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ABSTRACT
We present an evaluation of three mouse-based techniques
for aligning digital images. We investigate the physical im-
age alignment task and discuss the implications for interact-
ing with virtual images. In a formal evaluation we show that
a symmetric bimanual technique outperforms an asymmetric
bimanual technique which in turn outperforms a unimanual
technique. We show that even after mode switching times
are removed, the symmetric technique outperforms the sin-
gle mouse technique. Subjects also exhibited more parallel
interaction using the symmetric technique than when using
the asymmetric technique.

ACM Classification H5.2 [Information interfaces and pre-
sentation]: User Interfaces. - Graphical user interfaces.

General Terms Design, Human Factors

Keywords: Bimanual input, two-handed interaction, sym-
metric interaction, image registration, image alignment

INTRODUCTION
Bimanual interaction has been studied extensively and many
bimanual interfaces have been proposed since the first two-
handed study by Buxton and Myers [3]. More recently,
MacKenzie and Guiard have pointed to the lack of affor-
dances for bimanual interaction provided by current desktop
interfaces [19]. The use of specialized devices (tablets, data-
gloves, flocking devices, trackballs or six degree-of-freedom
mice) in the previously studied bimanual interfaces is partly
responsible for preventing the widespread adoption of bi-
manual input. We believe that the use of inexpensive, stan-
dard devices will be instrumental in bringing two-handed in-
put to the everyday computer desktop. In this paper we pro-
pose and evaluate the use of two standard USB mice and a
symmetric two-handed interaction technique for tasks that
require basic geometric transformations of two-dimensional
objects. Figure 1 shows our implementation of this technique
in our two-handed drawing program, symDraw [16]. The
two cursors are attached to opposite corners of the object and

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
UIST’05, October 23-27, 2005, Seattle, Washington, USA.
Copyright 2005 ACM 1-59593-023-X/05/0010 ...$5.00.

by moving the cursors around the screen, the object is simul-
taneously scaled, rotatated and translated.

Although users may not think in geometric terms, they are
performing geometric transformations when they drag a file
folder, resize a window, select some text or rotate an im-
age. In current graphical user interfaces, user tasks reflect
the affordances of a single spatial input device. With a single
mouse or trackball, a user can perform either a translation, a
scale or a rotation, but cannot easily combine any of these ac-
tions. A scale and rotation can be combined only if they both
occur with respect to some previously selected fixed point.

Experienced computer users have become accustomed to the
paradigm of performing simple geometric transformations in
serial. However, this is unnatural compared to the way peo-
ple combine translation, rotation and scaling seamlessly in
everyday interactions with objects. An elastic band, for ex-
ample, can be rotated, translated and scaled simultaneously.
If you want to put an elastic band around an object, you use
your hands to stretch the elastic band, while translating and
rotating your hands together to get it in place around the ob-
ject. Even when objects cannot be scaled, we effortlessly
translate and rotate them at the same time. It is awkward,
and sometimes impossible, to serialize these manipulations.
And yet, computer users routinely manipulate on-screen ob-
jects this way.

The addition of a second spatial input device alleviates the
need to switch between geometric transformations and per-
mits transformations that combine scale, rotation and trans-
lation. The main question that arises is how to map the two
degrees of freedom from each spatial device to the three ge-
ometric transformations. An asymmetric mapping might use
the non-dominant hand to control the translation of an object,
while the dominant hand controls scale and rotation. A sym-
metric mapping would involve the two hands controlling op-
posite corners of the object to ‘steer’ it through space, achiev-
ing simultaneous scale, translation and rotation. We believe
that the symmetric mapping is likely to yield the highest per-
formance for these tasks.

This paper aims to evaluate both symmetric and asymmetric
dual-mouse techniques against the typical one-handed tech-
nique with mode-switching. We have chosen the task of
aligning digital images for this evaluation. Pasting together
separate digital photographs into a panoramic image in a typ-
ical graphics program is difficult because the images often



Figure 1: Symmetric interaction allows objects to be scaled, translated and rotated simultaneously, simplifying tasks such
as enclosing a rectangle within an oval.

need to be slightly scaled, slightly rotated and slightly over-
lapped. We believe the manual image alignment task is an ap-
propriate choice for our evaluation because it is a task which
should be easy for subjects to understand, and so we expect
the learning effects to be minimal.

In this paper, we first review previous work in the areas of
two-handed interaction, both asymmetric and symmetric. We
then discuss the image alignment task and examine the dif-
ferences between physical and virtual image alignment and
the implications for interaction. We then describe an experi-
ment to test the effectiveness of mouse-based unimanual and
bimanual techniques in the image alignment task. We discuss
the results of this experiment and give some conclusions and
directions for future work.

PREVIOUS WORK
Research in the area of two-handed input has generally fo-
cused on asymmetric interaction techniques. Examples in-
clude Shaw’s THRED system [22] and Fitzmaurice’s gras-
pable bricks [10], as well as many others [6, 7, 12, 13, 21].
Design and evaluation of such techniques have most often
been guided by the principles set out by Guiard [11]. Guiard
characterizes asymmetric interactions as those in which the
non-dominant hand (NDH) sets the frame of reference in
which the dominant hand (DH) works. Additionally, the ac-
tion of the NDH precedes that of the DH. The level of detail,
both spatial and temporal, at which the DH works is finer
than that of the NDH. Guiard’s work is important because
many everday activities, such as handwriting and sweeping,
can be characterized as asymmetric.

However, there are some activities that people perform reg-
ularly that cannot be characterized as asymmetric. Skipping
rope is an activity in which both hands work together at the
same level of spatial and temporal detail. Both hands start
and end together. Other examples of symmetric interaction
include typing at a keyboard and folding linens.

Despite the fact that symmetric interactions exist in real life,
there has been little research into the use of symmetric inter-
action techniques in the user interface. One notable example
of research that takes advantage of symmetric interaction is
the deformation technique found in the Twister implementa-
tion for 3-D object manipulation [18]. In their system, the
user can pull and twist an object using both hands. How-
ever, the symmetry of the interaction was not explored in
that research and the implementation used specialized input

devices. Casalta et al. compared symmetric and asymmetric
techniques for drawing rectangles and found better perfor-
mance with the symmetric technique [5]. They questioned
the validity of Guiard’s kinematic chain model when the two
hands are working on the same object. Owen et al. [20] stud-
ied bimanual and unimanual curve manipulation using a dig-
itizing tablet with a puck in the NDH and a stylus in the DH.
They found that the two-handed technique (which involved
symmetric movements with asymmetric devices) was faster
than the single-mouse technique. However, their technique
involved the two hands manipulating separate objects (dif-
ferent spline control points) and their bimanual results were
worse than the unimanual results once the switching costs
were removed. The results from these studies suggest that
symmetric interaction is best suited to manipulation of a sin-
gle object.

Balakrishnan and Hinckley studied a symmetric target fol-
lowing task in which users had to track two different tar-
gets around the screen using two cursors [1]. They measured
both the level of parallelism and the level of symmetric in-
teraction exhibited by subjects. They found that reducing the
amount of visual integration between the two tracked objects
led to degradation both in the symmetry of action and in the
level of parallelism. They concluded that objects being ma-
nipulated in a symmetric interaction should be visually con-
nected. In image alignment, this recommendation is met if
the two hands are manipulating the same image.

The idea of using the opposite corners of an object to scale,
rotate and position the object was briefly described in the T3
system [15], but was not quantitatively evaluated. A sim-
ilar symmetric interaction technique using only scaling and
translation (but not rotation) was evaluated for an area sweep-
ing task [17]. That research articulated two sources of ben-
efit of two-handed interaction over one-handed interaction:
the manual benefit of moving two hands in parallel, and the
cognitive benefit of a unified task representation.

In summary, symmetric interaction techniques have not been
studied as extensively as asymmetric techniques, but the few
studies that have examined symmetric interaction have re-
ported positive results. Our research aims to augment this
work and evaluate the effectiveness of symmetric interaction
for tasks that require rotation, translation and scale.



IMAGE ALIGNMENT
The task we have chosen to use in our evaluation is image
registration. Image registration is commonly used in photog-
raphy, digital art, medical imaging and remote sensing. In
image registration, two or more images must be aligned to
form a single complete image. In certain domains, such as
remote sensing, there is no user interaction, and the images
are processed by specialized software that expects a certain
ordering and specific camera angles. However, for photog-
raphers and artists, the alignment of images is often done
manually. In some software, algorithms are used after man-
ual alignment to perfect the registration and adjust factors
such as lighting and shadows. We choose to concentrate on
evaluating the interactive aspect of image alignment.

There is little published research in the area of manual image
alignment; the research in this area has focused on automatic
image registration algorithms [8, 23]. Instead, one must look
to commercially available software to see what manual tech-
niques are used. These techniques fall into two categories:
manual movement of the images on a virtual desktop (such as
in Photoshop and PTgui [4]), and point-registration methods
(such as in Panavue [9]), where the user selects coincident
points on the images to be aligned. We focus on the image
registration techniques involving manual manipulation of im-
ages though translation, rotation and scale.

Physical Versus Virtual Image Alignment
It is worth examining how the manual image alignment task
is done outside of the virtual workspace. We ran an informal
experiment, in which users were asked to perform the task
with different types of paper. Small, light-weight images
were translated and rotated by one hand. For larger and/or
heavier images, we observed that the image was roughly
translated into place with each hand holding an edge or cor-
ner and then simultaneously translated and rotated into fi-
nal position using both hands symmetrically. There are two
important points to be gleaned from this experiment. When
both hands are used, they are used symmetrically. And, re-
gardless of the size of the picture, the fine-tuning part of the
interaction involved simultaneous rotation and translation.

A single hand can simultaneously rotate and translate a small
object such as a photograph in three dimensions. In the vir-
tual task, a single mouse provides only two degrees of free-
dom for translation in a two-dimensional space. Thus, simul-
taneous rotation and translation of the image is theoretically
not possible using only one mouse, though some pseudo-
physics algorithms have been proposed [2, 14]. Specialized
devices such as digital pucks could provide affordances sim-
ilar to the hand-wrist combination, but we choose to investi-
gate what can be accomplished with standard mice.

The second interesting difference between the physical align-
ment task and the corresponding virtual task is that the vir-
tual task allows the scaling of images, which is not possible
in the physical realm. If we include the ability to scale im-
ages in the virtual image alignment task, which seems desir-
able, the single-mouse pseudo-physics algorithms for simul-
taneous translation and rotation are insufficient. The second
mouse is necessary to achieve the desired effect.

Physical image alignment demonstrates that virtual image
alignment is suited to symmetric interaction. Additionally,
scaling is a task that is naturally symmetric: the distance
between the cursors can be used to control scale. Thus we
expect the symmetric image alignment technique, where the
two cursors are attached to opposite corners of the image, to
outperform single-mouse techniques and dual-mouse asym-
metric techniques.

EXPERIMENT
We designed an experiment to test symmetric, asymmetric
and single-mouse interaction for the image alignment task.

Experimental Design
The experiment was conducted as a within-subjects compar-
ison of three conditions: single-mouse, dual-mouse asym-
metric and dual-mouse symmetric. Twenty-four subjects, all
undergraduate students not majoring in computer science or
computer engineering, were paid $10 to complete the exper-
iment. 13 subjects were male, 11 were female and all self-
declared as right-handed. For each condition, four images
were multiplied by ten transformation configurations to pro-
duce 40 different trials which were presented in random or-
der. Each subject completed four practice trials plus 40 mea-
sured trials in each of the three conditions, for a total of 132
trials. The three conditions allowed six different presentation
orders, and the subjects were grouped and counterbalanced
so that four subjects saw each presentation order.

Figure 2: At the start of each trial the two images to
be aligned are displayed, as well as a small complete
image at the top of the screen, so that subjects know
what the final picture should look like.

Figure 3: As Image B (right) is manipulated, its edges
become transparent to help in the overlapping aspect
of the image alignment task.



Task
In each experiment trial, the subject was asked to align two
images into a single, complete picture. Each trial began with
the appearance of one or two small start circles. The subjects
had to move their cursor(s) into the start circles. This was
followed by four ‘readiness’ beeps. Then the images would
appear and the trial timing would start (see Figure 2). Image
A was always on the left side of the screen, and could not
be moved. Image B was initially located in the bottom right
of the screen. The subjects were required to translate, rotate
and scale Image B until it was aligned with Image A. Image
A displayed exactly one half of the source image and was
not rotated or scaled. Image B was jittered according to one
of ten transformation configurations described later in this
section. Image C, a small version of the full source image,
was displayed at the top center of the screen, to give subjects
an idea of how the aligned images should look. To aid in
the registration process, the edges of Image B were made
transparent while it was being manipulated. This allowed
subjects to see both Image B and part of Image A underneath
it (see Figure 3). When the subject had aligned Image B to
Image A, a red border appeared around Image A to signify
that the alignment was complete (see Figure 8). After 200
milliseconds, the images disappeared and the trial was over.

Figure 4: The four graphics images that were used
in the experiment. Each graphic was treated as an
OpenGL texture and transformed onto two rectangles
to create image pairs that subjects were asked to align.

Image Sets Four different source images were used for
generating image sets and each image was seen 33 times
by each subject: three conditions multiplied by ten transfor-
mation configurations, plus once in a practice trial for each
condition. We chose to use simple graphics rather than real
photographs because we did not want subjects distracted by
photographic details. We tried a variety of simple graphic
images in our pilot testing and chose the four images dis-
played in Figure 4. Images 1, 2 and 3 are all straightforward
to align. Image 4 is more difficult: the images can be aligned
in a variety of configurations such that the rotated oval ap-
pears ‘complete’. Other graphics tested in our pilot phase
exhibited similar properties. Although we were interested in
examining how subjects fared under the different conditions
for more difficult alignment tasks, we only included one ‘dif-
ficult to align’ source image. We wanted to keep the com-
plete experiment session time under one hour and minimize
subject frustration.

T S R Image T S R Image

0.0 1.2 0 0.0 1.1 0

-0.1 0.9 0 -0.2 0.8 0

-0.15 1.0 10 -0.1 1.0 5

0.0 1.0 -5 0.0 1.0 -10

0.0 1.2 -10 -0.1 0.9 -5

Table 1: Transformation configurations used in the ex-
periment and displayed for one of the partial images.
T is x-axis translation factor, S is scale factor and R is
rotation factor in degrees.

Transformation Configurations In a typical virtual image
alignment situation, the images are similar in alignment. If
one of the images is rotated 90, 180 or 270 degrees with re-
spect to the other, there are usually buttons or menu oper-
ations that can automatically perform these large rotations.
For this reason, we used only slight rotations (10 degrees or
less). Similarly, images to be aligned are usually of simi-
lar, though not identical scale. Finally, there is usually some
overlap between the images, requiring one image to be trans-
lated over the other image slightly. These small ‘jitter’ fac-
tors are meant to reflect the slight imperfections one might
see in a set of digital images taken by an amateur photog-
rapher trying to capture a panoramic scene. For simplicity,
we did not include non-linear perspective transformations –
these will be investigated in future work. The ten transforma-
tion configurations are listed in Table 1, along with a partial
image for each configuration.

Condition Image Translation Image Rotation and Scale
SING Drag with main Drag with right

button pressed button pressed
ASYM Drag left mouse Drag right mouse

with main button with main button
pressed pressed

SYM Unified manipulation: drag both
mice with main buttons pressed

Table 2: Interaction techniques tested in the experi-
ment.



Figure 5: In the ASYM condition, the image can be translated by the non-dominant hand (red cursor) while being scaled
and rotated by the dominant hand (blue cursor).

Conditions
Three conditions were tested in this experiment: single-
mouse (SING), dual-mouse asymmetric (ASYM) and dual-
mouse symmetric (SYM). Each condition represents a differ-
ent image manipulation technique (see Table 2). For all three
conditions, the cursor or cursors were locked to Image B.

SING Condition Our single mouse technique is similar to
the image dragging technique in PTgui and Photoshop. Us-
ing the DH, the subject can press down on the main mouse
button and drag the mouse to translate the image. Pressing
the right mouse button instead allows the subject to drag the
corner of the image (this differs slightly from the commer-
cial software where the mode-switch to rotation is activated
by clicking on a toolbar button). Dragging away from or to-
wards the center of the image scales the image up or down,
maintaining the aspect ratio (see Figure 6). Dragging in a cir-
cular motion around the center of the image rotates the image
(see Figure 7).

Figure 6: In the ASYM and SING conditions, the right
cursor moves towards or away from the center of the
image to scale it.

Figure 7: In the ASYM and SING conditions, the right
cursor moves in an arc around the center of the image
to rotate it.

ASYM Condition There are no descriptions of dual-mouse
asymmetric techniques for image manipulation described in

the HCI or image registration literature. Four degrees of free-
dom are required for the image alignment task: one for trans-
lation in x, one for translation in y, one for rotation around a
fixed point and one for uniform scale. As each mouse offers
two degrees of spatial input, we must split these four sub-
tasks across the two mice. It is clearly inappropriate to split
the two degrees of translation across the two mice. There-
fore, the only sensible way to split the four sub-tasks across
the two mice is to have one mouse control both x and y trans-
lation, and have the other mouse control rotation and scale.
Thus, we chose an asymmetric separation of tasks where the
NDH (using a red cursor attached to the center of Image B)
controls the translation of the image while the DH (using a
blue cursor attached to the upper-right corner of Image B)
controls the rotation and scale of the image. We believe that
this separation of tasks best conforms to Guiard’s guidelines
for asymmetric interaction [11]. In order for the rotation and
scale to be performed by a single mouse, they both must oc-
cur with respect to the same point, which in this case is the
center of the image. Because the NDH is controlling the po-
sition of the image, the scale and rotation of the image per-
formed by the DH is done in the frame of reference set by the
NDH. Note that the separation into sub-tasks is identical in
the SING and ASYM conditions: translation is one sub-task
and rotation/scale is the other sub-task.

For scale, the DH must move the cursor away from the center
of the image to make the image larger or move the cursor
closer to the center of the image to make the image smaller
(see Figure 6). The aspect ratio of the image is maintained as
the image is scaled. For rotation, the DH must drag the corner
of the image in an arc around the center of the image, and
the image rotates in the direction of the drag (see Figure 7).
Finally, because the two mice can be moved simultaneously,
the image can be translated by the NDH while being rotated
and scaled by the DH (see Figure 5).

SYM Condition The symmetric interaction technique for
image alignment is simple and follows the brief description
of the two-handed ‘stretchies’ technique in Kurtenbach’s T3
paper [15]. The cursors are attached to opposite corners of
the image. By moving both cursors, the image can be ro-
tated, scaled and translated simultaneously (see Figure 8).
For this to work, the initial aspect ratio of the image is cal-
culated. Once the cursors start moving, the diagonal line be-
tween them is used to determine the scale of the image, and
the position of the two cursors determines both the location
and orientation of the image.



Figure 8: In the SYM condition, the image can be scaled, translated and rotated in a single fluid motion by moving both
cursors around the screen simultaneously.

Performance Metrics
We measured trial completion time, reaction time and move-
ment time. Additionally, we measured the time spent mode
switching for the single-mouse technique. These measure-
ments were calculated as follows:

• Completion Time was measured from the time the images
were first presented until the images aligned correctly.

• Response Time was measured from the time the images
were first presented until the first mouse movement.

• Switch Time for the SING condition was the accumulation
of time periods measured from the time either mouse but-
ton was released until either mouse button was pressed.

• Movement Time was measured as completion time minus
response time minus switch time (switch time only applies
to SING condition).

In addition to performance times for each trial, we also mea-
sured the amount of parallelism exhibited by users in the
SYM and ASYM techniques. We considered the subject to
be using the two hands in parallel when both mice were mov-
ing continuously with the inner mouse buttons pressed.

Hypotheses
We have three hypotheses:

• H1: The mean completion times for SYM will be shorter
than the mean completion time for ASYM which will be
shorter than the mean completion time for SING.

• H2: The mean SYM completion time will be shorter than
the mean SING completion time, even after removal of
mode switch times from the SING trials.

• H3: The level of parallelism for the SYM condition will be
higher than for the ASYM condition.

RESULTS
An analysis of the timing results for all trials across all sub-
jects shows evidence to statistically support all three hy-
potheses. Practice trials were not included, so a total of (24
subjects× 3 conditions× 4 images× 10 transformation con-
figurations = ) 2880 trials were analyzed.

Mean Completion Times
Figure 9 shows the mean trial completion time under each
condition as the height of each column. The mean comple-
tion time for SYM is 9.7 seconds, approximately 87% faster
than for SING (18.3 seconds). The mean completion time
for ASYM is 13.8 seconds or approximately 41% faster than
the SING technique. This supports H1: subjects performed
the task faster under the dual-mouse conditions than under
the single-mouse condition, and faster under the SYM con-

Figure 9: Mean trial completion times for each condi-
tion broken down vertically by reaction time, movement
time and mode-switch time.

dition than under the ASYM condition. A repeated measures
analysis of variance (RM ANOVA) for trial completion time
gives an F-ratio for condition of 120.54 (p2,1908 ≤0.0001),
ensuring that the results in Figure 9 are statistically signifi-
cant.

Cognitive Load Analysis
With the SING technique, time must be spent switching
modes. This time was measured from the time one mouse
button was released until another mouse button was pressed.
When this mode-switching time is removed from the com-
pletion times for the SING condition, the movement time
can be compared to the SYM and ASYM conditions. The
mean movement times for the three conditions are shown as
the purple sections of each column in Figure 9. Note also
from Figure 9 that reaction time did not differ significantly
across the three conditions. The mean movement times sup-
port H2: the SYM condition is significantly faster than the
SING condition even after mode-switch times are removed.
The RM ANOVA for movement time gives an F-ratio for
condition of 59.50, (p2,1908 ≤ 0.0001), showing that these
results are statistically significant. The difference in mean
movement times suggests that the shorter time seen in the
symmetric technique is not simply because there is extra time
taken in the single-mouse technique for mode switches. The
mode switching takes an average of 6.3 seconds for each trial.
However, there is still a 2.2 second difference in the move-
ment times of the SYM condition and the SING condition.
As well, there is a 4.1 second difference in the movement
times of the SYM condition and the SING condition. These



times suggest that the unified task representation in the SYM
condition imposes a lower cognitive load than the other two
techniques.

With mode-switching time removed, the SING condition is
faster than the ASYM condition. Considering that the im-
age registration task is split into the same sub-tasks in the
SING and ASYM conditions (translation is one sub-task,
and scale-rotation is the other sub-task), some other factor
is producing statistically different average movement times
(13.47 seconds versus 11.58 seconds) after the mode-switch
time is removed. We postulate that the split into sub-tasks
is a contributing factor for both conditions: SYM is 4.1 sec-
onds faster than ASYM and 2.2 seconds faster than SING.
Given these numbers, there is an approximate 2 second cost
associated with the separation of the task into two sub-tasks.
So, being able to rotate, scale and translate simultaneously
saves 2 seconds per trial in the symmetric technique. How-
ever, there is still an extra 2 second cost unaccounted for in
the ASYM technique compared to the SING technique. This
may be an additional cognitive burden related to remember-
ing which hand is doing which task. This isn’t an issue with
the SYM condition, because the two hands have exactly the
same role.

Parallelism Analysis

Figure 10: Percentage of events considered parallel,
left mouse continuous, right mouse continuous and
non-continuous for each condition.

We were interested in comparing the amount of parallel in-
teraction between the SYM and ASYM events. When both
hands can be used at the same time, the amount that they are
used at the same time can be a good indicator of cognitive
load. We measured parallelism by calculating the percent-
age of time that both mice were active simultaneously. To
be considered active, a mouse event had to occur within two
milliseconds of the previous event from the same mouse. For
the two mice to be considered simultaneously active, the two
mice both had to be active during the same time interval.

Table 3 shows the average percentage of mouse events per
trial that occurred during parallel action under the two dual-
mouse conditions. The breakdown of events into paral-
lel, left-mouse continuous, right-mouse continuous and non-
continuous is displayed in Figure 10. These results sup-
port H3: subjects engaged in more parallel activity under

Condition % Parallelism Std Dev
ASYM 48.2% 15.7%
SYM 67.1% 8.6%

Table 3: Percentage of mouse events considered par-
allel (occurring within 2 msec of previous events from
both mice).

the SYM condition than under the ASYM condition. The
RM ANOVA for percentage of parallel activity gives an F-
ratio for condition of 1164.0 (p1,954 ≤ 0.0001), showing that
these results are significant. This also supports the conjecture
that the ASYM condition imposes a higher cognitive load on
the subject than the SYM condition.

Learning Effects

Condition Order mean total time stdev
SYM, ASYM, SING 13.88 11.45
SYM, SING, ASYM 13.69 10.49
ASYM, SING, SYM 13.48 11.93
ASYM, SYM, SING 13.49 13.44
SING, SYM, ASYM 13.28 9.45
SING, ASYM, SYM 15.88 20.98

Table 4: Mean completion times (seconds) by condi-
tion order.

We separated the 24 subjects into six groups and counter-
balanced the presentation of the three conditions across the
groups. Table 4 shows the condition presentation order, as
well as the mean total trial time for each group. There is little
variance across the six groups, and this is confirmed by the
repeated measures analysis for total trial time, which gives an
F-ratio for presentation order of 2.12 (p5,1908 = 0.06), which
is not statistically significant. The final group has the most
obvious deviation, with a mean total time approximately 2
seconds longer than the other groups. On closer examina-
tion, the subject who had the highest mean total trial time
was in this group. That subject’s mean total trial time was
22.12 seconds, whereas the overall mean total time across all
subjects was 13.95 seconds. Given the statistical insignifi-
cance of this differences across the groups, we conclude that
the learning effects are minimal.

Image Set Effects
The four images that we chose for the experiment task are
shown in Figure 4. Each of the four images was presented to
each subject 30 times during the experiment. As discussed
earlier, we expected image alignment on three of these im-
ages to be relatively easy, but we expected subjects to take
longer to align Image 4. We anticipated that the completion
times for Image 4 would exhibit larger differences between
the conditions. As shown in Figure 11, the total completion
times are longer trials using Image 4, and the difference is
more pronounced for the SING technique, where the 21.27
second average completion time is approximately 3 seconds
longer than the completion times for the other images. The
difference for both the SYM and the ASYM techniques is
approximately 1 second. This suggests that the performance



Figure 11: Mean completion times (seconds) by con-
dition and image.

benefits from using dual-mouse techniques in this task be-
come more pronounced with task difficulty.

Subjective Evaluation
After completing the experiment, subjects were asked to
rank the three interaction techniques. Specifically, they were
asked, “Imagine you had a job lining up digital images all
day. Rank the three techniques in order of preference ac-
cording to which you would like to use in your job.” The
subjects were not told of their performance with any of the
techniques before answering this question. The symmetric
technique was preferred by 22 of 24 candidates. One of the
24 subjects preferred the single-handed technique and one
of the subjects preferred the asymmetric technique (although
both performed fastest with the symmetric technique). This
preference ranking further supports our assertion that the task
is naturally symmetric.

CONCLUSIONS AND FUTURE WORK
Previous work in two-handed interaction techniques has of-
ten focused on asymmetric interaction, following the guide-
lines set out by Guiard. We have demonstrated that a sym-
metric technique for simultaneous rotation, translation and
scale yields significant performance benefits over both a dual-
mouse asymmetric technique and the standard single mouse
technique in an image alignment task. The benefits of the
symmetric technique over the single-mouse technique are
statistically significant even after the mode-switch time is
removed, suggesting that the performance benefits are not
only due to motor timing, but to cognitive benefits from a
unified task representation. Additionally, the level of paral-
lelism demonstrated by subjects was higher for the symmet-
ric technique than for the asymmetric technique, which also
points to the benefits of a unified task representation. This
work contributes a formal validation of a symmetric inter-
action technique, which is important because evaluation of
symmetric interaction is lacking in the HCI literature. User
interface designers should not automatically assume that all
two-handed interaction should be asymmetric.

One aspect of image alignment that was not part of this eval-
uation is the skewing of images to reflect lens angle changes
(non-linear perspective transformations). We plan to imple-
ment and test a symmetric technique in which the two mice
can choose same-side corners of an image and skew the im-
age by pulling the cursors apart or pushing them together,
while leaving the opposite edge of the image anchored. Ad-
ditionally, we want to see how the results reported here gen-
eralize to other tasks involving rotation, translation and scale.
We plan to investigate symmetric interaction in other do-
mains, such as in windowing systems.
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