Visualization Research in the United States

Attempting to survey visualization research in the United States is a daunting task.  Realistically, it is not a task that can be done without significant resources, and these were not available.  I searched several readily available databases to provide an overview of work that is going on in the United States.
Defense Technical Information Center Database
 As an initial attempt, I searched the Defense Technical Information Center file of unclassified scientific and technical reports.  A search on the term visualization resulted in 250 hits, a substantial fraction of which I judged to be relevant when I examined them.  A large fraction of these reports are about battlespace visualization involving computer displays, although there also seems to be an older usage in military training that refers to the commander’s mental capacity to visualize battle situations.   Many of the reports are concerned with comparing the value of 2-D and 3-D displays of various kinds.  Although his project was not among those that surfaced in the DTIC search, Dr. Greg Trafton of the Naval Research Laboratory in Washington, DC has been engaged in a theoretical effort to systematize the disparate results of such studies, to determine what factors lead to empirical superiority of 2-D or 3-D displays.  Quite a few other projects are concerned with the display of inherently 2-D or 3-D information, such as the display of terrain or weather information.  Isolated projects were concerned with such issues as the display of network security status or representing uncertainty.  Several reports represent an ONR-funded  program of research by a mathematician, Edward Wegman of George Mason University, who has been concerned with visualization methods for exploring high dimensional data.

One single report appears to contain more information than the rest put together.  ADA401261, Advanced Displays and Interactive Displays Report Compendium III,  2002, “contains more than 300 citations and abstracts of papers and presentations produced by the Advanced Displays and Interactive Displays consortium during the 5-year U.S. Army Federated Laboratory program.  … The … consortium seeks to provide innovative, cost-effective solutions to information access, understanding, and management for the soldier of the future.  The research encompasses a range of topics.  Some work concerns the representation of uncertainty and imprecision in databases or the representation of relationships in multimedia databases, in ways that are compatible with human cognitive-processing capabilities.  Other work adopts the means of human communication (such as speech, gesture, eye gaze and lipreading) for human-computer interaction.  Additional work explores methods for incorporating information in virtual reality displays that support decision-making without distracting or overwhelming the soldier.  Although diverse, the research is linked by its overriding goal:  the presentation of information in a form that allows effective human understanding and decision making in complex battlefield situations.”  {abstract}

It is worth noting that DTIC is becoming less useful as an information resource even as it has become much more accessible.  DARPA has not submitted project information for years.  ONR has ceased to submit information about new projects.  Thus, there may be many more military supported projects in visualization, even unclassified ones, that do not show up in the data base.   On the other hand, some reports from foreign sources do appear in the database.  ADA360645 is an Australian effort that may be of interest:  Neelam Naikar, Perspective Displays:  A Review of Human Factors Issues, Feb 1998, Defence Science and Technology Organisation, Canberra, Australia.  Another Australian report also seems to be of potential interest.  ADA355765 by Michael D. Lee and Douglas Vickers, Psychological Approaches to Data Visualisation, Adelaide University, July 1998.  The abstract of this report starts with a nice statement of purpose:  “The aim of data visualization is to display a body of information in a way which allows accurate and effortless human comprehension and analysis.”
IEEE Visualization Conferences


These conferences are probably the best up-to-date source of information about visualization research in the United States, although, of course, they do have international participation.  VIS2003 will take place October 19-24, 2003, in Seattle Washington.  It is the 14th annual conference.  (See http://vis.computer.org/vis2003/)  Programs for most of these conferences are available on the web and conference proceedings are published.  There are now two more specialized conferences associated with this conference:  InfoVis, the IEEE Symposium on Information Visualization and PVG, the IEEE Symposium on Parallel and Large-Data Visualization and Graphics.  This is the ninth year for the former and the sixth year for the latter.  Programs for these are also available on the web.  There is also a related IEEE journal, Transactions on Visualization and Computer Graphics.  This journal is now in its ninth volume.  There is also an IEEE Technical Committee on Visualization and Graphics.  Their site says they welcome members who want to stay in touch with these fields from around the world.  The current url is http://www.cc.gatech.edu/gvu/tccg/   Psychological research on the use or usability of visualizations is relatively rare at these conferences, but does occur.
PsycINFO

PsycINFO is the database of psychological research literature maintained by the American Psychological Association.  It is quite comprehensive, including a very wide range of psychological journals, even some that are published in languages other than English, as well as books, dissertations, and some technical reports.  For example, technical reports that are in DTIC may also appear in PsycINFO.  Obviously, the publications in PsycINFO are not restricted to authors from the U.S.   A search of PsycINFO revealed that not a great deal of research related to visualization is being reported in the psychological research literature.  Much of what is there is about educating people to use graphs and charts or about their use in statistical analyses by psychologists.  One U.S. effort of likely interest to the RTG did show up.  E. Morse and M. Lewis of the National Institute of Standards and Technology (NIST) published a paper, “Evaluating visualizations:  Using a taxonomic guide.”  International Journal of Human-Computer Studies, 2000, 53, 637-662.  According to the abstract, this was an effort to test visualizations with a general visual taxonomy.  A goal was to avoid underestimating the capabilities of newer systems by evaluating with tasks that can be accomplished by older, less capable systems as well.
U.S.  National Science Foundation (NSF)


Visualization appears to be a relatively large area of investment for NSF.  Of course, NSF is the agency supporting supercomputer centers in the U.S., which implies substantial involvement with visualization technology.  In 1987, NSF published a report (McCormick, DeFanti, & Brown, Visualization in Scientific Computing) that promoted the importance of research on visualization, although this did not seem to result in the desired specific program on the topic.  More recently, there is an NSF report on Terascale and Petascale Computing that is available on the NSF web site (nsf.gov).  This has a major section, “Data Visualization Challenge and Opportunities”, that argues for even larger investments in visualization research, especially directed at very large datasets.  This sums up a series of 3 workshops that were sponsored jointly by the Department of Energy and NSF in 1998.
 An on-line database of the abstracts of awards made since 1989 is available on the web.  A search on the term visualization yielded 2866 hits.   These awards are quite diverse.  Among the most interesting to the RTG might be these current awards:

Abstract #0086065:  Visualization of Multi-Valued Scientific Data:  Applying Ideas from Art and Perceptual Psychology.  This is a $2.3M grant to David Laidlaw, Michael Tarr, and George Karniadakis of Brown University.
Abstract # 0222991 Visualization:  A metadata Driven Interface Technology for Scientific Data Exploration.  A $265K grant to Kwan-Liu Ma and Michael Gertz of the University of California at Davis.  This abstract says the project is trying to facilitate effective reuse, sharing, and cross-exploration of visualization information.

There are a number of CAREER grants to relatively young investigators that combine research on visualization with the development of courses or entire curricula to train students in visualization.  An interesting example of these, which seems to have been renewed is

Abstract # 0238261:  Visualizing Knowledge Domains.  This is a $400K grant to Katy Borner of Indiana University.

Another of these is

Abstract #0092308:  Assisted Navigation in Large Visualization Spaces to Christopher Healey of North Carolina State University.

There are a large number of grants for instrumentation of visualization laboratories, either for research or education purposes.  There are also grants from the education section of NSF for the use of visualization in teaching various kinds of scientific subject matter, such as physics, weather science, and experimental psychology.  Of course there are also research grants for visualization in particular sciences.  There was a grant for a two week training workshop in visualization conducted at the Illinois super computing center.

A further search on visualization AND psychology  yielded only 30 hits but was not more informative.  The Brown University grant mentioned above topped the list.   There were grants for visualization of psychological data, including fMRI imaging, and educational grants.  Notably there really were not grants for psychological research on visualization like that being done by Greg Trafton at the Naval Research Laboratory.  
Office of Naval Research and Naval Research Laboratory


The Naval Research Laboratory in Washington, DC, has a supercomputing facility.  Like other supercomputer centers, scientific visualization is a prominent activity there.  Larry Rosenblum, an applied mathematician on the NRL staff, has been a leading figure in the developing scientific visualization community.  Fluid dynamics has been an important application area for NRL, not surprisingly.  Like NSF, but on a much smaller scale, the computer science and mathematics programs at ONR have sometimes supported visualization work.  Wegman’s research program, mentioned in the DTIC section above is an example.  At one point, I proposed an interdisciplinary program together with Rosenblum and a program officer in the mathematics area, that would have emphasized psychological research related to scientific visualization, attempting to understand how visualizations are perceived and used, what features attract the user’s attention as being interesting.  An eventual goal would have been an automated system that would extend the user’s perceptual capabilities and augment them with automated exploration of large dimensional data spaces such as those Wegman has been interested in.  This proposed program was largely inspired by the lack of attention to psychological research and theory in the 1987 NSF report, which made vague reference to the somewhat mystical and unanalyzed powers of the human eye.  It was also heavily influenced by the fact that selected illustrations of visualizations almost always seem to involve strong symmetries or minor departures from symmetry.  However this program was not selected for funding so there has been no substantial investment in the area.  Greg Trafton (work described below) has been supported both by internal NRL funds and by funds from a human computer interaction program at ONR.
Some Individual Research Projects/Programs of Note:

Multi-modal Interfaces for the DARPA Command Post of the Future


Ken Forbus and Brian Dennis of Northwestern University.  The project description on their web site says,  “We will create a sketch understanding system that can be used in multimodal interfaces for constructing and evaluating courses of action via map-based sketching and speech. We will implement  analogical processing systems for supporting sketch understanding, elaboration of courses of action based on libraries of operations plans, visualization of similarities and differences involving alternate COAs and the evolving situation versus plans in execution, and for suggesting higher-level explanations for enemy actions. “  At least the sketch understanding system exists at this point; I have seen it demonstrated.  Not surprisingly, military commanders find it very appealing – natural and simple to use.
Interactive Multi-sensor Analysis Trainer (IMAT)


This applied research program has now been going on for many years and has evolved from being a training project to also being a decision-aiding system, or family of decision aiding systems.  IMAT is an outstanding application of scientific visualization techniques to assist people in understanding the complex interactions among sound energy, the ocean environment, and the sensor systems available to detect that sound energy.  These interactions are indeed complex, too complex to be mentally simulated even by those who understand them very well.  And the details matter in terms of being able to detect an enemy or having one’s own ship be detected.  Examples of the graphics used in this family of systems are currently available on the web site describing ONR’s Training-Related R&D.  These systems are now in wide use for all kinds of sonar training.  The one evaluation study that was done had spectacularly positive results.  Previously sonar training consisted largely of memorizing a great many facts without much organization or meaning, so the opportunity for improvement was great.  An unclassified paper describing this work will appear in a NATO Symposium on Advanced Training Technologies scheduled for October, 2003.
PARC Research on Information Visualization


For a considerable period of time, Stuart Card and others at the Xerox Palo Alto Research Center, now just PARC, an independent organization, have been working on finding ways to use the new graphic capabilities of personal computers to lower the cost of finding information and accessing it once found.  They believe that the structure of information, 3D technologies, interactive animation, and the human perceptual system can be effectively exploited to improve management of and access to large information spaces.  Cognitive processing load can be shifted, they believe, to the perceptual system.  These statements are paraphrased from one of their publications, Robertson, Card & Mackinlay (1993) Information Visualization Using 3D Interactive Animation, Communications of the ACM,36, 57-71.  Card is one of the primary figures behind the InfoVis Symposia that are now attached to the IEEE Visualization Conferences.  Currently Card and his associates are focusing on what they call information visualization tasks.  For example, they have studied how the publisher of a computer industry insider newsletter does his work.  Now they are working with intelligence analysts to see how they perform their tasks and how their work can be facilitated with computer tools.
Trafton’s Research at NRL


Greg Trafton made a presentation to the RTG when we visited NRL.  He talked about a detailed observational study of Navy weather forecasters preparing their daily weather brief, which involves the use of several graphic resources of weather information.  The entire task, which involves two individuals of varying experience level, was video-taped and analyzed in extreme detail, tracing every item of information in the final brief to its origin in the information sources.  One interesting finding was that the forecasters seemed to prefer prediction of future weather on the basis of their own mental models and did not use animated models available to them.  Trafton has also done similar work with scientists using scientific visualizations.   In addition, he has been engaged in a theoretical effort to explain varying results concerning the superiority of 2-D or 3-D displays.
NOAA Science on a Sphere


In the July 7, 2003 issue of Federal Computer Week, there is an article describing this new system.  SOS uses computers and video projectors to display animated geophysical and atmospheric information on a large, fiberglass globe.  It has sophisticated software that can convert a wide range of scientific information into a format that the globe can display, singly or in combination.  It can also incorporate other kinds of data such as global satellite imagery.  Unlike other kinds of displays, the mapping of information is not distorted.  Even experienced meteorologists claim to have gotten new insights from the undistorted display, such as the relationships between wet and dry zones in the tropics.  At present, the system is intended primarily for educational museum use, but the military has also shown some interest in it.
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