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The sciences have been transformed dramatically by the application of cyberinfra-
structure to addressing pressing questions.  The humanities, arts and social sciences, 
by contrast, took to institutional cyberinfrastructural development and application 
relatively late, largely with the advent of the Web.  Early experimentation in these 
latter domains largely involved the use of existing tools and processes–search engines 
for information retrieval, text analytics for information extraction, and video game 
engines for interactive application with real-time graphics, and applied them to new 
domains.  

These turned out to be crucially important experiments on at least two scores.  
They opened up possibilities for thinking about the technologies and their develop-
ments in new light, leading in some instances to genuinely new technological insights 
and developments. But they also led the way in opening up a new generation of 
researchers in humanities, arts and social sciences to thinking about novel tool devel-
opment and new applications. And they raised important questions about how these 
new technologies challenged traditional ways human beings think of themselves as 
human. We have traditionally thought about being human in relation to the natural 
world. We are now challenged to think anew about what it is to be human and its 
limits  in a world dramatically technologically fashioned and transformed. 

Cyberinfrastructure has enabled us to know a vaster range about a domain, to 
know it in greater depth, and to do so far more quickly than manually.  It has also 
increased considerably our access to more information about a vaster range of subject 
matters, and to do so more quickly.  Increasingly, it has made possible the connecting 
of available information, relating data sets or more discrete pieces of information, 
and now also increasingly, meanings in potentially novel and potentially provocative 
ways.  So it is not just that cyberinfrastructure allows humanists, arts and social sci-
entists to compose new and large data sets, and to circulate them in more open ways.  
If that were all, we might still sing its praises, but this would hardly be revolutionary. 
What has been so important about the application of cyberinfrastructure, its properly 
transformative potential, has been its more relational and networking capacities, what 
Cathy Davidson in the opening article of this special issue of CTWatch Quarterly calls 
Web 2.0 HASS applications. Both Davidson, in the opening article of this special 
issue,  and Beemer et al., a network of scholars at the University of California, in 
the second article, recount aspects of this early history in the emergence of HASS 
cyberinfrastructure. 

There have been three principal areas of HASS focus over the past dozen years or 
so.  The first, both temporally and receiving the greatest emphasis and application of 
resources, has been facilitating the development of discrete digital projects.  These 
interests have overwhelmingly assumed the form of digital archiving and text-mining 
tools and applications, or in the case of the arts robotic experiments, in regards to 
artificial intelligence or the development of games. There has been a wealth of recent  
projects—three-dimensional visualization tools and geographic information system 
maps, live telepresence dance performances, persistent digital archives of historical 
and cultural materials, experimental digital reading and writing, especially poetry, 
and so on. The latter part of Beemer et al, and the articles by Patricia Seed, Ruzena 
Bajcsy et al, and George Lewis elaborate a range of compelling open source projects 
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in the humanities, arts and social sciences under current development. But these are 
just a sampling of the vast range.

The second, more recent, contribution has been the design, development, and 
implementation of cyberinfrastructure such as computing grids running on high-
speed fiber-optic networks, like LambdaRail and Internet2, for large scale interac-
tivity across and access to searchable, if expanding, archives and data sets. The latter 
increasingly are including visual and auditory materials applications development. In 
their article, Larry Smarr et al. spell out a large scale project, the CineGrid, for hosting 
and sharing what is projected to become a comprehensive data base of the history of 
cinema.

The third area concerns critical discussion of implications of the digital turn for 
thinking about the human and how we may map and know the human condition 
at specific times as well as their transformations over historical time.  These onto-
logical and epistemological issues have a long philosophical history, and these critical 
discussions indicate how the cyberinfrastructural revolution, while genuinely novel, 
even revolutionary, nevertheless raise questions about being and knowledge long 
facing the human condition. An increasing range of humanities centers, both digital 
humanities and more traditional centers, have been organizing forums, workshops 
and working groups to address these issues. 

Finally, a general question of considerable importance today concerns how to 
facilitate the development of critical techno-humanists able to converse in both the 
technical languages of engineering and computer sciences, on one hand, and the 
human sciences (including the arts), on the other. An important first step, which a 
number of engaged researchers are already in the process of taking, is to encourage 
ongoing conversations and interactions arranged around hands-on projects in what 
we call the human sciences. Vernon Burton et al. , in the closing article of this issue, 
addresses some of the benefits, resource requirements, and challenges in establishing a 
university center to promote such collaborations between human scientists and engi-
neers, computer scientists, and technologists. These interactions would identify the 
technological needs, interests, and possibilities at the interface of the human sciences 
and the digital. Techno-humanists will be better positioned to address collaboratively 
the engineering and social-humanistic challenges raised by digitization and preser-
vation (stewardship), by textual, visual, and audio search engines, by data mining and 
analysis, by shared data bases and their management. This special issue of CTWatch, 
while introducing some of the interesting work going on at the interface of the human 
and computational sciences, the arts and engineering, also takes another, less tentative 
step in the direction of encouraging the development of techno-humanists fluent in 
both the humanistic and technological vocabularies.  
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The first generation of the digital humanities was all about data.  The excitement 
and impetus of digital humanities throughout much of the 1990s and continuing 
to the present was that massive data bases could be digitized, searched, and com-
bined with other data bases for interoperable searches that yielded more complex 
and complete results in a shorter amount of time than the human mind had ever 
imagined possible.1 In this way, revolutions in digital humanities were similar to 
those in other fields. In biological science, sequencing the genome could never have 
happened without dramatic increases in computational power.  In natural science, we 
know more than ever about global warming due to such projects as the Millennium 
Ecosystem Assessment (2005), which evaluates the global changes to 24 separate life 
support systems (including biodiversity, ecosystems, and the atmosphere).2    In social 
sciences, human complex systems theory combines results based on social network 
theory, demography, migratory patterns, social regulation and laws to analyze move-
ments of persons and goods globally.  And in the human sciences or humanities, 
myriad projects digitize the texts and artifacts of world culture, from the beginning 
to the present, in order to create new understandings of the history of ideas.   

Second-generation digital humanities are the scholarly equivalent of what Tim 
O’Reilly has dubbed “Web 2.0.”  If Web 1.0 was the World Wide Web’s collection 
of websites and data bases (what human scientists would call “archives”), Web 2.0 
is a fully developed platform that serves a variety of applications to its end users.3  
However, there is also an important difference between the business and humanistic 
history of cyberinfrastructure.  O’Reilly’s term “Web 2.0” was coined to differentiate 
what was coming next from what didn’t work in the burst dot.com economy.  By 
creating a “before” and “after,” the concept of Web 2.0 was designed to encourage a 
new generation of investors in internet technologies. But there is no equivalent “bad 
before” in digital humanities.  Rather, the current generation of digital humanities 
extends and builds upon the foundation of Humanities 1.0.   

The transformation of archives into interoperable and professionally-constructed 
digital databases has changed the research and pedagogical questions of our age, by 
providing the individual researcher almost instantaneous access to far more data 
than any one person could gather in a lifetime and by allowing more people access to 
these materials than ever before.  Let me give an example of how transformative this 
has been for teaching and education in the human sciences.   Back in the 1980s and 
1990s, when I taught courses on  mass education, reading, and writing during the 
highly contentious political period following the American Revolution, I used to have 
graduate students do archival research in early American newspapers and magazines, 
some of which were available on microfilm or microfiche, unindexed.4  A student 
might have spent a hundred hours rolling the films in the dizzying light of those 
unwieldy machines (I had one in my office and used to call it, without affection, The 
Green Monster).  If the student found one good example, it was a successful project.  
Two examples constituted a triumph.  In many cases, the search was so frustrating 
that the student might well have applied for a scholarship to travel to an archive in 
New England, such as the American Antiquarian Society, where the resources were 
far richer.

 If I teach that course now, my students can go to searchable data bases of early 
American imprints, of eighteenth-century European imprints, of South American 
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Edition, 2004); and Davidson, ed.,  Reading 
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(Baltimore:  Johns Hopkins University Press, 
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and (growing) African archives, and of archives in Asia as well.  A contemporary 
student could, in far less time, not only use digitized and indexed archives to search 
U.S. data bases but could make comparisons across and among popular political 
movements world-wide, and possibly make arguments about the spread of dissent 
along with commodities such as tea, sugar, or rice.  The barbarism and ubiquity of the 
slave trade as part of the spread of global systems of capital also meant for an exchange 
of ideas about personhood, statehood, individual rights, and human rights.  

What is salient about that example is that, in the humanities, as in the sciences 
and social sciences, cyberinfrastructure does not simply change the quantity of 
information.  It allows for the conceptualization of more complex, intertwined, and 
interconnected problems that are as vast as the data bases themselves.   However, 
the immense intellectual ambition of projects enabled by new access to massive data 
sets is precisely what has spurred the evolution to what I’m calling second-generation 
digital humanities.  As with O’Reilly’s Web 2.0, in the human sciences we are seeing 
far more user-generated content, customization, collaborative archiving, writing, 
and research, distributed among large numbers of scholars, students, and sometimes 
amateur intellectuals who, together, are arriving at new and often challenging con-
cepts and not simply at ever-increasing amounts of data.

A project such as the International Dunhuang Project combines both first and 
second-generation digital humanities.  It is both a professionally-archived digitization 
project and one that is collaborative across multiple sites.  The city of Dunhuang was 
a crossroads on the trading route that would later become known as the “Silk Road.” 
When archeologists excavated Dunhuang in the nineteenth century, they divvied 
up the spoils to museums in Beijing, Berlin, London, Tokyo, St. Petersburg, and 
elsewhere.  Now, shards or fragments of text in one physical location are being put 
together virtually with those in another to create legible artifacts that are changing 
our view of what is “West” about so-called Western culture.  Dunhuang flourished 
from 100 BC to 1200 AD.5 Over 20 languages have been found in materials there, 
underscoring that cultural fusion and exchange was happening from East to West, 
North to South, from Africa to Japan, and from at least the time of Julius Caesar.  

A second project is even more exemplary of how second-generation digital 
humanities work.  The Law in Slavery and Abolition Project shows how laws in one 
country reverberate around the world, with consequences for humans, institutions, 
and states.6  In this project, much of the content—the archive itself—is located and 
digitized by students who are learning collaboratively even as they are making interop-
erable databases for others to learn from.  Classes are coordinated across universities 
in the US, France, Germany, Brazil, Canada, and Cuba.  New archives remake history, 
remake causalities.  Like the Dunhuang project, this one is  paradigm-changing in its 
content but also in its collaborative teaching/learning/research/archiving methods.

We live in an exciting time for the human sciences, yet the amount of material 
to be digitized is so vast that, in real terms, we are only at the tip of the data iceberg.  
In non-textual fields (such as art, music, performance studies, media studies) we are 
at the tip of that tip.  As is well-rehearsed by now, the data needs of the humanities 
are incalculable.  The Sloan Digital Sky Survey—the most ambitious astronomical 
study ever undertaken—uses 40 terabytes of data.7 By contrast, the Survivors of the 
Shoah’s Visual History project requires 200 terabytes of compressed data.8 These 
enormous data needs (exacerbated by the under-funding of the human sciences) 
result in impoverished resources in many areas, especially in data-intensive areas 
such as media studies.  For example, the Museum of Television and Radio has an 
archive of 120,000 English-language programs, beginning with the 1918 speech of 
Labor Leader Samuel Gompers.  Only 1500 of these have been digitized.9 None are 
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searchable.  And, as historian Timothy Lenoir reminds us, the situation is worst of 
all for New Media.  He calls ours not the “Information Age” but the “Digital Dark 
Ages,”10 because we have preserved almost none of the archive of the virtual materials 
(early code, software, hardware, websites, the first on-line games) of Web 1.0. Even 
digitized financial records of major corporations and universities turn out to be inac-
cessible now because of rapidly-changing hardware and software that left brontobytes 
of data behind. 

Yet, even acknowledging that we are only beginning to digitize the record of 
the world’s knowledge, how are we going to make sense of all that data?  No one 
person can. Projects such as Dunhuang or Law in Slavery and Freedom require many 
scholars, working from different intellectual traditions, with different assumptions 
and different languages, pooling not only local archives but interpretations of those 
archives. And we need interpretations that are not conceptually rooted in Western 
ideas that create the intellectual binaries that pervade code and carry over into what 
currently constitutes AI (Artificial Intelligence).

Thus, in terms of next-generation cyberinfrastructure, we need to start at the most 
foundational level and envision and implement a globalized semantic web.  The lin-
guistic choices embedded in semantics-based searches must incorporate a humanistic 
and culturally-motivated understanding that terms themselves embody cultural ide-
ologies and that concepts formulated in slightly different ways in different languages 
encode different epistemologies, ontologies, taxonomies, and histories.  Moving from 
indexical to semantic searches has to be undertaken with a cultural awareness of what 
is or is not included in “semantics.”    

That brings me to another point, which may appear tangential but which is at 
the heart of the matter. New ways of thinking need support.   If, at present, aca-
demic rewards go to the author of a monograph, especially one that posits a different 
analytical or interpretive hypothesis, for Human Sciences 2.0 we need to think of 
ways to reward teams of scholars working cross-culturally on collaborative projects.   
Collaborative work should count, and here humanists can use models that scientists 
have developed for determining credit in co-authored projects with multiple inves-
tigators. 

 
Bibliographic work, translation, and indexical scholarship should also have a place 

in the reward system of the humanities, as they did in the nineteenth century.  The 
split between “interpretation” or “theoretical” or “analytical” work on the one hand 
and, on the other, “archival work” or “editing” falls apart when we consider the theo-
retical, interpretive choices that go into decisions about what will be digitized and 
how.  Do we go with taxonomy (formal categorizing systems as evolved by trained 
archivists)?  Or folksonomy (categories arrived at by users, many of which offer less 
precise organization than professional indexes but often more interesting ones that 
point out ambiguities and variabilities of usage and application)?  

We also need to rethink paper as the gold standard of the humanities.  If schol-
arship is better presented in an interactive 3-D data base, why does the scholar need 
to translate that work to a printed page in order for it to “count” towards tenure and 
promotion?  It makes no sense at all if our academic infrastructures are so rigid that 
they require a “dumbing down” of our research in order for it to be visible enough for 
tenure and promotion committees.

As colleagues in the sciences and engineering will acknowledge, these are not 
simply humanistic issues by any means.  Which brings me to a final point.  Once we 
have changed what we value as scholarship, we need to think through the depart-
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mental and disciplinary systems within our universities.   Unless we find ways to 
“link” the different kinds of knowledge and analysis offered by different disciplines, 
we will be generating data but not really understanding the implications and import 
of that data.  This is exactly why HASTAC (“haystack”) was created.  A voluntary 
network of crossdisciplinary scholars realized that we had to form a “virtual uni-
versity” across disciplines where scholars could think together, without institutional 
boundaries, about what cyberinfrastructure is needed.  We needed to conceive better 
collaborative models of participation, implementation, and interpretation.11  

We are in an oddly contradictory age where revelations in the computational, 
natural, and biological sciences evoke the deepest issues about what it means to be 
human.   And yet the present-day academy seems determined to undervalue exactly 
those disciplines—the humanities, arts, and interpretive social sciences—that offer 
the most sustained and rigorous methods and insights into the category of the 
“human.” In different areas across the human sciences, we have addressed the deeply 
contested definitions and applications of the “human” in ways that can challenge 
(and thus make better) and also support new scientific work.  More and more of our 
nationally funded grants are requiring a social and ethical component in studies, 
precisely because so much work in science is moving into areas with implications that 
are profound (in hopeful or disturbing ways) for the future of humanity.  Yet, within 
our universities, humanists are often not at the table when major scientific projects 
with humanistic implications are proposed.  And when they are, the work they do in 
tandem with scientists often does not count towards tenure and promotion within 
their humanistic departments.  This, too, is an academic infrastructure issue that 
can only impede the development of cyberinfrastructure.  We must attend to these 
social, institutional, and infrastructural arrangements and make them as flexible—as 
interoperable—as other aspects of cyberinfrastructure.  
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The digital revolution in the humanities, arts, and social sciences (HASS) is most 
definitely here.  It has been slow and difficult in coming, for multiple, complicated 
reasons.  Cyberinfrastructure (CI) is just starting to be explored in academic fields 
outside of high-performance computing.  HASS scholars are finding ways to overcome 
impediments to their participation in CI, and are producing new knowledge by using 
advanced technology to pursue their research.1 This article will first lay out some 
of the obstacles these disciplines face in using technology, and will then profile two 
projects in the University of California system that exemplify what computational 
analysis can bring to HASS fields.  

Obstacles

Compared to scientific disciplines, HASS have historically been “low tech” in 
their methodologies.  So it can seem surprising that their technological needs for 
research, now that they are turning in this direction, pose significant difficulties for 
programmers. Data sets, if indeed the data exist as “sets” at all, are disparate, frag-
mented, and may actually be larger than those in the scientific fields.  Structuring 
data for access and display is extremely complex.  Technological difficulties abound: 
comparative analysis with respect to geographical location and temporal, societal, 
linguistic, and cultural aspects requires capabilities for creating hierarchically struc-
tured data with various levels of abstraction.   The challenge lies in determining how 
best to aggregate, organize, and display the data and in developing the most beneficial 
tools for analysis.  The final report of the ACLS Commission on Cyberinfrastructure 
and the Humanities delineates many of the deterrents that HASS needs present to 
efficacious CI:  

Digitizing the products of human culture and society poses intrinsic problems of 
complexity and scale.  [This cultural record is] multilingual, historically specific, 
geographically dispersed, and often highly ambiguous in meaning. . . .  [A] critical 
mass of information is often necessary for understanding both the content and 
the specifics of an artifact or event, and this may include large collections of mul-
timedia content. . . .  [HASS] scholars are often concerned with how meaning is 
created, communicated, manipulated, and perceived [which further complicates 
programming for access and display].  Recent trends in scholarship have broadened 
the sense of what falls within a given academic discipline: for example, scholars 
who in the past might have worked only with texts now turn to architecture and 
urban planning, art, music, video games, film and television, fashion illustrations, 
billboards, dance videos, graffiti, and blogs.2   

An equally important if not greater barrier to HASS participation in CI is the 
requirement for enormous cultural change.  The first thing that may come to mind 
is faculty resistance.  Most faculty members welcome the increased access to objects 
of study that digital technologies have made possible.  But some, especially in the 
humanities, have not believed that advanced technology can make a real contribution 
to their fields, or they may fear an overemphasis on technology, i.e., that it is largely 
whistles and bells, ultimately distracting scholars and students from careful inter-
pretive study requiring close attention to text, context, artifact, human communi-

Suzy Beemer
university of California Humanities 
research Institute

Richard Marciano
San diego Supercomputer Center, uC 
San diego
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uClA

1 Though “HASS” is used throughout this 
article to connote problems faced in these 
disciplines broadly, portions of this article 
pertain most especially to humanities 
disciplines.  Generally speaking, social sciences 
have made more use of technology that 
humanistic scholars have.  For the purposes of 
this article, the “arts” in HASS pertains to the 
study of artistic productions rather than the 
creation of them, where technology is in many 
cases quite advanced.

2 Our Cultural Commonwealth: The Report of the 
ACLS Commission on Cyberinfrastructure and 
the Humanities, 2006, p. 18-19 (25-26 in pdf).  
http://www.acls.org/cyberinfrastructure/
OurCulturalCommonwealth.pdf 
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3 Our Cultural Commonwealth: The Report of 
the ACLS Commission on Cyberinfrastructure 
and the Humanities, 2006, pp. 15, 19 (22, 26 
in pdf).  
http://www.acls.org/cyberinfrastructure/
OurCulturalCommonwealth.pdf

cation/ interaction/ performance, and other objects of study.  Resistance, however, 
is not the most significant impediment to the use of advanced technologies in these 
disciplines - plenty of HASS researchers are tech-savvy and excited about new tools 
for their research and teaching.  The far more pressing obstacles concern data, col-
laboration, and funding.

data

What is HASS data?  It is not “data” in the dictionary sense (“measurements or sta-
tistics,” Merriam-Webster parenthetically suggests), but the objects of study in these 
disciplines.  HASS data is extremely varied and can pose many challenges to effective 
technological representation. Medievalists may look at illuminated manuscripts, tap-
estries, paintings, and ecclesiastical/court records.  Visual Studies researchers examine 
film, paintings, photos, sculpture, and more.  Those in the arts need these as well, plus 
recordings of music, dance, and theater productions.  Philosophers need access to 
texts, in various languages, with comparative translations.  Legal historians need case 
law, court and voting records.  Social scientists’ needs may include not only studies 
that have produced quantifiable data but also audio and video records of subject inter-
views, etc. Languages ancient, early modern, and modern are fundamental to many of 
these disciplines, so that access to data can be restrictive without good mechanisms 
for translation. Old data may present difficulties because they are delicate or unwieldy 
to represent (ancient maps and texts, for example, did not originally appear in neat 
typeset book format).  More modern examples may be under copyright, which entails 
another layer of complexity.

HASS data are often not reducible to numerical analysis and are thus characterized 
as “qualitative” rather than “quantitative.”  This is perhaps what has produced a blind 
spot for computerized application.  It is certainly true that robust computational 
storage and aggregation of HASS data can enable quantity to play an important role in 
interpretative, qualitative study.  Steven Spielberg’s Survivors of the Shoah Foundation, 
now the Shoah Foundation Institute at the University of Southern California, “has 
collected more than 52,000 eyewitness testimonies [of Holocaust survivors] in 56 
countries and 32 languages…” When subjected to computational infrastructure, this 
qualitative data becomes extremely valuable as “critical mass”:

“The tale of what happened to one or two families, in one or two villages, in one 
or two countries, is worth recording and disseminating.  But we can gain far more 
knowledge from the record of some 52,000 testimonies.  In history, art history, 
classics, or any scholarly enterprise that benefits from a comprehensive compar-
ative approach, quantity can become quality.”3  

But HASS scholars want to learn lots of different things from their data, and they 
do not always seek the numeric answers that are (stereo)typical of computational 
analysis.  They may want to ask why or how something happens, or how it accrues its 
meaning.  This poses a conundrum for HASS researchers and computer programmers 
alike.  How can disparate types of data best be integrated and displayed?  How can 
interfaces be developed that will be truly useful to research, representing genuine 
advances over other methodologies?  What tools will be most beneficial to analysis, 
and how can they be developed?  

Still another problem is that while there may be data, in many cases there is no 
data set.  Simply collecting the data often requires enormous effort.  Early initiatives 
in this regard have proven extremely beneficial for access.  A well-known example 
is JSTOR, which collects entire archives of scholarly journals and represents them 
online in searchable form but exactly as they originally appeared in print, including 
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advertisements, etc.  Some of these journals have been in existence for over 100 years, 
so finding a complete archive in good condition that the owner is willing to have 
dismantled can be prohibitive.  Integrating the data into searchable form through a 
user interface cannot happen until the data is prepared, which itself requires a large 
number of staff, including those who collect the archives, those who photograph them 
page by page, and those who index the contents of each issue.  A recent comparable 
endeavor by a single scholar is that of Patricia Seed, a historian at the University of 
California, Irvine whose article appears in this issue of CTWatch Quarterly.  She has 
traveled to the archives of libraries all over the world, single-handedly collecting all 
of the extant early maps of coastal Africa, which she is preparing to make accessible 
online and available for analysis.  The maps have never before appeared collectively 
in books or other publications and represent a significant, previously inaccessible 
resource to historians.  

Collaboration

Developing CI or advanced digital projects necessitates a kind of collaboration 
atypical of academic HASS culture.  These disciplines emphasize and reward individual 
work.  Collaborative teaching is not unheard of but is not the norm.  Collaborative 
research can put one at risk of not receiving tenure, which is generally awarded for 
single-authored books.  The topics of research are very specific, often unique to the 
individual researcher, which is the usual route to establishing oneself as a scholar.  
These structures have been in place for so long that, even if they were changed, many 
faculty would likely have a hard time knowing just how to divide labor and recon-
stitute it, as collaboration requires.

There is also the issue of collaboration with the computer science engineers (CSEs) 
who can realize digital projects for HASS.  While there have been successful collabo-
rations across these disciplines, there is also a cultural divide that can prevent pro-
ductive work.  This is new territory.  In 2006, the University of California Humanities 
Research Institute  and the San Diego Supercomputer Center offered the first CI 
HASS Summer Institute, which interfaced CSEs and HASS researchers to explore in 
depth the CI needs of HASS communities.  The cultural divide between the fields was 
acknowledged by workshop participants, but more prominent was the strong desire 
to bridge it. Evaluations of CI HASS were unequivocal in expressing a need for this 
field interface in increasing CI capabilities and usership.  Working together, CSEs and 
HASS researchers can think in new ways about what data is valuable and how it can 
be accessed for comparative analysis.   

HASTAC (“haystack,” the Humanities, Arts, Science, Technology Advanced 
Collaboratory) has made considerable inroads in cybertechnology and HASS col-
laboration.  The organization was formed specifically to bridge disciplinary structures 
that prevent necessary cooperation as well as networks scholars and practitioners 
from many disciplines and institutions both nationally and internationally.   The pro-
liferation of digital humanities centers suddenly springing up on campuses across the 
US has also promoted the collaboration with CSEs that is needed for successful digital 
HASS projects.  This will undoubtedly increase as the centers and their projects gain 
more attention. 

Funding

Lack of resources for HASS research in any form is a perpetual problem.  The tide is 
starting to turn somewhat for digital HASS projects, which until recently were largely 
neglected by the traditional funders of these disciplines.  The National Endowment for 
the Humanities (NEH), American Council of Learned Societies, Mellon Foundation, 
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and MacArthur Foundation all have new initiatives funding digital media.  NEH and 
the Maryland Institute for Technology at the University of Maryland recently held 
a summit meeting to plan a national coalition of digital humanities centers.  NEH 
wants to encourage national collaboration between the centers and funding organiza-
tions, which is a hopeful sign.  

Thus far, none of the National Science Foundation’s (NSF) programs have sup-
ported technological humanities or arts research.  This is understandable, given that 
NSF’s mission is to support science and engineering and that its counterparts, NEH 
and the National Endowment for the Arts (NEA), were founded to support these dis-
ciplines.  Unfortunately, the funding levels of NEH and NEA are grossly inferior to 
that of NSF and, in real dollars, are lower than they were in the 1970s.  It would not 
be unreasonable for NSF to allocate at least some of its “broadening participation” 
funds to HASS projects utilizing advanced technology.  This would be an effective 
way to broaden participation outside the traditional science and engineering sectors 
and perhaps to attract new converts to the science and engineering fields.

Projects: T-RACES and Hypermedia Berlin

The T-RACES and Hypermedia Berlin projects described below exemplify the 
efforts needed for data acquisition and aggregation as well as the intense interdis-
ciplinary collaboration that are crucial to successful HASS CI.  Together, they have 
the potential to contribute to many HASS disciplines, including but not limited to 
history, urban studies, ethnic studies, anthropology, human geography, literature, 
linguistics, art and architectural history, musicology, philosophy, history of science, 
political science, and sociology.  

These projects (as well as Patricia Seed’s African map project described elsewhere 
in this issue of CTWatch) have very different objectives, data, and interfaces, but they 
hold in common the need for similar technological solutions.  Both utilize GIS, his-
toric maps, and historical and cultural data spatially associated with the maps.  Both 
also are taking digital HASS forward in that they not only provide increased access 
to data but have the potential to create new knowledge that would not be possible 
without these digital resources.  New research methodologies are coming into being.

Urban Redlining: T-RACES

T-RACES: Testbed for the Redlining Archives of California’s Exclusionary Spaces, 
a collaborative endeavor of the San Diego Supercomputer Center (SDSC) and the 
University of California Humanities Research Institute (UCHRI), will preserve, 
analyze, and make publicly accessible online digital versions of historical documents 
relating to the practice of “redlining” neighborhoods in the 1930s and 1940s in eight 
California cities. The research will make use of the UCHRI HASS grid, a CI initiative 
to bring the benefits of advanced information technologies to the humanities, arts, and 
social sciences at all 10 University of California campuses. The project is supported 
by a National Leadership Grant for Building Digital Resources from the Institute of 
Museum and Library Services (IMLS).  

Data for the T-RACES project comprise neighborhood maps, interviews, financial 
and banking documents, and detailed city surveys.  Thus far, 11 large historical 
color maps and 5,000 pages of text are included.  These documents are part of the 
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“Confidential Residential Security Maps,” a national collection established by the 
federal Home Owners’ Loan Corporation (HOLC) for all major US cities.  Signed into 
law by Franklin Delano Roosevelt in 1933 as one of several New Deal measures, HOLC 
initiated the practice of redlining.  Frequently conceived as housing loan discrimi-
nation resulting from individual bias in the banking industry, redlining’s historic, 
federal origins and institutionally deliberate dimensions often go unrecognized.  The 
confidential maps and associated secret City Survey Files, compiled by thousands of 
HOLC agents, reflect neighborhood desirability and loan-granting conditions in over 
200 US urban centers.  Four classifications were used. First, Second, Third and Fourth 
grades were coded as A, B, C and D, and Green, Blue, Yellow and Red respectively. 
Redlined areas are typically characterized by “detrimental influences, undesirable 
population or infiltration of it.” In southeast San Diego, for example, which was red-
lined by design in the 1930s, residents of two categories of neighborhoods (A and 
B) enjoyed preferential treatment of their loan applications and significantly lower 
lending rates, while the opportunities of others were severely restricted.  La Jolla was 
almost entirely “green” (A) or “blue” (B).  Its one “red” (D) section was known as the 
district’s “servants’ quarters” and was “set aside by common consent for the colored 
population.”4

As is often the case with technological HASS projects, obtaining the data has 
turned out to be a considerable challenge.  The bulk of the collection of once-confi-
dential (now de-classified) redlining files currently sits on the shelves of the National 
Archives in Washington, D.C., and can only be browsed in the research room there.   It 
is also the first time project co-PI Richard Marciano, a computer scientist and director 
of SDSC’s Sustainable Archives and Library Technologies (SALT) lab, has dealt with 
paper data; in other projects, content was born digital.  The human and financial 
resources needed to bring the data into the digital realm were grossly underestimated 
and necessitated some creative problem-solving for image scanning. 

The digitized content will form a unique collection spanning eight California cities.  
This will include color maps and textual documents.  The maps will be vectorized 
(image to lines and polygons) and the text will be OCR-ed (image to searchable text) 
using ABBYY FineReader 8.0. This will allow for searchable PDFs and databases to be 
created from the text with linkages to the maps.  The data will be spatially and tem-
porally geolinked, providing area comparison of past to present with simultaneous 
viewing of historic and contemporary maps.

The project is in its early stages, with Marciano and his team currently digitizing 
data and  exploring all software involved, including open source GIS software servers 
and viewers, open source databases such as mySQL and PostGRES, Greenstone digital 
library software, and other tools.  As no integrated toolkit exists, they are designing 
a framework  that will work across the various environments of GIS servers, data-
bases, grid technologies and digital libraries. Ultimately, the project will enable public 
desktop access to the historic records themselves with search and analysis tools “on 
top” as a user interface.

The archive and preservation technology is based on the use of data grid tech-
nology to manage distributed data.  A central metadata catalog (MCAT) at SDSC, 
based on Oracle technology and capable of managing preservation metadata for tens 
of millions of electronic records, manages preservation metadata for each electronic 
record.  The preservation metadata includes authenticity, integrity, and descriptive 
information about the electronic record.  The data grid technology maintains con-
sistency between the storage locations of the electronic records and the preservation 
metadata.
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Through the HASS community grid in development at UCHRI, each participating 
University of California site has access to a separate preservation environment that 
allows them to define preservation metadata unique to their digital content, with 
their own structural organization.  Each site controls access and updates permissions 
for its preservation environment independently of the other participants.  Metadata 
administration is off-loaded to the central MCAT catalog at SDSC.  Sites are able to 
leverage common software and hardware resources for the management of the data 
and metadata, which lowers their cost of participation.  

Marciano was drawn to the project because of his interest in applying technology 
to the humanities and social sciences as well as his desire to unearth the traces of 
urban zoning in the US.  He finds the collaborative aspects the best part of the project 
and looks forward to developing this further.  “I would almost say that putting digital 
content ‘out there’ is minor, compared to the potential for interactions and discus-
sions,” he says.  “Technology creates opportunities for contact and dialog with scholars 
in related fields (history, black studies, planning, ethnic studies, etc.).  Conversely, 
these interactions impact the development of the interfaces and more importantly 
the use of the technology.  This is the biggest thing we want to learn:  how to rep-
resent the information to enable ‘community’ and dialog.”  Meetings of experts on the 
California cities are being held at UCHRI, convening scholars and professionals from 
many fields to collaborate on developing the project to its fullest potential.

Marciano is acutely aware of the need to design access and storage tools that open 
the use of the content, not restrict it. “In some sense it is the responsibility of the 
‘digital curator’ to be true to the collection and not create new ‘digital’ barriers.  The 
collection needs to drive the process, and as a computer scientist I feel I have a deep 
responsibility to nurture the content and keep it alive and relevant. Falling into the 
trap of creating a digital ghetto would be redlining the content all over again,” he 
explains.

He and co-PI David Theo Goldberg, director of UCHRI, expect eventually to extend 
the T-RACES resource to include the data of many more redlined cities across the US.  
It is anticipated that other historical, cultural, and legal documents can be overlaid as 
the project progresses.  The project will result in increased knowledge through access 
to previously remote data, and will transform possibilities in HASS research and 
pedagogy.  Furthermore, the PIs hope the project’s importance will extend beyond 
academia, with the availability of this content benefiting communities and neighbor-
hoods.  The federal implementation of redlining has had a lasting impact on the shape 
of American cities, the decline of urban cores, urban sprawl, suburbanization and 
racial segregation in cities. The knowledge to be gained from the dissemination and 
analysis of this content is significant to many constituencies.

Hypermedia Berlin

Hypermedia Berlin is an interactive, web-based research platform and collab-
orative authoring environment for analyzing the cultural, architectural, and urban 
history of a city space.  Founded and directed by Todd Presner, associate professor 
of Germanic Languages and Jewish Studies at UCLA, Hypermedia Berlin uses GIS 
technologies and a geo-temporal database to bring the study of cultural and urban 
history together with spatial analyses and modeling tools. Managing, displaying, and 
rendering data useful to researchers and teachers in fields as varied as history, urban 



mAy 2007 13
Seeing Urban Spaces Anew at the University of California

studies, geography, architecture, and literary studies are central to the mission of the 
project.

The project is organized according to time-layers in which the uneven spatial and 
temporal coordinates of Berlin’s cultural and architectural histories can be appre-
hended.  Traditional models of cultural history proceed chronologically and take 
the linearity of time as their structuring principle.  By contrast, Hypermedia Berlin 
articulates Berlin’s time-layers through multiple detailed, annotated maps connected 
together by interlinking “hotspots” at hundreds of key regions, structures, and streets.  
The ability to “drill through” these maps functions to spatialize historical practice, 
thereby transforming cultural history into a kind of “cultural geography.”  

Berlin is a highly stratified, complex space in which linear histories stop making 
sense. Over its nearly eight centuries, Berlin emerged from a backwater mercantile 
town built on sand to become the capital of a unified Germany under Bismarck and 
the site of Hitler’s dream for a world-dominant Germania.  It was devastated by the 
Thirty Years War, occupied by Napoleon in 1805, rebuilt numerous times throughout 
the eighteenth and nineteenth centuries, destroyed in World War II, divided by the 
Berlin Wall for 28 years, and put back together again in 1990.  Poised on the border 
between Western and Eastern Europe, this cosmopolitan city has variously welcomed 
and persecuted its minorities: Huguenots, Jews, Poles, Russians, Turks, and others.  It 
doubled in size in less than a quarter of a century between 1890 and the outbreak of 
WWI, reaching a size of 4,000,000 people; another quarter of a century later, it lost 
almost half of its population and nearly all of its Jewish population in WWII and 
the Holocaust.  The city’s complexities make it an excellent candidate for developing 
functionality and modeling for other cultural mapping projects. Hypermedia Berlin’s 
back-end systems architecture, the database, and the front-end user interface are all 
open, modular, and easily scalable to support new functionality and research.

The data “centerpiece’ of Hypermedia Berlin is a series of 50 fully annotated, geo-
referenced maps of Berlin from 1237 (when the city was founded) up through the 
present. The project requires that historical maps be rendered in a format that sup-
ports interactivity, flexibility, and search functionality. It uses ESRI’s ArcGIS for geo-
referencing the historical maps, and Google’s open-source map API for zooming and 
hotspot addition. MySQL and PHP are used for the geo-temporal database, and XML 
for the dynamically populated “intelli-list” and user interface. Viewers can move in 
and out of the maps, choose locations from a sidebar menu that is keyed to relevant 
“people” and “place” links, and “travel” both by time and place, diachronically and 
synchronically throughout Berlin’s history.  The content can be searched, viewed, and 
organized according to the research and pedagogic needs of the user.  

Hypermedia Berlin’s hallmark is its interactive, collaborative authorship of data 
content.  The project’s cultural and historical data includes articles and encyclopedic 
entries.  These “annotations” are typically authored by scholars.  Capacities are 
being developed for an editorial board to collaboratively vet scholarly content, and 
for teachers and researchers to analyze or excerpt portions of Hypermedia Berlin by 
using a “citation” function that in turn becomes part of the resources for the project.  
Widespread data creation will result from community authorship annotation func-
tions, which allow any user to upload “micro-annotations” in any media for a highly 
localized set of temporal-spatial coordinates in Berlin.  For example, a user may 
annotate his grandparent’s apartment or place of business on a particular street, at a 
particular time. When Version 2.0 is launched, Presner anticipates storing and mining 
hundreds of thousands of these micro-annotations, amounting to several terabytes.  
The platform is being built out to support any kind of data and media.  There will be 
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large scale population/demographic datasets as well as text, video, audio, multimedia 
articles, etc.  

The project is designed to be able to pull datasets and media items from other 
digital repositories as well as share data and media with other projects or repositories.  
Rather than imposing a single database schema or creating a centralized repository, 
the team is constructing middleware that would allow them to undertake queries or 
federated searches across repositories that store and share digital assets, potentially 
on the UCHRI UC-wide HASS grid.  The philosophy is that once datasets and media 
items can be mined across repositories, new kinds of data slicings and visualizations 
will be created that scale the project in ways that cannot be conceived or delimited 
ahead of time.  This can lead to new research and new knowledge unachievable 
without the technology.

Hypermedia Berlin’s considerable collaborative apparatus includes 11 members of 
the project team and an international advisory board.  Those involved represent many 
disciplines, institutions, and skill sets.  The project has attracted a diversity of sup-
porters, some of whom are collaborators as well, including the American Council of 
Learned Societies, several UCLA constituencies, the Stanford Humanities Laboratory, 
CUNY-Baruch, and Berlin’s Hochschule der Künste.  

Conclusion

There is a growing recognition that effective CI cannot simply be produced by one 
field for utilization by other fields but that its very conception and production must 
be interdisciplinary: “No single academic discipline or point of view is sufficient to 
comprehend all the implications of cyberinfrastructure.”5 If CI participation is rel-
egated to science and engineering fields, then important questions are going unasked, 
research is not being pursued, approaches not realized—not only in other disciplines, 
but in computer science engineering itself.  HASS scholars bring a different dimension 
to research questions: not how to accomplish X, but why; who benefits, who doesn’t, 
what are the latent implications?  Computer scientists working with HASS researchers 
can think in new ways about what data is valuable and how it can be accessed for 
comparative analysis.  Bringing these fields together in the creation of CI is essential 
for preparing current and future generations of scientists, scholars, and educators 
for its use and design, and in training broader, more diverse constituencies for its 
expanded utilization.  
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Flat maps conclusively proved their worth to the 3D world more than 500 years 
ago. In 1569 a mapmaker named Gerhard Mercator created a plane surface allowing a 
navigator to plot an ocean going voyage as a straight line. At a time when sailors spent 
months onboard ships, the ability to plan (and record) a journey on a sheet of paper or 
vellum proved invaluable. Nor has the 2D map become outmoded by newer means of 
travel. In the twentieth century, airplane pilots discovered that another, slightly dif-
ferently designed flat map permitted them to find the shortest flying distance between 
two points. 

The 2D map has thus allowed humans to journey where no one had ventured 
before. Magellan sailed around the world guided by nearly half a dozen skilled map-
makers, and James Cook journeyed through the South Pacific with the aid of equally 
flat navigational charts. Eventually, the ability to travel led to regularly scheduled 
transportation and from that to the growth of global commerce and communication. 
No shortage of good reasons exists to celebrate the human achievements that flat 
maps made possible. 

But when trying to communicate knowledge of the past, to grasp actions that 
occurred long ago and far away, two-dimensional surfaces only limit the degree of 
comprehension. For example, the terrain has historically presented obstacles for 
finding the best places for concealment and observation, and the preferred avenues 
of approach during military skirmishes. Looking at a flat map with small circles 
designating locations of attacks leaves us unable to fully grasp the role of the large 
silent actor in many campaigns, the countryside.   Lacking three-dimensional rep-
resentation of the terrain, a full-fledged appreciation of the difficulties presented in 
conflicts remains out of reach. 

But such limitations are not restricted to portrayals of combat. When seeking 
to understand how people migrated throughout the world, flat maps leave out the 
reasons for the paths they took. When inhabitants of Tibet migrated from plateaus 
14,000 feet high, they swerved to avoid even higher mountains and, upon reaching the 
lowlands of tropical Burma, sidestepped river gorges 10,000 feet deep.1 Flat maps fail 
to do justice to either the difficulties of descending the Himalayas or the hazards of 
the paths migrants took in northern Burma.  With only a flat map, it remains hard to 
understand the level of courage they displayed and degree of difficulty these migrants 
endured. 

Despite their considerable limitations, two-dimensional maps predominate today 
in the study of the past; depicting the historical movement of peoples, the paths of 
long-forgotten sailing vessels, and the position of opposing forces in battle centuries 
ago on flat surfaces. Yet the capacity to change this approach already exists.

Existing technologies could create many of these three-dimensional images for 
historical images. Digital elevation models (showing the height of landscape features) 
are available freely for nearly every corner of the earth. Including this information, 
even on a flat map, would lead to a greater appreciation of the physical obstacles to 
survival that humans have faced in times of both peace and war–the unexpected 
mountains and gorges that thwarted their search for better places to live or to hide. 

Flat Maps in a 3D World:  
Visualizing the Past
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Several projects have begun to advance this perspective. The history of geographic 
exploration in the United States has benefited from some early forays into 3D repre-
sentation.  Two websites show the elevation of the mountains that Lewis and Clark 
had to cross in order to reach the Pacific in the republic’s early years.2  

But we have the potential to accomplish much more with these same tools; to visu-
alize the landscape in which the historically decisive battles of Culloden, Gettysburg, 
and Cuzco occurred. In each case, terrain played a crucial role:  the boggy marsh con-
tributed to the Highlander’s defeat in 1746; the ridges around Gettysburg that allowed 
Union forces to survive until reinforcements arrived; and the steep, rocky slopes above 
Cuzco that nearly allowed the Incas victory over Spaniards in Peru (1533).3 Military 
campaigns would also benefit from such an approach. Even a single static 3D image of 
what the Spartans saw as they approached a Greek camp for example, allows a viewer 
to grasp the difficulties that battle would entail.  

Such three-dimensional maps can enhance understanding and appreciation of 
the role that terrain and other aspects of the natural world have played in history. 
Providing a web forum for such images, even without a particular historical textbook 
or narrative, would enhance appreciation of the extraordinary as well as the seem-
ingly ordinary human achievements in the past. 

While the goal of adding topography to historical maps lies within reach, another, 
equally extensive use of maps among historians presents a separate set of challenges. 
Acquainting readers with little known places is another widespread practice of 
mapping that focuses on a more limited and static goal. 

To try to convey a sense of uncommon geographic places, history authors usually 
introduce an initial map into their printed works. In North America and Great Britain, 
authors have observed this custom for at least a century.4 But the location of the map 
presents too much information too early. Encountering a novel place halfway through 
the text, a reader must flip to the front and then continually switch back and forth as 
more and more unusual names appear. This singularly annoying and time consuming 
activity hinders comprehension of the historical story. Most people simply abandon 
the effort at this point and ignore the remaining strange names and locations. As a 
result, readers often finish the text with a rough idea of where an episode took place 
but lack understanding of its immediate geographical environment. While research 
has long established that combining maps with narratives improves understanding 
and memory of both, familiarity with world geography and environments remains a 
casualty of this standard presentation.5

A recent attempt to remedy this annoying flipping can be found at www.guten-
karte.org.  Gutenkarte has created a novel way of improving the identification of places 
in texts.  Taking freely available e-texts from Gutenberg, it has added a flat map that 
pops up when a place name in the text is clicked. Identifying locales in the book of 
Genesis, for example, helps readers understand where important moments occurred.6   
Genesis mentions “the vale of Siddim, which is the salt sea” and Gutenkarte illustrates 
it on a map. 

While an improvement in integrating maps within a traditional text, the 
Gutenkarte’s current interface focuses entirely on the map. Once having opened a 
map, the interface leads to exploring other places on the map.  Returning to read 
the text remains awkward. Thus the goal of full interaction between story and map, 
leading to the desired integration of geographic and historical learning, remains 
unfulfilled.  While pop-up maps can readily be merged into electronic texts, the 
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reverse approach attempted by Gutenkare, incorporating a complex story into a map, 
remains a significant, unsolved challenge. 

Two other recently honed but competing commercial solutions will likely enjoy 
success among historians seeking the limited goal of acquainting readers with unfa-
miliar places. Both ESRI and Google, corporate giants in desktop software and the 
web, have created relatively accessible means for individuals to display locations on 
2- and sometimes 3-D maps. Both put the creation of new maps in the hands of the 
individual historian allowing her to create specialized or highly detailed maps tai-
lored to a particular subject; maps that would be uneconomical to produce in print. 
While both ESRI and Google can potentially improve the quality of historical place 
identification, both have obvious shortcomings.

Both rely upon a different mixture of proprietary and open source software. 
Mapping software giant ESRI produces costly software to analyze the landscape and 
its underlying geology, but uses freely available data.  Google Earth, on the other hand, 
uses free software to create maps but retains copyright over the data.  Furthermore, it 
requires that all buildings be added to maps by means of URLS, making the resulting 
“mashups” inherently unstable. As with all corporate software, the potential to turn 
both techniques into expensive, fee-based services remains a potential threat to their 
widespread use in humanities subjects.

However, from the standpoint of improving visualization (rather than place 
identification), both ESRI and Google Earth are limited by taking the “God’s eye” or 
overhead view of terrain. At present, neither makes it easy to present a human’s view 
toward the sky. Traditional CAD tools such as AutoCAD still provide better models 
for human scale perspectives. Even Google’s recent purchase of the very basic CAD 
program Sketch-Up has only managed to allow the introduction of a static image 
without altering the basic perspective of the viewer. A better means of integrating this 
human-centric perspective into 3-D maps is a development worth waiting for. 

While no readymade solution to this latter problem exists, advances in three-
dimensional visualization have the potential for shifting identifications from passive 
to active, and creating new representations of an increasingly important historical 
subject, the history of human interconnection with the environment. Going beyond 
human interaction with static landforms, these emergent methods have the potential 
to incorporate a model of dynamic human activity with a changing environment. 

Some historical projects on a geological time scale have already started to address 
these issues. The history of migrating drainage systems, often buried beneath subse-
quent accumulations of silt, can explain the appearance and movement of the earliest 
human settlements. For example, histories of the shifts in river beds have significantly 
altered our understanding of the patterns of human settlement in China.7 

In other areas, an as yet unrealized potential exists and is within reach. The rela-
tively recent progress in three-dimensional mapping of the sea’s underwater shape 
allows us to understand how and why certain patterns emerged in shipping and 
sometimes even the reasons for the deadly fate of certain vessels. Using the software 
program AVS,8 the Australian Navy Hydrographic Service developed a superbly 
detailed image of the sea floor off the continent’s coast. The Service conceived this 
map with the aim of identifying safe shipping channels, and protecting the fragile 
Great Barrier Reef from damage by careless pilots. Yet these same maps can be used 
to understand why a steel steamer carrying a large cargo of gold broke up off the coast 
of Queensland in 1875, or actively comprehend the choices Captain Cook made as he 
navigated through the Great Barrier Reef in 1770. 
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Since human relationships with the environment usually involve constant change 
and adaptation on both sides, only similarly dynamic three-dimensional visualiza-
tions have the potential for portraying that interactive past of humans and their envi-
ronments. Increasingly complex, three-dimensional computer visualization in mete-
orology and oceanography has vastly improved our knowledge and understanding 
of complex dynamic processes such as weather and ocean currents.  These models 
contain an unrealized potential to contribute to understanding why agricultural 
settlements emerged in one area, while a pastoral economy developed nearby. They 
can also show how environmental factors such as wind and water patterns might have 
influenced where people near a coast would have chosen to reside. Their potential also 
exists for understanding other interactions with the environment.

Several obstacles hamper the task of conveying the complexities of ocean going 
travel before the age of steam and the screw propeller. Boats do not climb up and 
down as people do on land, unless of course they are heading to the bottom of the 
sea and hence to the end of the story. At sea, winds blow from 360 degrees, buffeting 
ships sideways; boundary currents pull vessels in giant curving arches away from 
the edges of oceans and towards their center.  The frailty of life at sea, the continual 
vulnerability to the natural world, remains difficult to convey through the customary 
smooth depictions of the surface of the sea on maps.   

More complex visualizations offer the opportunity to portray three-dimensional 
relationships including the movement of ships in nearly all directions. Representing 
the dynamic dimension of humans operating in space would allow us to understand 
historical events. Beyond this, such representations have the potential to allow 
denizens of the present to more closely identify with the human fate of long-deceased 
individuals from around the globe. 

One of the most shameful episodes of modern history occurred with the forced 
mass deportations of Africans on board slave ships destined for Europe, the Atlantic 
Islands, and eventually the Americas. As the earliest slaves boarded ships bound for 
harsh lives in an unknown world, they would have seen the coast of Africa for the 
last time. In order to re-envision these last glimpses of Africa, which likely would 
have remained with them, I have been combining the historical information from the 
first maps of the region during the fifteenth century, with contemporary data on the 
heights of hills and the paths of rivers to create an image of West Africa as it would 
have been seen for the last time.9 Employing additional information on the patterns 
of winds and currents, I can also depict the course most likely taken by a fifteenth-
century sailing ship, thus recreating the angle and speed at which the African coast 
would disappear from sight. Such re-creations will allow scholars to see how different 
the fifteenth-century landscape appeared, and permit others to empathize with the 
human dimension of the tragedy for themselves and others.

Recent advances in scientific, three-dimensional visualization can significantly 
improve our ability to immerse ourselves in the geographic environment of a faraway 
past and a culturally distinct environment. Because of their accuracy, these models 
are likely to receive a warm welcome in history. And these representations, especially 
the dynamic ones, remain far preferable to those visualizations more familiar to this 
generation of students, those dreamed up in the game studios of Blizzard, Ensemble 
or Fireaxis.  
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In recent years, the computer has assumed a central role in artistic practice. Digital 
technology now serves as a critical site for interdisciplinary exploration, encouraging 
the blurring of boundaries between art forms. Increasingly, new imaginings of history, 
culture, and human practice are finding the computer at their center. In turn, these 
new imaginings are being driven by the advent of new and more powerful forms of 
computer interactivity that challenge traditional conceptions of human identity and 
physicality.

At the uninterrogated core of common notions of interactivity, as it is practiced in 
the digital domain, we find the primordial human practice of improvisation. Perhaps 
the most important unacknowledged lesson the interactive digital arts have taught 
us concerns the centrality of both improvisation and interactivity to the practice of 
everyday life. What is more difficult to divine for these arts, as well as the theoriza-
tions that attend them, is the nature of the relationship between the two concepts.

 
To begin, we must interrogate the theoretical and historical discourses that 

mediate our encounters with computers, including those that condition our cultural 
understanding of both improvisation and interactivity. Increasingly, theorizing the 
nature of these two practices is becoming an interdisciplinary affair, centering on how 
meaning is exchanged in real-time interaction. Such studies, combining the insights 
of artists, cultural theorists and technologists, will be crucial to the development of 
new conceptions of digitally driven interactivity.

Canonical new media histories tend to date the advent of interactivity in artmaking 
to the mid-1980s.1 However, anyone who remembers the period when “multimedia” 
did not refer to computers may find ironic the historical lacuna separating the notion 
of interactivity now on offer from the practices that arose in the computer music 
communities beginning in the early 1970s. This early period produced a number of 
“interactive” or “computer-driven” works, representing a great diversity of approaches 
to the question of what interaction was and how it affected viewers, listeners, and 
audiences.  

Flashback

By the early 1960s, magnetic tape-based music composition was known to offer 
possibilities for precise control of time and sound, but was also criticized as insensitive 
to real-time nuances of human expressivity. To many, making electronic music live, 
in real-time in front of audiences, would revitalize the paradigm of the composer-
performer, long abandoned in the West.  However, improvisation, a primary practice 
of the European composer-performer since antiquity, had been unceremoniously 
dumped from Western music’s arsenal of practice by the late 19th Century.  

The recrudescence of real-time music making in the American classical music of 
the 1950s not only explored chance as a component of composition, but also rekindled 
aesthetic contention around the nature, purpose, structure, and moral propriety of 
improvised forms and practices. According to cultural historian Daniel Belgrad, these 
debates were part of an emerging “culture of spontaneity” that crucially informed the 

George E. Lewis
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1 See Huhtamo. E.   “From Cybernation to 
Interaction:  A Contribution to an Archaeology 
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Cambridge: MIT Press, 1999.
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most radical American artistic experimentation in the mid-20th century, from the 
Beats and Abstract Expressionism to the transgressive new music of Charlie Parker, 
Thelonious Monk, and the musical New York School of John Cage, David Tudor, 
Morton Feldman, Earle Brown, and Christian Wolff.2 

By May of 1968, “freedom” was on both the political and the musical agenda 
in Europe and the United States. Improvisation was widely viewed as symbolic of 
a dynamic new approach to social order that would employ spontaneity to unlock 
the potential of individuals, and to combat oppression by hegemonic political and 
cultural systems.  The rise of “free jazz” in the United States was widely connected, 
both in Europe and the United States, with challenges to racism and the social and 
economic order, generally. 

As one group of young American expatriates living in Rome, including electroni-
cists Richard Teitelbaum and Alvin Curran, founded the important free improvi-
sation group Musica Elettronica Viva (literally, “Live Electronic Music”),3 two of their 
stateside colleagues, David Behrman and Gordon Mumma, implicitly advanced the 
radical idea of a musical composition that could exist purely and entirely in hardware.  
In this period, scores by the two composers, where they existed at all, often consisted 
only of a circuit diagram, accompanied by a set of sketchy instructions.  The late-
1960s live electronic music of both composers also drew explicitly on the practice of 
improvisation.  In Behrman’s Runthrough, performers wielding flashlights interacted 
in real time with a matrix of photocells connected to a Behrman-built synthesizer.4  
In Mumma’s Hornpipe, a “cybersonic” console consisting of an analog computer 
transformed the sounds of Mumma’s extended horn improvisations in real time.5 

In this kind of live electronic work, the “structure” of the piece encompassed both 
the performance and an interactive environment facilitated by the devices them-
selves. Unlike conventional scores, the electronics were explicitly conceived as one 
element in an overall environment that was only partially specified in advance.  The 
composition as a whole articulated a kind of dialogue with the outside world, where 
real-time music making was central to the realization of the work.

Even as the practice of computer music in the 1970s at US academic and corporate 
institutions such as Bell Labs, Stanford University, the University of Illinois, and the 
University of California, San Diego, as well as the Pierre Boulez-founded Institut de 
Recherche et Coordination Acoustique/Musique in Paris continued to support the 
magnetic tape model, the advent of the new, relatively portable mini- and microcom-
puters signaled a cultural shift in 1970s contemporary music in which improvisative 
musical practices were being reasserted, if not uncontroversially embraced.  These 
forces led to a new medium that composer Joel Chadabe, one of the earliest pioneers, 
later called “interactive composition.” 

The early “interactive composing” instruments, constructed by Chadabe, 
University of Illinois professor Salvatore Martirano and others, “made musical deci-
sions as they responded to a performer, introducing the concept of shared symbiotic 
control of a musical process.”6 These features of the new software-driven landscape 
blurred the boundaries between human and machine music-making and called con-
ventional notions of human identity into question, while establishing a critical space 
to explore communication not only, or even primarily, between people and machines, 
but between people and other people.

Salvatore Martirano’s massive “Sal-Mar Construction” was played by the com-
poser in a live performance, using over 300 touch switches to direct the flow of sound-
producing signals. As Martirano later told Chadabe, he was not so much in control 
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of the device as a partner with it. “Control was an illusion,” he remembered.  “But 
I was in the loop.  I enabled paths.  Or better, I steered.  It was like driving a bus.”7  

David Behrman, who had worked with composer John Cage and choreographer 
Merce Cunningham, began to create elegiac pieces for improvising instrumentalists 
and “melody-driven electronics,”8 while his younger associates Rich Gold, John 
Bischoff, and Jim Horton, working in and around Oakland’s Mills College, fashioned 
early networks of microcomputer music machines that interacted with each other 
to create music collectively.9  The practice of improvisation was crucial to the nature 
and practice of this work.  Chadabe’s later observation that Behrman’s work “was 
electronic, but it had the feeling of improvised music” stood in sharp contrast and 
direct challenge to pan-European contemporary music’s widespread disavowal of 
improvisation.

The Emergence of Live Algorithms 

In consonance with the perceived need for interactive computer music to combine 
sonorous and sensuous experiences with critical spaces for considering the nature 
of human interaction, in the last few years an important marker of the growth of 
these technological practices has been the Live Algorithms for Music (LAM) research 
network,10 an initiative created in 2004 by computer scientist Tim Blackwell and 
composer Michael Young of Goldsmiths College in London. According to Young 
and Blackwell, LAM is conceived as “an inter-disciplinary community of musicians, 
software engineers and cognitive scientists,” sharing and furthering the goal of inves-
tigating “autonomous computers in music.”  A series of Live Algorithms conferences 
have included research papers and performance contributions from musicians (elec-
tronic and instrumental), composers, artists, software engineers and researchers in 
computer science, cognitive science, robotics and mathematicians.

According to Young and Blackwell, LAM’s vision foregrounds “the development 
of an artificial music collaborator. This machine partner would take part in musical 
performance just as a human might; adapting sensitively to change, making creative 
contributions, and developing musical ideas suggested by others. Such a system would 
be running what we call a ‘live algorithm’.”

Blackwell and Young define a “live algorithm” by its features:

a live algorithm can collaborate actively with human performers in real-time •	
performance without a human operator
a live algorithm can make apt and creative contributions to the musical dimen-•	
sions of sound, time and structure
live algorithms can contain a •	 parametric representation of the aural environment 
which changes to reflect interaction between machine and environment.11

To be sure, the musical implications of “machine intelligence” animated many 
early forays into interactive music making. As discourses surrounding AI began to 
diffuse in the early 1990s, however, the emphasis shifted toward a complex set of aes-
thetic, philosophical, social, historical, and culturally oriented questions, situated at 
the crossroads of computer science, the arts, and the humanities. Thus, work on live 
algorithms for music has implications for evolutionary computation and artificial life, 
swarm intelligence, chaotic dynamics, cellular automata, neural networks, and the 
area of machine consciousness more generally. 
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Accompanying this interdisciplinary orientation has been a renewed theorization 
of the practice of improvisation. But why study improvisation? Among the many 
findings of the residency on improvisation I co-led at the University of California’s 
Humanities Research Institute in 2002 were these:

In a globalized environment, improvisation functions as a key element in 
emerging postcolonial forms of aesthetics and cultural production.  In addition, 
improvisation mediates cross-cultural, transnational and cyberspatial (inter)
artistic exchanges that produce new conceptions of identity, history and the 
body, as well as fostering socialization, enculturation, cultural formation and 
community development.  Finally, the improvisative production of meaning and 
knowledge provides models for new forms of social mobilization that foreground 
agency, personality and difference, and that engage history, memory, agency, and 
self-determination.

Any practice for which such expansive claims could be seriously entertained would 
seem to be one that should be studied widely, in depth and with great alacrity, with 
the vision that the study of improvisation could present a new animating paradigm 
for scholarly inquiry in many fields in the humanities, arts, and social sciences. In 
fact, significant work on improvisation is already taking place in anthropology, 
sociology, architecture, cognitive science, music cognition and psychology, cultural 
studies, dance, gender studies, linguistics, literary criticism, music education and 
music therapy, musicology and ethnomusicology, organizational studies, philosophy, 
aesthetics, political science, theatre and performance studies--and many other fields.  
Most recently (2007), an interdisciplinary team of researchers led by literary scholar 
Ajay Heble and philosopher Eric Lewis will be pursuing a major research initiative in 
“Improvisation, Community, and Social Practice,” with the support of a multi-year 
grant from Canada’s Social Sciences and Humanities Research Council (SSHRC).  
This research team, of which I am part, will certainly pursue new ways of theorizing, 
informed by contemporary practices of improvisation in the arts that include tech-
nology as a central component.12

For LAM networkers, improvisation becomes a central component in a conception 
of “strong” interactivity, as distinct from “weakly interactive” or “reflex” systems in 
which, for instance, “incoming sound or data is analysed by software and a resultant 
reaction (e.g., a new sound event) is determined by pre-arranged processes” that 
“might also utilise stochasticity to effect surprise.” In contrast to systems that manifest 
“an illusion of integrated performer-machine interaction, feigned by the designer,” 
the strong interactivity of a live algorithm, as described by Blackwell and Young, is 
characterized by properties analogous to those found in human performance, e.g., 
“autonomy, innovation, idiosyncrasy and comprehensibility.”

Strong interactivity depends on instigation and surprise as well as response. 
Individual decision-making is immediate, necessary and basic; when to play or 
not, when to modify activity in any number of parameters (loudness, pitch, tone 
quality), when to imitate or ignore another participant, when to ‘agree’ the perfor-
mance is concluding. When to make a decision. And why. Without the capacity 
to innovate, listeners would lose the belief that the LA was truly engaged with the 
performance instead of merely accompanying it. The iterative, generative, idio-
syncratic world of algorithmic organisation must be accessed, but the mechanical 
and the predictable must be avoided.  It is the ability to innovate that distinguishes 
automation from autonomy.13

Young and Blackwell feel that strong interactivity “is exemplified in the 
human-only practice of ‘free’ improvisation.”  In this regard, LAM research consists 
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of “a marrying of algorithmic music, live electronics and free improvisation,” and 
my own activity as composer since the late 1970s exemplifies this approach. In my 
most widely performed piece, Voyager, originally programmed by me in 1987 and 
extensively updated since that time, improvisors are engaged in dialogue with a com-
puter-driven, interactive improvisor. A set of algorithms analyzes aspects of a human 
improvisor’s performance in real time, using that analysis to guide another set of 
algorithms that blend complex responses to the musician’s playing with independent 
musical behavior.  

In Voyager, the improvised musical encounter is modeled as a negotiation between 
improvising musicians, some of whom are people, others not; the program does not 
need to have real-time human input to generate music. In this kind of live-algorithmic 
model of music-making, decisions taken by the computer have consequences for the 
music that must be taken into account by the human improvisors, an aesthetic of 
variation and difference that is clearly at variance with the information retrieval and 
control paradigm that late capitalism has found useful in the encounter with inter-
active multimedia and hypertext discourses.14 

Crucially informing this work, as well as the LAM orientation more generally, 
is the important British strain in post-1965 improvised music.  One of the most 
influential exponents of this experimental musical practice, the late British guitarist 
Derek Bailey, produced the most frequently cited book on improvisation (regardless 
of field), Improvisation:  Its Nature and Practice in Music. First published in 1978, 
Bailey’s book presented a forceful, historically and ethnographically supported case 
for the centrality of improvisation to musical practice.  For Bailey, and for many 
others, improvisation persists as a primary means for the articulation of artmaking, 
and in this light, the study of improvisation becomes crucial to the understanding of 
the expressive culture of our time.15 

As with Bailey’s music and that of his fellow first-generation free improvisors, this 
book directly challenges Western art music’s anti-improvisation orthodoxies.  In fact, 
such challenges have proved to be particularly necessary to clear away some of the cul-
tural presuppositions that informed much prior research into the practice. Sociologist 
Alfred Schutz, in his 1964 meditation on “Making Music Together,” already saw that 
“the system of musical notation is…accidental to the social relationship prevailing 
among the performers. This social relationship is founded upon the partaking 
in common of different dimensions of time simultaneously lived through by the 
participants.”16  

Here, Schutz performs a critical shift in disconnecting improvisation from a mys-
tificatory, Romantic connection with artmaking.  Rather, the clear implication is that 
improvisation engages agency, history, memory, identity, and embodiment.  In this 
way, we can recognize that these purely musical questions have their analogues in 
similar issues surrounding the practice of everyday life itself.  When Blackwell and 
Young insist that free improvisation “rejects top-down organisation (a priori agree-
ments, explicit or tacit) in favour of open, developing patterns of behaviour,” we are 
in the presence of a musical and interactional aesthetic that has become enlisted as a 
metaphor for larger social and political questions of identity and social organization.

 
In this respect, LAM participants might make common cause with Schutz’s obser-

vation that “a study of the social relationships connected with the musical process 
may lead to some insights valid for many other forms of social intercourse.” Here, 
the combination of technology with the arts and humanities may become a trenchant 
site for the exploration of these critically important issues.  At the same time, tech-
nologically imbued music making itself becomes a critical tool with which to analyze 
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contemporary critical, cultural, historical, and social issues whose importance cuts 
across fields.  Thus, the centrality of music study to contemporary public intellectual 
discourse is powerfully reasserted.

Moving Ahead

Unfortunately, there are still no easy or stable definitions for the dynamics of 
human interaction that LAM researchers are exploring. Thus, it would be difficult 
to negotiate a single, overarching meaning for improvisation from the vast array of 
possible definitions.  Rather, the totality of the compendium of knowledge developed 
by placing scholars and researchers in virtual dialogue would eventually inscribe the 
outlines of an articulated, emergent definition of improvisation, drawn from multiple 
fields and thereby moving beyond the preoccupations of any one.  What we can say 
for now is that improvisation must be open–that is, open to inputs, open to contin-
gency; a real-time, real-world mode of production. Thus, in the 21st Century, scholarly 
work on improvisation, like improvisation itself, is international and multicultural, 
proceeding from a panoply of theoretical positions that revise existing histories and 
construct new historiographies.  

My conclusion here is that the direct study of improvisation will be vital to the 
production of new ways of using information technology - not only in the arts, but 
also across the board.  Human identity, particularly in negotiation with new technol-
ogies, is continually reinscribed through processes of interactivity and improvisation, 
thereby demonstrating its centrality to our birthright as human beings.  Thus, the 
interdisciplinary study of how meaning is exchanged in real-time interaction will be 
crucial to the development of new user interfaces, new forms of art, more sophisticated 
interactive computer applications, and much more - simply because improvisation is 
not only what people do when they play jazz or bluegrass, but also what they are doing 
when they play video games, surf the Net, or decide how to cross Main Street.  
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The shared Internet is being used more and more for transmission of digital video 
data sets.  YouTube is distributing 100,000,000 videos every day.1  However, these 
digital video streams are engineered to be easily transportable over the shared Internet 
to home users with megabit/sec rates.  In contrast, cinema today is still largely shot 
and distributed in the century-old silver halide medium of film.2  A major barrier 
holding back the transition of theatrical film to digital distribution is that to preserve 
the extreme photographic resolution of motion pictures as seen in theatres requires 
playback bandwidth of a quarter gigabit/sec or more (depending on compression).  
Cinema is the next step in the ongoing digital conversion of modern media, and it 
will require building new image-centric hardware/software/networks to facilitate 
full-resolution human visual and auditory acuity, for production, distribution and, 
never possible with film, real-time global collaboration.

In addition to its essential role in the creative arts, the film industry has a large 
economic footprint.  For instance, in 2005, the Motion Picture Association of America 
estimated that movie production provided employment for over 245,000 Californians, 
with an associated payroll of more than $17 billion.3 

Faced with the historic transformation of the global theatrical film business from 
analog to digital technology, the major Hollywood studios formed the Digital Cinema 
Initiatives consortium4 to define the technical standards for digital cinema. The two 
resolutions that have emerged are termed 2K (2048x1080), roughly comparable to the 
high end of HD, and 4K (4096x2160), with four times the resolution of 2K or high end 
HD (Fig. 1) and 24 times that of a standard broadcast TV signal.  Both standards have 
12-bits/color. The digital cinema frame rate is the same 24fps used in analog cinema 
for DCI-compliant 2K/4K monoscopic “flat” movies, plus a new DCI frame rate of 48 
fps (2 x 24fps) for 2K stereoscopic 3D movies. 

The uncompressed bandwidth of the 4K format streaming in realtime is ~7.6 
gigabits/sec, with each 4K frame having 8.8 megapixels, over twice what is available 
on the highest end PC monitors and eight times what the normal user has today on 
their laptop.  When compressed using DCI-recommended JPEG 2000 distribution 
specifications, 4K bit rates to the neighborhood theatre are capped at 250 megabits/
sec.

As such, we realized several years ago that 4K digital motion pictures would be 
one of the most demanding data types for emerging cyberinfrastructure.  Since the 
NSF-funded OptIPuter project5 was well underway, the principle investigators of the 
OptIPuter at Calit2 and UIC’s Electronic Visualization Laboratory (EVL) initiated a 
project termed “CineGrid” to apply OptIPuter architectures to the needs of digital 
media professionals. Our initial collaborative partners were the Research Institute for 
Digital Media and Content, Keio University (Keio/DMC), the University of Southern 
California School of Cinematic Arts (USC/SCA) and Pacific Interface, Inc. The 
complex CineGrid project is overseen by Pacific Interface, which first proposed the 
CineGrid concept to Calit2/EVL and has subsequently incorporated CineGrid as a 
new nonprofit membership organization to organize a rapidly growing international 
research agenda ramping up in the US, Japan, Canada, and Europe. 
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From inception, CineGrid was conceived as a global effort, with collaborators 
linked by various national and regional research networks, many of them linked into 
cooperative peering systems like the Global Lambda Infrastructure Facility (GLIF) 
to create an international, non-profit testbed for distributed experiments using 
the highest possible quality pictures and sounds over 1Gbps and 10Gbps photonic 
networks. We believe CineGrid can stimulate development of new network-centric 
approaches optimized for digital media production and training/education. We have 
already seen that CineGrid experiments stimulate very useful testing and refinement 
of emerging middleware, specialized transport protocols, and collaboration tools, 
many of which were originally developed for scientific research, visualization, and 
Grid computing but which can be adapted to the needs of digital media of all types.

CineGrid sets out to define an architecture that enables secure, fast access to the 
digital media assets at all stages in production, post-production, distribution and 
archiving.  The CineGrid initiative is aligned with four major trends: 

Spreading deployment of a new generation of 1 Gbps and 10 Gbps digital net-•	
works, capable of moving extremely high-quality digital media very quickly 
between devices, systems, users and collaborators 
Maturing implementation of Grid computing, which fosters the development of •	
software tools to securely manage the high performance distributed workflows 
needed in support of digital media applications 
Increasing demand for higher quality digital media exchange among remote •	
collaborators in science, education, research, entertainment and art, as well 
as increased demand for networked distribution of high quality digital media 
around the world 
Requiring development of new digital security tools to protect intellectual •	
property rights 

Because these are also the trends that drove the invention of the OptIPuter archi-
tecture, it is well suited to provide a first working prototype of the cyberinfrastructure 
needed for a complete digital cinema workflow environment. CineGrid is a new appli-
cation for the OptIPuter, tailored to meet the special characteristics of networked 
digital media, particularly the multi-stream 1Gbps and 10Gbps requirements of 
digital cinema and real-time 4K compressed and uncompressed imagery, and other 
high quality digital image and audio formats.

We have rapidly found that in addition to the original application of 4K to digital 
cinema, this super high resolution format is also being adopted by the supercomputer 
simulation visualization, computer graphics, and scientific imaging communities. 
Thus, a wide-ranging, multi-disciplinary alliance is emerging to investigate the uses 
of this new medium. CineGrid enables new kinds of distributed media production, 
remote mentoring, remote-controlled scientific research, networked collaboration 
and international cultural exchange. Areas of investigation range from visual special 
effects for theatrical-quality, digital cinema production to high-resolution scientific 
visualizations. 
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6 For more information on Calit2, iGrid 2005, 
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UCSD/Calit2 - http://www.calit2.net/ 
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and, EVL - http://www.evl.uic.edu/ 
 
7 Shimizu, T., Shirai, D., Takahashi, H., 
Murooka, T., Obana, K., Tonomura, Y., Inoue, T., 
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2006, pp. 929-939. 
 
8 This first CineGrid experiment was a joint 
effort of Keio University/DMC, UCSD/Calit2, 
UIC/Electronic Visualization Laboratory, 
NTT Network Innovation Laboratories, and 
Pacific Interface, Inc. Valuable cooperation, 
equipment loans, and staffing came from SGI, 
Sony Electronics, Olympus, Toppan, Mitsubishi 
Electric, Astrodesign and Yamaha. Additional 
content was provided courtesy of USC School 
of Cinema TV, UIUC/NCSA, Tokyo University of 
Technology, and ARRI. 
 
9 At the end of the 3-day demonstration, the 
equipment was dismantled. In October 2005, 
however, Calit2 installed a permanent 4K Sony 
SRX-R110 projector and a SGI Prism with 21TB 
of ultra-fast disk, 10GigE-connected to the 
NLR. We are currently developing alternate 
means to drive the Sony projector using PCs 
with synchronized NVIDIA cards as 4K drivers.
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Figure 1.  Computer graphics of JPl supercomputer simulations of monterey bay currents, rendered as 

a 4K video by the NCSA team of donna Cox, bob Patterson, Stuart levy and their colleagues. Note each 
quadrant of the 4K is equivalent to full-spec 1080 HdtV.

The first public demonstration of CineGrid networking was held September 26-29, 
2005, at iGrid 2005, an international event hosted at UCSD/Calit2 in conjunction 
with EVL.6 It featured the world’s first, real-time, international transmission of 4K 
digital motion pictures. Nearly six hours of live (Fig. 2) and pre-recorded 4K content 
was streamed in real time over a 15,000 km Gigabit Ethernet (GigE) VLAN from 
Tokyo7 via Chicago to San Diego, where the output was displayed on a Sony 4K 
digital projector installed in Calit2’s 200-seat auditorium.8 The content streamed 
at 250~500Mbps from Keio University’s Research Institute for Digital Media and 
Content (DMC) (Fig. 3) to Calit2 using prototype JPEG 2000 encoders and decoders 
from NTT Network Innovation Laboratories, which compressed and decompressed 
the 4K streams in real time. Content included pre-rendered computer animations, 
materials shot with 4K digital motion picture cameras and digital still cameras, 
real-time computer-generated visualizations, and digitally-scanned 35mm and 65mm 
motion-picture film.9 

 

Figure 2. 4K teleconference in Calit2@uCSd auditorium at igrid 2005 between Keio university (4K 
streaming video) and Calit2.



mAy 2007 28
CineGrid: A New Cyberinfrastructure for High Resolution Media Streaming

10 This demonstration, called Soundscape, was 
organized with additional collaboration from 
Skywalker Sound, UCSD’s Center for Research 
in Computing and the Arts, Youth Radio, San 
Francisco State University’s Institute for Next 
Generation Internet, and the University of 
California Office of the President in Oakland 
(providing the location for the equipment 
because it is connected to CENIC). 
 
11 The First Mile Soundscape demonstration 
was staged at San Francisco State University’s 
Institute for Next Generation Internet.

High quality, multi-channel spatialized digital audio is also an important research 
area for CineGrid. At iGrid 2005, and at the FirstMile conference on March 23, 2006 
(also at Calit2), CineGrid was used for networked audio post-production experi-
ments, performed in front of live audiences, that mixed geographically separated 
audio and video sources streaming into a theatre for a final mix of sound-to-picture. 
Professional-quality, uncompressed multi-channel digital music and sound effects 
originating from Skywalker Sound audio servers in the San Francisco Bay Area 
were synchronized over CENIC’s network with 4K motion pictures streaming from 
servers at Keio/DMC in Tokyo10 (at iGrid 2005) via Japan’s JGN2 and U.S. National 
LambdaRail (NLR) networks, or locally (at First Mile 2006).11 

After iGrid 2005, CineGrid arranged (through CENIC) a dedicated 1GigE 
circuit from San Diego, through Los Angeles, to the Bay Area and to Seattle so that 
CineGrid could provide 1GigE connections to research institutions and companies 
in those areas wanting to collaborate on networked media research and technology 
trials. CineGrid can also access EVL’s existing NLR capacity (called the CAVEWave) 
to upgrade CineGrid capacity to 10Gbps in order to leverage the 10GigE research 
links to Chicago, Washington DC, Toronto, Tokyo, Kyoto, Seoul, Taipei, Hong Kong, 
Amsterdam, Prague, Stockholm and, via GÉANT2, other locations in Europe.  

 

Figure 3.  equipment located at the Cinegrid node at Keio university in Japan.

The iGrid 2005 and subsequent demonstrations proved that networked pro-
duction, post-production, and distribution of 4K digital cinema is not only techni-
cally feasible, but that the same infrastructure can be used to produce and distribute 
what Hollywood calls “other digital stuff,” or ODS, such as live music concerts, sports, 
and various content genres beyond traditional, theatrical-release feature movies. ODS 
is modestly named, but is actually a major growth market for 4K “beyond cinema,” 
destined to supplement Hollywood’s conventional movie-making. 4K is also expected 
to penetrate heavily into command and control, training simulation, collaborative 
computer-aided design, and product review engineering. CineGrid, in particular, will 
explore using networked 4K “nodes” for real-time, remote collaboration for training 
of next generation media professionals. In addition to the 4K SXRD projector available 
from Sony Electronics, in October 2006 Sharp announced a 64 inch 4K LCD panel, 
which will greatly accelerate wide adoption of 4K in conference rooms, classrooms, 
and laboratories.
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12 Videos of talks are available at http://www.
calit2.net/newsroom/article.php?id=1011

13 This was an outcome of the University 
of California’s Canada-California Strategic 
Innovation Partnership Summit, enabled by 
cooperation between CENIC, Pacific Wave, 
NLR, and CANARIE.
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A little over a year after the first CineGrid demonstrations, on October 8, 2006,*  
as part of the Audio Engineering Society (AES) annual conference, 2K and 4K digital 
motion pictures and 24-channel digital audio were streamed from three different 
locations (UCSD/Calit2, Keio /DMC, and USC/CNTV) in real-time using CineGrid 
networks, then mixed live for an audience of 200 audio and video professionals in the 
Premiere Theatre at the Letterman Digital Arts Center (LDAC) in San Francisco.  This 
required extending CENIC’s CineGrid gigabit/sec optical circuit to the LDAC for the 
first time. 

Figure 4. the CyberInfrastructure required for the Cinegrid@AeS demo.

The CineGrid@AES demonstration showed that multi-channel, non-compressed 
cinema-quality audio streaming over IP works well, sounds good, and is now fea-
sible for real-world applications. Content included a 4K telepresence session used for 
interactive video-conferencing and ultra-realistic reproduction of a live performance 
of the Keio Wagner Society String Ensemble transmitted in 4K with multi-channel 
audio from Keio University in Tokyo. 

Chris Sarabosio, a senior sound designer at Skywalker Sound, a Lucasfilm Ltd. 
Company, said: “With the experimental system used at the CineGrid@AES event, I 
was able to control playback and mix 24-channel audio interactively while watching 
the synchronized picture on the big screen just like I do normally, only this time the 
audio servers were 500 miles away connected by CineGrid. This approach clearly has 
the potential to eliminate distance as a barrier to collaboration.”

Two months later, on December 14-15 2006, over 100 people attended the First 
Annual CineGrid International Workshop,12 sponsored by CISCO Systems, Inc. 
and Pacific Interface, Inc., and hosted at Calit2, UCSD Division. This workshop 
also marked the successful linking13 of Ryerson University Rogers Communications 

* The CineGrid@AES event was organized by a global alliance, including: Calit2; CENIC; Industrial Light & Magic and Skywalker Sound, both 
Lucasfilm Ltd. Companies; NTT Network Innovation Laboratories; Pacific Interface, Inc.; Research Institute for Digital Media and Content, Keio 
University; San Francisco State University, Institute for Next Generation Internet; Tokyo University of Technology Creative Lab; UIC’s EVL; UCSD 
Center for Research in Computing and the Arts (CRCA); and University of Southern California School of Cinematic Arts.  Other credits--Digital 
Cinema Consortium of Japan; Immersive Media Research; National Institute of Information and Communications Technology (Japan); Meyer Sound 
Laboratories; Olympus Corporation; Recombinant Media Lab; San Francisco State University, Cinema Department; Sony Electronics, Inc; Tatsunoko 
Production Co., Ltd.; UIUC’s NCSA; Yamaha Corporation of America. Networking support included: CAVEwave; CENIC/CalREN; JGN2/NICT; National 
LambdaRail (NLR); PacificWave; Pacific Northwest GigaPOP; StarLight; and WIDE/IEEAF. 
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14 See http://www.cinegrid.org/

Centre in Toronto, Canada’s largest media training center, into the CineGrid optical 
network.

Going forward, the non-profit organization CineGrid.org14 will be organizing 
many more events and demonstrations involving the creation, distribution or use of 
high quality digital media content, including the accelerated preservation of cultural 
heritage assets captured in picture and sound. Members are exploring the feasibility 
and trade-offs of different networking approaches suitable for emerging applications 
of rich-media intensive forms of art, entertainment, distance learning, scientific 
visualization, remote collaboration and international cultural exchange. To support 
members’ research projects, CineGrid is organizing network test beds between limited 
numbers of trusted users around the globe. Many CineGrid members plan to meet at 
GLIF in Prague, in mid-September, and then again at Calit2 UCSD division for the 
Second Annual CineGrid Workshop in mid-December 2007.

In summary, 4K video streams are a new data object rapidly emerging from 
multiple disciplines that require a high performance cyberinfrastructure.  We have 
described the early stages of development of the CineGrid project, which has proto-
typed the needed cyberinfrastructure, building on the last five years of CI research 
in the NSF-funded OptIPuter project.  Over the next year we expect to see a rapid 
global rise of the use of 4K over dedicated lambdas, adding to lower resolution video 
streaming that now accounts for over half the traffic on the shared internet. 
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Tele-Immersive Environments for  
Geographically Distributed Interaction  
and Communication
1. Introduction

During the last 10 years, several disparate technologies and science, notably in 
computer vision, computer graphics, distributed computing, and broadband net-
works have come together and facilitated geographically distributed tele-immersive 
environments in which people can interact and communicate. 

We have built such 3D tele-immersive (TI) environments at the University of 
Illinois, Urbana-Champaign (UIUC) and University of California, Berkeley (UCB).1 
The TI environments deploy large-scale 3D camera networks that capture, digitize, 
and reconstruct three dimensional images and sounds of moving people, as well as 
integrate and render the multimedia data from geographically distributed sites into 
a joint virtual space at each TI site. The reasons for deploying 3D TI environments, 
instead of just as an available video conferencing technology, are as follows: (1) the 
video conferencing displays only individual 2D video streams/pictures (though next 
to each other) on the screen, hence no joint virtual space can be created and no real 
interaction is feasible; (2) the 3D environment facilitates different views of interaction 
from any viewpoint, as the viewer desires, and with different digital options, such 
as different scales of participants and different people/scene orientations that create 
physically impossible views; and (3) with the 3D TI environment, one can easily 
integrate synthetic objects and other environments into the current immersive envi-
ronment.

While there have been other demonstration projects of this nature (e.g., [2, 3, 4, 5, 

6]) they were restricted to the video sequences and special dedicated network con-
nectivity. We are aiming to create 3D TI environments from COTS components for a 
common user who does not have the luxury of expensive supercomputing facilities, 
special purpose camera hardware and dedicated networks.

Yet we see the opportunity to use this kind of technology for exploring geographi-
cally distributed interaction and communication of people in which the physical/
body interaction is important. We have explored this interaction in the domain of 
dance, since dance is a way of physical communication. However,  we also see many 
other applications such as remote physiotherapy, collaboration between distributed 
scientists working on common multidimensional data sets, design of artifacts (archi-
tecture, mechanical, chemical and electrical designs), planning for coordinated 
activities and their like. 

In this article, we will describe the individual components comprising the UIUC 
and UCB TI environments, as well as the challenges and few solutions that allowed 
us to execute one of the very first public performances in geographically distributed 
collaborative dancing that took place in December 2006. We will briefly describe the 
experiment as well as lessons learned from this exciting and very successful perfor-
mance. 
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2. Tele-Immersive Environments

Tele-Immersion is aimed to enable users in geographically distributed sites to collaborate in real time 
in a shared simulated environment as if they were in the same physical room. It combines computer 
vision, graphics and network communications to create joint virtual spaces for each participant at each 
TI site. As Figure 1 shows, each 3D TI site (UIUC and UCB) consists of Gigabit Ethernet networking 
that connects an array of 3D cameras, service computing PCs infrastructure, and displays/projectors 
into a coherent 3D capture and display environment. The TI sites are then connected via Internet2 for 
bilateral data exchange. 

Figure 1. Individual components of tI environments.

More precisely, the UCB TI site deploys 12 stereo clusters, where each cluster consists of four 2D 
cameras creating 3D video streams from each cluster (i.e., 48 2D cameras), eight IR pattern projectors 
to improve the 3D vision reconstruction, three microphones and four speakers, 13 PCs with two or four 
CPUs, running Windows XP, and two projectors for passive stereo projection, using circular polar-
ization. This physical hardware provides 360 degree video stereo capturing capability, full-body 3D 
reconstruction, real-time data recording, real-time rendering and networking connectivity via Gigabit 
Ethernet to Internet 2. 

At UIUC, the TI site deploys eight stereo clusters, one microphone and speaker, 11 PCs with two or 
four CPUs, running Windows XP, two plasma displays and two 3D displays. This physical hardware 
provides 100 degree video stereo capturing capability, full-body 3D reconstruction, real-time data 
recording, real-time rendering on multiple displays, and networking connectivity via Gigabit Ethernet to 
Internet 2. Figure 2 shows the experimental laboratories (left UIUC Laboratory, right UCB Laboratory), 
which serve as dance studios for the current collaborative dance experiments as described below. 

Figure 2. experimental 3d tele-immersive laboratories at uCb and uIuC.
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3. Selected TI Challenges and Solutions 

To enable real-time interactive dance choreography in tele-immersive environ-
ments, multiple challenges need to be overcome. Some of the challenges have been 
solved, others are still in progress. 

One of the major challenges is to accomplish 3D real-time video reconstruction. 
The 3D reconstruction algorithms are still lacking behind the 2D video capabilities 
in real-time performance due to their algorithmic complexity as well as inefficient 
implementation.  A second major challenge is the robust calibration of 3D cameras 
under different light conditions, mobility and other environmental changes that 
happen in TI sites. 

The current solutions in the 3D real-time reconstruction space currently rely on 
an image-based trinocular stereo algorithm7 to calculate the depth information for 
each pixel. The output from one 3D camera cluster corresponds to one stream of 3D 
frames containing both color and depth information. All cameras are synchronized 
via hotwires to take shots simultaneously. They are calibrated with a self-calibration 
algorithm by Svoboda et al.8 Figure 3 shows some of the challenges and solutions/
results in the 3D vision space.

Figure 3. Challenges and current solutions (results) with respect to calibration and  
3d real-time reconstruction. 

One of the major challenges in TI networking is the bandwidth management and 
appropriate semantic networking protocols to provide Quality of Service (QoS) on top 
of the best effort heterogeneous Gigabit Ethernet/Internet 2 networks. 

The current networking solution relies on our semantic-aware, session data pro-
tocol within the service middleware layer that runs on top of the TCP/IP protocol 
stack. It executes 3D video stream compression as well as end-to-end multi-tier 
streaming using bandwidth estimation, context-aware bandwidth allocation and rate 
adaptation. The service middleware layer provides the control plane functionalities 
for the bandwidth management, such as the multi-stream coordination and adap-
tation algorithms, depending on the end-to-end Internet 2 bandwidth availability and 
user view selections. Furthermore, the control functions include display setup with 



mAy 2007 34
Tele-Immersive Environments for Geographically Distributed Interaction  
and Communication

9 http://cairo.cs.uiuc.edu/teleimmersion/

selection of scene views and screen layouts at the viewer site. Figure 4 shows some of 
the networking challenges and solutions/results in the semantic networking space. 
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Figure 4. end-to-end throughput result using our tI session layer protocol.

4. Collaborative Dance Experiment 

We  conducted a public dance performance in December 20069 where the dancers 
at UIUC and UCB laboratories danced jointly in cyberspace, and the jointly rendered 
visual performance was then transmitted to the lobby of the Hearst Mining Building 
at UCB for an audience to watch. We began the planning of the collaborative dance 
experiment with the hypothesis that dance is a form of communication, even if it is 
conducted in cyberspace. Hence, we posed many questions prior to the performance, 
and we will elaborate on some of them: (1) How do we create meaning with movement 
in cyberspace? (2) Is the meaning of dance the same for the audience when seeing 
physical dancers and virtual dancers? (3) Is the choreography the same when dancing 
in physical space, in virtual space, and in hybrid spaces? Before we provide answers 
to our questions, we will describe the dancing experimental setup and additional TI 
technological setup for the performance.  

Dancing Experimental Setup: During the experiment, the overall dance chore-
ography consisted of four components: 

The choreography included live dancers dancing in the physical space of the 1. 
Hearst Mining Building lobby at UC Berkeley; 
A small group of dancers from UCB danced physically in the UCB TI laboratory 2. 
(TI studio) on the 4th floor in the Hearst Mining Building, using the 3D TI 
virtual space technology, to become virtual dancers in cyberspace.
One dancer performing physically in UIUC TI laboratory (TI studio) entered 3. 
the common virtual space of the UCB virtual dancers and danced in synchrony 
with the UCB dancers.
The integrated joint 3D Virtual Space and the overall performance were pro-4. 
jected on large screens in both geographic sites, i.e., in the Hearst Mining lobby 
at UCB and in the atrium/conference room at UIUC.9
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Figure 5 shows an image of two dancers rendered and shown together during the 
performance. Both dancers are first in the UCB TI Lab before being joined by a third 
dancer from UIUC in cyberspace.  The performance started with dance segments in 
cyberspace where the geographically distributed dancers presented, in a synchronized 
fashion, different types of movements, including meeting, chatting, and hugging 
in cyberspace; collaborative rowing of a boat; use of standard improvisation scores 
such as mirroring; following a leader; creating foreground and background visual 
information; use of contact or virtual contact; and many other movements natural 
in physical spaces but very different in cyberspace. Once the dance in cyberspace 
finished, the live dancers continued with their dance choreography in the physical 
space. 

Figure 5. two dancers during the Collaborative dance experiment 

TI Technological Experimental Setup: Before the public performance, we had 
to perform geometric, photometric calibration at both sites in order to assure that 
colors, the size of performers and the space was coordinated and looked realistic. 
Once the performance started, our TI protocols transmitted 3D streams between 
UCB and UIUC to provide a synchronous virtual space at both sites. In addition to the 
Common Virtual Space, we had voice communication (Voice over IP) on both sites, 
which was necessary for the dance coordination and synchronization. The music to 
which the performers were dancing was shared, the beginning of the music playback 
was synchronized after the initial synchronization, and the playback was executed 
locally in order to avoid any delays. At the UIUC site, we had also enabled 2D web 
cameras to show the live studio scenes in the UCB and UIUC TI studios. 

Audience Feedback:  The audience received questionnaires to share with us their 
overall perception. The overall feedback was positive, since the networking perfor-
mance of the dance in cyberspace was very stable and robust for the 40 minute per-
formance duration. The dancers danced in a synchronized fashion, which validated 
our 3D real-time vision and networking approaches. The TI system streamed the data 
well compared to the web camera. The strong time synchronized performance of our 
system was especially visible when contrasted with the web cameras, which showed 
a delay of several seconds when delivering the real TI studio scenes. The audience 
understood that without our TI solutions, i.e., if we used only web cameras,  (a) the 
dancers would not be able to dance in collaborative fashion, (b) the dancers would not 
be able to be rendered into a common, joint virtual space, and (c) the dancers would 
not be able to experiment with movements as they are used to on a real stage.  In TI 
virtual space, the dancers were able to create a very pleasing set of movements that 
were truly enjoyable to watch. 
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5. Lessons Learned

The December 2006 performance definitely gave new meaning to collaborative dancing and creative 
choreography. Through this performance we have learned new lessons that lead us to new symbiotic 
relationships between creative dance design and new TI technology elements. 

TI Technology Lessons Learned: The 3D real-time vision algorithms need further improvement as 
we discussed in  Section 3 and showed in Figure 3. The dancers had considerable visual “holes” and their 
movements were slower than real-time since the TI system is currently not able to reconstruct 3D frames 
at higher speed than 10 3D frames per second. The network protocols need further improvements with 
respect to bandwidth and content adaptation, strong support for better extracting and understanding 
of semantic information about dancer location, and importance of presented views to the audience, 
resulting from the 3D vision algorithms, dancers and audience.

Collaborative Dance Lessons Learned: Through this experiment, we have answered the first set of 
questions discussed above. Movement in virtual spaces makes sense for artists. Due to their improvi-
sation skills, they cope very well with the various imperfections of the TI technology, such as delays, 
bandwidth constraints, and visual holes. Actually, they use it for their artistic advantage and create very 
visually pleasing dance segments. However, the experiments also show that dancing in cyberspace is 
very different than in physical space. For example, with the sense of virtual touch feedback, if one raises 
a hand in the cyber environment to touch a virtual object or person and there is no physical object to 
touch, different reactions in dancers are produced. It has become very clear that a new type of choreog-
raphy must be created when considering dancing in TI environments. But it is precisely this new type 
of creative interaction with the technology that makes it so exciting for dancers and choreographers. 
The art form of dance choreography that inherently values the different ways in which individuals move 
and relate to one another is a good fit with TI technology, which inherently values the entire body of an 
individual streaming into cyberspace. 

The possibility to arrange bodies/individuals in infinite new ways in relationship to each other and 
virtual objects, as well as the ability to create entirely new meanings and contexts through this creative 
coordination, has the potential to have a huge impact on the field of choreography and on many other 
fields that prioritize the study of the body. 

6. Conclusion 

3D TI environments are becoming more viable and more affordable. As we have shown, it is possible 
to build TI environments out of COTS components and engage them in geographically distributed 
interaction and communication. Furthermore, with the maturity and advancement of TI technology, 
we are experiencing a very natural symbiosis between collaborative dancing and TI technology as it was 
shown in our experiment between UCB and UIUC in December 2006. This symbiosis creates feedback 
in both ways. The TI technology becomes richer in terms of its digital options to allow dancers to 
explore more and more physically impossible situations in the virtual spaces and hence create very new 
choreography designs.   
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A Question of Centers: One Approach to  
Establishing a Cyberinfrastructure for the 
Humanities, Arts, and Social Sciences

The paradigm by which humanities and social science scholars conduct their 
research is rapidly changing.  In a remarkably short period of time, digital technology 
has become essential to our intellectual processes, every bit as important as writing, 
and if humanists and social scientists do not embrace and study its potential they will 
not have access to a complete scholarly and pedagogical arsenal.  This marvelously 
protean technology, which holds the potential to revolutionize teaching, outreach, 
and research across the humanities, arts, and social science disciplines, must be 
made available in its fullest for discovering, synthesizing, and sharing knowledge.  
In recognition of both this potential and of the challenges inherent in addressing 
these growing technological needs, there is a vital need for the development of a 
national cyberinfrastructure for humanities and social sciences.  Indeed, this was the 
key recommendation of the American Council of Learned Society in its 2006 report 
Our Cultural Commonwealth, which urged universities, funding agencies, and the 
federal government to invest in such a cyberinfrastructure “as a matter of strategic 
priority.”1   

The implications of this recommendation are startling, especially as the human-
ities, arts, and, to a somewhat lesser extent, the social sciences are notoriously under-
funded, with many departments within these disciplines coming under increasing 
financial pressures.  The resources required to implement even a basic level of support 
for digital humanities and social science scholarship—demanding extensive hardware 
and software purchases, as well as the acquisition of significant technical expertise as 
a basic requirement—is clearly beyond the means of most campus units; indeed, even 
if it were feasible from a budgetary standpoint, this approach would only result in 
the unnecessary duplication of resources.  An effective cyberinfrastructure can, in 
truth, only be created through the establishment of a series of national centers at the 
university level dedicated to defining, implementing, and leading digital humanities, 
arts, and social science research needs across discipline- and unit-based bound-
aries, while simultaneously participating in a healthy dialogue that contributes to 
and exploits cyberinfrastructure.  These centers will furthermore act as hubs that 
can provide stability within the community and allow long-term relationships to be 
forged between them and scholars at institutions that lack the resources to establish 
digital humanities centers.  This article seeks to outline some of the benefits and 
challenges inherent in attempting to implement this agenda, as experienced by one 
recently founded center for digital humanities, arts, and social science research.

The Illinois Center for Computing in Humanities, Arts, and Social Science 
(I-CHASS) at the University of Illinois at Urbana-Champaign was founded in 2005 to 
serve the national research and education community, making resources and tools for 
high-end computing, data collection and analysis, geospatial inquiry, visualization, 
communication, and collaboration available to scholars.  I-CHASS is envisioned as a 
nexus of scholarship, creativity, collaboration, outreach, and technical expertise—one 
hub among others in the growth of a vibrant community that spans both national and 
international collaborations and encompasses the humanities, arts, social sciences, 
and technology.
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2 University of Illinois at Urbana-Champaign, 
Campus Strategic Plan, Urbana, IL: University 
of Illinois, March 2007, p. 8.  Available online 
from http://www.strategicplan.uiuc.edu/
documents/Illinois_StrategicPlan.pdf, last 
accessed May 7, 2007.

Of course, it is one thing to conceptualize such a vision and quite another to see 
it come to fruition; there are significant challenges associated with establishing a 
cyberinfrastructure for the humanities, arts, and social science.  These can, however, 
generally be grouped into one of three categories:

Institutional1. 
Expertise2. 
Funding3. 

As already noted, the creation of a viable cyberinfrastructure for the humanities 
and social sciences requires the investment of significant resources at the university-
level if it is to succeed.  I-CHASS is extremely fortunate in that its activities are sup-
ported by both the University of Illinois at Urbana-Champaign and the National 
Center for Supercomputing Applications (NCSA).  The University of Illinois 
already has a multitude of strengths in the humanities and social sciences as well 
as a significant library, computer science department, and an important graduate 
school of library and information science.  It is therefore logical that the University 
would seek to capitalize on these strengths, by including in its recently announced 
campus strategic plan, specific mention of an informatics initiative that incorporates 
“emerging applications areas in . . . the humanities, the social sciences, and the arts 
. . . [providing] opportunities for cross-disciplinary interaction both on our campus 
and around the world.”2 In other words, Illinois’ strategic vision for the twenty-first 
century already endorses the ideals articulated in Our Cultural Commonwealth and 
lays the groundwork for much of I-CHASS’s efforts to encourage the adoption of 
digital scholarship across the campus. 

Communicating our vision to the departments and engaging them in it remains, 
however, a challenge, not least because each department must be approached as a 
separate entity and each has its own priorities and interests in pursuing digital schol-
arship.  Furthermore, as in other institutions, many researchers in the humanities, 
arts and social sciences remain uncertain as to exactly how computational techniques 
can enhance their scholarship and are therefore, understandably, reluctant to commit 
a significant amount of their time and energy to what appears to be an endeavor 
replete in risks and uncertain rewards.  Without addressing these concerns, the 
efforts of digital humanities centers to establish a cyberinfrastructure are doomed to 
failure. Any effort to seed such centers consequently must focus considerable energy 
on building relationships, on fostering collaborations in specific disciplines, on dis-
seminating as widely as possible the products of these collaborations, and on orga-
nizing informational meetings and themed workshops that focus on the application 
of specific technologies to research interests in humanities, arts, and social science 
scholarship.  All these activities are designed to alleviate many of these fears and to 
demonstrate the profound power inherent in advanced computational methodologies 
for these disciplines.  It is our experience that such outreach efforts are enthusiasti-
cally received and result in exciting new collaborations.

Complementing the University of Illinois’ strengths is the presence and com-
mitment of NCSA in bringing digital innovation to the humanities and social sci-
ences.  NCSA offers the arts, humanities, and social sciences access to considerable 
computing power, storage space for large datasets, advanced visualization capabilities, 
and tools for data analysis, communication, and collaboration.  The potential benefits 
of this arrangement are demonstrated by the experience of computational linguist 
Richard Sproat, who is working at the University of Illinois on a project that explores 
automated methods for second language fluency and which requires the storage and 
indexing of a large amount of video data.  Because his department lacked the capacity 
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to store and index this amount of video data, Sproat was originally planning on using 
a codex that would compress his video to a manageable size but would consequently 
prevent the long-term usage of high quality originals.  I-CHASS was able to provide 
access to the necessary storage at NCSA, allowing him to preserve the data in high 
definition and concentrate on developing ways of improving accessibility.  These 
techniques can be extended to facilitate the preservation of disappearing languages, 
allowing researchers to record not only actual sounds, but also the facial mannerisms 
and hand gestures of native speakers, creating unprecedented forms of access to and 
analysis of these languages and leading to new ways of teaching them to students and 
a new generation of speakers.  

NCSA is also a rich source of experience and expertise, employing top personnel in 
fields crucial to humanities, arts, and social science computing, such as sophisticated 
search and retrieval; human-computer interaction; distributed, collaborative com-
puting; and large-scale modeling and simulation.  This is not to say that centers such 
as I-CHASS must rely solely on the resources available at NCSA.  Most institutions 
do not have supercomputing facilities of this kind so close at hand.  Nevertheless, 
digital humanities centers need to be more self-reliant, building their own capacity by 
gathering a team of technical specialists who will work solely on digital humanities 
and social science initiatives, even if it is prudent to take advantage of the expertise 
available across one’s campus.

Although I-CHASS is fortunate to be co-located with a national supercomputing 
center, not all centers will enjoy such advantage.  There are, nevertheless, other ways 
in which digital humanities centers can marshal the resources available on their 
own campuses to promote the use of digital tools in humanities, arts, and social 
science research and teaching.  It might be fruitful, for instance, for a center to act 
as a broker between humanities scholars and computer scientists to match research 
interests with on-campus computer resources.  One strategy is to identify research 
questions that require a relatively modest commitment from the computer scientists 
to produce results; the proverbial low-hanging fruit.  Such an early success could be 
used to promote the advantages of digital scholarship in numerous directions—to the 
humanities, arts, and social science departments; to the computer scientists; and to 
the institution’s administration.  Another approach might be to designate several spe-
cific research areas as “digital hallmarks” and channel computational efforts in these 
areas until some successes have been achieved that can then be leveraged for broader 
institutional support.  Since I-CHASS is committed to collaboration, advancing 
humanities, arts, and social science cyberenvironments, and enabling scholars and 
other centers in their research, we will also be pleased to partner with others so that 
they can also benefit from NCSA’s expertise and resources.

Marshaling resources for building this cyberinfrastructure is, of course, a critical 
endeavor.  Some core funding must, of necessity, be provided through a center’s home 
institution. One’s home institution might be approached to provide start-up support, 
with the understanding that the commitment will be reduced as external funding is 
acquired.  Winning substantial awards from grant-giving bodies has, however, been a 
difficult proposition for many humanities and social science departments, especially 
when compared with the funding patterns of disciplines in the physical and natural 
sciences, engineering, and medicine.  Indeed, a typical humanities or social science 
department is unlikely to receive significant income from grant awards, with graduate 
students paid through state allocations and many scholars fortunate to receive even 
teaching release in support of their research.  This is a model that is clearly unsus-
tainable for work in the digital realm, with its challenge to the paradigm of scholars 
working largely in isolation from their colleagues.  Fortunately, funding agencies and 
private foundations have shown considerable interest in investing money in digital 
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scholarship; among recent developments are initiatives from the National Endowment 
for the Humanities3 and the MacArthur Foundation,4 while the Mellon Foundation 
has long been a key backer of digital humanities and social science research.  The 
potential funding available can be maneuvered for use by individual scholars on their 
own research projects and by institutions seeking to establish and expand their own 
centers. 

Given the myriad challenges associated with establishing a cyberinfrastructure for 
the humanities and social science, one must ask if the results are worth the effort.  As 
envisioned by I-CHASS, the potential benefits of this initiative can again be grouped 
in three basic areas:

 Access1. 
 Excellence2. 
 Engagement3. 

By access we mean offering a truly collaborative environment—a national 
resource—in which humanities and social scientific scholars and technical staff work 
together to identify and solve research problems that will benefit from the application 
of digital technologies. The cyberinfrastructure we propose here will ensure that the 
sort of centers we are envisaging are able to serve the needs of researchers, providing 
a place to meet, exchange ideas, and collaborate with research scientists and faculty 
from other disciplines. The meta-discipline fostered by such cyberinfrastructure 
will open up many new avenues of mutual learning, communication, and service.  
Although computing experts push the limits of what humanities scholars do, new 
humanities applications in turn push the envelope in computing.  Digital humanities 
projects tend to blur many of the old boundaries that have long bedeviled Academe: 
between “research” and “education,” between disciplines, between “scholarly” work 
and outreach or service to the “real world.”  These boundaries need to be broken 
down, but it takes the collective efforts of all working locally and nationally toward 
these mutually productive ends.

By excellence we mean creating a vibrant digital humanities community, offering 
scholars access to the transformative potential of information technology. Digital 
humanities centers should serve as a catalyst and “expert broker” for mutually ben-
eficial interactions that foster collaborations on the next generation of research and 
teaching in the developing world of digital humanities for the purpose of enhancing 
scholarship in the humanities, arts, and social sciences generally.  We see cyberin-
frastructure as transformative of social scientific inquiry and an environment in 
which scholars can explore the integration of a range of technologies—including 
spatial analysis; information access and extraction across text-, image-, audio-, and 
video-based data; visualization; social networking; and collaborative tools develop-
ment—that have equal applicability across the broader humanities and social scien-
tific community.  

By engagement we mean applying information technology to research, outreach, 
and teaching to confront the greatest challenges facing the world today, locally 
and more globally. Such challenges arise from our failure to understand our own 
human nature and its rich and diverse cultural contexts, our reluctance to com-
municate and collaborate across cultural boundaries, and the barriers to our seeing 
and appreciating the full range of human creativity, inspiration, and aspiration. We 
see cyberinfrastructure, if effectively mobilized, as the potential next wave in the 
democratized access to information. Quantitative arts, humanities, and social science 
have important contributions to make to public policy deliberations and to education 
via tools that encourage laypersons to interact with social science data and models. 

3 http://www.neh.gov/grants/ 
digitalhumanities.html

4 http://www.digitallearning.macfound.org
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Digital humanities centers should partner with those willing to commit resources 
to create programs for public production and sharing. We anticipate that the cyber-
infrastructure we can thus collectively create could make public access even more 
transparent.

With access to leading-edge computational resources, as well as their advanced 
visualization and digital tools, humanists and social scientists can readily collaborate 
with experts in information technologies and methodologies.  Through the use of 
technologies such as the ACCESS GRID, shared databases, online communication 
tools, and other collaborative technologies, we believe that digital humanities centers 
are uniquely and strategically positioned to leverage these and other resources to 
enrich the humanities, arts, and social sciences; to provide new methodologies of 
study; to facilitate outreach to new audiences; and to develop new ways of under-
standing and solving the most complex problems facing our world today.    
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