
Pen-Based User Interfaces

David R. Millen Pen-based user interfaces are emerging as anincreasingly important
aspect ofcomputer and communications applications. Thispaper provides
a briefsummary ofthe major attributes ofpen-based interfaces, including:
- The use ofpendevices for pointing and selecting tasks,
- The use ofpen-based gestures for command invocation,
- Issues andapplications ofelectronic ink, which is usedfor various

graphics and informal note-taking tasks, and
- Asummary ofcurrentissues with pen-based handwriting recognition.

Introduction
Pen-based user interfaces are emerg­

ingas an increasingly important partofcom­
puter andcommunications applications. In
the past,pen or stylus inputwassometimes
used insteadofa mouseor trackball forbasic
navigation and selection tasks, andto provide
graphicsprofessionals with greater control
andflexibility in usingincreasingly powerful
graphicspackages. However, becausethe
computer feedback from the pen-and-tablet
inputappeared on a different screenthen the
pen input, these pen-assisted applications
werevisually disjointed to users.

Recent improvements inelectronic
digitizer and display technologies have led to
an integrated tabletand display that enables
directtargeting-pointing witha pen directly
on the screen rather than usinga mouse that
is on anothersurface and plane. Otherdevel­
opments include morenatural feedback for
pen-based navigation anda renewed interest
in electronic handwriting, called "electronic
ink." These newdisplay technologies, in
tum, haveinspired renewed researchinterest
inhandwriting recognition for inputting text.

Pointing and Selecting With a Pen
Pen-based interfaces are character­

izedby a pen inputdevice anda tabletdisplay
that offer the user:
- General selection andpointing input,
- Immediate command invocation through

pen "gestures," pen strokesa user draws

on a screento initiate an action or series
ofactions,

- The ability to handwrite graphical dataand
informal text that canbe storedas written,
thus the term "electronic ink," and

- The ability to enter alphanumeric data
usinghandwriting recognition.

Many studieshavebeenconducted
in recentyears to evaluate different pointing
devices fortasks involving selecting and mov­
inga cursor,and several ofthese studieshave
included pen inputdevices. These experi­
mentsshowthat users workaboutas effec­
tively with a pen device as with a mouse, and
workfasterwith eithera pen or mouse than
with a keyboard or a trackball. In an extensive
review ofvarious inputdevices," a pen device
wasfavorably judgedto makefewer mental
andvisual demands on the user, to be moder­
ately easyto learn, and to reducethe chance
oferrors. Morerecent researchhas shown a
marginal performance advantage usinga
mouseovereithera pen (stylus) device or
touch (finger) inputfor selecting tasks using
currentgenericwindows-based applications
software. The difference, however, between
mouse and stylus performance wasconsider­
ably reducedwhenthe inputsurface was
adjusted to a morecomfortable andnatural
writing position.'

Auser's acceptance ofthe input
device is perhapsevenmoreimportant than
its performance. The pen often has been
described as a natural pointing andselection
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Acronyms and Terms Use In This Paper

Electronic ink- The ability ofa computer systemto
accept handwritten graphical dataand informal
text,andstore the dataas written.

Gesture - Penstrokesa user draws on a screento
initiate an action or series ofactions.

Objects - Graphic elements representing specific
pieces ofinformation.

Pen- Stylus-type device used to activate processes
bypointing to icons or other graphic representa­
tions, or bywriting.

tool. This is notsurprising, given that users are familiar
with traditional inkpensandtheir rolein writing, high­
lighting, and marking uppaperdocuments, and in point­
ingto specific itemsina document duringcasual face-to­
face meetings. Capturing the naturalness andflexibility
ofthese andother typical uses ofpen devices is a major
challenge fordesigners ofpen-based user interfaces.

Using a pen or stylus inputdevice is similar to
usingtouchor finger input. Indeed, both penandtouch
inputcanaccessdatafasterthan byusinga mouse or
keyboard to move a cursor,an advantage forinexperi­
encedusers.This directaccessto screenobjects­
graphic elements representing specific piecesofinfor­
mation-also is morenatural forbutton-oriented inter­
faces, suchas cash machines, information kiosks, or
computer-based telephones. The user need only push
or tap a screen-generated buttonto invoke someaction,
rather than firstpositioning a cursorandthen "clicking"
on the softbutton.

However, the benefit ofdirectselection with
pen or touchinterfaces comes at a price-obscuring
someofthe available choices. The pen'sadvantage over
touchsystems is that it typically occupies less screen
space, andthe sizeofthe targetcan be smaller. For a
touchsystem to obtain a similar level ofperformance,
the user interface would have to be rescaled to include
significantly largertouchtargets, as well as increased
spacebetween them. In short,a peninputdevice shares
the directselection characteristics oftouchinputwhile
enjoying considerably moreprecise inputtargeting.

Asa pointing and selection device, the pen
presentsseveral physical design challenges. Although it
does notrequirea separate inputarea, such as a mouse
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pad, a penrequiresa tabletdisplay surface that canbe
adjusted fordifferent user needs. The tablet surface must
be designed to lieeasily onthe surface ofa typical office
deskor table, be heldcasually ina user's lap, or be cra­
dledlikea clipboard. The display surface andsupporting
enclosure needto presenta smooth writing surface anda
handrest. Finally, many users preferanuntethered pen
that offers greaterfreedom ofmovement. Unfortunately,
an untethered pencan be lost, so built-in pen"locators"
or inexpensive andeasily accessible penreplacements
may be necessary.

Command Invocation Using Pen-Based Gestures
The second major characteristic ofa pen-based

user interface is that fewer pen strokes, or gestures, are
neededto tellthe systemto takea specific action (see
Figure 1).Several ofthe important benefits ofgesture
commands have been summarized byWolf andMorrel­
Sammuels," andinclude:
- Greater efficiency byusinga single gestureto replace

the multiple stepsoffirstselecting an object andthen
selecting the action tobe performed onthat object,

- Eliminating or reducing rigidly sequential commands,
suchas "click-hold-drag-unclick," infavor whatare
called spatially-parsed commands, where a single
strokeona screeninitiates the sequence,

- Greater feeling ofcontrol, asgesturesare typically
performed righton the object, and

- Being easier-to-learn, since electronic "paper" sys­
temsbuild on a user's experience with paper-based
gestures, suchas proofreading commands.

Inaddition, gesturecommands efficiently use display
andinputspace, andmay eliminate the needforkey­
boardsandmenusto entercommands.

Thoughthe benefits ofgesturecommands are
inviting, an important question remains aboutthe degree
ofconsistency inusinggestures. Several studies have
investigated this question. Wolf and Morrel-Sammuels
found generally highindividual consistency inself­
defined gestures (75 to 95percentcorrectuse ofges­
tures). In addition, there werefewer gestureerrors
observed for tasks, suchas phrasemanipulation (i.e.,
position, delete, and move) andadding a space, but more
mistakes wereobserved forinsertion tasks (i.e., insert­
inga character, word, or phrase).

Amorerecentstudyproved thatgesturecon­
sistency didnotvarywith eithercomputer experience or
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Caret: opens a writing pad or creates a new document

Check: displays options for whatever you draw it on

Circle: opens an edit pad

Insert space: adds a blank space in text or boxes pads

Crossout: deletes whatever is beneath it

flick: (up, down, left, right) scrolls a page

Pigtail: deletes a character in text or boxed fields

Press: sets an insertion point. Press and drag moves the selection

Figure 1. Shown here
are 11 core gestures
that are defined In
the GO Penpolnt@
Operating System. At
least 40 additional
command gestures
have beendefined for
Penpolnt, and new
gestures can be
added for Individual
softwareapplications.

V Tap: selects text or chooses menus and options

.1 Tap pressanddrag: copies a selection or object

~ Undo: reverses the most recent action

with the sizeandshapeofthe object target.6 Ofconsid­
erable interestwasthe authors'observation that indivi­
duals used similar gestures to do similar tasks across
several different application domains. For example, the
circle gesturewasused mostoften to selectinformation
for application domains that included text, spreadsheet,
graphics, andforms entry. Bothstudiesmentioned above
concluded that defining intuitive andconsistent gesture
commands wasfeasible.

Recently, command gesturesforcommon com­
mands have been defined for two major computer operat­
ingsystems. Figure 1 shows 11 coregestures defined in
the GO Penpoint Operating System. (Penpoint is a
registered trademark ofthe GO Corporation.) Atleast
40 additional command gestures have been defined for
Penpoint, andnewgestures canbe addedfor individual
software applications. AsFigure 2 shows, a somewhat
different set ofsixcoreand sixadditional gestureshave
beendefined for the Microsoft" Windows'" for the

Penpoint operating systems. (Microsoft andWindows
are registered trademarks ofthe Microsoft Corporation.)
Hereagain, additional gesturesmay also be defined for
new applications. Asthere are only a few pen-based
applications that use command gestures, customers' use
andacceptance ofthese gesturesets remain largely
untested, as does the degreeofcustomer demand for
customizing individual gestures.

In a recentuser interface concept study, ges­
tures wereexplored forcall-handling operations, suchas
a three-person conference call. Icons representing both
the calling partyandthe called party appeared on the
screen. The two icons wereconnected by a pen-drawn
lineto answer the call. To disconnect a call, a penges­
ture that broke, or cut, the connection wasused. Fora
three-way conference call, three icons wereconnected
bya pen-drawn circle. While the circle gestureseems
natural forconference call connections, it illustrates a
potential problem with gesturecommands. The circle
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Figure 2. Shown here
are the gesture set­
six core, six addi­
tional-deflned for
the Microsoft®
Windows™ for the
Pen Computing
Operating Systems.

V Edit text: copies word or selected text into a text edit dialog box

\ Backspace: erases the character that the gesture is drawn through

'-- Insert space: adds a space where the gesture is drawn

--f Insert new line: adds a new line

r Cut: removes text or objects and places them onto the clipboard

~ Undo: reverses or cancels the previous action

0< Copy: duplicates selected text and places onto the clipboard

A Paste: places the clipboard contents at tip of the gesture

I Delete: erases a single character or selection

Delete word: erases as the word that the gesture is drawn through

I Extend selection: enlarges selection area

r- Insert tab: inserts a tab into text

gesture also is a coregesture that beginsan editing task
in the Penpoint environment, suggesting that coreges­
tures acrossallapplications maybe problematical.

Electronic Ink
The third major characteristic ofpen-based

interfaces is the use ofelectronic ink as a newdatatype.
Hand-drawn penstrokesare captured by the digitizing
tablet, and an electronic representation canbe stored,
transmitted, retrieved, and alteredas needed. If desired,
electronic inkalsocanbe passedto a handwriting or
shaperecognition application and be processed intotext
or graphics. Electronic ink's major uses are for recording
informal or transientnotes, andfor developing and
recording early draftsketchesused in a graphical design
process. There has been considerable research and
application development forboth individual, or "per­
sonal," inkapplications, as well as groupor collaborative
workapplications.

Oneuse ofelectronic ink is forfastand natural
recording ofpersonal notes,"to-do" list items, and quick
reminders. Forexample, the GO Miniblote" application
allows enteringand storinginknotes, followed bychar­
acter recognition or embedding the notein other docu­
ments. (MiniNote is a registeredtrademarkofthe GO

24 AT&TTECHNICALJOURNAL.MAY/JUNE1993

Corporation.) Editing andmanipulating electronic ink
presentsnewuser interface problems because it is often
difficult to accurately parse,or recognize, oneelectronic
inkobject from another.

Several commercial products already have
appeared that allow users with specially-equipped
voice/inkterminals to have simultaneous voice and ink
conversations overa standard.telephone connection.
These voice/inkterminals have been informally tested
with small businesscustomers andhave yielded encour­
agingresults. The concept ofinformal inkconversations
is appealing to businesses, suchas autoor appliance
parts retailers, insurance claims adjusters, andgraphic
production companies that mustcommunicate graphical
information. Clarity ofspeech, speedofimage creation
andtransmission, and prevalence ofelectronic ink­
equipped telephones will be important factors in the suc­
cess ofthis classofproducts.

Informal groupnotetaking also is a natural appli­
cation ofelectronic ink. It is easyto envision electronic­
ally connected "blackboards" at different locations.
These blackboards would be the electronic equivalent of
largeflip pads in note recording forvarious typesofbusi­
ness meetings. Eachblackboard would reflect whatever
anyone wrote on anyother blackboard during the



conference. In research on two collaborative drawing
prototypes, Tangand Minneman7,8 identified several key
requirements for such systems:
- There is a recurringneed to be able to handlethe

negotiation between users at different locations for
control ofthe "pen." The authors observed that col­
laborators often used non-pen communication tech­
niques, such as handgestures, pauses, and explicit
verbal comments to helpmediate the interaction.

- Because such collaborative workis interactive, users
mustbe ableto sketch in the sameplace at the same
time.

- Thoughindividual sketchescanbe sharedwith others,
it may be necessary for the user to be able to alter
anotherperson'ssketch.

Thesekindsofprototypes alsohighlight anotherkey
issue in pen-based collaborative systems-how to store
theinteraction in memory. For example, an associated
search andplayback facility canbe used to recordthe
electronic ink"conversation," or static"prints" ofthe con­
versation canbe recorded at various timesduringthe ses­
sion. Otherworkon electronic sketching tools showed
thatessential characteristics ofsuch systemsmust include
rapid systemexecution andfeedback, flexibility ofpen
input, andsubstantially complete session recording.?

Data Entry Using Handwriting Recognition
Handwriting recognition is one aspectofpen­

based interfaces that has caughtthe interestofboth the
trade press andconsumers. Several factors can account
for thisheightened interest. First, there is a growing
demand forbetter ways to put text intosmall electronic
devices. The ongoing trend to reducethe sizeofboth
computing andcommunicating devices (e.g., handheld
computers, electronic personal organizers, andcellular
telephones) is directevidence that customers want
smaller, moremobile products. Unfortunately, standard
QWERTY keyboards become harder to use as buttonsize
and interbutton spacing are reduced, andhandwriting
recognition offers one solution to the space-constrained
data entryproblem.

Second, handwriting inputremains a familiar
and natural wayto createand changealphanumeric
information. Even those whoare adverse to usingkey­
boards cannowenjoy the benefits ofpowerful comput­
ing devices.

Finally, the performance ofhandwriting recog-

nition has improved considerably in recentyears. This
is due to directuser feedback on single-unit digitizer/tab­
lets, improved resolution and processing capacity ofthe
inputtablets, and improved recognition algorithms.

While many variables affect a user's acceptance
ofa handwriting-recognition system, the most important
is recognition performance. Unfortunately, there are no
industry standards to test procedures or samples, and
the specific testingconditions usedfor reported results
are often unclearor unreported. Nonetheless, qualified
comparative studiesacrosshandwriting recognizers
haveshown that characterrecognition rates forEnglish
text canbe greater than 95percent, with word level accu­
racyapproaching 90percent.lo,n Vallone'? andothers
haveidentified several important variables that influence
recognition performance anduser acceptance ofhand­
writing recognition systems. Thesevariables include:
- The rangeofsymbols recognized (uppercase, lower-

case,punctuation),
- Character separation (discrete, versusoverlapping,

versusconnected),
- Error correction facilities (providing best match and

nextbest choices),
- Speed ofrecognition (the time from input completion to

recognition) ,
- Stroke-order independence (theability to allow tem­

porally disconnected characterinput, such as crossing
a "t" or dotting an "i" at the end ofthe word), and

- Adaptation (the system's ability to "learn," or improve
performance passively, as additional user samples are
collected overtime).

Unfortunately, handwriting recognition systems still need
to be significantly improved. Recent studiescomparing
dataentrywith a keyboard, versusa handwriting­
recognition system, showed that inputtime wasconsider­
ablyslower forhandwriting.V Industry trade articles also
have reported that somepen systemusers find the perfor­
mance ofcommercially available systems unacceptable for
sometasks,especially those involving largetext input. As
improvements in recognition technology continue over
the nextfew years,customer acceptance will improve.

While handwriting recognition currently may
be the mosttypical andexciting method ofpen alpha­
numeric entry, it should be remembered that pen-based
interfaces cansupportalphanumeric dataentrywithout
usinghandwriting recognition. Adisplay-generated, "soft"
keyboard canbe combined with a pento selectspecific
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Figure 3. An A&T prototype of a pen-based user interface
designed for communications applications: (3a) The pen is
used as a pointing device to select an application from a

menu of choices. (3b) The pen is used to enter informal
notes for storage and retrieval. (3c) The pen is used to
enter alpha information into data fields using handwriting
recognition.

characters. While this maybe an acceptable-even
preferable-alternative to handwriting inputforsome
users, it is unlikely that this inputmethodwould result in
faster, moreaccurate dataentryperformance.

Summary of Pen-Based User Interface Attributes
The key characteristics ofpen-based user inter­

faces suggestmany important user benefits. For select­
ingand pointing, pen devices offer natural and direct
positioning, with performance at leastas goodas existing
alternatives. Research has shown the overwhelming
advantage ofa pen device overkeyboard alternatives for
pointing tasks. Pen interfaces alsoare enabling innova­
tion in usinggesture commands to moreefficiently com­
bineobject selection and action tasks. It also appears that
there may be natural gestures that canbe defined for
many common tasks.

Pen interfaces allow electronic inkto be used
for informal dataentryand drawing. There is no doubt
these interfaces will be an important part ofvisually
enhanced communication as both local andgeographi­
cally dispersed workteamsuse inkto recordmeeting
notesandexchange graphical information.

Finally, by usinghandwriting recognition, pen
interfaces canprovide alphanumeric inputthat may
someday approach the naturalness and efficiency of
paperandpen.While handwriting recognition is robust
enough formany small or constrained inputtasks today,
it will be used in more tasks as the technology matures.

The promise ofpen interfaces also includes
beingableto spana complete range ofuser tasks. The
current combination ofa keyboard and a pointing device,
suchas a mouse, requiresusers to frequently change
their focus andhand placement from one inputdevice to
another. Pen interfaces, however, let the user selectand
position, draw, andenter data usingonly a pen.

Besides allowing single input, pen interfaces also
makeefficient use ofspace. Bycombining the inputarea,
or digitizing surface, with the outputarea,or display,
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peninterfaces requireconsiderably less spacethan a
display usinga keyboard and pointing device. This
makes pen interfaces particularly attractivefor small,
handheld products.

Emerging Products and Applications
In the past two years there has been a sharp

increase incommercially available pen-based products
and applications. Several vendorshaveintroduced pen
computers that run industry- or company-specific soft­
ware, such as forms dataentryor inventory tasks.AT&T
has become a significant entrant in the pen-based prod­
uctarena, leading other manufacturers with its NCR
3125® pen computer. .

The company alsohas developed a prototype ofa
pen-based user interface specifically designed forcom­
munications applications. It wasdesigned and developed
to explore howa pen user interface can accomplish
several communications tasks. In Figure3a,the pen is
being used as a pointing device to selectan application
from a menuofchoices. In Figure3b,the pen is used to
enter informal notesfor storageand retrieval. Asimilar
interface wasdesigned to provide an interactive ink
conversation with someone with a similarly equipped pen
communications device. And finally, in Figure 3c,a pen
device is used to enter alpha information intodatafields
using handwriting recognition.

Usertestingofthis pen interface is stillunder
way, but earlyresultshave been encouraging. Userfeed­
back confirms the benefits ofthe pen as a precise, direct
access pointing device. There alsohavebeen positive com­
ments that supportthe naturalness ofa pen interface.

Nodoubt, pen-based user interfaces will con­
tinue to evolve and appearwith newproducts. They
already have proved useful forbasicselection and naviga­
tion tasks, as well as for informal writing and drawing
tasks. The widespread adoption ofpen-based gesture
commands will requireboth a good standard set ofges­
turesand demonstrable performance advantages over
othercommand accessalternatives. And as handwriting
recognition performance improves, the use and success
ofpen-based text inputwill increase.
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