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Abstract. Multi-monitor systems are becoming increasingly popular as a way 
for users to expand their display surface to facilitate multitasking. However, 
users may have difficulty accessing user interface elements on the borders of 
the displays, accidentally crossing over to neighbouring displays. We present a 
smart pseudo-haptic technique to enhance boundary widgets in multi-monitor 
systems. Our technique was compared to current desktop behaviour as well as 
to two other pseudo-haptic approaches. All three techniques significantly 
reduced crossover errors; however, our smart sticky technique also significantly 
reduced the time to acquire targets on the secondary monitor over the other 
sticky techniques and was strongly preferred by users. 

1 Introduction 

As the cost and hardware entry barriers to multi-monitor systems decrease, these 
systems are becoming commonplace. In 2001, Grudin [10] provided a foundational 
account of how users in multi-monitor environments arrange and organize their 
information. Interviews conducted with multi-monitor users showed an overwhelming 
consensus of support. In addition, by displaying processes that support the primary 
task on a secondary monitor, cognitive load is reduced. Grudin also indicated that 
software designers tend to design with only the single-monitor user in mind. The end 
result is that inherent advantages for partitioning information and space are lost.  

Researchers have begun exploring appropriate interaction styles for multi-monitor 
environments [3, 15]. When using multi-monitors, users often maximize application 
windows to fill one display as opposed to stretching one window across multiple 
displays [10]. There are difficulties associated with this practice however, when 
accessing widgets on the borders between the displays, such as scrollbars, window 
borders, menus, margin markers and the ‘close window’ icon. Users’ cursors may 
inadvertently cross over to the secondary monitor and disrupt their attention.  

Numerous techniques have been proposed to aid target selection in a variety of 
environments (see [2] for a review). Although these techniques have been shown to be 
successful for the selection of isolated targets, most have difficulty with multiple, 
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closely spaced targets [2].  The goal of this research is to develop a technique that will 
aid in the selection of boundary widgets while not inhibiting movement to a 
secondary display or requiring that the size of the widget be increased. This paper 
presents a pseudo-haptic technique which predicts whether or not a user is attempting 
to acquire the boundary widget. If we predict that the user is trying to acquire the 
scrollbar, the control-display gain is modified to simulate stickiness and assist 
acquisition; otherwise, the user’s mouse behaves normally.  

In the following section, we review previous work in the area of multi-monitor 
environments and pseudo-haptics; discuss the design and implementation of our 
‘smart sticky’ technique; detail two user studies conducted to influence and evaluate 
our implementation; and conclude by discussing implications of our approach for 
multi-monitor environments and plans for future work.  

2 Related Work 

Past research has investigated how multi-monitor displays (MMDs) impact user 
performance. Robertson et al. [17] noted that up to 20% of Windows OS users are 
running MMDs from a PC or laptop. Losing the cursor, distal information access, and 
bezel problems were noted as the most important categories of usability issues. 
Czerwinski et al. [7] discussed the productivity benefits of MMDs, including 
improved complexity management, less time wasted on managing windows, and 
better performance for cognitively-loaded tasks.  

Researchers are introducing innovative interface techniques for MMDs. Baudisch 
et al. [3] developed Mouse Ether to allow the mouse to exist in gaps between multi-
monitors. Mouse Ether improved performance and was ranked well in user 
satisfaction. Mackinlay and Heer [15] described an approach for creating seam-aware 
applications for multi-monitor displays. Hutchings et al. examined MMD usage 
compared to a single monitor [12].  

Pseudo-haptics is a software technique that creates the illusion of haptic properties 
such as stiffness and friction by combining the use of a passive input device with 
visual feedback [14]. The difference between the visual feedback (i.e. slowing down 
of the cursor on the screen) and the increasing reaction force applied to the input 
device to compensate for this disparity provides an illusion of force feedback without 
expensive technology [13]. Lécuyer et al. [13] illustrated the concept of sticky 
controls, where altering the control-display gain impacted a user’s perception of a 
manipulated object’s mass in a virtual environment. 

Lécuyer et al. extended their pseudo-haptic approach to represent textures on-
screen by altering the control-display gain of a circular area, creating the sensation of 
bumps and holes [14]. They concluded that the perception of GUI components (such 
as edges and buttons) could be one of the several suggested applications of a pseudo-
haptic approach. Worden et al. [18] implemented sticky icons and found that when 
this technique was combined with area-cursors (i.e. cursors with a larger than normal 
activation area), older adults achieved much better targeting performance.  

Other research has also manipulated the visual motion of the pointer for improved 
targeting [1, 3, 5]. Balakrishnan [2] provides a good overview of artificially enhancing 
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pointer performance including pseudo-haptic techniques. Baudisch et al. [4] used a 
pseudo-haptic approach to improve user performance for precise positioning of 
graphical objects. Ahlstrom [1] recently enhanced pull-down menus with ‘force 
fields’, created by manipulating control-display gain, resulting in a decrease of 18% in 
selection time with commonly used input devices.  

3 User Study 1: Acquiring Boundary Widgets 

If we can reliably predict that a user is attempting to access a particular user interface 
element, then it would be beneficial to assist this action by making the widget 
‘sticky’. Several approaches have examined ways to manipulate the control-display 
gain to make the cursor stick to the target [2]. Despite success for isolated target 
acquisitions, in real usage stickiness can be problematic. If the user is not attempting 
to select a target, having the cursor ‘stick’ to it can be frustrating. In particular, near-
neighbour targets can be difficult to acquire since users will increase their movement 
in order to move off the sticky object and overshoot their intended destination.  

The initial step of our research was to investigate mouse movements on a typical 
MMD to inform the design of our pseudo-haptic implementation. This study had three 
objectives: 1) examine the problem of crossover errors on a MMD; 2) study how 
velocity profiles differ for aiming on single displays and MMDs; and 3) investigate 
how users modify their mouse movements over time to adapt for crossover errors. 

3.1 Experiment Design and Setting 

We investigated our three objectives using a target selection task that required 
scrolling, which was designed to mimic scrolling in a window maximized in the 
primary monitor. Participants were required to click a start button, then either select a 
target circle (if visible), or scroll down to select a target circle (see Fig.1). After 
clicking the start button (in one of three horizontal positions), a grid of 18 coloured 
circles (3-across x 6-down) appeared. The circles were orange with the exception of a 
blue target circle and were 40 mm in diameter. Upon selection of the target circle, the 
grid of circles disappeared and the start button appeared to begin the next trial. 

Forty right-handed university students (28 male, 12 female) who passed a colour-
blindness test participated in this study. All 40 participants used computers at least a 
few times per week and 13 had previously used multiple monitors, albeit rarely. A 
mixed design was used with one within-subjects variable (number of monitors) and 
two between-subjects variables (identical or different monitors; gap between 
monitors). In total, five multi-monitor setups were examined: 1) identical monitors, no 
gap; 2) identical monitors, small gap (12cm); 3) identical monitors, large gap (40cm); 
different monitors, small gap (12cm); and different monitors, large gap (40cm). All 
participants completing the tasks using both a single and a multi-monitor setup.  

Each participant completed one block of 33 practice trials followed by five blocks 
of 33 trials (165 trials total) for both the single monitor condition and one of the 
multi-monitor conditions. Most trials (27/33) required scrolling (nine trials for each of 
three start positions). The remaining six (non-scrolling) trials were used to minimize 
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the anticipation of scrolling. Only data from the mid-start position was used in the 
analyses and the practice and non-scrolling trials were not included.  

 

Fig. 1. Scrollbar acquired on the primary monitor, user scrolls down to select the target circle 

The experiment was conducted using a Windows XP PC with LCD monitors, with a 
resolution of 1024x768, and 60hz refresh rate. In the single monitor condition, a 20” 
monitor was used. In the multi-monitor conditions, a 20” monitor was used as the 
primary display. The secondary display was positioned to the right of the primary 
monitor and was either an identical 20” monitor or a 17” monitor.  

Computer logs were used to determine scrollbar acquisition times and to record the 
timestamp and X-Y positions for all mouse movements. ANOVAs (� =.05) were 
performed on the data and Huynh-Feldt corrections were used if the sphericity 
assumption was violated. Velocity profiles were created from the mouse movements, 
and were used to calculate peak velocity and percentage time after peak velocity. All 
velocity profiles and timing metrics were calculated for movement from the start 
button to the scrollbar acquisition. Velocity profiles can provide more information 
than movement times alone. A slower movement time could be due to either a user 
moving more slowly (slower peak velocity), or spending more time decelerating 
towards his target. Precision tasks (e.g. small targets) result in users taking more time 
to home-in on the target, spending more time in the deceleration phase of the 
movement, which is reflected in a higher percent time after peak velocity. 

3.2 Hypotheses 

Our hypotheses were: (H1) in the multi-monitor conditions, participants would 
frequently cross over to the secondary monitor when acquiring the scrollbar; and (H2) 
velocity profile data would be different for the single monitor condition compared to 
the multi-monitor conditions. In particular, that: (H2a) movement times would be 
shorter in the single-monitor condition; (H2b) peak velocities would be higher in the 
single-monitor condition; and (H2c) percent time after peak velocity would be lower 
in the single-monitor condition due to the ‘backing’ that the monitor edge provides. 
Finally, we felt that (H3) participants in the multi-monitor condition would modify 
their mouse movements over time because of difficulty in acquiring the scrollbar. 

3.3 Results 

H1: Crossover Errors: Overall, participants in the multi-monitor conditions 
accidentally crossed over to the secondary monitor in 44% (791 / 1800) of the trials. 
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Fig.2a shows the average number of crossover errors per trial. Participants made 
significantly more crossover errors per trial when different monitors were used 
(mean=0.7 errors/trial) than when identical monitors were used (mean=0.4 
errors/trial), F1,38=10.8, p<.002, hp

2=.22. No significant differences were found based 
on the size of the gap between the monitors, F2,37=1.4, p<.272, hp

2=.068.  
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Fig. 2. a) Mean crossover errors per trial (±SE) across blocks for identical and different multi-
monitor conditions; b) Peak velocity over blocks for single monitor and multi-monitor users 

H2: Scrollbar Acquisition Time and Velocity Profiles: The scrollbar acquisition and 
velocity profile data is presented in Table 2. As expected, the scrollbar acquisition 
time (SAT) was significantly longer in the multi-monitor setups than with the single 
monitor setup. Mouse movement examination showed that peak velocity (PkV) was 
significantly lower in the multi-monitor conditions, while percent time after peak 
velocity (PTAPkV) was significantly higher in the multi-monitor conditions.  

Table 1. Velocity profile data. SM: single monitor; MM: Multi-monitor; PkV: peak velocity; 
PTAPkV: percentage time after peak velocity; SAT: scrollbar acquisition time 

 SM Mean(SD) MM Mean(SD) F p hhhhp
2 

PkV 49.4  (8.3) 40.4  (7.5) 83.07 .000 .70 

PTAPkV 59.6  (3.9) 68.7  (2.9) 480.68 .000 .93 

SAT 1191  (137.7) 1501  (149.4) 200.26 .000 .85 

 
H3: Adaptation over Time: In order to examine whether users’ standard mouse 
behaviour changed over time, we examined the velocity profile data across blocks for 
the single monitor condition. No significant changes across blocks were found for any 
of the measures (SAT: F4,140= 1.42, p<.229, hp

2= .04; PkV: F4,140= 1.81, p<.131, hp
2= 

.05; PTAPkV: F4,140= 0.72, p<.582, hp
2= .02). We then examined changes across 

blocks in the multi-monitor conditions. Subjects significantly reduced the number of 
crossover errors they were making across blocks (F4,140=6.38, p<.001, hp

2=.15). 
Despite the potential time savings inherent with fewer errors, the scrollbar acquisition 
times did not change significantly, F4,140= 2.13, p<.080, hp

2= .06. Examination of the 
velocity profile data revealed that users’ peak velocity decreased significantly across 
blocks, F4,140= 10.99, p<.001, hp

2= .24 (See Fig.2b) while PTAPkV did not change 
significantly, F4,140= 0.38, p<.821, hp

2= .01.  
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3.4 User Study 1: Summary and Discussion 

Participants made crossover errors in 44% of the trials, demonstrating a significant 
problem with MMDs. Earlier research has indicated that users find crossover errors 
disruptive [16] and that loss of the cursor on the display is a significant problem [17]. 
We noted that the use of two different monitors resulted in significantly more 
crossover errors than two identical monitors. The perception of a contiguous 
workspace created with two identical monitors appears to aid scrollbar acquisition.  

It was expected that scrollbar acquisition would be more difficult with MMDs than 
with a single monitor because in the single-monitor condition the edge of the display 
acts as a boundary, enabling easier selection. This difficulty with MMDs was 
reflected in higher movement times (H2a), lower peak velocities (H2b), and higher 
percentage time after peak velocity (H2c). Because users tend to be bothered by 
crossover errors [7, 16], we felt that our participants would modify their mouse 
movements in an attempt to minimize these errors (H3). Over time, participants 
moved slower (lower PkV), in order to reduce the crossover errors. These lower 
movement speeds were also reflected in a slowing of movement times over the course 
of the experiment. This study showed that users make crossover errors in almost half 
of their scrollbar acquisitions, and that these errors impacted the kinematics of mouse 
behaviour. Using this information, we developed a new widget acquisition aid. 

4 Smart Sticky Widget Implementation 

Given the results from our first study, we felt that a pseudo-haptic technique would be 
a good approach for aiding in the selection of boundary widgets. However, with 
MMDs, users often cross to the secondary display intentionally, and our technique 
should not impede these types of movements. Therefore, we chose to implement a 
‘smart’ sticky widget. 

Our approach uses mouse velocity to predict user intent for selecting a particular 
widget. If we predict that the user is trying to acquire the widget, we apply stickiness. 
If we predict that the user is not trying to acquire the widget, no stickiness is applied. 
To improve performance for MMDs, we applied our technique to a scrollbar. This 
technique could easily be applied to any widget, although minor adjustments to the 
velocity parameters may be needed.   

When the scrollbar received a mouse enter event, our system determined whether 
stickiness should be applied. This determination was based upon whether the 
aggregate deceleration of the mouse cursor from the time of peak velocity was higher 
than a certain threshold (0.15 pixels/ms), combined with whether the user was moving 
below a certain speed threshold (1.5 pixels/ms). The speed threshold requirement was 
disregarded if the user’s aggregate deceleration was high (equal to two times the 
deceleration threshold requirement). If the predictive model determined that the user 
was attempting to access the scrollbar, the mouse gain was decreased to 10% of its 
original value for the duration of mouse movement over the widget. 

This implementation was informed by empirical data from Study 1 by examining 
velocity profile plots and how users’ movements differed between successful scrollbar 
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acquisitions and acquisition attempts resulting in crossover errors. We noticed 
patterns in the peak velocity and deceleration phases when users were targeting the 
scrollbar. In particular, when users overshot the scrollbar, it was usually due to 
deceleration occurring too late in the movement, or at too slow of a rate, or because 
their peak velocity was too high. The implementation and thresholds were further 
fine-tuned with pilot testing.  

5 User Study 2: Comparison of Sticky Techniques in MMDs 

The goal of the second study was to examine how our sticky widget software 
implementation performed in comparison to a control condition (no mouse 
modifications), as well as to two other sticky techniques from the literature. In 
particular, we wanted to compare performance for both scrollbar acquisition and 
selection of near-neighbour targets.  

We compared our smart sticky technique to the two pseudo-haptic implementations 
used in Cockburn and Firth’s [6] analysis of acquisition of small targets. The first 
mimicked Worden et al’s [18] sticky icon approach where the mouse control-display 
gain was reduced to 10% of its original value when inside a sticky target (we refer to 
this technique as sludge sticky). The second approach [6] examined mouse 
movements within a target. If cursor position for consecutive mouse movement events 
passed a threshold distance (i.e. moving quickly), the cursor snapped out of the target. 
If this did not occur, the cursor warped back to the centre of the item (we refer to this 
technique as snap-out sticky). The main difference between sludge and snap-out 
sticky is that a slow motion will eventually allow the cursor to leave the target with 
the sludge technique whereas it will remain stuck with the snap-out technique.  

5.1 Experiment Design and Setting  

Two tasks were used in this study. The first was a scrolling task (shown in Fig.3a) 
adapted from Hinckley et al’s [11] representative scrolling task. Participants first 
selected a start button that was located in one of three horizontal positions across the 
top of the screen. They then acquired the scrollbar and scrolled down until a blue 
target square, 32 pixels high (15mm) was positioned within a target frame (two 
horizontal lines, 88 pixels apart (35mm), positioned in the centre of the screen). When 
the participant released the mouse button, a sound indicated success or failure and the 
trial was complete. Participants were told to only use drag scrolling (i.e. no scrolling 
by clicking on various positions on the scrollbar or mouse wheel scrolling).  

The second task (Fig.3b) was a near-neighbour target selection task with targets 
appearing on the secondary monitor. Participants selected a start button located in one 
of three horizontal positions across the top of the screen. Next, three squares appeared 
on the secondary monitor (two gray and one blue square), placed in the same vertical 
position as the start squares (46, 246, and 446 pixels away from the left edge of the 
secondary screen). Participants were required to select the blue target square.  

Twelve right-handed university students (11 male, 1 female) who passed a colour-
blindness test participated. All 12 participants used computers every day and 8 had 
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previously used multiple monitors. A within subjects design was used with four 
conditions: no stickiness (control), smart sticky, sludge sticky, and snap-out sticky. 
Each participant completed one block of 27 practice trials for both the scrolling and 
target selection task. For each condition, participants completed 3 blocks of 27 trials 
for the scrolling task (3 start pos. x 3 scrolling targets x 3 repeated trials) and 3 blocks 
of 27 trials for the near-neighbour selection task (3 start pos. x 3 near-neighbour target 
selections x 3 repeated trials). Only data from the mid-start position was used in the 
analyses and practice trials were not included. Participants ranked their preference for 
each technique. All trials were completed in a one-hour session.  

  

Fig. 3. a) Scrolling task, b) Near-neighbour target selection task 

Given the results from Study 1, we were concerned that users would adapt their 
mouse movements to try to reduce the number of crossover errors. Therefore, we had 
half of the participants perform the control condition (no stickiness) first with the 
other half performing the control condition last. The order of the sticky conditions 
was fully counterbalanced. The experiment was run using a Windows XP PC with 
LCD monitors, at a resolution of 1024x768 pixels per monitor, and 60hz refresh rate. 
Two identical 20” monitors were used with a slight gap (12cm) between them. 
Computer logs were used to gather scrollbar acquisition time, crossovers for the 
scrolling task, and target selection time for the near-neighbour selection task. In 
addition, logs recorded the number of times stickiness was applied for the smart sticky 
technique. Scrollbar acquisition times and near-neighbour target selection times were 
analyzed using ANOVAs (� =.05), and Huynh-Feldt corrections were used if the 
sphericity assumption was violated. Questionnaire data was analyzed using a 
Friedman two-way ANOVA (� =.05). Wilcoxon matched-pairs signed-ranks tests with 
Bonferronni adjustments were used for all post-hoc pair wise comparisons.  

5.2 Hypotheses 

Our hypotheses were: (H1) scrollbar acquisition time would be higher in the control 
condition than with any of the stickiness techniques; (H2) Accidental crossover errors 
would be higher in the control condition than with any of the stickiness techniques; 
(H3) Our smart sticky technique would outperform the other sticky techniques, in 
terms of selection time and user preference, for acquiring near-neighbour targets.  

5.3 Results 

Table 3 shows the mean scrollbar acquisition times and the number of crossover 
errors for Task 1, and the mean selection times for the target selection task for Task 2. 
The order of conditions had no significant effect. 
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Table 2. Mean times for scrollbar acquisition (SAT) and percentage of crossover error trials in 
Task 1. Mean movement time to select the near-neighbour target in Task 2. 

Condition SAT  
ms (SD) 

Crossover Errors 
% trials (total #) 

MT  
ms (SD) 

No Stickiness 1363 (176) 21% (69) 1152 (126) 

Smart Sticky 1214 (170) 12%  (39) 1189 (178) 

Sludge Sticky 1128 (198) 8%  (26) 1382 (145) 

Snap-out Sticky 1132 (212) 11% (36) 1607 (260) 

 
H1: Scrollbar Acquisition Time: For Task 1, an overall main effect of condition was 
found for scrollbar acquisition time (F3,30=24.29, p<.001, hp

2=.71) with all three 
sticky techniques being significantly faster than the control condition (p<.001) 
(Fig.4a). The pair wise analyses revealed that our smart sticky implementation was 
significantly slower than the sludge sticky technique (p=.029). Examining the 
scrollbar acquisition times across blocks revealed a significant main effect of block 
for the control condition with users significantly reducing their SATs when no 
stickiness was provided (F2,20=12.70, p<.001, hp

2=.56). In particular, the first block 
was significantly slower than the second and third (p<.01). Participants using the 
snap-out sticky technique also significantly reduced their SATs across blocks, 
F2,20=4.91, p<.018, hp

2=.33; however, no differences were found across blocks for the 
smart and sludge techniques, F2,20=0.86, p<.44, hp

2=.08, and F2,20=0.25,p<.78,hp
2=.02, 

respectively. 
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Fig. 4. a) Mean scrollbar acquisition time (±SE) for each technique across blocks, b) Average 
crossover errors (±SE) for each technique, separated by block, c) Average selection times (±SE) 

for each near-neighbour target on the secondary display, separated by target location 

H2: Accidental Crossover Errors: A significant main effect of technique was found 
for the number of crossover errors with all three sticky techniques reducing crossover 
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errors by more than 50% (F3,30= 17.43, p<.001, hp
2=.64). Post hoc pair wise 

comparisons revealed that all three techniques significantly reduced crossover errors 
over the default mouse condition (p<.01), although no significant differences were 
found between the three sticky techniques (Fig.4b). 

Examining the crossover errors across blocks revealed a significant main effect of 
block for the control condition with users significantly reducing their crossover errors 
across blocks when no stickiness was provided. In particular, blocks 2 and 3 had 
significantly fewer crossover errors than block 1. No significant differences across 
blocks were found for the three stickiness techniques. 

 
H3: Near Neighbour Task: A significant main effect of technique was found for target 
selection time on the secondary monitor, F3,03=48.01, p<.001, hp

2=.83 (Fig.4c). Post-
hoc comparisons revealed no significant differences between the control condition 
and smart stickiness (p<1.0), while both were significantly faster than sludge and 
snap-out (p<.001). Sludge was also significantly faster than snap-out (p<.016).  

A significant interaction effect was found between technique and block (F3,30=48.0, 
p<.001, hp

2=.83). Further analysis revealed that snap-out sticky was the only 
technique whose target selection time differed significantly across blocks (F2,20=6.11, 
p<.008, hp

2=.38), with block 1 being significantly slower than block 3 (p<.05). For 
near-neighbour selection, a significant interaction was found between target location 
and sticky technique on selection time (F6,60= 5.06, p<.001, hp

2=.34), (Fig.4c). Further 
analysis revealed that the nearest neighbour (closest target) required significantly 
longer selection times than the other two targets (p<.05) for the sludge and snap-out 
sticky techniques. This pattern is opposite to what Fitts’ Law [9] predicts, and 
demonstrates unique requirements for aiming in multi-monitor environments.  

5.3.1 Accuracy of Smart Sticky Prediction 
For the scrolling task, smart stickiness was applied 65% of the time, on average. It is 
unclear how often our users needed stickiness to help them acquire the scrollbar, 
although in Study 1, participants made crossover errors in approximately 43% of the 
trials. For the near-neighbour selection task, smart stickiness was applied, on average, 
in 12% of the trials. Ideally, stickiness would never be applied when users are 
intentionally crossing between displays; however, the accuracy of our prediction 
ranged from being applied only 3% of the time for one participant to almost 20% of 
the time for another participant. Closer examination of this data revealed that 
stickiness was erroneously applied more often for selection of the nearest-neighbour 
target (24%), compared to the mid (9%), and far (2%) targets.  

5.3.2 Post-Condition Questionnaire Data 
Participants were asked to provide an overall ranking of the techniques. Most 
participants preferred the smart sticky technique (8/12) while the majority of 
participants liked the snap-out technique the least (9/12). Participants were also asked 
to rate each technique on a five-point scale (1=low, 5=high) in terms of speed and 
accuracy. On average, participants felt that they were able to select the scrollbar most 
quickly using the sludge sticky technique (4.33), followed by snap-out (4.08), smart 
(3.67), and no stickiness (3.33). This overall difference was marginally significant 
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(c2
3,12=7.81 p<.049). A similar trend was found for how accurately participants felt 

they could select the scrollbar, although these differences were not significant 
(c2

3,12=3.19 p<.363). On average, sludge sticky was rated the most accurate (4.18), 
followed by smart and snap-out (3.73) and then no stickiness (3.36).  

When asked if it was easy to accidentally cross over to the secondary monitor 
during the scrolling task, participants agreed with this when no stickiness was applied 
(3.58) followed by smart sticky (3.0), sludge (2.25) and snap-out (1.92) on a scale 
from 1 (strongly disagree) to 5 (strongly agree). This difference was statistically 
significant (c2

3,12=16.98 p<.001) with it being significantly easier to accidentally cross 
over when no stickiness was applied compared to sludge (p<.007) and snap-out 
(p<.008). For the near-neighbour selection task, participants indicated that it was 
easiest to cross over when no stickiness (4.67) was applied, followed by smart 
stickiness (4.58). Sludge (3.25) and snap-out (1.92) were felt to be impede crossing 
between displays. This difference was statistically significant (c2

3,12=25.55 p<.001) 
with no stickiness and smart sticky being rated as easier than snap-out (p<.003). 

5.4 User Study 2: Summary and Discussion 

Participants felt that the snap-out implementation was very effective for the primary 
monitor task, but too strong in general. On more than one occasion, the participant 
would over-shoot the intended target, and while readjusting would get caught by the 
sticky scrollbar, requiring a second snap-out action. Perhaps this type of ‘stickiness’ is 
best suited for configurations with no near-neighbour targets.  

The sludge approach performed well for the primary task, however was 
significantly slower for near-neighbour selection tasks.  In our implementation, the 
scrollbar was the only sticky widget. In an actual application, one could imagine 
multiple sticky components having a much larger penalty on targeting performance. 
Our smart sticky technique only applies stickiness to the intended target, thus making 
it easier for users. Our implementation proved to be a good balance for performing 
both the scrolling task on the primary monitor as well as the target selection task on 
the secondary monitor. Crossover errors were reduced by 54% against no 
modification alone, allowing faster acquisition time of the target scrollbar. When the 
user attempted to cross between displays, our technique was only applied 12% of the 
time, resulting in selection times that didn’t differ from the control condition, even for 
the near-neighbour target, which was only 2 cm away.  

8 Conclusions and Future Work 

We presented a smart pseudo-haptic technique that aids users with the acquisition of 
small targets on the borders of a MMD. Our implementation is grounded in the 
marked differences in velocity profiles for users in MMDs as compared to single 
monitor systems. The smart sticky implementation effectively tackles the problem of 
accidentally crossing over to the secondary display of a MMD, without impeding 
near-neighbour target acquisition, as in other techniques. It accomplishes this while 
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not requiring any training or increase in displayed visual information. In fact, users 
would not even need to be aware of the implementation to see performance benefits.  

Although our implementation performs well, our prediction algorithm could be 
improved to further reduce accidental crossovers, thus improving boundary widget 
selection times. Our technique also needs to be extended to work with a variety of 
widget sizes, and movement amplitudes. Further work includes combining our 
approach with other multi-monitor techniques, such as Mouse Ether, and testing in 
more realistic usage environments for a larger variety and density of software widgets.  
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