies5.  

Reference works and reports provide 
evidence about the increasing importance 
of quantitative data, generating new 
forms of knowledge in the digital age of 
art history6. They can be analyzed com-
putationally, as demonstrated for exam-
ple in the pioneering work of Schich and 
Ebert-Schifferer7, a trend following inno-
vative research in literary history and 
therefore termed ‘distant viewing in art 
history’.  

This paper presents a case study about 
artistic productivity with a distribution 
known in bibliographic science as Lotka’s 
law. All data, extracted from a digital 
thematic research collection, have been 
published and are freely available. Hence, 
the results presented in this paper are 
verifiable and the data could be used to 
explore alternative models of productivi-
ty in art history. 

The case study 
 

The productivity in terms of number 
of artworks created by an artist has been 
examined with the help of eight samples. 
The samples are taken from a digital the-
matic research collection compiled for a 
project of topical catalogues of the icono-
graphy of the Greek-Roman goddess 
Aphrodite/Venus, depicted in sculptures, 
paintings, drawings, prints and illustra-
tions from the Middle Ages to Modern 
Times8. The topical categorization in 
these catalogues is mutually exclusive: no 
work is listed more than once. This meth-
odology allows for quantitative analyses 
of the popularity of topics, of the time 
distributions of works and artists and of 
the number of works per artist9. 

In the first sample of 1840 works by 
649 identified Italian artists, the average 
number of works per artist is 2,8. How-
ever, the counting of works per artist 
shows a very unequal ‘productivity’: a 
large majority (57 %) of all artists created 
only one ‘Venus’-work in a lifetime, only 
17 % made two works, 8% made three 
works, 3,5% made four works, 3% made 
five works, 2% made six works, etc. ... 
0,8% made 10 works as shown in Fig.1 
(number of works per artist on the hori-
zontal axis and percentage number of 
artists on the vertical axis)10. 

All other samples in this project yield 
identical distributions as explained be-
low. This empirical finding has never 
before been highlighted in art history. 
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Analogy with Lotka’s 
law of scientific 
productivity 

 

The American statistician Alfred J. 
Lotka published in the Journal of Wash-
ington Academy of Science, 1926, an 
article ‘The frequency distribution of 
scientific productivity’ based on an anal-
ysis of publications by authors in two 
fields of the exact sciences. Potter11 re-
veals “...that Lotka’s article was not cited 
until 1941, that his distribution was not 
termed “Lotka’s law” until 1949, and that 
no attempts were made to test the ap-
plicability of Lotka’s law to other disci-
plines until 1973’.  

Lotka found that the number of au-
thors producing x publications is about  

 

of those making one publication, or: 

 

where y is the relative frequency (or pro-
portional number) of authors with x pub-
lications and the constant C and the ex-
ponent a are parameters. Thus for x = 1, 
C = y.  

This is an inverse power function, 
now commonly referred to as 'Lotka's 
law'12. Lotka suggested that the exponent 
a nearly always equals 2 and the func-
tion can then be called an inverse square 
function. This means that the number of 

Figure 2: Observed frequencies of number of works per artist and fitted inverse power equation for Sample 1 
y=0,6222 x-1,948  R2 = 0,9929 
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authors making 2 publications is 1 / 2*2 = 
1 / 4 = 0.25 of those making 1 publication; 
those making 3 publications: 1 / 3*3 = 1 / 
9 = 0.11 of those making 1 publication, 
etc. This surprisingly resembles the dis-
tribution as shown in Fig.1. Hence, it was 
a logic step to try out Lotka’s law with 
the data of our first sample. By logarith-
mic transformation of the data and using 
the classical linear regression technique 
or 'least squares method', applied for 
instance automatically in the trend-line 
functionality in 'charts' of Microsoft Of-
fice Excel 2007, we can estimate the val-
ues of the parameters: 

C = 0,6222 and a = 1,948 

and calculate a goodness-of-fit measure 
between the equation and the observed 
data, commonly called the correlation 
coefficient R2 (with 0 < R2 < 1 ; the closer 
R2 is to 1, the better fit): 

R2 = 0,9929 

Thus the result of this test, plotted in 
Fig.2, shows a close resemblance to Lot-
ka’s law with an exponent a very near to 
the suggested value 213. 

 

Further evidence  
for all samples 

 

The next step was to analyze the data 
of all samples in the project compiled 
with the same methodology as sample 1. 
The data are extracted from the publica-
tions by Bender14. The basic data (N = 
total number of artists; X = total number 
of works; x = X/N average number of 
works per artist) for the eight samples 
are presented in Table 1 and the observed 
data of number n of artworks and rela-
tive frequency y of artists for each sam-
ple are given in Table 2.  

 
Table 1: Basic data of the samples 
(N = total number of artists; X = total number of works; average number of works x = X/N) 

sample N X x country of artist’s origin references 
1 649 1840 2,8 Italy 9a 
2 977 2997 3,1 France 9b 
3 728 2636 3,6 Low Countries 9c 

4 1506 3198 2,1 
Germany, Switzerland, 

Central-Europe
9d 

5 912 2113 2,3 
Great Britain, 

Ireland
9e 

6 184 291 1,5 Eastern Region
9f 7 220 503 2,3 Southern Region

8 215 577 2,7 Northern Region
total 5401 14155 2,6  
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Table 2: Observed data of the samples 
(x = number of works created by an artist; n = number of artists who created x works; relative frequency 
of artists who created x works:  y = x/N; N = total number of artists) 

sample 
x

1 2 3 4 5 6 7 8 9 10 

1 
n 371 112 53 23 20 14 9 6 5 5 
y 0,5716 0,1726 0,0817 0,0354 0,0308 0,0216 0,0139 0,0092 0,0077 0,0077 

2 
n 586 158 75 31 28 19 11 8 9 9 
y 0,5998 0,1617 0,0768 0,0317 0,0286 0,0194 0,0112 0,0082 0,0092 0,0092 

3 
n 398 122 52 30 29 19 7 8 12 4 
y 0,5467 0,1676 0,0714 0,0412 0,0398 0,0261 0,0096 0,0110 0,0165 0,0055 

4 
n 1027 215 95 53 34 27 7 10 6 6 
y 0,6819 0,1428 0,0631 0,0352 0,0226 0,0179 0,0046 0,0066 0,0040 0,0040 

5 
n 628 119 65 25 20 10 7 4 4 5 
y 0,6886 0,1305 0,0713 0,0274 0,0219 0,0110 0,0077 0,0044 0,0044 0,0055 

6 
n 148 20 12 7 1 0 1 0 0 0 
y 0,7629 0,1031 0,0619 0,0361 0,0052 0,0000 0,0052 0,0000 0,0000 0,0000 

7 
n 162 30 12 7 2 1 2 1 1 0 
y 0,7364 0,1364 0,0545 0,0318 0,0091 0,0045 0,0091 0,0045 0,0045 0,0000 

8 
n 139 32 12 8 6 2 4 3 1 2 
y 0,6465 0,1488 0,0558 0,0372 0,0279 0,0093 0,0186 0,0140 0,0047 0,0093 

all 
n 3459 808 376 184 140 92 48 40 38 31 
y 0,6404 0,1496 0,0696 0,0341 0,0259 0,0170 0,0089 0,0074 0,0070 0,0057 

 

The estimated values of the parame-
ters C and a and the calculated goodness-
of-fit measure R2 for the individual sam-
ples vary between 0,5675 and 0,7506 for 
C, 1,865 and 2,264 for a, and 0,9423 and 
0,9929 for R2. The computation for all 
samples merged (last row in Table 2) 
yields:  

y = 0,6505 / x2,089 with R2 = 0,9945 

The estimated value of the constant C 
= 0,65 is near the observed value y = 0,64 
and the value of the exponent a = 2,089 
is again very close to the value suggested 
by Lotka and thus the proposed inverse 

power function is practically an inverse 
square law (Fig. 3). 

In this exercise the number of x has 
been deliberately limited to 10. However, 
it is known that observations of large 
values of x do not fit well the Lotka dis-
tribution: the so-called ‘long-tail’ prob-
lem. Therefore, an alternative model with 
three parameters was applied for samples 
1, 2 and 3 when all values of x were in-
cluded in the computations15. Though the 
model yielded slightly better goodness-
of-fit measures R2 , the values of C and a 
were not longer comparable among sam-
ples due to interaction with the third 
parameter and the model was discarded. 
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Discussion of results 
 

The perfect fit, with a very high value 
of the goodness-of-fit measure R2 = 
0,9945, to a large set of samples repre-
senting in total 14155 artworks, created 
over a period of more than 500 years by 
5401 artists from all over Europe, leaves 
no doubt that the so-called “Lotka’s law 
of scientific productivity” is applicable to 
this case study of art historical data. 
However, the sampling method, the the-
matic collection, the Lotka distribution 
and its ‘long tail’, and the meaning of the 
empirical finding, are issues deserving 
discussion and further study. 

 The sampling method in this case 
study is not ‘at random’ where all 
artworks would have equal chance to 
be selected in the ‘population’ of the 
indefinite number of artworks by an 
unknown number of artists of a the-
matic research collection. In fact, the 
sampling is a 'convenient’ one and 
always biased in a thematic collec-
tion because many artworks, never 
recorded, were lost and the infor-
mation sources are limited to the col-
lector. Hence, the representativeness 
and the size of the samples are al-

Figure 3: Observations and Lotka's law for all samples 1...8 
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ways issues. The samples in this case 
study are presumably very large16; 
nevertheless their size can be always 
enlarged17. An advanced study of the 
sampling bias will eventually be per-
formed in the future through meth-
ods of meta-analysis18. 

 More important are the formal con-
cept of a thematic collection and its 
methodology of topical categoriza-
tion: indeed, the series created form 
the basis for the distant viewing con-
cept. Therefore, the series should be 
as homogeneous as possible in order 
to make quantification possible19. 
The fact that there is a remarkable 
regularity in all samples of this case 
study is an indication that the homo-
geneity of the thematic collection is 
high. 

 Why does scientific/artistic produc-
tivity not follow the 'normal' Gaussi-
an distribution of events that go by 
chance? Gaussian distribution offers 
an 'equal' chance to each event. Lot-
ka's law, on the contrary, shows a 
very 'unequal' situation: 65% of the 
sources (authors/ artists) produce on-
ly 1 item (publication/work) and rela-
tively few sources produce many 
items. The few artists producing 
more than 10 works in this case 
study – i.e. the so-called ‘long tail’ in 
the distribution – are, however, not 
the least known: on the contrary, 
many well-known masters are among 
the most prolific ‘Venus’-artists20. No 
doubt, this is related to problems of 
authenticity and attribution of the 
artworks as well as to the issue of 
workshop management of the pro-
duction. 

 Egghe21 discusses at length the prin-
ciple of 'success breeds success' or 
'cumulative advantage' and demon-
strates mathematically how it is re-
lated to Lotka's equation. The phe-
nomenon is comparable to the eco-
nomic or financial rule: 'the richer 
you are, the easier to get even richer'. 
One can interpret this as follows for 
the case study: there is always a 
probability that an artist with no 
'Venus'-work in the past will create a 
first one. If this first 'Venus'-work 
has success, the greater probability 
will be that the artist will produce 
another 'Venus'-work and so on; if, 
however, this first work is a failure 
or has no success, the artist will 
probably not create a second 'Venus'-
work. This may explain the high val-
ue of y = 65% for x = 1 as well as the 
‘long tail’ phenomenon of superstar 
artists with a large network of pa-
trons and customers. This case study 
provides quantitative data for socio-
economic models of creativity as dis-
cussed by Menger22. 

 In his search to find an interpretation 
of Lotka's law, Price discusses the 
basic difference between creative ef-
fort in the sciences and in the arts: 
“The artist's creation is intensively 
personal, whereas that of the scien-
tist needs recognition by his peers” 23. 
Authorship of scientific articles is 
therefore an indication of prestige. 
The finding in this case study seems 
to prove that this distinction is mis-
taken: the artistic creativity follows a 
similar pattern as the scientific effort 
and obviously has also everything to 
do with 'prestige'. Moreover, the way 
how modern research is funded 



Distant Viewing 

108 DAH-Journal, Issue 1, 2015  

through targeted programs has some 
similarity with preferences of art pa-
trons and fashion on the art market. 

Conclusion and 
suggestions for 
future research 

The empirical finding of this case 
study is remarkable and its interpretation 
‘success breeds success’ has never been 
highlighted before in art history. The 
‘distant viewing’ approach of a fairly 
homogeneous thematic collection and the 
quantification of data in eight large inde-
pendent samples proves successful and 
could be an example for future quantita-
tive research in art history. Are there 
other thematic collections in art history 
available which comply with the condi-
tions of homogeneity and size? If yes, 
then one could further test the applicabil-
ity of Lotka’s law for other themes or 
explore more sophisticated models. A 
better understanding of the underlying 
regularity could give rise to unorthodox 
questions and offer new ways to decipher 
the complexity of artistic productivity.  

Notes 
1 The author gratefully acknowledges the helpful 
comments of the anonymous peer-reviewers of the 
draft paper. He also thanks Paul Taylor of The 
Warburg Institute, London, for discussion of Fig.1 
and for drawing his attention to the analogy with 
Lotka’s law, and Béatrice Joyeux-Prunel of the 
Ecole Normale Supérieure, Paris, for her support 
regarding socio-economic reference material. 
2 Michel Tournier, “Quantité et qualité” in Le 
miroir des idées – Traité (Paris : Mercure de 

France, 1995), 205-208. 
3 Author’s translation: ‘Without doubt quality is 
better than quantity, but quality can be discussed 
ad infinitum, while quantity is indisputable’. Ed-
ward Reinrot is a pseudonym of Tournier himself. 
4 Franco Moretti, Graphs, Maps, Trees – Abstract 
models for literary history (London, New York: 
Verso, 2007) 9. 
5 Among many online data collections, such as 
‘Bildindex Foto Marburg’ http://www.bildindex.de 
and ‘The Warburg Institute Iconographic Data-
base’ http://warburg.sas.ac.uk/photographic-coll-
ection/iconographic-database/ of a general nature, 
one can also cite some specific ones: * the ‘Census 
of Antique Works of Art and Architecture known 
in the Renaissance’, started in 1947 at the Warburg 
Institute, University of London, and online 
http://www.census.de * the ‘Montias Database of 
17th Century Dutch Art Inventories’, developed in 
the '80s by the economist John Michael Montias, 
online at the Frick Art Reference Library 
http://research.frick.org/montias/home.php  
6 Béatrice Joyeux-Prunel, éd., L’ Art et la Mesure - 
Histoire de l’art et méthodes quantitatives: 
sources, outils, bonnes pratiques. (Paris: Editions 
Rue d’Ulm, 2010) https://ens.academia.edu/B%C3% 
A9atriceJoyeuxPrunel/Books. Hubertus Kohle, 
Digitale Bildwissenschaft. (Glückstadt, Verlag 
Werner Hülsbusch, 2013). http://archiv.ub.uni-
heidelberg.de/artdok/2185/1/Kohle_Digitale_Bild 
wissenschaften_2013.pdf. Matthew Long and 
Roger C. Schonfeld, Supporting the Changing 
Research Practices of Art Historians. (Ithaka S+R, 
2014) http://www.sr.ithaka.org/sites/default/files/ 
reports/SR_Support-Changing-Research-ArtHist_2 
0140429.pdf 
7 Maximilian Schich and Sybille Ebert-Schifferer, 
Bildkonstruktionen bei Annibale Carracci and 
Caravaggio: Analyse von kunstwissenschaftlichen 
Databanken mit Hilfe skalierbarer Bildmatrizen 
(ART-Dok report, 2008) http://archiv.ub.uni-
heidelberg.de/artdok/volltexte/2009/712 
8 About the relevance of the motif of Aphro-
dite/Venus in Western art history, the author 
refers to reference Caroline Arscott and Katia 
Scott, eds., Manifestations of Venus – Art and 
sexuality. (Manchester and New York: Manchester 
University Press, 2000). 
9 Details in several posts and especially in the 
series 'Statistics in Art History' in the author’s Blog 
'Iconography in Art History' http://kbender.blog 
spot.be/?view=magazine 
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10 For practical reasons of visualization the graph 
is limited to 10 artworks per artist. See below 
about the ‘long-tail’ issue. 
11 William Gray Potter, “Lotka's Law Revisited”; Li-
brary Trends 31,2 (1981)): 21-39. https://www.idea 
ls.illinois.edu/bitstream/handle/2142/7191/librarytr
endsv30i1e_opt.pdf?sequence=1#page=1&zoom=a
uto,-87,590 
12 It would be better called ‘Lotka’s equation or 
distribution’ since it is not a precise law, a term 
used in physics.  
13 The more exact ‘maximum likelihood method’ 
to estimate the parameters C and a yields similar 
results for all numbers x: C = 0,6095 and a = 
2,0047. Details on the author’s webpage 'LOTKA's 
Law of Productivity' https://sites.google.com/site/ 
venusiconography/home/research-papers/lotka-s-
law-of-productivity 
14 K. Bender: The Iconography of Venus from the 
Middle Ages to Modern Times. Volumes 1.1 to 6.1. 
(2007, 2009, 2010, 2012, 2013, 2014). Physical books 
published by www.lulu.com and www.shopmy 
book.com/en/, https://archive.org/search.php? 
query=K.%20bender%20Venus%20AND%20media 
type%3Atexts 
15 K. Bender, “Time Distribution, Popularity, Di-
versity and Productivity of the Iconography of 
Venus in the Low Countries, France and Italy”, 
Research Paper 5 in the Series ’Quantitative Ico-
nography of Venus’ (2011) https://independent. 
academia.edu/KBender/Papers 
16 For comparison reasons: a search “Venus since 
the 6th century” in the above cited general collec-
tions ‘Bildindex Foto Marburg’ and ‘The Warburg 
Institute Iconographic Database’ yields, respective-
ly, 5406 and 2699 images, all attributions con-
founded.  

17 This would especially be useful for samples 6, 7 
and 8. The author is presently revising the Topical 
Catalogue ‘The Italian Venus’ (reference 9a), lead-
ing to a much larger sample which then can be 
used for a meta-analysis. 
18 John E. Hunter and Frank L. Schmidt, Methods 
of Meta-Analysis – Correcting Error and Bias in 
Research Findings. (Thousand Oaks: SAGE Publi-
cations, 2004). 
19 General collections like the ones quoted above 
do not easily allow to quantification because the-
matic search terms in the database do not neces-
sarily retrieve mutually exclusive artworks, i.e. the 
same artwork can be retrieved more than once. 
The same problem occurs in standard thematic 
reference works like Pigler’s ‘Barock-Themen’ or 
the Oxford Guide to ‘Classical Mythology in the 
Arts, 1300-1990s’, both unfortunately not yet digi-
tized. 
20 See author’s post of March 27, 2014 'The Venus 
of the Eastern, Southern and Northern European 
Regions'  http://kbender.blogspot.be/2014/03/the-
venus-of-eastern-southern-and.html 
21 Leo Egghe, Power laws in the information pro-
duction process: Lotkaian informetrics. (Oxford: 
Elsevier, 2005) 45. http://yunus.hacettepe.edu.tr/ 
~tonta/courses/spring2011/bby704/power%20laws
%20in%20information%20production%20processes-
e-book-qvt7lUnRLk.pdf 
22 Pierre-Michel Menger, The Economics of Crea-
tivity – Art and Achievement under Uncertainty. 
(Cambridge, Mass: Harvard University Press, 
2014), 179f, 274 inter alia. 
23 Derek J. De Solla Price, Little Science Big Sci-
ence. (New York: Columbia University Press, 
1963), 69. 
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Figure 1: Steps for the calculation of the symmetry of a face.  
(A) Example of face and detected points for eyes, nose, mouth and center.  
(B) Vertical line, H, to divide the face into two hemi-faces, and enumerated 
points for all the features.  
(C) Lines for calculating distances between midpoints and hemi-face line. 
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Abstract: Has human beauty always been perceived in the same manner? We used a set of 
120,000 paintings from different periods to analyze human faces between the 13th and the 
20th centuries in order to establish whether there has been a single canon of beauty (that 
would maximize reproduction probabilities) or whether this has changed over time. Our study 
shows that when measuring averageness, symmetry, and orientation, the representation of 
human faces has not remained constant and that there are substantial differences between the 
faces depicted between the 15th and 18th centuries when compared to those of both the 13th 
and 20th centuries. Especially significant is the decrease in the perceived beauty of faces in 
20th-century paintings, as the freedom of artists and the openness of society fostered the rep-
resentation of different types of human faces other than that of classical styles. 
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Introduction1 
The voters who participated in the 

“2012 Britain’s Most Beautiful Face” 
competition agreed on considering that 
Florence Colgate’s face was the most 
beautiful one and named her the winner 
among 8,000 entries.2 It turns out that the 
distance between her eyes and mouth is a 
32% of her face, almost the exact third 

that Greeks considered to be the perfect 
proportion of a beautiful face. The results 
of this contest emphasized the long-
standing human effort to scientifically 
estimate the features of beauty and to 
establish a method that allows for a relia-
ble measurement of that which makes a 
face attractive. 

Peer-Reviewed 
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The relation between the proportions 
of the human face and its perceived at-
tractiveness have always captured atten-
tion and produced enormous fascination 
among scientists and artists alike. Even 
newborns seem to dedicate more time to 
attractive faces than to others.3 How 
these proportions are meant to be the 
guidelines that define facial beauty has 
been the object of philosophic and scien-
tific considerations since Plato’s time. 
However, binary approaches to beauty, 
such as Hogarth’s serpentine line,4 the 
Vitruvius' "well-shaped man",5 divina 
proportione, the golden ratio, or Fibonac-
ci, have proven inconclusive to explain 
how beauty is actually perceived.6 As it 
has been considered that expression of a 
face is the sum of a multitude of small 
details,7 we can also say that the attrac-
tiveness of a face is the sum of a varied 
set of distinct features. The latest investi-
gations on evolutionary psychology and 
neuro-aesthetics point at similar conclu-
sions. Beauty of unknown faces seems to 
include elements from averageness, 
symmetry, sexual dimorphism, pleasant 
expressions, and youthfulness.8 While the 
existence of universal beauty standards 
should be explained in terms of an adap-
tionist approach to attractiveness, these 
standards should vary across cultures if 
they are the result of esthetic judgments 
or culturally dependent values.9 

The goal of setting the exact meas-
urements that would help us establish the 
degree of beauty of a face suggests that 
these measures, and the beauty implicit 
in them, respond to the existence of a 
stereotype of physical attractiveness and 
that this stereotype might have remained 
constant throughout human history, even 
if it is a byproduct of the perceptual sys-

tem’s design and not the result of 
evolved psychological adaptations.10 That 
is, a face that was considered beautiful 
during the Renaissance would have also 
been attractive in the Baroque, Neoclassi-
cal or Modernist periods. And the reverse 
would also be true: faces that are consid-
ered beautiful today such as those of 
Brad Pitt, Angelina Jolie, or Johnny Depp 
would have been among the most attrac-
tive faces in centuries past. These would 
be timeless beauties. But, is this really the 
case? Can we infer that the astonishing 
resemblance of Scarlett Johansson to the 
woman depicted in Vermeer’s Girl with a 
Pearl Earring is due to the existence of a 
constant canon of beauty in human his-
tory? 

Given the abundance of data required 
to carry out a study that comprises as 
many periods and genres of art history as 
possible, we decided to take the concept 
of beauty in a measurable and compara-
ble way. We are aware that an objective 
definition of beauty might not necessari-
ly correlate with the ideals of the artists 
and, therefore, the assumption that art-
ists intend to represent beauty might be 
theoretically disputable. We do not make 
such an assumption. We try to establish 
to what extend the result of artists’ prac-
tices converges or deviates from numeri-
cally measurable standards of beauty as 
understood by the scientific discourse. 
Because of methodological reasons, in 
our study, the focus is placed on the cur-
rent standards of beauty as defined by 
scientific methodology in terms of face 
symmetry and averageness. These two 
indices seem to be related to the percep-
tion of beauty: symmetrical faces are the 
result of a non-problematic development 
after puberty, and therefore guarantee a 
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better offspring.11 Averageness, on the 
other hand, operates by the evolutionary 
pressure of Darwin’s theory of natural 
selection: subjects with features close to 
the mean for a population are preferred 
to others, as the probability of them hav-
ing harmful mutations is lower.12 There-
fore, there is enough evidence to support 
the idea that both symmetry and aver-
ageness play a role in the perception of 
beauty: the more average and symmet-
rical, the more beautiful a face is usually 
ranked. A perfect combination of the 
external criterion –relation to the aver-
age face of a period– and the internal 
criterion –symmetry of features– would 
result in the most attractive face, turning 
a subjective opinion such as what face is 
beautiful into something measurable and 
objective. 

Coming up with the right set of faces 
in order to determine levels of beauty in 
various historical periods, was not a 
straightforward path. Nowadays, it is 
becoming less difficult to perform studies 
on faces thanks to the overflow of photo-
graphs that we come across on any given 
day. The combination of digital technol-
ogies, ubiquity of cell phones and camer-
as, and widespread distribution of infor-
mation through social networks make it 
relatively easy to get hold of large data 
sets of faces on which to perform beauty 
analysis and validation.13 However, be-
fore the official birth of practical photog-
raphy in 1839 and its subsequent popu-
larization in the 20th century, the only 
historical record available of human im-
ages was that of art history. Drawings 
and paintings have always been prone to 
representations of human figures. Both in 
the portraiture genre and as part of more 
diverse compositions, human faces can 

be found in numerous works of art of 
most styles and historical periods. The 
question is how to use the faces repre-
sented in paintings such as Mona Lisa by 
Leonardo Da Vinci, Self-Portrait Without 
Beard by Vincent van Gogh, or The Night 
Watch by Rembrandt as the subject of the 
type of analysis required to isolate fea-
tures, measure distances, or determine 
metrics of averageness in a set of faces. 

 

Materials and 
Methods 

 

urprisingly, the most extensive source 
of paintings, as well as the easiest to 

work with, came from a private collec-
tion of digital images curated for years 
and made available on-line for free.14 
Every painting has at least information 
about title, size, author, and date. How-
ever, accurate dates are only provided for 
paintings in the past two centuries–
before the 1800s, the dataset only has the 
century in which the painting was pro-
duced (although some open collections 
have appeared more recently).15 For this 
reason, we treated all paintings equally 
and decided to use the century infor-
mation as the basic unit of time for this 
study. On the other hand, the resolution 
of the images of the paintings was not 
very important since face detection algo-
rithms usually work by scaling high reso-
lution images down. For the algorithm 
we used, images bigger than 1024px of 
height or width were resized before being 
processed.16 We used a Python script to 

S
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download the meta-data for each image, 
perform the requests to the face recogni-
tion API, and collect, clean and organize 
the results.17 The algorithms for calculat-
ing symmetry and averageness indices 
were also written in Python, following 
the formulas detailed below. 

Besides the calculation of the bounda-
ries of a face and the position of several 
facial traits–such as eyes, nose, mouth, 
ears, or chin–, the algorithm we used also 
made guesses about the gender and age 
of the depicted faces, basing its estima-
tions on the distribution and proportions 
of the traits and providing a threshold of 
confidence. Calculation of symmetry is 

commonly based on an early work of 
Grammer and Thornhill.18 Their method 
makes use of 12 different points (one 
more for averageness): 2 for each eye, 2 
for the nose, 2 for the mouth, 2 for the 
cheekbones, and the last 2 for the jaw. 
With these points, they create lines for 
each pair and calculate their midpoints. 
In a perfectly symmetrical face, all mid-
points must lie on the same vertical line. 
For our study, the algorithm used is sig-
nificantly more limited compared to that, 
with 3 points for the mouth (left, center, 
and right), 1 for each pupil, and 1 for the 
nose. We could have considered ears or 
chin, but the number of faces in which 
these attributes were found with enough 

 
Figure 2: Average composites per century for female, both genders, and male. Each tuple of three images, starting 
from the rightmost side, represents the average composite of a given century for female, both genders, and male 
faces, respectively. These images were generated in order to calculate the values of averageness per century for 
each face. All-time composites are also available in SM as figure S1. 
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confidence (higher than 80%) is fairly 
insignificant (6%). Therefore, our method 
to calculate the symmetry of a face dif-
fers slightly from the one proposed by 
Grammer and Thornhill, while the main 
idea remains unchanged. Besides the 
points cited previously, the algorithm 
also gives us the centroid or geometric 
center of all detected features (Fig. 1A), 
which is supposed to coincide with the 
center of the face. From it, we can set a 
straight line that splits the face into two 
sides or hemi-faces. Figure 1B shows 
points 1 to 6 (P1 for left eye, P2 for right 
eye, P3 for nose, P4 for mouth center, P5 
for left mouth corner, and P6 for right 
mouth corner), as well as the line H, that 
we assume to be the axis of face sym-
metry. We now trace segments: D1 be-
tween P1 and P2, and D2 between P5 and 
P6 (Fig. 1C). For these segments we cal-
culate the midpoints M1 and M2. Sym-
metry is now obtained as the sum of the 
distances in pixels of M1, M2, P3 and P6 
with respect to the line H. Only lateral 
symmetry is therefore estimated. For 
perfect symmetrical faces this value adds 
to zero; all symmetry values are normal-
ized between 0 and 1, and we inverted 
the meaning to make plots clearer, where 
1 means perfect symmetry, and 0 total 
asymmetry. 

Let be (centerx, centery) the point that 
defines the center of a face, and roll the 
rotation angle as returned by the algo-
rithm, being 0° a perpendicular face with 
respect to the baseline of the frame of the 
painting. Then, we define the symmetry 
of face, Sym,19 as follows: 

 
(1)

 (2)

where the hemi-face line, H, defined as: 

 (3)

 (4)

 (5)

Formulas for the midpoints and the 
point to line distance are also described 
below: 

 
(6)

 
(7)

On the other hand, the obtaining of 
averageness values involves a task much 
more demanding in terms of computer 
power. For each century an average face 
has been computer-generated for male, 
female and both (Fig. 2). In order to 
produce this averaged composite face, we 
first centered the faces according to the 
center point given by the face recogni-
tion algorithm. Faces were then resized 
to make them fit into a PNG canvas of 
500 by 500 pixels at 300dpi of resolution, 
and given a height of 200 pixels; faces 
with height lower than 150 pixels were 
excluded to avoid blurred pixelation of 
the average face. This process was 
achieved by using affine and projective 
2D transformations from the original 
painting to the desired canvas. Every face 
standardized by size was then converted 
into a 3D numerical matrix representing 
each of the layers of the RGB color 
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model. A regular statistical mean was 
then calculated over the set of faces of 
each century in order to obtain the 
average value for each pixel. Once the 
average matrix was calculated, it was 
converted back into a PNG image. The 
resulting quality and averageness of the 
composite relied on the number of faces 
used in each century for generating the 
averaged face. The same face recognition 
algorithm used in the dataset was then 
applied on averaged composites. This 
allowed us to measure the averageness of 
an individual face as the difference 
between its symmetry and the symmetry 

of the average face for that particular 
period. 

Let be F the set of k faces of a specific 
period of time, in our case, a century. 
Then we calculate the average composite 
as follows: 

 (8)

 (9)

 
(10)

 
 
Figure 3: Normalized histograms (left) and Q-Q plots (right) for values of symmetry (A) and averageness (B). Gauss-
ian density estimations are shown in dashed red lines, and probability density function estimations are shown in 
dashed black lines. Both distributions follow a normal distribution (p=3.31e-05 and p=3.68e-05, respectively, after 
running a KS test). 
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Averageness refers to the degree to 
which a given face resembles the majori-
ty of faces. In our study averageness val-

ues go from the most average, 1, to the 
least, 0. Figure 3, A and B, shows the 
histogram and the density estimation for 
the distributions of both symmetry and 
averageness values, respectively. 

A considerable amount of paintings 
and faces were needed to draw valid con-
clusions about trends in human represen-
tation and facial attractiveness across 
historical periods. We retrieved and ana-
lyzed a data set with over 120,000 digital 
images of paintings covering styles and 
artistic periods spanning from the 13th to 
the 20th century. We applied face recog-
nition algorithms to these images to re-
move all paintings that had no recog-
nizable faces in them, to end up with 
25,000 paintings and over 47,000 human 
faces. For the current study only 5,800 
faces that fulfill the following criteria 
were considered: frontal faces no smaller 
than 150 pixels in height, with pitch and 
yaw angles between 20º and -20º with 
respect to the vertical line, and with valid 
information for at least the following 
traits: eyes, nose, mouth, height, width, 
and center of the face. Face rotation or 
roll was fixed geometrically. Once we 
had identified the traits of the detected 
faces, and based on meta-analysis of 
symmetry and averageness,20 we were 
able to compare the beauty and attrac-
tiveness of faces in order to determine 
different trends and variations across 
time periods as they appeared in the his-
tory of painting.  

A decline in  
perceived beauty 

 

verage values of symmetry per cen-
tury are shown in figure 4A for 

male, female, and both genders com-
bined. It can be noted that most symmet-
rical female faces were found in the 15th 
century, while most symmetrical male 
faces occurred in the 18th century. After 
that, both genders rapidly became much 
more asymmetrically represented in all 
styles during the 19th and 20th centuries. 
From the 15th to the 18th century, repre-
sentations of human faces seem to have 
moved within a stripe of relatively con-
stant symmetry with maximums of 
symmetry around 0.35 and minimums of 
0.32. This stripe of constant symmetry 
conforms to what we call the classical 
representation of the human face, which 
is the product of two factors: first, a cul-
tural conception that placed the highest 
aesthetic valuation on previous models of 
beauty, specifically in the Greek and Ro-
man models recovered during the Renais-
sance, and made their imitation and re-
production the goals of the artist; second, 
a training system based on workshops 
and academies that fostered an education 
around skills and models that helped 
achieve the former goals.21 Variation 
within the classical mode can be attribut-
ed to the action-reaction effects that cer-
tain schools provoked against the previ-
ous dominant style, such as the separa-
tion from the ideal of symmetry proposed 
by Rococo artists versus more traditional 
styles such as Baroque and Neoclassi-
cism.22  

A
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The appearance of disruptive styles in 
painting starting in the 19th century, a 
trend that became more acute throughout 
the 20th century when movements such 
as Modernism, Avant-Garde, Impression-
ism, Surrealism, Cubism, and Pop-Art 
dominated the art scene, came with a 
radical distancing from the ideal of sym-

metry in the representation of the human 
face. Paintings like Picasso’s Les Demois-
selles d’Avignon, Duchamp’s Nude De-
scending a Staircase, No. 2, or Pollock’s 
Male and Female responded to the new 
paradigms of human representation and 
to new approaches to beauty (Fig. 5).23 
This ultimately led to a poor detection of 

 
Figure 4: Peak values of symmetry and averageness are found in the 15th and 18th centuries, decreasing slightly in 
between, but notably cresting in the extremes of the period (values of 1 indicate perfect symmetry, while 0 means 
total asymmetry). After the 18th century both values decrease equally until the 20th century, where we encounter 
the lowest average of symmetry and averageness of the last five centuries. Corresponding figures for specific paint-
ing styles for each century can be found in tables S1 to S5. (A) Average values of symmetry for the period between 
the 13th and 20th centuries, represented for male, female and both genders combined. (B) Average values of aver-
ageness for the same period for male and female compared to the corresponding composite and the composite of 
both genders. 
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such faces by the algorithm, and there-
fore it explains why the averaged faces 
for the 20th century are still close to the 
picture-perfect representation of a hu-
man face (Fig. 2).  

In the 20th century we also observe a 
considerable decrease (Fig. 6) in the ratio 
of faces detected in paintings as most of 
the aforementioned styles did not render 
realistic models of the human, rejected 
beauty, or simply tended to focus on con-
cepts, dreams, or ideas in which the hu-

man being was not the central object.24 
This trend coincided with both the irrup-
tion of photography as the favorite me-
dium to represent the human face and 
the movement of nonrepresentational art 
observed at the beginning of the same 
century and characterized as the “dehu-
manization of art.”25  

A consequence of these differences in 
symmetry is reflected in the oscillations 
in averageness throughout art history. 
Figure 4B showed the distribution of 

 
Figure 5: New representations of the human face arose in the past century.  
(A) Les Demoiselles d'Avignon by Pablo Picasso, 1907 (oil over canvas, 96 in × 92 in). Museum of Modern Art, New 
York. Image in the public domain (“Les Demoiselles d'Avignon,” MOMA, accessed January 1, 2015, 
http://www.moma.org/explore/conservation/demoiselles/) 
(B) Nu descendant un escalier n° 2 by Marcel Duchamp, 1912 (oil over canvas, 577⁄8 in × 351⁄8 in). Philadelphia 
Museum of Art, Philadelphia. Image in the public domain (“Nude Descending a Staircase (No. 2),” Philadelphia Mu-
seum of Art, accessed January 1, 2015, http://www.philamuseum.org/collections/permanent/51449.html) 
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averageness for male and female faces 
compared to their gender-specific aver-
aged composite. In dashed lines we can 
also see the same distribution but with 
regards to the average face generated 
from both genders. A two-sample Kol-
mogorov–Smirnov test allows us to see 
that there is no significant difference 
between the two male distributions 
(p=0.92) and the two female ones (p=0.51). 

Averageness, the difference between a 
face and the averaged composite face of 
each century, can shed light on how 
similar faces are to each other. For male 
faces, we observe that the levels of aver-
ageness are low in the 13th century, but 
then begin to increase until the 17th cen-
tury, when averageness of faces gradual-
ly decreases until the minimums record-
ed in 20th-century painting styles. 

 

Culturomics 
of art history 

 
xact measurements such as average-
ness and symmetry help us better 

understand the various ways in which 
human faces have been depicted 
throughout the history of painting. How-
ever, as attested by art historians through 
traditional scholarship, these representa-
tions have not always remained constant, 
as different artistic styles have attempted 
their own ways of capturing facial beau-
ty. After our analysis, we can conclude 
that there have been variations in the 
form in which facial beauty has been 
represented over time, and that these 

variations can be measured and tracked 
accurately. Of course, as in all data-based 
research endeavors, the better the da-
taset, the better the conclusions we can 
infer from our analysis. While there is a 
clear stripe conforming to features of 
classical representation of the human 
face from the 15th to the 18th centuries, 
both the 13th century –Gothic style– and 
contemporary art have shown clear devi-
ations from the classical paradigm. Espe-
cially interesting is the data from 20th-
century artistic styles, which shows low 
levels of both symmetry and averageness 
as well as a reduced proportion of total 
faces captured when compared with pre-
vious centuries.      

These results conform to the views of 
art historians regarding the aesthetic and 
methodological disruptions that occurred 
after the vanguards. There has arguably 
been a change in the concept of art itself 
as well as in the theories that explain and 
criticize it. It is nowadays accepted that 
the representation of the human does not 
necessarily attempt to represent beauty. 
This shift in thought is clear in the data 
analysis and opens the door to a second 
phase of the investigation. By contrasting 
the aesthetic theories of specific periods 
and artists against the data, we would be 
able to establish their levels of con-
formity to and deviation from the objec-
tive measures of beauty. This would al-
low us to complement the qualitative and 
conceptual analysis of art history with 
the study of quantitative data. Combining 
these two levels appropriately should be 
one of the methodological aims of any 
culturomics science. 

The separation from the classical 
mode of representing the human in con-

E
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temporary art also serves as a reminder 
of the bias that we imposed on the analy-
sis of perceived beauty by employing 
such accurate measuring systems. This 
bias also shows the interesting close rela-
tionship between classic ideas of beauty 
and art in Western cultures, and mathe-
matical notions that support data-driven 
methods of research. While it is evident 
that the examples in Picasso’s, Du-
champ’s, and Pollock’s works show devi-
ations from painting styles which depict 
faces that conform better to measures of 
symmetry and averageness, the judgment 
of whether these human faces are more 
or less beautiful than previous cases re-
mains as aesthetic one. The contingency 
of aesthetic values is subject to fads, 
trends, reactions, and public opinion.26  

Better algorithms can help us be more 
precise in the measurement of objective 
elements, although it has to be noted that 

the discipline that studies how social 
movements get started, become im-
portant and disappear, remains in its 
infancy.27 Once we have improved the 
way to measure and analyze both the 
internal features of art works and the 
dynamics of social movements that cre-
ate judgments about those works, we will 
be able to approach these types of prob-
lems in a more accurate manner. 

Another relevant factor to take into 
account has to do with how representa-
tive the sampling used for this study is. 
While we are certain about the validity of 
the used set as related to art history, it is 
impossible to ascertain how representa-
tive these faces are of the real popula-
tions living in the various historical peri-
ods. However, we have observed that 
there is a correlation between the pro-
duction of various types of media and the 
size of the human population in various 

 
Figure 6: Number of paintings and faces per century, and ratio (faces per painting) between both. 
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countries throughout time (Fig. 7, A and 
B). The more people, the more media is 
produced (p=1.02e-05 for books). This 
correlation remains true for paintings 
(p=3.92e-04, see figure 7C).  

Although not explicitly discussed in 
this work, we have also verified that age, 
gender and face orientation, along with 
symmetry and averageness in the repre-
sentation of human faces in paintings can 
become a complementary and objective 
way to identify and characterize styles 

and movements. Along with the exhaus-
tive tagging for techniques, materials and 
the analysis and recording of chemical 
products used in art production, this 
could become the basis for the culturom-
ics of art history.28 Nevertheless, and 
although this does not contradict our 
findings, it is clear that there is also a 
variety of complex social, aesthetic and 
evolutionary elements that influence our 
judgment on beauty. Capturing these 
constructs into proper algorithms has not 
resulted yet in perfect solutions to ac-

 
Figure 7: Population growth and media production over time. (A) Book production as contained in WorldCat since 
year 1200. (B) Population growth of Europe, where most paintings are from, in the same period. (C) Paintings in our 
dataset. 
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count for changes in perceived beauty. 
As we have previously stated, this has to 
do in part with the close relation between 
classic ideas and mathematical models 
that biased the analysis towards certain 
ideas of beauty. It is also important to 
note that many of these variations are 
due to the pressure that culture exerts in 
the short term on the adoption of differ-
ent traits, and the deviations that this 
provokes from well-established, long 
term genetic features related to beauty, 
reproduction, and social acceptance and 
belonging.29 Thus, it is important that 
any approach to the culturomics of art 
history and beauty also takes into ac-
count cultural evolution and cultural 
history as forces that shape the results 
we find in the data, and that have to con-
tribute to the explanation of those re-
sults. 
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Call for Manuscripts #2:  
Visualizing Big Image Data 

 

Art History is based on empirical re-
search. We gain knowledge using visu-
al data. Precise observation, compa-
rison and classification of objects of art 
are the fundamentals of our discipline. 
With the rise of Digital Art History, this 
process has become digitized. 

Digital Art History means using the 
computer to support researchers with 
their epistemic goals. The computer 
can process more images than a 
human can look at in a lifetime. Hence, 
visual information has to be collected 
and processed, made accessible and 
analyzed. The analysis of Big Image 
Data is a great opportunity for Art 
History and adds new methods to the 
discipline. 

Today, art historians are not only 
interpreting pictures but becoming 
picture-makers themselves. Large 
amounts of image data can only be 
analyzed through visualizations. These 
images are themselves in need of inter-
pretation. Clearly, this falls into the 
domain of art history.  

The second issue of the DAH-
Journal will focus on “Visualizing Big 
Image Data”. Data visualizations raise 
new questions and we welcome 
articles which are discussing questions 
surrounding this topic, e.g.: How to 
interpret such images? How do visuali-
zations generate new insights? How is 
order established by means of pictures 

today? What is the relation of a quanti-
tative research to qualitative research – 
and what does this actually mean in art 
history? What data do we need to ac-
quire in the first place? And what are 
the best visualization tools currently 
available for art historical research? 

The topic of visualizations also raises 
questions of how the interdisciplinary 
exchange between art historians and 
computer scientists works and how it 
should develop in the future. To what 
extent are art historians dependent on 
computer scientists in order to gener-
ate and effectively use the possibilities 
of digital metapictures? Is there a case 
for closer collaborations and/or do art 
historians need to fill the gaps in their 
knowledge of digital technology? 

The second issue of the DAH-
Journal is scheduled for end of 2015. 
Featured author will be Maximilian 
Schich. He is an Associate Professor in 
Arts and Technology and a founding 
member of the Edith O'Donnell Institute 
for Art History at the University of Texas 
at Dallas. 

In order to hand in manuscripts, au-
thors need to register at http://dah-
journal.org/register.html by August, 15 
2015 (6000 words max.). For more in-
formation for authors, please visit 
"Information for Authors" on our 
website http://www.dah-journal.org/ 
authors.html 

 




