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ABSTRACT

The Palette is a digital appliance designed for intuitive
control of electronic dlide shows. Current interfaces
demand too much of our attention to permit effective
computer use in situations where we can not give the
technology our fullest concentration. The Palette uses index
cards that are printed with slide content that is easily
identified by both humans and computers. The presenter
controls the presentation by directly manipulating the cards.
The Palette design is based on our observation of
presentations given in a real work setting. Our experiences
using the system are described, including new practices
(e.g., collaborative presentation, enhanced notetaking) that
arise from the affordances of this new approach. This
system is an example of a new interaction paradigm called
tacit interaction that supports users who can spare very
little attention to a computer interface.

KEYWORDS: Paper interfaces; presentation appliance;
interaction design; physically embodied interfaces; tacit
interaction.

INTRODUCTION

This paper introduces the Palette, an interface that
presenters use to control electronic media without devoting
atention to the computer. Presenting material to an
audience is a ubiquitous aspect of business life.
Presentation software for personal computers (PCs) is well
designed for the task of creating and modifying content
(e.g., dlides). But this same technology can be daunting and
awkward to use during times when we can not give it our
fullest attention, such as when giving a presentation using
electronic media. For example, it is quite common to see a
talk where the audience must wait and watch the presenter
manipulate the presentation PC, including searching
through the file system for the presentation slides, fumbling
over the controls (mouse, keyboard, or remote) to find a
single dide, and trying to coordinate operation of other
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equipment (e.g., video tapes, room lighting).

The introduction of electronic presentation support gave us
new capabilities, including multimedia content and removal
of the nuisance of overhead projection (e.g., fan noise,
misaligned or unfocused slides). However, we have lost the
affordances of using physical dides (e.g., transparencies),
including being able to select viewing material simply by
picking up aslide, and being able to privately rearrange and
preview dide sets before showing aslide.

The Palette (Figure 1) supports slide viewing using index
cards. Presenters create dides with their chosen
presentation software. Cards are generated from these
dlides with a thumbnail view of a dide, text notes, and a
machine-readable code (e.g., barcode or Data Glyph [7]).
Each card is encoded with file and dlide information
permitting presentation by simply dliding a card under the
code reader located on a table or lectern. A presenter may
keep the cards in hand or spread them out like paint colors
on a palette for easy selection of whatever content should
be shown next.

The Paette thus uses physical cards to represent
presentation content. Physical objects have the property
that we can perceive them both focally (for periods of

Figure 1. Paette cards are encoded with slide information
permitting presentation by simply sliding a card under the
Palette code reader. A presenter may compose a tak by
selecting cards from one or more sets of previous talks.



concentrated actions) and peripherally (for keeping track of
an objects presene without being fixated onit). For
example, the ommonplace objects on ouesls (e.g.,
clocks, phones) blend into the badground of our awareness
untii we ether need tem or trey cal attention to
themseles. This strateg of using physical objectsfor
human-compute interaction (HCI) allows the preanter to
work with electront mediaand retain affordances losly
moving to a graphidauser inteface (GUI).

Tangble or physically-embodieduser nterfaces [2, 6] a¥a
recent trend in HCI. Johnson, et al.[7] developedyzep
use interfacewhere uses physically fill in a paper fan on

which computea-readabé marks are printed to perform

operations sth as retrieing electrorg files. A fax or
scanne is used to enter ghforms into the sysm and
receive the resultsThe Digitd Desk [10] uses video to
obseve papemdocunents m a dektop and allows workers
to perform various @mputer-based rteractions a the
document text (3., retrieva of physica docurnent location
by content). More gnerally, Tangible Bits [ are examples
of the physica instantiation of GUI elements suchas
windows, icons, and handles ima sensoibase user
interface. Applications include using physical objects for
navigation of geographic data and contialy the flow of
online daw [4, 13], and controlling a imulation [14].
Systams suchasVideo Mosaic [9], Papdrink [1], and the
Insight Lab [8] link online infamation with paper.The
Insight Lab usesbarcodesn support 6 analysis of video
and audio data ly linking papernotes to correspualing
multimedia clips.The notes express ewtte, patters of
evidence and electrord whiteboard inages created during
the andysis The Barcode Hotel is an interactive exhibit
that presents a sharedygltal and virtual spage where
users scan barcodes wdify virtual object behavior and
movement [5].

The Palette integrates the use of physapd virtual objects
and operations into a sget where the physatity is well
suited to tle needs of th presendtion task including easy
slide show initialization, haing a private slide ov&iew,
preview and selecton, keephg supporting notes readily
available, and other needs discussedwel

We next describelie g/stem throudh typical scenariosof its
operation and then disss our iteraive, use-centered

designand implementatbn. We describe our experiences of

usng the system in operaton, induding new work practices
enabled i the systm. The Palettes then considerd with
respetto its implications for HCI, as a specifiexample of
a generdinteraction paradigm called taciinteraction, and
we caclude with our future work in this area.

THE PALETTE AND ITS USE
The following scenaris for usng the Palette illustrate the
operation ad main features of the syam.

Before a Talk
Ed, a diretor in a large multinationd corporation is
planring a presentain for somevisiting executives. They

represen differert divisions of their corporation and so

havea variety of interestsand levelsof technicé expertise.
Ed does not need to author awn preentation for these
visitors, becaue he often gives talks abathis division and
the projects going on thereThus, Ed alreagdhasa large
collection of Palette cards representing sdin various
presentations that he and hianagerdavemade.

To start asambling thecurrent preentation, Ed daws on
some recent material created for a divisiomvide project
review (Figure 1). There is a detaitkse of slides for each
proect in the diisionthat he nay reuse. Ed planto give
only an overview of the projectsn his 45minute tak, but
he will need to be prepardd discuss anprojed in detail.
He goes through the project slides selecting justethlides
labela “Vision”, “Goals”, ard “Statu$ for each project.
He also consults aet of slides he presented at the last
quartery meeting, and €lects ®me slides that describe
how his division’s prgects relate to other activitiea the
compary.

Onee Ed has collected #slides he wants to present, he
may decide to add soe new material. The morning
newspaper had a headlinestory releant to the
corporations busness, andso Ed hashe stoy scanned and
pasted into a slide in aew pregentation. Ed runs the
Palette Converter progmn to create a Palette cardr fithat

new slide.The slides are also stored in a central location at

thistime so tley are accessibledm the presntation rom.
Ed reviews what he wants to sy in the tdk and adds lds
minute speecltues in pencil to aefv cards.

Since thes visitors are all febbw employees, Ed does not
have to worry about revealing private corporate
information When Ed selects a slide, it is easy fomhto
preview and filter the cards b®re aad even during the
meeting 6 make sure he includes or excludes appropriate
information.

Before the talk, Ed prints owsevera set of the cardshe
plars to present, to énd out to theaudiene members to
take home wih them. He chooss to print oty the
thunbnail image and barcodefor eachslide. The cards
themselves make usefulhandow material, either as casar
card mages printed several to a page.

Making a Presentation

Right beforethe talk, Ed brings ik ded of Palete cards
along with setsof handouts to lhe presatation room, which
is s& up with a @mputer runmng thePalette sftware and
driving a projectionsysten (Figure 2). A barcode reas is
connectd to this sysem. Ed usually sinds at the front of
the room and tas the barcode reader set up on a lecté&iuh.
often walks araind the front of the rcom, making eye
contactwith different audiene members, and cawing the
carcs he needswith him so he can adwnce the slidedy

walking bak to the lectern or using a portable reader he

keepsin hispocket

Ed arranges his cards on the lects the caggories hehas
chosen(e.g., overvew slides in the enter and topic slides
off to the kft). He startawith theoverview slides, fae upin
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Figure 2. Presenters use their usual authoring software (1) and
run the Palette Converter to generate cards (2) for use with a card
scanner (3) to display the dlides (4).

front of him, keeping them in the center. Even though the
cards represent dides from different presentation files, Ed
does not have to think about that; each card has enough
information to identify the file and the slide within that file.
As he finishes talking about a slide, he turns it face down
and adds it to the pile of completed slides, in the same way
that people stack overhead transparencies. Different spatial
arrangements of presentation content are possible, giving
Ed aflexible overview of the material.

When he learns from his audience that they attended a
detailed seminar about Project X, Ed pulls those slides from
his deck and sets them aside to avoid boring the audience.
As projects requiring greater detail and questioning arise,
Ed switches to the side piles, returning to the overview
when detailed discussion concludes. Ed makes notes of the
discussion on the back of each card for later use.

At the end of the talk, there is a question and answer
session.  Susan, one of the visiting executives, has
questions about a graph Ed displayed earlier. She asks
“What causes that blip in the gragh you put up on
demographic®” While Ed flips back through thslides
looking for the @mographcs chart, Suen has alrealy
found her cpy. Susn uses awireless pen-sty reade that
is conweniently available to the audince, clanging the
display to that slide. As further @stion and arswer
proceedsEd spreads out the related skdace up in front
of him, so he an quickly recognizeand pull slices tha will
help hm address thguestbns.

Follow-up Activities

USER-CENTERED DESIGN FOR PRESENTATION

The currert form of the Palette resulteddm an iteratve
process that involved severalaggs of user stdy and
prototyping to inform the desig. In the beainning we had a
generd vision of being al# to make presentatins more
physicat we mmpared the presentsvith a painte usinga
palette of colors.

Observations of Users of Presentation Support

The palette vision lead us to observe andrintey 14
peopk giving presentations, tiind outwhich presentation
meda they prefer, low they like to control their
presentation matefiaand equipment, what number and
durationof slides tley presentedwhat ewents occurred to
affect the orde of the presentk material (e.g., questions
from the audénce), and bw they deat with those events.
Once we focused on the ideaf eeplacing GUI controwith
a more physical mechanism, we paid particular atteran to
where presenterstood and traveled durirtbe presentation,
andwhat they held or carried People observedere Xerox
staff (managers, researchers, garsummer interns and
participatingvisitors (executies and researchers).

Almog every preenter manipulated sme representation of
their slides, usu&y a printed copy of the transpareny or
electronic slide. They all touched sme kind of control
device for clanging slidessuch as a kyboad or mouse for
electronic slides, aemote-control for 35-mmslides, or the
slides themselves fo transparencies Presentey who used
multiple media such & videos controlled that part of the
presentatiorindirectly, by giving verbal @mmands to an
unseen tehnician.

Most presenters hadhedia othe than the slides that gy
consulted or interacted with duing a preentation,
including noes writtenon copies of tk slides notes written
on cards or sheetsf opaper, models to demonstrate,
guotations or tables to csuit, or materials tohand out
during the tak.

Our obsevations and interviews d people giving
presentations identified the folling need tha a new
presentation supponmechanism stould acommodate.

dide initialization. We commonly noticed a long nerwous
pause inthe meetng flow while a slice s& was being
started,especidly when multiple presents were speaikg
consecutiely. If the dide viewer was not initialized
beforehar, presentersnanualy navigatedthe fles tofind
their tdk.

dide manipulation and overview. Presenters preferred
sysems in which they could directly control thechange of

Ed bringshis annotated deck of cards back to his office. He slides (e.g., transpareies) over sysims inwhich they had

later refers to tem when summaizing the meding for his
notes and placing aotin items in his calendar. Each of the
attendees ay use the handou cards in a similamanner,
and tley can also incorporate thescards into their own
presentations about the results @ iteeting.

to issuean indirect reqast for the next slide (e.g, verbaly).
In orde to ansver a questin, a presenter osetimes
neede to search for a particular slide. Searching through
transparenes was sometimes not done strictly seantially
(i.e., by fanning the slides outad scaning the overlapping
title lines); seqential searb was the nom for pre-ordered
media sich as 35-nm and PawverPoit slides.



We did, however, obsere me individual use he ‘Slide
Sorter’ view of PowerPoint to provide a selectable
overview of slidesfor questions and aners at the endfa
presentationThis usage provided a useful oxdew even
thoudh it had disad/antages: the humbnails d the slide
sortg were bw resdution imagesand difficult to see, the
speaker notewere not available, theudiene observe the
presentermanipulating the internd view of PowerPoint
(i.e, menus ard toolbars), the audnce vewed all
thumbnails even those intentionaly left hidden or
skipped) and the presente had to leave t‘Slide Show’
presentatioview of PowerPoint to see the ‘Slide Sorter’.

Side re-ordering. Presenters indicated a need for re-
orderirg slides to change emphesis fit a particular time
slot, andomit certdn material. Wih seqential preentation
media, if a presenter needed to skip a slide tduack of
time or audience interest, was common for the audience

to see the slide briefly as the presenter pasd®sd it

Presenter Mobility. Presentersoften walked around to
enggge the audince, gesture tathe screen and use the
presentation-contfoequpment. Some preenters carried
their speeciotes aroud with them, so tley could refer to
notes without staying at a lectern. lehy speakerschanged
their physical positin in the spae for different activities
(eg., preseting, questian and answer, diswssim).

Audience (public) and presenter (private) views of material.
We noted a nmber of actbns tha made the audience wait
ard watch the control of the presentati mechanics,
including loading slides skippng slides, exting to the
deskt@ at the end & a talk, vewing curs@ movement for
hyperink ravigation and controllirg multimedia congnt,
and using th wrong control because afmisundersinding
whetre the preenterwas in the slide segence or because of
forgetting irirequently used controls.

We also observed private wis usedby a presenter,
including readirg and making amotations @ copies of
slide or notes using notes or transparencies to look ahead
or back at slide, and controlling othredia (e.g., sitware
demonstratin, audio/video egipment, roen lighting). Our
observationsand intaviews indicate that if a presenter
consultel aprivate view such as a sebf speechotes, tiey
neededto coordinaé it with the publc material. Ofthe
media sen, overhead transpancies offered t@ most
straightfaward coordinationmechanism, since the act of

moving the old slide ad replacimy it with the new exposes
a separato sheet thais suitable for storing ned for that
slide Presenters using electronic slides that could
flipped forward and backvard usirg control keys often
experienced delays in then searding through notes tofind
the matchingplace.

be

Use of hands. Mary preenters lke to keep theithands
occupied. If tey are nd doingthings directy relatedto the
presentation, st as pointing or changinglides they often
fiddle with other thngs. More thamne presentesaidthey
like to keep thir hands busy td burn off excessenergy”.

Sharing material. Frequery, presenterbhandthings out to
the audience (e.g., full slide sets, particularinteresing
slides or a plysical artifact). Full slide setsvould
sometimes behanded ait at the beginning or end o atalk.
We have sen a particular slide or artifactahded out or
displayed ony when the #lk reached the appropriate point.

Comparing Presentation Support

The Palette respuls well to thes presatation support

needs.Table 1 copares bw the Palette ahcommonly

usel presentationmethods address these issuesluiting

dektop syle PCs (ea., window-iconmenupointer),

remotes (e.g., aemote mousewith control butbns), & mm

slide projection, and doauent projection (e.g.,
transparenes and docment cameras).

A preentation should start immediatéy without the
presenterhaving to navigate though file structures and
comnmends. The Palette cards hawall the information for
initializing the present#on, unike desktop interfas and
remotes. Projected doments and 35mm slides (once
properl adjustedor projection) also physically incorporate
the static part of slide content needed for presemtati

Palette cards representethlide conént for the presnter
and provide direct manipulation for slide tanging. The
cards do this irm manner supporting an omgew of slides
that can be rearranged any time. The desktop remote,
ard 35mmslides all require an intersning control device
of some kind, making re-ordering antent difficult. While
overiew is possible to ame degree with desktg systems
(e.g, ‘Slide Sorter' discussed earlier) and to a lesser degree
with sophisticated motes,a display scree is much more
limited by totd size and resotion than a deckof high
quality printed cards The cards a small erough to be
arrayed m a table oflipped trough in hand for searbing.

Feature Supported GUI/Desktop GUI/Remote Control  [35mm Transparency/Camera |Palette
Show initiglization Must navigate Must navigate Yes Yes Yes
Direct manipulation No, uses mouse/ keys No, uses mouse/ button |No, uses button Yes Yes
Slide overview Limited by display Limited by display No Yes Yes
Slide re-ordering Limited by input device |[No Awkward Yes Yes
Public/private views  |[Needs multiple windows |Limited by display No Yes Yes
Presenter mobility Limited by I/O devices |Yes Limited by equipment |Limited by equipment Yes
Use of hands Limited by input devices |Yes Yes Yes Yes
Sharing Limited by I/O devices  |Must share controller  |Must share controller [Yes Yes
Electronic media Yes Yes No No Yes

Table 1. Comparison of Presentation Support Systems.



The system control should be mobile, so the presenter can
hold it in hand and carry it around while talking, but not be
s0 bulky that g/he is kept from using other objects (e.g.,
pointers). Using a detection mechanism such as commonly
available barcode readers (portable or hands-free) to scan
barcodes on the card provides mobility. A card gives the
presenter something to hold that provides presentation
control, assists them in what they say, and does not cause a
distraction to the audience (since the card is only active
when under the reader and repeating a card causes no
problems). Systems with control devicesfixed in alocation
require a presenter to move back to that location for dide
change. The presentation remotes and portable barcode
readers avoid this situation.

Presentation support should let the presenter control the
accessing and display of public material directly while also
keeping a synchronized view of the related private material.
The less that the presenter has to do to keep these views
together, the better. Systems with separate views of control
and private material (desktop, remotes, and 35mm dlides)
are somewhat more limited in this capacity.

Finaly, the audience should be able to use the distributed
material to frame questions. The cards are aesthetically
appealing when printed with high quality printers, hence
easily readable in fine detail, and are shareable with other
presenters and the audience.

User Study for Palette Configuration

Prospective users of the first Palette prototype were studied
to identify the physical configuration of the design,
including the layout of the index card and the kind and
orientation of scanning device that will access identifiers on
the cards. A variety of photographs of barcode readers with
different scanning and physical characteristics were given
to users, including forward, downward, and upward looking
scanners, a dliding strip scanner, a pen scanner, and a
mockup o a“wearable” scanning devic&wo mockups of
card lgyouts were consucted tlat contaned a thurbnail of
a presentation slide, a barcqdand text of presents
notes: all three eients on one side, and thbmai and
barcoa on one side with noteson the oher. Userswere
then inteviewed to detemine their prefererss ard enat
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Figure 3: The preferred card configuration identified by
presenters contains, all on one side, a code (1), thumbnail image
(2), and speaker notes (3).

how they would u® the actuh scannersand cards
represented b the mockups. The seven people observed
were all Xerox reseahels who were freuent presnters.

The strongest prefemce was for waving the index cat at
the barcode reaa. However, for lessformal, roundtable
meetings pen-basd sysems received strong interesthe
motion of reading the barcod®ust be quick, amfortable,
andsure Conseqgently, we detamined thatthe first Palette
installation indude anomni-directionad hards-free scanner
(to give the greatest location choiead flexibility), and a
pen systm (to test differenpresentation scenarios) Two
standad templates for card Igout for each devie were
preferred: all elments on the fronof the card ard also
barcoddocated on back, ttwbnail and notes ofront.

EXPERIENCES IN OPERATING THE PALETTE

A study was made using the Palette protgpe ad
equpment where preenters were given an identical
presentation taskThe 13 peop observedwere all Xerox
employees (research and supportf§tavho represents a
mixture of frequent and infrequent presenters.The gpal of
this gudy was to detemine atual positionand orientation
of the reader and arraggent d Palette object eleents
(identifier, thumbnail, and speake notes) needed for
deploying the g/stem in our own compary conference
room. We obseved how many times a catt wasflipped or
turnedby a presenter and the mber of timesthe scanning
device failed to read acard. Four sets of four cards incha
of the major corfigurations & elementswere used (i.e.,
three setswith two elements onone side and one on the
other, and one setwith all on one side). We alsaoted
presente activity (e.g, gaze ad what trey did with the
cards after using &m). Finally, we askal peopk what card
arrangement they preferredfrom all possible arragements.

We found that thene-sided card arraegent resultel in

by far the fewest cad motions and thaa majority of people
preferredthis arrangment (Figure 3). We also noted that
therewas quite abit of variation for other $yles that the
sysem should acommodate (e.g., horizontal cards, not
showing the speker notes). Speakewho sprea the cards
out in an ordery spatal arrangment are able to quicky
selectaslide in responsto a questin. Keeping the cards in
astackor in hand requires the speaker tortiwthrough the
cards lookingor the correct one.

The Palette has been put into use in own conference
room. We havefound one situath where aportabke GUI
sysem might be consideredmore appropriate than the
Palette, mmely in addresing vey lag minute changes.
Like other presentatiormethods (e.g., transparencies),
udng the Palette enforces a separatidbetween slide
authoringand presentatin: the card must be fabricated.
Consegjuenty, there might not be ime to print a ew card.
Whileit is usually not wise to nake such latechanges to an
importart presentation, we have fourtda this situation
may be acommodated with the Paletteby a simple
workaround. If the change is to an ebsting slide, the
Palete card still functions corredy (i.e., notling has



changed that affects the encoding). If material is to be
dropped, the card is just omitted. If new materia is to be
added, it should be put at the end of a presentation file. A
temporary card may be easily fabricated by hand. We have
preprinted, adhesive barcode labels for this purpose.

IMPLICATIONS ON PRESENTATION PRACTICE

In addition to providing the affordances we expected, we
are finding that having a presentation medium with new
capabilities is enabling new practices.

For example, when the Palette is used, the machinery of
presentation initialization and dlide selection is not visible
and, hence, does not impede collaborative presentation (i.e.,
talks involving material and ideas mixed from several
people). The ability to very quickly share, collectively
preview, and discuss cards without disturbing the flow of a
meeting permits an atnosphere for ‘o-preserdtion’
(Figure 4). We haveobserved thispractice hapering as
spataneous and brief  discussions hat arise beteen
presenters durinqiormal pauses inmeeting flow (e.g.,
when questbns are asked and at erfdaotopic).

We are also observingisme ctanges in notetking and rew
usesfor papemotebods. Palette cards aoften amotated
with revisions orused to record nterestig questians,
comments, or other relevaninformation. We have seena

pape notebookbeing usd in place of cards. Pointers to

supplemental material sich as spporting slides, ncluding
ad hoc sketcles andUniversd Resour@ Locatos (URLS)
for relevant Web paes, arekept in the notebodk along with
a barcode link to thenline infamation.

IMPLEMENTATION

The selection obarcode readinfpr cad sensings perhaps
the key factor shaping the cuamt Palette mplementation.
Our rationag¢ for this decisin is basedon the following

reasons: (1) barcodeading isa mature technology for

which many kinds of devices ae widely available that
provide good,robust peformance n reatworld settirgs; (2)

prototyping with barcodesgives usa migration pah to

othermarking tednologies (e.g., typhs).

Anothe choice that affected the cuent implementation is

the selectio of Powerpont asthe supported presatation

software. Our ratiode for this decisionis basedon the

following reasons: (1) Reerpont is a mature application
tha has a large user ommunity; (2) the preseation

authoring and slide vewing functions ae accessible
programmatically through an application programming

interface.

Performance tests caducted with our prototype support
thes sysem choices.The test configuratiowas aPentium
II' (333 megahertz) runing Windows NT 4.0 with 130
megabytesof memory and using a §mbol LS91® barcode
scanner By adjusting barcodeype and sizemisreads of
barco@ scanswere reducel to an averagef 1 miss evey
25 tries. We saaned sets ©100 cardsnarually in the sane
manne a presenterwould u® the device (with the
exceptin of moving asfast as possible)nd obseved te

continue

decide how to
discussion based on questions and available material.

Figure 4. Co-presenters
Paletie responseTimes for slide changes usingPowerpoint
depend on the slide coent size. The test presentats

were grahics inensive files, aveaging 11 slides stored in

2 megabytes files. The averageiine in which slides from

within one file could be svitched o the presatation

display using the Palettewas obsered to be B3 secads.
Using keyboard control to svitch to previoubky displyed

slides requires@ne smadlfraction ofa secondHowever, it

is difficult to notice or quantifya differene when

switching to rew slides when @mpared to tk Palette The

avera@ time for consecutivelyand cumuktively loading

slidesfrom 12 unopened files was 2.B secads per file.

The averag time for using the Palette tongtch betveen

slides from differert files alreay opened in BwerPoint
was 1.31 secondsThis multiple file acess isnot supported
by the Pwerpoint slide sbw viewer, and knce is not

comparabé with the Palette.

The resulting Palette sysim is implemented as two
programs running under Window 95/NT: the converter and
the controller. Before a presentatias given, the converter
is used to create Palette cardsrirthe presntation. The
controller runs during a presentatj it is responsiblefor
acceptingscanned iput from the code on thos printed
cards and for dispying the appropriate electronic slides.

The Palete converte is a standalone progmn that reads a
file createdby presentatin authoringsoftware (currently
PowerPoint) and creates a dooent (currently Microsdt
Word) containing the coeht of the presentatiorin alayout

suitable fa printing on card stock. Each card represents the

contentof one slide and coaihs up to four elements a
thurmbnail of the slide imge, speech nes, tre slide
numbe in the seqence of the presentatiofile, and a
computer readable ideriication code (i.e., baode)
indicating the preseation and number for this slideThe
converte resizes and positionghese edmentsin the output
documert so tha the image will fit neatly and readahy on
the card stockA number d different lgouts are provided
based on our user observatiaiscad use The converter
also sawes a copy of the presentation in a central loeti
(with a filename consisent with the card identication



code) and records its actions in a central log. The Palette
converter is implemented in Visual Basic for Applications
(VBA), using Visual Basic primitives to extract elements
from PowerPoint presentations and manipulate them in
Word. After the converter runs, the printed cards are used
to control a presentation through the Palette controller.

The Palette controller uses a client-server architecture. The
client accepts input from a barcode reader; the server
carries out commands to operate PowerPoint.

The Palette client is implemented in Java. The client runs
remotely and communicates with the server PC through a
TCP network interface. The client listens to input from a
barcode reader attached to the keyboard port or to the serial
input (RS232C) port of the client PC. The data from the
reader includes the filename of a PowerPoint file, dide
number, or a special control command such as merging
multiple slides into one composite dlide, changing
background color of dides, or stopping a presentation. The
client trandates the barcoded data into presentation-control
commands and sends them to the Palette server.

The Palette server isimplemented in VBA. The server runs
on a PC and controls a PowerPoint application running on
the same PC. The video monitor output from the server PC
drives a presentation display screen. The server waits for
network connections from Palette clients. Once a client
connects, it sends presentation control reguests to the
server. Visua Basic primitives alow the server to control
PowerPoint presentations. For example, the server can
direct the presentation to load a specified PowerPoint file,
jump to a specified slide, go to the next or previous slide,
stop the PowerPoint dlide show, and so on.

One consequence of our implementation approach is that
manual overrides and fallbacks for equipment problems are
well supported. At any time a presenter may use the
keyboard/mouse interface to PowerPoint. |If the cards are
printed with sufficiently high quality (e.g., 300 dpi), the
cards provide the same resolution as PowerPoint images,
and thus can be used with a document camera as a fallback
if a computer-projection interface fails. Finaly, if all
projection or electrical power fails during a talk, the cards
can be used as speech notes for the presenter to continue
giving the talk without technologica support.

TACIT INTERACTION AND FUTURE WORK

The Paletteis one of several effortsto explore a new human
computer interface paradigm; we call the paradigm tacit
interaction. Tacit interaction combines two concerns:
technology should engage a wider range of human
perception and it should enable a larger degree of low-
intentional interaction than is found in current interfaces.
Within this paradigm, the Palette explores ways to "re-
physicalize" the human computer interaction (HCI) and
thereby allow the user to distribute tasks to less intentional,
less intellectual modes of action.

The need for new interaction paradigms, such as tacit
interaction, has been growing as the traditional graphical

user interface develops and reaches its limit of usefulness.
The problems may be classified as concerning
intentionality and attention.

Intentionality. Office workers experience an increased need
to shift back and forth between multiple applications and
communication appliances, but most applications assume
the user to be ready and dedicated to whatever interaction
they engage in, i.e.,, these applications appea to high-
intentional interaction. For example, the print spooler tells
the user that a print job is ready to print by popping up a
modal alert, blocking the user in whatever else s’he was
engaged in to "release” the computer from the alert. Many
of the devices and appliances we are surrounded and
serviced by make similar demands. Rather than forcing a
computer-like multiplexing scheme onto the user, we
suggest we let the technology adapt to the human way of
dealing with parallel demands: by distributing the tasks to
automatic and semi-automatic modes of action we involve
more of our motor skills and thereby more of our body. The
open problem and challenge to HCI is to understand how to
"re-physicalize" parts of the human computer interaction,
and the Palette is only afirst step.

Attention. The focus of our perception is becoming

increasingly overcrowded by competing demands for our

attention [15]. For example, Microsoft Powerpoint 97 has a
pop-up/dide-out menu in its Stage Manager tools (used

during a slide show) that has 29 unique functions, including

three additional windows for presentation control (see also

[3]). Also, in many presentation rooms, there are controls

for audio, video, room environment, and commonly a
dedicated PC, as well as an audience, demanding a
presenter’s attention. Rather than continuing to fill up the

use’s focal space evemore, the tacit interaacin paradigm
suggestswe utilize awider range of perception and include
alsosome perigheral modes 6 taking in the ervironment.

The Palette offloads the user'seationd focus n several
ways, parly by relieving the user fom the entanglements
of a mmputer desktop and paytby making the essential
objectsfor manipulation physical, tereby providing all the

affordance of th well-known index card The Palette
expands in this way on our previous work on peripheral
awarenessin the AROMA system [11, 12].

Technoloy we hae dewloped for tacit interaction

currently involves three inteace approaches that address

off-loading acivities from an ove-taxed cognive sysem
to under-utilized areas elu asthe peripheral rareg of our
senses and #motor sysem.

First, we reduce tb need for keeping immind complex
steps for expligly invoking system operationby using
physical objects as tangible represgions of interface
content or control (pfsicality straégy). Fa example,
placing a Palette card on the lectern toddeslide is more
easily acomplished than finding and adjusting a pop-
up/slice-out menu on a conttowindow - in generd we
observetha direa physical actin can @ more efficient
and reliable than a GUI e interacton. Second we



reduce the need for cognitively demanding decision-making
by reducing choice (the appliance strategy). For example,
by packaging the Palette as an appliance we provide a
powerful, self-contained device suited for a specialized
task, namely, selecting and displaying information for an
audience. Third and last, we further reduce the need for
decison-making by deriving decision data from the
environment (the sensor strategy). Sensor technology
enables us to detect what actions are in progress and thus,
aids the system in responding to a user’s intent. While the
Palette uses sensors to detect the identity and action a
presenter makes with a Palette card, the decision-making
aspect has not yet been explored in detail in the system.

We are now focusing our work on long term deployment of
the Palette in a busy conference room of a business
organization. This experience will help us to refine our
physicality strategy as atacit interaction method and should
allow us to generalize the concept to other applications (and
hence tasks) that should be accomplished in a similar
manner. Such results will be integrated with our findings on
peripheral perception and low-intentional interaction as
they were explored in the context of the AROMA system.
In parallel we are expanding the design space to further
include the sensor strategy.

CONCLUSIONS

The Palette is a new interface that allows a user to control
electronic slide shows without having to handle a computer
and thereby deflect attention away from the primary task of
communicating to an audience. The design for the system is
based on our observation of presentations given in a real
work setting. Using an interaction paradigm based on direct
manipulation of physical objects representing slide content
overcomes current interface limitations that overtax our
focal perception and demand too much of our attention. Our
use of the Palette has produced new kinds of presentation
work practices (e.g., collaborative presentation) arising
from the affordances of a new approach.
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