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ABSTRACT of both modalitieshouldsignificantly alter our perspective
We describetechniques for direct pen+touch inpWe on how to most effectively design fanulti-touch as well
observep e o pl e 6 s ma n u @Hysical papex and o asshe pein tHBnce simulaneouspen+touchis a nascent
notebooks These servas the foundation foa prototype topic that demandfurther study and exploration.

Microsoft Surface applicatigreenteredon notetaking and en W P

scrapbooking of material8ased on our explorations we
advocate a division of labor between pen and totighpen ;
writes, touch manipulates, and the combination of pen =
touch yields new toalsThis articulates how our system [
interprds unimodal pen, unimodal touch, and multimodal
pen+touch inputs, respectivellfor examplethe user can
hold a photo and drag off with the pencteate and placa
copy; hold a photo and cross it in a freeform path with th
pen to slice itin two; or hold seleced photosand tapone Fig. 1.
with the pen to staple theail together Touch thus unifies  This arguedor a holistic systemsorientedapproachrather
object selectiorwith mode switchingf the pen, whilehe than focused evaluation afneoff techniques[17]. Our
muscular tension of holding touslenesa s t he i g lexperiencetishtratitrying many idg83d some good, some
phrasestogetherall the inputs into a unitgr multimodal perhapshadin retrospectand some intentionally chosen to
gesture.This helpsthe Ul desigrer to avoid encumbrances  highlight conflicting conventions or thorny design decisions
such as physical buttongersistenimodes, owidgets that  rather than hide thedn is an excellent way to draw out
detracf rom the user 6s focus o muandeLandvgain isightfiate novel input modalities (e.g.

Pen writes, touch manipulates, pen + touch = new tools.

Author Keywords [22,25,37). Much of the value of pen+touch interaction
Pen, touchgesturestabletop, tablets, bimanual, systems seems to accruom the workflowd that is, the flow of
ACM Classification Keywords interaction across a series of interrelated subfaskether
H.5.2 Information Interfaces and Presentation: Input than from individual techniques considered in isolation.
General Terms Exploring a rich application context offers a realistic
Human Factors perspective of how pen+touch influesdel designissues
INTRODUCTION and tradeoffs. We inform our design with an observational

Direct interaction with displays is rapidly becoming one of studyof 8 people anddiscussfeedback from 11 test users,

the primary means by which people experience computing.put do not present a detailed evaluation in this manuscript.
This has led to remeed interest in devices with mutibuch

input, as well as pen inpunanifest in form factors ranging Ve discussManual Deskterity a  fiscrapbooko
from handhelds, slateshooklets,desktops, tabkops, and ~ [20,23,28] for the Microsoft Sulace which serves as a
wall displays. The iPhoneéPad ProjectCourier[29] (see Vi rtual designero6s studio: t
also [11,20), Wacom Cintig, Microsoft Surface, and digital mpleskm noteboof8,19]. Whlleafewother_efforts
Smartboard are, respectively, examples of e&eti.only O considepen and touch (e.§6,38,39), we contribute a

rarely do systems support both modalities, much less the?nalysis thasignificantly advances the topisy identifying
combination of the twofor simultaneous pen + touch MNiN€ key design considerationsf pen+taich We also

interaction[6,38,39] Mearwhile manyefforts continue to _ ) .
consider either touch input in isolation or peninput in and notebookshere is a rich set of deeply rooted behaviors
isolation. Yet if duakmode digitizers with both pen and that people exhibit when working with pen, paper,

touch represnt the future of displayid5,21} the presence  CliPPIngs, pages, and books, with both stylus and -bare
handed manipulatig that differentiag between the roles of

Permission to make digital or hard copies of allpart of this work fo pen and touchWe leverage this to define the primitives of
personal or classroom use is granted without fee provided that cop our interaction languagand todesign pen+touch gestures

not made or distributed for profit or commercial advantage and that
bear this notice and the full citation on the first page. To copy othe that goweII beyond pens and paper to support novel tools.

or republish, to post on servers or to redistribute to lists, requires From an inpu{heoretic Standpoina key insight of this
specific permission and/or a fee. . . . : .
UISTo 1 Ocfober 36, 2010, New York, New York, USA. work is thatfor multimodal pen+touch interactioyes single
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steps (1) object selection; (2) mode switchifg7,31] of

the pen from ink strokes tmontextual commandsat actin
reference tothe selected object; and (3he phrasing
togetherof multiple pen and touclinputs into a unitary
command9]. Furthermorehlie muscular tension of holding
an object seres as salient kinesthetic feedbaf®4] that
unambiguously tiesll of these things togetheilhis is
achieved without recourse to physical buttons, persisten
modes, orpermanently visible widgetthat compete with
the workspace for screenreale at e and t he

RELATED WORK

Systems with glect input often employ only one ofpen
(e.g.[2,25,33) or touch (e.g. [14,36,37). Yet an earlier
generation of devices, such as the Palm Pilot (1996),
supported use of either pen or toucHowever, the
technologycould not diffeentiate penvs. finger contact.
But a new generation of digitizers is emerging that can
sense multtouch while distinguishing pen from toudhus
enabling pen AND touch rather than pen OR toué).

t

chunking and phrasinff] proposes aggredgah of atomic
tasks into higher.0Weshavihowic ogn
pen+ touch offers a new arsenal of techniques to support

such compound tasks, without recouisbuttons[27].

Frisch describes set ofuserelicited gesturesvhereusers
often treat pen ahtouch interchangeab[L6]. As a result,

the gesturescontan many ambiguities. Which pen, touch,
or pen+touch gestures should a system support, and why?
rL.ljsseF#EFﬁ%eg ge%{u{reysi.eld nirksighbsbr_ythannot be taken too
iterally: pedplehave difficulty envisioninghow to usenew
modalities of which they have little oo experiencgl7].
Indeed, our exploration dflanual Deskterityconvinces us
thatif each input modality offers complete coverage of all
interactios, it quickly robs the combination of pen and
touch of much of its vigor. Differentiating between pen and
touch, rather than treating them interchangeably, offers a
consistent and ricbesignednput vocabulary. Nonetheless
we build our gestureand techigueson a vocabulary of
naturaly occurringmanualbehaviorsas showrbelow.

Several research efforts explore the combination of pen andESIGN STUDY USING A PAPER NOTEBOOK

touch. Yee[39] uses singldouch + pen input to support
pannhg a canvasand drawing. Wu [38] describes two
examples ofpen andtouch gestures. Brand6] explores
bimanual pen + muliouch techniques that assign the pen
to the preferred hand and touch to the nonpreferred hand
We instead tease apartpen vs. touch preferred vs.
nonpreferred hand assignmentand unimanual vs.
bimanual interaction among other factord-or example,

we consider unimanualisage contextsvhere the user
interleaves pen and touch interactions with the preferred
hand, and we explore a wider vocabulary of novel pen +
touch gestures that afford compd transactions.

Cohen discusses the complementary rolep@f gestures
andnatural languaggl2]; he treats multimodal input with a
probabilistic approacfl3]. We instead treat pen+toh in a
manner that affordsdeterministic statemachinedriven
GUI 6s. Al so,
modalities, the nuances of how the two complement one

another are more subtle, and we must overcome a legacy of

designs that have treat pen or touch interchangeably.

Guiard observes that the hands coopefd®, so the
guestion isnot Which hand is betterd u t rat her
the | ogic of the division
Likewise, in our research we ask/hat is the logic of the
division of labor between pen and touchuh design?Our
gestures also build on Guiard sobsenation that the
nonpreferred hand frames the action of the preferred hand.

T3 exploresindirect bimanual input with a multi-button
puck and stylus inpuf26], including airbrushng along a
french curve held in the nonpreferred hand. We explore
analogous pen + touchtechniquesto draw along a
straightedge, but our techniques empdogirely buttonfree
direct input. $udies of twehanded input havemphasized
how bimanual interactions afford compound tasks, such as
navigationselection task$10,26] The design approach of

We conducted a design study wilpaper notebook to gain
insight as to how people work with physical tools and
pieces of paper. We asked bamarticipant to illustrate their

ideas for a hypothetical short film by pasting and
annotating clippings in a paper notebook. To simulate a
slate computer where the user could move between pages,
we provided a paper not ebook
the authoring space. Users sat at a table stocked with tools
such as pens, glue, tape, and scissors, as well asoptint

of inspirational materials (20 visually salient wedges)

Eight people (6 male, 2 female, age53 years, all right
handed) participatd in the study. We taped the sessions
and looked for patterns in how users worked, gestured, held
objects, or structured their working space. From this
exercise we observed behaviorsO{B9) that informed
specific gestureas well aglesign attributes ajur system

b e c a u sreanuplieput a BE! SpecHit! RdlesParficpantd @rotd with the perand

arranged clippings with their fingers, oftesing both
hands (Fig. 2a, 2b). Usedsd not move objects with
the pen. While seemingly obvious, we call these
behaviorsout herebecause thegonflict with the one
7 NRRdged. unimadahethods of interaction that typically
o §neumbgriysed n g e G &S (S hh 85 d d 2
B1. Tuck the PenPeopletucked the pen between their
fingers to interleave writing and moving clippings
around with their preferred har{éfig. 2a), or flipping
pages Fig. ). Participants wereemarkablyadept at
rapidly interleavingthe pen andingersin this manner.
Hold Clippings.Peopletemporarily held clipping in
place wth a finger of their nonpreferred harieid. 2a).
Hold while Writing. Participantstended to hold a
clipping with their nonpreferred hand while writing
about it with the pen. This wastenthe case even if
the clipping was gled into place, or if the annotations
were to the side of the clippini). 2b).

B2.

B3.



DESIGN CONSIDERATIONS FOR PEN AND TOUCH

lferened by the above observations, as wellcasrent
research and industry trends in direct input devices, we can
now show howthe design space of pen + touch interaction
raises many interrelated factors and consideratiorighe
most olvious, of course, is the factor pén vs. touchinput

itself. Without feigning completeneséetfollowing tableau
summarizesthe interaction properties shared by pen and
touchof particular relevance to our discussion hé&kée do

not characterizesuchproper ti es as fiproso
workspace with the notebook proximal to their body, has been attempted elsewh§@¥ to accentuate our belief
while reaching above it to access tools and rigites ~ that dmost any property of a deviaan be advantageous in
surround of clippings, unused pages, and tools formegdinteraction designFor example,accidentalpalm contact

an extended workspace beyond the noteb(fil. 2d). can seen as a problem, or it can viewed as an opportunity to
Piling. Aluser s f or med pi Iclipgingso f CHECHY©ONERt Menys;for eagh multiple tableuses[7].

while holdingotheritems in the nonpreferred hand. PROPER PEN TOUCH

B4. Framing A commonhand posture was to hold thumb
and i ndex f i cdigpiegs(Fity. @&). iHisr a
appearedto be a behavior tdocus attentionon a
source object andrefererce annotations toit, rather
than onestrictly necessaryo hold it in place

Scraps Participants cutlippings from the inspirational
materialswhile holdinga sheet in their nonpreferred
hand, above the notebooklsers at times adoptdtie
resultingscrapsvhen theyfell onto the page (Fig. 2c¢).

Extended Workspace.Participants arranged the

BS.

B6.

B7.

Contacs |1 point 1-10+contact regions

B8. Drawing along Edgeswhile nota common behavior, X ' : ; i X
X .. . A single weltlefined point with shapeinformation.

a couple of people did employ clippings as a constraint : : .,

for the pen, to draw a border around an item (Fig. 2e) Occlusion | Small (pen tip) Moderated G ¥ | 0 1oF A ¥

or pen, _ fat ar _ g. : But hand still occludes screen| Large(pinch, palm, whole han

B9. Hold Page while FlippingParticipantkepttheir place Precision |High- Tripod grip& lever arm | Moderate

in the notebook by holding a thumb or fingers of the for precisionwriting, sketching

nonpreferred had on a page while flipping to distal  ang Preferred hand Either hand/ Both hands

pages with the preferred hand (Fig. 2f). Elementary|Tap, Drag, Draw Path Tap, HoldDrag, Pinch, Zinger

A RN % ~ \ Inputs Crossing Hold (thumb + index, Fig. 2b)
Inter- Mechanical Intermediary None: BareHanded Input
mediary Takes time to unsheathéé | Nothing to unsheathe dose.
pen.Pen can be forgotten. No lever armNo buttons.
Acquisition |High(first use: unsheathe penLow
Time Moderate on subsequent usesNo mechanical intermediary tc
tuck pen between finger@81). |acquire.
Activation |Non-Zero Zera Contact area (a proxy fo
Force Tip switchh minimum pressure, pressure) often can be senses
False Palm Rejectior{while writing) |Midas Touch Problem
Inputs Palm triggers accidental input Fingers brush scregfinger
[y &3 fingers drag on seen, etc. restson screen while holding

Fig. 3.  Summary of design properties for pen vs. touch.

We can now briefly map out the main design considerations

that we believe the design space of pen+toaies

1. Pen vs. TouchThe type of inpytas summarized above.

2. Differentiated vs. Interchangeable task assignméot:

a given input task does the interface differentiate
between pen and touch, or éineyinterchangable?

3. Nonpreferred vs. Preferred hand assignmewhich
device is assigned towhich hand, and under what
circumstance?

4. Unimodal vs. Multimodal inpunputs can be articulated

using either unimodal pen, unimodal touch, or

multimodal (simultaneous) pen+touch. How are each of
these used to best advargdg an interface design?

Mobile vs. stationary uséesktop, table, and wallirect

input devices are necessarily stationary, but féaators

such as slates and bookldisl,20] transition between
mobile and stationary ugghe user can pick them up, or

put them on a deskHow can pen-+touch support a

common congetual model to enable graceful

degradationbetween stationary and mobile usage?

Unimanual vsbimanual interactionFor what tasks and

usage scenarios does the user interact using one hand,

Behaviors observed durin design study. See text.

Fig. 2.

The observationsabove contributenaturally occurring
behaviors, with both pen and bdrand manipulation, that
exhibit a clar differentiation between the roles of pen and
touch. Terrenghialso observes a rich set of bimanual
behaviors resulting fromhysical manipulation of clippings
[35]. These stand in contrast to the results of -efieited
gesturedor pen and toucfiL6], which might otherwise lead
us to treamanypen and touclnputsinterchangeablyOur
observations suggestwould be mistaketo do so.By the
same tokenour goal is not tomimic paper. Pen+touch
should go beyond paper, but theest foundation for
pen+touch gestureslikely lies in behaviors that people
already exhibit when working with pen, papand books.

5.

6.



versus both hands? Can the user complete core taskgl,24,35] In thiscontexr eadi ng as a pure i
onehanded? Does the interfackeverage the full  activity is a myth; it is inseparable from the annotation and
potential of human hands, as wellsaswltaneous pen +  creation of new work artifacts.

touch input, when working with both hands?

7. Interleaved vs. Simultaneous inpuBoes an interaction
require simultaneous pen+touch, or eeers perfornit
by interleaving a series of touglentouch interactions,
with the user tucking the pen as neetled

8. Ink vs. Command modd&re movements of the device

Furthermorejotting notes or annotating a bookake place
inasurround of tasks and acti vi
higher level workflow [1,24]. What other informatioris

read and crosseferenced with the sheet of paper the user is
currently writing on? How does the usestructure and

i ?
Ieftasaninkstroke(orfingersmudge)?Oraretheyaccess this workspace? Qur obs

. . . orkspacesE®6), the frequency of reaching into the space
instead interpreted by the system as a gesture (or direcl’ . :
manipulation) that acts on the underlying object? above the notebook tretrieve objects &lso B6), and the

9. Elementary inputs vs. Phrasd3oes the desigconsider facility with which users flip back an(_j.forth betwe@iptal
just the compatibility of the input device to individual pagesof a naebook B9) serve .a$peC|f|c examplesSince )
interactions, or does it support a workflow across hand and stylus are closely tied to how people work with

multiple tasks, or subtasks, that therefore afford phrasingg%c;]ksthaensde ?ﬁg;@;gﬁ;ﬁ Slézs?(tgﬁ{] 3ndotg[3;:£1tr':e\;22;gues
together of actions into compound tasks? 9 Bupp

screen and dualscreen [11,20] views. Pen+touch
We do not have answets all of these questions. & our techniquesnay afford digital workspacesith a feel ¢oser
enumerathtn of these considerationsbuilds on the  to theinformal way that people actually work with sets of
contributions ofBrandl [6] to further map out the design active documentfl,24] and scraps of informatic28].
space of pen and touchurthermorewe can now articulate : . .
how our approach falls into place alonggbdimensions Qur des_|gn study suggesgsfew additional behwiors of
. . ) . interest in the context of simultaneous pen + touch, such as
T Unimodal @n vs. touch have differentiated effects in ,4ing items while acting on them with the pd2, B3,
the interface(per o_bservmn BO). We aSS|gnnk_ mode B4), cutting operationsB5), and employing clippings as a
to the pen, while muliouch gestures articulate  ,nqpraint for the penB@). These and the considerations
commandsthe pen writes, and touch manipulates. discussedabove motivate the featurebat we elected to

1 By tucking the pener Bl), the usercan efficiently  explore using pen, touch, and pen+touch interactions.
interleave pen and touch inputs with the preferred hand

for mobile, unimanual usage scenarios;

91 Designing core tasks for unimanual touch serves
mobility while also enabling stationary bimanual
interaction thatinstead assigns theseasks to the
nonpreferred hand thus supporting more efficient
interaction as well as advanced gestures;

Implementat ion

We usea Microsoft Surfacewith a custom infrared LED
pen activated during contact via a tip switd@ur pen is
much brighter than hand/finger contacte it is trivial to
identify as the brightest spot in the image. The software is
written in C# with WPF and the Microsoft Surface SDK.

 These benefits are derived whileetaining the Apotential |imitation of pen+t
possibility of bimanualinteractionswith multimodal ~ problem: the user may rest his hand on the screen while
pen and touctpen + touch = new tools. writing, potentially leading to unintended operatiolge

1 For simultaneouspen+touch, holding a finger on an réat touches with a large contact areanaglental Thisis

object (B2) integrate object selection, transition to Sufficient for prototyping pen + touch techniquetsut
gesture mode, and the phrasing together of multiple penrobust handling of incidental contacts remains apartant
or touch inputs into a compound gest[@e34]. That is, problem for future workOur approach does not solve it.

pen strokes in reference to an object while tser  CORE TASKS: PEN WRITES, TOUCH MANIPULATES

holds it are recognized as gestural commands, ratherwe drive our core inteactions by touch interactions

than ink strokeshat would otherwisenark the object including zooming, flipping pages, movirand selecting
With the foundation for our approach now set, we turn our objects, and creating new obje¢¢sg.digital postit noteg.
attention to our prototype application and the novel For writing, only the pen produces ink strokes (although in
interaction techniques thatstipports. some <contexts the fiiscgssed A S me

APPLICATION SCOPE AND MOTIVATION later). Notwithstanding the exception of fingeainting, for
Manual Deskterityis intended primarily as a research the_sed Cori_taSkmE penhwrltes,_ and touch man:pltj):ate?
vehicle to explore pen + touch, which we believe has many!oerlo d.' This Makes t_ﬁ hentlre carr:_\l/as a>/a| avie for
potential applications. Nonetheless we emphasize practica|mme late annotation with the pen, while pan/zoom, page
tools for notetaking andmarkup notedby previouswork ~ havigation, and objeananipulation are also immediately
(e.g. [20,23,28). For example, several papeesphasize available via touch, without any explicit mode switches.
reading [1,24] in conjunction with writing, annotation, course, w say the pen writes as shorthand for any

; ; ; i ; hological acthat leaves a markvhetherit comprises
selecting, copying, arranging, and aggregating ohjeoth ~ 9raPno . . v
in digital [2,38] and paperbased knowledge work sketching annotating, croskatching,or handwritng.



Manipulating , Zooming, and Selecting Objects we use are tap, dragff, crossing, or drawing a stroke. For
The user can arrangebjects such as photos and pibst touch, we employ singiinger tap, singldinger hold (as
notes on the canvas via direct manipulation (single touchseen in our design study, behav&f), holding with thumb
drags objects while pinching objectsrotates and scales and forefinger B4), and crossing. We do not implement all
them). Two-finger pinch on the cangazooms the entire  combinations, but rather support a sufficiently rich set of
page, allowing detailed editSince these core tasks are operations, with semantics that map well to our @gibn
driven by unimanual touch, users can perform these actiongiomain, to illustrate the expressiveness of our approach.

with the preferred hand (e.g. for mobile usage scenarios), or h h techni . | I f.
with the nonpreferred (while the preferred hand remains | "€ Penttouch techniques described below all use fingers

ready to go with the pen) for bimanual usage scenarios. of the nonpreferred hand .h0|d an item, while the pen acts in
ytog pen) g reference to the item. This builds on the tendency that we

The usercan selectnjult.iplle objecs_ via fingertaps that  observed for sers to hold clippings with the nonpreferred
incrementally add individual objects to the current hand while making pen markings in reference to thBg),(

selection. Dragging an item that is already selected drags it n d it al so corresponds t o

and all other selected itenvghile maintaining their relative  nonpreferred hand sets the frame of reference for the
spatial relationship. Dragging an item thatnist already  preferred hand18]. Thus, we construct gestures that allow
selected dragonly that item this enables muliouch  for nonphysical digital effects, yet remaigrounded in

dragging of items to multiple different locations. peopleds naturally occurring

Pen always writes vs. pen drags selected itelmsour Stapler: Grouping Items into a Stack

system, the pen (when used as a unimodal inpaways To support piling ¢bservation B7), we implemented
writes on items, eveif they are selecte®eyond recourse  stapling items into a stack. The user can firiggrselect

to our observation dSpecific roles B0), why is this soWe multiple items, and then staple them together by holding an
experimented witimoving selected gbcts with the pen to  item and tapping it with the pen. The item that the user
supporta precise dragging mod@as proposedy Brandl per f or ms thbléandiag) tgesture endmoyet
[6]). However, we found that users would frequenttgnd thetop of the stackso thatit represergthe entirepile.

to write on a selected item with the pdiyt drag it by
mistake. The feedback for selection is @mominent pink
highlight that surrounds the object. But this feedback is
delivered through # visualchannel soit is not particularly
salientto the usef34]. How might this be improved? We
also tried dragging the iteonly when the user holds it with
the finger The muscular tension of holding a finger on the
object provides more salient feedbadnd as a result
dragging with the pefeelsmorenatural to users. However,
this is now amultimodal pen+touchgesture, which has
manymorepossibilities we will return to tleseshortly.

Tap-selecing a series of items and stapling them together
enables quick tidying of a messy work surface into a few
piles. This transaction separates the identification of the
items to stack from the decision of which item should
become the representative item oe tbp of the resulting

stack. Performing the pen+touch gesture on the

at exactly the monme the user makes this decisiavhich
(based on our informal user studiesyrespond well with

u s e mentdl model of the taskRWhile piling has been
explored by other systems (e[8]), what is unique here is
Interchangeable inputs imommon controlsOn selection, a  the facility of creating stacks, with a representative image
radial menu appears at the upper right corner of objects on top, viaa dedicategpen+touch gestur&.est users rated
with options such asopy, delete, clear annotationstc. this as one of their favorite togland particularly liked the
Initially, our radial menus required use of the pen, wat ability to easily specify which object is on top of the stack

found thatall testusers expeet this menu to be operable We could have usedapping with a second finger for

via touch as well. Although we have so far advocated . .
?
differentiation between the roles of pen and touch, this is astaplmg. Why usehe pen instead abuch? Althoughour

good example of a context where users clearly expect pergeSt users did not ask for this, the questwrce again

or touch inputs to have the same effect in the interface. Weh|gh||ghtsthetradeoffof differentiated vs. interchangeable

still advocate the principle thahe pen writesand touch pen and touch inputs.é8ause touch requiresraecontact

manipulates but the lesson here is that an exception mustforce we have observed that accidental taps are common.

be made for common controls such as menus, close boxeérhat is, holding items and tapping with a fingeprone to

sliders, and buttons that represent limited spatially dccidentalactivation in a way that holding plus tapping

. : . with the pen is notUsing pen and touch for this gesture
multiplexed contexts where pen améhgletouch inputs . .
: : therefore fels more distinct to the usewhile also more
should indeed be intelhangeable.

effectivelyleveragng the strengths of eadchput modality.
PEN + TOUCH YIELDS NEW TOOLS

Next, we explored how the expanded input vocabulary
afforded by the combination of pen and touch sapport
new tools. Our designses a fewprimitives for all pen+
touch operations. The richness of the gestursesfrom
how the primitives are combined. For the pen the primitives

X-acto Knife: Cutting Items (and Tearing Items)

The user can turn the pen into ara&to knife by holding

an object and fully crossing it with thgen. That is, the pen
stroke starts outside the object, crosses through the interior
of the object, and finishes on the exterior of the object. The

representative item keeps the

C
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pen stroke within the item can follow any path, allowing As thepen continues to drag, the object becomes opaque.
intricate cuts if desiredHg. 4. When the pen exits the The usercontinuesdraggingt he obj ect to #fApa:
item, both the cut and the scrap piece appear on the pagelesired locationAnnotations on the object are also copied.
following the realworld action where we observed scraps
falling onto the work surface (design stu@b). Users
found the technique natural and compelling, even thought " lect d drag to final i int
not all saw a need for it in their daily work. Most users ransaction (select, copy, and drag to final position) into a

liked the scrap cuts, and expected both pieces to remain: a%mgle ?ognglvre]z cr(;unl[igl] via tc:‘e muscular'te'znslloln of the

one user asked, fiHow woul d [PHEERRW V\{hI??'n@h.OVWe{[nefor'g|na v'&eeﬁ“n Vs 5
‘ found "t ha t'hi s "corr ensdeloin d s w
f duplicating items they not only want to copy the item, but

also place the duplicate at a particular location. By contrast,

Copy from the context menu divides ishselectcopy

position transaction into multiple steps, enabling -one

handed copyingtahe cost of syntactical complexit9].

Our system also supporGopyviat he obj ect ds ¢
menu. Dragoff with the penphrases together the entire

Holding an item and peeling off a copy with the pen is a
good example of a pen+touch technique that ostensibly
violates the principle thathe pen writes and touch
manipulates because here the pen drags thepy.
However, those principles apply to pen or touch as
unimodal inputs The transaction is consistent with the

; principle that guide our multimodal gesturegen + touch
Fig. 4.  Example X-acto cuts created by one test user. yields new toolsOur test users found the gesturatural

To probe the semantics of pen vs. touch in analogous?nd effective Furthermoe t i s grounded in
gestures, we also implemented tearing items by holding arf’@urally occurring behaviors with physical paper, such as
object with a single finger, and then crossing the item with 10lding an item and making pen strokes in reference to it
another finger. This tears the item along the line connecting(CGiard[18], andour design studybservation82, B3).

the entry and exit points of the finger. This similar to Ruler: Using an Object as a Straightedge

cutting, but produces a different visual affordance. This The user can employ an obfjes a straightedge by holding
technigue demonstrates how touch can sometimes be usegown the object with the thumb and index finger, like the
to sneak a nuance of expression into a transaction, byframing gesture observed in our design stugY, Fig. 2b).
applying a different look or fferent default command The user can tmestroke along the object with the pen
parameters. On the other hand, in our system this precludesonstrained to its border, as inspired by observaBén
using the touch gesture for a different command, such asyhen two fingers come down on an object, an animation
layering[14]. Should the semantics of analogous pen+touchstarts that increases the transparency of the item anchadds
vs. touch+touch gestures be similar or contrasting? dotted line around its border. Informal test users who tried
arly versions of the system suggested that items should
ecome mosthiransparentin this manner. This enables
users tosee the relationship of the straightedge to the
Pnderlying surround oftber objects and strokes.

In this regard, our test users did not perceive tearing photo£
as a particularly useful operation; for example some user
suggested that teéag could support different semantics,
such as deleting the object. But they also did not sugges
that both versions of the gesture should provide the samerhe Ruler uses content as its own tool, introducing a subtle
X-acto cut behavior. The lesson is that users perceiveduality between content and tool into our system. We could
different semantigsmost people do noéxpect analogous  add a dedicated ruler, but this would necessitate acquiring
pen-+touch and touch+touch gestures to do the same thing. the ruler before drawing a straightedge. Usinghbject as

Carbon Copy: Drag -Off with the Pen its own stra_ightedge also supports sketching techniques

The user copies an object by holdingyith a finger (B2) such as adding @rop shadowor outer gIc_)wto an item. To

and then fApeeling offo a cQ’PpCF?ar* Wowever, e, are notearguing ghatgthe_sy;stﬁr.n Tt
gesture is similar t&risctd sopy gesturg16], but here we sh_ou d not m_clude a ruler tool, r{:xther, we are arguing _t at
identify the interaction pragmas as well as why this USing an obJe_ctas its own straightedge has interaction
gesture differs from &£opy commandon a context menu, design properties that a dedicated ruler tool does not.

for example Here we seen an example of how theer Composition of the Straightedge with Cutting

elicited gesturesnethodology can yield fertile ground for To illustrate how our interaction design allows multiple
suggesting plausible gestures (so long as we keep in minghteractions to be composed together into phrases, we

that uses are not designef7]). implemented Xacto cutting along straightedgeBid. 5).

The user fingetap-selects the photo to cut, and then uses

Once the pen drags away by a minimum distance, a semi he twofinger thumb and index finger grasp on an

transparent copy of the object appears attached to the peﬁ



overlapping item to establish a straightedge. The user thersystem, by default thepen draws freeform ink strokes.
strkes the pen across the selected photo along theWhile the user is drawing a pen strokes just holds a
straightedge to cut it. The user can even cut around thdinger on it to turn the remaining portion of the stroke into a
corner of theoverlapping itemComposition of techniques tape curvelifting the finger from the strokémmediately

is possible because tapping provides a way to define aeverts to the defaultfreehand ink state. While the
collective scopg25] of more than one object, and because technique seems intriguing, iave not yetisertestedit.
holding phrases together multiple pen and touch inputs into
a single chunk that the system interpiet a commanf9].

Fig. 7.  Tape: Users can fluidly mix ink, straight lines, & curves.

Color Palette: the Finger Shadow

We have also experimented with the Finger Shadeig. (

8), which uses a finget@ap on tle canvago bring up in

Fig. 5. place commands This accesses additional commands,
Brushing : Using a Photo as Its Own Tool including color potgFig. 8. In early demonstrations of our
Our systemuses pen+touch to enaltlee userto employ system we observed that most people expect touching the
content on the page asbaushingtool. If the user holds a  color pots to endb smearing of colors with the finger. To
photo and strokes the pen the canvg the pen stroke uses probe this issue further, in this context weentionally

the photo as a brush effe¢Fig. 6). While the user break our design rule for unimodal inputs tlihe pen
continues to hold, each subsequent pen stroke is mapped trites and touch manipulate3o some degree, this echoes

a common viewport within the photo so that the user mayour earlier observation that common cotgrshould allow
firub out o di ff emowgraphseeovidga) o wse of gither pen er touch. Yet here, pen and touch are not
This techniqueds similar to theArt History Toolin Adobe completely interchangeable either: the pen produces a crisp
Photoshop, bubur technique camroduce some creative ink stroke, while the finger smears colors onto the page
effects without the complexity of modes, parameters, and(Fig. 8 right). To prevent finger painting from becoming a
layers required to use the Photoshop Art History Tool. heavyweight mode, each successive finger paint stroke
appears fainter unt il ial l t h

i us er 6 s(Fig 8 ngbte This echoeshow artistswork
with physicalmedia such as charcoal sketching.
ba
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Cutting along an edge (a); the scrap falls on the page (b).
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Fig. 6. A brush effect can be applied by holding a photo.

This teqhnique provide another e>.<ample of the facility rig g Left: Dragging from the Finger Shadow (here with the
with which the user can hold an item to produce a modepen) opens the menu. Right: Finger painting using the color pots.
that is specific to that object, or that uses the object as yith fi - . .
. S ith finger painting, we have to face a genuine design
parameter. It also illustrates howettapplication of that dilemma: when ink remais on onebs finger

mode can include one or more strokes (applications) of the ibl i ; f obi " h
tool while thenonpreferrechand holds the state. possible to finger paint on top of objects? In our system, the

answer is no. Touching an object to select or move it (or

Tape Curve: Holding a Pen Stroke asa Drawing Tool touching other controls, such as flipping pages) always
Tape drawing is a familiar technique for illustratoasy takes precedence over finger painting. Othsewia more
craft store caies fiartist tape forcurvesd  Tpmmducea explicit means to fAstopd fing

straight line the artist pins the end of the tape with the leftdefault behavior thatouch manipulatesvould have to be
hand, unrolls a length ofinfastenedtape with the right  introduced, and we did not wish to do so at this point.

hand, and then slides the left hand along the tape to adherﬁ EW GUCHE S ENHANCE PEN+TOUCH WORKELOW

it. Alternatively, to draw crves, the artist pivots the . .
unfastenedength of tape in the right hand while the left _Flnally,_ we explore some techniqies that _extend _the
interaction states that can be supported with roitch

hand follows the tapeBalakrishnan[3] observes that interactions. This enhance the workflow of interleaved

c?(;re;rﬁ)qr}?;rlgilgétr?; tsg;e:t? :?Itf]ﬁ?nrgggaurlggvl;:ga??; dius touchpentouch interactionswhetherarticulated with both
property. PP 9 hands, or with one hand lajternating pen and touch.

curves within the same tool, without switching modes.
.Creating New Ohjects vig, the Bezel Men

Bal akrishnandos implementat igQihwh Gosefvdl that bisdrl k?ring(?]nrné‘m)’vrﬁaférgals Rmdeo

by default, and requires physical buttdi3}. But in our above B6). Creating a new object implies making



somet hing out of not hi ng: attertiaiwnuchdas is the caseroe real datument mavigation.
mani pul at e dat areb jna cadnsthe tsbtreen? All the user has to dosihold the current page with the
Furthermore, most of the time one wants to create and plac@onpreferred hand. As long as the ubeldsit, he can

an object [25]. Standard answers to these questionsnavigate to other page&ig. 1M) and laterflip back by
consumescreen real estate (e.g. tool palettes), or inputsliding the nonpreferred hand towards the spine of the book
device state transitions (e.g. buttons, -amgthold) that (Fig. 1C, d). Users liked flipping back and forth,

either arenot avail abl e f opartidlarly torccomparingppages, bubsometines liftetl byb e
used for other purpose§.o address this challenge we acci dent (t hus | DBhisintergctionWwas i hel
devised a novdinger-activatel bezel menthatextendshe only implemented for the dual page view because the
concept of bezelcrossing gestures[30], while adaping metaphor seemed to malkee most sense there.
from marking menus the concept a gracefaviceto- (a) (b)
expert transitiowith seltrevealing gesturg®5]. r ABCDEF
e e GH]JKI
MNO P QI
isn Sl/‘&;’?i
Y/Z0122
e | 456789,
(a) (b) 39
) ABCDE
" , GH]JKL }
M’N) P QL ,
Py - = STHV -~
e YZ012
(d) P zl;»(i?ilbl ; LI |
Fig.9. Creating new objects via the bezel menu. See tex:. Fig. 10. Holding a page. (a) Hold with left hand; (b) Flip through
pages with the right hand.; (c) Sweep inwards with the left hand to
The bezel menu is visible nas a semtransparent strip (d) flip back to the original #Ahel do
along the top edge of the screéiig( 9). To access it, the
user slides a finger across the bezel, which starts to pull out
the bezel menuFig. %). With the bezelmenu open, the _ g
user may then tap on an icon to create a hew object such as BRs S
a postit note. Thisistheself eveal i ng, Anovi d
making a selection. The bezel menu then hides itself again.
In the expert gestural mode, once a user is familiar wéh th
location of commonly used items in the bezel menu, he can
performa continuous fingedrag that crosses through the
item and onto the canvakig. o) to createand place an
object(such as a digital po#f) in a single tragaction. This
aspect of the technique particularly resonated with test
users. The user can then immediately annotate theitpost
thus supporting a tight creapdaceannotate workflow.
Navigation to Pages, Books, & the Extended Workspace
To flip the page,we again employ a bezel gesture: the user
swipes across the top right corner to go to the next page, or
across the top left corner to go to the previous page. The
user can flip throughmultiple pages by starting at the
corners, and then dragging downwaodscrub through the
notebook. A page curl in these corners providesulatle 1 :
visual affordance for page flipping. Page flipping responds rig. 11, Pinching ac:oss the pages in 2-up view supports
only to touch; the pen can still write in this area. semantczoomi ng to the fidesk viewd extend
Flipping between Distal Locations Cross-Screen Pinch: Zoom to Extended Workspace
To support observatioB9, Hold Page while FlippindFig. Wh at about navigation to t he

2f), we implemented a technique whereby the user can holdsurrounding the noteboolB6)? In dualscreen view our
their place in the duacreen view of the digital notebook application supportscrossscreen pinchto semantially

by resting a finger of the nonprefed hand nearthe margin zoom t o a fAdesk vi(Bigvdl). Hereat s et

of the pageKig. 1(). This enables the user to keep their the usercan arrangebooks, documents, and phatokhe
place in a document with very little effort or conscious usercanleave posit notesor other visuespatial cues as






