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Executive Summary 
 

The advent of computing has transformed nearly all areas of science and engineering.  In doing so, 
computing research has itself seen dramatic advances, wherein the pursuit of scientific discovery has posed 
numerous difficult challenges across all areas of computing.  Despite the remarkable record of symbiotic 
accomplishments across the fields, the continuing combination of advances in computing and challenges in 
science discovery offer tantalizing prospects for what may be possible in the years ahead.  The Discovery 
Informatics Workshop was convened to take stock of what synergistic pursuits are possible at the frontiers 
of discovery and computing, particularly in emerging areas of information and intelligent systems. The 
workshop’s more than 50 participants spanned computer, cognitive, social, and domain sciences, together 
with the diverse representatives from the Federal science funding ecosystem that were in attendance. 

Workshop activities centered on three themes that showcased the prospects for 21st century science 
discovery.  First, discovery processes are increasingly complex and broad in scope.  They remain largely 
human driven.  They often involve assembling many diverse elements (data, software, expertise) with 
interdependencies to satisfy some science goals.  Human cognitive limitations have become a bottleneck.  
New approaches are needed to address this complexity.  Second, data must be connected more closely than 
ever to the models of the phenomena under study.  Scientific knowledge is about models that predict and 
explain data, and that must be refined as new data comes to light.  The separation of models and data is 
hurting our ability to test and improve models.  We must improve our understanding of how to link data 
with models.  Third, science is an increasingly social endeavor.  New discoveries often require the 
amalgamation of diverse expertise and often massive manual effort.  We need technologies that can harness 
human abilities in all forms. 

As discussed further in this report, the workshop’s participants identified an expansive range of 
fundamental research challenges for information and intelligent systems brought into focus by these three 
themes: 

1. To improve computational discovery processes:  We must understand how to make processes 
explicit, so they can be better managed and easily reapplied.  Tools are being developed to 
automate or assist with specific aspects of these processes.  We must develop a methodology to 
design these tools for usability, learn from what has worked and has not worked, and understand 
what features lead to broader adoption by scientists.  We must reduce the effort needed to integrate 
different sets of tools to process data.  Research must be carried out to facilitate the recording of 
provenance of scientific processes, making them inspectable and reproducible.  We must develop 
user-centered design and visualization techniques that augment human abilities to analyze 
complex data with complex processes, and enable understanding and insight. 

2. To strengthen the interplay between models and data.  Data is often separated from the models 
that explain it, hurting our ability to do science effectively. We must increase the expressiveness 
of model representations and their connections to data.  We must map the landscape of different 
types of models and develop general mechanisms for automated or semi-automated model 
construction, data collection guided by models, and data analysis.  We must design scalable 
methods to navigate large hypothesis spaces and their validation or disproval that results from data 
analysis.   

3. To manage human contributions and opening participation in science problems.  We must 
innovate scientific processes by creating effective human-computer teams, where human creativity 
can complement brute force computation.  We must invent new ways to approach scientific 
questions by opening up science and exposing the possibility of contributions from the broader 



public.  We must develop a science of design 
for such systems, so we can understand the 
incentives, norms of behavior, and effective 
communication of tasks. 

Advances in these areas will advance the practice of 
discovery Informatics in two ways: 1) improving 
existing discovery processes that are inefficient and 
suffer from human cognitive limitations, and 2) 
developing new discovery processes that increase our 
ability to understand challenging scientific phenomena.  
Further, outcomes in these areas are not domain 
specific, and can be leveraged across different sciences 
and engineering disciplines, having multiplicative 
returns, avoiding the inefficient, redundant 
development of computing innovations that would 
otherwise be repeated in specific disciplines (e.g., bio-, 
geo-, eco-informatics).  

In addition to the research challenges identified at the workshop, participants were struck by how 
unprecedented the workshop was in gathering scholars across the disciplines to advance discovery 
informatics, showcasing the severe impediment to fully realizing the potential of coupled computing 
innovation and scientific discovery.  Despite the diversity of participants’ “home” disciplines, they easily 
interacted with one another, and many found themselves for the first time in a room of people with similar 
aspirations for science and discovery, focusing on the dual questions in science and computing rather than 
on disciplinary boundaries.  Workshop participants thus highlighted the need to expand upon this, to form a 
community in Discovery Informatics where researchers in diverse areas can have a common forum in 
which to work together on this challenging multidisciplinary research agenda.  This was identified as 
especially important given how Federal science funding programs largely do not establish and sustain 
multi-year collaborations that place computer scientists, social scientists, and domain scientists on equal 
footing in pursuit of 21st century scientific discovery. 

Indeed, the main recommendation from the workshop participants is that without forming a vibrant 
community in Discovery Informatics we will squander our opportunity to accelerate 21st century science 
and capitalize on the outcomes in numerous ways vital to the U.S. For example, National security is in 
severe need of better technologies for data analysis, noticing the unusual, and discovering patterns.  
Personal health and preventive medicine depend on our ability to enable people to contribute to the 
scientific enterprise in meaningful ways, by contributing data, analysis, personal histories, and sensor data. 
Our future relies on a better understanding of environmental and sustainability factors that are well beyond 
our current abilities.  Our National competitiveness will be significantly boosted by a significant push in 
our nation’s capabilities as a knowledge economy that would result from a renewed strength in discovery 
informatics. 

Participants stressed the need to act immediately.  There is no doubt that our ability to generate and 
share data has surpassed our ability to analyze it.  There is no doubt that we have data available or ready to 
be collected that could lead to many great discoveries.  Many of these capabilities are not uniquely 
possessed by the U.S. scholarly community.  We should strive to be in a position where not only we can 
harness the vast amounts of data, but where we have developed the capability to pose increasingly more 
complex questions that current methods do not even allow us to begin to imagine. 

 
This workshop was chaired by Y. Gil and H. Hirsh.  Invited participants included C. Aragon, P. Bourne, E. 
Bradley, W. Bridewell, P. Ciccarese, S. Davidson, H. Deus, C. Gomes, A. Gray, L. Hunter, D. Jensen, K. 
Kleese van Dam, V. Kumar, P. Langley, H. Lipson, H. Liu, Y. Liu, M. Meyer, A. Rzhetsky, S. Sawyer, A. 
Schliep, C. Schunn, N. Shah, K. Steinhaeuser, A. Szalay, L. Terveen, R. E. Valdes-Perez, E. Viegas.  This 
workshop was sponsored by the Division of Information and Intelligent Systems of the Directorate for 
Computer and Information Sciences at the National Science Foundation under grant number IIS-1151951, 
with V. Honavar as Cognizant Program Manager. 


