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Dear Attendee,  
 
The PPD 08 Workshop on designing multi-touch interaction techniques for coupled  
public and private displays focuses on the research challenges and opportunities 
afforded by the combination of touch sensitive small private input displays  
coupled with large touch sensitive public displays. Different touch-enabled  
devices rely on different types of touches (passive stylus, active stylus,  
fingers and tangible objects), the motivating question for this workshop is  
how do users switch between these devices and how to facilitate fluid transition 
from a collection of multiple displays to a single integrated multi-display  
environment. 
 
Recent developments have seen the wide spread proliferation of both large shared 
displays and small display technologies. In parallel we have seen the emergence  
of new classes of device which support both touch or multi touch interaction.  
Examples of small touch driven devices include PDAs, Tablets and iPhones and  
examples of large interactive surfaces (multi-touch driven displays) include  
the Diamondtouch and Surface Computing. Interactive surfaces offer great  
potential for face-to-face work and social interaction and provide natural  
ways to directly manipulate virtual objects whereas small devices afford the  
individual a personal workspace or "scratch space" to formulate ideas before  
bringing them to a wider audience. Advanced visual interfaces can be built  
around a combination of both private and public touch driven displays. Such  
computer mediated multi-device interaction between local touch-driven displays  
and shared public ones presents a number of novel and challenging research  
problems. 
 
Our aim with this workshop will be to focus on the research challenges in designing  
touch interaction techniques for the combination of small touch driven private  
input displays such as iPhones coupled with large touch driven public displays  
such as the Diamondtouch or Microsoft Surface. 
 
We look forward to your hearing about your work in this area and brainstorming  
during the workshop.  
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Sriram Subramanian 
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Aaron Quigley 
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ABSTRACT
While the pervasive use of interactive whiteboards in education has
emphasized the need for large public displays, a growing number
of schools are moving towards a one to one (student to computer)
ratio. Thus there is significant interest in understanding how
personal devices (e.g. laptops, clickers) can be coupled with large
public displays in a technology enabled classroom.

We describe a correlation between shifting educational practice
(from teacher-centric to learner-centric) and its effect on education
technology. In particular we explore how interactive response
systems, networked computers, small shared displays, and large
public displays have been used to create collaborative learning
environments.

Categories and Subject Descriptors
H.5.2 [Information interfaces and presentation]: User Interfaces
– Interaction Styles

General Terms
Design, Human Factors

Keywords
Public Displays, Private Displays, Shared Displays, Education.

1. INTRODUCTION
Educational pedagogy is shifting from teacher-centric towards
active teacher/learner participation and even further to learner-
centric collaboration where learners are expected to coach and
collaborate with their peers.

Traditional educational practices have focused on a teacher-centric
“sage on the stage” metaphor where the teacher transmits
knowledge through large public surfaces such as blackboard or
interactive whiteboards and learners play the role of passive
recipients.

Contemporary educational practices such as constructivism
[Vygotsky, 1978] emphasize the notion of learners as an active
participant in the learning process. In constructivism, learning is
enabled by expanding upon one’s current knowledge through
discussion and engagement; this is referred to as the zone of
proximal development (ZPD). Feedback from instructors and peers
is the crucial in constructivist learning.

To encourage this discussion and negotiation, constructivist
educators try to engage the learner through small group activities

with peers (typically 2-4) and collaborative exercises. Their goal is
to create an environment for collaborative learning using prepared
content and peer support.

Teachers apply constructivism in the classroom by manually
assigning groups of learners and providing them with collaborative
exercises typically printed on paper. There are several reasons why
this is not practical in a typical classroom: The preparation is
cumbersome because the collaborative exercises typically cannot
be reused and need to be printed for each collaborative class. The
organization of groups consumes a significant amount of class time
providing less time for learners to focus on the taught materials. It
is difficult for teachers to examine the progress of each individual
learner as classroom sizes become larger. The logistics of
delivering content and soliciting feedback significantly increases
the burden upon teachers and learners in the collaborative
classroom.

2. COLLABORATIVE TECHNOLOGY IN
THE CLASSROOM
Educational technology has provided a means to simplify the
delivery of content and solicit feedback in the classroom. These
technologies vary in the amount of personal work space and
visibility to other collaborators. We describe four main scenarios:
interactive response systems, networked computers, small shared
displays, and large public displays.

Figure 1. An interactive response system in a classroom (left) an
individual clicker (right) from smarttech.com/Senteo

2.1 Interactive Response Systems
Interactive response systems (e.g. Figure 1) typically involve a
clicker for each learner in the classroom. Some clickers (such as
Senteo by Smart Technologies, Figure 1, right) contain a private
text displays that can be used to review one’s answer prior to
submitting it. A teacher can post a question on a large interactive
whiteboard and have the question deployed to each learner



wirelessly. Feedback can be provided to each learner through their
private displays or through the interactive whiteboard using a pie
chart or bar chart visualization. The clicker is not only useful for
broadcasting questions from the teacher, but also for eliciting
questions from learners. By pressing a help button on the clicker
any learner can initiate a discussion in the classroom.

While Figure 1 (left) shows the most use scenario for interactive
response systems in the classroom, teachers can also use these
systems to facilitate group discussion and negotiation. One method
is to provide each group with a single clicker and ask groups to
agree on an answer before submitting a response. Generally these
groups depend on the interactive whiteboard for viewing shared
content as the private clicker display is not readily visible to all
collaborators. The limited personal space available on clickers
means that most of the students express their thought process
through external materials such as pencils and paper.

2.2 Networked Computers
In a one to one school, there is one computer available for each
learner. These computers can be desktop computers or personal
laptops such as the OLPC XO, Intel’s Classmate PC, and the Asus
EEE PC. By networking these computers together it is possible to
deliver content and elicit responses in a very similar fashion to
interactive response systems. One advantage is that networked
computers provide a much larger personal space that expands the
types of questions that can be asked (sorting, matching, open
answer, drawing) and allows the thought process of learners to be
expressed through the computer. Another advantage is that this
configuration bridges a student's personal work to the collaborative
setting, where the work they have done individually (and perhaps
previously) can be brought into the collaborative space and vice
versa, e.g., through file-sharing.

This provides an additional channel of feedback through the digital
system. In addition to seeing the correct response on their personal
computer, and the overall response rate on the interactive
whiteboard, teachers can provide illustrative feedback about a
particular student’s thought process. For example, a digital
recording of a student’s manipulations could be shown on the
interactive whiteboard to provide insights for the rest of the class.

Face to face small group collaboration is a bit more cumbersome as
students may not be able to move their computers (e.g. a class with
desktop computers for each student). Virtual teams can be
automatically assigned to allow learns to work in small groups.
However, since each display is tilted towards the learner it is
generally considered private. Thus awareness of a collaborator’s
actions must be provided through software such as telepointers
[Greenberg et al., 1996], split screen and radar views [Gutwin et
al., 1996].

2.3 Small Shared Displays
Another approach is to provide learners with a single shared
display specifically designed for groupwork. An example is the
tabletop in Figure 2. On a shared display a small display size
allows each learner to view and gesture over the entire surface, and
a horizontal layout allows collaborators to see the on screen
manipulations as well as the facial expressions of collaborators.
These benefits facilitate the negotiation and discussion that is core
to constructivist learning.

If the shared display runs standard commercial software, they are
limited by the fact that most underlying educational software only
supports the keyboard and mouse inputs of a single individual. For
example, if multiple mice are connected to a single computer, their
inputs are merged into a single stream of keyboard and mouse
events. Studies of shared displays in an educational setting have
emphasized the need for multiple simultaneous inputs on shared
displays as children have been known to lose interest in the task at
hand when they are waiting to use the computer [Inkpen et al.,
1999].

Modern multi user, multitouch, and multi input technologies are
able to circumvent current limitations but require content providers
to write software for these specific hardware configurations. One
lightweight input method is to multiple mice for each student using
a shared display. This scenario has been tested in rural classrooms
[Pawar et al., 2006]. However, the cursors from multiple mice are
small and can be ineffective for monitoring the activities of
collaborators. Another approach is to provide multitouch tabletop
for groups of 2-4 learners. The tabletop is beneficial because the
consequential communication caused by manipulating the tabletop
also serves as communication to other collaborators [Tse et al.,
2006]. Information on the shared display is readily visible to
immediate collaborators but hidden to other groups. This allows
groups to develop very independent solutions that can be
efficiently reviewed by the instructor on a large vertical display.
Since there is limited personal space in a small tabletop, the work
done on the tabletop is more of a reflection of the group’s thinking
process over that of a single individual.

2.4 Large Public Displays
A large public display such as an interactive whiteboard can be
used for collaborative learning if they support multiple
simultaneous inputs. If a single interactive whiteboard does not
provide sufficient personal space, multiple whiteboards can be tiled
to provide a very large interactive canvas that classmates can easily
see.

Figure 2. A small tabletop display for children



If the personal space of each participant is large, students will be
able to see the work of collaborators while also being able to do
independent work in their own personal space. This is particularly
useful when people are engaged in learning that can divided into
separate sub sections that can be synchronized when completed.

Small Personal Space Large Personal Space

Private
Display

Interactive Response
Systems

Networked Computers

Public
Display

Small Shared Displays Large Public Displays

Table 1. Comparison between display visibility and personal space
for technology enabled collaborative learning.

3. Conclusion
Table 1 describes two axes for describing collaborative learning:
personal space and display visibility. As learners have more
personal space in a digital system they have an increased ability to
do independent work and show their work on the digital system.
This increased personal space comes at the cost of a learner’s
ability the monitor and aid the learning of co-located peers. Small
personal spaces are beneficial for close knit collaboration but are
less effective for supporting individual work. As the display
becomes more publicly visible to collaborators, it becomes easier
for groups to share a common view and monitor the activities and
expressions of other learners. Private displays allow learners to
work on content that they would not like to reveal to other
members of the group (such as quiz answers). An understanding of
the effects of personal space and display visibility will be crucial in
supporting next-generation educational pedagogy.
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ABSTRACT 
Currently the definition of touch interactions in touch-based 
interfaces is application- and device-specific. Here we present a 
model for touch interaction which gives a deeper understanding 
of touch types for different devices. The model is composed of 
three levels – action, motivation and computing – and mappings 
rules between them. It is used to illustrate touch interaction in a 
tabletop and a mobile application and allows us to re-use touch 
types in different platforms and applications in a more 
systematic manner than how touch types have been designed to 
date. 

1. INTRODUCTION 
Currently, multi-touch technology is a popular research area in 
the field of Human-Computer Interaction, gaining momentum 
with the appearance of commercial products such as Apple’s 
iPhone and Microsoft’s Surface. Previous research on 
touch/gestural interaction has concentrated on gesture 
definition and recognition. However, there are issues that need 
to be addressed if we want to re-use touch types and styles to 
provide consistency for end-users.  For example, the meaning 
of a touch type can vary according to different applications 
such as two hands moving closely on a surface meaning zoom 
out in a GIS-based application and gather scattered items 
together in a game interface. This is important when we have 
users simultaneously using public and private display devices. 
Different users and/or different cultures may have different 
ways they operate and interpret a touch, calling in the possible 
re-mapping of touch types and their meanings for different 
users/cultures.  In the context of this workshop, touch may need 
to be interpreted differently depending on the situation of 
private or public display. 

We have established a model for touch interaction in order to 
allow a systematic approach in defining a touch and its 
meaning, and ultimately to allow re-use of touch for different 
applications, platforms, and use contexts. The model is 
comprised of three levels, the action, motivation, and 
computing levels. We describe each separately, define mapping 
rules and we apply the model to tabletops and to PDAs as 
public and private displays. By defining and classifying 
gestures to be used on touch platforms and suggesting a 
foundation for the mapping between a human gesture and the 
action that it causes, the model can serve as a useful guideline 
for designers of touch applications. 

This paper is organised as follows. In the next section we 
summarise related work in categorising touch/gesture actions. 
We then describe our interaction model, components, their 
properties and relationships (mapping rules). In Section 4 we 
illustrate how this model can be applied and interpreted in the 

practical cases of public and private devices, and we conclude 
the paper with our perspective and future work. 

2. RELATED WORK 
While there are many studies on developing different kinds of 
novel Tabletop/PDA platforms and applications, there is little 
effort or organised activity on generalising or standardising 
touch interaction other than some definition of available 
gestures/touch for specific applications.  
With recent advances in input sensing technology, researchers 
have begun to design freehand gestures on direct-touch surfaces. 
Yee et al. [1] augmented a tablet computer with a touch screen 
to enable hand and stylus interaction. Wobbrock  et al. [2] 
presented a “$1 recognizer” to enable novice programmers to 
incorporate gestures into their user-interface prototypes. 
Rekimoto [3] described interactions using shape-based 
manipulation and finger tracking using the SmartSkin 
prototypes. Wu and Balakrishnan [4] presented multi-finger and 
whole handle gestural interaction techniques for multi-user 
tabletop displays. Morris et al. [5] presented multi-user gestural 
interactions for co-located groupware. Finally, Shruti et al. [6] 
explored the user’s perceptions to a novel interaction method 
with mobile phones. They studied responses and reactions of 
participants towards gestures as a mode of input with the help 
of a low fidelity prototype of a camera mobile phone. The study 
used an approach inspired by participatory design to gauge the 
acceptance of gestures as an interaction mode. These are all 
very useful contributions to the touch/gesture interaction field, 
and more amount and variety of such work is required to 
advance it considering the early stage of our understanding in 
this area. However, a study that will be particularly useful at 
this point is a more generalised understanding of the kinds, 
types, and styles of touch interaction beyond the specific 
realisation of an application/device, and consequently how 
designers should map different touch to different functions. 

Elias et al. [7] presented a multi-touch gesture dictionary which 
includes a plurality of entries, each corresponding to a 
particular chord. The dictionary entries can include a variety of 
motions associated with the chord and the meanings of gestures 
formed from the chord and the motions. The gesture dictionary 
may take the form of a dedicated computer application that may 
be used to look up the meaning of gestures. It may also take the 
form of a computer application that may be easily accessed 
from other applications. And it may also be used to assign user-
selected meanings to gestures. Wu et al. [8] developed a set of 
design principles for building multi-hand gestures on touch 
surfaces in a systematic and extensible manner. They proposed 
the concepts of gesture “registration”, “relaxation”, and “reuse”, 
allowing many gestures with a consistent interaction 
vocabulary to be constructed using different semantic 
definitions of the same touch. While this is in line with the 



direction of our work, we attempt to standardise and generalize 
the overall picture of the touch interaction where the user’s 
intentions, touch actions, and their mapping to system 
functionality are understood and specified. 

3. A TOUCH INTERACTION MODEL 
We structured touch into three levels in our model, as 
illustrated in Figure 1. The first is the action level which is 
independent of applications or platforms, and only explains 
what touch types/styles are available (e.g. tapping with a finger 
or wiping with a palm). The second level is motivation, also 
independent of platforms but specific to applications. This level 
explains a user’s motivation of what they want to do when 
interacting (e.g. annotate a photo or send an email). This level 
can be reused by different platforms if they have the same 
application domain. The third level is the computing level, 
including hardware and software. It is specific to platforms and 
applications, and links people’s actions to functionality in order 
to react to perform a specific set of tasks. The three levels make 
up the structural layout in our touch interaction model. When 
we design a touch interactive interface, we only need to design 
touch at the action level once, and can reuse in other 
applications and platforms. Then we define different mapping 
rules from the action level to the motivation level according to 
the application domain. 

3.1 Action Level 
The action level describes various touch actions. We 
distinguish between two touch types: simple and complex touch. 
A simple touch may combine with others by, for example, 
another hand joining in or by the same hand doing multiple 
touches, in order to make up a complex touch. 
We define a simple touch as the basic unit and as being a single 
hand action with no repetition and not containing other simple 
touch. We consider that there are two kinds of touch styles 
according to the contacting part between hand and  

 
Figure 1: A touch interaction model 

surface: single and multiple contacts. In a single contact the 
touch area between hand and surface is consecutive. In this 
style, touch can be with one finger, palm, half-palm (four 
closed fingers except thumb), fist and vertical hand, as 
illustrated in Figure 2. When touching with one finger, we 
don’t distinguish which finger.  

 
Figure 2: Single contact 

In a multiple contact the touch area between hand and the 
surface is more than one. Touch with two fingers, three fingers, 

four fingers and five fingers are all included, as illustrated in 
Figure 3. We don’t distinguish which combinations of fingers. 

  
Figure 3: Multiple contacts 

We now define the movement types as press, tap and drag, 
shown in Figure 4. Press means touching the surface and 
remain touched. Tap means touching the surface and lifting 
again rapidly. Drag means touching and then moving on the 
surface. 

 
Press Tap Drag 

Figure 4: Movement types 
We describe a touch by combining touch styles and hand 
movements. For multiple contacts, movements are complex 
because each single contact can have its own direction and 
speed. However, the human hand has physical limitations, so 
possible movements are limited. These include one finger press 
while others tap, all fingers drag in two-direction, all fingers 
drag apart and all fingers drag in together. Simple movements 
such as press, tap and drag simultaneously are all possible for 
multiple contacts and these are summarised in Table 1 as a 
taxonomy. When we define a touch action, we choose a style 
and movement from here. For example, a case of two-finger 
touch is shown in Figure 5. For five fingers, Figure 6 shows 
possible gestures including the thumb pressing and the others 
tap, all fingers dragging in two directions, and all fingers 
dragging in together or apart.  

 
Figure 5: Two finger gestures 

 
Figure 6: Five finger gestures 

Table 1: Touch taxonomy 
Touch styles Movement types 

1 finger 

Palm 

Half-palm

Fist 

Single 
contact 

Vertical 
hand 

 

2 fingers 

3 fingers 

4 fingers 

Multiple 
contact 

5 fingers 

Tap 

Press 

Drag (towards 
same direction) 

One press and 
the others tap 

Drag in bi-
direction 

Drag apart 

Drag close 

Complex touch is a combination of simple touches by adding 
another hand spatially or forming a sequence of simple touches 
temporally. Two handed action is usually symmetrical, 



however people are also used to fixing one hand and moving 
the other. It is difficult for people to do different actions with 
two hands synchronously. Most of the possible touch 
combinations are not easy for people to do but it provides 
choices in case an application requires a multitude of 
functionality distinctions with variety of finger touches. 

3.2 Motivation Level 
The motivation level addresses what people want to do and 
describes people’s motivation according to the functions of the 
application. It is specific to a given application only and 
independent of platform. When an application is defined, all the 
motivations people can have when they interact with that 
particular application are confirmed as well. We take two 
examples below to illustrate this. In a map browsing application, 
people usually have the motivations of zooming in, zooming 
out, measuring distance, selecting a region, etc. (see Figure 7).  

 
Figure 7: Motivations in a map browsing application 

In a personal photo browsing application, people usually have  

 
Figure 8: Motivations in a photo browsing application 

the motivations of zooming in/out a photo, grouping photos, 
annotating photos, etc (see Figure 8). As this level is 
independent of platforms, it can be reused for different 
platforms.  Some motivations need be further divided into sub-
motivations in order to get any mapping to action level. For 
example, “zoom in whole map” can be divided into “press the 
zoom-in icon” followed by “tap the map” in a map browsing 
application. Thus, in a hierarchy of motivation, only the 
bottom-level motivations (leaf nodes) are assigned to a specific 
touch. 

3.3 Computing Level 
This level is concerned with how the device can detect and 
respond to a touch action. We divide this into two parts – 
hardware and software. A touch-enabled device reads the 
locations of touch points from the hardware and recognises its 
touch style and movement type according to these locations. 
The hardware provides runtime touch locations to the software. 
Although there are many different hardware platforms, 
algorithms that recognise a touch are in most cases the same. 
We use a toolkit of gesture recognition algorithms suitable for 
any platform. Such algorithms will handle the distinction 
between available and illegible gestures and ignore noises 
caused by the environment, inaccurate touch, or any other 
interferences that might occur during an interaction. Such work 
is out of the scope of this paper. 

3.4 Mapping Rules 
In order to complete the touch interaction design process, we 
need to define mapping rules between the action and motivation 

levels and also the recognition and realization algorithm 
between action, motivation and computing levels. We define 
general principles for mappings between the action and 
motivation levels as following: 

• Intuitive - We have specific cognition in our real lives, for 
example shaking hands for friendship and nodding for 
agreement. This is similar for touch gestures so we can’t 
define the mapping rules randomly and we should make 
them consistent with our intuition. For example, we usually 
map “two hands moving apart” to “zoom in the map” and 
“two hands moving close together” to “zoom out the map”. 
If we swap these two around, it will be unintuitive.  

• Unambiguous – When the mapping is done, there should 
not be misunderstandings either for human or for computers. 

• Minimal gesture as priority – when assigning a touch to a 
motivation, simpler touch should be chosen if there are no 
other conflicts in the choice. That is, it is better for a user to 
accomplish the motivation by fewer steps or in a simpler 
way.  

The above mapping rules should guide the designer in deciding 
which touch among the many listed in the action level 
taxonomy should be chosen for each of the motivation. 
Sometimes there is a situation where we need to map the same 
touch gesture to several motivations. For example, people feel 
it convenient to pan a map by dragging with the index finger. 
However, we also feel it convenient to draw a path on a map by 
the same dragging action with the index finger. In this case, we 
need to make the computer register the same gesture as 
different motivations, possibly by setting different modes for 
the interface at the time of interaction. On the other hand, we 
may need to map several touches to one motivation, because 
different people or a same person at different situations might 
have different touch preferences.  For example, some people 
like to use two fingers to rotate a map on a surface and 
sometimes they like to use three fingers or five fingers to do the 
same. Thus, between gestures and motivations there can be 
one-to-many as well as many-to-one mappings. 
We introduce an interactive context in order to know which of 
more than one motivation should be mapped in response to a 
gesture. This can be considered as a mode or condition at the 
time of user interaction. For example, when we design a map 
browsing application, we can use a switch icon to distinguish 
between panning and path drawing. While the “drawing icon” 
is on (which the user can switch to “panning icon” if wished), a 
dragging gesture will register as a drawing action otherwise it 
will register as panning action. 
Traditionally, we design windows, icons, menus and pointer 
(WIMP) to construct the interface to an application. This can be 
unnatural for us because we first have the motivation of click 
some icons or menus and then we need to know what will 
happen when we click.  When we divide motivations into sub-
motivations, the sub-motivations are usually exploring specific 
WIMP elements. We should try to reduce the WIMP elements 
to make the interaction and interface simple and clear.  
Finally, we define the mapping rules from the action and 
motivation levels to the computing level using calls to the API. 
As we mentioned above, the computing level can recognise 
touch gestures, so what we need to do is to make the 
appropriate responses to each touch interaction. 



4. APPLICATIONS 
What we presented so far is a general model for touch 
interactions derived from an extensive set of observations of 
touch applications on the DiamondTouch, iPhone, and other 
touch devices. Now we apply the model to two different touch 
platforms – a public tabletop and a private PDA. 

4.1 Tabletops 
A tabletop such as the DiamondTouch [1] is usually designed 
for group decision-making and its touch interaction has several 
characteristics including a large public shared screen so that all 
group members can gather around and each can use two-handed 
gestures. A tabletop is usually arranged so people can sit or 
stand around it so gestural input from different directions 
should have the same meaning. Applications running on 
tabletops are quite wide ranging so gestural interactions should 
be comprehensive. We have examined many tabletop 
applications in our own lab including games, map browsing, 
photo browsing and multimedia search but we take map 
browsing application as an example to explain the model for 
tabletops. Users can pan, zoom in, zoom out rotate the map, 
measure the distance between two points, get the location of a 
point, draw or annotate, etc. According to the general functions 
of map browsing, we describe the major motivations in Figure 
9.  

 
Figure 9: Motivations in a map browsing application 

Some of these can be accomplished directly by a single touch 
gesture such as zooming in, zooming out, panning, rotating 
clockwise and anti-clockwise, but measuring distance and 
writing on the map should be divided into sub-motivations as in 
Figure 10. 

 
Figure 10: Map browsing sub-motivations 

Once sub-motivations are defined the leaf nodes on the 
motivation hierarchy can be assigned to a particular touch 
gesture.  Figure 11 illustrates our mapping decisions from touch 
gestures to motivations. The choice of touches on the left side 
was made based on the mapping rules, i.e. most intuitive to the 
motivation, unambiguous and simple. In this mapping we have 
a case where two touch gestures were mapped to one 
motivation (both 3rd and 4th gestures in the Action level 
pointing to the same “Pan the map” motivation in Figure 11). 
We also have a case where one touch gesture is mapped to two 
different motivations (3rd gesture in the Action level pointing to 
both “Pan the map” and “Sign on the map” motivations in 
Figure 11), requiring two different interactive contexts. For this 
we include switch icons so that when a user taps the pan icon, 
the gesture means panning and when he/she taps the sign icon, 
the same gesture will mean writing. More complex applications 
with more functionality can be designed and mapped in the 
similar way. 

4.2 PDAs 
PDAs are mainly designed for private applications such as 
personal contact, appointment, and entertainment. They have a 

small, private screen and the touch area is usually the display 
area. Users usually use one hand to hold the device and touch 
with the thumb of the holding hand and the fingers of the other. 
There are usually external inputs to the PDA, such as physical 
buttons. 

 
Figure 11: Mapping in a tabletop map browsing application 
Because the screen is small, some touch styles between hands 
and PDAs can be unified. For example, we unify palm, half 
palm, fist and vertical hand as one style. At the same time, it is 
hard to distinguish between one-hand and two-hand gestures 
which use the same number of fingers and have the same 
movement types. Because users usually have one hand holding 
the PDA and only the thumb can move, two-handed gestures 
are limited. Thus in most cases the available touch gestures for 
PDAs are a subset of those for a tabletop. 
We take a photo organiser application as an example to explain 
a model for PDA interactions. People can browse, resize, group 
and create classifications, search and rotate photos, etc. and we 
describe the motivations in Figure 12. 

 
Figure 12: Motivations in a photo organiser application 

We divided motivations until they are considered to be 
accomplished directly by a single touch gesture in Figure 12.  
Then we define the mapping between motivations and touch 
gestures in Figure 13. Here we have one touch gesture mapped 
to more than one motivation, such as one finger dragging (3rd  
gesture in the Action level in Figure 13). If there are photos 
selected, one finger dragging on top of any of the selected 
photos means adding selected photos to a group of photos; 
otherwise it means scrolling. As we know, there are often 
physical buttons on a PDA, so we can use these to indicate 
different interactive contexts. For example, if users press a 
button and drag on the screen, it means select photos; otherwise 
it means scrolling. 

5. CONCLUSIONS AND FUTURE WORK 
We have established an interaction model for touch interaction 
comprised of action, motivation and computing levels, in order 



to allow re-use of gestures and promote consistency in user 
interaction across applications and devices. By providing a set 
of available touch gestures and mapping rules to guide the 
designers in deciding which touch to map to which motivation, 
the touch interaction design for an application becomes more 
systematic. Tabletops and PDAs are private and public 
platforms which use multi-touch technologies. We discussed a 
particular touch interaction model for each of these according 
to their specific interactive characteristics and we described 
how touch gestures for the PDA are more limited than those for 
tabletops, effectively making the PDA touch gesture set a 
subset of the tabletop’s. 

 
Figure 13: mapping rules for PDA interaction 

In the future we hope to standardise each level and the mapping 
rules, and also the process of touch interactive interface design. 
We also plan to develop a number of combined applications for 
PDA, tabletop and touch wall with the touch gesture model and 

its mapping rules in mind from the start. Our ultimate aim is to 
build touch recognition middleware for all platforms, rather 
than retrofit as has been done heretofore. 
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ABSTRACT 
In this paper, we describe a system that allows a user to read 
information personally in public spaces without wearing any 
hardware devices. This paper presents the interface 
system ”InfoSnow”, which displays information on the palm of 
the user’s hand. This interface employs a snow fall metaphor to 
induce the user’s action to catch snowflakes of information, so 
that information display is focused on the user. 

Categories and Subject Descriptors 
H.5.2 [User Interfaces]: Interaction styles, H.5.1 [Multimedia 
Information Systems]: Artificial, augmented, and virtual realities,  

General Terms 
Design, Verification. 

Keywords 
hand, interface, image processing. 

1. INTRODUCTION 
Various kinds of public information displays, such as posters and 
large screen displays are encountered in daily life. The advantage 
of these displays is that information can be distributed to many 
people at a time. However it is often the case that we do not 
perceive the information as being directed towards oneself, but 
rather to someone else. The display does not attract us thus often 
fails in properly delivering information. Reasons for this failure 
may be that, due to restrictions in the information presentation 
environment, we feel some physical distance from and a lack of 
control over the information.  

Nowadays the use of mobile phones as information retrieving 
devices is popular. For example, we use our mobile phones to 
read email and to search for information on the web. Because the 
mobile phone is a personal device, information is retrieved upon 
the person’s own actions and perhaps better appreciated than that 
from public displays. On the other hand accessing information 
with a mobile phone can be troublesome; the phone must be 
taking out of a pocket or bag and many keys must be pressed to 
retrieve what might in the end be considered useless. If desire for 
the information is not strong enough, a person might not bother.  

Given the above disadvantages of current information displays, 
the vision of our research is as follows. We aim to make an 
information presentation environment where:  

- people can see and interact with digital information with the 
convenience of not having to wear or carry any hardware devices 
and  

- people in public places can handle information in a personal 
manner and can easily feel as though the information is for him or 
herself.  

This new form of information presentation could then be used for 
public space services such as wayfinding, information retrieval, 
message boards, personalized advertising, and so on.  

Accordingly, we consider the implementation of our research 
vision as having three goals based on how people experience 
information in public displays. First, we aim for ambient-like 
design so that a person can be aware of information existing in a 
public space, but the information is not too aggressively presented. 
The purpose of this is that we strongly want to avoid creating an 
information system that is difficult or unattractive for a person to 
approach in order to interact with information. Second, we want to 
create an interface that allows a person to engage with information 
personally without the use of a device in public spaces occupied 
by many people. Finally, the person should not only just see, but 
also be able to interact with displayed information.  

 

 

 

The current embodiment of these goals is our new human 
interface system, InfoSnow. InfoSnow displays information on the 
palm of a person’s hand and allows him or her to interact with that 
information. Figure 1 shows a typical InfoSnow display. By 
presenting public information on the person’s palm, each person 
in the system’s space is able to individually see and experience 
one-on-one interaction with the information. The interface 
employs a snowfall metaphor to induce a person’s action to catch 
snowflakes of information allowing the information display to be 

Figure 1. Snows InforSnow projecting information on a 
person’s palm.. 
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