











our everyday life. Might we someday be
scared to touch things because it might
resultin an online purchase? Do we face
a future where new technologies will
educate us to be better consumers and
supervise what we eat and drink?

Equator’s core aim was to understand
future interactions and how they could
contribute to making life worth living.
The research was situated in the real
world, investing in deployment and
working with users as research part-
ners. Rodden illustrated his talk with
video clips from various threads of the
project. He critiqued the ideal of “seam-
lessness.” Technology and sensors will
always interfere and pose limitations.
Instead of attempting to hide them,
“exposing these ‘hidden features’ to
designers and users could become a key
to understanding the underlying links
and seams.” The physical-digital links
of tangibles would almost certainly be
“as uncertain and as dynamic, and as
likely to shape key events in the interac-
tion” as Wi-Fi, GPS, and other sensor
technology explored in Equator. The
material nature of technology (usually
considered immaterial) “enters through
the back door” and becomes evident
only in real-world deployment.

For example, experiments with GPS
coverage in London showed high vari-
ability in coverage, with GPS shadows
moving and accuracy varying through-
out the day. Participants using mobile
devices to track down other players in
city games exploited such phenomena,
expanding the game’s rules, once they
understood the sensing infrastructure’s
properties—for example, by hiding in
GPS shadows.

So, the seams become part of the
experience, making it impossible to
separate the interactive elements from
the infrastructure. The challenge today
would be “how to reveal the invisible
world of sensors, making it available
as a resource for judgment” instead of
making sensors invisible (and too often
inexplicably failing in the attempt).
Rodden called on us to reverse the
notion of seamlessness and to turn to
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Figure 1. The ReacTable. This interactive digital tabletop, presented at the First
International Conference on Tangible and Embedded Interaction (TEI 07), provides
a tangible interface for music improvisation and performance.

approaches from media and art that
exploit the differences of media and
discontinuities as part of the experi-
ence, creating systems that are open
to interpretation and appropriation.
Understanding the relationship of new
technologies with our life, as Equator
has demonstrated, requires investment
in real-world engagement but also
results in new questions that can frame
and drive research.

THE TEI 07 PANEL DISCUSSION
The final panel distilled, highlighted,
and discussed many of the topics that
arose throughout the conference. This
panel differed from typical conference
panels in that the panelists were drawn
from the audience. Throughout the con-
ference, attendees dropped notes into a
ballot box suggesting individuals they
wanted to see in a panel. This resulted in
a strong, balanced mix of panelists, span-
ning academia and industry, with diverse
research areas, approaches, and career
stages—not “the usual suspects.”

The panel participants were Mike
Kruzeniski (Nokia Research, Los
Angeles), Trevor Pering (Intel Research,
Santa Clara), Bruce Thomas (Univer-

sity of South Australia), Paul Marshall
(Open University), Astrid T. Larssen
(University of Technology Sydney), and
Thecla Schiphorst (Simon Fraser Uni-
versity). The panel facilitators were Eva
Hornecker (Open University), Caroline
Hummels (Eindhoven University of
Technology), and Robert Jacob (Tufts
University). A full audio recording of
the panel is available at http://tei-conf.
org/07/program/TEI_panel.mp3.

The panel first discussed the confer-
ence’s title—for example, what’s the dif-
ference between embedded and tangible
interaction, and what are the research
area’s boundaries? Some consensus
emerged that tangible artifacts are “an
unavoidable consequence of embedding
interaction in things.” Interaction by
body movement, even without manipu-
lating external objects, was considered
a part of this research area. “We are
embedding technologies in our bod-
ies. We can embed things in our cloth-
ing. Obviously we can embed things in
the world around us. And that’s called
‘embedded,” and in some way that’s tan-
gible.” In that sense, you could consider
a car to be a tangible interface, in light
of thoroughly physical interaction with a
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multitude of underlying computers. Pre-
cisely delineating “what is tangible and
what isn’t” was viewed as potentially
undesirable, particularly because this
would exclude many possible physical
and bodily mediums.

Panel participants from a problem-
solution-oriented design viewpoint crit-
icized that research projects often have
tangibility as a design objective but that
this “might not always be the right solu-
tion to the problem.” Alternatively, sev-
eral panelists from a research viewpoint
argued that sometimes the aim isn’t just
to design a system to solve a specific
problem—rather, there can be “value in
exploring” what happens if .... The aim
can be to learn from doing: “knowledge
that you’re trying to gain about the sys-
tem, as opposed to just building it.”
Others argued that tangibility as a nec-
essary solution puts us into a “question
space” (instead of a problem space) that
can act “almost like a container” for
different approaches and frameworks.
Participants also agreed that no sharp
divide exists between physical and vir-
tual things; users generally interact with
graphical interfaces through physical
artifacts in physical space.

As in other novel research fields, the
tangible community still has to show the
value of the field to the outside world.
One way of doing that is by producing
a killer application. On the other hand,
one panelist noted that we haven’t
“articulated particularly well how tan-
gibles improve user interfaces over just
a normal standard GUI” but felt that
this is a normal evolutionary process
for a young research area. Another
panelist suggested as a major research
challenge that “everyone has this intu-
ition that physicality is a really good
thing, and that these kinds of physical
interfaces are more fun to use. I don’t
think we’ve really worked out why that
might be, and ... that’s something we
should be focusing on.” Also, too often
the qualities of tangible interaction are
only weakly developed; for example, too
many systems only have the user moving
objects on a flat surface. This sometimes
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leaves open what physicality actually
buys us from an interaction standpoint.
Understanding and describing the diver-
sity of qualities in tangible interaction
is a research topic needing more atten-
tion. Externally observing movement
and actually feeling movement are com-
pletely different experiences, requiring
different languages for description. This
highlights the need to develop a more
nuanced language for understanding
and articulating these qualities.

Other big challenges in the eyes of the
panelists include

e actuated interfaces,

e getting to where people can start
building on others’ work, thereby
creating some momentum,

¢ conducting more evaluations,

building “more rigorous hybrid

Panelists encouraged
the research community
to reach out to industrial
designers and product groups
in industry.

methodologies,”

e developing metrics to compare
tangibles,

e sustaining multigroup collabora-
tions, and

e theoretically investigating physicality
from diverse perspectives.

Some participants felt tangible interac-
tion has now reached a tipping point,
with a number of toolkits being avail-
able that ease creation of prototypes
and therefore allow for more focus on
these research tasks.

At the same time, panelists noted that
the field should not just focus on evalu-
ations but also continue with creative
design work. “The evaluator should be
running to catch up [with the design
and development work], because that’s
what’s driving the area.” Participants
criticized that there are too many “one-
offs,” with a likely outcome of more junk

on your desk. “This is where the ‘embed-
ded’ comes in: How do we embed this
technology into our lives, and not have
yet another plastic artifact sitting there
doing one small little thing”? A major
challenge is leveraging what works
well in existing GUIs, in order not to
lose the “value of the virtual.” Several
participants complained that many
research systems are iterations of previ-
ous examples (such as Bishop’s Marble
Answering Machine); the big question
might be, why aren’t we seeing tangible
interaction in marketed products? Panel-
ists encouraged the research community
to reach out to industrial designers and
product groups in industry. They also
discussed the need for hybrid method-
ologies that embrace both engineering
questions as well as (for example) poetic
approaches or approaches from physi-
cal practice in sports. These approaches
can hold just as much rigor as the formal
methods common in human-computer
interaction—and often with very differ-
ent results.

TEI 08

Besides preserving many successful ele-
ments of TEI 07’s format and philoso-
phy, TEI 08 maintained continuity in
the organizing team. Albrecht Schmidt
(University of Duisburg-Essen) and
Hans Gellersen (Lancaster University)
were the TEI 08 conference chairs; Elise
van den Hoven (Eindhoven University
of Technology) and Ali Mazalek (Geor-
gia Institute of Technology) were the
program chairs.

The final program consisted of 46
presentations, including exhibits and
poster presentations. A major trend was
mechanical actuation, including robotic
devices, actuated fabrics, kinetic relief
sculpture, and bounce sliders. Many
new systems and user studies involved
interaction with sound and music.
There was a wide variety of application
areas, including geoscience, business
software, visualization, artistic instal-
lations, chemistry instruction, social
networking, and language learning for

disabled children.
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Hiroshi Ishii’s keynote

In his inspiring keynote, Hiroshi Ishii
(MIT Media Laboratory) presented his
well-known concept of “painted bits”
(GUI) versus “tangible bits” (TUI). He
was visibly moved to see the concept of
tangible bits embraced and creatively
reinterpreted by a broad, diverse, and
growing community. Ishii discussed
many central ideas and philosophies
behind the MIT Tangible Media Group’s
work. For example, he spoke of the cre-
ative process as having three steps:

1.imagine and realize (including pro-
totype demos),

2.critique and reflect (in aca-
demic, artistic, and commercial
contexts), and

3.iterate (pushing ideas further).

Ishii emphasized the coincidence of
input and output spaces in the design of
tangibles. He stressed that having mul-
tidisciplinary teams of tangible-interac-
tion researchers is important (and some-
times difficult) because the field draws
from and builds on so many different
fields. He also advised that we focus not
on enabling technologies or applications,
which might be obsolete in a handful of
years, but on vision-driven design, which
holds its conceptual value and impact far
longer (perhaps a century or more).

The panel discussion

The format was similar to that of TEI
07, with conference participants select-
ing panelists through a vote. Brygg
Ullmer chaired the panel, which had
the theme “Where, When, What, Why,
How, for Whom, and toward What
Ends Tangibles Live in the World.” The
panelists were Mark Gross (Carnegie
Mellon University), Ylva Fernaeus
(Stockholm University), Jorn Hurtienne
(Berlin Institute of Technology), Caro-
line Hummels (Eindhoven University of
Technology), Eva Hornecker (Open Uni-
versity UK), Shahram Izadi (Microsoft
Research Cambridge, UK), and Jill Cof-
fin (Georgia Institute of Technology).
While panelists wondered whether we
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really want computation to invade every
aspect of our lives, there was also the
sense that with this trajectory already
well underway, it is important to partici-
pate in shaping its progression.

Arguments for tangibles’ significance
and potential included their

e support for group interaction;

e support for richer ways of interacting
and appropriating technology;

e role as a natural extension of human
life in a physical world;

e enablement of better cognitive pro-
cessing, as users draw on all their
experience (both conscious and
unconscious) accumulated over a
lifetime; and

Having multidisciplinary
teams of tangible-interaction
researchers is important
(and sometimes difficult)
because the field draws
from and builds on so many
different fields.

e exploitation of physical skills (both
reducing demand on, and supporting
reallocation of, cognitive skills).

Some participants argued for more tan-
gibles in the office, where people spend
most of their day. Others suggested
kitchens, living rooms, hallways, sports
facilities, and outdoor spaces as com-
pelling loci for tangible interaction.
Participants proposed that tangibles
could open new avenues for “bond-
ing with products,” allowing products
to physically evolve over time, being
“changed, appropriated, renewed, and
repaired.” They also noted that tan-
gibles could actually slow down inter-
action (in a productive and fulfilling
fashion), whereas current mainstream
technology tends to be tailored toward
perpetual acceleration. Other partici-
pants argued that research is still needed
to understand tangible interaction’s ben-

efits. Participants noted these benefits
might be difficult to measure, especially
because in many domains we are expe-
riencing a trend away from physicality
(with machines using graphical inter-
faces). For software companies, whose
business is deeply rooted in the design
and sale of GUISs, this added dimension
of identifying the foundation, trajectory,
and optimal mode of engagement with
TEI research and development could
be a challenge, even when such compa-
nies have the will to engage in tangibles
research.

Panelists also critiqued tangible-
interaction research’s predominant
focus on short-duration applications.
In contrast (but also complementarily),
several participants argued for interac-
tions that take place over long periods
of the user’s life, not just while he or
she is using the device. In this context,
participants also discussed the concep-
tual and perceptual linkage between
tangible interfaces and ambient dis-
plays. In addition, some participants
suggested that more complex com-
putation should be occurring behind
the tangible interface, instead of only
one-to-one input-output. Designer par-
ticipants also questioned why, as one
participant complained, there are “so
many multitouch tables with so many
generic things on them—what about
expressivity [of the artifacts]?”

End-user programming was pro-
posed as an upcoming research area
for tangibles (“I want to program my
T-shirt”), creating new opportunities
for collaboration with software engi-
neers. The panelists also discussed
the consequences of the community’s
interdisciplinary nature, with diverse
paradigms of practice accompanied by
different ways of thinking and doing.
For example, from an art perspective,
when evaluating user interaction with
art installations, you would “not want
to disrupt the aesthetic experience, and
you do not know when it is finished.”
So, artists often prefer not to interview
exhibition visitors or use other stan-
dard HCI methods; this, in turn, should
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influence what we expect to see in
papers written from this perspective.

hese examples illustrate that

diverse disciplines in the com-
munity are indeed communicating,
sharing, and hybridizing their views
and perspectives. We find this synergy
highly rewarding, promising many new
prospects, ideas, and avenues for fur-
ther research. We are hopeful that TEI
09 will continue this trend. Given that
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Eva Hornecker is a post-
doctoral visiting research
fellow at the Open Univer-
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Robert J.K. Jacob is a pro-
fessor of computer science
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Microsoft Research Cambridge (UK)
is hosting TEI 09, the event might also
highlight commercial interests in tan-
gible and embedded interaction.

For 2010 there’s an open call: pro-
posals to host TEI 10 are invited at the
same due date as paper submissions for
2009 (check www.tei-conf.org for the
latest information).H
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