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Abstract

Handwriten codexesor printed bookstransformed socety by
allowing usersto preserne and transnit informaion. Today,
leaher-bourd volumes and illumnated manusripts are
giving way to animated image mapsarnd hot links. Vame\ar
Bush's memex has inspired the World Wide Wely which
provides ugrs wth vastinformation resouresandconveriert
conmuricatons. In looking to the future we might agan
transfom sodety by bulding genexes -- geneators of
exceellence Swch insgrational envionnmentswould enpower
personhandcollabogitive creativity by endling usergo:

» cdlect informaion from anexsting domain of knowledge,
* crede innovaionsusingadvancedtods,

« conslt with pees ormenorsin thefield, andthen

* disseninate theresultswidely.

This paper de<ribes tow a frameworkfor an integiated set of
softwae tools might supmrt this four-phase mocel of
creativity in sciene, medcine, the arts andbeyond Current
initiatives arepostive ard encairagng, but they do not work
in an inegatdfashon, oftenmissvital comporerts, andare
frequenty poorly desigred A well-corceived and cleaty-
staed framewok coud guide design efforts, coadinate
planring, andspeddewelopment
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1. Introduction

Compuer prafessiorals havemuch to be proud of in the past
fifty years We have devdoped a scienific disdpline, a
remarkable techndogy, and a thriving indugry. Computing,
informaion, and commurications techndogy hawe
transfomed aviaton, aubmobles, medcine publishing
banking, and many more areas.The® transfamatons will
coninue but aswe look forward to the nex fifty yeas, we
may consicer amore planful processin shajing the

applications of our mauring techndogy and in dealing with
manyserous prodems fadng our avilizion.

This essayproposesa framewak to support devdopers of
integrdaed fanilies of tools that suppeot credive problem
solving This amhbtious god may be redizalle if we havean
effective modd of how creafve peopk work andwha tods
would sypport thar efforts. It may aso help to hawe an
histoiical persgdive to pecdve evoling paterns

Eaty transformaional techrologes include paper ard
printing, which arereferredto by the term "codex" in the title
of this essay Durae books ard movablke type reshapd
scierce, religion, politics, ard daily life in many ways
Ensuing informaion tednolagy innovatons included
photogaphy telgphony rado, and television. Then in Juy
1945 Presicent Roo®vdt's sdence advier, Vannewar Bush
(Bush1945) desdbed memnex, for "memory exterder.” In his
essayon grand prgects that sdertists might work on as
World War Il wascaoming to anerd, he proposeda persona
desktopsysem base on microfiim technobgy, tha would
provide acessto historicd souces for domans swch as
paents legal citatons, or sciertific pagers. The vision of
memexasa personhworkstéion wasa pwerfd forcein

shapingthe development of persondcomputers,our work on
hypetex (Smedeman and Kearslg/, 1989, ard the
emergence ofthe World-Wide Web (Bernes-Leg 1993)

Later visions from J. C. R. Licklider hdped laurch digital
libraries,which hesawas a entmalized resoucethat could be
accessed dectronicdly (Licklider, 1965) Licklider was
profoundy influerced by Bush'svision and dedcated his
book to Bush. Doudas Engdbait's poweful naions of
intelligence augnenation byadvanced ugrinterfacesand
Compuer Suppoted Cooprdive Workwere key inspirations
for the pe'sonad computer and groypware (Engelbart, 1968)
Thetheme of cdlaboative tods to sugport sdertific reseach
stimudated William Wulf to coin theterm"collabaatories”in
his 1989 white paper (NRC, 1998).



Personbconputingandnetworkacesshave already beame
widespead in sane counties and will spreal further as
prices dedine, use interfaces becane more well desgned,
and services becane more relevart. Universal senice is an
impottant god to pursie, so tha the bendits of computing
and communicdions are availade to al who seé them.
The is agrowingrisk tha advandng techrology will widen
the gg between rich ard poor, and prodiwce further
disadwantges forpoaly educatedcitizens Prayress imneedd
in low-cog manufecturing techniques, convenient puldic
servces,improvedtraining, andeffective suppot.

But even asthe® improvenents are being madg, it may be
useful to think further ahead to grande goals that may
constrietively transfom scciety. We shodd move beyondthe
modes god of getting a ®@mputerto perform as

well asthe besthuman being, ard pursuetods tha erable
humans to perform a thousandtimes better than the most
camble human (Shnederman, 1997). Printing presses
photogaphy and electronic mal saisfy this test but
foreseing the next innovation is diffi cult.

The first sepstowards building new tools may already be
appering in adwarced software packages and onthe World
Wide Web. Credive desigiersare introdwcing environments
tha go well beyondthe vision sugplied by Bush Licklider,
Engébart, andWulf. They prefigure toolsthat are more than
a digitd library or inteligerce ampifier; they supmrt
craatvity. | might call such atod menex 2.0, to suggstan
upgrack of Bush'smemex, but | prefer gerex, to indicae an
oriertation towards genelaing excdlene. (Fodanote: The
closeess of genex to geretics and to geneation-X is
coincidenal.) This may be an opimistic expedation, but it
conweys my bdief tha wel-desgned techndogies can
promde excdlene Usas who expeience empowering
designghat are comprehensble, predictable, and corrollable,
may be inspiredto purswe quaity inthar work prodicts

A gerexwould be anintegiatedfamily of directmaripulation
tools that suppots users in creaing innovaions in art,
scierce, engneeing, ett. A gerex would hdp usersinitiate
hopes,fabricae plans and implenent dreans in a highly
socid framewok. It would facilitate dialog with pees and
mertors, and then dissenination to potenial bereficiaries.
The currert initiatves are posiive andercoulagirg, but they
do na work in an integatd fashon, often miss vital
commnerns, and are frequenty poorly desigred A well-
coneivedard cleaty-statedframewok could guide design
efforts coodinate daming, andspeddevelopmert.

Marshal McLuhan ponted ou tha new media are
constained by a rear-view mirror approach to their conent
tha is, new media dependon the old media untl the unique
feauresof the new media areappeciated For example, the
conents of early movies were nowels ard plays and the
conentsof early televison was (and often sill is) movies.

Natumlly the eady corterts of computing and the most
popubr user interfaces are for word processng paper
documerts, maintaining maling lists, and deding with
spreadsbds. | beleve that the intrinsic messageof the
medum of computa's and userinterfaes is the capaity to
create. But usng new techrology (user interfaces)to creae
old media (paper docunents) is gill the rearview mirror
apprach The future of this medi is likely to be tied to the
capdty of userso crede new u®rinterfaces.Sone users are
doing this in modest ways by weaung web pages or
compmsing Visual Basc proglams but there is sill a large
opportunity to facilitate moe cratve interactive expeliences
Clewer desgnerscould forge more powerfl tods tha would
enalble usersto invert usefud visud languages, starting
musia@l instrunerts, or fresh demaratic proesses.Future
gen&es coud erable usrsto devse simulations, constrict
drug discowery tools, or assenbe nowel groypwarke. The
designof tods for toolaniths

(Brooks, 19%) coud also be supprted by a gerex, but for
now, let's avad this recusivejump

This essayis meart to guide genex desgners by offering a
unified corception, a clearframework andsewerd exanples.
Appropriate gerex desigis woud erable problem solersto
locate andbuild on previous work easily, exgore numerous
altermatives ragdly, consult conwenienly, and propagde
solutons widdy. Section 2 descibes the intelectual
foundaion for genex techndogies,Section 3 laysout the four
phasesof creatve work, and Section 4 offers exemplary
scenaios of how gerexes might inspire work in seveal
domans. Since any poweril tod, sud asa gerex, can be
usedfor destrictive purposes the cauions are discussd in
Secton 5. Other cancerns andariers arediscusseddong the
way.

2. Foundational beliefs

Linking compuer sdence to sccietd transfornaton is
diffi cult, but for methe attradion of sud a bridge is strong |
beliewe tha the foundaions can be built from a se of beliefs
abouthow compuing cortributesto creative endavorswith
high socetal benefts.

| stat with the aralysis of creativity by the psycholagist
Mihalyi Csikgzertmihdyi who studed 91 word-famous
individuals (Nobd and Pultzer Prize winners, corpoate
leaders estdlished attists eftc.), mosgly over theageof sixty
(1993) He definescreatve work in the conext of knowledge
domanscreaedby afield of individual personsA
doman, swch asmahematics, biology, or history, consistsof
sharedsymbolic knowledge, rules ard procedues. A field
includesthe gaekeepersof knowledge for a domain, swch as
curaors, teachers, amd sdentific jourmal reviewers.
Csikszatmihalyi writes:

Credivity occurswhen a person usingthe symbds of a

givendaman ...has anewideaor sees anew patem, ard

whenthis nowelty is séected by the apprgriate field for



inclusionin theredevart domain. The next geneation will
encainter tha novdty as part of the domain they are
exposedto, and if they are creatve, they in turn will
chargeit further.

The continuing process of learnng a doman, condueting
creative work within the domain (or bridging two domans
andoccasondly creaing anew domain), recaving vdidation
from memtlersof thefield, and cortributing

to the doman is in hamony with my founddional beliefs
aboutcreative erdeavors:

Foundational Belief 1:

New knowledgeis built on previous Knowledge.

Credive individuds buld new knowledge basedon their
undersaindng of exsting domains They combine thar
knowledge in nowel ways or invert new knowledee tha is
useful to same field Innovators colled relevant previous
knowledge ard undergandit suficienty well to build on it.
Hand-writen codexes (or codices)and thenbodks havebeen
the major souce for previousknowledge but digital stoage,
electronic disseninaton, and disday screens are rapdly
becaninganappeding atermatve. Resoucesincludepatents,
legal stautes, phaos, synphories, and architectural
drawings In any medium, locatng the relevant knowledge
can be diffi cult, costly, ard time consuming, but compuing
tedhnolbgy (a menex) canbe helpful.

Foundational Belief 2:

Power ful tools can support creativity.

Innovdion can be fadlitated by powerfu tools that supgy
templates and swport exploratry processes sich as
braingorming (offering links to relaked corcefs), siate-spae
explaation (trying out all pemutations) idea combining
(systenatic pairings), rapid praotyping, amd simuation
modéding. If aircraft wing desigrers hawe desig tools they
cantry out ararge of atemate wing prdfil esat low and high
speedto maxmize lift. If physcianshawe clinicd databases,
they can study treatmert planswith low or high dosagesof
multiple medicaionsandcortrag tham with surgcal
outcames for casesmartching ther paients prdfile. If artists
have drawing tools they can explore cdor, texture and
repdition, to crede the mood they want Orgarizing credive
work to apply conputing tods is sill an intellectual
chdlenge butcomputers may help in this eaty phag as vell.

Foundational Belief 3:

Refinement isa social process.

New ideasare corceived of by individuals andthenthey are
refinedthroughreviewsfrom knowledgahe pesrsand

mertors. The consulation and pariicipatory designprocesses
yields confirmations, suggstians, and refutatonsthat lea to
vital refinements. Sdentific papersare refereed by journd
ediors andarchitectural plansare revewed byclients, zoning
boards and city commissions Consutation can be diffi cult
beauseampropiiate andwilling peersor mertorsmay behard
to find, but aso rewardng becausethe thrill of innovation is
richer whenrespeded colleagles espondavoraldy.

Foundational Belief 4:

Creativework isnot complete until it isdisseminated.
Bringing refined knowledge to scolars, pracitioners, ard
studetss iscenta to the cumuative naure of sdence art and
progress. Reaching large appopriatt audences to create
discussionsis currerily difficult. Sdertific confererces,
political speeches or symphony performances can spred
innovations and spark lively debaes, but only among the
limited number of attendes.The curernt massmedia swch as
televison, books,and magazinesare ore-dirediond, ard are
produ@dby a centalized proess.This canbe positive, since
respeted ediors canfilter material to ensureconsisércy and
high qudity, but more widdly accessibé narrowcasing to
specfic audercescoud erabk livelier

deentialized disassions. Democraic processes for
preseting opposing views, calwcusing within fadions and
finding satisladory compromises are produdive for
legslative, @mmercial, andscholarly purstits.

The® founddiond beliefs form a naurd baseon which to
guidedesigrersin building anintegrated family of tools that
supportcredive work. However, each bdief hasa dak side
whose dangers must be consicered. Immersionin previous
work may biascreatvity andlimit imaginaton if userscannot
break free from tradtion. Use of powerfu credivity-

enhancing tods may confine exgoration to outcomesalready
envisbnal. Constiation can leadto disouraging criticism by
vesta interess or theft of an idea by powerfd and well-

positioned orgarnizations. Disseninaton can be finarcially
demandng and anxiety produdng, as soltary prodem

solvinggiveswas tohighly visible promdadional presemations.
Dissemndaion may &so be resticted becuse many
organzationswish to limit publication of innovatons soasto
protect ther conpditive advantages

Thenext setion cescibesthe four phases bcereatvity and
thetods tha might beinduded in agerex (Tablke 1).
Inevitably therewill bemanygenees;onentedtowards
differert domainsandtailoredto the reals ofdifferentuse
conmurities,sud aseagr fudentsacquiting adamain,
methodicd worke's inestaltished sub-denans, or visionay
explaersof newdamans.



Foundational Beliefs Creative Phases

Genex Tools

1) New knowedgeis buit on
previous krowledge

Collea information froman
exising daman of knowledge

Digital libraries

Seart rvices
Informaton visualization
Multimedia serch

2) Powerfultools can supprt
Credivity

Crede innovdions usng
advancedtools

Docunentassemlers

Art, desgn & architecture tods
User ntafacebulders
Simultons Models
Templates,Histay, Macros

3) Refiremertis a sial

process thefield

Consultwith peers omertorsin

Listsevs, Newsgraips
Confeercing, Groupwae
Preserdtion, Annotation
Tele-cenmocracy

4) Credive workis not
competeurtil it is
dissennated

Dissemnde the resuts widdy

Email, dectronic publicaions
Narrowasting

Affili aton néworks Nichelists
E-canmunties

Tale 1: Genexframework: Fourdaional bdiefsaretied to creatve plasesandsds ofexising tods that can berefinedand

integrdedinto agenex

3. Genex: A generator of excellence

The four foundaional beliefs lead to a modé of creatvity
with four phases antherdore four caegaiesof tods. | hope
this framewok (Table 1) aids desgnersin building gerexes
tha will enalde credive individuds in mary domainsto:

« cdlect informaion from anexsting domain of knowledge,
* crede innovaionsusingadvancedtods,

« conslt with pees ormenorsin thefield, andthen

* disseninate theresultswidely.

The four phasesof creatvity-- colled, create, consult ard
dissenmatel] can simulate aresarc progran to takecurrer
userinterfacesto the next stag. Therapidy growing World-
Wide Web is alread/ a remarkable resouce but in the next
fifty yearsit might grow by afador of a thousandnoreuses
(from 107to 1010) anda million timesin data volume (from
108 pagesto 1014 pages). Thesechanges plus the increagd
expectaions of uers meanstha more effedive desigs will
be reeded

Some innovaions are incremental extensons of exising
systems but scding up to cope with large volumes of
daw/informaion/knowledgg, increagd nunmbersof usersand
moreambhitious enceavas will take sorre breakthroughs For
exanple, the desgn of anintegated family of tods requres
somestandadization of daainterchange famats.The current
situgtion is deteriorang as the proliferaion of formats
redu@sthecapdty of usergo shae their work. Fa a reent

book projed | reeivedfiguresin 21 different formas, which
requred hoursof effort by skilled professimds to urravel.
Common indugry stardards or at leastsdf-descibing data
formats, will benefit usersand producers, but it will take
informed custaner pressure and visionary techrical
leaderslip to find swcessful sdutions The sucessesof
ASCII text Unix files Library of CongessMARC recads,
and TCP/P network protocols are testmoniesto the bendits
of sandadizeddata formats. The coninued sucoessof fax is
an indictment of our failure to make standardized elecronic
mal commonplce. Sending imagesard strudured data in
email shoud beeaserandmaerdiablethanit is.

In addition to greaer standardization of data, an integraed
family of dired manipulation tools would have to sugport
coordnations acrossmultiple windows. Cut-copy-paste ard
dragand-dop actoss aplicaions are good first steps but
improved coordnaions such as syndronized scroliing,
hierarchical browsng, andmultiple window open/closecould
help make gerex usersmore effedive. Imagne draggng the
three-dimensioral desgn of anauomobie engire into a pats
supply apgicaion, which would produce a complete parts
list, manufecturing seqierce and cost estmate Imagine
dragdng spreadshet ertriestha represem a mailing list onto
a mayping application, which would show the geayraphcal
distribuion of enties (Reh et al., 1996.

| bdieve tha advanced user interfaces can be built by
innovative extensionsof the principlesof direct maripulation
andthe ORect-Action Interface Model (Shreiderman, 1998a)
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Users ofhigherresdution ard larger disgayswill hawe acess
to large amourts of information, but they will neel effective
informdion visualizaion and maripulation tools to
acomgish their increasngly ambtious gods (Robetson,
CardandMackinlay, 193).

The challengesfor desgnersare laid outin thefollowing four
sectons. They connet founddional beliefs to a phase of
creatvity andthento ase of genec tools (Tablke 1).

3.1 Collectinformation from anexsting domain

of knowledge

Finding relevan information and uncersandng it well

enoughto integrde it into exiging knowledgerequiresintense
commitment and corcertration. The World Wide Web has
mack it possilbe to aaesslarge amourts of informaton, but
finding, validaing, andusing it to constrict usefu knowledge
aredifficult tasks.Thecurert atertion to digtal libraiesis a
positive step but increasedemphasison user interface desigqn
tha supprts the sccial condrudion of knowledge is still

neeed Improved informaton desgn, search services sccial

strucures andlearnng skills can make dramatic differences
(Marchonini, 1995)

Web pages are currenty prodwced by low-levd HTML
staementsthat could be extencded to cortain more exgdicit
sematics and structural information. Authorscould indicae
whetler they are produdng a produd desciption with an
animaed demamstrdion, an annoatedresuneg a phao with a
cagion plus indexing informaion, or a scienific article.
Richer doaument descrption and structuring langageswill
fadlitate genemton, sharing, ard searching of compex
medcal higories,architecurd drawings, or paerts.

Seart interfacesthatallow moreexpicit staement of facds
suchasthe scoe of the sarch wauld eralle usersto focuson
specfic datbass, topics, souces, languaes, years eft.
(Shneigéman Byrd ard Croft, 1997) Person geogaphc,
and prodiwct name searchescan all be improved by more
explcit declaraion of semantics in queies and web pages
(Luke and Hender, 1997) User cortrol over phrase-lased
seartieswith stemming, spél correction, sourdex matching,
or parial wordmatch candso supprt improvedseaching, as
would increased contrd over the cortent, clusering, and
ordeing of seach resuts. Visual presenaions of thousands
of resultsrathe thana saolling window with twenty items
will improwe the users'understandirg of the searchspace and
thar capadty to cary out quey refinemert geps

Grapht userinterfaces with dynamic queries for expressing
searbesandinformaion visualizaion straeges for viewing
resultshavethe poenial to improve search services(Ahlberg
and Smdademan, 1994 Shmedeman, 199%). A typical
display might show publication dae aong the x-axs, ard
importance of documerts alorg the y-axis Size and cdor
codig coud show other variablkes swch as lengh of

documerts or categoies (Busihess, Spots, Arts,
Intemaional). Altermatively, userscauld spesify displaysthat
show their interests for example, relevane to Sports aong
the x-axis and Business along the y-axis Stories abou
constretion of a new sportsstadiun or sale of a baselall
tean wouldapper dong the diagonad.

Searbing in mutimedia libraries isa further chdenge. Some
reseachersbelieve that minimdly-indexed collecions can be
searbed by image speech, or video content but increase
effort to capure seachale indexing information seemsmore
poten. Cdledion of informaiton is oftenasodal process, and
trustel auttorities are neead to cdaegorize and index
knowledge for the whole web (for exanple, Yaha) andin
each dsaplinary domain.

Socid drudurescanalso be hdpful in fadlitaing cdlecion
of knowledge Studies of information flow in organzations
suggeststha the primary souces are uswly trused
colleaguesvho are knownto be gatekeepes for knowledgein
specfic domans (Allen 1977) Libraianshawe avita role to
play as indexers of informaion and then as knowledgeable
fadlitators during seach. Another promising diredion is the
socid proessof askng for assisarce in rapidy emergng
online communities tied to spedfic domains The® are
proving to be remarkally rapd and sucessfl in helping
someusers but scding up to serve larger numkters of users
reliaby is achdlenge (AckemanandPden, 1996)

Learnirg how to learnis often listed asa goal of edicdion,
but aquiring the god-direded disciplineg criticd thinking
skills, and cognitive sdf-awaenesghat suppot collection of
knowledgeis difficult. Advarced user interfacesmay be able
to helpusers letter formulate their information needs,idertify
what informaton gapsimpede them and fabricae plansto
satisfytheir needs Often asinformation is acqurred the user's
knowledge shifts enoughto requre a refomulation of thar
plans Informaion visualizaion interfaces and hyperext
envionmentsare afirst stepin suppoting inddentd learning,
explaatory browsing ard thenrapid refomulaton of plans.
As a refined theoy of knowledge acqusition emeiges,
improvedtools will follow.

3.2 Create innovations usingadvarced tools

Credivity is a demandng persoml journey tha follows

divers paths.Gererd purposetools suchasword processors,
spreadséds, proganmming languayes,and daabasesystens

are already hdpful, and they canbe extenced. For example,

word processorshave grown to include spdl checkers

grammar checkers, thesaur, outliners indexers etc. More

sophistcated tools include style managrs that allow easy
conwersionof the visud desigh andlayou, ard templatesto

fadlitate constriction of gandard dacunerts sud asresunes,
newsléters, or scienific papers. More elaboate docunent

assemlers might apply conplex rules to integrde




commnens into tailored documents swch as cortracts
legslation, or corporae amud repots.

Future versions of gererd purpo® tools can facilitate idea
formation, braingorming, argument or plot development, and
comprison with exsting ideas. Thesuri are to words, as
geneeswill be to ideas Genexeswill allow usersto exgdore
relationships among concepts chemical mdecules, or
pairtings by informaton visualizations (Ahlberg and
Shneiggman 1994) (Figure 1). The® oveniews would
reval clusters, gaps, outiers, ard correlations, with easy
linking to alow rapid exploraton. Uses could propose
innovations or novel conbinations (even randan ones)and
discower how they relae to existing ideas. For exampe, the
compmnerts of a lecal brief or movie saipt could be arranged
on ore of many standard saffolds and then the genexcould
guide the userin making a complete document Of course
users ee stil the sarce d theindgght tha makesa complete
documert alsoa @mpelling dacumert.

Specalized tods can be even more effective in supporting
creative work.. Every doman can haw its electroric loom or
lathe For example, architedure andysis tods can vetify
strucurd integiity, estmate costs, and prodiwce material
ordeing lists. Tomorrows archteds will be ablke to cambine
anappeding exterior designfrom oneprgectwith theinterior
spaceneedsof the currentclientwhile computing sructural
engireging requilemerts. They will be aldle to make ragd
charges to ertire sedions of an apatment comgdex, for
exanple, doubling the sownd insulation, air conditioning, or
electrical capadty. Graphic attists will use compuers to
borrowexiging or quickly constud reliable color palettesto
acheve eye-afthing effects or adust sliders to
increag/decreag symmetry, while working within their
constaints of spa&eandmoad.

Smulations and models with three-dmensiomd or other
animations are begnning to provide the flexibility that users
needfor creative exploraions. Commercial sucessesuchas
the SimCity family denmonstate how rich senaros can be
mack acessble to many usersin a gamedike style. Redistic
simulatons are far more complex ard requre subsanial
doman expertise but they can be made aaessilte to
motvated uses. Direct maripulaton progamming should
enalle users to constriet approprate modds even for
compex situaions and then meacros erablke auomatic
explaation of the datespae History keepng in simulaions

will enalbe usersto review thdar work, shae it with others,
and compae dternae soluions. Design envionments for
mandactuiing, engneering, and landsapng have begun to
transfom these domains, but the linkege to daabasesof
exising desgnsandto compute supprted cooperative work
for consutation is still weak Toolkits for composng musc
andart canalow usersto begin by taking existing works or
generc templates. Novices will hawe the camdty to make
constainedexgdoratoly variaions, while expets will havean

enomous range of capahblities for conplex manipuations
Decison syopot tools stat with checklists and standad
situaions, but can becane elabaat environments in which
usersdiscower interestirg relaionships anndate anomalies
andaddmeta-rdesfor futureusers

Improved desgns will shoten leaning times and provide
guidesto novice users An example to build on is Adobe
PhotoDéuxe, which leads usersthrough the multtiple steps
neessanyfor edting andretowhing phoos. Future tools will

provide sandardzedlearnng sreamsto help novces rform
basictasksand scdfolding that wrapsthe tool with guidance
asusersacqure expetise Expetts will beable to recordtheir
insights for othersand malke macrosto speed conmon tasks
by nouces.

A major advarce in user interfaes tha supprts credive
explaation woud the capadty to go backin time, to review
and manipuate the history of adions taken during an enire
sessionUserswill be ale to see all the stepsin desigiing an
engire andcharge anearly designdedsion. They will be able
to extrad s=dionsof the histoty to reday them orto conwert
into pemanent macros that can be applied in similar
situaions. Extracting and replying secions of histay is a
form of dired manipuation programming. It erablesusersto
explae ewery alterndive in a decison-making situaion, and
then chose the one with the most favorade outcomes
Renember, thosewhoignorehistory, are destnedto retypeit.

3.3 Consul with peersor mentas in thefield

Consulation by electroric environmentsis already speeding

up ad raisng qudity in manydomans. Rgpid progeess in the
web cevelopment caonmunity is partially aprodud of theease
with which peoge can posttheir current efforts for othersto

exanine, test and commen. Feedlack is rapid ard

constrietive, but sonmetimes brutal. Secuity hdes produce

interndional attertion and lead to new versionsin days or

someimes hours. Reviewers comments on new software

apperrapdly andevince highexpetaions of swift progtess.
The danger of working a “interret time" is that hasty
dedsions may be poor, and rapid changs may cau®

troublng turbulercefor manyusers

In otherfields the processof consutation is formdized sud
asin thereview processfor scienific papers. Submissinsto
journal edtors are distibuted often anorymously, to
appropiate reviewersfor commerts and suggesed revisions
Acceptable manuscipts are usially reviewed a secand and
possiblya third time before erteling the prodiction process
tha leadsto a publshedjourral atticle. The ertire processcan
take 12-36 months. Clearly, thereis room for speed-up and
improvemert of the review processif electronic stbmissions
and anndated reviews can be arranged This is sill rare
beause the techndogy does nat convenertly suppot
documert constudion and sharing, when figures,phaos and
formuas are requred Gerexes would supmrt prompt



reviews wth tods for jourral edtors to track satus andchase
down ealcitrart reviewes.

Other consulation techrmologes include basc tods swch as
emall, listservs newsgroupschat rooms,andbuletin boards,
and more elaboate MUDs and MOOs. These have been
successfi) but resard is neeced to undersaind the role of
modeators, how seach tools codd be improwed and how
theseenvironmentswill scde up to athousad timesasmany
users(Kraut et al.,, 194; Olson ard QOlson, 1997; Kieder,
1997).A key isste istherole of enpahic commurncatonsin
forming trusing relationships (Preece 1998) Audio/video
confaercing is slowy ganing popularity, as early designs
such axCUSeMe maure (Dorcey, 19995 andcomprehensive
toolssuchasMicrosoftNetMeeting emerge. Reliable network
infragrudures tha provide adequae bandwdth at low cost
areincreasirgly awvailable.

Telemedcine consutaions coud improwe cae in remate
areas,and offer all paientsthe oppotunity to havemultiple
reviewers of their lab tegs or medcal imags. Speialists
would hawe the advatageof seeéng more casesthat they are
interesed in, therebyfadlitating experimena testng of new
proceluresor medicdions.

Distarce eduation by tee-mentoing, tele-lectuing, and
computer mediated conferercing is gradwally reshging
edu@ton, and is likely to accéderate as the technology
becanes more widely avalablke. Additiond reserch and
devdopmert is nealed to explae how edwaion can be
reshapd in a 24-hour eledronic environment in which the
teacher shfts from being the "sage on the stage to the gude
on the side." The web suppots collabaatve teacling
methodsin which sudents do more than surf the ne -- they
learn to make wawves. Ambitious tean projeds can provde
valuable services to clierts who are outside the classroom
Thes autrenic prgects canbe highly motivating to studeris
asthey learnbusness-oierted andpersotlly eniching skills
of  commuricating, critiquing, and cdlaboating
(Shneigéman 1998b)

Importart tools are stil neeed for group formaion and
discussion within conmurities of tens thousnds, and
millions of peopk. Paticipaion in demcrdic politicd
processs are appaling, but ensurng informed participation,
respet for opposng views,andadequate timefor delibeation
will be difficult. A major reseach effort woud help to
grappe with conplexissueof thousad of adive paticipants
in discussim groups.How would an ekedronic Rokerts Rues
of medings help to keep order, pemit caicusirg of
subgroupssuppot voting, anddlow objedions b be aired?

3.4 Disseminate the resuts widely

An innovaion is comgdete when it is disseninated to
approprate members of the field. A genex would enadle
innovatorsto reach lage numbersof interesed peoge rapidly

andconweriertly. Posing a rewalgorithm, poem, or videoon
the web makesit availale, but unlessappropiate redpients
noticeit, the originator haslittle charceto influerce them.

Improved seach ergineswill help for devoted seachers, but
promding anew conribution in the marletplace of ideassiill

takes effort. Improved methodsto reach the right audienes
will begin with email and newsgoups, but shaild be
extendel by novel groupformaion methods.

For exanple, asan author of sdentific papers | want to send
my newwork to all the peoge whom I refererce | aso want
to reach others interestedin this topic so | might send my
work to thosewho might dedare aninterestin a sub-danain
or authors who have referened the papers | reference.
Anotherapprachis to create a dscussio goupfor every
publisked paper. Realersof each pgper woud be invited to
join the disaussiongroup

Credors of artistic works sich as sangs, poems,or paintings
could also reach ther auderces with improved online
perfomances, arthologies, and galleries, respetively. Thes
forms of eledronic puHicaions or narowcasing woud be
supervied, modeated or curated by knowledgeble critics
who woud promote quality and dewlop auderces or
markets

Email currenty helps sane pele build affiliation neworks
of peopk with shaed interests Commercial emal senices
are forming niche lists of sdected subgribers to suppot
electronic commerce, and smilar services will hdp in the
dissenmation of creative work. Listervs Newsgroups and
Bulletin Board Sysems function adequately for grows of
thousads of users and refinement to reach millions is
possiblewith advarced coneepts of modemton, sub-goup
formation, and clugeing of topcs. Eventualy E-
conmmurities of shared interestwill germnate and grow for
almost ewery topic, sprouing myriad diverse brarches or
gattering krarchesinto newdliances

A key barrier to disseninaion of credive work is the desire
to proted intellectual property and profit from copyight
royakiesandpaert licensng. Inteledud propety lawswere
always desigred to promote disseninaion of novdty, but
ownershawe often aded to restain utilization by excessie
charges or by legal intevertion. A conbinaton of new
tednobgies, sodal structures andlegd formuations might
promde dissenindion of ideasby ensuing fair royalties for
all contributors. A happyoutcome would befreqentcredive
chan reacions in which ore innovation triggers seveal
othersard quickly leadsto the emeigerce of a new domain,
breakhrough ienifi c discoreries innovative engineeing,
and usefu prodwcts. The eectronic recad of contibutions
would hdp ensue appropiateroyaltiesandhonot



4. Genex Scenarios

The four phasesand sds of tools in the gerex framewak
(Tade 1) are mean to guide desgners of adwarced use
interfaces Geneeswill be bult for manydomans, buta few
exanplesmay help to clarify howthey will beused

4.1 Medcal-dagnosisgerex: Pdienthigory libraties

A medicd gerex codd support the diagnosic process by
providng accessto the paient history ard clinicd databags
of tregment outcomes,decision-making suppot, consul@ton
with spedalists, and logging of outcomes for future study.
Commd presemation of relevari aspets of a paients
history, current signs and symptoms laboraory reslts,
medcal images, etc. are the staring point for a diagnosic
dedsion (Plaisant etal., 1999 (Fgure 2)

When physiciansare familiar with the case,they begin to
create hypothesesandform potertial treamentplans,bu they
canreturn to collecting more backgrownd informaion from a
vastdaabaseof paientrecords They can sdect samples of
patieris with similar characterisics (gende, age, weght,
hedth, etc.) who havesimilar synptoms, ard thenstudy how
outcamesare correlatedwith treatments. They might discover
tha surgery was more suacessfulfor younger patients, but
chemothemmpy is more swoeessful for older paients The
physigans can then mowe on to creding a treatmert plan
using medical modds tha predct outcomes and chedk for
containdicdions or interadions with other ongoing
treatmernts forthis paient

Thephysciancanthen consli by emal or conferenang with
the paientor expets in thefield to gain support for the plan.
As the treatmert unfolds lab resuts verify progressandall
the information is enered in the patent daabasefor other
physidansto consut in future cags. A medcal diagrosis
gene woud also be the basis for clinicd resarch to
deernmine the efficacy of treatmerts and understand a wide
variety of health issuesagirg processesspred of infedious
diseass,ernvironmenal impact on health, et. A cortroversial
applcaton would be the use of treamert informaion for
evduating physiciansor hospias.

Of couse, persoral privag is vital for medicd remrdsand
new policieswill haveto be dewloped New techniqueswil
haveto be dewloped to ensureappropiiate accessand log
usage Even when ewery effort has been mace to proted
privecy, same brealdownswill occur, so legal remediesand
compensgion mustbediscussedispat of the sysémdesign.

4.2 Edwcationd projectgene. On-webscene fesivals

Contenpaary sdence fairs ercouagestucerts to get deepy
involved in ore topc ard produe a report, devce, or
expermert. They are mativatedto impressa jury of teacrers
who review the prgects andaward prizes This paradgm has
value, but critics paint out tha guidarce to stucerts is often
shallow jurors havelimitedtime to review, winning takeson

more significane than learning, and the prgects are seenby
only afew people for a stort peiiod of time.

Imagne an on-websdence festiwal that used a gerex Web
pagescould offer sudents templates for a vaiiety of sciene
projects badgrourd information tailored to their age ard
knowledge with links to relaed web stes, and online
conmurities of pees and mentors working in their area of
interest (Shreideman 1998b) For creatve studens, a
template-beakng process wold dso ke included.

Oncethey cho® aprojed direcion, learrer-certered inquiry
tools might suppat hypahess formuation, smulation or
red-world expeimerts, mathematical modding, ard
scienific data collection andanalysis (Sdoway et a., 1996)
More spedfic domminreated tools might enale
envionmentl pdlution tracking, gendic data, or sog¢ological
surveyadnministraton.

As they progressin their work, commenrts from peers and
mertors can help shae their initial hypoheses propogd
expermernts, andconstriction diagamswhile improving their
on-web preenaions. Feedtack about the work and its
presetetion will leadto further polishing urtil it is realy to
be presented to wider circles of stucerts, teachers mentors
andjurors Juors,in concert with teachersandmertors, may
alsodesgnae a fradion of the projeds for presevation on
thewebso thatthey can bemme aresouce for future sdence
festival studerts. The disseninaton of projeds means tha
overtime stulert projeds shotd buid on eah other ard gain
in sophstication. Pubishing projeds onthe webmay increase
motvation bec@useso many others may see their work. This
was my experiene in requring semeser-long team proects
on enprricd user-interface studesto be published on the web
in my senor undergradae couse http://atal.umd.edu
SHORE).Anotherexample is the vauable scientific resouce
on informaion visualizaion prodwced during a graduate
semirar (http://atal.umdedu/dive).

4.3 Fadlities-aesigngenex Eledronic dassroon guidetol

| was recertly worked with a contactor who was asled to
write a gudebookfor desgners of eectronic classroomghat
would cortain ddailed informaion on floorpans conputer
desks, neworks, projectors, lighting air-condtioning, etc.
and related edua@tiond strateges This codexdike outcome
was upglaced to a memexdike outcome by changirg the
requremert that the gudebookbe avalable onthe web.

Applying the genexframeworkledto a more ambitious gaal;
building an interactive ervironment that enabes facilities
desigrersto creae architectural drawings, lists of ecuipment,
anda screduk for ordeing and installaton. This gudelook
couldbecanea guidetod (doaumentsbecome userinterfaces)
tha allows fadlities desigrersto exdore alterrate layoutsto
seehow many desks,compuers, andchairs couldfit into the
avdlablke sppcee and budget Two-dmensond drawings and



three-dimensioml VRML virtual environments could be
exanined and expeienced to give a clear undersandng of
whatthe classroonwill look like.

When a designis chosen it can then be made avalablke
electronicdly to other dedsion-mékers potential bulders,
andequpmen suppiers for ther commerts and bids. Once
the room is built, the plans codd be archived for future
desigrersto review ard use asa sfarting paint for their even
moreadvanced cesigis.

4.4 egishion-writing gerex: THOMAS 20

TheU. S. Library of Congessbuilt the THOMAS (a tribute
to Thomas Jefferson)web site to provide public accessto
legslative information, including the full text of bills before
the U. S. Congess.It has beena gred suwcoess with ten
million visits per morth by jourmalists, lobbyids, schdars
and sudents interesta in spedfic legslation. Popuar topics
charge weekly, but aborton bills, handgun contol, welfare
refom andother contempaary isstes have beennearthe top
of the list for users ofthis menmex-like tool.

Upgrading from mamex to gerex is a natua next step. An
upgrae to THOMAS 2.0 might include tools for informed
citizens' groyps and lobbying organizaions to beter
undersand the legislatve process and paricipae
appropiatdy. They might exdore the need for new
legslation, cortact staffers of interesed memters of
Congress conpake previous legslation by corterts, ard
confd relevant professiol sodeties to gain suppot. For
acivist citizengroysand lgislative counsés who draft bills,
there coud be tempates that would guide the processand
ensure proper terminology, apprgriat phrasirg, and
adheerceto legal requirements Then whenfirst drafts were
competed the consutation process woud begn with
supporérs and potenial opporents As revisions are made,
key patnerswould be informed of the latestchanges,and a
predctive mode of how mary voteswere stil needel could
guidefurther revisions.As canmitteemeetings, hearings, and
the final markup progresses,key players would be kept
informedof changesandpotkenial corcems.

Demaraic processestake time The god of a legslation-
writing gerex is na necessaly to speed the process or
increa® the numbe of bills, but to engage a wider circle of
stakdnolders,suppet thoughtful ddiberaion, ard improvethe
qualty of theresuting legslation.

5. Conclusion and Cautions

Credivity is often de<ribed as a rare experierce for eite
workers,but gerexescan pramote cortributions from more
divers individuals to ever widening domains of knowledge.
Initial stepsare apparing on the World Wide Weh there is
little coordnation and many desgns lack vital compnents.
This gerex frameworkis meantto enourage developnment of

an integrated family of tools for credive work by enaling
individualsto:

cdlect informaion from anexsting domain of knowledge,
* crede innovaionsusingadvancedtods,

consut with pee's ormenorsin thefield, andthen

* disseninate theresultswidely.

Many versons of gene arelikely to be bult, capuring the
history of eachdoman, tailoredto the needs ofeach field, and
in hamony with the working styles of diverse individuds.
Somegenexesarelikely to be too restictive in their suppot
of creativity or too limited in ther fundionaity, but the
exanples of exeellence shodd hdp to promote qudity.
Progressn implemening a gerex will be measued by the
numkber of adogersard thar prodictivity, but progressas a
civilizaion will be harderto measue.

No one canguarantee that genextechologieswill be applied
in positve ways but nowel sodal studuresthat encouage
paricipatory desgn andopendisaissions mamote reguary
lead to higher socetal benefts. Each professionés
contibution to sccietd transfomaion becanesaninsgration
andheor shebecomesarole mocel for others Evay gory we
tell abou one personmeking a differerce insgres the nex
constrctive contribution.

Thoughful commentries about how to design (Friednan
1997),impemert, and mana@ techndogy are beginning to
appear in the form of ethicd codes of conduwct from
professioal sodeties swch as the ACM and the IEEE
(Goterban, Miller and Rogerson 1997) The® areintendel
to redwce negaive side effeds by enmuraging professiols
to:
"...minimize negtve consegerces of campuing
systems including threds to hedth and safeay...awoid
harmto othes..take adion na to discriminate..resgd
the privacy of others." (http//www.acm.org'congitution/
bylaw17.html)

We live in atrouded world, with immenseprodemstha are
not caused by techndogy: confict ard oppressin, poor
hedth ard nutrition, inadegate housingor sewag, illiteracy
and poor eduation, and many more. Compuing and
conmuricatons techndogy may cortribute to sdutions by
enaling peoge to explore a wider set of alternaives,consult
easly with peersandmerntors,and reordtheir sucessegand
failures)sootherscanlean from them.

Our gredest resairce is human creafivity. Appropriate
tedhnolbgy can enmpowermore people to experierce the thrill
of creative work andenalbe each o usto make a dffererce
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