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ABSTRACT

Humancomputer interection (HCI) sudy is theregion of intersection betwveen
psydology and the sccial sdences, ontheonehard, and conputer scierceand
techndogy, on the other. HCI resachers andyze and design speific use
interface techndogies (e.g. pointing devices) They study and improve the
proessesof techrology dewelopment (e.g taskandysis design rationale). They
dewelop and evaluaie new apgications of technology (e.g word proesors,
digitd libraries). Throughou the pag two decades HCI has progresively
integrated its sciertific corncerns with the engineeting god of improving the
usabhli ty of compuier sysemsanrd apgicaions,which hasresultedin abody of
technicd knowledge and methodblogy. HCI cortinuesto provide achallenging
tes doman for apdying anddeeloping psycologicd andsodal theory in the
context of techrology deelopment ard use
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THE EMERGENCE OF USABILITY

Human-computer interactiqilCl) hasemergedelatively recentlyasa highly
successfuareaof computerscienceresearchanddevelopmenandof applied
psychology Someof thereasondgor this successareclearlytechnical HCI has
evokedmanydifficult problemsandelegantsolutionsin the recenthistory of
computing e.g.in work on directmanipuation interfacespuserinterfaceman
agemensystemstask-orientechelp andinstruction, andcompuger-supported
collaborativework. Other reasonsfor its successare broadly cultural: The
province of HCI is the view the nonspeciakt public has of computerand
informationtechnologyandits impacton their lives; HCI is the visible partof
computerscienceThemostrecentreasongor thesuccessf HCl arecommer
cial: As the underlyingtechnologiesof computingbecomecommaodiies, in-
scribedon genericchips, the noncommody value of computerproductsre-
sidesin applicatios and useinterfaces, thas, in HCI.

HCI hasevolvedrapidly in the pasttwo decadesasit hasstruggledto
developa scientific basisand utility in systemand softwaredevelopnent. In
this chapter, reviewthe progressiorof HCI towarda scienceof design.My
touchstonas Simoris (1969)provocativebook The Science®f the Artificial.
ThebookentirelypredatesHCI, andmanyof its specific characterizatiorand
claimsaboutdesignareno longerauthoritatve (seeEhn 1988).Nevertheless,
two of Simoris themesecho through the history of HCI and still provide
guidance irchartingits continuirg development.

Early in the book, Simondiscussedhe apparentlycomplexpathof an ant
traversinga beach,observingthat the structureof the ants behaviorderives
chiefly from the beachthe antpursuesarelatively simplegoalandaccomme
datego whatevethebeachpresentsTheexternalworld, includingtechnology
humanbeingscreate shouldbe expectedo play a powerfulrole in structuring
humanbehaviorand experienceLate in the book, Simon soundsthe second
theme:the needfor a scienceof design,a researchparadigmand university
curriculum directed at understandingfurthering, and disseminahg design
knowledge.He lamentedthe tendencyof engineeringdisciplines to adopt
goals and methoddogies from the natural sciencesto their detrimentwith
respect talesign.

HCl is ascienceof design.t seekgo understanéndsupporthumanbeings
interactingwith andthroughtechnology Much of the structureof thisinterac
tion derivesfrom thetechnology andmanyof theinterventiors mustbe made
throughthedesignof technology HCI is notmerelyappliedpsycholay. It has
guidedanddevelopedhe basicscienceasmuchasit hastakendirectionfrom
it. It illustrates possihitfies of psychologyas a desigscience.



Annu. Rev. Psychol. 1997.48:61-83. Downloaded from arjournals.annualreviews.org
by University of Colorado - Boulder on 03/15/06. For personal use only

HUMAN-COMPUTER INTERACTION 63

SoftwarePsychology

The work that constitues the historical foundationof HCI was called “soft-

warepsychology in the 1970s(e.g.Shneidermari980).The goalthenwasto

establish the utity of abehaviorabpproacho understanding softwadesign,
programming,andthe useof interactivesystemsandto motivate and guide
systemdevelopergo considerthe characteristic®f humanbeings.Software
psychologyhad two distinct methoddogical axioms. The first assumedhe
validity of a receivedview of systemand softwaredevelopmentnamelythe
so-called waterfall model of top-down decompodion and discretely se

guencedstageswith well-specifiedhand-offs(e.g. Royce1970). The second
assumedwo centralrolesfor psychologywithin this context:(a) to produce
generaldescriptiors of humanbeingsinteractingwith systens and software,
which could be synthesizeds guidelires for developersand (b) to directly
verify the usability of systemsand softwareas (or moretypically, after) they
weredeveloped.

Softwarepsychologyinauguratedh variety of technicalprojectspertaining
to what we now call the usabiity of systemsand software:assessinghe
relativecomplexityof syntacticconstructbnsin programminganguagege.g.
Simeet al 1973),classifyirg peoplés errorsin specifyingqueriesandproce
dures(Mill er 1974), describingthe utility of mnemonicvariablenamesand
in-line programcommentgWeissnan 1974),andexplicatinghow flowcharts
serveas a programmirg aid (Shneidermaret al 1977). This work inspired
many industrial human-factorgroupsto expandthe scopeof their responsi
biliti esto include supportfor programmig groupsand the usability of soft
ware.

The basicaxiomsof softwarepsycholagy provedto be problematic.The
waterfallidealization of designwork is infeasibleandineffective(e.g.Brooks
1975/1995).t is only observedwhen enforced,andit is bestregardedas a
crudemanagementool for very large-scalelong-termprojects.As computer
researctand developmentliversifiedin the 1970sand 1980s,small and dis-
tributed personal work organizations becam@e commonpéce. Product
developmentycleswereoftencompressetb lessthana year.

Thetwo rolesassignedo softwarepsychologist werealsoproblematicand
resultedin a division of labor. Researchersnainly in universites,developed
generaldescriptiors of usersandframedthemasgeneralguidelines.Human-
factorsspecialistan industry tried to apply theseguidelinesin specific pro-
jects. This division did not work particularly well. From the standpoin of
practicalgoals,the researchof this periodtendedto focuson unrepresentative
situatiors (e.g.undergraduatestandingin for programmers50-line programs
standingin for businessystemsandteletypesstandingin for displaytubes).
To obtainstatisttally stableresults researchersftencreatedoutrageouson
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trasts(organizedversusdisorganzedmenus structuredversusscramblecpro-
grams).The researchersometimeaunderstoodittle aboutthe usersof their
guidelinesandprofferedsuperfluousadvice.

Psychologstsandothersplayingthe human-factorspecialistole in indus
try werefrustratedtrying to useandencourageiseof theseguidelines.They
were also frustratedin their other role of verifying the usabilty of finished
systems becausehe researchtools they had (formal experimentsaimed at
specific differences amorajternativesyvere toocostly andoo uninformative
to allow them to serveas anything more than gatekeepersHuman-factors
specialistavereoftenseenasimpaosing bureaucratiobstacledlocking heroic
developers.

Theorigins of HCI in softwarepsychologyposedtwo centralproblemsfor
the fieldin the 1980sOne problenwas to bettedescribe desiganddevelop
mentwork andto understanchow it could be supportedThe other problem
was to betterspecify the role that psychology, in particular,and social and
behaviorakcience, more broadlghouldplay inHCI.

Iterative Devdopment

Startingin the 1970s,empirical studiesof the designprocessheganto expli-
catethe difficulties of the waterfall model. Designwork is frequentlypiece
meal,concreteanditerative.Designersnaywork on asinglerequiremenat a
time, embodyit in a scenaricof userinteractionto understandt, reasorabout
and developa patrtial solution to addressit, and then test the partial solu-
tion—all quite tentativey—beforemoving on to considerotherrequirements.
During this processthey sometimesradically reformulatethe fundamental
goals and constraints ¢ifie problem. Rathethan a chaos,it is a highly
involuted, highly structuredprocesof problemdiscoveryandclarificationin
the contextof unbouneédcomplexily (e.g.Carrolletal 1979,Curtisetal 1988,
Malhotraet al 1980).

The leadingideais that designersoften needto do designto adequately
understanddesign problems.One prominentempirical case was Brooks
(1975/1995)analysisof the developmentof the IBM 360 OperatingSystem,
oneof the largestand mostscrupulous} plannedsoftwaredesignprojectsof
its era. Brooks, the project manageconcludedthat system and software
designersshouldalways“plan to throw oneaway” (pp. 116—23).This wasa
striking lessonto draw and carriedwith it manyimplications.For example,
formal and comprehensie planning and specificationaids (such as detailed
flowcharts) will have limited utility in supportng such an iterative design
process.

This reformulationof designcreatecan openingfor new ideasNoteworthy
inspirationcamefrom the work of the greatindustial designerHenry Drey-
fuss,who hadpioneeredan empiricalapproactin the 1940s(Dreyfuss1955).
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Dreyfusss approach instittionalizesanaccommodatiomo designerspropern
sity for concretejncrementateasoningandtestirg. It incorporategour central
ideas:(a) early prototypirg with (b) the involvementof real users,(c) intro-
duction of new functions through familiar “survival forms,” and (d) many
cyclesof designiteration. Dreyfusspushedbeyondthe designels needfor
prototypirg and iteration as a meansof clarifying the designproblem (also
emphasizedy Brooks 1975/199% to the usefs knowledge,experienceand
involvementto constraindesignsolutions

A typical exampleis Dreyfuss designwork on airplaneinteriors for
Lockheed.Dreyfuss senttwo associatedack and forth acrossthe United
Stateson commercialflights to inventay passengeexperiencesThey found
that passengeraere often baffled by designdetailslike watertapsthatwere
unnecessarilynovel. They were impressedthat people wantedto think of
airplaneseatsas armchairsand not as “devices.” Initial designswere proto-
typedin a Manhattarwarehouseanda full flight of “passengers” was hired
occupythe mock-upfor 10 hours:to storecarry-onluggage to eatmeals,to
uselavatories Thesetestsconcretizedequirementsor seatingstoragespace,
lavatory-dootatchesandsoforth, andpermitiedlow-cost,iterativereworking
of the originaldesigns.

In the 1980s theinevitabiity of anempiricalorientationtowardsystemand
software desigmapidly evolved from asomewhat revoluticary perspective to
the establishrentview. This developmenprovidedearly andcritical motiva
tion anddirectionfor researcton userinterfacemanagemergystemso enable
prototypirg (Tanner& Buxton 1985),it encouragediserparticipaton in de
sign (Gould & Boies 1983, Nygaard1979, Paval1983),it emphasizediser
interfacemetaphorgor presentingnovel functionality through familiar con
cepts(Carroll & Thomasl982, Smith et al1982), and it madé&apid prototyp
ing” a standardsystemdevelopmenmethodolgy (Wasserma& Shewmake
1982,1985).

Iterative developmenshifted the focus of usability evaluationfrom sum
mativeto formative(Scriven1967).Formalexperimentsre fine fordetermin
ing which of two designs aréetteron asetof apriori dimensiors, but theyare
neitherflexible nor rich enoughto guidecontinualredesign:Thinking aloud”
had beenpioneeredby deGroot(1965) and Newell & Simon (1972) in the
study of puzzlesand games,and it had beenshownto vividly illuminate
strategicthought (Ericsson& Simon 1985). In the 1980s, thinkiag aloud
becamehe centralempirical,formative evaluationmethodin HCI (e.g.Mack
et al 1983Wright & Conversel992).

UserModels

The secondproblemareabequeathedio HCI by softwarepsychologywasto
characterizea robustsciencebasethat could underwritesystemdevelopnent.
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The cornerstonédn this effort was the GOMS project of Card et al (1983).
GOMS (Goals, Operators Methods,and Selectionrules) provided a frame
work for systematially analyzingthe goals,methods and actionsthat com
prise routine human-compmutinteractions.This was anmadvanceon prior
human-factors modelingvhich did not addregke cognitive structuresuinder
lying manifestbehavior.Indeed,it wasan advanceon the cognitive psychot
ogy of thetime: It explicitly integratedmany component®f skilled perform
anceto producepredictionsaboutreal tasks. At first, GOMS appearedo
promisea comprehensivegaradigmfor scientificaly groundedHCI design
(Newell & Card1985,butcf Carroll & Campbell1986). The actualimpactof
thesemodelshasbeenmorenarrow,althoughthey havebeenusefully applied
in domainswhereuserperformanceefficiencyis the critical usability variable
[e.g. modelig telephon@perator script§Gray et atl992)].

Onesalientlimitation of GOMS modelsis thatthey do not describdearn
ing, yet the problemsof new usersbeginnirg with computersystemswas
perhapghetechnicalfocusof the 1980s.The learningproblemwasconceived
asamatterof coordinathg knowledgein two domairs: thetaskandthedevice.
The userlearnsmappingsbetweergoalsin the taskdomainandactionsin the
devicedomain,betweeneventsin the devicedomainand effectsin the task
domain(Moran 1983, Payneet al 1990).Much of this discusson focusedon
the “consistency”of mappirgs from commandsand other userinterfaceac
tionsto applicatbn functions(e.g.Payne& Greenl1989).For exampleearn
ing a commandnamed“pull” is facilitated by a complenentary command
named “push” (versus, say, one named “grab”); commands like “edit
data_file” and “remove data_file” are mutualy facilitative (see also Esper
1925).Consstencyturnedout to be highly intentional (Carroll 1985), signifi-
cantly idiosyncratc (Furnaset al 1983), and evenquestionableas a general
designobjective (Grudin 1989). Neverthelesspromoting consistencyin user
interfaceand applicationdesignremainsa prominentpracticalissue(Nielsen
1989),and these modetrethefoundationfor our understandingf it.

The role of prior knowledgein learningto use computersystemswas
anotherfocusof usermodeling work. It waswidely notedthatnew userstried
to understandcomputersas analogicalextensionsof familiar activities and
objects(e.g.Douglas& Moran1983,Macketal 1983).This observatiodedto
a variety of userinterface“metaphors,”’suchas the now pervasivedesktop
interface,anda paradigmfor userinterfacecontrol anddisplay called“direct
manipulaton,” whichwasgraduallyarticulatedthroughthe 1980s(Hutchinset
al 1986,Shneidermari983).1t alsoled to theoriesof userinterfacemetaphor
(Carrollet al 1988).

A secondimitation of the early GOMS-stylecognitive modelsis thatthey
do notaddress nonroute problensolvinganderror.Studies showed that new
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usersspenta third to a half of their time in error recovery(e.g. Mack et al
1983).More significanty, thesestudies showed that often thispostions that
make peoplegood sensemakersare also causesfor characteristiclearner
problems(Carroll 1990): Peoplewantto learnby doing,but this inclinesthem
to opportunstically jump aroundin sometines britte learningsequences.
They want to reasonthings out and constructtheir own understandingshut
theyarenot alwaysplanful, andtheyoftendrawincorrectinferencesTheytry
to engagendextend prior knowledge arskill, which canlead tointerference
or overgeneralizatioriTheytry to learnthrougherrordiagnosisandrecovery,
but errorscan be subtle,cantangle,and can becomeintractableobstaclego
comprehensioandto motivation.

This work entrainedthe conceptionof the “active user,” improvising, hy-
pothesizing trying to make senseof a very complexenvironnent. It led to
emphase®n designing for learning-by-dang and for error (Carroll 1990,
Lewis & Norman1986).For example,Carroll & Carrithers(1984)createda
“training wheels” interfacein which attempteddeparturegrom a correctac
tion pathareblocked.Users are informethat theactionis notappropriateand
arepermittedto try againwithout penalty.This kind of designsupportssense
making but not necessarilyefficient performanceThe active userwas some
what of an alternativeto the GOMS conceptionof the userasaninformation
processor.

USER-CENTEREDSYSTEM DEVELOPMENT

In theearlydaysof HCI, thenotionthatcomputersystemsindsoftwareshould
be designedand developedwith explicit consideratiorof the needsabilities,
andpreferencesf their ultimateuserswasnot takenseriously.Most writings
aboutcomputingfrom the mid-197 are stunnindy dismissive of usabilty
andratherpatronizirg of users. Afteonly a decadehe computetindustry and
the disciplineof computerscienceweretransformedThe casehadbeenmade
for a user-centeredystemdevelopmenprocessa processn which usabilty
wasa primary goal. Peoplebeganto distinguish sharplybetweertechnology-
driven exploratorydevelopmentwhich is now often accompaniedby explicit
disclaimersaboutusability, and“real” systemdevelopmentin which empirk
cally verifiedusability is the finalarbiter.

With the adventof the 1990s,HCI researchhad becomerelatively well
integratedn compuer scienceA 1988 Associationfor Computng Machinery
(ACM) taskforce listedHCI asoneof ninecoreareasof the computescience
discipline (Denningetal 1989).A joint curriculumtaskforce of the ACM and
the Institute of Electricaland ElectronicEngineergIEEE) recommendedhe
inclusion of HCI as a commonrequirementin computerscienceprograms
(Tucker& Turner1991).HCI was includedasone of termajor sectionsf the
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first Handbookof ComputerScienceand Engineerng (Tucker1997).1n the

1990s, computer scienctudens and the corporations thahire them are
demandingHCI coursesn university curricula. Severalmajor computersck

encedepartmenthavedesignatedHCl asa researcHocus. Two comprehen
sive undergraduatextshave appeared (Dix at 1993,Preecest al1994).

In industry, HClpractitionershavebecomewell integratedn systemdevelt
opment.HCI specialistshave moved into a great variety of roles beyond
human-factorassurancel hey havebeenroutinely includedin customer/user
interactionsto understandhe needfor new products,productplanning,and
specification;the developmentand evaluationof prototypes; the design of
documentatin andtraining; andinstallation andusersupport.Therehasbeen
anobvioustrendfor HCI specialistdo be promotedinto projectmanagement.
None of thesetrendsimpugrs the psychologicalnatureof HCI; rather,they
indicatethatit hasbeena practicalsuccessln addition,they remind us that
successfubppliedwork involves more than merely applying lab-basedheo
ries and results theme thatontinuego be articulate¢h the current era.

HCI remainsan emergingareain computerscience As an appliedareaof
socialandbehavioralcienceijt continueso broadenTheissuesaisedin the
earlydaysof softwarepsychologyarestill beingresolvedandelaboratedHow
caniterativedevelopmenbe supportedandimproved?How shouldwe marn
ageresourcesn iterative developmento optimize costbenefit?How should
we expandhe scopeandrichnesf theearlycognitive usermodels™How can
we cumulateand developtechnicallessondearnedin iterative development?
Whatrole canHCI play in broadeninggrounding,andinvigorating the deve}
opmentof thesocialand behavioradcience base?

Theseissueshavebeenpursuedhroughrefinementsn the original notions
of iterative developmentand user models discussedbelow in the sections
Usability EngineeringPesignRationaleand Cooperativéctivity.

Usability Engineering

Iterative developments consistentwith the real natureof design.It empha
sizesthe discoveryof new goals,the role of prototyping and evaluation,and
the importanceof involving diversestakeholdersincluding users.But what
makesiterative developnent more than merely well-intentioned trial and er-
ror?

“Usability engineering’becamethe bannerunderwhich diversemethode
logical endeavorsverecarriedoutin the 1980s(Nielsen1993,Whitesideet al
1988). There were three key notions: First,it was proposedthat iterative
developmentbe managedaccordingto explicit and measurableobjectives,
called “usability specifications”(Carroll & Rossm 1985; see also Bennett
1984,Butler 1985).Thus,in designing a word-processing program, woelld
iteratively desigrandredesign, prototypandevaluate, include reakcretaries
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in the designdeliberatims, but also makeexplicit commitnmentsto precisely
operationalizedjoals suchas “two thirds of userswill be ableto preparea
two-pagebusinesdetterin lessthanten minuteswith fewerthanthreeerrors
after 30 minutestraining.” Usability specificatiors are now standardpractice
in HCI development.

The secondkey notion in usability engineeringwas a call to broadenthe
empirical scopeof design.A variety of approachesnd techniquedor user
participationwere developedmany of which emphasizedlow-tech,” coop
erativeactivitiesto facilitate collaborationbetweerusers who bring expertise
on the work situaton, and developerswho bring expertiseon technology
(Greenbaun& Kyng 1991,Kuhn & Muller 1993,Schuler& Namiokal993).
Thisapproactwentbeyondprior formulationsof userinvolvementby describ
ing broaderand more activerolesfor users.In “participatorydesign,”asthe
approachis now known, usersareinvolved in settingdesigngoalsand plan
ning prototypes,insteadof becominginvolved only after initial prototypes
exist.

Field-studyapproacheso characterizinghe users$ real needsand circum
stancesalso becameprominent(Whitesde & Wixon 1987). This emphasis
cameto beknown as “contextual design” (Wixatal 1990).1t overturnedhe
laboratorybiasinheritedby HCI from cognitive psycholay by arguingthat
laboratorysituatonsareoftennot controlledsimulacrumsof realsituatiors but
arebetterregardedasdistinctbut eccentricsituatonsin their own right. Note
thatfield-studyapproacheare notequivalento userparticipaton: Oftenfield
studiesbring to light factsin the backgroundof the contextof use,circum
stanceof which the usersthemselvesre unaware Converselyfield studies
cannotreveal the perspectivesand insights usersbring to the development
process as designers.

In the early 1990s contextualdesignconvergedvith a lineof ethnographic
researchthat had producededifying descriptionsof use contexts,but which
had generallyeschewedlirect involvement in design(e.g. Suchman1987).
This combination, sometimes called “ethnographically-informed design”
(Bentleyetal 1992),hasbecomequite prominent Like participatorydesign,it
pushesa specific methodologcal commitrrent a step further by advocating
very detailedobservationof behaviorin real situations In practice,ethnog
raphicallyinformeddesignis frequentlyaimedat characterizinginarticulated
powerrelations,organizationabhssumptios, and practicalknow-howthat or-
ganizethe workplace (Blomberg 1995). A complenentary streamof work,
sometines called“conversationanalysis,” addressestself to finer-grained
behavioralstructure(Greatbatchet al 1995). The commimentto revelatory
interpretationof situatedbehaviorsometimes engenders behaviorismthat
givestoo little weightto what peopleexperience and repdiftiardi 1995b).
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The third key notion in usabilty engineeringwvas costeffectivenessilt is
expensiveto carry out manycyclesof prototypng, evaluation,andredesign.
Developersneedto employ efficient methodsthroughoutandto know when
they have reacheddiminishing returns.In the 1980s,much HCI work was
directedat creatingbetterprototygng toolsandenvironnents.An earlytheme
in this work was the separaton of userinterfacesoftwarefrom application
software(i.e. system functionalit) to modularizeredesigrof the userinterface
in user interface managemensystems(e.g. Tanner& Buxton 1985). Sub
sequentwork emphasizedhe coordinaion of userinterfaceand application
softwaredevelopmento facilitate the creationof task-transpareniserinter-
faces(Sukaviriyaet al 1993, Szekelyet al 1993). Concernsabout easeof
implementathn motivateda family of prototypirg tools basedon the premise
that user interface sdftware could be directly created “by demorrsttion”
(Cypher etal 1993).

Theissueof costeffectivenesslsoguidedmethodobgicalwork on usabit
ity evaluation.Indeed,the earliestrefinementof the GOMS model was a
keystroke-countingpproximaion (Cardetal 1983).Frequentlymethodobgi-
cal shortcutswere groundedin the exigenciesof systemdevelopnent. For
example thinking aloud protocolshad becomea standardempirical method,
but they weregenerallynot analyzedat thelevel of detailtypical in cognitive
psychology Often,they weremerelygleanedor critical incidents: episodex
usein which sometling goesunexpectediywell or badly (Flanagan1954,
Shattuck &Wo0ds1994).

Methoddogical work on usability evaluationsoughtto developsystematic
techniquego ensurecost effectivenesgBias & Mayhew 1994). Good et al
(1986) developedimpact analysis,”in which a variety of userperformance
factorsarerepeatedlymeasuredhroughoutthe developmenprocesgo iden
tify thosefactorsthat offer the greatespotentialimpactwith respecto given
usabilityspecificationsWilliges etal (1993)developed statistcal meta-strat
egyfor reducingthefactorial spaceof experimentastudiesthroughsequential
estimate®f relationslips amondargesets of independertriables.

Thecostof userstudiesbecamea centralissue Many proposalsvere made
for “heuristic” evaluation,checklistand script-orientedapproache$o supple
mentor evenreplacedirect usertesting (Nielsen& Mack 1994, Nielsen &
Mollich 1990).Otherwork examinedthe empirical parametergor userstud
ies. Nielsen (1994) found that HCI practitionerswere able to run only an
averageof 9 subjectsin laboratoryusability evaluations Direct cost-benefit
studiesdeterminedhatonly 4-5experimentasubjects found 80% afsabilty
problems(Nielsen1994,Virzi 1992).[Indeed,therehavebeenrecentdiscus
sionsof “quick and dirty” ethnographyHugheset al 1994).]
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The cost of analyticaltechniquesalso becamean issue.The assumptin
madein GOMS that actionsare independentand additive renderedGOMS
incapableof describingthe co-articulationof concurrentctivities. Thesedimi-
tations were acknowledgedby Card et al (1983); for all theselimitations,
GOMS was also difficult to apply. John (1990) extendedGOMS for tasks
involving parmllel actvities by incomporating the conceptof critical path.
Kieras(1988)developed simplified andexplicit methodfor building GOMS
analyseghroughtop-down,breadth-firstexpansionof goalsinto methodsto
the level desired. Other simplified cognitive approaches were proposed.
“Claims analysis” was suggestedo integratedesignrationale (see section
below) and user modelingin analytic evaluation(Carroll & Rossm 1991).
“Cognitive walkthrough was proposedas heuristic evaluationgroundedin
simplified cognitive theory (Polsonet al 1992). Comparativecost-benefitre-
searchis neededandis beginningto appear(Jeffrieset al 1991, Karat et al
1992,Nielsen& Phillips 1993).

The term “usability engineering’connotesa practicethat is broaderand
more systemat thanis the case.HCI is largely a first-generationfield in
which variouspioneerstendto follow the practicesthey helpedto originate,
not alwaysthe more eclecticbestpractices.The pioneerzeitgeistof the field
needsto be smoothedand consolidatedvith increasedemphasison synthesis
andintegratian. For example althoudn it hasbeenshownthatdifferentevalu
ation methodsidentify different kinds of usabilty problems(Jeffrieset al
1991),thereareno schemedor integratingdifferent typesof evaluationdata
(e.g.quantiative performancedataand qualitative protocol data)or for inte-
grating evaluationdatacollectedat different pointsin the iterative develop
ment process Practitionersdo not alwaysdifferentiateamongthe variety of
evaluationgoalstheymustmanage (Carrol. Rossonl995).

A variety of suchintegrationquestionsremainsat the centerof usabilty
engineeringHow canusermodelsof the mosttechnicalsort(GOMS) be used
in participatorydesignprocessesParticipatorydesignandusability engineer
ing aresometimesonsidered alternative technical approa¢hesMonk etal
1993).Canbroaderuserparticipationimprove the coseffectiveness of usabkil
ity engineeringZanusershelp to critique or evenwrite usability specifica
tions, heuristicevaluationchecklists,walk-throughscenariosand designra-
tionales?Cost-benefitanalysis often views benefitfairly narrowly; in the
long-term, part of the benefit could be the developmenbf usermodelsand
designrationalefrom the specific resultsof usability evaluations Can we
developmeansof estimatng thesemore profoundbenefits?Canthe develop
ment of usermodelsand designrationalebe (partially) automag¢d as a by-
product of usability engineeringactivities? How directly can ethnographic
analysisguidedesignwork?
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DesignRatiorale

A computersystemdoesnot itself elucidatethe motivationsthat initiated its
design;the user requirementst was intendedto address;the discussiaos,
debatesand negotiatonsthat determinedts organization the reasondor its
particularfeaturesthe reasonsagainstfeaturest doesnot have;the weighing
of trade-offs;and so forth. Suchinformation canbe critical to the variety of
stakeholders in design process: customeusersservicers, andarketers, as
well asdesignersvhowantto build uponthe systemandtheideasit embodies.
This information comprisesthe designrationale ofthe system(Moran &
Carroll 1996).

Approachedo designrationalecanbe divided into thosethat describethe
designsolution and thosethat describethe designprocess.The former ap-
proach seeksto posiion a given designin a larger context of issuesand
alternativedesigns. FoexampleMacLeanetal (1991)developedinapproach
thatexplicateghe design“space”surroundinga given designby enumerating
the issuesdesignergdentified, the optiors they consideredn respondingto
theseissuesandthe criteriathey usedin weighingthe options.Thus,a win-
dow interfaceincorporatinga particulartechniquefor scrolling window con
tentscan be locateth a desigrspace of othescrollingtechniques.

Carroll & Rosson(1991)developedan approacithat considerssystens to
be “embodied” social and behavioralclaims about the needs,abilities, and
activities of their users. Their approadeeks toarticulate thesocial and
behavioratheoryimplicit in a design.Thus,a programmingenvironmentan
be seenasembodyinga rangeof claimsaboutwhatprogrammer&now, what
theydo, andwhattheyexperienceandaboutthe natureof programmingasks
and thecontextswithin which these taskare carried out.

Theseapproachesmakeit easyto succinctlysumnarizethe critical usabit
ity trade-offsof a particularusagesituation, andto link theseissuesclosely
with specificfeaturesof the computerartifactin use.For example,ncluding
animateddemonstratins as a self-instructioesourcen aprogrammingenvi
ronmentmay intrinsically motivatelearnersandsupportlearningaboutappre
priate goals,but the demonstratios may alsoplacelearnersin a passiverole
and suggestgoals that are too difficult or nonproductive(e.g. the goal of
alteringthe demonsation itself).

Many process-oriente@pproachego designrationale are basedon the
issue-basethformation system(IBIS) developedy Rittel (e.g.Rittel & We-
ber1973).In thisapproachdesigndeliberations ardescribedaccordingo the
issuesthat arise during the design process,the various positions raisedin
responseo theissuesandthe argumentdor andagainsteachposition Con
klin & Yakemovic (1991) showed howsuch a designrationale could be
capturedandusedin alargecommercialproject,thoughtheyalsoemphasized
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the considerablevork involved in coding this rationale.Other process-oFi
entedapproachego rationale emphasizecapturingless codedinformation,
suchas sketchesand designnotes,or videotapedself-disclosuredy system
developers (e.gcarroll et al 1994).

The emergentnature of the designprocessmakesdesignrationaleboth
importantand difficult.It is a toolfor managinghe complexy of aprocess in
which everything,including the problemdefinition, constany changesDe-
sign rationalecantrack the consideratiorof varioussubproblers, trade-offs,
andpartial solutions, the reasondor changesinddecisions andthe statusof
assumptiaosandissueslt canhelp designteamsstructuretheir problem-solv
ing efforts and avoid thrashing.But how much of the designprocesscanbe
usefully representedand who will do the work of creatingand maintainng
this designrationale?0Often designrationaleis mostusefulto thosewho were
not eveninvolved with the project when the rationalewas created(Grudin
1994).Shouldeverydevelopehavean analystnoting every hypothetical and
everytrain of thought,videotapirg everychancesncountein the hall, collect
ing every sketch andvery note?

Currentwork on designrationaleis concernedvith assessingndsupport
ing its efficacy. Empirical studiesof designersand projectteamsareinvestt
gatinghow designrationaletechniquesan bdearned and usg@.g. Bucking
hamShum1996).0therwork is experimentig with softwaretoolsto support
the creationof andaccesgo rationalegConklin & Begemar988,Fischeret
al 1991, Rosson& Carroll 1995).

Design rationale integratesadvancesin iterative developmentand user
models.Making the processand outcomesof design more explicit allows
iterativedevelopmento be moresystemati@and moremanageabledowever,
it alsocreatesan explicit designrepresentatiora “theory” of the artifactand
its usetestedby formativeand summatie evaluationthroughoutthe iterative
developmentprocess.This theory is not a classicuser model; it describes
specific situatons of use, not purportedlygeneralinformation processesind
cognitive structuresHowever,this specificity makesit more powerfulwithin
theimmediatedesigncontext,andscheme$avebeenproposedor generaliz
ing suchsituatedtheories(e.g. Carroll et al 1992). This integrative role of
design rationale exemplifies what Scriven (1967) called “mediated evalu
ation,” an approach imwhich design analysis ahplicit goals angosiions on
inherenttrade-offsamonggoalsis usedto guide designevaluationof user
performance and experience.

Designrationalecanbe alanguagdor stakeholder#n thedesign,butthese
different stakeholder®ften speakdifferent disciplinary languagesare moti-
vatedby different values,and seedifferent technicalissueswhenlooking at
the“same”designproblem.Caneveryoneusethe samedesignrationaleinfor-
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mationWill gatheringandcodifyingrationalealterthedesignprocessWill it
interfere?Who should have accessto the designrationalethat is created?
Therearepotentialconflicts betweerprivacyrightsandaccessights of stake
holders.For example,t is usefulfor developerdo be candidabouttrade-offs
they managedyutare users entitlew thisinformation?

CooperativeActivity

A trendto the socialhasgraduallydevelopedn HCI overthe pastl5 years,a
developmenthat hasmarkedlyaccelerateddeepenedand diversifiedin the
pastfive (Hiltz & Turoff 1978/1993)Thisrecentrendis actuallyanexusof at
leastfour logically independentievelopmert. First, therewasa clearconsen
sus by 1990 that the cognitive modeling approachhad failed to provide a
comprehensiveparadigm.Second many voicessuggeste@ more socially or
organizationallyorientedapproachwasrequiredto supplementr replacethe
cognitiveparadigm.Third, the growingtechnicalprominenceof HCI attracted
a sociopoltical critique of usability asa potentialapologyfor de-skiling and
otherunpleasanaspectf industrialrestructuring Fourth, new technologies
for communicatn and collaborativeactivity sweptthroughthe computhg
industryandraised significanyl new challengeand opportuities for HCI.

It was somewhadn accidentf historythatthe original foundationsof HCI
aresostrongl in cognitive psychology Theresearctagendapenedup by the
pioneersof softwarepsychology,togetherwith the new opportunties occa
sionedby personaland distributed computirg, attracteda core of cognitive
psychologiss, who attractecevenmore.HCIl emergedrom whatin retrospect
seemsto have beenthe evangelicalheydayof the cognitive paradigm.The
initial euphoriawith modelsof ideal performancdime wassoondisplacedby
frustrationwith the limitationsof these modelgarticularlyregardingearning
in context, error and error recovery, preference fatigue, work contextand
collaborationandindividual differencesin 1990and1991the majorinterna
tional conferencesn HCI featuredpanelsaddressedo the failure of theory
(Monk et al 1990, Sutcliffe et al 1991). Recentreformulatios of the role of
cognitive usemodelirg position it moreeclecticallywithin usabilityengineer
ing (Nielsen 1993Preecestal 1994).

In the 1990s,new voices enteredthe HCI discussion,urging a stronger
socialandcontextuabrientation Anthropobgistsandsociologigs joinedwhat
hadbeenlargely a cognitive psychologyproject(Bowker et al 1995, Thomas
1995). Europearperspectivesn technologyandwork beganto penetratehe
discourseof whathadbeena somewhatnsular AmericanandBritish endeavor
(Bjerkneset al 1987, Greenbaum & Kyng 1991). Concépis activity
theory,work psycholay, andthe labor movementecamewell known (Bad
ker1991,Carroll 1991,Ehn 1988,Nardi 1995a).More researctattention was
directedat understandig situatedanddistributed cognition(Carroll & Rosson
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1992,Norman1991,Suchmaril995,Zuboff 1988).As partof alargerparadig
matic restructuringof socialandbehavioralsciencetraditionsthathadsought
to studyindividualsin isolation from their contexts,andsocialphenomenan
isolationfrom individuals,weredeclining (Knorr-Cetinal981).

By far the most theoreticallyrich alternateparadigmis activity theory,
derivedfrom thework of Vygotsky (Nardi 1995a,Wertsch1985).The object
of descriptionin this approacks an“activity system,” the ensemble t&fchne
logical factorswith socialfactorsandof individual attitudes,experiencesand
actionswith commurity practicestraditions,andvalues.Activity theoryem
phasizesthat theseensemblesare inherently contingentand changing,that
humanactivities are mediatedand transformedby humancreations,suchas
technologiesandthat peoplemakethemselveshroughtheir useof tools. The
tensionsand contradictionswithin anactivity systemata givenpoint definea
“zone of proximal developnent” within which people can effect changes
(Engestrom1993). Activity theory shifts attentionfrom characterizingstatic
andindividual competencie$o characterizindhow peoplecannegotiatewith
the socialandtechnologicakenvironnentto solve problemsandlearn,which
subsumesnanyof theissuef situatedanddistributedcognition.

Kuutti & Arvonen(1992)showedhow the designof a medicalinformation
systemreintegratedhe activity systemof health professionalsn a medical
center,a hospitl, andthroughoutthe largercommuniy by enablinga shared
conceptof total patientcare,supportedby electronictools and new practices
(see als@Bgdker 1991). Activif theory subsumemany ofthe methodolgical
issues about participatory design. Tisercommunty needso bereceptiveto
changethetensionsandinconsisten@sin the currentactivity systemmustbe
madevisible andquestionedthatis, broughtinto the zoneof proximal devet
opment.It subsumegthnographyOnemuststudycommunites of practicein
situ andin detailto understandheir zoneof proximal developmentA critical
unansweredjuestionaboutactivity theoryis whetherit canbe codified asa
(predictive) engineeringmodel (e.g. Blackler 1995), or whetherpart of the
thrust of activity theoryis to emphasizeaspectsof usabiliy that arenot
susceptibléo engineeringnodels.

The socialandorganizatiomal perspectivébroughtwith it a new critique of
technologydevelopmentn HCI. Onethemeis thatdifferent perspectivesre
inevitableandthatconflict mustbe systemicallyaccommodatednd managed.
HCI conceptsand techniquesthroughthe 1980stendedto be directedat a
naivenotion of engineeringptimality. The1990s broughtheview that stake
holderinterestsoften conflict profoundly (e.g. Suchmanl1995). Someof the
most significant conflicts and misurderstandingsare not betweenusersand
designers—théallmarkconcernof participatorydesign—butetweerdiffer-
ent constituenas of users(e.g. Blomberg 1995). Theseconflicts typically
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involve powerrelationsbetweerhigher-andlower-statusemployeesbetween
managerandtheir subordinags,andbetweerteacherandstudentsConflicts
canof coursebe salutaryfor groupdecision-naking (Kling 1991);the pointis
thatthey musbe addressed.

The secondhemeof the sociopoltical critique wasthe potentialfor usabit
ity to unwittingly becomea vehiclefor de-skilling anddisempoweringvork-
ers.Making someonis work easierreduceghe skill requiredto performthe
work; in agivenorganizationatontext,it mayreducestatuspay,andevenjob
security. The effectscan be subtle and complexbecausdahe workersthem
selvesmay not recognizethe potental for suchan outcomeand may partick
patein their own de-skilling This level of analysisreceivedvery littl e atten
tion in the 1980s by the mainstream involved itCI. Thus, the malaise
regardng cognitive user models arose indoubtsthat the paradigmcould
achievemore than performancenodelirg, not in worries that minimizing
low-level actionsmight be fundamentallythe wrong goal to pursue.Recent
work hasexploredthe dynamicco-designof new technologyand new social
and organizationdtructures (Gasser 1986jng & Jewett1994).

New HCI technologiego supportmeetingsandothercollaborativeactivity
haveencouragedhe developmendf socialand contextualanalysis.Through
the 1980s, electronicmail becamean increasinglycommoncommunicatn
tool, and otherinternettools like newsgroupsmulti-userdomains,andreal-
time chat becameless arcane.A variety of environmentsfor collaborative
problemsolving were investigatedjncluding electronicmeetingrooms (Nu-
namakeret al 1991), two-way video “media-spaces’{Bly et al 1993), and
three-dimensiondlvirtual reality” simulations(Leigh etal 1996).The portrait
of a solitary user finding and creatinginformation in a computerbecame
backgroundto the portrait of severalto many peopleworking togetherat a
variety of timesand places.Speculatioraboutnew paradigmsor education,
work, andleisureactivity havebecomerampantin thefield andin the culture
at large.

Thesshift of focusin HCI towardcooperativeactivity raisesnanymethode
logical issues.As suggestedhbove,the conceptof usabilty becomesmore
multifarious and therefore susceptible to a multiide of distortiors. Agre
(1995)discussedh casein which a usability analysisdevolvedinto a study of
the malleabilty of userperceptionsaboutprivacy. Grudin (1994) raisedthe
issuethatthe peoplewho do thework in a group-orientedgsystemmay not be
theoneswho enjoythebenefits Most of whatwe know of usability pertains to
information creationand managementasks,but in future systemsinterper
sonalcommuicationtasksmay becomenore centrathan informatbn access.
How arevarioustypesof cooperativeactivity affectedby variousparadigms
for computer-meditedcommunicatbn?Most of our knowledgepertaingo the
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relatively primitive paradigmsasedon electronicmail (Hiltz & Turoff 1978/
1993, Sproull & Kiesler 1991). What kinds of humancommunites will be
favoredby a computemetworkinfrastructurewhatkinds will be weakened?
Will worldwide interestgroupssupplantphysicalneighborhood as our pri-
mary communties? Will our neighborhooddecometransformedinto local
networks(Schulerl994)?

SYNTHESIZING A DISCIPLINE

In Science®f the Artificial, Simonwrotethat“the properstudyof mankird is
the scienceof design.” The designof humanactivities and the technologies
thatsupportthemarea speciatase of “designin thisbroad sense.

HCI has madesteadyand sometines dramatic progressas a scienceof
design.Ilt hasbecomea majorresearctareain computerscienceandthe very
fulcrum of informationtechnologydevelopmentHowever,the emergencef
HCI is ongoing.Perhapghe mostimpressve currentfeatureof the areais its
fragmentationThe paradigmaticonsensusf 1970ssoftware psychologand
of 1980scognitive HCI is gone. This is not necessarilybad. Someof the
current riftsmay helpset theagenda for théuture.Forexample, a strong form
of contextualsm assertghat thereis no role for controlledresearchn HCI
(Carroll 1989, Whiteside& Wixon 1987). This is a potentally constructive
challengeto the HCI researchcommuniy. Otherrifts are more a matter of
mutual neglect.For example after a brief period of confrontationin the mid-
1980s,the proponentof cognitive usermodeling havelargely disconnected
from programmat discussionsf activity theory,andconversely as well.

Mainly, this fragmentatiorreflectsthe difficulty of assimihting the great
variety of methoddogies,theoreticalperspectivesjriving problemsandpeo
ple thathavebecomepartof HCI. Todays HCI researcherand practitioners
are, after all, immigrants from other disciplines and backgroundslt is not
surprising that they often continue to favor what theyknow how to do.
Younger peoplenow enteringthe field will bring a broaderfoundation of
knowledge andkill, andit is likely thatthe potential forabroadetHCI will be
advanced througthem.

The recentpastsuggestghreespecifictechnicalthemesfor the near-term
future. First, the engineeringscopeof HCI will continueto broadenbeyond
userinterfaceinteractions Designinghumanactivities and appropriatetech
nology to supportthemis likely to becomea moreintegratedendeavorSec
ond, the successf HCI in genericapplicationsis likely to bolsterfurther
domain-specificwork, in particular complex applicationareas.Finally, the
impact of HCI on psychologyitself, perhapsthe strongestfulfillm ent of Si-
mon's vision of adesignsciencejs likely to progressnoreconcertedlygiven
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recentdevelopmergin ecologicalandrationalpsychology andgivena politi-
cal contexthatincreasinglyguestionghe useof science.

Activity theory emphasizeshat the purview of usability is the totality of
what peopledo and experienceand that the diversefacetsof usability are
interdependenand co-evolvewith technology.lt hasbegunto play a role in
guiding the envisionmentof new technology(e.g. Kuutti & Arvonen1992).
However,it needs tde cultivated as more comprehensive foundatitor the
developmenprocessirequirementgyathering,participatoryinteraction,soft
ware analysisand design,specificationand prototyping, systemimplementa
tion, documentatin and instructionesign, and usabilitgvaluation Scenario-
baseddesign,a fusion of activity theorywith object-orientedsoftwareengk
neeringin which narrativef usesituaionsrepresensoftwareandsystems, is
one proposdior howthis mightbeachieved (Carroll995).

HCI hasfocusedon commondenominatotechnicaldomainsmass-market
applicationslike word processorsand spreadsheetstandardgraphicaluser
interfaces, like the Macintosh and Wing and generitechniques like menu
hierarchiesdirect manipuhtion, and programmingby demonstrationin the
1980stherewere so many studiesof userissuesin text editing thatit was
calledthe “white rat” of HCI. As in the psychologyof learning,paradigmatic
focusyields a technicalcoherencebut at the price of confoundingeccentrici
ties. In the nearfuture, thereis likely to be more HCI researchdirectedat
specifictechnicaldomains;for example,userinterfacesfor typeseters (Bod
ker etal 1987)or petroleumengineergBrooks 1993),and softwaretools and
environmentgor teachersaand studentgSolowayet al 1994) or for scientigs
and engineergGallopoulosetal 1994).

The emergencef HCI in the pasttwo decadedllu strateshe possibiity of
psychologicalinquiry in the contextof systemdevelopmentnd of progress
with fundamentaissuesjoined with engineeringdesign.Ilt demonstratespr
example,how the complexproblem-soling of systemdevelopmenis not a
straightforward scaling of laboratory-basedtudiesof puzzles.Laboratory
situatiors, afterall, aremodelsof real situatimsin which peoplearedeprived
of socialandtool resourceshat constitie thosesituatons.As emphasizedhy
activity theory,humanbehaviorand experienceboth adaptto and transform
social and technologicalcontext. Human activities motivate the creationof
new tools, but thesein turn alter activities, which in time motivates further
tools. The contextof behaviorandexperiences changingmorerapidly, more
incessantlyperhapsmore profoundlythaneverbeforein history. HCI design
providesan opportuniy fundamentallyto expandtraditional ecologicaland
recentrationalapproacheto psycholog. These approachesnsider theenvi
ronmenta causalfactorin psychologcal explanationput they havegenerally
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ignoredthe evolution of the environmentitself (Anderson1990, Brunswick
1956,Gibson1979).

It is excitingto see thatheemergingrole of socialandcognitive sciencan
computerscienceandthecomputeilindusty is far morediverse pervasiveand
critical thanimagiredin the 1970s.As it hasturnedout, that role wasnot to
supporta receivedview of designbut to help overturnit andhelp clarify the
real nature of desigiNor wasthat roleto recaspsycholmical laws ashuman-
factorsguidelines;it wasindeedto play a partin driving theevolution of social
andcognitive scienceandthe recognitionthat computerscanbe deliberately
designedto facilitate humanactivity and experienceonly when social and
cognitiverequirementslrive the designprocesghroughout.Thereis unprece
dentedpotental for interdisciginary synergyhere.Socialsciencehasalways
bornethe vision of what humansociety might become but it hastypically
lacked the means to be constructive. Computer science—quite the con-
verse—cannotvoid causingsubstarnial social restructuring.An integrated
and effective HCI canbe a turning point in both disciplinesand, perhapsjn
humanhistory.
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