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Pervasive computing research is often couched in socially relevant applications,
yet we’ve largely failed to leverage its potential to excite and engage the public.
By focusing research efforts on engaging everyday users as an essential part
of research, design, and evaluation processes, the pervasive computing community can interest the masses while also increasing the quality and impact of
research.

A

s female students studying computing
in the late ’90s and early ’00s, we were
often aware that we were different from
those surrounding us in classrooms and labs.
Social researchers noticed the same thing and
initiated research projects to discover rea
sons for the disparity and find solutions that
would effectively increase participation by
traditionally underrepresented groups in aca
demic computing programs and careers. Spe
cifically, this research suggested that couching
computing in terms of socially relevant prob
lems can attract women and minorities to
the field.
Studies have found that women, in particu
lar, have a strong desire to connect their edu
cation in computer science to social concerns
related to enhancing and supporting others’
lives. This potential to attract underrepresented
groups to study STEM (science, technology,
engineering, and mathematics) subjects is
shown qualitatively through longitudinal stud
ies of women, their capabilities, and their choice
of educational goals and careers, and quantita
tively with numerical statistics on enrollment in
educational programs. Take graduate programs:
women’s enrollment in the “traditional” biologi
cal sciences — which have a strong and readily
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apparent social connection — has t y pically
rivaled (if not exceeded) men’s enrollment in the
same disciplines. Similarly, biomedical engin
eering has successfully attracted women, with
graduate enrollment in the US increasing from
33 percent female in 2000 to 37 percent female
in 2009.
Yet in this same time period, when the ques
tion of how to engage women in computing
was at the forefront of social science research,
women’s enrollment in graduate computer sci
ence programs actually dropped from 30 to 26
percent of total enrollment (see www.nsf.gov/
statistics/nsf12300/). Today, as professors in US
higher-learning institutions, we observe this
evidence every day as we look around our class
rooms and the conferences we attend and see
that the situation of women in computing hasn’t
changed since we were students more than a
decade ago.
Here, we look at pervasive computing and
its potential to engage the masses in research
and development. By focusing research to bet
ter include the human users of our products
and projects, we can potentially involve them
in solving problems that are socially relevant
and, by extension, draw more minority groups
to the field.
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The Promise for
Broadening Participation

Per vasive computing is socially
relevant, by def inition; over the
past 20 years, the field has aimed
to seamlessly i nteg r ate tec h nol
og y i nto objects that people use,
unthinkingly, on a daily basis. As
technology has evolved, and the
sophistication of our solutions has
increased, pervasive computing
researchers have paid increased
attention to socially relevant prob
lems such as aging in place, smart
homes and buildings, and green
computing. Peruse any journal or
conference proceedings, and you’ll
find that almost every pervasive
computing article has its motiva
tion presented via some problem of
societal interest. Yet attend one of
t hese ver y same conferences, and
you will hear frustrations among
researchers about whether and how
their results are having any real and
measurable impact on users. Such
an obvious disconnect between the
research process and results and
real social problems helps neither
the product itself nor the effort to
attract and retain members of tra
ditionally underrepresented groups.
Consider, in contrast, partici
patory sensing, in which ordinary
users serve as sensors through sim
ple interactions using their com
modity computing devices (usually
smartphones). Although participa
tory sensing doesn’t encompass per
vasive computing, the two fields are
highly related. Some might argue
that participatory sensing doesn’t fit
Mark Weiser’s original vision of dis
appearing computing:
T he mo s t pr ofou nd te c h nolog ie s
are those that disappear. They weave
themselves into the fabric of everyday
life until they are indistinguishable
from it.1

However, par ticipator y sensing
research quickly became integrated

with the mainstream because the
approaches were immediately and
directly implemented on devices that
users are familiar with and carry
every day. For better or worse (a topic
for an entirely different column),
such devices have intimately woven
t hemselves into users’ ever yday
lives. Furthermore, from an applica
tion perspective, participatory sens
ing has addressed issues that broad
swat hs of people genuinely care
about — from environmental moni
toring issues such as local ground
water quality and the propagation of
invasive plant species to commuting
issues such as access to public trans
portation and bike sharing. Although
wireless sensor networks have also
addressed similar issues of broad
appeal, the applications that result in
the wireless sensor network domain
aren’t usually accessible to everyday
users.
Having such a broad user base
for participator y sensing applica
tions enables the development and
evaluation of fundamental research,
including energy-efficient device
and user localization, security and
privacy models for par ticipator y
applications, and network and infra
structure planning and allocation.
Moreover, participator y sensi ng
projects (such as Mobilize; www.
mobilizingcs.org) are already help
ing to engage underrepresented
women and minorities in the research
process, show ing st rong init ia l
results.
How can pervasive computing in
general have similar successes, and
how can we better integrate social
relevance to increase participation
of traditionally underrepresented
groups (in the research process, most
especially)? Specifically, we must
better engage the masses; the same
techniques that engage the masses
will draw in the much-needed partici
pation of underrepresented groups. We
must directly connect the research
process and product to users through

issues and applications these users
care about and can employ. We
must also try harder to use results
from pervasive computing research
to attract young researchers to the
field.
It isn’t necessarily the case that
what we’re doing to engage pro
spect ive r e sea r c he r s i s w rong;
it’s that these steps aren’t enough.
Small yet f u nd a me nt a l c h a n ge s
to research and outreach processes
can increase the impact of pervasive
computing research while increas
ing the participation of tradition
ally underrepresented groups. A
first question with respect to the
research process is whether our
efforts ever even reach real users in
a way similar to what participatory
sensing has achieved.

The Reality

In the most recent proceedings of
the IEEE International Conference
on Pervasive Computing and Com
munications, 2 more than half the
papers (15 of 28) included evaluation
using human subjects. None of these
efforts, however, involved the antici
pated users of pervasive computing
algorithms, services, or applications
in the design process; instead, users
aided in data collection to support
an experiment or evaluate a fully
implemented pervasive computing
appl icat ion . Most of t he st ud
ies relied on only a few users, and
only two studies had more than 10
participants.
Furthermore, demographically,
par ticipants often included stu
dents, staff, and visitors within the
research lab rather than the every
day users that our pervasive com
puting systems claim to target. This
evidence demonstrates how per va
sive computing researchers tend
to integrate users into the research
process: we generally view users as
an evaluation tool from which we
can draw qualitative and quantita
tive results that substantiate our
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conclusions (primarily to justify pub
lications on our research products).
Less commonly, we use real users to
justify the inception of a research
project, usually by sur veying their
habits or perceived desires. Only
rarely (if at all) do we fully integrate
users into the process or integrate
a result into users’ real lives. Even
when we perform decent-size stud
ies, we most often draw users from
our own or related research groups or,
in a handful of cases, from a general
university population. These popula
tions don’t represent a broad sweep
of everyday users.
When it comes to engaging tra
ditionally underrepresented groups,
we believe the failing is at least par
tially in perceiving such activities as
a “community service” rather than
part of the fundamental research
process. Integrating engagement and
research not only benefits the future
of the field but could also improve
result quality. Separate from our
research efforts, we develop cur
ricula targeted at youth, but these
curricula aren’t often focused on
either the social issues that can
attract underrepresented groups or
on our actual cutting-edge research
projects.
We can see this disconnect in
the fact that separate venues exist
for publishing outreach work, and
those findings aren’t widely read
by the broader pervasive computing
research community. Consequently,
the lessons learned in such research
don’t often carry over (at a large scale)
to more traditional research projects,
except when we try to use education
and outreach as yet another motivat
ing scenario in which we can employ
per vasive computing. This indi
cates the need for two fundamental
shifts: first, outreach programs that
are themselves part of the research
arm of pervasive computing and
exploit the input that program par
ticipants can provide to the research
process (as well as product evaluation)
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and, second, out reach programs
that embody both an updated per
spective on Weiser’s vision of dis
appearing computing and a focus
on socially relevant application
concerns.

Metrics, Design, and
Engaged Evaluation

So, where do we go from here? The
frustrations arising from the lack
of real, measurable research impact
and research’s disconnect from real
users should motivate us to explore
new metrics that target these issues.
Given Weiser’s original definition,
our metrics have often targeted
“user distraction,” with a positive
goal being to decrease it. However,
user engagement seems, at some
level, to be at odds with metrics for
distraction. Even with a participatorysen si ng-l i ke per spec t ive on t he
notion of disappearing computing,
our research needs guidance on how
to mea su r e engagement , prop
e r ly target real user populations,
and at least aid in transitioning our
results to real pervasive computing
practice.
Toward engaging the masses,
integrating efforts such as participa
tory design with pervasive comput
ing research can give “customers”
(that is, real users) a stake in the
entire research process in much the
same way that participatory sensing
gives users a stake in the application.
Such techniques can also provide
a natural way to blur the bound
ary between research and outreach,
where outreach par ticipants can
truly contribute to the process by
experimenting with, suggesting, and
even helping to design and develop
fundamentally new research. Even
existing outreach efforts that engage
underrepresented groups (such as
Mobilize) are still quite distinct from
the research process. They tend to
focus on the application instead
of on still-open essential research
questions such as energy-awareness,

eff icient communication, human
computer interaction, social net
work integration, and privacy-aware
localization.
Fi na l ly, we believe t hat we’re
missing an opportunity with respect
to melding our engagement efforts
with the evaluation of our research
cont r ibut ion s. Ou r per spec t ives
on both are shortsighted: we view
engagement ef for ts as com mu
nit y service, while our evaluation
efforts typically view users as just
another “tool” in the process. We
need a study of best practices in
recruiting participants for evalu
ation (and par ticipator y design)
that goes far beyond the standard
solicitation within the CS university
community. In addition, we need
an evolution in our publication and
proposal review processes that places
an increased value on truly engaged
evaluations (in much the same way
that, for example, the sensor network
community has placed an increased
value on actual implementations
and deployments). In conjunction
with a participatory design process,
evaluation through engagement can
provide better results (both quanti
tatively and qualitatively) that con
nect with an avenue for deployment
and impact.

E

ver yone wou ld benef it f rom
engaging the masses in pervasive
computing. Adopting this new per
spective benefits the research com
munity by enabling higher-quality
research with a demonstrably higher
impact. Per vasive computing (and
computer science more generally)
would benefit from increased partic
ipation of the masses and, by exten
sion, traditionally underrepresented
groups. And the public at large would
benefit from a greater awareness of
pervasive computing and how fun
damental research in this field can
provide significant gains in socially
relevant applications. Of all computing
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disciplines, per vasive computing
has one of the highest potentials to
engage directly with everyday users
and applications. Research in this
field should, by definition, have a
direct impact on users; engaging
these users in fundamental ways
is an opportunity that we must not
overlook.
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