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Cyber-Enabled Discovery and Innovation

By Sirin Tekinay and Jeannette M. Wing, NSF

The National Science Foundation
(NSF) recently announced its newest
foundation-wide, multidisciplinary
initiative, “Cyber-Enabled Discovery
and Innovation (CDI),” released as
a solicitation http://www.nsf.gov/
pubs/2007/nsf07603/nsf07603.htm.
In a nutshell, CDI is computational
thinking for science and engineering.
Computational thinking refers to
what the CISE community does in
research and education on a daily
basis: creating and creatively using
computational concepts, methods,
models, algorithms, and tools.

CDI seeks revolutionary research in
all frontiers of science and engineering
enabled by computational thinking.
CDI accelerates the huge paradigm
shift in the way in which science
and engineering will be conducted
in the future. It offers a means for
tomorrow’s scientists to be trained in
and skilled with using computational
methods and tools.

CDI projects are to advance
more than one field of science or
engineering, where computational
thinking—that is, “computing”
broadly interpreted—counts as one.
For years, our community has been
reaching beyond computer and

information science and engineering,

forming intellectual partnerships and
establishing the role of computational
thinking in other fields of science and
engineering. The asymmetric role of
computational thinking in the success
of CDI gives CISE an instrumental
role within the Foundation; indeed,
CISE serves as the lead directorate

in NSF for CDI. We now have an
exceptional opportunity to contribute
in ways that are truly transformative
for all of science and engineering
research and education.

CDI Themes

The CDI solicitation calls for
ambitious, groundbreaking projects
within and across three interrelated
thematic areas. These areas are ripe
with potential for computer and
information scientists and engineers to
address bold new challenges.

We are drowning in data! The first
theme, From Data to Knowledge, focuses
on enhancing human cognition and
generating new knowledge from a
wealth of digital data. CDI seeks to
address the fast-growing problem of
deriving new knowledge from data sets
that are incompatible, heterogeneous,
very large, or rapidly flowing. From
the use of new computational models
to algorithms to tools, scientists and
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engineers can confirm the expected
and reveal the unexpected.

Our systems are growing in
complexity. The second theme,
Understanding Complexity in Natural,
Built, and Social Systems, focuses
on deriving fundamental insights
on systems comprising multiple
interacting elements. Complex
systems, from the Internet to
atmospheric phenomena, encase
human life. This theme promotes the
exploration and modeling of natural
interactions, connections, complex
relations, and interdependencies at
all spatio-temporal scales in order to
understand, mimic, synthesize, and
exploit complex systems.

We work in cyberspace. The third
theme, Building Virtual Organizations,
focuses on enhancing discovery and
innovation by bringing people and
resources together across institutional,
geographical, temporal and cultural
boundaries. Virtual Organizations
(VOs) are a vehicle for not only
producing transformative outcomes,
but also transforming the means of
obtaining them. Cyber-based platforms
that link together cyber-tools, data sets,
and new intellectual partnerships can
profoundly change the landscape of
research and education in all science

NCAR: Advancing Scientific
Discovery to Benefit Society

By Marijke Unger

This is another in a series of CRN
articles describing the activities of CRA’s
government and industry laboratory
members. Others are posted at: http://
wwaw.cra.org/reports/labs.

The National Center for
Atmospheric Research (NCAR) is
a Federally Funded Research and
Development Center, primarily
sponsored by the National Science
Foundation (NSF), and devoted to
service, research, and education in
atmospheric and related sciences.
NCAR'’s mission is to understand
the behavior of the atmosphere
and associated physical, biological
and social systems, and to support
and extend the capabilities of the
university community and broader
national and international scientific
communities by providing access
to large-scale facilities, tools, and
expertise. NCAR’s activities as an
integrator, innovator and community

builder contribute to the development
of predictive Earth system science that
can help sustain Earth’s habitability,
improve environmental quality,
safeguard human health, reduce the
impacts of natural disasters, and
increase economic productivity.
NCAR traces its roots back to
1956, when the National Academy
of Sciences convened a committee
of distinguished scientists to
investigate the state of meteorology.
Noting the size and complexity
of atmospheric problems and the
inadequate resources for solving
them, the committee recommended
an exponential increase in support
for basic research. Coupled with new
funding, the committee planned
to establish a national facility for
atmospheric research to be operated
by a consortium of universities with
support from NSF. Four years later,
the National Center for Atmospheric

Research opened its doors in Boulder,
Colorado, as an NSF program
managed by the nonprofit University
Corporation for Atmospheric

Research (UCAR).

Computational and
Information Systems
Laboratory

NCAR has a rich history in super-
computing. It was home to the first
commercially available Cray 1, and has
kept pace not only with computing
technology, but also with the rapidly
growing networking and data storage
needs of the atmospheric sciences
community. Making this happen
is NCAR’s Computational and
Information Systems Laboratory
(CISL), which provides a broad range
of resources and services, from top-
end supercomputers and applied

NCAR
Continued on Page 6

and engineering disciplines, including
the science of teaching and learning.

CDI welcomes projects that are
contained within or cut across these
three themes.

CDI Examples

With the disclaimer that the best
research and education outcomes are
those beyond our imagination, here is
a sense of the nature of potential CDI
research projects.

Understanding and predicting
meso-scale weather, including
extremely destructive phenomena
such as tornadoes and flash floods,
requires high volumes of data that
must be assimilated into high-
resolution models. The needed input
data are diverse, including not only
atmospheric parameters such as
temperature, pressure and wind speed,
but data on land topography, ground
cover, locations of bodies of water,
and many other variables that can
potentially affect local weather. We
need networks of smart observational
instruments that can adapt their
operation modes to changing
conditions and alert automated
modeling systems to significant

Cyber-Enabled Discovery
Continued on Page 7
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Expanding the Pipeline
Networking Networking Women (N°Women)

By Tracy Camp and Wendi Heinzelman

As we know, women are a
minority in the computer science
community. Several organizations,
such as CRA-W, ACM-W/, the
Anita Borg Institute, and the
National Center for Women
in Technology, have diverse
efforts underway to increase the
number of women in all fields of
computer science. In addition to
these field-wide efforts, we should
assist women in finding female
role models, female mentors,
and/or female peers within their
particular research discipline
in order to reduce the isolation
that many women researchers
feel. This can best be achieved
through communities that connect
women in the same discipline,
and several recent efforts have
been initiated to stimulate such
discipline-specific communities.
For example, CRA-W and CDC
have, with NSF support, sponsored
workshops targeted at women and
under-represented minorities in
computer architecture (July 20006)
and in programming languages
(May 2007).

Networking Networking
Women (N*Women) is a new
discipline-specific community for
researchers in the communications
and networking research fields.
The main goal of N*Women is
to foster connections among
the under-represented women
in computer networking and
related research fields. N*Women
allows women to connect with
other women who share the same
research interests, attend the same
conferences, face the same career
hurdles, and experience the same
obstacles. By the very nature of
interactions among such a group of
peers, there is naturally mentoring
and imparting of advice, even if
informally. Furthermore, such
a group inherently provides the
structure for mentoring and
encouraging the younger members
of the community (e.g., graduate
students and junior faculty) in
their career pursuits. These inter-
actions ultimately will increase
the numbers of women in the
communications and networking
research areas; and, in some
ways more importantly, they will
increase the satisfaction that
women feel with their careers.

N?*Women began in May 2006.
Our first meeting was held at the
ACM International Symposium
on Mobile Ad Hoc Networking
and Computing (MobiHoc) in
Florence, Italy, and was sponsored
by ACM SIGMOBILE. Since
May 2006, eight other N*Women
meetings have been organized at a
number of prestigious ACM and

IEEE research conferences: IEEE
SECON 2006, ACM MobiCom
2006, Grace Hopper Celebration
of Women in Computing

2006, ACM SenSys 2006, IEEE
Infocom 2007, ACM/USENIX
MobiSys 2007, [EEE SECON
2007, and ACM MobiCom/
Hoc 2007. N*Women events have
been (or are being) organized by
several different members of the
N?*Women community, including
the authors, Laura Galluccio
(University of Catania), Niki
Trigoni (University of London),
Yingying Chen (Rutgers, the State
University of NJ), Christina Nita-
Rotaru (Purdue University), Cecilia
Mascolo (University College of
London), Qi Han (Colorado
School of Mines), and Wenye
Wang (North Carolina State
University).

Some N*Women meetings have
been informal, where attendees
use the venue to get to know each
other in an intimate environment
or discuss a specific topic of
interest (e.g., integrating family
life into one’s career). Other
meetings have included an invited
presentation. For example, Dr.
Vida Ilderem, Vice President of
Motorola’s Embedded Systems
Research Lab, spoke at the IEEE
SECON 2007 N*Women meeting;
and Dr. Margaret Martonosi,
Professor and Associate Dean for
Academic Affairs at Princeton
University, spoke at the ACM/
USENIX MobiSys 2007 N*Women
meeting. Both speakers provided
valuable advice that they had
learned from their own careers on
topics such as finding a mentor,
career planning, and the value of
networking.

N*Women has grown to
more than 140 members from
around the world. The members
are mainly female graduate
students, female faculty at research
universities, or female employees
at research labs. The N?Women
community has an email list,
N2Women@acm.org, to assist in
our networking goals. This enables
our members to share information
about events or opportunities
relevant to the group members,
such as information about
special workshops or funding
opportunities targeted at women in
communications and networking.

N*Women has received
generous support from several
sponsors, including Microsoft,
Motorola, ACM SIGMOBILE,
and the IEEE Communications
Society. This financial support
has enabled us to hold most of
our meetings free of charge to
attendees, which has the benefit

of enabling many financially
strapped students to attend and
benefit from the networking and
mentoring opportunities provided
by these meetings. Our sponsors
have been supportive of our
mission, and we are grateful for
their contributions. In addition
to our corporate and ACM/IEEE
sponsors, the main organizers of
many of the conferences where
we have held N*Women meetings
have been extremely supportive,
providing valuable assistance in the
organization of these meetings and
helping us secure financial support
for them. In fact, Fred Bauer,
Director of IEEE Communications
Meetings and Conferences, first
approached us about organizing a
meeting at IEEE INFOCOM 2007.
We thank all of these researchers
for their support of our N*Women
efforts.

We are currently developing
a survey to poll the N*Women
members on what topics and/or
activities they would like to have
at future N*Women meetings. We
are also planning an N*Women
Workshop, as we have found that
the short meetings we have at
conferences (typically a breakfast
before the conference program
begins) do not provide enough
time to network and discuss not
only the challenges that women
in computer science research face,
but also potential ways that we, as
a community, can address these
issues. As part of the workshop, we
plan to include opportunities for
the N?Women members to present
their research to other members
of the community for feedback,
and to provide formal programs
on topics of interest, such as
obtaining funding, leadership
skills, conflict management,
and mentoring. We are actively
searching for sponsors to support
the N*Women Workshop as well
as future N*Women meetings;
please contact the authors for a list
of benefits that financial sponsors
receive.

We have found the organization
of a discipline-specific group
to be relatively easy, especially
when compared to the benefits
received. We encourage other
researchers to organize similar
communities, and we are happy
to provide any guidance needed.
In the case of N*Women, we
organized an initial meeting at
MobiHoc 2006 and then polled
the women who attended to see if
there was interest in such a group.
The response was overwhelmingly
positive. We, therefore, contacted

Networking Networking Women
Continued on Page 6
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Message from the CISE AD
Thinking About Computing

By Jeannette M. Wing, Assistant Director of NSF for CISE

Greetings! I have been the Assistant
Director for CISE for three months. It
has been eye opening!

I begin by sharing with you a set of
questions I have been posing to and
for our community. I call these “Deep
Questions” because they are the kind
of farreaching questions that drive
our own day-to-day research and that
can inspire the young to enter our
discipline. Here they are:

1. P =NP?

2. What is computable?

3. What is intelligence?

4. What is information?

5. (How) can we build complex

systems simply?

The first needs no explanation,
neither in what it means nor in what
its answer would imply for our field.

In answering “What is
computable?” we must consider
the underlying machine, abstract
or physical, that is the computer.
Consider the Internet as a computer.
Now ask “What is computable?”
Consider a molecular computer, a
DNA computer, or even a quantum
computer. If those kinds of computers
are not mind-bending enough for
you, consider a human and a machine
working together as a single computer
to solve problems that neither can
solve alone. Now ask “What is
computable?”

The founders of artificial
intelligence challenged us with the
third question in the 1950s. As our

understanding of human speech,
vision, language, and motor skills

has grown, and as we have made
tremendous technical advances in
computer science, neuroscience,
cognitive science, and the behavioral
sciences, the landscape has
dramatically changed. We can now
probe more deeply and more broadly,
than when the question was originally
posed, in our quest to understand
intelligence from the neuron to the
brain, from a person to a population.

Nature has her own way of
encoding information and it is not
as simplistic as using 0’s and 1’s. The
genetic code is one obvious example.
More sweepingly, by interpreting a
DNA strand, a cell, or an organism as
a reactive system that processes inputs
from its environment and produces
outputs that affect its environment,
it is no longer metaphorical when we
say biology is an information science.
Even in computing, we have a chain
of representations from bits to data to
information to knowledge. And with
quantum computing, it’s not bits,
but qubits.

Our ingenuity creates computer,
communication, and information
systems that enhance our daily lives.
These systems are complex. Their
complexity gives us the richness in
functionality that we enjoy today, with
time and space performance that spoil
us. Their complexity, however, also
makes it difficult for us to analyze,

model, or predict system behavior, let
alone respond to emergent behavior
of multiple interacting systems. As
complex as these systems are, it is both
wonderfully and stunningly amazing
they work! Can we build systems
with simple and elegant designs

that are easy to understand, modify,
and evolve, yet still provide the
functionality of systems that we take
for granted today and dream of for
tomorrow! More profoundly, is there
a complexity theory for our real-world
systems as there is for the algorithms
we invent!

Engineering Too

CISE is more than science, it is
engineering too. We design, build,
analyze, and manage hardware
and software systems. Like other
engineering disciplines our systems
are constrained by the physical world:
they interact with Mother Nature,
the human user, and, of timely
importance, the attacker. These
environments are unpredictable,
unforgiving, and uncontrollable.
Unlike other engineering disciplines,
our systems are unconstrained in the
virtual world: through the unique
and inherent power of software our
systems are limited only by our own
imagination. Our avatars defy gravity,
tap into infinite resources, and
never die.

I hope you join me in pondering
these scientific questions and in

marveling at our engineering prowess.
I welcome you to share your own Deep
Questions and visions for computing
with all of us.

CISE Updates and Thanks

I am pleased to announce that
Richard Karp, UC Berkeley, is the new
CISE Advisory Committee Chair, and
that Ty Znati, University of Pittsburgh,
is the new Computer and Network
Systems Division Director.

I am excited to announce the
new foundation-wide Cyber-enabled
Discovery and Innovation program
(see front page article). For FY0S,
CISE is sponsoring other initiatives,
including Expeditions in Computing,
all of which I mentioned in my
October Dear Colleague Letter, which
is posted on the CISE website (http://
www.cise.nsf.gov).

I thank Peter Freeman for his
past stewardship of CISE and for
passing on to me a well-managed
directorate. I thank Al Aho for his
service as CISE AC Chair and Suzi
lacono for her service as Acting
CNS DD. I would like to express my
sincerest appreciation to Dr. Deborah
Crawford, Deputy Assistant Director
for CISE, who served as Acting DD
for CISE for six months before |
joined NSF.

I am eager to continue active
engagement with all of you as I serve
the community in my new role. ll

Musings from the Chair
Mind-to-Mind: Broadening Access

By Dan Reed, CRA Board Chair

My friend,
Ray Ozzie, the
creator of Lotus
Notes and now
Microsoft’s chief
architect, relates
a wonderful
story about his
undergraduate
experience, when

he worked as part of the Plato! project
at the University of Illinois. Plato,
you may recall, was an early computer-
aided instruction (CAI) system that
included touch-sensitive plasma
displays (a precursor to today’s plasma
televisions), computer-synthesized
music, a chat system, message boards
and email. A thriving electronic
community grew up around Plato,
which shaped the professional lives of
many—more on that shortly.

As Ray tells the Plato story,
he was partnered on a software
development project with a Plato
project staff member he’d never
met. They kept different hours (Ray
was an undergraduate with irregular
hours, after all), but they interacted
via Plato’s chat system. Unlike most
of today’s chat systems, Plato didn’t

buffer lines until a carriage return,
but transmitted every character as it
was typed.

Normally, the idiosyncrasies of a
chat system would not have been an
issue, but Ray’s software development
partner was a terrible typist, “hunt
and peck” with lots of spelling errors,
backspaces, and shortened sentences.
Despite the limited typing skills of
Ray’s partner, he wrote some of the
tightest and beststructured code Ray
had ever seen. It was what any of
us who has written software would
call elegant, even beautiful. Ray was
impressed.

Still, Ray struggled to reconcile the
conundrum—amazingly poor typist but
brilliant software architect. Later, Ray
met the developer, stunned to see that
he was quadriplegic and typed with
a mouth tube. It was a transforming
experience, the realization that
computing was a powerful social tool
that connects people mind-to-mind
and enriches and empowers people
to achieve their full potential.? It is
a lesson we would all do well to
remember.

Ray, like others who worked
on Plato, has often said that it was

the defining experience of his life.
As he put it, it was “... a peek at
what the Internet would ultimately
become. It was a microcosm; an
online community in an era when
there weren’t online communities.”
It both showed him what computing
could do and engaged him with
collaborators whose shared mission
was to accomplish something
important, something astounding and
transformative. This is the power of
computing and what drew each of us
to it, curious and excited.

I believe we are at a computing
inflection point. Today, computing
is the enabling technology of
a knowledge world, from our
information infrastructure to
healthcare, finance, national defense
and even entertainment. Yet we seem
to be struggling to articulate a vision
of the computing future, one where
new and transformative ideas can
flourish and engage a new generation
of researchers. It’s time to dream big
dreams — again.

As a transformative experience,
Plato was not unique. Many, if not
all of us, can tell stories of major
projects that shaped a generation

of researchers and created the
foundations of modern computing.
As we think about the Computing
Community Consortium (CCC)’s

call for visions® and the importance of
engaging undergraduates in research
and educational experiences that
shape their lives, remember Plato and
projects like it. Let’s invent the future.

Notes:

"University of Illinois Plato system,
http://en.wikipedia.org/wiki/
PLATO_System

2“Speaking Mind to Mind,” The
New York Times, December 1, 2002,
http://query.nytimes.com/gst/
fullpage.html’res=9A01E3D91438F
932A35751C1A9649C8B63

> Computing Community
Consortium (CCC), http://

www.cra.org/ccc/

Dan Reed, CRA’s Board Chair, is the
Chancellor’s Eminent Professor and Senior
Advisor for Strategy and Innovation at the
University of North Carolina at Chapel
Hill. He also divects the interdisciplinary
Renaissance Computing Institute (RENCI).
Contact him at reed@renci.org. I
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Perhaps the Greatest Grand Challenge:
Improving the Image of Computing

By Jill Ross

Distinguished leaders from ACM,
CRA, IEEE-CS, USENIX, SIAM,
AAAIL NCWIT, and from Microsoft,
Intel and HP, hired me to conceive
and execute a national campaign
to improve the public image of
computing. I need your help and
engagement as a vital part of this
endeavor.

Talented young people are turned
off by computing’s image.

Between 2000 and 2005, interest
in computer science as a major among
incoming freshmen fell 70 percent
as “image” quickly became a primary
concern across academic institutions,
corporations, computing associations,
and government agencies.'

At Princeton in 2005, Maria Klawe
described the effects of image saying:

“The public image of computing
discourages many talented young
people, especially women and
minorities, from choosing to study
computer science. For at least

the last decade the computing
profession has been widely viewed
by high school students, parents,
teachers, and counselors as being for
individuals who have been obsessed
with computers since puberty and
want to program sixteen hours a
day. Moreover those who choose to
study computer science are often
stereotyped as lacking social skills and
other interests, and as individuals
who work and study in an isolated
environment.”

Since then, the situation has
improved. A recent report from the
National Association of Colleges
and Employers indicates that new
computer science graduates are now
among the highest paid of any major
with an average offer of $53,051—a
4.5 percent increase over 2006.> And
there has been a significant shift in
categories of jobs in IT with 25.4
percent fewer programmers, yet 25
percent more software engineers
and over 70 percent more network
systems and data communications
analysts.* One 2006 ACM study
finds employment in IT is actually 17
percent higher than at the height of
the dot-com boom, even in the face
of increased offshoring. “Everyone
was worried about the offshoring
bogeyman,” says Moshe Vardi, an
author of the ACM study. “But the
big whoosh of jobs to India never
happened.”” In fact, of the 28 fastest
growing occupations, the National
Bureau of Labor Statistics reports
that seven are in computing with a
predicted average growth rate of 48.1
percent by 2014.°

With such a strong job market you
would expect increases in computing
enrollments, but according to the
annual HERI report on incoming
freshmen that has not happened.’
Broad misconceptions prevail in the
minds of people across America and
interest continues to decline.

To dig deeper into these image
issues during my first months on the
job, I have interviewed more than a

Page 4

hundred people, attended conferences,
read a variety of articles and gathered
recent research. One study involving
about 800 high school calculus and
pre-calculus students showed 80
percent of students had “no idea”
what computer scientists actually

do.® Another study of undergraduate
women with high SAT scores found
the top reasons for not choosing
CS/CE are “I'm just not interested”
and “I don’t think I'll like the work.”®

People With the Aptitude
for Computing Lack the
Interest To Pursue It

Let’s dig deeper into the root
cause of this lack of interest. My own
investigations turned up four distinct
viewpoints about computing: those
of the general public, the American
teen, the CS student and the com-
puting professional. I highlight these as
origination points to tap into as we help
people connect the dots from where
they are today in their perceptions and
where we want them to be—pursuing
computing as a viable, exciting and
positive choice for their future.

General Public’s Image

of Computing

e Computing = programming.

e Geeks and nerds sit in dark rooms
in front of screens programming

all day.

e To compute means to “use”
computers, cell phones, iPods and
other gadgets.

e There are no jobs due to offshoring
and layoffs.

Teen’s Image of Computing

e Use is important, especially
connecting with friends in real
time. Of all American youth ages
12-17 (over 12 million of them),

55 percent use an online social
networking site.

e Computing is tightly integrated into
daily life, and since most are self-
taught they think they already know
everything about computing (the
reality is they only know how to use
technology).’

e Increasingly being asked by
adults how to use technology and
recommend what’s cool.

e Can be idealistic and eager to bring
value into the world.

e Some just want to make money.

Students Today, the
Undergraduates Image
of Computing
The following findings from a
recent study at Georgia Tech on
retaining students in computer science
shed light on why students stay in the
major or leave."!
e Stayers are much more likely
to enter CS/CE if positively
influenced by a high school teacher.
e Over 91 percent of Stayers said they
enjoy solving problems as opposed
to 66 percent of Leavers.

e Among the top reasons for entering
the major, salary potential only
places third behind: ‘likes to solve
problems’ and ‘good at math and
science.’

o Students list the top three reasons
for leaving CS are: unsatisfactory
quality of human interaction; too
much rigor and workload; and lack
of relevance to the real world.

Computing Professionals,

Image of Computing

e Satisfied with their individual role
as innovators and their positive
impact on society.

e Recognize the need to give
computing a more human and less
abstract orientation.!

e Intend to preserve the rigor of
computer science as a discipline.

e Some encourage expanding the
boundaries of computing through
interdisciplinary collaboration.

e Many are concerned about
continued under-representation
of women and minorities in
computing.

What Are We Going To Do?

These varying views of computing
point out the work ahead of us and
the real opportunity for change.

The Next Steps: The National
Campaign “iCompute”

I am engaging a visionary youth
marketing firm that has the pulse of
Gen Y and knows how to make social
change; I am also creating a partner
architecture to support a national
image campaign. Together, we will
ignite a new conversation about
computing and creativity and deliver
it to youth through social media—in a
way they will consume, in a tone that
is attractive, and with a message that
is relevant to them. This “iCompute”
Campaign has a four-phased approach:

1. Call-to-Action: Engage the
computing community. Aggregate
resources. Align on a new image.

2. Summit on the Future, a guide
for teens as a future vision to
encourage enrollments.

3. Conduct a tour with teen journalists
engaging their peers directly.
Capture their reactions. Stir debate.

4. Public outreach through a key set of
those who influence teens, such as
journalists and bloggers.

As we undertake Phase 1, I ask

for your help as a member of the

computing community.

Take the Challenge

To create a consistent way to
speak to the public, I need your
views in your voice. Please take time
to thoughtfully answer 10 strategic
questions through this on-line tool.
I will aggregate answers into a set of
talking points for use by the research
community. To take the challenge, go
to: www.imageofcomputing.pbwiki.
com.

Summary

Computing has fueled much of our
economic wealth and innovation over
the last decades, and it will provide
the lion’s share of new job growth
over the coming decades. Information
technology is a fundamental tool of
U.S. business and of national security;
it is changing the economic and social
foundations of our society. The key
role of computing makes it essential
that we engage our youth and attract
creative talent. As computer scientists,
we need to make sure that students
and the broader general public have
a foundational understanding of
our discipline and how they might
participate as future researchers,
innovators and professionals. Please
join this important cause.

(End Notes — See p. 22).

Jill Ross is Director, Image of
Computing, at the University of Colorado
at Boulder (Contact: e-mail: jill.ross@
colorado.edu; tel: 303-898-9048). 11

Position Description

stakeholders.

Computing Research Association
Seeks Deputy Director

Reporting to the Executive Director, the Deputy Director serves as
CRAs chief operating officer, leading a management team that includes the
Director of Policy, the Director of Programs and the Director of Finance
and Operations. The Deputy Director is responsible for the day-to-day
management of CRA and the overall development and implementation
of its projects and programs. In addition, the Deputy Director assists in th