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ABSTRACT functionality (e.g, for adding or removing items)These
In this paper we present theHarpoon selection tool, a  options are riaccessibleon whiteboardsas .theyoft_en do
novel selection technique specifically designedifioerac- not havesupplementary button&ven techniques likeas-

tive whiteboardsThe tool combines area cursors and sros  soing that aredesignedfor pen input 9, 13, 15, 16] may

ing to perform complex selections amongs$arge number rely on supplementaryputtons andmay also require diff-

of unsorted, ungroupetems It is optimized for largescale cult steering tasks that are highly constrained and error
penbased surfaces and works well in both dense and sparserone [L, 14].
surroundingsWe describe &ist of key featuresrelevant to

the design of the to@nd providea detailed description of

both the mechanics as well as thedbackof the tool. The

results of a user study are described and analyzednto co

firm our design. The study shows that the Harpoon tool

performs significantly faster tharappingandLassoing

ACM Classification: H5.2 [Information interfaces and
presentation]: User Interfacessraphical user interfaces.

General terms: Design Human Factors

Keywords: Selection Tool, Lassd&rossingPen Input _7
INTRODUCTION 0

The interaction design for peased interactive wiet Figure 1: The Harpoon selection tool in action on an
boards is challenging due to various reasons. In this paper interactive whiteboard.

we specifically look atchallenges concerningnteraction | h hall | ;
techniques for selecting a large number of ungrouped items'/€ analyzed these challenges and present several &ey fe

(e.g, separate ink strokes lrandwritten notes or sketches). tures 'ghat should be considered in the design process of new
Interactive whiteboasdoften lack interaction possibilities ~ S€!€ction toolsWe alsopresenthe Harpoonselection tool
(e.g, no hover state, low tracking resolutidack of mod- that add_resses the aforementioned challenges. We teah_da
fier keyd, which might be requed to use selection tec our design through a user study and present furtier i
niques to their full extendTracking data might be less Provements based on the results.

reliable, causing unintended results like premature cancel Summarizing,lie main contributions of this paper are:

tion of existing selections. Selection techniques optimized 1
for desktop environmestdo not provide means to easily
compensate for such errofsdditional challengearise due
to the size of such surfacdsrequent mode changes might
require users ttake round trips taccess menus which can
be time consumingExisting selections mighibe hard to
see and modify on large screens. Alstestiontechniques
(e.g, Tapping, traditional RubberBand selectior)soften
rely on keyboargshortcuts forquickly accessingcertain

A list of key featuresthat should be considered when

designing a selection tool for interactive whiteboards.

1 A detailed description of our selection technicared
visualizationthat isbased on the aforementioned key
features

1 A novel way to implicitty change selection mqde
which facilitates fluid modifications of existing sele
tions.

1 Descriptionand discussion o$tudy results that ¢n

firm our design.
Permission to make digital or hard copies of all or part of this work -
personal or classroomse is granted without fee provided that copies & RELA_TED WQRK . .
not made or distributed for profit or commercial advantage and thatco 1€ nteraction t_thmqueson penbe}sed surfacesliffer
bear this notice and the full citation on the first page. To copy otherw  greatly fromtraditional desktop environments. Ren et al.
to re'pf)'ublish, to post c()‘r/] ser\f/ers or to redistribtatdists, requires prior [19) state thatfié current target selectiorstrategies for
Epfc'sﬁpgcrpcﬁ'fgsalg ggflgg'ma BarbawCA, USA penbased systemare mostly only imitations of selection
Copyright © 2011 ACM 978-450307161/11/10... $10.00 techniques for mouse and toustreen devices In their

paper, the authors present detailed design recommendations



for selection strategies for pbased systems, stating that tion. In our application an explicit moeghange is required
crossing outperforms other tested selection methods into switch betwen different tools. For exampleisers r-
speed, erreratg and useipreference. More recenthipitz plicitly need to switch betweemking and Selecting We

et al.[3] formulate design recommendations for userrinte  offer two different ways to perform this mode change. Each
faces based on the crossing paradigm. They also provide amser can open a localized, digital menu at any location on
extensive list of related workwvhich we recommend for the drawing canvas. Alternatively a ploa tool palette
further readingln contrast our work focuseson selection can be used. This initial mode change, while crucial for a
tasksof large groups of randomly arrang&ems that can pleasurable experience, will not be further discussed in this
have different sizes. paper as the focus of this paper is #e&ection process
Crossing has been explored for selection of sirglag] as itself. Fu_rther information on our digital menu as yvell as
well as multiple objecti22]. However it can be difficultto  the Physical tool palette can be found 19]. An overview

cross every single stroke in a sketclatrandwritten word.  ©f tookswitching techniques is given i][ Implicit mode
This is especiallythe casefor small targets (e.gdots, ~ changescan be used to avoid explicit mode changes-alt
commas or quotation marks). Area cursoré? help ®- gether and effectively removing Ul placement problems

lecting single targetsDynaSpot §] extends the idea of area and visual cluttef20]. Once engagediarpoonirg does not
cursors by dynamically regng the area cursor based on reduire anymore explicitmode changesuring operation

the movement speelut it is also designed faynly seled- Supmrt modifications of selection§:o minimize interryp-

ing singletargets Landet al.[14] analyze input and dymna tions, users should be able to quickly specify wheiteens
ically change selection propertieer lasso selectian should be added or removed from the current selection
Some poblems withlasso selectionkke overlappingitems without explicitly pressing a button or changing modi€].[
howeverare not addressed with this approach. Harpooninguses implicit mode chmgesto allow users to

We take the idea of dynamic area cursors and crossing andlUickly modify existing selections

extend it to facilitate efficient selections of very largemu Large numbers of ungroupéttms Automatic parsing to
bers of items in various conditionBased on our expier select higHevel structures in irkbaseddocuments4, 17]
ence with pefbased interactive surfaces(] as well as is used inseveralsystems §] to enablea quick selection of
related work, we identified theeveral key factors that have predefined groups. Howeveas robust automatic parsing
been considered when designing the Harpoon taothe cannot be assumed in all applications and for all domains,
following paragraphswe present these key factors together the Harpoon selection tool suppastfast selectiorof large
with related publicationsand present implications for the numbers of ungroupdatems

Harpoontool. Support selection in dense surroundingassoingwithin a

Button and hover freeMost interactive whiteboard sy dense surround of notes is tedious, because steekjng [
tems (e.g., Smartboard) do not offer barrel buttons or hoveralong a winding path is slow arefror prone forLassos
states on pens. If available, buttons located at the pen stilwith accuracy constraintd4]. The Harpoonselection tool
might require from userto shift their grip, interrupting the  is designed to improve selection speed and accuracy for
user so i hlp they canl atsavbe [hit accidently item-clusters as well as overlappiitgms

which may result in unexpected behavidarpooningdoes HARPOON SELECTION

not rely on hardwarelependentracking data like button  The Harpoon selection tool is designed to combine and

presses, hover information or pressure values. extend several selection methddsaneasy and fast sele

Support discontinued drag operatioriscan be difficult o tion of singletargetsas well as collection of ungrouped
perform long drag operations with a pet8]| Bezels in itemsltisbased on the fiSdsiprdpesed ouch
multiscreersetupsprohibit a smooth andontinuous drg- by Ren et al[19]. Targets are selectaghen the pentip

ging across the entire workspad@ support pen usage on touches the targebr the first time after landing othe
large, multiscreen surfaces and to minimize unintended Screen surface. In contrast to the strategy describek®in [
premature selection cancelatidterpoonselections can be @ selection area (which we tespotfrom now on, cf. §])
comprised of several short drag operations. instead of a single poiiig used for hitesting.

Compatibility with established technique3o alleviate ~ Basic Selection

operation for nice users, common interactions should be A new selection istartedoy draggingthe pen anywhere on
supported. TheHarpoon selection tool integrates ebta  the surfaceA yellow dotted line shows theath covered by
lished selection techniques like tappird,[21] andLasso  the stylus tip(seeFigure 2). The current spot size is ind
selections$,13] to exploit each t ecatedyithqgieclansthe pagg eolphe targepis selgeted
compensating for possible weaknesses as soon asghe spot touches it. A smafi +sign appears
indicatingthat all hititemsareadded to the current sele
tion. The spotthe dotted selectiopathaswell asthefl + 0
signchange to the same col@reen to provideadditional
feedback.All selected objects are outlined with a border
and they turn seitmansparent. A convex hull enclosing all

Localized If required user interface elementhould be
placed close to the uséurrent input position to minimize
long, interruptive round trips7[ 10]. The positioning
should be dynamic yet predictable to enable fluid imtera



selected bjects appearsContinuingthe movementin a interaction flow. Also different diameters might benef-
straight line selects thehole phrase. Note thatl strokes cial during a single drag operation.

(even the smalloncki ke t he (Jadaddedrto t
the selected groupOnce thepen is lited from the surface,
the spot, the selection patind the cursor fade out. Finally,
the color of the convehull changesdack to defaultsee

Righce bibarpoon selection tooldynamicallyresizesthe

spot size based on the current movement spWedssune

that coarse selection operations result in higher input speed.
In this casewe chosea large sposize. Precise selection

Figure 3. operatiols require precise pen steering, resulting in slow
o NN pen movement. In this casee choose a small spot diam
mulfiple Lines with mulliple. fAE; ter. We constantlyupdatethe spotsize during movement.
multiple Uines with mulfiple 1 3 -' This results in afluent transition between coarse and fine
Wb&‘.‘,ia Lines with mﬁh’fu i | grain actionsvithout the introduction of artificial delays
i 1 RRRTL We tested several speed to spiae transfefunctionsand
multiple L‘_"‘” with "“ﬁ'ff"" e II noticed thatselectingtargets in dense environments often
fiple: Uines wih "‘“ﬂ"ru "‘ . requires the users to maintain a constant spot size. Erratic
mulliple Lines with mublliple " | size changesehd to the selection of unwanted targets and
, nN should hence be avoided. We also noticed that it is $mpo
mudfiple Unes wilh mulifiple i s ! sible to predefine an input speed at which the system
should be most sensitivas selection target sizes vafhe
muliipte Lines with mulfiple s same amount of control is required owefarge range of
) input speeddg-inally, to prevent selection of targets outside
m.ﬂ;,,i.-_tfneawafkmw;ru it the userds attention area, the
avoid erratic size&hanges which can resultfrom noisy
e o, S, et | input values, we smooth the values using a running-ave
iple: Unes wiTh mufiple. 3 age. While this introduces a certain amount of delity
Figure 2: Performing a new selection with the Har- greatly reduces the number ohwantedselection opex-
poon tool. tions. We chose a linear function instead of an exponential
Speed-dependent spot size one [, as this results in the same degree of control for the

It is impossible tgredefinea spotsize that works well for ~ Whole range of movement velocities. Init@hpiricaltests

all purposesOn the one handa small diameter is well ~ Shoved that this worled well, but further experiments
suited forprecise selection operations, giving users-fine Might be needed to validate this decisigh. maximal
grain control over whictindividual objects to select. Ho- threshold for the average speed is used. Values above the
ever, a small diameter makes selection of larger groups of threshold are simply clampedhis upper threshold largely
objects cumbersomsince all targets have to be crossed depends on the dimensions of the physical setup as well as
separately Figure 3 (top) for example, shows thatsll the display resolution and can be configured in our system.
objects (e.gqguot ati on mar ks or t IFigured shéws both Raw ingutevaludd a8 Yvell & rsraoothed
easily missedOn the other hand, choosing a large diameter output values. In contrast t6][ we also allow the spot to
prohibits finegrain operations and might result in the sele  shrink while moving.

tion of unwanted objects as depicted-igure 3 (bottom). = . P
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Figure 3: If the spot is too small, small strokes in the
phrase might not be selected (top). If the cursor
size is too large, close by strokes might get select-
ed unintentionally (bottom). Figure 4: The orange circles represent the spot size

. . . . . during the selection operation (top). The graph (bot-
Offering multiple different diameters in a menu would tom) shows the raw input values (blue), and the re-

all_ow users to_ choose an apprp_priate _diameter._ However, sulting smoothed values (orange) used to calculate
this mode switch requires additional time and interrupts  the spot size.
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Selection modifications
Startinga new selectioin the Harpoontool leavesalready

determined, the selection path, the spot and the convex hull

are rendered in the default colge(low). If at this point the

existingselectios unchanged, even if no items are selected pen would bdifted, the current selection will remaimu

in the new selection operation. For most other selectionchangedThe modechange happens as soon as an item is

techniquege.g.,Lassq starting a new selection autornat
cally resetshe last selectiorfzor theHarpoontool, a sele-
tion can only be reset when a singé on the drawing
canvas is performed. This minimizé® risk of accidently
canceling the current selection.

Adding itemsto an existingselection isusuallyachieved by
switching to a dedicated mode (elyy pr essi nag
key onakeyboard) Removing objects from a current sele
tion is achieved in a similawvay. With the Harpoon tool,
existing selectiors can be modified withoutan explicit
switchto a different mode.

Single tap

A single tap on any objede.g., ink)toggles its selection
staus. Figure 5 shows the result aftewb separateingle
taps. Tapping thepreviously unselected h @n the line
above adds it to the current selection, clicking iih® of
the current selection removes it

milhiple Unes with mubfiple "i's |
m
williple Lines with-mutipte. i s |

Figure 5: Adding and removing objects can be
achieved with a single tap.

If a user clicks on overlapping targetmly the topmost
object is selected or deselectetlhis allows users to
achieve veryprecise modifications andjuickly add or
removeonly a single itento/from the currengroup

Dragging

Tapping is well suited for singkargets 15]. However,it is
cumbersome for large grougddence a dragging operation
can also be used to modify the current selective. ex-

hit (cf. Figure7?). If the first hit item was already part of the
selection, theHarpoon selection tool enterthe deselect

mode. A smallfi-fricon appears above the cursor and the

tools visuals change their color poovide additionalfeed-
back cf. Figure7 (top).
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Figure 7: Larger modifications can be achieved
through dragging. The first hit object determines se-
lection mode.

Any hit item that was already part of the selection is now
removed from it.Objects that are not part of the current

selection remain unaffecteahd cannot beaddedaccident-
ly. If instead the first hiitem is not part of the currentes
lection, selectmode isactivated seeFigure 7 (bottom). In
this mode all elements that are already selectedhain
unaffectedandcannotaccidentlyberemoved.

After lifting the pen the Harpoon tool automatically
switches back to default modeor each nevoperationthe
mode is again
sible to quickly achieve complex selections tlyairing
together severaeparateselectanddeselecbperations

Overlapping selection targets
Lassoselections often require a certgdercentage of the

plored different methods how to add and remove items. target (e.g. 50%Jo be contained within the.asseregion.

Initially both operations could be performed in a single This can result in problems when users are trying to select

drag operationEach items status was simply toggled upon overlapping targets. In contrast tasso selections it is
hit. Already selected items were deselected and vice versaeasy to select several overlapping selection targetstith

However, early user tests quickly showed that this required Harpoon selection toal Any target has to be hit only once
with the selection spot. This results in a less constrained

a very precise steering duginthe whole operation and
often resulted in unwantedelector deselectoperations.
For the Harpoon tool, the type of selection operation is
determined upon touching the first item. We call the i
plicit modechangei f i r st hi t o

n—.;..@f{p'.e Uines wilh muﬂ‘{r(_; "'i‘s l
nu.t.?/fiplf_ Lines with muz‘*{r{,g s I

Figure 6: Starting a new selection operation does
not reset the previous selection.

Figure6 shows an existing selection as well as the start of a
new selection. At this point the type of operation is not yet

and a less complex selection pathFlgure8 only a single

vertical stroke is required to select all three overlapping
targets. If errors are madéetpreviously described options

to quickly modify existing selections further improsele-
tion of overlapping strokes.

T PR 4 il el
muldlisle CrrEsvorit wulliole | 1 s |

Figure 8: Multiple overlapping strokes (red) can be
selected efficiently without selecting any underlying
strokes (blue).
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EXPERIMENT age ranged from 20 to 31 years. All had experience with
To validate our design we conducted a user study compa image editing software] had used interactive whiteboards
ing our design to other selection techniques. Thar&ues  before. All participants(one lefthanded) controlled the
are described below. Visual feedback on which items werestylus with their dominant hand.

selected was the same for all described techniques.

Apparatus
Selection Techniques The experiment was conducted in a quiet room equipped
Four different techniques were tested to compare the pe wi t h an 800 Polyvision Bno 26!
formance of ourproposed selection techniqu&apping Toshiba ex20 short throw projector with a resolution of
Lassong, Crossing andHarpooning 1024x768wasusedfor projection The board was calibira
Tapping ed at the beginningf user testing

Targets are selected by tapping on individual targeds. S T55k

lected targets can be deselected with a second click-Clic oyr experiment tasls based on the experiment of Gses
ing on the canvas resets the current selection. man et al.§]. Our task environment consisif a red start
Lassoing button, a 6x6 grid of targetas well as a green finish bu
For theLassotool, targets had to be contath50% within ton. Similar to 8], only the 16 internal targetsre cand-

the Lassoregion to be selected. To allow users to correct dates for the selection. The border targats present to
selection errors, neviasseselections did not reset the ensure the same distance constraints for all 16 internal
current selection, but modify the existing selection ki to  targets.At the beginning of each trial, all targetse in-
gling the selection state of each object in the hewsso active plack). The finish buttons deactivated and the start
selection Items that were not part of the existing selection button is activated. Each trial begirby pressing the red
were added to the selection and vice versa. As with allstart button, whichturns a set of targetsed. Participants
other techniques a single click on the canvas could be usethow haveto select all red targets as quickly as possible

to reset the current selection. using the currently activeelection technique.
Crossing

Targets are selected lryossingthem with the tip of the z i : i f i

pen. Several targets can be selected in a single dragging % % % Y

operation. In contrast to the harpoon selection technique for % XX X ¥ % .
this technique hit testing was only performed for a single %X KK KK

point instead of a larger cursor area. Selectiooslat be X X X XXX

modified the same way as described for lt@poontool.
Again a single click on the canvas reset the currentsele Figure 9: The experimental environment after suc-
tion. cessfully selecting all targets.

Harpooning ) _ ) ) A semitransparent yellow overlag used to highlight all
TheHarpoontoolin the experimentvorked as described in - gejected target©nceall active targethavebeen selected

the previous section. Targets are selected by touchinggccessfully the finish buttonturns green. Thishappens
(crossing them with thespotduring a dragging operation. oy after the selection operatigfinished and the peis

Cursor size was defined by movemspeed and ranged jified from the board. If the wrong targetadbeen selee
from 1 pixel to 50 pixels in diameter. ed, the finish buttorremainsinactive. Participantfiaveto

HYPOTHESIS correct their slection before being able to press the finish
Before conducting the experiment the following exper button Sets of targets varied in terms afmplexity, diff
mental hypotheses were developed: culty, and distance Three different levels of complexity,
1 Tappingwill be the slowest technique overall. two difficulty levels and two distances were tested.
1 Harpooningwill be the fastest technique overall. Figure 10 shows the different target sets for a distance of
f  Harpooningwill be best for objects within dense 27-pixel. The distance is measured between the centers of
surroundings. the crosses. The complexity levels w&iagle Line, and
§ Lassoingwill be best for objects within sparsersu  Corner. In the first diffculty setting, crosses were used as
roundings. targets. Bot h target ds wi dt h
1 Crossingwill be best for single objects which results in a targatize of 40mm on the whiteboard.

In the second difficulty setting, four circles with five pixels

E8mm) diameter each where placed arouredenter of the

cross. All circles had to be selected. The second difficulty
setting was added to simulate selection of ungrouped items
EXPERIMENT METHOD like unparsed, handwritten text, which often consists of
Participants multiple separate strokes. Participants were told tm-co

12 participants (2 females) were recruited from the local plete each trial as fast as possible. Trial times weresmea
university as well as fr omured betwoen grdssing thesaraanythe erfd Buttdni ci pant

The corresponding null hypotheses to be tested were tha
none of the differences predicted in the experimengal h
potheses would in fact exist.



XXXKXK  XXXKXK  XXXXXX
XEXKXHK  KXXKXK  XXXXXK
KEXKXHK  KXXXXK  XXXXXK
HEXKXHK  HKXXKXK  KXXXXK
KEXXXHK  KXXXXK XXXXXK
XXXXXX  XXXXXX  XXXXXX
UNRRKKK KAXNXK  LKAXXXX
HERKKK  KAXKKKAK XARRXA
HUAKKH  KUKAKA KAUKEKX
HEUKKK  KAKAKK XAKXKA
KHKHX XRHKNK XHMKN X
XXXXXX  XXXXXX  XXXXXX

Figure 10: In the experiment, we implemented three
different complexity levels. All red-colored items
had to be selected. In the scenarios at the bottom,
participants also had to select the four dots.

All trials could only be completed if all active targets were
selected. Consequently trial times included the time siece
sary to correct errord his approach to collect quantitative
datawas taken ashe design of thédarpoon tool offers
many different strategies (sequences of select and desele
operations) to get aorrect selection. As a result it i
possibleto quantitativelycounterrors Instead, we used the
gualitative measurements as an indicator for how often the
different techniques produced unwanted or unexpected
selection results that required the papigit to modify the
selection.

Experimental Design

A repeated measures withdubject design was used.
Technique (Tapping, Lassoing, Crossing, Harpoonjng
Complexity (Single, Line, Corngr Difficulty (crosswith-
out dots,cross with doty and Distance(27px, 50pX) were
used as independent variabl&esentation order for the
techniques wasounterbalancedsing a 4x4 Latin Square
Before starting the actual trials for each technique the tec
nigue was explained to the participants. They were then
allowedto familiarize themselves with each technique for
an unlimited training period. For each technigadotal of
36 trials had to be complete8Bummarizing, ach partic
pant completed a total of 14dals (4 techniques< 2 dis-
tances< 3 complexities< 2 difficulties x 3 trials).

In addition qualitative feedback was collected after each
technique usinga questionnaire. Participants had to rate
each technique in regards @éase of learningspeed, error
rate, error correctionand overall usabilityon a 7-point
Likert scale After completing the whole tesparticipants
were also asked tthoosehe best and worst techniques for
each categoryThe whole test including training sessson
and questionnairdasted for approximately 3@inutesper
person.

QUANTITATIVE RESULTS

Due toour task designall trials could be used favalua-
tion. For all tests an alpha level of08. was used. The
Greenhousé&eisser correction was used if the assumption

of sphericity was violatedA repeated measures analysis of
variance showed maireffects for Technique (Fz44 =
35.046 p < .0001), Distance (F;,, = 22.355,p < .001),
Difficulty (Fy,, = 548.549,p < .0001),Complexity(F,33 =
384.323p <.0001) andTrials (F,33=22.132 p < .0001)

Hypothesis

Posthoc analyse®n the main effectsvere conductedn
order to confirm/reject the formulated hypothes€hese
consisted of pairedamplest-tests withfamily wise error
rate controlled across t he
Bonferroni approachFor all bar charts, the eror bars
indicate the range of two standard errors of the mean
(above and below the mean).

Hypothesis 1: Tapping will be the slowest technique overall

Posthoc analysis showed that Tapping was significantly
slower than all other techniqugs< .0001). Hence the first
Hypothesis can be confirmed. Tapping was also voted the
slowest technique by all 12 participanigure 11 shows

the overall mean selection times by technique. Overall
selection times for all techniques were @&&4SD = 0.81)

for Tapping 4.10s(SD = 0.7]) for Lassoing 3.80s(SD =
0.63 for Crossng and 3.484SD = 0.44) for Harpooning

C(Pn average targets took %.6onger to selecall targets

usingTapping

lin

Tapping
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Figure 11: Overall completion times by technique.

Hypothesis 2: Harpooning will be the fastest technique overall

Overall Harpooningwas significantly faster thamapping
andLassoing(p < .01).Harpooningin our experimenalso
was on averagd).3X faster thanCrossing however pat
wise comparison showed no statistical significafge=
.121). Hence the hypothesis $ito be rejected.

Hypothesis 3: Harpooning will be best for objects within dense
surroundings

Harpooning did not perform best for selections within
dense surroundings, the hypothesis has to be rejected.
Average completion times were 5.04SD = 0.72 for
Tapping 5.01s(SD=1.02 for Lassoing 3.89s(SD=0.55

for Crossing and 4.06 (SD= 0.65) for Harpooning

Crossingperformed significantly better thahappingand
Lassoing(p < .01), Harpooning performed significantly
better thanTapping (p < .01). Tlkere was no significant
difference in performance betweerCrossing and
Harpooning Figure 12 shows completion times for
different distances.
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Figure 12: Completion times by technique and dis-
tance.

Hypothesis 4: Lassoing will be best for
surroundings

Lassoingresulted only in the second fastest completion
time. Hence the hypothesis has to be rejected. Indtiead
pooningwas significantly faster than all other technigues (
< .01) for the 50 pixel distance trials. Completion times
were 5.76SD = 0.9]) for Tapping 3.20s(SD = 0.61) for
Lassoing 3.70s(SD = 0.86) for Crossing and 2.90SD =
0.62) for Harpooning

Hypothesis 5: Crossing will be best for single objects

objects within sparse

This characteristic is especially beneficial for enmiro
ments, where tool changes are tiomsuning (such as
interactive whiteboards).

Performance gains might be even larger in real lifeasitu
tions, as the followingtwo examples will showln a first
pilot test using the same minimal distanc&bfpixelsas in

[8] (compared to 27 pixels used in the actual experiment)
trials took very long to complete farassoing Participants
got really frustrated, even claiming to quit the tesitif
would stay this diffialt. No such problems were noticed
with the other techniques. While keeping theptel se-
nario might have resulted in much greater completion time
differences we did not want to risk annoying participants
and as a result distorting trial results. Fog #ame reason,
trials using overlapping targets where omitted. Consdeuen
ly, in the final study design a twopixel gap remainedd
tween the targets in the Pixel distance trials. However,

in everydayuse overlappingtemsare very well possible,
which wauld suggest an even greater benefit for alternative
tools like theHarpoon tool over the lasso tooWe are
especially pleased thatarpooning even offers a signif
cant speed improvement ovémassoingin the 50pixel
scenarios. These results are achieved even with qualitative

Crossing was fastest for single objects however this did notresults indicating that thdarpoontool is the most difficult

reach significance. Completion times for single objects
were 1.864SD = 0.27) for Tapping 2.55s(SD = 0.47) for
Lassoing 1.80s(SD = 0.37) for Crossing and 181s (SD =
0.22 for Harpooning cf., Figure13.
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Figure 13: Completion times for both difficulty set-
tings by technique and complexity

Lassoingwas significantly slower than all other techniques
(p < .001) for sdecting single objectaNo other significant
differences were foundzigure 13 shows completion times
by technique and complexity separated by difficulty setting.

Discussion

Looking at the quantitative data, thiarpoonselection tool
shows very promising results with a significant overall
speed improvementver the more traditional methods of
TappingandLassoing Instead of excelling at one specific
category,Harpooninghas proven to result in consistently

to learn. We believe that as participants become nare f
miliar with the speedlependent spot size, selection times
in sparse environments can be reduced even further.
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Figure 14: Harpooning (top) takes considerable less
time and effort than Crossing (bottom). For better
visibility the selection path is displayed in red.

Surprisingly, the ovethcompletion time results shoanly

a smalldifference betweemarpooningand Crossing We
strongly believe that this difference will get larger in real
world usecases especially for sparse ink strolggure 12
shows that already in the ffixel scenarioHarpooning
offers a significant performance improvement o@zoss-
ing. With larger numbers of (potentially smaller) targets,
this gap would get even larger.

Thet hr e e handwmiltple lnes withtmuléipke e s
i 00 sals FBiguebdalieady consist of 3x36 = 108
separate strokes, many of which have only halfsike of

fast complebn times for very diverse selection tasks. Even the dots used in the study. Also the layout of the individual
in cases where other techniques might have performedobjects is not fixed like in the study, requiring users to
better, theHarpoon tool never was significantly slower. constantly plan their selection path and check not to forget



any objectsCrossingeach individual object consequently o - -

resultsin a very complex steering task that requirea-co a I -
stant user attentioricf., Figure 14 bottom). In contrast one o =
swift movement with theHarpoontool selects all objes §§j .
(cf., Figure 14 top). Also Tappingall 108 separatstrokes o _j
would result in a much mortediousand time consuming AN | I .

experiment Then againlooking at a different selection o o ones
scenarioselecting only a single, overlapping stroke could
be virtually impossible using tHeassotool.

Figure 16: Overall usability ratings of the different
Consequently sing similar selection targets depicted in techniques (1 = very good).

Figure14 in the studywould have biased the study towards
Harpooningand would also most likely required exclusion
of Lassoingand Tapping While bothTappingand Las®-

ing are well studied techniques thesfill represent he
standard selection tool in many applications to date and
hence were included ashaseline techniques However
based on the insights of this study a follow up experiment
comparingCrossingand Harpooning using free from ink
selection targets might helfhn@wv the benefits oHarpoon-

ing even more clearly. Such a comparison as well as follow
up studies concemg learning or fatigue effects,error
rates and error correction is seen as future work.

After completing all trials, participants were also asked to
select their favorite and least favorite techniques for each of
the aforementioned categories. These results are presented
in Figure 17. The qualitative data suggests tisgeedwas

mo s t influenti al f averalloating.on t h
Looking at the raw data shows that for 10 out of 12 gartic
pants the fastest technique was also their most favorite
overall. For the slowest technique, we get similar results. 8
out of 12 participants selected the same technique as the
slowest technique as well as least favorite overdlis can

also be seen iRigure17 (relevant bars are highlighted). At
first glance other factors like ease of learning, error rate, or
Summarizingwe believe thabased on the insights gained error correction seem to play only a secondary role. The
through the study as well as additional user observations asmajority of participants said thatapping performed best
described earlietdarpooningsuccessfully combines gio  on ease of learning, error rate, and error correction. Neve

erties that allow users to quickly select ungrouped objectstheless, no participant choSappingas his/her favorite.
in various different situations. While further testing will

show how the tool willperform in realworld scenarios,
first indicators already look very promising.

QUALITATIVE RESULTS

After each set of trials participants had to rate each-tec
nigue concerningease of learningspeed, error rateand
error correction. Additionally participants were asked to
rate overall usabilityEach questions was answered using a
Likert scale from 1 to 7 (1 = very good and 7 = not very
good). The results for the first four categories are samnm
rized inFigure15. Overall results are shown kigure 16.
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were asked to choose the best and worst tech-
nique. Overall rating was most influenced by the
. participantsé speed rating.
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g a1 The quantitative results as well as qualitative speed ratings
are in favor ofHarpooning. Still Lassoingwas selected as
100%
9%
I - 0%

B I the overall favorite tool by most participantbhis is le-
o | . indirectly influenced speed ratings andnsequentiyover-
b I o= I . all ratings This can be explained witthe choserexpei-
I il

cause both error rate and error correctioperformance
mental designparticipants couldnly press thdinish but-
| ton after all targets have beenesgtédcorrectly Therefore,

Tappiog | tsscing | crowing _ Harpooning T upping | tasoing | Gossing_ arpoonig both errors and the ability to quickly correct them infl

e enced theoverall time. Consequentlytechniquegesulting
in fewer errors required less additional time to complete the
trial. Looking again at the raw datae noticed hat partié-
pantswho rated a techniquie €rror rate poorly also gave
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Figure 15: Ratings on ease of learning, speed, error
rate, and error correction based on a 7-point Likert
scale (1 = very good).









