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Abstract

A novel text input for public displays and palmtop
computers is presented that separates the input from
the display of the edited text. While the public display
shows both the edited text and a character genera-
tion interface, palmtop computers are used for input
in a blind way, i.e. without the need to look at the
palmtop's small screen. This allows for an effective
text input with multiple users interacting simulta-
neously on the public display. Advanced features
such as a dictionary-based word completion can run
directly on the public display's computer instead of
the palmtop with its limited resources.

1. Introduction

During the past decade of ubiquitous and perva-
sive computing research there has been a growing
amount of scientific activity dedicated to the integra-
tion of the different sized and -shaped technologies
that are relevant for pervasive computing environ-
ments.

Tandler (2001) presents such an environment (i-
LAND) and its architecture that has a strong focus on
tight collaboration of heterogeneous devices. Within
the i-LAND environment, palmtop computers are
used for asynchronous and private work on parts of a
shared document space (Prante et al. 2002). Palmtop
computers and stationary i-LAND devices such as
wall-sized displays interact by ad-hoc synchronizing
shared data between each other.

With the work presented here we augment this in-
teraction by making use of the characteristics of each
coupled device and split the involved tasks between
the devices in respect to their specific capabilities.

2. Characteristics of Devices and their
Combination

The interaction of tabs (e.g. palmtop computers)
and boards (e.g. large/ wall-sized displays) was envi-
sioned to become the real power of ubiquitous
computing (Weiser, 1991). Clearly, their characteris-
tics differ enormously.

2.1. Palmtop Computers

The most prominent feature of a palmtop compu-
ter is its small size which implies mobility and
commonly leads to a 1:1 relation of users and de-
vices, i.e. every user has one personal palmtop device
that becomes her personal digital assistant (PDA).

Due to its small size, a palmtop computer suffers
from very limited screen real estate which makes it
inadequate for many display oriented tasks and even
hinder common applications such as web browsing
(Levy 2002). Limited memory and computing re-
sources are a downside of its mobility, since power
consumption is a crucial issue for any mobile device.
On the other hand, most palmtop computers offer an
outstanding array of interaction capabilities. There is
always a set of hardware buttons and even PC-card-
sized PDAs such as the Xircom Rex offer an addi-
tional touch sensitive display. Some palmtop
computers even come with voice control, although
voice recognition features are mostly missing still.

2.2. Large Displays

Large or even wall-sized displays are often found
in public places such as an entrance hall of an office
building as well as in train stations or airports. Due to
its size, a large display is commonly used for present-
ing public information in contrast to the mostly
privately used palmtop computer. Also, a large pub-



lic display has at least a standard personal computer
(PC) behind it that often has a fixed connection to a
local network and thus comes with virtually unlim-
ited computing resources.

Although a large display is most adequate for dis-
playing information, interaction capabilities are
limited. Due to its public nature there is hardly ever a
mouse or a keyboard available. Some displays offer a
touch surface (or a similar technology, e.g. Paradiso
et al. 2000), but its large dimensions and the vertical
surface orientation hinder an ergonomical touch in-
teraction, especially for text input (Rekimoto 1998).

2.3. Combination of Palmtop and Large Dis-
play

If we combine the palmtop computer’s interaction
capabilities and its status as a personal device to-
gether with the large display’s adequateness for
displaying information and its computing resources,
we gain the best of both worlds and can draw conclu-
sions for using palmtop computers to support the
interaction with a public display: The actual input
should be performed on palmtop devices, while ne-
cessary computational activities should take place on
the more powerful public display as well as anything
related to perceiving information. Since every user
has her own palmtop computer, multiple users should
be able to interact simultaneously avoiding limita-
tions of the touch display’s hardware that might not
support multiple touch positions. Also, user authenti-
cation can be realized easily through the PDA and
makes explicit logins at the public display obsolete.

3. The MINPUD system

We have developed a text input that attempts to
integrate the specific strengths of both devices (MIN-
PUD, Mobile Input for Public Displays). Our setup
consists of a SMART board located in a hallway in-
side our office environment. It has a standard
personal computer equipped with two infrared recei-
vers attached to it. The public display is normally
used to show information about our research divi-
sion. This includes a weekly schedule of activities
such as meetings, talks, and visits. As a first sample
application, this schedule software is built on top of
MINPUD and allows members of our division to
quickly alter the schedule using their palmtop com-
puters that runs the MINPUD palmtop component.

The typical usage scenario of the sample applica-
tion is that a division member walks by the public
display, perceives the schedule and is immediately
empowered to edit it on demand avoiding explicit

authentication. This is realised in a fast and ergono-
mical way without the need to use the rather
awkward input methods available for large horizontal
displays. When multiple users walk by the display,
e.g. after a meeting, they can change the entire
group’s schedule quickly by working concurrently on
different cells (see figure 1).

Figure 1: Using MINPUD

3.1. Public Display Component

The software component running on the public
display shows the current week’s schedule in a grid-
layout similar to personal information management
systems. To alter an entry, the user taps on the ac-
cording cell and then uses his palmtop computer to
edit the cell’s text by sending characters from the in-
frared port of his palmtop computer (via a Tiny-TP
connection) to the receiver before the public display.

To ensure that the user is authorised to alter the
schedule, an authentication code is transmitted prior
to sending characters. For each word being entered
there is a dictionary-based auto-completion to speed
up editing. Since the dictionary is located on a perso-
nal computer, there are no memory constraints to
take into account and the dictionary can grow infi-
nitely when the user enters new words (in contrast to
T9 or similar dictionary-based systems on mobile de-
vices). In addition to displaying the text being
entered and showing suggestions from the dictionary,
the public display software also provides visual sup-
port for the palmtop component’s character
generation interface described below (see figure 2).

While one user is editing a cell, another user may
tap on a different cell and start editing it in the same
way as the first user. If the desired cell is blocked by
the floating character generation interface of the first
user, a single tap inside the client rectangle moves it
to a different area of the screen gaining space to se-
lect the desired cell.



Figure 2: Public display software component

Currently, the number of concurrent users in our
setup is limited to two, but this is only because of the
infrared sensors being connected with our PC’s only
two provided serial ports. To deal with this other
than getting additional ports, different communica-
tion media such as WLAN or Bluetooth are also an
option, however, a Tiny-TP infrared connection has
the advantage of connecting fast (unlike Bluetooth)
and requiring no configuration (unlike WLAN).

Other MINPUD applications than the schedule
component can be developed easily, because the
MINPUD core system is mainly responsible for
translating the palmtop input to according Windows-
messages and takes care of sending them to the cor-
rect windows on the screen. By using this technique,
many legacy applications can be equipped with Min-
puD functionality in a very short time, provided that
multiple users do not have to be explicitly supported.

3.2. Palmtop Component

The palmtop software component is used for
authentication and input of characters. Upon startup,
an authentication code (the user’s hotsync name) is
transmitted to the public display over the infrared
port. After its acceptance, the user may enter charac-
ters with her palmtop using a novel form of
interaction that is specifically adapted to the opportu-
nity of perceiving information from the large, public
display instead of the palmtop’s very limited screen.
The palmtop computer is operated in a two-handed
way with the thumb of one hand pressing a row of
keys beneath the palmtop’s display and the thumb of
the other hand operating on a set of large virtual but-
tons directly on the palmtop’s touch display (see
figure 3). The combination of key-press and virtual
button on the device’s display creates a character.

The MINPUD palmtop component can be used
“blindly”, because the virtual buttons are sufficiently
large so that it is not necessary to visually supervise
the positions of the thumbs as with other display-or-

iented input methods (see figure 4). The actual
interaction design is described below in more detail.

Figure 3: Two-handed interaction

In addition to the public display, a visual feed-
back can also be given on the palmtop’s screen. This
is because the palmtop software might even be used
as a standalone text input without the public display.
Of course, in this case there is no PC-based word
completion available. However, during standalone
operation, a simple audio feedback can be turned on
that creates a beep sound of a different pitch for
every generated character. This is to ensure a fairly
robust usage when text is entered blindly.

Figure 4: Virtual buttons and hardware keys

The current software implementation runs on
Palm PDAs, and could easily be ported to other
palmtop computers, provided that they have an infra-
red port, a touch display, and a row of buttons
beneath the display. These demands are fulfilled for
most models currently on the market. Since the palm-
top component is based on a platform independent
application framework for mobile computing (Ma-
gerkurth 2001, Magerkurth & Prante 2001) which
has been ported to Palm OS and Windows CE, a ver-
sion for PocketPC devices is trivial.

4. Text Input on Mobile Devices

Designing a text input for mobile devices is a
tough problem. The general plight is that the size of a
mobile device does not allow for the multitude of dif-
ferent, comfortably layouted keys we are used to
with the keyboards on desktop PCs. It is therefore
not surprising that no system can match the PC’s
keyboard speed or robustness and thus mobile text



input is in general still awkward and slow (Levy
2002).

4.1. Current Text Input Solutions

While most mobile phones do not come with a
touch display, but offer a relatively large set of hard-
ware keys, text input on mobile phones is commonly
realized by pressing the hardware keys multiple
times (e.g. Multitap or T9). Since palmtop computers
come with a touch-display and fewer keys than mo-
bile phones, common input systems for palmtop
computers are display-oriented (e.g. virtual key-
boards, or Handwriting recognition). A virtual
keyboard builds up a standard QUERTY layout of
keys on the screen and thus has the apparent advan-
tage of being very intuitive to use. However, a
dilemma exists regarding the screen real estate, be-
cause a virtual keyboard should on the one hand have
rather large virtual keys that are fairly easy to hit
with a stylus, but on the other hand be small enough
not to cover too much of the text being edited. In
contrast to this, a handwriting recognition software
does not necessarily take up any screen real estate,
but often comes with certain constraints on the usage
side such as limited speed or the demand for special
gestures that are similar but not identical to hand-
written text (e.g. Goldberg & Richardson 1993).
Therefore, there usually is a certain learning penalty
with handwriting or gesture recognition.

There have been successful attempts to increase
the performance of both virtual keyboards and hand-
writing recognition systems. For instance,
MacKenzie & Zhang (1998) present a new key lay-
out for virtual keyboards that is specifically adapted
to the one-finger (or one-stylus) usage of a palmtop
computer by re-ordering the ten-finger optimized
layout of a QWERTY keyboard. This leads to im-
pressive speed improvements. In addition, the on-
screen keys can be enlarged to make them easier to
hit at the expense of sacrificing the display of the text
being edited (www.palmgear.com). This, however,
does not improve robustness as much as one would
hope for, because the keys are still hard enough to
hit. Also, several software patches exist that make the
Unistrokes-based (Goldberg & Richardson 1993)
Graffiti gesture recognition found on Palm PDAs fas-
ter or more robust to use (www.palmgear.com).

These and other, partially very unique approaches
(e.g. Perlin 1998) still share the common problem of
being display-oriented, i.e. they revolve around a
very small area of interaction that is not only hard to
read from, but also requires a calm hand to use. With
MINPUD we leave this limited area of interaction by
integrating an additional device to get rid of the dis-

play-orientation on the palmtop. However, leaving
the palmtop’s display does not necessarily lead to a
better text input, since there are clearly more issues
to regard when developing a mobile text input.

4.2. Text Input Design Requirements

So what is important for the design of a mobile
text input? Levy (2002) provides an answer in form
of his compilation of “ideal” mobile interface charac-
teristics. His first three characteristics are clearly
most desirable and measurable and thus are explicitly
followed in the design of MINPUD:

1. “No training to use” (Ease of learning): If an
interface is not easy to learn, people will not use it.

2. “Error-Free operation” (Robustness): If people
still create errors after having learned the technology,
they will get frustrated.

3. Speed. At the end of the day, this is the most
important criterion for long-term usage.

4.3. Design realisation of MINPUD

To address the first design requirement of being
easy to learn we have applied an anchor concept for
associating functionality to the hardware keys and
the virtual buttons, which is described in the next
section. Additionally, a helper interface is displayed
both on the public display and in standalone mode
also on the screen of the palmtop computer to show
the meaning of the keys before the user has comple-
tely internalized them. In contrast to practically all
the gesture based input mechanisms there is no need
to practise certain motor skills that often make ges-
ture recognition hard to master for beginners.

The second requirement, robustness, is also ad-
dressed by providing the helper interface as well as
the audio feedback. By using large virtual buttons on
the display of the palmtop computer that are operated
by a thumb, the display-oriented problems of tapping
on relatively small areas of the screen (e.g. accuracy
of calibration) are eliminated, too.

To follow the third requirement of a high input
speed there are no chains of interaction necessary to
generate a character, i.e. no keys have to be pressed
several times for one character. Also, no disambigua-
tion methods are used, for they are only slightly
faster than triple-tapping (MacKenzie et al. 2001).
Every important character can be created with one
single action. A dictionary on the public display was
added to further speed up the input of longer words.

4.3.1. Anchor Concept. To minimize the amount of
training needed to learn the system (design require-
ment 1), we build on common knowledge the users



already have when associating functionality to the
hardware keys and virtual buttons.

One can assume that everybody knows the chain
of vowels in the alphabet “A-E-I-O-U”. This chain of
vowels is associated to the row of hardware keys be-
neath the display area as shown in figure 4.
Accordingly, pressing the first, i.e. leftmost, key cre-
ates an ‘A’, while the fifth, i.e. rightmost, key creates
a ‘U’, etc. So far, this is obviously very easy to use,
but the consonants are still missing.

How are consonants created? If we regard the
distribution of the vowels in the alphabet, we can
make an astonishing observation: The vowels are
very evenly distributed among the consonants. First
comes the ‘A’, then follow three consonants (B-C-
D), then another vowel (E), then three consonants
again (F-G-H) etc. This even distribution is exploited
when creating consonants. Every consonant follow-
ing a vowel is associated to this vowel, i.e. ‘B-C-D’
are associated with the ‘A’, ‘F-G-H’ are associated
with ‘E’, and so forth. This is in so far easy to com-
prehend, as the entire alphabet is stored in our minds
as a sequential list, so that one can tell immediately
that ‘P-Q-R’ follow the ‘O’, whereas it is much hard-
er to tell which characters actually precede the ‘O’.
To create a consonant, the user simply holds the cor-
responding vowel key and simultaneously presses
one of the five virtual buttons on the display with the
other hand. The first virtual button creates the first
consonant after the vowel, the second virtual button
creates the second consonant, etc.

Pressing the virtual buttons alone, i.e. without a
hardware key that sets the corresponding vowel, has
no effect. The interaction of hardware keys and vir-
tual buttons can thus be seen in analogy to using
Shift-, Alt-, or Ctrl-keys together with character keys
on standard keyboards.

4.3.2. Visual Support. As described above, for each
of the five vowel keys pressed, the same virtual but-
ton creates a different consonant such as the first
consonant following the ‘A’ or the first consonant
following the ‘E’. These alternating meanings of the
virtual buttons in dependency of the vowel keys are
visualized on the public display (and eventually on
the display of the palmtop) in real time. Figure 5
(left) shows this support interface on the public dis-
play, when no hardware key is pressed and the
virtual buttons thus have no effect. Figure 5 (middle)
illustrates the updated interface after the user has
pressed the first key (A) while figure 5 (right) shows
the same for the fifth, rightmost key (U).

Figure 5: Visual support for creating characters

Please note that the helper interface of the public
display includes real buttons, so that the user can ac-
tually hold the palmtop in one of her hands pressing
the hardware keys. With the other hand, the user can
create consonants directly on the surface of the pub-
lic display, provided that it is touch-sensible. This
functionality had been requested by one of our col-
leagues who felt uncomfortable tapping on the
display of his palmtop with anything but the desig-
nated stylus.

4.3.3. Special Characters. Text input includes but is
definitely not limited to creating vowels and conso-
nants. There are also special characters such as
punctuation marks, umlauts, capitalization, and cer-
tain functions such as deleting a character, or
accepting a suggestion from the dictionary, that must
also be taken into account. However, user studies
about mobile text input (e.g. Dunlop & Crossan 2000
or James & Reischel 2001) illustrate that for many
applications it is possible to go without certain
special characters and concentrate more on the actual
information to be conveyed. Thus, we chose to
optimize the creation of the frequently used standard
characters and accept that special characters are
harder to create and harder to learn. They are created
by pressing multiple hardware keys together which
involves moving the hand that operates on the virtual
buttons to the bottom of the device.

5. User study

Even though it is immediately plausible that the
integration of palmtop computers and public display
is potentially beneficial, it must still be proven that
MINPUD performs better than existing alternatives.
Such a proof could be addressed with mathematical
prediction methods. There are indeed several, par-
tially very complex mathematical models for
predicting the performance of a text input. However,
it has been shown that “neither model [is] particu-
larly accurate” (James & Reischel 2001). Also, the
underlying assumption that users are experts who
make no mistakes is neither plausible nor does it help
measuring the ease of learning (design requirement



1) or the robustness (design requirement 2) of an in-
put method. It is therefore essential to test a text
input in a controlled user study.

For a text input that works on an ad-hoc con-
nected pair of public display and palmtop computer it
is, however, not fully clear what the control condi-
tion(s) should consist of. From the perspective of the
research on public displays it stands to reason that
other means of entering text on an interactive wall
would have to be considered. This could be a virtual
keyboard or a handwriting recognition software oper-
ating on the public display’s surface. But it is
problematic to regard other text input methods for
large displays, because putting text on a public wall
clearly involves more than just creating characters.
First, user authentication is always an issue, other-
wise public walls could simply not offer any
interactivity (or would not be public). Means of
authentication are manifold, however, and can not be
regarded without the context of a specific application
(e.g. Russell & Sue 2002). Second, it may or it may
not be desired to have multiple concurrent users
working with the wall. Virtual keyboards that take
away screen real estate might therefore not be harm-
ful, when there is just one person at the wall. Third,
depending again on the context, it might be useful to
create awareness about what the person interacting
with the wall is exactly doing. In this case, it is unde-
sirable to hide private parts of the user’s interface. It
could, of course, just be the other way round. There-
fore, it is inevitable to have several confounding
factors when trying to find an answer on how good a
system compared to others might be. MINPUD was
designed to enable multiple concurrent users to get
quick access to textual information on a public dis-
play which naturally includes an implicit
authentication mechanism. We are not aware of a
text input for interactive walls with a similar focus.

The other applicable perspective would be the re-
search on mobile text input. From this perspective
one would take into account traditional means of en-
tering text on mobile devices such as Graffiti or a
small virtual keyboard. The advantage of this per-
spective is that there are fewer confounding factors,
because e.g. one device is always operated by one
user and not by multiple users and the possibility of
other persons perceiving the interface of the user op-
erating the palmtop computer is not an issue, too.

When choosing such a mobile text input perspec-
tive, the research question can be formulated as in
how far the coupling of the small mobile device with
a large stationary one and the related distribution of
input and display allows for a better text input than
with the display-oriented input methods possible on
the palmtop device alone.

5.1. Design

The experimental design of the user study was ta-
ken from the carefully crafted study on text input
performance for mobile phones presented by James
& Reischel (2001). Details can be found there. One
benefit of picking up their design was the gained
ability to provide a comparison with text input on
mobile phones for free, although, of course, for var-
ious reasons one cannot derive much more than
careful tendencies from such a comparison.

5.2. Method

5.2.1. Subjects. Thirty students recruited from the
Technical University of Darmstadt, Germany, (m =
24, w = 6, ∅ 28.4 years) took part in the study. None
of them had previous usage experiences with palm-
top computers. Subjects were randomly assigned to
three different groups. One text input was used
within each group (MINPUD, Graffiti handwriting
recognition, and the Palm Virtual keyboard).  Half of
the participants within each group were assigned to
being experts, i.e. they were encouraged to train their
text input intensively before the study commenced,
whereas the other half were novices who only
received a demonstration and a short time span of
twenty minutes to get acquainted with the text input.

5.2.2. Setting and Procedure. Participants were
seated at a table with a Palm computer and a standard
PC monitor (for the MINPUD group) before them.
Ten sentences were presented consecutively to each
participant who had to enter them into her device as
fast and as accurate as possible without correcting
herself. The sentences were taken from the study of
James & Reischel and used without being translated
to the native (German) language of the participants in
order to preserve the correct number of characters in
each sentence. This way, a comparison with the 2001
study could be realized. Since all of the subjects were
either good or very good at speaking English, we be-
lieve that the internal validity of the study did not
suffer significantly from this fact.

Half of the sentences presented to the subjects
were short, informal sentences that are typical for
SMS or “chat” communication using an Instant Mes-
senger (e.g. “let me know if we should wait” or “hi
joe how are you want to meet tonight”). The other
half consisted of longer, more complex sentences ty-
pically found in a book or a newspaper such as “the
slinky and the jump rope are among the five toys that
will be designated wednesday”. Punctuation marks or
capitalization were not used.



5.3. Results

For the analysis, a 3 (input method) x 2 (text
type) x 2 (user experience level) design was used.
The mean words per minute (wpm) are listed in table
1 and the aggregated total errors for each group are
listed in table 2. To provide a comparison, the results
for mobile phones from the James & Reischel study
are also listed in the columns 4 and 5.

Significant main effects of the analyses of var-
iance were found for the user experience level with
the wpm as the dependent variable (F(2, 151) = 11.7,
p < 0.5) and for the input method with the total errors
as the dependent variable (F(2, 151) = 10.8,  p < 0.5).
A significant interaction effect was found for input
method x user experience level with the wpm as the
dependent variable (F(1, 151) = 12.3,  p < 0.5).

Table 1: Mean text input speed (wpm)

Text Users [1] [2] [3] [4] [5]
Chat Novice 14,62 19,93 4,6 10,98 10,37

Expert 24,5 31,43 15,42 25,68 10,53

News Novice 12,58 14,15 4,33 7,21 5,59

Expert 21,27 26,61 12,64 15,05 5,33

[1] MINPUD, [2] Virtual Keyboard, [3] Graffiti, [4] T9, [5] MultiTap

Table 2: Total errors

Text Users [1] [2] [3] [4] [5]
Chat Novice 24 25 99 24 17

Expert 21 24 53 17 31

News Novice 26 35 147 20 48

Expert 20 29 88 17 85

[1] MINPUD, [2] Virtual Keyboard, [3] Graffiti, [4] T9, [5] MultiTap

5.4. Discussion

MINPUD’s speed of input does not quite reach
that of the virtual keyboard on a descriptive level.
However, it is clearly a lot faster than Graffiti and
also than the input methods on mobile phones. This
supports the design requirement of high input speed.

The small differences in total errors for novices
and experts support the design requirement of being
easy to learn. Also, the small absolute number of to-
tal errors both for experts and novices supports the
design requirement of being robust to use.

When comparing the error rates and the input
speed of MINPUD and the other input methods for
palmtop computers with those for mobile phones, the

mobile phones input methods appear to be rather ro-
bust, too, but only partially at a similar level of
speed. It must be kept in mind, however, that the ex-
perimental situation was a different one in the James
& Reischel study. Especially psychological variables
such as the response bias, i.e. the individual bias to
sacrifice speed for accuracy or accuracy for speed,
could not be controlled. Therefore, interpretations
have to be careful here. Regarding the research ques-
tion, if it is beneficial to leave the display-oriented
approach of traditional text input methods for palm-
top computers in favour of distributing the actual
input and the visual feedback between the palmtop
and an additional display, this clearly is a promising
approach given the results of the user study.

6. Related work

Several research groups have worked on the in-
teraction of palmtop computers and stationary
devices such as interactive walls or personal compu-
ters with the goal of manipulating information on the
stationary devices with the palmtop computers.

Myers et al. (1998) present Pebbles, a system for
connecting multiple Palm PDAs to a personal com-
puter. The PDAs are used as remote controls that let
several users interact with the PC via the PDAs. The
PebblesDraw application enables multiple users to
draw an image simultaneously with the palmtop com-
puters. This application is especially elegant, because
shared image drawing involves many critical issues
such as modeless interfaces or adapted undoing func-
tionality.

Greenberg et al. (1999) are dealing with a large
display that runs a single display groupware (SDG)
system and palmtop computers for taking personal
notes that can be “publicized” to the large display.
This SharedNotes setup focuses on important issues
regarding private and public information and the
transition between them. Even though Greenberg et
al. are not specifically addressing the details of PDA
to wall text input, their work raises several highly re-
levant questions, such as the need for device adapted
software functionality.

Very close to MINPUD in terms of multiple
device integration is Rekimoto’s (1998) painter’s
palette approach. He presents a setup where users at
an interactive wall are equipped with a palmtop
computer held in one hand just like the palette of an
oil painter. By using a new ‘Pick-and-Drop’
metaphor a user can select objects on one of the
devices and simply drops them at an other device by
tapping on the other device’s surface, where they can
then be edited. His system works with several



different kinds of data objects and activities such as
drawing images or placing cliparts.

7. Conclusions

We have presented MINPUD, a novel text input
for multiple concurrent users that works on a public
display and palmtop computers. It separates the ac-
tual input from the display of the edited text and the
character generation interface. Thus it realizes an in-
teraction design that leaves the standard display-
oriented input methods commonly used on palmtop
computers. The design of MINPUD was optimized
for ease of learning, robustness, and speed which was
also shown in a user study.

The current sample setup includes an application
to alter a group’s schedule shown at the public dis-
play. Its grid-like user interface makes the realization
of multi-user support rather easy. Our experiences
are that walking by the display and editing its content
works quite simply and in certain situations is a bet-
ter alternative than going back to a PC workstation to
edit the group calendar there. However, the full po-
tential of concurrent usage has not yet been
exploited. In the future, we will investigate the possi-
bilities of a tighter integration between multiple users
like with a shared text editor.
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