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The emergence of new display environments such as tabletops [7]
and wall displays [22]has led to interaction techniques that are
moving away from keyboard-and-mouse style of interaction, and
many of them use pen-based [20] or finger-based [24] input
devices. Pointing is still an important part of these environments.
Most pointing techniques (like pick-and-drop [20]) couple the
motor and visual spaces (because the pen/finger is physically
placed on the object of interest; there is no cursor). This coupling
of the motor and visual spaces, however, limits the user’s virtual
pointing ability to their physical pointing ability.

ABSTRACT
The rapid increase in display sizes and resolutions has led to the
re-emergence of many pen-based interaction systems like tabletop
and wall display environments. Pointing in these environments is
an important task, but techniques have not exploited the
manipulation of control and display parameters to the extent seen
in desktop environments. We have overcome these in the design
of a new pen-based interaction technique – Bubble Radar. Bubble
Radar allows users to reach both specific targets and empty space,
and supports dynamic switching between selecting and placing.
The technique is based on combining the benefits of a successful
pen-based pointing technique, the Radar View, with a successful
desktop object pointing technique – the Bubble Cursor. We
tested the new technique in a user study and found that it was
significantly faster than existing techniques, both for overall
pointing and for targeting specific objects.

Categories and Subject Descriptors
H5.2 [Information interfaces and presentation]: User Interfaces.
- Graphical user interfaces
Figure 1. Bubble Radar. The inset picture shows the user
selecting a target in a reduced representation map that uses
Bubble Cursor - an enhanced area cursor.

General Terms
Performance, Design, Experimentation, Human Factors.

Recently, many pen-based interaction techniques like Radar
Views[18], Drag-and-Pop[2] and Pantograph [11], that decouple
the motor and visual spaces, have been proposed. This decoupling
allows manipulation of the control and display parameters to
improve pointing in these environments. However, pen-based
techniques have not yet harnessed the benefit demonstrated by
mouse-and-cursor-based pointing innovations; our goal in this
project is to determine what potential improvements these
techniques can bring to pen-based interactions.

Keywords
Interaction techniques, object pointing, reaching, large-display
systems, multi-display systems.

1. INTRODUCTION
Rapid increases in display sizes and screen resolution have seen
greater research attention paid to desktop pointing techniques.
Researchers have proposed many new pointing techniques, such
as Area Cursor [23], Object Pointing [10], Semantic Pointing [4]
and Bubble Cursor [9]. These techniques improve desktop
pointing by exploiting the fact that virtual pointing can surpass
physical pointing by manipulating the control and display
parameters. These object pointing techniques work with the
standard mouse and have been shown to improve the selection of
discrete targets in the desktop environment.

Applying object pointing techniques to pen-based situations
presents several problems. First, many object pointing techniques
only allow users to select specific targets, so the empty space
between targets is not available or is more difficult to access. The
second limitation of the object pointing techniques is that they
cannot be applied directly to techniques like pick-and-drop, which
rely on the coupling of the motor and visual spaces.
We have designed a new pen-based technique that overcomes
these limitations. We enable access to empty space by allowing
users to switch modes between object pointing and regular
pointing, and we modify the object approach so that it can be
applied to existing pen-based techniques. Our new technique –
Bubble Radar – allows users to reach both specific targets and
empty space, and supports dynamic switching between selecting
and placing. The technique is based on combining the benefits of
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Semantic Pointing: In Semantic Pointing [4] the empty spaces
between targets are not completely removed, but instead made
smaller in motor space by dynamically adjusting the control-todisplay ratio.

a successful pen-based pointing technique, the Radar View, with a
successful desktop object pointing technique – the Bubble Cursor.
We tested Bubble Radar in a user study where we compared the
technique with four interaction techniques. We used three existing
techniques (Radar View, Pick-and-Drop, and Push-and-Pop) and
a fourth that is a second hybrid, Bubble Pick-and-Drop. We found
that the Bubble Radar was significantly faster than the other
techniques when considering both specific targets and empty
space.
The paper makes the following contributions

Although it was shown that each of the above techniques
outperforms traditional pointing, little is know how they are
compared with each other [1]. From the above mentioned
techniques only Bubble Cursor – Object Pointing pair was
compared. The results of this comparison showed the superiority
of Bubble Cursor [9].

-

We show that the bubble idea can be applied to different
techniques such as Radar.

2.2 Pen-Based Pointing Techniques

-

We show that bubble does not work for all pointing
techniques, e.g. Pick-and-Drop.

-

We show that Bubble Radar is better than previous best
techniques Push-and-Pop, Radar, and Pick-and-Drop.

-

We show that mode switch can be added to bubble.

A number of interaction techniques have also been proposed to
improve pen-based interaction in multi-display and large-display
environments. Some of these techniques only support object
selection, while others allow both object selection and free-space
aiming. Henceforth, by pen-based interaction we mean techniques
that use a pen or a finger like pointing device as input.
Pick-and-Drop [20] is one of the first techniques proposed for
multi-display reaching. Here the user can ‘pick up’ an object by
touching it with a digital pen (or any other suit-able device), and
then ‘drop’ the object anywhere in the workspace by repeating the
touch action in the desired location. Stitching [12, 13] is another
variation on pick-and-drop that allows ad-hoc and dynamic
creation of multi-display environments.

The rest of the paper is organized as follows: first we describe
related work, and then present the new interaction technique.
Then, we report on the experiment and discuss the implications of
our results for design.

2. RELATED WORK
All material on each page should fit within a rectangle of 18 x A
number of pointing interaction techniques have been developed
for placing objects in environments like desktops, large walls,
tabletops and multi-display settings. Most of the desktop pointing
techniques use the mouse as the input device, while wall and
multi-display environments usually use pens (or finger pointing)
as the primary input. Below we review the important mouse and
pen-based interaction techniques for pointing.

Drag-and-Pop [2] is a technique introduced primarily for
selection of specific targets in large wall displays. When the user
starts moving in a certain direction, proxies of all potential targets
in that direction are brought closer to the user. It is also possible
for the user to ignore these proxies and continue moving the
object, in which case the proxies are dismissed and the user
performs a familiar drag-and-drop action to place the object in an
empty space. However, placing objects can be arduous, especially
when trying to place them in distant corners of the large display,
as the user does not get any kind of system support when placing
objects in empty spaces. Bezerianos and Balakrishnan [3]
introduced ‘vacuum filtering’ as a lightweight extension to Dragand-Pop that provides users with more control over the number of
proxies created.

2.1 Pointing Techniques for Mouse-Based
Devices
Balakrishnan [1] surveys several pointing techniques that have
been proposed within the context of desktop pointing. Area
Cursors [23], Object Pointing [10], Bubble Cursor [9], and
Semantic Pointing [4] are all examples of mouse-based desktop
pointing techniques that allow users to target specific objects.

Movement amplification techniques are another style of
interaction based on the idea of transporting the user’s cursor to
the whereabouts of the target. Techniques like Throw [8, 24, 18,
11], Pantograph [11, 18], and Flick [17] all amplify user
movements, and avoid the limitations of reaching distant corners
of large displays that is typical of Pick-and-Drop and Drag-andPop.

Area Cursor: In Area Cursor [23] the cursor has a larger
activation area than normal “single point” cursors. To over-come
occlusion problems and problems with multiple tar-gets within the
same area, Worden et al. [23] created an area cursor with two
hotspots – one is a single point in the center and another is the
whole cursor. When the cursor touches two or more targets, the
single point hotspot activates; in other situations, the whole area
cursor is active.

TractorBeam [19] is a hybrid point-touch technique that allows
users to reach distant objects on tabletop displays. Using a 6DOF
stylus, the user points at the display, and a cursor appears on the
display to show the current trajectory of the stylus. To improve
object acquisition time, TractorBeam can provide a selection aid
through expanding the cursor, expanding the target or snapping to
the target.

Bubble Cursor: The Bubble cursor [9] is an improvement of area
cursors that allows selection of discrete target points by using
Voronoi regions to associate empty space with nearby targets
using hotspots. An advantage of this technique is that even in
relatively high target-density workspaces, users can benefit from
improved targeting times and reduced error rates.

Push-and-Pop [6] combines Drag-and-Pop with Push-and-Throw.
Push-and-Pop has a takeoff area that semantically represents the
whole display. All potential targets are brought into this takeoff
area, irrespective of the movement direction. Position of these
icons mirrors the actual positioning of the icons on the display. In
continuous mode, Push-and-Pop becomes a movement

Object Pointing: In Object Pointing [10] the size of targets is
maintained while the size of the empty space between tar-gets
(“gaps”) is completely removed, so the cursor “jumps” between
targets.
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Figure 3(5)). Users are free to go back and forth between two
modes any number of times before performing a pointing task.
Figure 3 shows how Bubble Radar works in each of the modes.

amplification technique (Push-and-Throw [11, 6]). Users can
switch into continuous mode by moving the pointer back into the
initial movement region.
RadarView. The Radar technique uses a reduced representation (a
map) of the entire environment. When the pen touches the object
the map appears, placed so that the position of the pen is the same
in both representations. The Radar map is different from that of
Push-and-Pop [6]: the Radar map proportionally reduces both the
size of objects and space between them and allows continuous
positioning of the object within the map.
Nacenta et al. [18] compared several pointing techniques like the
Radar View, Pantograph and Pick-and-drop. They found that the
Radar View was faster than movement amplification techniques
like Pantograph and Slingshot. In a follow-up study, Collomb et
al. [6] found similar results – that bringing objects closer to the
user improved pointing times compared to moving the cursor to
the target’s location.

3. BUBBLE RADAR
Since Bubble Cursor has been shown to be the fastest desktop
pointing technique, we decided to adapt it to pen-based pointing.
In designing the Bubble Radar, we had to address the two main
limitations of the Bubble Cursor.
A first limitation of bubble cursor is that it only allows users to
target specific objects. Bubble cursor is a circular semitransparent area cursor with a cross-hair at the center of the
bubble. A simple algorithm continuously updates the radius of the
bubble cursor so that there is always one and only one target
within its hotspot. The algorithm also ensures that the target
within its hotspot is the closest target to the cross-hair.
Second, the bubble cursor has only been shown to work with the
mouse. It benefits from the decoupling of the motor and visual
spaces, by allowing the user to primarily focus on the visual space
and react to changing hotspot radius without being disturbed by
disproportionate mouse movement and the increase in hotspot
radius.

Figure 3: Bubble Radar. (1) potential targets; (2) object to
position; (3) reduced representation of environment within the
Bubble Radar; (4) target closest to the bubble cursor is
selected if pen will be released now the object will be
transferred to that target; (5) in simple radar mode the object
can be dropped at any place.

Figure 2. Bubble cursor. (a) cursor changes its size
dynamically such that only the target closest to the cursor
centre is selected. (b) The bubble cursor morphs to encompass
a target when the basic circular cursor cannot completely do
so without intersecting a neighboring target [9].

The mode-switch button is activated by the non-dominant hand.
This choice of mode switching is based on the results of a
comparative study conducted by Li et al [14]. In their study, the
authors show that mode switching with the non-dominant hand is
faster than most other means of mode switching such as using pen
pressure, buttons on the pen, or press-and-hold techniques.

However, the Radar technique successfully decouples visual and
motor space by creating a reduced-representation map. This
allows us to combine the Radar with the bubble cursor to design
Bubble Radar. With Bubble Radar, when the mode is for specific
targets, the pen tip changes to an area cursor with a dynamically
changing activation area that selects only one object at a time (as
in bubble cursor, Figure 3(4)). When the mode is for empty
space, the pen tip changes to a cross-hair so that the user can
continuously position the object within the map (as in Radar,

4. BUBBLE PICK-AND-DROP
We also designed a second technique, Bubble Pick-and-Drop.
This technique combines the bubble cursor with pick-and-drop.
When initiating the technique the bubble is displayed, selecting
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Each subject was instructed to move several objects from the
tablet PC to various targets on the table, using different
interaction techniques. The object to be moved was a circle (5mm
diameter), and the targets were colored square icons of varying
sizes placed in the projected space of the table. The position of the
targeted icon was randomly selected at 6 possible positions: 2
distances of 30 and 60 cm and three different angles of -250, 00
and +250 (see Figure 5).

the closest target. The bubble, however, is only displayed when
the pen is in proximity of the table. Thus if the user moves the pen
well above the display they only get visual aid at the end of the
movement. We realize that Bubble Pick-and-Drop has several
limitations when compared to Bubble Radar. The main purpose of
designing this technique was to see if Bubble cursor universally
improves targeting times in all pen based pointing techniques
despite our observation that bubble cursor needs a decoupled
motor and visual space to be effective.

5. USER STUDY
We conducted a user study to compare five interaction techniques,
all of which allow both targeting specific objects and aiming at
free space. We compare our two new combination techniques with
three existing techniques – Radar, Pick-and-Drop and Push-andPop.

5.1 Apparatus
A tabletop system was set up using a desktop PC and a pen
activated tablet PC (Size: 15.5 x 21cm, Resolution: 768x1024
pixels). The PC controlled a top-down projector projecting an
image of size 75 x 50 cm (1024x768 pixels) on a large white table
(100x80cm) that incorporated a pen-driven digitizer (Wacom
UltrapadA2) also connected to the PC. In our experiments, a
tablet PC was fixed into position close to the subject to allow
higher display resolution for user input (see figure 4). We used a
tablet PC and a digitizer to create a large single display with 2
input regions. We needed this to allow us to do the experiment in
a setting that is larger than our digitizer. Radar, Bubble Radar,
and Push-and-Pop do not require pen movement between input
regions; Pick-and-Drop and Bubble Pick-and-Drop required
movement between regions. The tablet was large enough to allow
complete Push-and-Pop actions. The same pen was used on both
regions.

Figure 5: Target positions
For targeting specific objects the user had to match the object
color to the appropriate target color. There was always only one
matching target. In addition to the target icon the projected space
had also included 5 potential targets and 29 differently colored
icons that serve as distracters (see Figures 6 and 7). Distracters
were made semi-transparent so increase visibility of potential
targets. Potential targets act as distracters when targeting specific
objects while the colored icons and the potential targets act as
distracters when aiming at free space. The positions of potential
targets and distracter icons were randomly generated in every trial.
For aiming at free space we indicated to the user a big target
which was shaded in grey and appeared behind one of the other
smaller targets (see Figure 6). This big target acted as background
and was only visible when the participant had to perform aiming
in free space. These targets were large enough with index of
difficulty between 2 and 3 to simulate aiming in free space.

Figure 4: Experimental setup

5.2 The Projected Space and Users Task
As was discussed earlier, the goal of this study was to compare
techniques based on two types of activity: targeting specific
objects (potential objects are known to the system), and aiming at
free space (the potential target is an empty space or unknown to
the system).
Figure 6: Placing with Radar View

In order to measure the performance in these two activities we
varied the task in a way that forced participants to switch between
targeting specific objects and aiming at free space.
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and Bubble Pick-and-Drop was as described in the previous
sections.
The implementation of Pick-and-Drop was similar to the original
implementation described by Rekimoto [20], and behaved as
outlined earlier. The implementation of the Radar View was
similar to the implementation described in [18] (also discussed
earlier). The mapping coefficient (the reduction ratio) was 15 for
both the Radar and the Bubble Radar.
The implementation of Push-and-Pop was adapted from the
original implementation [6]. The size of big targets had to be
reduced to fit within the takeoff area. This however, did not
change the ID of the task since the reduction of size also led to an
equivalent reduction of the distance. The continuous part of the
technique (push-and-throw) was implemented without
acceleration [6, 11], since the distances were relatively small. The
mapping coefficient was also 15.

Figure 7. Selecting with push-and-pop
The trial was considered a ‘hit’ if the center of the object ended
up inside the area of the correct target, and an error otherwise.
There are three possible errors: A drop, a miss and a false hit. A
drop occurs when the user drops the object close to the starting
position (possibly because of loosing control of the input device).
A miss occurs when the user drops the object in a location where
there is no target. A false hit occurs when the user drops the
object in the wrong target. The system provided distinctive sound
feedback for hits and misses. The subjects were asked to perform
repetitions of this task using the different interaction techniques,
as fast as possible but without missing the target.

5.5 Results

5.3 Design

Targeting Specific Objects: The mean completion time for
selecting specific targets was 1.077 seconds (standard deviation =
0.566 seconds). One-way repeated-measures ANOVA showed
that the interaction technique had a significant effect on the trial
completion time for targeting specific objects (F4,28=40.965,
p<0.001).

We used three performance measures to evaluate the different
interaction techniques – mean completion times, error rates and
subjective preference scores.

5.6 Time
Overall Performance: The overall mean completion times across
all conditions was 1.39 seconds (standard deviation = 0.9
seconds). One-way repeated-measures ANOVA showed that
interaction technique had a significant effect on the trial
completion time F4,35=7.985, p<0.001)

The experiment was conducted with 8 right-handed subjects (1
female and 7 males) between the ages of 18 and 31. All subjects
had previous experience with graphical interfaces and all were
tested individually. The experiment used a 5x2x3 withinparticipants factorial design with a variety of planned
comparisons. The factors were:
Technique (Pick-and-Drop, Bubble Radar, Radar View, Bubble
Pick-and-Drop, Push-and-Pop)
Target distance (30cm, 60cm)
Target size (square specific objects with side of 43 mm, 20 mm
for 30cm; 40, 19 mm for 60cm; square empty space objects
with side 90 mm for both distances)

Post-hoc pair-wise comparisons (Tamhane, unequal variances)
showed that all pairs except (Radar, Bubble-Pick-and-Drop),
(Radar, Pick-and-Drop), (Pick-and-Drop, Bubble Pick-and-Drop)
were significantly different at p<0.01.
Figure 8 show the mean trial completion times with standard error
for all interaction techniques in this experiment. As can be seen
from figure, Bubble Radar was the fastest technique, followed by
Push-and-Pop, Radar, Bubble Pick-and-Drop and Pick-and-Drop.

For each technique, size, and distance, participants completed
three training trials and twelve test trials, for a total of 90 training
trials and 360 test trials. The distance and target sizes for targeting
specific objects were chosen to allow comparison of techniques
for index of difficulty (3, 4 and 5). Index of difficulty was
calculated using the equation ID=log2(D/W+1) [15]. The index of
difficulty when aiming at free space was 2.1 and 2.9 for the
different distances.

1.6
Tim e, s

Selection

1.2
0.8
0.4
0

At the end of the experiment participants were also asked to
complete a questionnaire to rank the different techniques in order
of preference. Trial completion times and error rate (number of
misses) were used as the main measures to compare the different
techniques.

B Radar

Push&Pop

Radar

Bpick&Drop Pick&Drop

Figure 8. Mean trial completion times with standard error for
interaction techniques when selecting specific targets.
Aiming at Free Space: The mean completion time for aiming at
empty space was 1.392 seconds (standard deviation = 0.918
seconds). One-way repeated-measures ANOVA showed that the
interaction technique had a significant effect on the trial
completion time for aiming at empty space (F4,28=31.490,

5.4 Interaction Techniques
The five interaction techniques compared in the study were
Bubble Radar, Bubble Pick-and-Drop, Radar Views, Pick-andDrop and Push-and-Pop. The implementation of Bubble Radar
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preference. Each technique was assigned a number from 1 to 5
with 1 being best and 5 being worst. Bubble Radar was the most
preferred technique while Pick-and-Drop was least preferred.
Figure 11 shows the mean value for the ranking of each
technique.

p<0.001).
Post-hoc pair-wise comparisons (Tamhane, unequal variances)
showed that all pairs except (Radar, Bubble Radar) and (Pick-andDrop, Bubble Pick-and-Drop) were significant at p<0.01.
3 e,s
Tim
2.5

Placing (empty space)

Average rank

2
1.5
1
0.5
0
Radar

B Radar

Pick&Drop Bpick&Drop Push&Pop

1600

2
1
Speed

Tiredness

Control

6. DISCUSSION
In the sections below we discuss several issues raised by the
study: differences between the Bubble Radar and the ordinary
Radar caused by the addition of the bubble; differences between
the two versions of Pick-and-Drop; differences between the two
Bubble-based techniques and Push-and-Pop; and our overall
conclusions about the effectiveness of the bubble addition and the
necessity for a mode switch in the combined techniques.

Bpick&Drop
Push&Pop

1400
1200
1000
Time, ms

3

Figure 11. Mean values for the ranking of each technique.

As can be seen in Figure 9, Bubble Radar and Radar were the
fastest two techniques, followed by Pick-and-Drop, Bubble Pickand-Drop and Push-and-Pop.
Pick&Drop
Radar
Bubble Radar

BPick&Drop
Push&Pop

4

Preference

Figure 9. Mean trial completion times with standard error for
interaction techniques when aiming at free space.

Selecting

Pick&Drop
Radar
Bubble Radar

6.1 Bubble Radar vs. Radar

800

Bubble Radar was at least twice as fast as the Radar View in
targeting specific objects (see Figure 11). This difference grows
with increasing index of difficulty, since the performance of
Bubble Radar is not affected by the target size. Even in situations
where there are many potential targets, or there is little empty
space between targets, the performance of the Bubble Radar never
becomes worse than Radar. In the extreme case where there is no
empty space, the two techniques will become equal. A study
conducted by Ren and Moriya [21] showed that the minimum size
of a target that can be acquired by a pen is 1.8mm. Bubble Radar
removes this limitation, allowing designers to conserve screen real
estate when needed.

600
400
3 (30cm)

4 (30cm) ID 4 (60cm)

5 (60cm)

Figure 10. Mean trial completion time with standard error for
targeting specific objects.
Index-of-Difficulty Performance: We performed a separate
comparison of the interaction techniques for the different indices
of difficulty (ID) used in the experiment. These comparisons
showed that for each ID, interaction technique had a significant
effect on trial completion time. At ID = 3, F4,28=7.6 (p<0.05);
ID=4: F4,28=41.4 (p<0.001); ID=5: F4,28=21.1 (p<0.01).
Figure 10 shows the mean completion times for the different
interaction techniques for each ID.

In the case of aiming at free space, Bubble Radar was nearly as
good as Radar, and we found no significant difference between
the two techniques. Of course, the only real difference between
the two techniques in this case is the additional mode-switch
button that is part of Bubble Radar, but as Li et al. [14] showed,
this adds less than 150 ms to the overall task completion times. In
terms of total errors, Bubble Radar was better than Radar (15
errors for Bubble Radar versus 27 for Radar).

Target Position: The comparison based on the targets positions
(angle -250, 00, +250) showed no significant differences for either
selecting (F2,14=0.56, p=0.946) or placing (F2,14=0.344, p=0.713).

5.7 Error Ratess
Drop Error Rate: The number of drops was 1 for Radar, Pickand-Drop and Bubble Pick-and-Drop, 3 errors for Bubble Radar
and 8 for Push-and-Pop.

6.2 Bubble Pick-and-Drop vs. Pick-and-Drop
The main reason we included Bubble Pick-and-Drop in our study
was to see if it improved on Pick-and-Drop. We found that there
was no significant difference between these two techniques, either
for targeting specific objects or for aiming at free space. As
explained earlier, Bubble Pick-and-Drop has its limitations –
users get no visual feedback when they move the pen beyond the
hover zone of the touch-sensitive surface. This lack of feedback
created some delay in recognizing if the Bubble was actually
touching the desired target. We noticed that subjects who tried to
estimate the Voronoi regions without waiting for the bubble
visualization were generally faster. One way to overcome this
limitation would be to display the Voronoi regions on the

False Hit Error Rate: There were no false hits with Radar and
Pick-and-Drop, 2 false hits with push-and-pop 8 with Bubble
Radar and 28 with Bubble Pick-and-Drop.
Miss Error Rate: The number of misses were 4 for Bubble Radar,
5 for Bubble Pick-and-Drop, 21 for Pick-and-Drop, 24 for Pushand-Pop and 26 for Radar.

5.8 Subjective Preference
At the end of the experiment participants were asked to rank each
technique based on perceived control, tiredness, speed and overall
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dominant hand is used for other activities like gesturing or tool
control. Other mode-switch strategies are available that do not
require two-handed input.

workspace. Further, the mode switch was implemented as a
separate button controlled by the user’s non-dominant hand. This
can create problems if the user has to reach distant target that
requires walking up to it. Any correction in the mode means the
user has to carry this button or more likely return to the initial
position to change modes.

Mode-switching is, however, an integral part of adding the bubble
to another technique. If mode-switching is not well implemented,
than any benefit derived from using the bubble might disappear,
depending on how often targeting specific objects is performed
when compared to aiming at free space. If a user is more likely to
perform a free-space aiming task than a targeting task, then the
mode-switch can be reversed – that is, used to activate the
targeting task rather than the aiming task.

This result suggests that Bubble cursor has to be added
judiciously to pen based techniques since it does not guarantee
performance gains.

6.3 Bubble-modified techniques vs. Push-andPop

7. CONCLUSION

The overall analysis of the study showed that Bubble Radar is
significantly faster then Push-and-Pop. However, the individual
tests for different indices of difficulty did not show any
differences, at least for selecting.

In this paper we presented Bubble Radar, a interaction
technique for pen-based systems. We designed Bubble
Radar by combining the benefits of bubble cursor with
radar views, while removing the limitations of each
technique. Through a user study we found that Bubble
Radar is significantly faster and more accurate than
traditional methods. Bubble Radar allows designers to save
screen real estate in pen-based devices by enabling users to
target objects that are smaller than 1.8 mm (the minimum
target that can be acquired by a pen).

The main difference between the Push-and-Pop and Bubble Radar
(in selection mode) is the size of the potential targets. Push-andPop does not reduce the size of targets, while the Radar reduces
them based on the mapping coefficient. Both approaches have
their drawbacks. For Bubble Radar, if the mapping coefficient is
too large, then targets will become too small to identify; if the
mapping coefficient is too small, not all targets will fit in the map.
In the case of Push-and-Pop, if the targets are too big or the
number of potential targets is too large, then the targets might not
fit the working (visible) area. In addition, the number of potential
targets that are between all possible targets also heavily affects the
technique’s performance.

Our studies also show that combining bubble cursor with
pen based interaction techniques does not always result in
improvement. We found that bubble pick-and-drop did not
perform any better than pick-and-drop. Our studies also
show that using a mode switch with the original bubble
cursor to allow selecting empty space and specific targets
can effectively remove the limitations of the original
technique.

Push-and-Pop was slowest when aiming at free space. This is
partly because of the mode-switching mechanism in this
technique, and partly because of the placing strategy. The mode
switch has the advantage that it does not need any additional
buttons; however, it is two to three times slower than the separatebutton method. In addition the Push-and-Pop mode switch
requires that the user move back to the starting position, while in
Bubble Radar the user can switch modes in any position.

In the future we plan to explore the role of such reaching
techniques in collaborative settings. We are particularly interested
in ways to provide appropriate feedback for maintaining
awareness of people’s actions on the tabletop. We are also
investigating ways to use our new techniques for handoff actions
(from a sender to a receiver) where maintaining awareness of each
others’ actions is important.

Push-and-Pop’s placing technique uses dynamic acceleration to
improve upon a basic pantograph. We did not use any
acceleration in our implementation of Push-and-Pop; however, as
noted by the authors [6], the acceleration only helps the
acquisition of smaller targets. In our experiment the size of empty
space was relatively large (ID of 2.1 and 2.9), and it is unlikely
that acceleration would improve performance.
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