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Abstract

The design of multi-touch multi-user tabletop user
interfaces is still in its infancy and is not yet well
understood. To date, published experimental results
have primarily focused on controlled user studies. In
this paper, we present observations of user experience
“in the wild” on interactive tables in four different
real-world contexts — all non-controlled settings. We
reflect upon our collective experience, report our
observations, and summarize lessons learned by
identifying design considerations relating to several
aspects of interactive tables, such as simultaneous
touching, ambiguous input, one-fingered touch, finger
resolution, alternate touch input, crowding and clutter,
text input, orientation, multi-user coordination,
occlusion, ergonomic issues, and mental models.

1. Introduction

Our collective experiences from observing users of
interactive tabletop systems in four distinct contexts
over the past two years have revealed several
interesting, recurring themes and issues in interactive
tabletop computing. In this paper, we present the
practical insights gleaned from our hands-on
experiences. We have organized our observations and
insights according to three key aspects of tabletop
systems: (1) direct-touch interaction, (2) the content
and layout of information, and (3) the physical setup of
the interactive furniture. This collection of
observations is intended to serve as a complement to
the growing body of controlled experimental studies of
the use of horizontal computing systems.

The observations in this paper are derived from
experiences with a direct multi-touch, multi-user
tabletop called DiamondTouch [2]. Direct multi-touch
tables are surfaces on which input sensing and output
displays are superimposed, and on which multiple
touches can be detected simultaneously.
DiamondTouch provides these capabilities and also
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offers the utility of identifying which user is touching
which particular location on the surface. While our
experiences are with DiamondTouch technology, we
believe our findings hold true across multi-user
tabletop technologies. Throughout this paper when we
use the term “table” we are referring to a direct multi-
touch, multi-user tabletop.

2. Observational Contexts

Our observations stem from four contexts that vary
by target user community, application type, and
setting. In contrast to controlled user studies, these
four observational situations were non-controlled
settings, ranging from casual to focused usage
scenarios. People chose to interact with the tables and
applications of their own volition; their interactions
were unstructured and free-form in nature. In some
cases simple instructions were provided, while in
others people simply walked up and started using the
table. In all four contexts both individual and group
interactions were observed by a subset of the authors,
who took written notes during usage sessions for post-
hoc analysis.

When discussing our experiences, we realized we
had observed several common patterns of behavior
across these varied use scenarios and contexts. We
summarize these observations in this paper, as a
knowledge base for other designers of interactive table
systems.

2.1 Lobby Table

In June 2003 a DiamondTouch table was installed
in the lobby area of Mitsubishi Electric Research
Laboratories (MERL), an industrial research lab. The
table is at coffee-table height, and centered amongst
four comfortable leather chairs, representative of a
typical waiting area or lounge (Figure 1). It is situated
in a high-traffic area across from the receptionist’s
desk. The applications running on the table include a
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set of multi-user games along with a set of new
research demos. The games run unsupervised, and
most visitors play them with little or no instructions.
The games (Figure 1, bottom) range in style from
collaborative to competitive; they include E-Magnetic
Poetry [13], in which users manipulate virtual magnets
to create poems either independently or
collaboratively, Pop-A-Bubble [2], an electronic
version of Whack-A-Mole in which players compete
against each other, and CircleMaze [1], a collaborative
interactive maze. Hundreds of lab visitors, everyone
from technologists to university students to
researchers’ children, have passed through MERL’s
lobby and casually interacted with this table over the
past two years.

Figure 1. The table in the industrial research
lab featured several game and research
applications. Top: table in action. Bottom:
screenshot of the game kiosk (E-Magnetic
Poetry, Pop-A-Bubble, CircleMaze).
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2.2 Biologists’ Field Data Annotation Table

At Stanford University, we have developed
TeamTag (Figure 2), a multi-user tabletop interface
that supports collaboration among bio-diversity
researchers. One to four researchers sit around the table
to browse, label, and search through digital
photographs of flora and fauna taken during field
expeditions. Photos can be moved about the table,
reoriented to face different members of the group,
resized to view different levels of detail, and organized
into piles. Labeling these images collaboratively allows
the researchers to bring their collective expertise to
bear on identifying the subjects of the photographs.
About ten biologists have been observed using the
system, in sessions ranging from thirty minutes to three
hours in length. The table is at “desk height,” with
people seated at the table with their legs underneath.

Figure 2. TeamTag is a collaborative tabletop
application for bio-diversity researchers. Top:
table in action. Bottom: screenshot of the
photo-labeling application.
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2.3 NextFest 2004 Tables

Organized by WIRED magazine, the three-day
NextFest 2004 [20] was designed to give the general
public a close-up, hands-on view of innovative
technology. We brought two tables to this conference,
which were part of the Future of Design Pavilion.
During the course of this event, the tables were used by
almost 2,000 people. Visitors included children,
educators, executives, designers, and engineers. On
one table, the software included a general-purpose
application where people view images and create text
(Figure 3), an educational game called Habitat (in
which multiple people match pictures of animals to
pictures of their home environments: land, forest, sea,
or ice floes), and a finger-paint program in which
multiple people draw together on a large digital canvas.
On a second table, we ran a set of multi-user games, a

Figure 3. At NextFest people tried out several
tabletop applications, including photo
browsing and annotation software. Top: table
in action. Bottom: screenshot of photo
browsing application.
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subset of the games included on the lobby table
described in Section 2.1. Both tables were at “desk
height,” with people seated with their legs underneath.

2.4 GeoINT 2004 Map Visualization Table

GeoINT is a two-day symposium organized by the
National GeoSpatial Agency [19] to foster
collaboration and interoperability amongst technology
providers in the sector of geospatial exploration,
analysis, and presentation applications. We
demonstrated a multi-user map application, DTLens
[3], in which we used the IDELIX’s PDT lens API
(www.idelix.com) for data exploration (Figure 4). Up
to four users can simultaneously open and use
personalized zooming lenses on geospatial maps or
diagrammatic data. Several hundreds visitors, all from
the geospatial information analysis community,

interacted with our tabletop application.

Figure 4. Multi-user zooming lenses were
featured in the tabletop map-browsing
demonstration at GeoINT. Top: Table in
action. Bottom: screenshot showing two
people’s lenses.
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3. Observations

Observing the usage of interactive tabletops in these
four contexts has been extremely valuable. We noticed
many interesting usage patterns that we would never
have predicted without watching people actually using
and experimenting with the tables. More surprising,
many of the same issues occurred in most or all of the
four observation scenarios, which was interesting given
the varied user populations, applications, and settings
across the four contexts. This section highlights many
of the recurring issues that we observed across three
key dimensions: touch interactions, organization of
content and physical setup.

3.1 Touch Interactions
3.1.1 Simultaneous Touching

At first, some people are hesitant to touch the table
at the same time. Even though the DiamondTouch and
its applications can support simultaneous touch input
from up to four users, some people are hesitant to
touch the table simultaneously, especially when they
are first introduced to the technology. This has been
observed to be more true with adult users than
children. While some of this hesitance is likely due to
conditioning from single-user technology, cultural
issues also play a role. For instance, Japanese users are
particularly hesitant to simultaneously interact on the
surface due to cultural standards of polite behavior.

Even when users simultaneously interact with the
tabletop, they are concerned about accidentally
bumping arms with another user, or brushing against
another user’s hand. These concerns are more
prevalent among groups that do not know each other
well, and can impact the acceptability of tabletop UI
designs. For instance, although a group of biologists
that knew each other didn’t mind using a tabletop on
which they shared a common set of widgets in the
center of the table, groups that were less familiar with
each other complained that this design made them self-
conscious about the possibility of physical contact with
other group members. Work from the field of
proxemics [5] (a field concerned with the distances
people maintain amongst each other) could inform the
design of more acceptable tabletop interfaces.

3.1.2 Ambiguous Touch

Accidental input is common, especially when
pointing at something on the table. Every touch counts
on a direct-touch input device. As a result, there is a
general problem of distinguishing between deictic
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pointing (or touching) and touching with the intent to
interact. Accidental touches (such as when a person
leans his wrists or elbows on the touch surface, as
people are accustomed to do with traditional tables) are
also misinterpreted as touch-to-interact.

3.1.3 One-fingered Touch

At first, users gravitate toward single-finger
interaction.  Since gesture-based interfaces are
frequently described as “intuitive,” we were surprised
to notice that users rarely attempted to perform
gestures on the tabletop. Although multi-handed and
multi-fingered interfaces seem natural, the majority of
users only attempted to use the tabletop in a manner
that mimics standard stylus or touch-screen interfaces —
by tapping and dragging with a single finger. It is
interesting that users carry over this bias from other
interface form-factors onto the tabletop display.
However, once users are informed that the table is
capable of recognizing multi-hand, multi-finger input,
they then try to experiment with this style of
interaction. Techniques for making acceptable gestures
more apparent to users, such as Vogel and
Balakrishnan’s self-revealing help [16], which showed
video of available gesture techniques to users who
lingered in front of a display wall, might encourage
more immediate multi-hand interaction with interactive
tables.

3.1.4 Finger Resolution

GUI elements designed for a mouse need
modification for finger-based input. Direct-touch
manipulation creates occlusion difficulties that make
standard GUI interfaces less usable. Fingers occlude
the text of menu items or buttons they are pressing,
making it desirable to display labels slightly offset
from where the finger touches, rather than directly
underneath as in mouse-oriented interfaces.

A second challenge due to the coarser resolution of
fingers (compared with a mouse pointer) is present
when interacting with some widgets designed for
mouse interaction. People’s fingers are different sizes,
causing aiming and targeting precision problems for
large-fingered individuals. The default dimensions of
title bars, buttons, and other widgets in standard GUI
toolkits are sized to be targetable by mouse input, but
are sometimes too small to be accurately selected by
fingers.

3.1.5 Alternate Touch Input

Some people preferred to use a stylus (or other
input device) to interact with the table rather than their
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