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An Overview of the 
Computing Community Consortium 

§ A standing committee of the Computing Research 
Association 

§ Funded by NSF under a Cooperative Agreement 

§ Facilitates the development of a bold, multi-themed vision 
for computing research – and communicates this vision to 
stakeholders 

§ Led by a broad-based Council 
§ Chaired by Ed Lazowska and Susan 

Graham 

§  Staffed by CRA 
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The CCC Council 
§ Leadership 

§  Ed Lazowska, Univ. Washington (Chair) 
§  Susan Graham, UC Berkeley (Vice Chair) 
§  Ann Drobnis, Director 
§  Kenneth Hines, Program Associate 
§  Andy Bernat, CRA Executive Director 

§ Terms ending 6/2015 
§  Liz Bradley, Univ. Colorado 
§  Sue Davidson, Univ. Pennsylvania 
§  Joe Evans, Univ. Kansas 
§  Ran Libeskind-Hadas, Harvey Mudd 

College 
§  Shashi Shekhar, Univ. Minnesota 

§ Terms ending 6/2014 
§  Deborah Crawford, Drexel 
§  Gregory Hager, Johns Hopkins 
§  Anita Jones, Univ. Virginia 
§  John Mitchell, Stanford 
§  Bob Sproull, Sun Labs Oracle (ret.) 
§  Josep Torrellas, Univ. Illinois 

§ Former members 
§  Stephanie Forrest, Univ. New Mexico, 2012 
§  Chris Johnson, Univ. Utah, 2012 
§  Frans Kaashoek, MIT, 2012 
§  Robin Murphy, Texas A&M, 2012 
§  Bill Feiereisen, LANL, 2011 
§  Dave Kaeli, Northeastern, 2011 
§  John King, Univ. Michigan, 2011 
§  Dick Karp, UC Berkeley, 2010 
§  Andrew McCallum, Univ. Massachusetts, 2010 
§  Dave Waltz, Columbia, 2010 
§  Greg Andrews, Univ. Arizona, 2009 
§  Peter Lee, Carnegie Mellon, 2009 
§  Karen Sutherland, Augsburg College, 2009 

§ Terms ending 6/2013 
§  Randy Bryant, Carnegie Mellon 
§  Lance Fortnow, Northwestern -> Georgia Tech 
§  Hank Korth, Lehigh 
§  Eric Horvitz, Microsoft Research 
§  Beth Mynatt, Georgia Tech 
§  Fred Schneider, Cornell 
§  Margo Seltzer, Harvard 
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A Multitude of Activities 
§  Community-initiated visioning: 

§  Workshops that bring researchers together 
to discuss “out-of-the-box” ideas 

§  Challenges & Visions tracks at conferences 

§ Outreach to the White House, Federal 
funding agencies: 
§  Outputs of visioning activities 
§  Short reports to inform policy makers 
§  Task Forces – Health IT, Sustainability IT, 

Data Analytics 

§  Public relations efforts: 
§  Library of Congress symposia 
§  Research “Highlight of the Week” 
§  CCC Blog [http://cccblog.org/] 

§  Nurturing the next generation of leaders: 
§  Computing Innovation Fellows Project 
§  “Landmark Contributions by Students” 
§  Leadership in Science Policy Institute 
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4 meetings during 
summer 2008 

 

Roadmap published 
May 2009 

 

Extensive discussions 
between visioning  
leaders & agencies Henrik Chistensen 

Georgia Tech 

OSTP issues directive to all 
agencies in summer 2010 

to include robotics in 
FY 12 budgets 

National Robotics  
Initiative announced 

in summer 2011 

Example: Robotics 
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Example: Big Data 

2012 2008 2010 2008 
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Example: Leadership in Science Policy Inst. 
(November 2011, April 2013) 

Milt Corn, NIH 

Henry Kelly, DoE 

Attendees 
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Example: Computing Innovation Fellows 
Project -> Postdoc Best Practices 
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CCC Health Task Force: 
Beth Mynatt, Susan Graham, Eric Horvitz, Greg Hager 



Costs 

•  Absolute expenditures – $2.6 trillion 18% GDP 

•  Relative expenditures – 76% increase health costs 
 in past 10 years, overwhelming the 30% gain in  
personal income 

•  Wasted expenditures – $750 billion (2009) 

•  Opportunity costs – e.g. total  waste could pay salaries of all first 
response personnel for 12 years – and fund a great deal of 
biomedical research. 

Absolute, relative, wasted, opportunity 

3
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Computing and healthcare (C&H) has been receiving a great deal of attention in recent years. For example the 
Institute of Medicine (IOM) Roundtable on Value & Science-Driven Healthcare has issued a series of reports, the 
most recent of which, “Best Care at Lower Cost: The Path to Continuously Learning Healthcare in America” 
provides a list of recommendations, many of which involve the integration and/or innovation of computing for 
healthcare research, delivery, and assessment.

One of the challenges in C&H is the segmentation of the multiple relevant communities, including biomedical 
informatics, computer science, clinical medicine and public health. As part of its continuing efforts to advance 
computing research, the Computing Community Consortium organized a workshop, entitled Computing and 
Healthcare: New Opportunities and Directions led by Beth Mynatt from Georgia Tech and Greg Hager from  
Johns Hopkins University, and co-organized with Christopher Chute (Mayo Clinic), Deborah Estrin (Cornell 
University), Susan Graham (University of California, Berkeley), Eric Horvitz (Microsoft Research), Kevin Johnson 
(Vanderbilt University), and Kevin Patrick (University of California, San Diego). The goal of this workshop was 
to take steps toward bringing these communities together with an eye to unleashing the potential of cross-
community collaboration.

Dr. J. Michael McGinnis, Senior Scholar at the IOM, 
opened the symposium by providing a compelling 
perspective on the current and future challenges of 
OLHS[OJHYL�PU�[OL�KPNP[HS�HNL��6MÄJPHSZ�MYVT�5H[PVUHS�
Science Foundation (NSF) and National Institutes of Health 
(NIH) provided their perspectives on the challenges and 
VWWVY[\UP[PLZ�MYVT�[OLPY�WLYZWLJ[P]L��HUK�HMÄYTLK�[OLPY�
desire to collaborate in bringing the communities together.

The remainder of the symposium was organized around 
three themes: 
1. Exploiting Data in Abundance, 
2. Creating Systems for Collaborative Care, and 
3. Focusing on Patient Engagement. 

Cutting across these themes were a focus on systems-
level approaches, and on the exploitation of population 
SL]LS�[OPURPUN�[OH[�TV]LZ�IL`VUK�[OL�JVUÄULZ�VM�[OL�
traditional healthcare apparatus. 

Program Rationale  
and Overview

Computing and  
Healthcare:

New Opportunities and Directions

Dr. J. Michael McGinnis 



Complexity 
Representative timeline of a patient’s experiences 
in the U.S. health care system 
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Personal Background 

The CISST ERC is developing a family of surgical 
systems that combine innovative algorithms, robotic 
devices, imaging systems, sensors, and human-
machine interfaces to work cooperatively with surgeons 
in the planning and execution of surgical procedures.  
 
Areas of Research 
 
•  Robotic surgical assistants  
•  Image-guided interventional systems 
•  Focused  interdisciplinary research in algorithms,  

imaging, robotics, sensors, human-machine systems 
 

Institutions & Funding 
•  Johns Hopkins, MIT, CMU, BWH,  

Harvard, Penn, Morgan State,  
Columbia 

•  Years 1-11: NSF = $32.7M;  
•  Total = ~$64.7M 

In-kind support = ~$13.9M 

http://www.cisst.org 
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Language	
  of	
  Surgery	
  

Quan.ta.ve	
  Sensing	
  

Informa.on	
  Augmenta.on	
  

Personal Background 

hysterectomies performed at the Johns Hopkins Hospital. To date, we recorded data for six cases under a pro-
tocol approved by the Institutional Review Board at the Johns Hopkins School of Medicine. 
 We have conducted limited exploratory analyses of the hys-
terectomy data for this proposal. From the recorded surgeries, 
we isolated portions of the procedures where a running suturing 
was performed for vaginal cuff closure. In prior work, we have 
created statistical models for assessment of running suturing 
from training data acquired in the laboratory (55,106). We de-
scriptively analyzed the data for objective metrics such as time 
and motion efficiency, and observe that these metrics appear to 
have the ability to distinguish between trainee and attending 
surgeons (Figure 8). We also explored skill assessment using a 
machine learning classification model, based on string motifs 
extracted with a method developed in previous research (17). 
We trained our classification model on laboratory data and test-
ed on operating room data. Our string motif-based classification 
model was able to identify with 75% accuracy whether the oper-
ator was a trainee or an attending surgeon (Figure 8). Our preliminary analyses suggest that it is possible to 
apply objective skill assessment methods based on kinematic data from a surgical robot in the operating room. 
Approach: We will conduct a prospective cohort study of trainee and attending surgeons performing robotic 
laparoscopic hysterectomy procedures at Johns Hopkins. Our study will not in any way influence the care pro-
vided to the patient and thus, poses no additional risk to patients. 
Study participants: Our study population will comprise of trainee and attending surgeons performing robotic 
hysterectomy surgery procedures for benign and early stage endometrial or cervical cancers using two operat-
ing room facilities within the Johns Hopkins Medical Institutions. We anticipate being able to recruit about 25 
(20 trainee and 5 attending) surgeons to participate in our study. We will previously have followed in the surgi-
cal skills laboratory (see Aim 3) some of the trainee surgeons recruited into this study. For these trainees, we 
will have follow-up data from both the surgical skills training laboratory and the operating room. 
Data collection: We will establish a standardized protocol for recording data from robot-assisted hysterectomy 
procedures using a modified version of the data capture system described in Aim 3. The system will operate 
from a wireless touchpad that is integrated into the OR workflow. It will use an anonymized ID for each surgeon 
that is linked to information indicating their experience (e.g., resident, fellow, attending); this ID will also be 
linked to any training data recorded from that individual in Aim 3. If multiple surgeons are operating, the touch-
pad interface will be used to indicate when operators change. Data capture will begin in the second year and 
continue through the life of the project. We estimate that we can record at least one case per week. 
Data annotation: We will identify a vocabulary to decompose highly skill-dependent segments of hysterectomy 
and manually annotate the data to serve as ground-truth for our analyses. We will work with Drs. Chen and 
Marohn to establish guidelines and nomenclature for: 1) highly skill-dependent tasks performed during hyster-
ectomy; 2) maneuvers performed during each task; and 3) gestures that are part of executing each maneuver. 
We will strive to include examples that have direct training analogs, e.g., vaginal cuff closure. Two study per-
sonnel will annotate data for each procedure for the tasks, maneuvers, and gestures using the expert-
established vocabulary. We will evaluate agreement on a random 10% sample of cases that will be labeled by 
both annotators using a Cohen’s kappa. Disagreements will be resolved through discussion or consultation 
with Dr. Chen. In addition, Dr. Chen will review each video and assess trainees’ skill using the Global Evalua-
tive Assessment of Robotic Skills (GEARS) (154). We will assess intra-rater reliability in skill assessment using 
a random 10% sample of cases that Dr. Chen will re-review six months after her original review. She will be 
masked to her original assessment at the time of re-reviewing the cases. Disagreements in assessments at the 
two time periods will be resolved through a discussion with another expert (Drs. Marohn or Lee). 
Data analyses: To address our research question on reliability and validity of objective metrics for skill as-
sessment in the operating room, we will apply the methodology described in Aim 1 to this dataset. For this pur-
pose, we will first compute objective metrics identified in Aim 1 and partition the variability across different lev-
els – operators, cases, tasks, repetitions, maneuvers, and gestures. In addition, we will conduct descriptive 
analyses to examine how well the metrics appear to discriminate between operators with differing experience. 
 To address our research question on performance of objective methods from Aim 2 for skill assessment in 
the operating room, we will implement an identical analytical approach as described in Aim 2. Specifically, we 
will train the Markov/semi-Markov conditional random fields (MsM-CRFs) developed in Aim 2 to detect manual-

Figure 8. Skill assessment in operating room 

!
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October 2009 Workshop

National Institute of 
Standards and 

Technology

National Library 
of Medicine

Agency for 
Healthcare 

Research and 
Quality

Computing 
Community 
Consortium

American
Medical 

Informatics 
Association

National Science 
Foundation

Discovery 
and 

Innovation in 
Health IT

Office of the National 
Coordinator for Health 
Information Technology

CCC Healthcare Activities 

§ Identify research challenges and 
opportunities 

§ Connect researchers, practitioners, 
industry 

§ Identify proof-of-concept models to 
drive research and translation 
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Facilitating Research 
Progress

• Publically available de-identified data sets
• Open research infrastructures
• Mechanisms for migration of research 

results to deployment
• Lowering of legal barriers to research
• Coupled computing and medical expertise
• Appropriate forums to report multi-

disciplinary research results
And funding, of courseSnowbird 2010
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October 2009 Workshop
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Directorate for Computer & Information Science & Engineering

SMART HEALTH AND WELLBEING  (SHW) 

CONTACTS

See program guidelines for contact information.

SYNOPSIS

Information and communications technologies are poised to transform our access to and
participation in our own health and well-being.  The complexity of this challenge is being shaped
by concomitant transformations to the fundamental nature of what it means to be healthy.  Having
good health increasingly means managing our long-term care rather than sporadic treatment of
acute conditions; it places greater emphasis on the management of wellness rather than healing
illness; it acknowledges the role of home, family, and community as significant contributors to
individual health and wellbeing as well as the changing demographics of an increasingly aging
population; and it recognizes the technical feasibility of diagnosis, treatment, and care based on
an individual's genetic makeup and lifestyle.  The substrate of 21st century healthcare will be
computing and networking concepts and technologies whose transformative potential is tempered
by unresolved core challenges in designing and optimizing them for applicability in this domain.

The goal of the Smart Health and Wellbeing program is to seek improvements in safe, effective,
efficient, equitable, and patient-centered health and wellness services through innovations in
computer and information science and engineering.  Doing so requires leveraging the scientific
methods and knowledge bases of a broad range of computing and communication research
perspectives.

Some illustrative examples are described here.  Protecting patient privacy while providing
legitimate anytime, anywhere access to health services will require new security and
cryptographic solutions.  Personalized medicine will require advances in information retrieval, data
mining, and decision support software systems.  Continuous monitoring and real-time, customized
feedback on health and behavior will rely on remote and networked sensors and actuators, mobile
platforms, novel interactive displays, and advances in computing and networking infrastructure. 
Data collected by sensors, at clinics, and labs need to be anonymized and aggregated for
community-wide health awareness and maintenance.  Such data, especially collected over
populations, can lead to inferences about best practices and cost savings in providing health
services.  Virtual worlds, robotics, image, and natural language understanding can facilitate better
and more efficient delivery of health services.  Software-controlled and interoperable medical
devices are necessary for providing safe critical care.  Healthcare systems and applications must

be usable, to preclude or minimize failures due to human error; and they have to be useful, by
matching the mental model of users, from provider to patient, so people make appropriate
decisions and choices.  These examples are meant to convey the breadth of computing areas that
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CCC Healthcare Activities 

October 2012 Workshop 

Beth Mynatt, Greg Hager 
Susan Graham, Eric Horvitz 
Deborah Estrin, Kevin Johnson 
Christopher Chute, Kevin Patrick 
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2012 Meeting 

§ Three Major Themes 

§ Exploiting Data in Abundance 

§ Creating Systems for Collaborative Care 

§ Focusing on Patient Engagement 

§ Mechanism: 

§ Look for barriers to progress 

§ Elicit the problems/questions to address 
these barriers 

§ Determine how we can measure progress 

The$Digital$Pa,ent$

Discrete$Events:$
Laboratory$

Interven,ons:$Medicines,$Procedures$

Con,nuous$physiologic$$
measurements$

Progress$notes$

Imaging$Data$

9$
Suchi$Saria$

Expanding)the)no.on)of)who)the)collaborators)are))
in)a)collabora.ve)care)network)

•  Electronic)health)records))
•  Health)informa.on)exchanges)
•  Personal)health)records)

Current''
Focus'

•  Technical:)compa.bility,)security)
•  Organiza.onal:)agreements)between))
•  Opera.onal:)who)funds)and)manages)HIE?)
•  User)acceptance:)privacy)and)control)

Pa.ent)
receives)
care)from)
many)
providers)

Providers)
coordinate)to)
provide)care)

Expanded'Focus'

•  Family/friends)
•  Neighborhoods)
•  Larger)community)

Opportuni.es)

Challenges)

Family/friends)

Community)

•  Technical:)underlying)infrastructure)
•  can)redundancy)and)failJsafes)be)built)in?)

•  Organiza.onal:)who)has)ul.mate)responsibility?)
•  Opera.onal:)who)funds)and)manages,))
•  User)acceptance:)pa.ents,)providers)and)informal)

caregivers,)how)to)divide)caregiving)tasks))
•  Design:)nonJexperts,)low)resource)environments)

HIE)

Kay'Connelly'

Pa#ent'Engagement'Mechanisms'0'Bonnie'Spring'

A7en#on,'Mo#va#on'to'
Disrupt'Ingrained'Habits'

Feedback,'Persuasive'Tech,'
Hovering,'Accountability'

Social'Support,'Social'Network'
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A Broad Conversation 

Health Interests 

Technology Interests 



http://cra.org/ccc 

A Few Conclusions from 2012 

§ Common data, data standards, and related platforms is (still) 
essential for the field 

§ Key are the value propositions within health-care economy 
 

§ Coordinated care requires “systems thinking” that crosses 
traditional healthcare boundaries and must be supported by 
new methods of information-sharing 

§ Need projects at ERC scale and up! 
 

§ Mobile systems design is an enormous opportunity, but requires 
new paradigms of investigation that to allow rapid iteration 
with assessment and validation 

§ This is a research and education process! 
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Directorate for Computer & Information Science & Engineering

SMART HEALTH AND WELLBEING  (SHW) 

CONTACTS

See program guidelines for contact information.

SYNOPSIS

Information and communications technologies are poised to transform our access to and
participation in our own health and well-being.  The complexity of this challenge is being shaped
by concomitant transformations to the fundamental nature of what it means to be healthy.  Having
good health increasingly means managing our long-term care rather than sporadic treatment of
acute conditions; it places greater emphasis on the management of wellness rather than healing
illness; it acknowledges the role of home, family, and community as significant contributors to
individual health and wellbeing as well as the changing demographics of an increasingly aging
population; and it recognizes the technical feasibility of diagnosis, treatment, and care based on
an individual's genetic makeup and lifestyle.  The substrate of 21st century healthcare will be
computing and networking concepts and technologies whose transformative potential is tempered
by unresolved core challenges in designing and optimizing them for applicability in this domain.

The goal of the Smart Health and Wellbeing program is to seek improvements in safe, effective,
efficient, equitable, and patient-centered health and wellness services through innovations in
computer and information science and engineering.  Doing so requires leveraging the scientific
methods and knowledge bases of a broad range of computing and communication research
perspectives.

Some illustrative examples are described here.  Protecting patient privacy while providing
legitimate anytime, anywhere access to health services will require new security and
cryptographic solutions.  Personalized medicine will require advances in information retrieval, data
mining, and decision support software systems.  Continuous monitoring and real-time, customized
feedback on health and behavior will rely on remote and networked sensors and actuators, mobile
platforms, novel interactive displays, and advances in computing and networking infrastructure. 
Data collected by sensors, at clinics, and labs need to be anonymized and aggregated for
community-wide health awareness and maintenance.  Such data, especially collected over
populations, can lead to inferences about best practices and cost savings in providing health
services.  Virtual worlds, robotics, image, and natural language understanding can facilitate better
and more efficient delivery of health services.  Software-controlled and interoperable medical
devices are necessary for providing safe critical care.  Healthcare systems and applications must

be usable, to preclude or minimize failures due to human error; and they have to be useful, by
matching the mental model of users, from provider to patient, so people make appropriate
decisions and choices.  These examples are meant to convey the breadth of computing areas that

October 2012 Workshop 

6/5/13 5:51 AMSmart and Connected Health (SCH) (nsf13543)
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Smart and Connected Health (SCH)

PROGRAM SOLICITATION 
NSF 13-543

REPLACES DOCUMENT(S):
NSF 12-512

National Science Foundation

Directorate for Computer & Information Science & Engineering
     Division of Computing and Communication Foundations
     Division of Computer and Network Systems
     Division of Information & Intelligent Systems

Directorate for Engineering

Directorate for Social, Behavioral & Economic Sciences

National Institutes of Health

    Eunice Kennedy Shriver National Institute of Child Health and Human Development

    National Cancer Institute

    National Human Genome Research Institute

    National Institute of Biomedical Imaging and Bioengineering

    National Institute on Aging

    Office of Behavioral and Social Sciences Research

Full Proposal Deadline(s) (due by 5 p.m. proposer's local time):

     May 28, 2013

Exploratory (EXP) Proposals

     June 03, 2013

Integrative (INT) Proposals

     October 10, 2013

     October 10, Annually Thereafter

Exploratory (EXP) Proposals

     December 10, 2013

     December 10, Annually Thereafter

Integrative (INT) Proposals
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Help Us To Develop This Community!  
§ Propose visioning activities, white 

papers, Challenges & Visions 
tracks at research conferences 

§ Put together short research videos 
for undergraduates 

§ Contribute to the CCC Blog 

§ Send us a research highlight for 
the Highlight of the Week 

Get involved: 
khines@cra.org 

http://cra.org/ccc or http://cccblog.org/ 


