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ABSTRACT - "
We present a set of principles, called Fluid Inking, for mode Flv vd 7:"‘ K e
lessly and fluidly combining gestures with free-form note- ~ o deless
taking. The hallmark of these principles is that a gesture is = Composablo Geshues
a short sequence of drawn ink marks and terminal punctua- o Dot
tion that is collectively and contextually distinct fromgre e r sk
B

lar notes even though individual marks and punctuation may
be identical to conventional notational idioms, such atbscr
bling and tapping. Thus, after punctuation is drawn, the pre
ceding ink strokes are compared to gesture templates and if
they match they are interpreted as a gestural action. This
approach allows gestures to be easy to perform, simple and
memorable without restricting the domain of regular notes
despite the modeless nature of gesturing and drawing. Fur-
ther, by omitting earlier punctuation lower-level gestican

be cognitively chunked into higher-level gestures. TosHlu
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trate and evaluate our principles, we designed and imple-
mented a full gesture set that handles the core functigrdlit
popular note-taking applications, in addition to makingikv

Figure 1: Moving ink strokes may be done by circling
them, drawing a stroke to where they should go, and
tapping, without the use of any modes.

able a special selection mode to support complex disjoint se

lections. We discuss informal user feedback about our full o )

gesture set and a user study designed to gauge relative us&'ed the prevalent activity of free-form note-taking. Such

preference for punctuated gestures. note-taking is important because of its general appligsbil
and its dependence on rapid, natural notational entry and ma

gestures, modeless, terminal punctuation, nipulation. Thus the fundamental research question thgt th

paper studies is “how can gestural commands be designed to

blend fluidly into the note-taking workflow?”

KEYWORDS:
tablet computing

1 INTRODUCTION

The theoretical potential of pen-based computers stems fro We approached this question by first identifying the gen-
the notion that stylus-based interactions can be morelglose €ral tasks required in a note-taking application based on an
tailored, in many cases, to human capabilities than theiranalysis of existing note-taking software, such as Micftoso
computationally equivalent (or even more powerful) mouse- Journal, Microsoft OneNote, and MathP4#]. In addition,
based counterparts. Informally, when human and comput-We noted a set of ge_neral Characterlsncs of traditional pa-
ing abilities are closely matched the resulting interfdfees ~ Per and pencil media interaction to respect and leverage suc
fluid—users can focus on their problem and not on extrinsic &S pen grasp, prevalence of existing idioms, lack of input

user interface activities. To explore this theory, we cdnsi Modes (except for an eraser), tolerance of targeting errors
and grammatical use of terminal punctuation. Although-indi

vidually many of these characteristics are honored in cirre
pen-based systems, to our knowledge, there is no notegtakin
system that leverages all of these characteristics to stippo
fluid, non-disruptive interface for the range of interansan-
cluding: drawing, deleting, moving, resizing, copyingspa
ing, zooming, inserting space and undoing. Standard GUIs



are inappropriate because of their reliance on targetitg bu ing prior selection of mode when editing stylus input, that
tons to change modes or perform an operation. We also dis-s closely related to the general notion of suggestive inter
missed for our purposes the use of stylus-mounted buttondaces developed by Igarashi [4]. However, their technique
for performing gestural actions since the buttons are not in only avoided prior mode selection for forming the selection
trinsically necessary and they raise numerous problengs ran as compared with our more general approach that allows the
ing from increased tension during interaction, to restitd treatment of an entire simple operation as a single chunk,
on pen grasp, to accidental button triggering during wgitin -~ with no mode selection at any time. In addition, their tech-

) . ) ) ) nigue either requires fine-grained targeting of a "seleat* b
In this paper, we discuss our alternative Fluid Inking ges- oy or interferes with drawing if that button is made large.
tural design approach that is characterized by the mode-
less co-existence of gestural input with note-taking igkin  Mankoff, et al [9] consider general techniques for resajvin
activities—that s, all gestural actions are inferred fioumc- ampiguity in recognition-based interfaces. However, e d
tuated patterns of ink notations that are otherwise inthisti sijre for modeless drawing and gesturing guarantees that the
guishable from notes. We also discuss informal user experi-gretically all gestures will be ambiguous with possibleanot
ences as well as the results of a pilot user study concerningijons. Thus, an explicit mediation-based resolution syste
user response to representative fundamental design shoice would not be appropriate because it would necessarily dis-
> RELATED WORK turb interaction flow. Instead, our work focuses on the com-

We presented the preliminary notions of a punctuated gestur plemenj[ary prob]em ofbhovy to desllgr_1 gestures that will not,
interface as part of our MathPadystem [8]. MathPats In practice, require ambiguity resolution.

gestures focused on domain-specific operations and thu
omitted much of the functionality of our system. We are
currently redesigning MathP&d gestures to adhere to Fluid
Inking principles to make it more powerful and extensible.

Buxton [2] noted the value of making a gesture match the
mental model of its action to unify a command and argu-
ments in a single “chunk” that avoids errors of syntax. Al-

though this has been one of many important criteria in our

A popular approach for incorporating gestural input is to design, we believe strict adherence to his uni-stroke ‘phra
use radial menus and their derivatives, such as marking"d” notions paradoxically can lead to under-utilizatioh o
menus [6] and FlowMenus [3]. Although this regulariza- €xisting skills (e.g., drawing pairs of crop marks) and twer
tion can aid in learnability, it comes at the cost of making complex interaction (e.g., difficulty specifying the reface
many interactions less natural or fluid than would special- Point of a select and move operation). Uni-stroke interac-
ized gestural counterparts. Thus our approach is to combindion, as presented by Kurtenbach [5], does not directlysassi
specialized gestures for common actions with FlowMenu in- N eliminating modes when coupled with free-form notations

teraction for infrequent or less important operations. and is harder to robustly interpret than multi-stroke gesstu
which are naturally segmented.

Moran, et al [11] presented a suite of gesture-based inter-

action techniques targeting collaborative electronictethi 3 GESTURE PRINCIPLES

boartlj mttleracltlona Many of their technlqpeils and principles 1q investigate our goal of fluid gestural interactions dgrin
are closely related in spirit to ours, especially tragenness 0 taking on a tablet computer, we developed a set of ges-
principle which does not tolerate restrictions on the kinds of 4| principles from a series of observations about tradi-

ink marks that can be drawn, for instance by pre-defining Cer-tjona| paper and pencil note-taking activities. Specifical
tain types of ink marks as gestures. However, their approach e noted the prevalence of:

c
of using pen modes to satisfy this principle fundamentally

differs from ours and, as they report, comes at the “cost ofe existing idioms to “delete”, “select” and “move” notes.
users having to be vigilant.” Our use of punctuated gesturess tolerance for poor targeting (e.g., dotting an ‘i").

does not in practice appear to violate the openness prancipl ¢ uni-mode interaction (e.g., X'ing-out instead of erasing)
and requires significantly less vigilance. We also alleviat e no feedback other than pencil marks themselves.
problems they noted with the learnability of a large gesturee multi-part terminally punctuated notations (e.g, senésjc

setby using FlowMenu-based gestures for some actions. We distilled these collective observations into a set aigifi

Alvarado, et al [1] presented a modeless gestural user inter ples for winnowing from the myriad possible pen-based user
face as part of their ASSIST system for creating and under-interface alternatives a scalable design for a broad rafige o
standing mechanical sketches. Their interface does not regestures. These Fluid Inking principles include:

quire punctuation because their domain-specific drawing re Exploit common paper-and-pencil idioms closely to in-

str 'ﬁt.'ol?.s ("i" mechan.|chal ob#]ects) allow geﬁtures texist sure ease of performance, memorability and expressivity.
with Inking. Yet even with such restrictions, they requisgtl  , aygid precisetargeting since it disrupts interaction unless
assistance to override interpretation errors. itis an intrinsic task requirement

Many other systems combine gestural interpretation with® Support chunked actions by allowing gestures to be eas-

free-form annotation, such as Landay’s SILK [7] and My-  ily combined into higher-level gestures. .
natt's Flatland [12]; however, they use explicit prior ac ~ ® Suppress intermediate feedback for all but novice users
(e.g., button press) to disambiguate gestures from notes. to prevent distraction during non-interactive operations

e Use terminal punctuation because it is more fluid than
Saund and Lank [13], however, present a technique for avoid- prior mode selection.



These principles lead to gesture sets which have similar cha Gesture Effect

acteristics to traditional note-taking, while at the saineet Context Action Tap Location

introducing no exceptional activities and thus requiring n Anywhere for lasso; Select
explicit mode changes from regular drawing. Each gesture is else in crop region

a short sequence of drawn ink marks that rarely or neveroc{ & z Anywhere Zoom

curs during actual note-taking even though individual reark or | Anywhere FlowMenti
may be quite common. In general, gesture sequences can T | + Anywhere Move

be disambiguated from intended notations by making the se{  or Z Anywhere Delete
guences long or unusual; however, it is desirable and fre-| L 7 B Inside> Local undo
quently possible to adapt a familiar notation sequence into r In context Resize

a semantically related gesture merely by appending to the -pause Not punctuated FlowMenu
sequence very simple punctuation, such as a tap. This no- 3 Anywhere Unzoom
tational adaptation enables users to draw without dispapti T Anywhere Insert space|
what they would have intuitively drawn timdicate that ac- Stand- Vi Anywhere Delete

tion and then draw terminal punctuation to actugkyform alone r In crop mark Paste

the action. Furthermore, regular use of terminal punabmati > InsideD Global undo
in a gesture set allows for a simple, natural approach to con- Ontap Select object

joining gestures such that two gestures are drawn but only*All actions are terminated with punctuation (tap or pause)
the second gesture is punctuated. unless noted. The hooked ling may be drawn in any direc-

tion. *The single” crop marks may be drawn in any of the
There are a range of theoretical benefits to punctuated gesfour orientations? L 7 _ to specify a different corner.
tures. First, by basing gestures on notations that arecbirea
common for indicating an action, gestures are likely to be
easy to perform and memorable—in fact, distinguishing ges-
tures from_ note-taking becomes the fun_damental c:halleng_e_.[Ween interactive (e.g., start drag) and non-interactvg. (
Second, since the gesture set does not incorporate any artifi

. . ; move to) variants.
cial targets, such as the fixed-size buttons common to stan- )

dard GUIs and some gestural interfaces [13], targeting-tole pespite our general principles, we recognize that sometime
ance is essentially dictated by the user and how they chooseg existing existing idiomatic expression is suitable fpaa-

to draw their gestures. Third, a regular gestural composi-ticular action. In these cases, it may be appropriate tderea
tion strategy results in chunked [2] gestures that reptesena new gestural primitive that is unique during regular note-
commands at the higher-level expected by expert users, thugaking. However, such primitives must be treated with great
making gesture sets for broad functionality more tractable  care to insure that they can be remembered and performed.
more memorable, easier to perform and possibly more so-Qur set of gestural primitives has been chosen so that all
phisticated since the combined context of a series of gestur pyt two are taken from existing note-taking practice. One
is available for interpretation. Fourth, since no feedbisck novel primitive, “strokehook”, used for FlowMenus [3] as
presented during a composite gesture, the user will not begescribed later, models the initial gesture done in a Flow-
distracted by the appearance of an interface widget or high-Menu and thus becomes mnemonic similarly to a marking
light. Last, since punctuation is drawn only at the terminus menu [6]. The other,®”, used for undo, may have taken as
of a gesture, there is no need to be aware of modes and thergyuch time to settle on as the rest of the primitives combined,
is effectively no disruptive delay between deciding to per- and it's still not clear it's the best possible choice. A dise

form an operation and specifying the intrinsic details & th  sion of the history of this gesture is included in Section 6.
operation. We performed a simple user study, reported on in

Section 5, that is consistent with these theoretical benefit 4 GESTURE SET

4.1 Overview
To more completely explore our Fluid Inking principles, we e have designed a gesture set to illustrate and check our
applied them to the design of a gesture set for note-takingprinciples. The gestures that perform actual commands are
(described in detail in Section 4). Note-taking commands jj|ystrated briefly in Table 1. Our gestures have two or three

frequently involve the specification of a context (e.g., @ re parts. Every gesture has an action and punctuation, but some
gion or set of objects) and a parameterized action (e.g.emov actions require a context to be specified first.
to a location). Formally, different gestures are used fahea

of these specifications. A context selection gesture defines The context, when required, is either two crop marks or a
context and triggers a special local selection mode in whichlasso. The crop marks indicate a rectangular region, while
gestures are available for making complicated disjoirdsel  the lasso indicates a region of more arbitrary shape. Both of
tions or gesturally performing actions on the selectionwHo these correspond to similar conventional uses. Feedback is
ever, for the common case of simple selections, this modespecifically not provided when the context is drawn because
can be completely elided by only punctuating the action ges-we do not wish to distract the user when drawing similar
ture and thus composing context selection and action into astrokes in normal notes, and because the intent is that these
cognitively chunked composite gesture. In addition, ragul gestures are drawn as a single chunked operation where the
use of different types of terminal punctuation (e.g., tap vs user does not have time to respond to any feedback. Feed-
pause) can parameterize an action, such as to distinguish beback could be provided for novice users, although we are not

Table 1: lllustrative punctuated gestures.



Gesturé Action Selection bounds: strokehook tap FlowMenu.

aorr | Add Overlaps. tapinside PAUSE FlowMenu.
aorr 1+ Add Contains tap. stroke tap Move.
= Add Contains only 2nd tap. Crop taDinside context  OCale contents.
LL Resizingadd Contains only 1st crop. “D"inside taDipside 5 LOCAl undo.
m Deselect Contains start. Zinside tap Zoom in.
Toggle Contains tap. scribblegyer whole tap  Delete.
Table 2: lllustration of selection refinement. *The dou- Table 3: Actions using context.

ble crop marks may be drawn either as shown or in

the other orientation: . 7; the L . crop marks may be

drawn in any of the four orientations: ™ . " , so long 4.2.1 Primitives Our gesture set currently has eight ba-
as the orientations match. sic primitives: stroke (), strokehook (), lasso (c3), tap

(), crop (), scribble (), “2" (D), andZ (z). Every input
stroke is recognized as attoke” unless it matches one of
the other primitives. Astrokehook is a stroke which partly

Some gestures require context. In general, the actions indoubles back onitself atthe endl#sso is a closed or nearly
those gestures must start within the context, except fateel ~€l0Sed stroke of sufficient size. fup is a quick tap of the
which must contain the context, and resize which may be S¥!us. Acrop is any of the four axis-aligned crop marks

drawn anywhere. The action may interpret the contextto re-("" "+ “ ™ “”, or *.). A scribble is a “scratch-out” ges-
fer to the region itself, or it may operate on those objects ture: a back and forth scribbling action that should match

contained in the region. There are also “standalone” gestur &S many different styles of scratching out as possible. The
that generally don’t require context, as shown in Table & Th =" Primitive must be drawn from bottom to top. In addi-
exceptions are the delete and insert space gestures, wetich g fion, thepause, as punctuation, simply means to pause in
their context from the shape of the gestures themselves.  Place with the stylus down, at the end of the previous gesture
primitive. When describing a gesture which has constraints
The punctuation is either a single tap of the stylus, or pausi 0N the location of its primitives, these are notated with-sub
with the stylus held down at the end of the previous primi- Scripts on the primitive names. Thust# which must be
tive. Interpretation of the difference in punctuation isteo  inside the previously specified context would be denoted by
pletely uniform: tap indicates a non-interactive command, “taPiside context -
while pause indicates an interactive command. Pause punc-
tuation always indicates the interactive version of theesam 4.2.2 Context Specification = As mentioned above, con-
command that tapping would have indicated. We chose tap-text for an action may either be a rectangular region, speci-
ping because it is simple, fast, and intuitively correspond fied with two oppositely-oriented crop marks, or a region of
to periods in sentences. We discuss the implications of thismore arbitrary shape, specified with a lasso. These subges-
choice later in Section 6. Tapping punctuation also pravide tures need to be combined with an action subgesture to cre-

disambiguation in some cases such as resize vs paste. ate a full gesture. To prevent conflicts with note-takingyla f
gesture will not be recognized unless the action either does

Because it is difficult to describe a complex context for an not operate on objects enclosed by the context (e.g., zoom),

action, we also support a selection mode for specifying suchor the context encloses at least one object.

contexts for an action. This mode draws a bounding box

around the objects in the selection. Within that selection 4.2.3 Actions Using Context Our system has five oper-

mode, all the action parts of the gestures in the table still ations requiring context that are important enough to have a

apply, but generally don’t require tapping for their noeint  specialized subgesture: move, resize, local undo, zoom in,

active version. This mode supports a set of operations forand delete. Other operations are accessed through the gen-

refining the selection, as shown in Table 2. eral FlowMenu [3] gesture. See Table 3. All of these gestures
) ) may be punctuated either withtap (as shown) or apause”

To add to the selection, the user uses essentially the subgesg invoke respectively non-interactive and interactivearets

tures used to specify context, above. The user may also togof the action. The notable exception s, . pause’—

gle the selection state of objects inside the bounding box bythe pause punctuation for this gesture has essentially been

tapping them, and deselect objects by scribbling over them.merged into the gesture, which exists only in its interactiv

An additional gesture may be used to grow the bounding box,form. Section 4.2.5 describes the related operation ot-crea

selecting the newly included objects. ing a selection essentially by using a null action.

sure how helpful this would be.

4.2 Formal Description A “strokehook tap” invokes an entry from the first level of
The feel and usability of gestural user interfaces depends o a FlowMenu [3]. In the case of the non-interactive variant,
broad range of subtle detail. Even small differences batwee no feedback is displayed except for the stroke itself, using
gestures can have significant impact not only on that gestureghe FlowMenu essentially as a marking menu [6]. The inter-
itself but on impressions of the overall system. Therefaee, active variant will display the menu, centered at the start o
include as much specific detail in this section as possilile fo the stroke. Tapping and pausing will just display the Flow-
the purpose of analysis and reproducibility, not for endrus  Menu centered on the tap. We do not allow users to invoke a
reference. multilevel FlowMenu selection noninteractively.



The “stroke” in the move gesture may not be degenerate; scribble tap Delete.

it must have a minimum length to avoid being recognized C€rop tap;,giqe Paste (see text).

as a tap”. To avoid conflicts with note-taking, the stroke “O" taPinside Global undo.

must also intersect the bounds of the context drawn. Thus, at Stroke strokepack strokecrossing tap — Insert/remove space.
tempting to move the contents a small distance interagtivel lasso Zenclosing lasso tap Zoom back.

with the basic move gesture may disrupt the user by first re- Table 4: Standalone gestures.

quiring the contents to be moved further away. To support
small distance moves more cleanly, one of the entries in our

FlowMenu is “Move”, which activates only when the user
pauses at the end of the gesture, allowing precise, jung-fre W
manipulation corresponding to the relative motion of tlye st
lus once the stylus begins to move again. If the FlowMenu

SETNUNNINETE N 1

had already displayed and was thus interactive, then the con
tents start to move as soon as the stylus crosses back into the

rest area.

The “crop tap;,side context . SCalE gesture, in our system, Figure 2: Narrow delete: by tapping inside the scribble
scales the objects enclosed by the context so that the bound- on the top-left, only the tick-marks contained in the
ing box corner corresponding to the orientation of thep scribble are deleted. Wide delete: both lines on the

top-right would be deleted because the start and end
of the scribble were not empty. The word 'This’ is not
deleted even though it looks like a scribble and a tap
(dot over the 'i") since the scribble is mostly empty.

becomes located at the apex of thatp. In the interactive
variants of the scale gesture, the stylus may seem to end up
at the “wrong” place because the gesture endpoint is not the
corner of the crop. We actually view this as a feature because
the physical stylus can obscure the screen, and the user can
control the tradeoff between lack of obscuration and direct g¢ripple’s bounding-box must include the context's boagdi

ness of control by changing the size of the crop mark. Thus, hox byt bounding boxes in general can be perceptually hard
Fhe_ contents are first scaled to make the |rjd|cate(_1 corner Coyg gauge or physically tedious to specify, especially with t
incide with the cusp of the crop mark, and interactivity is ob  jrregular shapes often used for deletion. Instead we choose
tained by scaling the contents to correspond with the ¥@lati 15 |ook for a scribble that merely starts outside the context
motion of the stylus after thepause”. and goes inside it at some point. The interactive variant of
. - _this gesture first deletes the objects in the context and then
The local undo action applies only to changes made to ob deletes any object the cursor touches until the stylustelif

jects in the context. Each change made to each object is or- o o ;
J g ) Pne possibility for a future version is to delete with an eras

dered by time and undone or redone separately. The actuaéh imate si 4 sh th text
undo gesture is somewhat unusual in our gesture set. Onc&'€ SaME approximate size and shape as the context.

the non-interactive variant is invoked, the original™stroke
behaves more like a widget: “short” right-to-left strokes
starting inside the »” undo further back in history while
“short” left-to-right strokes starting inside perform adoe
Taps inside undo act like right-to-left strokes. Any markin
outside the 5" terminates the gesture and undraws the origi-
nal “>" gesture stroke. As a special exception, the undo ges-
ture may be punctuated with a “short” horizontal stroke from
inside the “2”; this invokes the appropriate undo or redo, de-
pending on the direction of the stroke, as well as leaving the
undo gesture widget up for further undoes and redoes. Th
interactive version of undo undoes successively furthekba
in history the further to the left the cursor moves, and redoe
further forward in history as the cursor moves to the right.
This provides a virtual timeline of actions in history thiaét
user can scroll through.

4.2.4 Standalone Gestures Our gesture set also in-
cludes standalone gestures that do not require or use any con
text (Table 4). These gestures must be executed outside any
existing selection, and they may all be punctuated with @aus
to invoke the interactive variant.

Because the scribble gesture for delete is naturally capsbl
indicating a context implicitly based on the boundary of the
scribble, and since deletion can be a very common operation,
we provide a standalone delete gesture. See Figure 2. The
€hon-interactive variant of delete itself has two subvasaif

the punctuating tap is outside the scribble, a “wide deliste”
used, while if the tap is inside the scribble, a “narrow delet

is used. The narrow delete is less aggressive and is intended
to allow the user to delete small things which overlap larger
things without deleting the larger things. See Section dr3 f

The user may zoom in on a specified region by indicating the More details. Since one author reflexively taps on the scrib-
region as context and then writing A*inside it. The system ble while another reflexively taps off the scribble, therd wi
will zoom so that the bounding box of the contembi(that ~ Probably need to be a user preference for whether narrow
of any objects contained) fills the available space as much agielete is recognized this way or possibly through scrilgplin

possible. A ‘pause” may be used to interactively fine-tune twice (using the second scribble as punctuation). The-inter
the zoom scale. active variant of the delete gesture first deletes the inelita

object(s) (awide delete, though there’s no particularords
Scribbling over the context deletes everything containedi  couldn’t be a narrow one instead) and then deletes any object
There are a number of possibilities for what “over the con- the cursor touches until the stylus is lifted. A future versi
text” could mean; one very simple variant would be that the of interactive delete may delete with an eraser the same ap-



proximate size and shape as the scribble. scribblestarts inside Deselect.

taPinside Toggle.

The paste gesture aligns the matching corner of the boundinfssooyeriapping Add.
box of the pasted contents to the crop mark corner. Thatis, itrop;,sde CroPopposite Add.
the crop mark drawn is the upper-left on€’,‘the upper-left  crop crop,pposite, in selection Add.
corner of the bounding box will be aligned. The interactive crop;, ;4. CroP.me. outside selection Resizing add.
version of the paste gesture allows the user to interagtivel tap_ .. tap, sele;tion Add.
position the pasted contents. 1a5S00utside 1aPiy solection Add.

Add.

. Cro ide CIO g side VAP o ;
The global undo command behaves essentially the same way - cutside “"Popposite, outside .p‘“ selection
as the local undo command described above, except the Table 5: Selection refinement.
global command requires no context. Also, since multiple

objects may have been changed simultaneously (e.g., & 9rOUR, e modes for lasso and tap selections. A selection may be

move), a single global undo or redo action may modify more X . .
than one object. We do nothing special to handle the interac-f:anCEIed by tapping once anywhere where there is no object

tion between local and global undo timelines in which case the tap will disappear, or by writing something
' which is not interpretable as the start of a gesture invglvin
The insert/remove space gesture extends Microsoft Onethe selection in which case the writing will remain. In order
Note’s [10] notion of shifting contents vertically by allavg for any of these selection starting gestures to be recodnize
space to be added and removed in other directions. Furtherat all, they must actually select something, otherwiseingit
more, noticing how difficult it can be to choose straight$éine things like “Jack O’Lantern” or “0.4” might not work.
:g as ri?r%%ﬁgroetessp;hc%t ;r;\zﬁlsdlabnet %rsc(;\:gtljat% \QI: gljlrc\)lvééh?rmgThe selection is drawn with a rectangle around the combined
our gesture begins with drawing an arbitrary, unclosed; non b_oundlng box Of,a” the selected objects, with a minimum
self-intersecting path to indicate the dividing line. A sad size so that there’s enough roomto at least start a gestonre co

stroke must then be drawn to closely follow the original but \r/ee ;':Q gé'inssfgézgfalldge:‘ slti:g?;g: ap:?)?elgt?;?lf/ ?xié?gg t

in the reverse direction. The criteria we use is that thd tota ' : :
area between therokes (connecting the corresponding end- other gestures than the ones we have described. In particu-
points with lines) must be “small” compared to the square of lar, we do not expect conflicts with our existing gesturefset i
the sum of the lengths of the two lines. Also, the start of the letter gestures were to be added analogous to command-key

secondstroke must be closer to the first stroke’s end than shortcuts in a standard WIMP GUI.

its start. The user then draws a “straightioke crossing Al the subgestures that require context from Section 4.2.3
the first twostrokes to indicate the direction qnd quantity may additionally be used in conjunction with an existing se-
of space to be added or removed. The endpoints of the firstiection. Except for delete and scale, all gestures usedadin su
stroke are extended to infinity along the direction of this final g way must start inside the selection rectangle. Furthegno
stroke to determine the region affected. Currently, whether of the non-interactive variants of such gestures requaes t
space Is added or removed is determined by whether the dlmina| punctuation except for scale, whose punctuaﬁng
rection of this finaktroke is drawn closer to the lower-right  must fall within the selection rectangle. When the zoom ges-
or the upper-left, respectively. The gesture is punctuatéd  ture is used on an existing selection, the view zooms in on
either atap Or pause, for the non-interactive and interactive the selection’s bounding box, not the origina| context used
variants, respectively. make the selection. When moving an existing selection, the
move gesture is not required to intersect anything (thohgh t

A lasso, followed by a ‘Z” whose bounding box encloses the minimum length constraint still holds).

lasso, followed by atap, causes the system to zoom outto the
previous zoom level in the zoom history for this document. 4.2.6 Selection Refinement Once a selection is made,
Thelasso is not used to denote context in this gesture. We we provide gestures for adding items outside the gesture set
currently do not have an interactive version of “zoom back.” and also gestures that apply only inside the selection rect-
_ . angle for modifying the selection by deselecting, toggling
4.2.5 Selection We also support a mode for specifying and adding strokes. See Table 5. In general, all the setectio
a complex selection that may later be used as the contexkiarting gestures may be used to refine a selection as well. If
for an action. The user encloses objects for selection with athe selection starting gesture is entered at least paglgén
context from Section 4.2.2 and punctuates withu, with- the existing selection, it does not need punctuation and wil
out drawing any action. Also, tapping twice over a single refine the selection. If a selection starting gesture is made
object will select it—ap is not supported for context spec-  antirely outside the existing selection, it requires finahg-
ification because of potential conflicts with handwriting. | yation inside the existing selection to make it refine tieat s
a selection exists, performing these gestures completifly 0 |ection; otherwise, it will deselect the old selection anake
side it will switch the selection, but if the gestures ovprla 4 new one, roughly following Saund and Lank [13]. We do
the existing selection they are interpreted differentlgl an not make use of any interactive variants of these gestures,

pun_ctuation is needed, as .described |n Sectio_n 4.2.6: Puncfhough note thattap pause” is used to invoke a FlowMenu
tuating the crop gesture with a4use” initiates interactive as described above.

selection in which the last crop mark is dragged to resize the
selection rectangle. We have not fully investigated irdera The “resizing add” command computes a rectangle made by



resizing the bounding box of the selection so that the cornering point after first getting “far” from the starting pointhd
corresponding to the orientation of the crop mark becomes atwhen the stroke contains at least half of some object. A point
the apex of the second crop mark, and adds to the selectioron the stroke is “close” to the starting point if its distance
any objects enclosed by this rectangle but not by the old se-from the start is less than 25% of the maximum dimension
lection bounding box. Thus, all objects in the new rectangle of the bounding box of the stroke as a whole. A point on
are selected, except that objects that were deselectee in ththe stroke is “far” from the start when its distance is more

old bounding box remain deselected. than 45% of the maximum dimension of the bounding box.
o ) ) We use the Microsoft Ink SDK to determine containment for
4.3 Gesture Primitive Implementation Details strokes; due to issues with the SDK we check for contain-

This section describes some implementation details of Ourment by both the stroke the user drew and the stroke with the
current gesture primitive recognition engine. We describe same points in reverse order.

them for reproducibility and to indicate what the robust-

ness of our gesture set allows us to get away with; this is There are any number of ways to implement the other gesture
not necessarily meant to indicate how osi®uld recog-  primitives; we use the Microsoft Ink SDK character recog-
nize these gestures! The first step, before going throughnizer in a hacky way. A “” is recognized as a rotated ‘C’.
any other recognition process, is to remove all subpixél sel A crop is recognized by looking for an ‘I’ or ‘L’ or ‘7’ or ‘¢’
intersections from the copy of the stroke used for recogmiti  with the appropriate rotations and with dimensional restri

- - . tions (and if it doesn’t match the3”). A “Z” is recognized
Recognizing thestrokehook primitive d,epends entirely on as a ‘2’ or ‘Z'. This is used as a first pass, with additional
what cusps are reported by Microsofts TabletPC Ink SDK. filtration to avoid things like a script ‘I' or an ‘I' with no &

Given a list of those cusps, first, cusps are removed from thattinguished cusp
list until there are no two successive cusps that are closer '
than 6 pixels. Astrokehook is then recognized if there are ¢ | ;5er sTUDY
exactly 3 cusps (the SDK reports "cusps” at the start and endWe conducted a pilot user study to judge relative user-
of a stroke) and the part of the stroke after the middle cusp

. reference between Fluid Inking gestures and a more conven-
goes back along the first part of the stroke (based on the dot. . ) ; . . :
product being negative). ﬁonal widget-based approach, with particular interestsar

reaction to pause- and tap-based gestures. We did not com-
A tap is recognized if a stroke is made eitherlie0 ms or pare to a stylus-mounted button interface because our func-
less with a bounding box of less than 15 pixelsr in 200 ms tionality would nevertheless have required widgets or punc
or less with a bounding box of less than 10 pixels tuation similar to those tested.

A pause is detected if, for the past00 ms, the stylus has 5.1 The Techniques

been down and no input point during that period was more \we compared four different ink stroke selection and manip-
than 4 pixels away from the current point. If it's an ini- y|ation techniques and two different techniques for seigct

tial pause (meaning the time period includes the start of thejtems from a marking menu. Common to all of these tech-
stroke), then the threshold increased® ms. All three of  pjgues was the requirement that a lasso be drawn around the
these thresholds probably should be user preferences, but iink strokes of interest. After drawing a lasso, ta® x 20
seems more important to investigate using a dynamic speegixel buttons, labeled “M” and “C”, appear on the top of the
threshold (based on the speed history of the stroke) in casgasso’s bounding box. For manipulation, users could clitk o
someone happens to be drawing something particularly carethe “m” button and either drag to interactively move the ink
fully. strokes to the desired location, or simply make a seconk clic

. ; - anywhere on the tablet screen to place the ink. Alternativel
Thescribble has a particularly elaborate recognition process . . . .
serobe P y 9 P two gestural techniques were available. With the first ges-

that is based on the stroke having 5 or more cusps II’]Cludmgtural technique, a line could be drawn from inside the lasso

the start and end points. (Unlike for throkehook, 1o fil- floa destination location, followed by a tap to complete the

tering is done.) We then form a triangle strip consisting o t d perf th ioulation. With th d
the set of triangles obtained by taking successive trigets ~ 9€StU'€ and periorm the manipuiation. With the second ges-
&ural technique, pausing at any time while drawing the line

cusps (cusps 0, 1, and 2, then 1, 2, and 3, etc). The gesturwith the pen still on the screen resulted in the lassoed ink

is recognized as scribble if at least 75% of the triangles ' - . .
each contain some part of some other object, or if both theStrOkes snapping to the pen tip; further pen motion would in-

first and last 25% of the triangles have at least one membeperactively drag the strokes until the pen was lifted from th
containing something. screen.

A “wide delete” will delete everything contained at least in 10 Select items from a marking menu, the user could either
part by any triangle from the above triangle list. The “nar- Click on the “C” button and then drag and release in a given
row delete” takes the set of objects the wide version would direction to invoke a radial menu item, or use a more gestu-
have used and only deletes those members of the set whicl@! technique by drawing strokehook in a given direction

are completely contained in the convex hull of teeibble. as long as it s_tarted within the lasso foIIovyed by a tap to in-
However, if there are no such objects a normal wide delete isVOke @ menu item. For the purposes of this study, the menus
done. contained two items (for changing ink stroke color to red or

blue) corresponding to the upper and lower halves of the ra-
A lasso is recognized when a stroke gets “close” to the start- dial menu.



5.2 Experimental Methodology 8 8
Ten subjects (6 male and 4 female) were used in our study,
five of whom had never used a pen-based computer before 6
We used a HP Compagq Tablet PC tc1100 for all subjects. The &
testing environment used in the study included five numbers :’;%4
in a column on the left side of the screen and a box drawn ®
in digital ink on the right. Users were asked to move the 2
numbers into the box and change their colors.

Subjects
IN o

N

0
LST LP LBD LBT LBD LShT

Subjects were first shown the four manipulation techniques Manipulation Techniques Radial Menu Selection Techniques

and two marking menu selection techniques by the experi-
menter. After showing the techniques to a subject, the exper ~ Figure 3: Technique preferences. “L” stands for lasso,
imenter handed the Tablet PC to the subject to begin trials. ~ “S” for stroke, “T" for tap, “P" for pause, “Sh" for
Subjects first underwent a training and acclamation phase. Strokehook, “B” for using the button widget, and *D
They were asked to move all five numbers into the box using ~ °F dragging.

one of the manipulation techniques at random so as to ensure
that subject preferences were not biased based on techniqut%
ordering. The user would reset the numbers and repeat th
process for each remaining technique. After all of the manip
ulation techniques were completed, subjects were therdaske

to change the color of all numbers using one of the marking g pjects who preferred the gestural manipulation approach
menu selection techniques and then the other, once again iy|sg said they did not like having to pause to move the ink.

random order. However, several subjects commented that they did like the

To insure that subjects had a reasonable understandin of alf'!'éle gral_nedthco?trc;]I v_vh|ch_fpaus!ng affords arld would cc_>n—d
manipulation and marking menu techniques, we asked eac |her using the tec_ r(;l_qute 'tﬁr??'sfhmovtergen S aredredthrcej
subject to recall and perform the various techniques. If the | N€S€ cOMMEnts indicate that furiher study IS needed to de-

subject did not remember how to perform a particular tech- t&rmine the ;t)remfse Czndlf'oﬁ in V‘k’)h'crt‘ th?‘ paus]lng tgiu'
nigue (this occurred twice out of our ten subjects), we had qut'ltje 'TJ moz tprehe_rre : t?]r ? su dJ‘QEﬁ S Who pré erhre . te
the subject practice the technique again. dtton-based techniques, they found these approaches intu

itive and easy to learn because clicking on buttons was what
The last part of the experiment asked the subject to choosdhey were used to performing.

the manipulation and marking menu selection techniqués tha

they liked the best and then use them to move all five num-6 DISCUSSION

bers into the box and change their colors to red or blue. Sub-We used our principles to design and formatively evaluate a
jects’ preferred techniques and why they chose them weregesture set for note-taking. We now discuss our principies i
recorded. terms of our experience with the resulting gesture set.

e difficulty appeared to be due to the use of an unreliable
?‘ecognition algorithm fostrokehook, which has since been
improved.

5.3 Results We were able to find paper and pencil idioms that closely
Subject preferences are summarized in Figure 3. The resultgnatched the notions of indicating movement, context selec-
show that the majority of subjects (80%) preferred the ges-tion and deletion. Our corresponding gestures have been
tural approach to ink stroke manipulation over the widget- generally well received as people commented on how nat-
based approach. Additionally, 70% of our subjects preterre ural they seemed and easy they were to perform. The paste
using the tasso strokehook tap” technique to make a mark- ~ and insert space actions were more loosely related to egisti
ing menu selection. For those subjects who preferred theidioms—paste by its relation to using crop marks to indicate
gestural approach to ink stroke manipulation, 75% of them the boundaries of pasted pictures, and insert space by-its re
found the 1asso stroke tap” technique to be the easiest and lation to overdrawing division lines in a notebook to separa
most intuitive to use. content. The zoom gesture doesn’t directly correspond to a
notational convention, but instead leverages a mnemonic re
When subjects were asked why they preferred one techniqueationship with the name of the action, and in fact, people
over another, we received several interesting respons$es. T found memorable and fluid. We used a similar approach to
main comment from subjects who preferred gestural tech-design the menu gesture—the strokehook corresponds to a

niques was that they did not like having to first click on a physical memory of the motion required to invoke a Flow-
button to move an ink stroke. They felt that it was an ex- Menu.

tra step and harder to perform quickly. In some cases, they

found it difficult to click on the button. In fact, one of the In contrast, we had a difficult time finding any basis for an
more interesting observations regarding subject preée®n undo gesture. Our initial attempt involved drawing a right-
is that, even though subjects had some difficulty using theto-left line thinking that this was easy to perform and analo

“lasso strokehook tap” technique for marking menu selec- gous to “backing-up” in time. However, our supposition that
tion, the majority of them preferred the technique, indicat it would not conflict with regular note-taking was disproven

ing that, in the context of pen-based computing, subjests di during formative testing when a left-handed user drew the
liked having to press buttons to select menu items. Much oflines in the ‘=" sign in either direction, which caused con-



together, for instance to move an object. Nonetheless, we ex
perimented with providing feedback for the undo gesture be-
fore it is punctuated to notify users that they had performed
the unusual gesture correctly. It seems that such feedback
may be useful during training, but it does not seem to be use-
ful for trained users and in fact is sometimes distracting. A
current problem with our implementation is that some oper-
ations may take a half-second or more to compute, such as
deleting a large group of strokes at one time. In these situ-
ations, a user may perform the gesture and feel that it was
not recognized because we provide no feedback during the
- computation. We also feel that it might be nice to have some
form of explicit feedback for operations like copy, whichrcu
rently are only indicated by the disappearance of the gestur
strokes.

Figure 4: Top row: create an explicit selection by las-
soing and tapping, then delete with a scribble. Bottom
row: use same gestural actions in a different order
(lasso, scribble, tap) to chunk selection and deletion We had been concerned that the fundamental principle for
into one cognitive activity. our gesture set, terminal punctuation, might not be gelyeral
accepted by users. Our user study showed that a majority of
users preferred our punctuated gesture techniques over mor
traditional alternatives. We believe that the group thatseh

the other techniques would accept punctuated gestures and
might actually prefer them when used in the actual context of
note-taking, since our user study did not even involve switc
‘ing between gestures and ink. Although we have character-

flicts when writing expressions liker" = .4". In addition,
our technique of repeating undo actions required targeting
the original line stroke, which many people found difficult

and stressful. Our next idea was a gesture that vaguely re
sembles a “U-turn” and provides a much larger area to target

?oweve_r, (:ur]!nt% formzinve testmgftwe Ppted thé"t the_(;ntetrall;: ized most of the infrequent mis-classification of gestues v
flve vr?rlar& ot Ine ges qtrel Y‘I’DE?,S 0 Gin rlg%tereh gctu eﬁt";‘] notations as errors in our recognition algorithms, we belie
orwhen drawing a capita or a loop attached 1o anotner 4t ypere may still be cases where errors will occur. Thus,

Zhape.bot;” le["?nt .g\e}?r:ure EtLhefsame shape,t bgt must BGe may consider having an explicit mode which turns off
rawn bottom-to-top, although this 10rces USers o do SOMe-; oy ratation if the user knows they are about to draw some-

thing that IS unnatural to avoid _confh_cts, people seem tlea thing that will conflict. The converse mode, which intergret

and have little trouble performing this gesture. everything as gestures, might also be useful when the user is

We were successfully able to avoid precise targeting exceptCIe"’m'ng up or reorganizing their notes. We also note thist it

in the case of the second tap of a double tap, but this Seemgifﬁcult to unlearn gestures in general, and even casuatuse

like a special case of motor control because no hand move-Of our system have tried to use our gestures in Journal and

ment is required between taps. In fact, some user study paryv?lndereld ;Nhy r;}othlng fhappened. Tthus, since sc_)r?e USers
ticipants specifically noted that the button techniques$ tha Irgct?ghvggc:ups\g theg pssrtl(jrr(renilggc?gi;?I;?Toonei?uiégs'rg]gu?f-
required targeting were slower and harder to perform SVeN,erminal unctuationg we plan to allow o tignal termingtin
though we made special efforts to make the buttons Iargerta S P ' P P 9
than they would typically be in a real application. We strug- pS.

gled with the idea of using precise tap location to indicate

different operations—on the one hand, they make more func-

tionality directly accessible, but whenever we tested them 7 CONCLUSION

we found the difficulties in targeting overwhelmed the bene- ) . ] o
fit. We have presenteHluid Inking, a set of design principles

for modelessly combining gestures with free-form notetak-
We have not fully evaluated the impact of chunking gestural ing. These principles include exploiting common pencil and
actions or explored their implications. However, we infor- paper idioms, avoiding precise targeting, supporting &kdn
mally observed that chunking does seem to make operationgictions, suppressing intermediate feedback, and using-ter
seem more fluid. Consider Figure 4. In addition, although nal punctuation. We used these principles to develop a novel
we didn’t contrast with our explicit selection techniqueet  note-taking application user interface featuring a fubtgee
chunked movement gesture was the most preferred variant irset defined as short sequences of drawn ink marks and ter-
our user study. minal punctuation. Although individual gesture primitive

may be identical to common note-taking marks, collective
Although providing feedback is a staple of user interface de gesture sequences were designed to be easily disambiguated
sign, we note that it can be detrimental if users have to wait from notes. Based on our informal feedback and user study,
for it. Previous results [6] have found that there is an advan we believe our gesture design principles are a powerful ap-
tage if users are able to invoke radial marking menus without proach for creating a novel style of gesture sets that age-eff
the disruption of having the menu appear. We noticed this tive for free-form note-taking because of the fluid trasi
both with our FlowMenu gesture and when chunking actions they provide between gesturing and marking.
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