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Introduction 

 

Efforts to combine distinct entities, such as knowledge disciplines and organizational structures 

that have grown to pervade them, suffer from a seemingly inescapable dilemma: the terms of 

discussion inevitably invoke the very entities and mindsets we attempt to surpass. We try to 

move toward a new paradigm, yet speak in terms acculturated by the current state of things. 

Rooted in habits of thought and action, these terms have a stubborn tendency to recur and persist. 

They can inhibit the desired synthesis, ironically serving instead to reinforce the customary 

separation. 

 

An imagined new reality is difficult to grasp. Once achieved, it would have its own terminology 

based on an evolved set of assumptions. How could our innovative predecessors have predicted 

proliferation of the "car" when all they could see was a "horseless carriage" – not even yet an 

"automobile"? We are limited by currently available concepts and terms. 

 

So it is with discussions of "art/sci" and our attempts to leverage, through synthesis, knowledge 

from realms conventionally kept apart. The stakes are high and separations run deep, constituting 

personal and professional identities, forging career trajectories, and shaping destinies among 

professional generations to come.  

 

This issue is inherent in the entire collection of SEAD White Papers. Nevertheless, we strive at 

least to ensure thoroughness in the discourse by including views and vocabularies from many 

relevant perspectives. In this particular paper, we turn from education, arts, and technology to 

perspectives of researchers working in realms traditionally designated as scientific, or pertaining 

more broadly to the STEM (science, technology, engineering, and mathematics) disciplines. 

These areas are increasingly characterized by interdisciplinary studies, many involving fields 

commonly associated with arts and design.  

 

We approached individuals who have become known for working in this cross-cutting way and 

asked them to participate in focused discussions based on a given set of interview questions. 

These questions appear in the Appendix. We conducted some of the interviews through face-to-
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face meetings in person or online, some through telephone, and some through email 

correspondence. We addressed the same 27 questions in all the interviews.  

 

Altogether, 20 scientists participated: 7 women and 13 men. One of the women says she may be 

more artist than scientist, having started her career as a concert music composer and in the visual 

arts – yet, through many years of collaboration with scientists, she has developed sophisticated 

knowledge in materials science, quantum equations, and knot theory. One woman and two men 

say that as individuals they embody both the artist and the scientist for a significant amount of 

their work. However, the majority of respondents educated in traditional silos of scientific theory 

and practice, and for some of their work now collaborate with self-identifying artists and/or 

designers.  

 

The respondents represent a wide range of disciplines, their chosen fields reflecting individual 

inclinations and interpretations of the meanings of science and work. Idiosyncracies abound. 

Despite our attempt to maximize comparability of the responses through consistent interview 

questions, the scientists responded selectively and with varying degrees of detail. At times the 

responses flow from one category to the next and at times they become free-form, as respondents 

added their own spins on the material.  

 

Nevertheless, through the participants' reflection on motivations, methods, and results of their 

work, we have amassed a rich and informative body of information. The respondents spoke 

generously, informally, and from direct experience. The views they express are unabashedly 

personal and perhaps all the more informative for their frankness.  

 

Interview Responses  

 

Only half of the respondents describe their field with a single disciplinary term; the others name 

multiple scientific disciplines that constitute their work. Four are cognitive or visual 

neuroscientists and another four identify their specialization as scientific and/or data 

visualization; one also mentions sonification. Other disciplines represented include: astronomy, 

astrophysics, atmospheric science, oceanography, geology, mathematical biology, computational 

cell biology, evolutionary biology, population genetics, animal behavior and communication, 

bioacoustics, biomechanics of movement and locomotion, entomology, physics, materials 

science, applied mathematics, communications science and engineering, computer graphics, and 

human-computer interface engineering.  

 

All but two of the respondents identify additionally with an art discipline, which they practice on 

their own. These disciplines include sculpture, woodwork, printmaking, mosaics, collage, visual 

art, architectural drawings, graphic illustration, technical drawings, photography, videography, 

animation, computer graphics, holography, theater, dance, choreography, improvisation and 

performing arts, poetry, music performance and composition, and fashion design. Interestingly, 

one respondent identified teaching as an art and another simply noted "smell" as the chosen art 

form.  
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Several respondents elaborate multiple disciplines inherent in their primary field, as in 

neuroscience. Others name additional scientific disciplines they seek to involve through 

collaboration or on their own as their research proceeds.  

 

All the responding scientists have been working collaboratively with artists and/or designers for 

5 years or more, some for as long as 20 years or more, with one reporting such collaboration 

dating back about 50 years. Motivations include: seeking new viewpoints; learning new ways to 

express ideas; pursuing research on human sensory and cognitive systems; creating alternative 

ways to explore scientific data; finding new metaphors for understanding scientific phenomena; 

supporting designers through creation of computer-based tools; teaching about multifaceted 

topics, such as color; engaging public interest in science; educating students formally; and 

educating the public broadly.  

 

Scientists report that their collaborations with artists clarify conceptualization and understanding 

of scientific problems and results, yield new approaches to questioning and experimentation, 

improve teaching style, enable fresh views of familiar theories, reveal underlying structures and 

patterns, introduce alternative formal systems for communicating principles and results, go 

beyond static representations to dynamic time-based forms enabling new modes of analysis, and 

improve the social settings in which scientific research is conducted.  

 

Many of the respondents find artistic modes can provide a bridge to more general understanding, 

rather than contributing to scientific advances. However, an evolutionary biologist says, "Instead 

of using the same old hypothetico-deductive approach, I’ve come to consider the benefits of an 

exploratory approach, not knowing beforehand what I was looking for." The co-author of 

children's books about marine ecology comments, "The process of simplifying concepts to their 

essence ... was helpful to me in thinking about my own research." And an astrophysicist says, 

"Colleagues have inform[ed] me that they use the methods we've reported in a journal paper or 

the information I have placed online for their figures."  

 

One of the data visualizers believes her representational modalities and practice of 

interdisciplinary collaboration can encourage scientific discovery by reducing abstraction: 

 
In our research we are discovering that the potential for scientific breakthroughs [is] 

definitely there. If we can make a language that allows our scientists to assimilate very 

complex information visually and sonically, they may be able to speed up their time to 

new discoveries by building on this language and comprehending even more abstract 

information. Our psychologists tell us that multimodal representation of information 

leads to long-term memory, hence scientists may find a "formal" way to be intuitive 

about their research. 

 

A biologist confirms this potential through his description of an NSF-funded mathematical 

model developed through art/science interdisciplinary collaboration: Displaying results of the 

simulation through dynamic visualization, the collaborators showed that positive feedback loops 

between savanna trees and fire frequency can stabilize the ecological context and sustain 
characteristic vegetation.

1
 

                                                         
1 Catherine Crawley. Trees Facilitate Wildfires as a Way to Protect Their Habitat. NIMBioS, 29 Oct 2009. 
http://www.nimbios.org/press/NIMBioS_release_102809.pdf 
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A neuroscientist who collaborates with a comic artist reflects on how the work influences his 

scientific practice and his understanding of its place in society: 

 
Our work does affect my approach to science, and I am surprised at this because I would 

not have predicted such an outcome. The main practical benefit I derive from working on 

the comics is that each is like a minireview on a topic area, thus it gives me an updated 

view on the state of the art in a particular topic area. My emphasis on story has pointed 

out to me how out concepts of “truth” change over longer historical timelines, and has 

firmly taught me that science is an asymptotic journey rather than arrival at a destination. 

This really allows me to place my own work in a broader context.  

 

It has also provided a way for me to step out of the box and examine the broader concept 

of “truth”. The history of science is littered with examples of how really smart people 

reached some very questionable conclusions, both scientifically as well as ethically. As 

principle investigators on grants, because of the competitive nature of science we are 

often pressured to present ourselves as impervious authorities. But working on the comics 

has allowed me the freedom and mental space to push back and question myself, and my 

own biases. Why do I believe what I do, and how safe are my assumptions that support 

my beliefs? I think as a result of our work I ask better questions, and most importantly, 

respect the process when the answer I obtain from an experiment runs counter to my own 

notion of how it should come out. 

 

Collaborations among scientists and artists inevitably challenge biases about ethics and 

aesthetics, in addition to inspiring debate about big questions such as the natures of truth and 

beauty. A geologist notes a debate with his long-time friend and collaborator, an architect with 

whom he has discovered fossils hundreds of millions years old. They bring the architect's 3D 

software modeling tools into the scientist's realm. They also work with X-ray imaging to reveal 

thin layers of sediment in ground rock. They have an ongoing debate what is “data” and how to 

present it. Nevertheless, their overlapping interests in visualizing and interpreting data have led 

to new ways of presenting geological discoveries. 

 

A biologist collaborating with software modeling experts, in areas of medical imaging as well as 

visual arts, has experienced greater tension when working with another genre of composite 

images. These images are based on data from computed tomography (CT) scans, showing bones 

in a moving animal. To visualize the bones moving in context, the modelers reconstruct the data 

as computer graphics and then layer and synchronize it with video footage of the moving form. 

Where there are gaps in the skeletal data, the animator is willing to "fudge" some of the 

correlations and movements. The biologist takes exception to this practice. He would prefer to 

wait for more comprehensive and resolute functionality in the technology, or accept apparent 

glitches in imagery resulting from available technology. For the animator, an aesthetic of 

continuity related to believability prevails; for the biologist, an ethic evolves from integral 

representation only of the recorded data. He is willing to look beyond what is literally on the 

screen to implications of the data and finds beauty in both the image and the knowledge it relates.  

 

The geologist also reflects on the adage among scientists about knowing when to give up. That's 

what he did after repeated attempts to discern shapes in X-ray images slicing through 

unimaginably old rocks. The spectral forms were the same density as the surrounding material, 
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so didn't show up well. The collaborating architect "harassed" him for more than a year to stay 

with the project, until they realized that the two-dimensional images they had amassed could be 

combined as layers in a 3D software model. This composite image enabled further study of what 

turned out to be oldest animal fossil ever found. Without the benefit of the new perspective, the 

scientist would have abandoned the effort and the discovery would not have happened. He notes 

that, often, the biggest leaps and bounds are made by people outside of a given field.  

 

This geologist and architect are now engaged in a debate stemming from their differing impulses 

for moving the work forward. The geologist wants to continue using the grinding and imaging 

method they developed to find more fossils, but the architect wants to adapt a new workflow for 

a machine that could be useful in many fields. They have a provisional patent on the grinder and 

will soon submit an application for the full patent, which would enable placement of the device 

at museums and oil companies, and enable making a range of new artworks. Although the 

collaborators have different visions for the same things, these differences lead to productive 

discussion rather than conflict. 

 

Not surprisingly, a strong message throughout the interviews is that a main benefit for scientists 

collaborating with artists is to support communication and education – with students and 

colleagues, and especially among the general public. Not only visualizations, but metaphors are 

powerful means of communicating complex information and sustaining people’s interest in the 

work presented. Well executed, these modes can give scientific topics more immediacy, making 

them vivid in the minds of audiences.  

 

A neuroscientist observes, "Considering artistic explorations can ... provide a needed balance to 

the analytic tendencies of the scientific endeavor, prompting it to redeploy onto the kinds of 

integrative issues that really make a difference in people’s lives." Another neuroscientist notes 

that participating in development of broad communications can be an effective way to "give 

back," emphasizing that much research is funded by tax dollars. Popular renditions can also 

serve a recruiting function: the astrophysicist notes people entering her scientific profession 

having been fascinated by imagery that communicated processes and results.  

 

Some of the respondents comment on similarities between artistic and scientific endeavors, the 

entomologist stating: "I don’t see a deep distinction between the process of science inquiry in the 

laboratory and the experimentation and research done by artists as they develop an idea."  

 

Several respondents speak to the importance and the pleasure of working closely, in frequent and 

tight communication, rather than through periodic hand-offs as the work proceeds. They speak 

repeatedly to the importance of working as a team. A data visualizer notes that problems emerge 

when the group does not work together continuously: if a scientist delivers data but does not 

engage the translation process, mappings will turn out to be wrong.  

 

She also stresses the importance of having "hybrids" on the team, with grounding in relevant 

artistic and scientific areas but also computational mathematics and programming. Diversity of 

backgrounds is important as well, on the principle that the creative team forms a community 

working closely and learning about one another's various areas of expertise. A well-tuned group 
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can best manage another important aspect of the collaborative process, of figuring out what to 

include and what to leave out of a given realization. 

 

The communications scientist also speaks to the need for close dialog among disciplines, but 

gives it a different spin by focusing on edification of the individual more so than cultivating a 

team process. He particularly likes when collaborating artists begin to learn about computers and 

other technology, and thinks that in the best cases they become their own programmers. He 

believes the best results emerge when the whole creative process is "in one head," with one 

coherent set of cultural values and personal attitudes driving it. He believes this is not an 

inordinate expectation, noting that architects and product designers typically learn technical 

skills along with creative. However, he does not further observe that these professionals typically 

situate their work in larger-scale production processes that require teams to interpret and realize 

the creative vision. 

 

Many of the scientists report having experienced changes in their methods, priorities, focuses, or 

ways of conceptualizing, with some of the interviews suggesting resultant potentials for 

improving human lives. A neuroscientist describes recent development and affirmation of a 

drawing-based technique that activates brain plasticity in ways that could help rehabilitation of 

blindness and low vision. The geologist and architect are experimenting with ground-penetrating 

radar that can detect mass graves. This approach could move consideration of human rights 

violations from a solely historical perspective relying on written documents, to inclusion of 

studies of the environment.  

 

Other respondents also note how their interdisciplinary collaborations have led to new areas of 

interest with potentials to benefit studies in psychology, medicine, and education. They speak 

especially to benefits in education, as do many authors of other SEAD White Papers. There is a 

growing body of work showing how arts can transform teaching and learning in traditional 

STEM fields.  

 

A neuroscientist describes his fascination with 3D perception and curiosity about how art works 

could become tools for studying human perception of higher spatial dimensions. His 

preoccupation is echoed in the communications scientist's sense of the significance of his own 

imaging work: 

 
The main questions here, old as art itself, are: Can these images help you to experience in 

a new way the things and people pursuits alluded to? Why do you see what you think you 

see, and more than is in fact really there? How is it that crude or oddly structured pictures 

can be more evocative than scrupulously detailed, explicit ones?
2
 

 

Summary 

 

Collectively, our broader-reaching scientists pose a challenge to the modus operandi of 

cultivating deeper and deeper disciplinary knowledge at the expense of understanding context 

and breadth of implication. A cognitive neuroscientist may capture this challenge best, by 

quoting Leonardo da Vinci: 

                                                         
2 Portrait of the Artist as a Young Scientist. YLEM Journal, Jan/Feb 2005, 25:2. 
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Principles for the Development of a Complete Mind: Study the science of art. Study the 

art of science. Develop your senses - especially learn how to see. Realize that everything 

connects to everything else.
3
 

 

We conclude with Suggested Actions toward developing needed connections in contemporary 

approaches to thinking, learning, and creative productivity.  

 

 

 

SUGGESTED ACTIONS  
 

 

FOR INDUSTRY  

 

• Sponsor local forums for mixing of people in business, academic, and nonprofit organizations, 

who are interested in creative process and innovative tools and methods. 

 

• Support creation of public events and large-scale displays that invite participation by 

community members and require different kinds of skills to realize and operate.  

 

• Sponsor scholarships and fellowships for students and faculty working in interdisciplinary 

fields. 

 

• Join academic and community organizations in developing programs for people all ages, which 

communicate results of scientific research and involve community members in creative activities 

reflecting scientific knowledge.  

 

 

FOR FOUNDATIONS, GOVERNMENT AGENCIES, AND OTHER FUNDERS  

 

• Create new programs to support broadly interdisciplinary work.  

 

• Encourage artists, as well as scientists and engineers, to collaborate on submissions to 

traditional programs.  

 

• Use public receptivity to scientific topics as a gauge for increasing funds for scientific research. 

 

• Make funds available to encourage academic, industry, and community organizations in 

developing programs for people all ages, which communicate results of scientific research and 

involve community members in creative activities reflecting scientific knowledge.  

 

• Sponsor artist-in-residence and scientist-in-residence programs. 

 

• Provide support for technical assistance, as much as for lead investigators and students. 

                                                         
3 National Science Foundation. Final Workshop Report: Art, Creativity and Learning. June 11-13, 2008.  
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• Support publication and dissemination of books and other media explaining scientific 

phenomena for children (of all ages).  

 

 

FOR EDUCATORS AND ACADEMIC ADMINISTRATORS  

 

• Reformulate tenure and promotion policies to encourage interdisciplinary work.  

 

• Reformulate IP policies to enable project-by-project combinations of patent and copyright and 

easy sharing of ownership across departments and institutions.  

 

• Reduce the time and paperwork required for ethics certification.  

 

• Facilitate scheduling of courses offered simultaneously across departments.  

 

• Develop ways grant credit for courses offered in multiple programs across departments.  

 

• Require enrollment commensurate with a single course, rather than counting an 

interdisciplinary course doubly.   

 

• Equalize compensation for faculty teaching in interdisciplinary programs.  

 

• Encourage joint appointments in art and science departments. 

 

• Institutionalize encouragements for sustained, long-term interdisciplinary partnerships rather 

than ad hoc, one-off collaborations.  

 

• Create funded opportunities for students to work on interdisciplinary projects.  

 

• Support artist-in-residence and scientist-in-residence programs.  

 

• Create new academic programs to develop creative practitioners who are able to produce 

interdisciplinary work of quality and depth on their own.   

 

• Facilitate team development, focusing on the creation of the ensemble as the base unit in 

performance groups. This kind of recognition and support for the challenges in creating 

collaborations would benefit many whether the collaboration is among scientists or scientists and 

artists. 

 

• Join industry and community organizations in developing programs for people all ages, which 

communicate results of scientific research and involve community members in creative activities 

reflecting scientific knowledge.  

 

• Encourage facilities resource-sharing with organizations in the surrounding community. 
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Appendix: Interview Questions 

 

 

What is your scientific discipline? 

 

What is your art form? 

 

Do you combine any other scientific or engineering perspectives in your work? 

 

When did you start involving artists and/or designers in your work? 

 

What motivated you to do so? 

 

How would you characterize the nature of the artistic contributions? 

 

To what extent do the results facilitate: 

breakthroughs in your understanding of the scientific problem; 

new formulations of older paradigms; 

new experimental approaches; 

communication of your work to colleagues; 

communication of your work to the general public; 

public engagement with your work; 

education of your students and colleagues; 

education of the general public; 

the scientific inquiry itself. 

 

Do you have favorite results from your collaborations with artists/designers? 

 

What has worked best in these collaborations? 

 

Why do you think it worked well? 

 

What problems have emerged? 

 

What caused these problems to emerge? 

 

Are there ways in which your institution facilitated or hampered your collaboration? 

 

What new opportunities exist to be promoted? 

 

Have any patents resulted from your art-oriented projects? 

 

Which results of the collaborative involvements most fundamentally changed your thinking 

about your science? 

 



 10 

How has the involvement influenced your working method or approach in any way? 

 

Has the work led you to inquiry of any other scientific problems or topics? 

 

Any other thoughts about your art/science work? 

 


