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Abstract. Multi-monitor systems are becoming increasinglpylar as a way
for users to expand their display surface to featéi multitasking. However,
users may have difficulty accessing user interfeleenents on the borders of
the displays, accidentally crossing over to neighing displays. We present a
smart pseudo-haptic technique to enhance boundalyets in multi-monitor
systems. Our technique was compared to currentajesiehaviour as well as
to two other pseudo-haptic approaches. All threghrigues significantly
reduced crossover errors; however, our smart stetlynique also significantly
reduced the time to acquire targets on the secpndanitor over the other
sticky techniques and was strongly preferred bysuse

1 Introduction

As the cost and hardware entry barriers to multiitoo systems decrease, these
systems are becoming commonplace. In 2001, Grudh provided a foundational
account of how users in multi-monitor environmearsange and organize their
information. Interviews conducted with multi-monitasers showed an overwhelming
consensus of support. In addition, by displayingcpsses that support the primary
task on a secondary monitor, cognitive load is cedu Grudin also indicated that
software designers tend to design with only thglsimonitor user in mind. The end
result is that inherent advantages for partitiorinfgrmation and space are lost.
Researchers have begun exploring appropriate @ttenastyles for multi-monitor
environments [3, 15]. When using multi-monitorsenssoften maximize application
windows to fill one display as opposed to stretghone window across multiple
displays [10]. There are difficulties associatedhwihis practice however, when
accessing widgets on the borders between the gissptaich as scrollbars, window
borders, menus, margin markers and the ‘close wihdoon. Users’ cursors may
inadvertently cross over to the secondary monibor disrupt their attention.
Numerous techniques have been proposed to aidt taefection in a variety of
environments (see [2] for a review). Although thesehniques have been shown to be
successful for the selection of isolated targetestnhave difficulty with multiple,



closely spaced targets [2]. The goal of this reges to develop a technique that will
aid in the selection of boundary widgets while nohibiting movement to a
secondary display or requiring that the size of whidget be increased. This paper
presents a pseudo-haptic technique which predioether or not a user is attempting
to acquire the boundary widget. If we predict tha user is trying to acquire the
scrollbar, the control-display gain is modified simulate stickiness and assist
acquisition; otherwise, the user’'s mouse behavesalty.

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

2 Related Work

Past research has investigated how multi-monitspldys (MMDs) impact user
performance. Robertson et al. [17] noted that upg(®% of Windows OS users are
running MMDs from a PC or laptop. Losing the cursbstal information access, and
bezel problems were noted as the most importardggoaes of usability issues.
Czerwinski et al. [7] discussed the productivitynbiits of MMDs, including
improved complexity management, less time wastedmamaging windows, and
better performance for cognitively-loaded tasks.

Researchers are introducing innovative interfacartejues for MMDs. Baudisch
et al. [3] developed Mouse Ether to allow the motgsexist in gaps between multi-
monitors. Mouse Ether improved performance and wasked well in user
satisfaction. Mackinlay and Heer [15] describecapproach for creating seam-aware
applications for multi-monitor displays. Hutchingd al. examined MMD usage
compared to a single monitor [12].

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

Lécuyer et al. extended their pseudo-haptic apprdacrepresent textures on-
screen by altering the control-display gain of @uar area, creating the sensation of
bumps and holes [14]. They concluded that the péiae of GUI components (such
as edges and buttons) could be one of the seveygksted applications of a pseudo-
haptic approach. Worden et al. [18] implementedksticons and found that when
this technique was combined with area-cursors ¢uesors with a larger than normal
activation area), older adults achieved much bédtgeting performance.

Other research has also manipulated the visualomati the pointer for improved
targeting [1, 3, 5]. Balakrishnan [2] provides admverview of artificially enhancing



pointer performance including pseudo-haptic techesg Baudisch et al. [4] used a
pseudo-haptic approach to improve user performdnceprecise positioning of
graphical objects. Ahlstrom [1] recently enhancedl-gown menus with ‘force
fields’, created by manipulating control-displayrgaesulting 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 attemgtia access a particular user interface
element, then it would be beneficial to assist tagion by making the widget
‘sticky’. Several approaches have examined waymamipulate the control-display
gain to make the cursor stick to the target [2]sfie success for isolated target
acquisitions, in real usage stickiness can be proétic. If the user is not attempting
to select a target, having the cursor ‘stick’ teah be frustrating. In particular, near-
neighbour targets can be difficult to acquire siosers will increase their movement
in order to move off the sticky object and overditbeir intended destination.

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

3.1 Experiment Design and Setting

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

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

Each participant completed one block of 33 pradtieds followed by five blocks
of 33 trials (165 trials total) for both the singheonitor condition and one of the
multi-monitor conditions. Most trials (27/33) reged scrolling (nine trials for each of
three start positions). The remaining six (non-liog) trials were used to minimize



the anticipation of scrolling. Only data from thedestart position was used in the
analyses and the practice and non-scrolling tvielee not included.

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

The experiment was conducted using a Windows XPMRICLCD monitors, with a
resolution of 1024x768, and 60hz refresh ratehtndingle monitor condition, a 20"
monitor was used. In the multi-monitor conditioms20” monitor was used as the
primary display. The secondary display was pos#ibio the right of the primary
monitor and was either an identical 20” monitoadt7” monitor.

Computer logs were used to determine scrollbariaitopn times and to record the
timestamp and X-Y positions for all mouse moveme®BlOVAs ( =.05) were
performed on the data and Huynh-Feldt correctiomsewused if the sphericity
assumption was violated. Velocity profiles wereateel from the mouse movements,
and were used to calculate peak velocity and peagertime after peak velocity. All
velocity profiles and timing metrics were calcuthteor movement from the start
button to the scrollbar acquisition. Velocity ptefi can provide more information
than movement times alone. A slower movement tioddcbe due to either a user
moving more slowly (slower peak velocity), or spemgdmore time decelerating
towards his target. Precision tasks (e.g. smalkts) result in users taking more time
to home-in on the target, spending more time in deeeleration phase of the
movement, which is reflected in a higher percemttafter peak velocity.

3.2 Hypotheses

Our hypotheses were: (H1) in the multi-monitor dtinds, participants would
frequently cross over to the secondary monitor wénequiring the scrollbar; and (H2)
velocity profile data would be different for thengle monitor condition compared to
the multi-monitor conditions. In particular, thgti2a) movement times would be
shorter in the single-monitor condition; (H2b) peadtocities would be higher in the
single-monitor condition; and (H2c) percent timéeafpeak velocity would be lower
in the single-monitor condition due to the ‘backitigat the monitor edge provides.
Finally, we felt that (H3) participants in the miutionitor condition would modify
their mouse movements over time because of diffidalacquiring the scrollbar.

3.3 Results

H1: Crossover Errors: Overall, participants in the multi-monitor conditis
accidentally crossed over to the secondary monit@4% (791 / 1800) of the trials.



Fig.2a shows the average number of crossover eperstrial. Participants made
significantly more crossover errors per trial whdifferent monitors were used
(mean=0.7 errors/trial) than when identical morstowere used (mean=0.4
errors/trial), fr35=10.8, p<.002hp2:.22. No significant differences were found based
on the size of the gap between the monitogs1.4, p<.272hp2:.068.
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Fig. 2.a) Mean crossover errors per trial (+SE) acrogsKsl for identical and different multi-
monitor conditions; b) Peak velocity over blocks $agle monitor and multi-monitor users

H2: Scrollbar Acquisition Time and Velocity ProfileThe scrollbar acquisition and
velocity profile data is presented in Table 2. Agexcted, the scrollbar acquisition
time (SAT) was significantly longer in the multi-mitor setups than with the single
monitor setup. Mouse movement examination showat ghak velocity (PkV) was
significantly lower in the multi-monitor conditionsvhile percent time after peak
velocity (PTAPkV) was significantly higher in theufti-monitor conditions.

Table 1.Velocity profile data. SM: single monitor; MM: Midmonitor; PkV: peak velocity;
PTAPKV: percentage time after peak velocity; SAdroflbar acquisition time

SM Mean(SD) MM Mean(SD) F p hp2
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 Timein order to examine whether users’ standard mouse
behaviour changed over time, we examined the wglpcofile data across blocks for
the single monitor condition. No significant chasgeross blocks were found for any
of the measures (SATy i 1.42, p<.229h,°= .04; PKV: B 147 1.81, p<.131h,’=

.05; PTAPKV: K147 0.72, p<.582,hp2: .02). We then examined changes across
blocks in the multi-monitor conditions. Subjectgrsficantly reduced the number of
crossover errors they were making across blocks .£6.38, p<.001,hp2:.15).
Despite the potential time savings inherent witlifeerrors, the scrollbar acquisition
times did not change significantly, & 2.13, p<.080hp2: .06. Examination of the
velocity profile data revealed that users’ pealogity decreased significantly across
blocks, & 145 10.99, p<.001hp2: .24 (See Fig.2b) while PTAPKV did not change
significantly, 145 0.38, p<.821h,’= .01.



3.4 User Study 1: Summary and Discussion

Participants made crossover errors in 44% of ttstrdemonstrating a significant
problem with MMDs. Earlier research has indicatedt tusers find crossover errors
disruptive [16] and that loss of the cursor ondieplay is a significant problem [17].
We noted that the use of two different monitorsules! in significantly more
crossover errors than two identical monitors. Therception of a contiguous
workspace created with two identical monitors appéaaid scrollbar acquisition.

It was expected that scrollbar acquisition wouldhire difficult with MMDs than
with a single monitor because in the single-monitondition the edge of the display
acts as a boundary, enabling easier selection. dlifculty with MMDs was
reflected in higher movement times (H2a), lowerkpealocities (H2b), and higher
percentage time after peak velocity (H2c). Becausers tend to be bothered by
crossover errors [7, 16], we felt that our par@eits would modify their mouse
movements in an attempt to minimize these error3).(Kver time, participants
moved slower (lower PKV), in order to reduce thesspbver errors. These lower
movemenspeedsvere also reflected in a slowing wlovementimesover the course
of the experiment. This study showed that usersentagssover errors in almost half
of their scrollbar acquisitions, and that thesemsrimpacted the kinematics of mouse
behaviour. Using this information, we developeca midget acquisition aid.

4  Smart Sticky Widget Implementation

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

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

When the scrollbar received a mouse enter eventsygiem determined whether
stickiness should be applied. This determinations vilmsed upon whether the
aggregate deceleration of the mouse cursor frontirties of peak velocity was higher
than a certain threshold (0.15 pixels/ms), combingd whether the user was moving
below a certain speed threshold (1.5 pixels/msg gpeed threshold requirement was
disregarded if the user's aggregate deceleratios igh (equal to two times the
deceleration threshold requirement). If the prédéctnodel determined that the user
was attempting to access the scrollbar, the moage was decreased to 10% of its
original value for the duration of mouse movemergrdhe widget.

This implementation was informed by empirical datam Study 1 by examining
velocity profile plots and how users’ movementdatéd between successful scrollbar



acquisitions and acquisition attempts resulting chossover errors. We noticed
patterns in the peak velocity and deceleration ghaghen users were targeting the
scrollbar. In particular, when users overshot theoltbar, it was usually due to

deceleration occurring too late in the movementatoroo slow of a rate, or because
their peak velocity was too high. The implementatend thresholds were further
fine-tuned with pilot testing.

5 User Study 2: Comparison of Sticky Techniques iMMDs

The goal of the second study was to examine how stigky widget software
implementation performed in comparison to a contoandition (no mouse
modifications), as well as to two other sticky teicfues from the literature. In
particular, we wanted to compare performance fah kaerollbar acquisition and
selection of near-neighbour targets.

We compared our smart sticky technique to the tseudo-haptic implementations
used in Cockburn and Firth’s [6] analysis of actis of small targets. The first
mimicked Worden et al's [18] sticky icon approachese the mouse control-display
gain was reduced to 10% of its original value wheside a sticky target (we refer to
this technique as sludge sticky). The second approg] examined mouse
movements within a target. If cursor position fonsecutive mouse movement events
passed a threshold distance (i.e. moving quickihg,cursor snapped out of the target.
If this did not occur, the cursor warped back t® ¢tentre of the item (we refer to this
technique as snap-out sticky). The main differebeéwveen sludge and snap-out
sticky is that a slow motion will eventually allote cursor to leave the target with
the sludge technique whereas it will remain stuik the snap-out technique.

5.1 Experiment Design and Setting

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

The second task (Fig.3b) was a near-neighbour ttaejection task with targets
appearing on the secondary monitor. Participaréxts a start button located in one
of three horizontal positions across the top ofstreen. Next, three squares appeared
on the secondary monitor (two gray and one bluasjuplaced in the same vertical
position as the start squares (46, 246, and 448 paway from the left edge of the
secondary screen). Participants were requirediéatsthe blue target square.

Twelve right-handed university students (11 malérhale) who passed a colour-
blindness test participated. All 12 participantedig€omputers every day and 8 had



previously used multiple monitors. A within subgatesign was used with four
conditions: no stickiness (control), smart sticklydge sticky, and snap-out sticky.
Each participant completed one block of 27 pradtids for both the scrolling and
target selection task. For each condition, pamrictp completed 3 blocks of 27 trials
for the scrolling task (3 start pos. x 3 scrolltaggets x 3 repeated trials) and 3 blocks
of 27 trials for the near-neighbour selection té&ktart pos. x 3 near-neighbour target
selections x 3 repeated trials). Only data fromrfid-start position was used in the
analyses and practice trials were not includediddgeints ranked their preference for
each technique. All trials were completed in a boar session.

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

Given the results from Study 1, we were concerted tisers would adapt their
mouse movements to try to reduce the number okoxas errors. Therefore, we had
half of the participants perform the control corit (no stickiness) first with the
other half performing the control condition lastieTorder of the sticky conditions
was fully counterbalanced. The experiment was rsingia Windows XP PC with
LCD monitors, at a resolution of 1024x768 pixels pwnitor, and 60hz refresh rate.
Two identical 20" monitors were used with a sligldp (12cm) between them.
Computer logs were used to gather scrollbar adiprisitime, crossovers for the
scrolling task, and target selection time for theamneighbour selection task. In
addition, logs recorded the number of times stiekinwas applied for the smart sticky
technique. Scrollbar acquisition times and neagimebur target selection times were
analyzed using ANOVAs (.05), and Huynh-Feldt corrections were used if the
sphericity assumption was violated. Questionnaiega dwas analyzed using a
Friedman two-way ANOVA (=.05). Wilcoxon matched-pairs signed-ranks testh wi
Bonferronni adjustments were used for all post{baic wise comparisons.

5.2 Hypotheses

Our hypotheses were: (H1) scrollbar acquisitionetwould be higher in the control
condition than with any of the stickiness techngju#i2) Accidental crossover errors
would be higher in the control condition than withy of the stickiness techniques;
(H3) Our smart sticky technique would outperforne thther sticky techniques, in
terms of selection time and user preference, fquizitig near-neighbour targets.

5.3 Results
Table 3 shows the mean scrollbar acquisition timed the number of crossover

errors for Task 1, and the mean selection timeshi®target selection task for Task 2.
The order of conditions had no significant effect.



Table 2. Mean times for scrollbar acquisition (SAT) andgesitage of crossover error trials in
Task 1. Mean movement time to select the near-beightarget in Task 2.

Condition SAT Crossover Errors MT

ms (SD) % trials (total #) 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 TimeFor Task 1, an overall main effect of conditionswa
found for scrollbar acquisition time {g=24.29, p<.001,hp2:.71) with all three
sticky techniques being significantly faster thare tcontrol condition (p<.001)
(Fig.4a). The pair wise analyses revealed thatsooart sticky implementation was
significantly slower than the sludge sticky techumq(p=.029). Examining the
scrollbar acquisition times across blocks reveaesignificant main effect of block
for the control condition with users significantheducing their SATs when no
stickiness was provided {k=12.70, p<.001hp2:.56). In particular, the first block
was significantly slower than the second and tlfpd.01). Participants using the
shap-out sticky technique also significantly redudbeir SATs across blocks,
F22=4.91, p<.018hp2:.33; however, no differences were found acrosesKsldor the
smart and sludge techniques&£0.86, p<.44h,?=.08, and k»=0.25,p<.7&,°=.02,
respectively.
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Fig. 4.a) Mean scrollbar acquisition time (+SE) for etathnique across blocks, b) Average
crossover errors (+SE) for each technique, semhbstblock, c) Average selection times (+SE)
for each near-neighbour target on the secondapjajisseparated by target location

H2: Accidental Crossover ErrorsA significant main effect of technique was found
for the number of crossover errors with all thréeky techniques reducing crossover



errors by more than 50% k= 17.43, p<.001,hp2:.64). Post hoc pair wise
comparisons revealed that all three techniquesfgigntly reduced crossover errors
over the default mouse condition (p<.01), althounghsignificant differences were
found between the three sticky techniques (Fig.4b).

Examining the crossover errors across blocks redealsignificant main effect of
block for the control condition with users signiittly reducing their crossover errors
across blocks when no stickiness was provided.antiqular, blocks 2 and 3 had
significantly fewer crossover errors than blockNb significant differences across
blocks were found for the three stickiness techesqu

H3: Near Neighbour TaslA significant main effect of technique was fourd farget
selection time on the secondary monitoy#48.01, p<.001hp2:.83 (Fig.4c). Post-
hoc comparisons revealed no significant differeniseveen the control condition
and smart stickiness (p<1.0), while both were g$icgmtly faster than sludge and
snap-out (p<.001). Sludge was also significantyydathan snap-out (p<.016).

A significant interaction effect was found betweeohnique and block §R=48.0,
p<.001, hpZ:.83). Further analysis revealed that snap-outkgtimas the only
technique whose target selection time differedifiantly across blocks ¢h=6.11,
p<.008,hp2:.38), with block 1 being significantly slower thétock 3 (p<.05). For
near-neighbour selection, a significant interacticas found between target location
and sticky technique on selection time & 5.06, p<.001hp2:.34), (Fig.4c). Further
analysis revealed that the nearest neighbour @ dseget) required significantly
longer selection times than the other two targetsQb) for the sludge and snap-out
sticky techniques. This pattern is opposite to whats’ Law [9] predicts, and
demonstrates unique requirements for aiming inimudinitor environments.

5.3.1 Accuracy of Smart Sticky Prediction

For the scrolling task, smart stickiness was agpig% of the time, on average. It is
unclear how often our users needed stickiness Ip them acquire the scrollbar,
although in Study 1, participants made crossoven®iin approximately 43% of the
trials. For the near-neighbour selection task, sstarkiness was applied, on average,
in 12% of the trials. Ideally, stickiness would eewe applied when users are
intentionally crossing between displays; howevée tccuracy of our prediction
ranged from being applied only 3% of the time fae@articipant to almost 20% of
the time for another participant. Closer examimatiof this data revealed that
stickiness was erroneously applied more often éediion of the nearest-neighbour
target (24%), compared to the mid (9%), and far)(R¥gets.

5.3.2  Post-Condition Questionnaire Data

Participants were asked to provide an overall magkof the techniques. Most
participants preferred the smart sticky techniq@tl) while the majority of
participants liked the snap-out technique the 1€2/42). Participants were also asked
to rate each technique on a five-point scale (17I6whigh) in terms of speed and
accuracy. On average, participants felt that theyevable to select the scrollbar most
quickly using the sludge sticky technique (4.38)ldived by snap-out (4.08), smart
(3.67), and no stickiness (3.33). This overall etéince was marginally significant
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(c%1=7.81 p<.049). A similar trend was found for hovcamtely participants felt
they could select the scrollbar, although thesdedifices were not significant
(c%17=3.19 p<.363). On average, sludge sticky was rétedmost accurate (4.18),
followed by smart and snap-out (3.73) and thentickigess (3.36).

When asked if it was easy to accidentally crossr awethe secondary monitor
during the scrolling task, participants agreed wliis when no stickiness was applied
(3.58) followed by smart sticky (3.0), sludge (9.2;d snap-out (1.92) on a scale
from 1 (strongly disagree) to 5 (strongly agreehisTdifference was statistically
significant £2%;=16.98 p<.001) with it being significantly easieraccidentally cross
over when no stickiness was applied compared tdgslu(p<.007) and snap-out
(p<.008). For the near-neighbour selection tasktigigants indicated that it was
easiest to cross over when no stickiness (4.67) ayasied, followed by smart
stickiness (4.58). Sludge (3.25) and snap-out j1v@&e felt to be impede crossing
between displays. This difference was statisticalynificant €% ,~25.55 p<.001)
with no stickiness and smart sticky being ratedasser than snap-out (p<.003).

5.4 User Study 2: Summary and Discussion

Participants felt that the snap-out implementati@s very effective for the primary
monitor task, but too strong in general. On morntlone occasion, the participant
would over-shoot the intended target, and whilajesting would get caught by the
sticky scrollbar, requiring a second snap-out actiRerhaps this type of ‘stickiness’ is
best suited for configurations with no near-neighttargets.

The sludge approach performed well for the primaagk, however was
significantly slower for near-neighbour selecti@sks. In our implementation, the
scrollbar was the only sticky widget. In an actagblication, one could imagine
multiple sticky components having a much largerghignon targeting performance.
Our smart sticky technique only applies stickinesthe intended target, thus making
it easier for users. Our implementation proved ¢oabgood balance for performing
both the scrolling task on the primary monitor adlvas the target selection task on
the secondary monitor. Crossover errors were ratlubg 54% against no
modification alone, allowing faster acquisition &rof the target scrollbar. When the
user attempted to cross between displays, our igabwas only applied 12% of the
time, resulting in selection times that didn’t diffrom 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 idh&tuaers with the acquisition of
small targets on the borders of a MMD. Our impletagan is grounded in the
marked differences in velocity profiles for usemss MMDs as compared to single
monitor systems. The smart sticky implementatideatively tackles the problem of
accidentally crossing over to the secondary disgibya MMD, without impeding

near-neighbour target acquisition, as in othernapres. It accomplishes this while
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not requiring any training or increase in displaysual information. In fact, users
would not even need to be aware of the implemeamat see performance benefits.
Although our implementation performs well, our gotdn algorithm could be
improved to further reduce accidental crossovérss timproving boundary widget
selection times. Our technique also needs to bendrd to work with a variety of
widget sizes, and movement amplitudes. Further wiadtudes combining our
approach with other multi-monitor techniques, sashMouse Ether, and testing in
more realistic usage environments for a largertgnd density of software widgets.
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