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Executive Summary

held at University of California,
Santa Cruz in 2012. This gathering brought together field-leading participants from media-focused computer science,
digital art, and digital humanities — located in and across universities, industry, federal agencies, publishers, and other
stakeholders in the future of media. Different participants focused on diverse aspects of how new media forms are
impacting culture, education, the economy, and other areas of national importance, using examples ranging from the
World Wide Web to computer animation, and from video games to social media. Surprisingly — despite this diversity of
background and focus — rather than struggling to explain our different fields to each other, we found ourselves engaged
in deep conversation focused on a coherent set of shared activities. For the purposes of this report, the authors have

chosen to name these activities computational media.

Computational media involves four types of work and develops four types of knowledge and skills — generally combining

two or more of these categories simultaneously:

e Technical — computational media work requires and develops deep technical engagement, from
the invention of new algorithms to the use of specialized tools for purposes such as 3D animation or

examining code archives.

e Creative — computational media practitioners must exercise creative skills, from the creation of
new genres of digital art and scholarship to the imagining and prototyping of new technology and tool

possibilities for media.

® Interpretive — the creation and understanding of computational media requires being able to
interpret particular examples and place them in broader contexts, from situating media forms historically

to interpreting new kinds of human learning behavior enabled by computational artifacts.

e Collaborative — computational media work is most often carried out by interdisciplinary groups,

exercising and developing 21st Century skills in communication, teamwork, and problem solving.
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Executive Summary

Looking at the same activities through a different lens, we could say that computational media work produces four kinds of

outcomes — often with outcomes in multiple categories from the same project:

Artifacts — the outcome of making novel computationally-driven media.

quabilities — the outcome of developing computational, representational, and design

approaches that enable new forms of media.

Insights — the outcome of studying the technical, historical, and cultural creation and function of

computationally-driven forms of media, both old and new.

Educated Practitioners — the outcome of interdisciplinary education and training in

computational media.

During the discussions at the three-day Media Systems gathering (together with more than a year of followup

conversation and writing) we identified a core set of opportunities and challenges facing computational media work.

Examining these resulted in the development of 12 recommendations for specific constituencies, which are summarized

here and discussed in greater detail at the end of this report.
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Summary of Opportunities

can be organized into three groups. First, opportunities for economic and
cultural impact. These are already significant, though computational media are among the youngest forms of media. On a
cultural level, innovations in computational media shape the expression of ideas and modes of communication in a wide
variety of contexts. For example, video games are becoming culturally pervasive: played in 67% of U.S. households,
with 70% of U.S. companies using games to train their employees — as well as becoming recognized for their unique
expressive powers (and now exhibited by venues such as the Smithsonian and the Museum of Modern Art). Economically,
the video game business is now estimated at $66 billion a year and the even-younger mobile app business is estimated at
$25 billion. Other forms of computational media — from computer animated films to World Wide Web pages — are at least
as economically significant and culturally widespread. Computational media have reached this level of impact through
innovation in new forms, providing new experiences to broadening audiences. A major focus of our recommendations is

creating the conditions needed for continuing this kind of trajectory in innovation and impact.

Another area of opportunity is in addressing national priorities. President Obama’s Strategy for American Innovation
identifies a number of national priorities, ranging from broad-based emphases on fundamental research and 21st Century
skills to highlighting very specific Grand Challenges. Computational media have important roles to play in a number of
these areas. For example, they can be highly intrinsically motivating, as recognized by the administration’s ARPA-ED
initiative, which includes as a key goal making “Educational software as compelling as the best videogame.” They can
also be deeply customized, as seen in cutting edge work on intelligent educational media. They have demonstrated
potential in areas ranging from health interventions to formal software verification. They are also particularly powerful for
representing how systems shape our world — from civic engagement to climate change. And their creation has proven a

successful focus for interdisciplinary education efforts. The powerful cultural and economic effects of the development of

fundamental technologies and approaches for representing three-dimensional spaces and objects on a screen serves as
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Summary of Opportunities

an exemplar of the dividends that computational media research can pay. Significant research will be required to deliver

on the promise of the many other areas of computational representation that are currently underdeveloped or unexplored.

Finally, the growing importance of computational media has led to another opportunity — in education and research. Many
colleges and universities have now founded one or more programs or centers in areas connected to computational media
— often under umbrellas such as digital arts, video games, new media, or digital humanities. For example, nearly 300
colleges and universities are members of the New Media Consortium. Some of these are already deeply interdisciplinary
centers for computational media research and/or education. Many more of them have the potential to fulfill this role,

helping address the significant challenges that face the field, if the right conditions for this growth can be established.

Summary of Challenges

is the need for sustained basic and applied computational media
research. Currently, computational media work in industry is often highly interdisciplinary, but the work is generally
focused on the results needed for a specific product. Teams dedicated to basic research — tackling the high-risk, high-
payoff questions — are rare. On the other hand, organizations in which basic research is the norm, such as research
universities, have a hard time assembling and maintaining interdisciplinary teams. This is for a variety of reasons,
including: their institutions and institutional success criteria are often strongly disciplinary, their funding sources may
provide no appropriate programs or mechanisms for such work, and their opportunities for publication and other research

impact are generally determined by peer reviewers who may apply inappropriate metrics to judging their success.

This is related to another challenge facing the field — a lack of balance between basic and applied research. For
example, in games research by far the largest investments are in

applied research: games for training, games for health, games

for education, games for crowdsourcing knowledge, and so on. \
Applied research helps define questions and creates impact, but
basic research provides the foundational understandings and
capabilities that allow applied research to make major strides.
While it is appropriate to make these investments, applied
research needs to be in better balance with basic research for

the field to move forward. Media Systems participants particularly
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Summary of Challenges

discussed the need for basic research in enabling new forms of media (e.g., deeply interactive narrative, radically adaptive
and generative games) and in improving research and dissemination (e.g., innovative approaches to evaluation, new

forms and genres for scholarly communication, education, and cultural heritage).

Further, computational media production (in industry and non-profits), research, and education are all made significantly
more challenging by a lack of computational media practitioners with deeply interdisciplinary training. Industry has created
special job categories for such individuals, such as “technical artist” (connecting visual art and computer science) and
“‘gameplay programmer” (connecting experience design and computer science). But these jobs are exceptionally difficult
to fill. Universities have run into the same issues when attempting to hire interdisciplinary faculty to lead computational
media research and education initiatives. It is not only necessary to begin training many more truly interdisciplinary
computational media practitioners, but also necessary to focus on increasing the diversity of enrolled students, the

diversity of faculty, and the diversity of the fields in which students are eventually hired.

Finally, computational media lacks many of the pieces of infrastructure that help fields continue to grow and innovate. The
lack of sophisticated tools and platforms in many areas of the field raises costs for all creators and results in high barriers
to entry, reducing diversity in both what is created and who creates it. A lack of accessible collections of computational
media works means that designers, artists, scholars, and technologists cannot gain insights from experience of the field’s
history. The application of innapropriate evaluation criteria — and the lack of established, more appropriate alternatives —
makes cutting edge work hard to fund and publish. And a lack of well-documented models for successful interdisciplinary

work creates challenges in everything from organizing small project teams to developing major educational initiatives.
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Summary of Recommendations

,1./ Support the Creation of
New Works and Design Approaches

ADDRESSED TO: Industry; independent and non-profit creators; universities and colleges; federal and

private funding agencies.

IMPLEMENTATION: Support interdisciplinary design research that results in high-risk computational media
creation efforts — integrating arts, humanities, and computer science — on three scales: demonstration,

project, and product.

EXAMPLE: Computational media works that attempt to translate knowledge from the history of rhetoric into

new interactive forms.

’
2 Invest in Developing New
Computational Models and Genres
ADDRESSED TO: Industry; universities and colleges; federal and private funding agencies.

IMPLEMENTATION: Support interdisciplinary basic research toward developing new technological
possibilities for computational media, integrating efforts across multiple areas of computer science, the arts,

and the humanities.

EXAMPLE: New technology and design approaches to enable compelling, highly-interactive dramatic

characters.

Envisioning the Future of Computational Media 6




Summary of Recommendations

1 3 Encourage New Forms of Scholarship

ADDRESSED TO: Publishers; universities and colleges; federal and private funding agencies.

IMPLEMENTATION: Invest in new publishing venues that will provide a high-quality outlet for
experimentation with new forms of scholarship; revise funding programs and review procedures to support

these new forms; and seek ways to recognize a broader range of scholarly activity in computational media.

EXAMPLE: Prototyping new scholarly forms that require computational media for their argument structure.

4’ Cultivate Rigorous Dissemination Venues
, , and Evaluation Approaches

ADDRESSED TO: Professional societies; publishers; conference organizers; journal and series editors;

universities and colleges; federal and private funding agencies.

IMPLEMENTATION: Support computational media communities in: identifying exemplars of strong projects
and research contributions; describing current best practices in computational media evaluation; developing
new interdisciplinary evaluation approaches, which may combine methods formerly seen as in tension with

or in contradiction with one another; and disseminating these for use in existing field-defining contexts (from

journal review to tenure evaluation) and in the establishment of new dissemination venues.

EXAMPLE: A computational media track of a rigorous, high-impact conference, with distinct, publicized

evaluation criteria and knowledgeable peer reviewers.
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Build Interdisciplinary Education
and Student Diversity

G

ADDRESSED TO: Industry; universities and colleges; federal and private funding agencies.

IMPLEMENTATION: Design degrees and student support programs to enable student-led interdisciplinary
pathways; create degrees (and modify existing degrees) with interdisciplinary cores (and foundation
courses) engaging the methods, languages, and problems of more than one discipline; hold workshops
and summer institutes for working computational media practitioners (and those looking to transition into

computational media); and use resources to recruit and support diverse faculty and students.

EXAMPLE: Transitioning a relatively disciplinary “game engineering” degree into a deeply interdisciplinary

computational media degree.

!6’ Foster the Next Generation of Leaders

ADDRESSED TO: Industry; professional societies; conference organizers; universities and colleges; federal

and private funding agencies.

IMPLEMENTATION: Develop appropriate tenure and promotion guidelines; mentoring and career
development workshops; support for post-doctoral researchers (and potentially early-stage faculty) to be
embedded in successful interdisciplinary computational media contexts; and support for cross-training of

disciplinary researchers seeking to move into computational media.

EXAMPLE: “Hydra” post-doctoral grants, bringing together early-stage researchers from multiple
disciplinary perspectives to create a multi-year computational media project under the guidance of a

researcher experienced in organizing, supporting, and communicating the value of such work.
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79 Support for Tool and Platform Development

ADDRESSED TO: Industry; universities and colleges; federal and private funding agencies.

IMPLEMENTATION: Provide support for tools and platforms that address needs already demonstrated by
patterns of media making practice; strongly consider open source strategies, especially before putting more

resources into a tool project that has thus far failed to find or create a community.

EXAMPLE: Tools that represent and can reason about the system components and play aesthetics of

simulation and strategy games, enabling a dramatic broadening of creators and applications.

1 8 Support for Collections and Archives

ADDRESSED TO: Industry; independent and non-profit creators; libraries, archives, and museums;

universities and colleges; federal and private funding agencies.

IMPLEMENTATION: Industry, independent and non-profit creators, collecting organizations, and research
organizations collaborate to develop strategies for collecting and making accessible final works, the
resources from which these works were created, records of the development process of works, records
of reaction and contribution by audiences, and records of marketing and reception. Supporting basic and
applied research in fundamental questions ranging from information organization (e.g., ontologies and

metadata) to preservation and access (e.g., emulation and migration).

EXAMPLE: Developing industry best practices around archiving current “closing kit” materials with third

parties, expanding to include records of the development process.
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7 4
1 9 Promote Collaboration

ADDRESSED TO: Industry; universities and colleges; federal and private funding agencies.

IMPLEMENTATION: Supporting co-teaching and other interdisciplinary education efforts; hiring individuals
who can translate across research and media-creation groups within an organization; promoting
organizational structures and best practices for collaborations between computational media researchers
and media creators who are in different organizations; experimenting with artist/humanist/computer
scientist-in-residence programs and decentralized, partially-volunteer efforts (including with open source
developers); and not assuming members of collaborations will be drawn from disciplinary backgrounds

(computational media collaborations are strongest between interdisciplinary practitioners).

EXAMPLE: Create best practice intellectual property and collaboration models for computational media
projects spanning industry and universities, based on studies of successful partnerships; incentivize their

adoption through startup funding for centers that use them.

SIO Develop Better Field Understanding

ADDRESSED TO: Professional societies; universities and colleges; federal and private funding agencies.

IMPLEMENTATION: Resources for both broad and detailed studies of computational media, resulting in

specific, strongly-supported recommendations and rich, particular case studies.

EXAMPLE: An extensive research and writing project on computational media, in the vein of Beyond
Productivity or Our Cultural Commonwealth, including public information gathering meetings, testimony from

field experts, and analysis of available empirical data.

Envisioning the Future of Computational Media 10




Summary of Recommendations

1 11 Build on Existing, Local Strengths

ADDRESSED TO: Industry; universities and colleges.

IMPLEMENTATION: Identifying nascent computational media strengths and differentiators (which may
already be organized in development groups, research centers, and/or educational programs) as starting

points for building computational media focus areas.

EXAMPLE: Building on local strengths in software studies, natural language processing, and human-
computer interaction to develop a computational media focus area around tools for analyzing computational

media authoring strategies and artifacts.

!12 Establish National Centers of Excellence

ADDRESSED TO: Industry; universities and colleges; federal and private funding agencies.

IMPLEMENTATION: Found centers that engage in fundamental field-development work (from developing
best practice recommendations to hosting mentoring workshops); provide loci of expertise for particular
research and/or application areas; and build the national research and education infrastructure for

computational media.

EXAMPLE: A center linking three North Carolina universities, and local computational media industry
partners, with a research focus on operationalizing interdisciplinary models (working with experts in

cognitive science, psychology, design studies, creative writing, and narrative theory) to enable new kinds of

interactive media and media design tools for learning and entertainment.
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