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ABSTRACT

Human-computer interaction (HCI) study is theregion of intersectionbetween
psychologyand thesocial sciences,on theonehand, and computerscienceand
technology, on the other. HCI researchers analyze and design specific user
interface technologies (e.g. pointing devices). They study and improve the
processesof technology development (e.g. taskanalysis, designrationale). They
develop and evaluate new applications of technology (e.g. word processors,
digital libraries). Throughout the past two decades, HCI has progressively
integrated its scientif ic concerns with the engineering goal of improving the
usabili ty of computersystemsand applications,which hasresultedin abody of
technical knowledgeand methodology. HCI continuesto provideachallenging
test domain for applyinganddevelopingpsychological andsocial theory in the
context of technology development and use.
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THE EMERGENCE OF USABILITY

Human-computer interaction(HCI) hasemergedrelatively recentlyasahighly
successfulareaof computerscienceresearchanddevelopmentandof applied
psychology.Someof thereasonsfor thissuccessareclearlytechnical.HCI has
evokedmanydifficult problemsandelegantsolutions in the recenthistory of
computing, e.g.in work on directmanipulation interfaces,userinterfaceman-
agementsystems,task-orientedhelp andinstruction, andcomputer-supported
collaborativework. Other reasonsfor its successare broadly cultural: The
province of HCI is the view the nonspecialist public has of computerand
informationtechnologyandits impacton their lives; HCI is thevisible partof
computerscience.Themostrecentreasonsfor thesuccessof HCI arecommer-
cial: As the underlyingtechnologiesof computingbecomecommodities, in-
scribedon genericchips, the noncommodity valueof computerproductsre-
sidesin applications and userinterfaces, thatis, in HCI.

HCI has evolved rapidly in the past two decadesas it has struggledto
developa scientific basisandutility in systemandsoftwaredevelopment. In
this chapter,I review theprogressionof HCI towarda scienceof design.My
touchstoneis Simon’s (1969)provocativebookTheSciencesof theArtificial.
ThebookentirelypredatesHCI, andmanyof its specific characterizationsand
claimsaboutdesignareno longerauthoritative (seeEhn1988).Nevertheless,
two of Simon’s themesecho through the history of HCI and still provide
guidance inchartingits continuing development.

Early in the book,Simondiscussedtheapparentlycomplexpathof an ant
traversinga beach,observingthat the structureof the ant’s behaviorderives
chiefly from thebeach;theantpursuesa relativelysimplegoalandaccommo-
datesto whateverthebeachpresents.Theexternalworld, includingtechnology
humanbeingscreate,shouldbeexpectedto play a powerfulrole in structuring
humanbehaviorandexperience.Late in the book, Simonsoundsthe second
theme:the needfor a scienceof design,a researchparadigmand university
curriculum directedat understanding, furthering, and disseminating design
knowledge.He lamentedthe tendencyof engineeringdisciplines to adopt
goals and methodologies from the natural sciences,to their detrimentwith
respect todesign.

HCI is ascienceof design.It seeksto understandandsupporthumanbeings
interactingwith andthroughtechnology.Much of thestructureof this interac-
tion derivesfrom thetechnology,andmanyof theinterventions mustbemade
throughthedesignof technology.HCI is notmerelyappliedpsychology. It has
guidedanddevelopedthebasicscienceasmuchasit hastakendirectionfrom
it. It illustrates possibilitiesof psychologyas a designscience.
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SoftwarePsychology
The work that constitutes the historical foundationof HCI wascalled “soft-
warepsychology” in the1970s(e.g.Shneiderman1980).Thegoalthenwasto
establish the utility of abehavioralapproachto understanding softwaredesign,
programming,andthe useof interactivesystems,andto motivateandguide
systemdevelopersto considerthe characteristicsof humanbeings.Software
psychologyhad two distinct methodological axioms.The first assumedthe
validity of a receivedview of systemandsoftwaredevelopment,namelythe
so-called waterfall model of top-down decomposition and discretely se-
quencedstageswith well-specifiedhand-offs(e.g.Royce1970).The second
assumedtwo centralrolesfor psychologywithin this context:(a) to produce
generaldescriptions of humanbeingsinteractingwith systems andsoftware,
which could be synthesizedas guidelines for developers;and (b) to directly
verify the usability of systemsandsoftwareas(or moretypically, after) they
weredeveloped.

Softwarepsychologyinaugurateda varietyof technicalprojectspertaining
to what we now call the usability of systemsand software:assessingthe
relativecomplexityof syntacticconstructionsin programminglanguages(e.g.
Simeet al 1973),classifying people’s errorsin specifyingqueriesandproce-
dures(Mill er 1974),describingthe utili ty of mnemonicvariablenamesand
in-line programcomments(Weissman1974),andexplicatinghow flowcharts
serveas a programming aid (Shneidermanet al 1977). This work inspired
many industrialhuman-factorsgroupsto expandthe scopeof their responsi-
biliti es to includesupportfor programming groupsandthe usability of soft-
ware.

The basicaxiomsof softwarepsychology provedto be problematic.The
waterfall idealization of designwork is infeasibleandineffective(e.g.Brooks
1975/1995).It is only observedwhen enforced,and it is bestregardedas a
crudemanagementtool for very large-scale,long-termprojects.As computer
researchanddevelopmentdiversifiedin the 1970sand1980s,small anddis-
tributed  personal  work  organizations  becamemore commonplace. Product
developmentcycleswereoftencompressedto lessthana year.

Thetwo rolesassignedto softwarepsychologistswerealsoproblematicand
resultedin a division of labor.Researchers,mainly in universities,developed
generaldescriptions of usersandframedthemasgeneralguidelines.Human-
factorsspecialistsin industry tried to apply theseguidelinesin specificpro-
jects. This division did not work particularly well. From the standpoint of
practicalgoals,theresearchof this periodtendedto focuson unrepresentative
situations (e.g.undergraduatesstandingin for programmers,50-lineprograms
standingin for businesssystems, andteletypesstandingin for displaytubes).
To obtainstatistically stableresults,researchersoftencreatedoutrageouscon-
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trasts(organizedversusdisorganizedmenus,structuredversusscrambledpro-
grams).The researcherssometimesunderstoodlittle aboutthe usersof their
guidelinesandprofferedsuperfluousadvice.

Psychologistsandothersplayingthehuman-factorsspecialistrole in indus-
try werefrustratedtrying to useandencourageuseof theseguidelines.They
were also frustratedin their other role of verifying the usability of finished
systems,becausethe researchtools they had (formal experimentsaimedat
specific differences amongalternatives)were toocostly andtoo uninformative
to allow them to serveas anything more than gatekeepers.Human-factors
specialistswereoftenseenasimposingbureaucraticobstaclesblockingheroic
developers.

Theoriginsof HCI in softwarepsychologyposedtwo centralproblemsfor
the fieldin the 1980s.One problemwas to betterdescribe designanddevelop-
mentwork and to understandhow it could be supported.The otherproblem
was to betterspecify the role that psychology, in particular,and social and
behavioralscience, more broadly,shouldplay inHCI.

IterativeDevelopment
Startingin the 1970s,empiricalstudiesof the designprocessbeganto expli-
catethe difficulties of the waterfall model.Designwork is frequentlypiece-
meal,concrete,anditerative.Designersmaywork on a singlerequirementat a
time,embodyit in a scenarioof userinteractionto understandit, reasonabout
and developa partial solution to addressit, and then test the partial solu-
tion—all quite tentatively—beforemovingon to considerotherrequirements.
During this process,they sometimesradically reformulatethe fundamental
goals  and  constraints  ofthe problem.  Ratherthan a chaos,it is a highly
involuted,highly structuredprocessof problemdiscoveryandclarification in
thecontextof unboundedcomplexity (e.g.Carrolletal 1979,Curtisetal 1988,
Malhotraet al 1980).

The leadingidea is that designersoften needto do designto adequately
understanddesign problems.One prominent empirical case  was  Brooks’s
(1975/1995)analysisof the developmentof the IBM 360 OperatingSystem,
oneof the largestandmostscrupulously plannedsoftwaredesignprojectsof
its era. Brooks, the  project  manager,concludedthat  system  and  software
designersshouldalways“plan to throw oneaway” (pp. 116–23).This wasa
striking lessonto draw and carriedwith it many implications.For example,
formal and comprehensive planningand specificationaids (suchas detailed
flowcharts) will have limi ted utility in supporting such an iterative design
process.

This reformulationof designcreatedanopeningfor new ideas.Noteworthy
inspirationcamefrom the work of the greatindustrial designerHenry Drey-
fuss,who hadpioneeredanempiricalapproachin the1940s(Dreyfuss1955).
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Dreyfuss’s approach institutionalizesanaccommodationto designers’ propen-
sity for concrete,incrementalreasoningandtesting. It incorporatesfour central
ideas:(a) early prototyping with (b) the involvementof real users,(c) intro-
duction of new functions through familiar “survival forms,” and (d) many
cyclesof designiteration. Dreyfusspushedbeyondthe designer’s needfor
prototyping and iteration as a meansof clarifying the designproblem(also
emphasizedby Brooks1975/1995) to the user’s knowledge,experience,and
involvementto constraindesignsolutions.

A typical exampleis  Dreyfuss’s  designwork on  airplaneinteriors for
Lockheed.Dreyfuss sent two associatesback and forth acrossthe United
Stateson commercialflights to inventory passengerexperiences.They found
that passengerswereoften baffledby designdetailslike watertapsthat were
unnecessarilynovel. They were impressedthat peoplewanted to think of
airplaneseatsas armchairsand not as “devices.” Initial designswereproto-
typedin a Manhattanwarehouse,anda full flight of “passengers” was hiredto
occupythe mock-upfor 10 hours:to storecarry-onluggage,to eatmeals,to
uselavatories.Thesetestsconcretizedrequirementsfor seating,storagespace,
lavatory-doorlatches,andsoforth, andpermittedlow-cost,iterativereworking
of the originaldesigns.

In the1980s,theinevitability of anempiricalorientationtowardsystemand
software designrapidlyevolved from asomewhat revolutionaryperspective to
theestablishmentview. This developmentprovidedearlyandcritical motiva-
tion anddirectionfor researchonuserinterfacemanagementsystemsto enable
prototyping (Tanner& Buxton 1985),it encourageduserparticipation in de-
sign (Gould & Boies 1983, Nygaard1979, Pava1983), it emphasizeduser
interfacemetaphorsfor presentingnovel functionality throughfamiliar con-
cepts(Carroll & Thomas1982, Smith et al1982), and it made“rapid prototyp-
ing” a standardsystemdevelopmentmethodology (Wasserman& Shewmake
1982,1985).

Iterativedevelopmentshifted the focusof usability evaluationfrom sum-
mativeto formative(Scriven1967).Formalexperimentsare fine fordetermin-
ing whichof two designs arebetteronasetof apriori dimensions,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 beenshown to vividly illuminate
strategicthought (Ericsson&  Simon 1985). In  the 1980s,  thinking aloud
becamethecentralempirical,formativeevaluationmethodin HCI (e.g.Mack
et al 1983,Wright & Converse1992).

UserModels
The secondproblemareabequeathedto HCI by softwarepsychologywasto
characterizea robustsciencebasethatcouldunderwritesystemdevelopment.

HUMAN-COMPUTER INTERACTION 65

A
nn

u.
 R

ev
. P

sy
ch

ol
. 1

99
7.

48
:6

1-
83

. D
ow

nl
oa

de
d 

fr
om

 a
rj

ou
rn

al
s.

an
nu

al
re

vi
ew

s.
or

g
by

 U
ni

ve
rs

ity
 o

f 
C

ol
or

ad
o 

- 
B

ou
ld

er
 o

n 
03

/1
5/

06
. F

or
 p

er
so

na
l u

se
 o

nl
y.



The cornerstonein this effort was the GOMS project of Card et al (1983).
GOMS (Goals,Operators,Methods,and Selectionrules) provideda frame-
work for systematically analyzingthe goals,methods, andactionsthat com-
prise  routine  human-computer interactions.This  was  anadvanceon prior
human-factors modeling,which did not addressthecognitivestructuresunder-
lying manifestbehavior.Indeed,it wasan advanceon the cognitivepsychol-
ogy of the time: It explicitly integratedmanycomponentsof skilled perform-
anceto producepredictionsabout real tasks.At first, GOMS appearedto
promisea comprehensiveparadigmfor scientifically groundedHCI design
(Newell & Card1985,but cf Carroll & Campbell1986).Theactualimpactof
thesemodelshasbeenmorenarrow,althoughtheyhavebeenusefullyapplied
in domainswhereuserperformanceefficiencyis thecritical usabilityvariable
[e.g. modeling telephoneoperator scripts(Gray et al1992)].

Onesalientlimitationof GOMS modelsis that theydo not describelearn-
ing, yet the problemsof new usersbeginning with computersystemswas
perhapsthe technicalfocusof the1980s.Thelearningproblemwasconceived
asamatterof coordinatingknowledgein two domains: thetaskandthedevice.
Theuserlearnsmappingsbetweengoalsin thetaskdomainandactionsin the
devicedomain,betweeneventsin the devicedomainandeffectsin the task
domain(Moran 1983,Payneet al 1990).Much of this discussion focusedon
the “consistency”of mappings from commandsand other userinterfaceac-
tions to application functions(e.g.Payne& Green1989).For example,learn-
ing a commandnamed“pull” is facilitated by a complementary command
named “push” (versus, say, one named “grab” ); commands like “edit
data_file” and “remove data_file” are mutually facilitative (seealso Esper
1925).Consistencyturnedout to behighly intentional (Carroll 1985),signifi-
cantly idiosyncratic (Furnaset al 1983),and evenquestionableas a general
designobjective(Grudin 1989).Nevertheless,promoting consistencyin user
interfaceandapplicationdesignremainsa prominentpracticalissue(Nielsen
1989),and these modelsarethefoundationfor ourunderstandingof it.

The role of prior knowledgein learning to use computersystemswas
anotherfocusof usermodeling work. It waswidely notedthatnewuserstried
to understandcomputersas analogicalextensionsof familiar activities and
objects(e.g.Douglas& Moran1983,Macketal 1983).Thisobservationledto
a variety of user interface“metaphors,”suchas the now pervasivedesktop
interface,anda paradigmfor userinterfacecontrol anddisplay called“direct
manipulation,” whichwasgraduallyarticulatedthroughthe1980s(Hutchinset
al 1986,Shneiderman1983).It alsoled to theoriesof userinterfacemetaphor
(Carroll et al 1988).

A secondlimitationof theearlyGOMS-stylecognitive modelsis that they
do notaddress nonroutine problemsolvinganderror.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 significantly, thesestudies showed that often thedispositions that
make  peoplegood sensemakersare also causesfor characteristiclearner
problems(Carroll 1990):Peoplewantto learnby doing,but this inclinesthem
to opportunistically jump around in sometimes  brittle  learningsequences.
They want to reasonthings out and constructtheir own understandings,but
theyarenot alwaysplanful,andtheyoftendrawincorrectinferences.Theytry
to engageandextend prior knowledge andskill, which canlead tointerference
or overgeneralization.They try to learnthrougherrordiagnosisandrecovery,
but errorscanbe subtle,cantangle,andcanbecomeintractableobstaclesto
comprehensionandto motivation.

This work entrainedthe conceptionof the “active user,” improvising, hy-
pothesizing,trying to makesenseof a very complexenvironment. It led to
emphaseson designing for learning-by-doing and for error (Carroll 1990,
Lewis & Norman1986).For example,Carroll & Carrithers(1984)createda
“training wheels” interfacein which attempteddeparturesfrom a correctac-
tion pathareblocked.Users are informedthat theactionis notappropriateand
arepermittedto try againwithout penalty.This kind of designsupportssense-
makingbut not necessarilyefficient performance.The activeuserwassome-
what of an alternativeto theGOMS conceptionof theuserasan information
processor.

USER-CENTEREDSYSTEM DEVELOPMENT

In theearlydaysof HCI, thenotionthatcomputersystemsandsoftwareshould
be designedanddevelopedwith explicit considerationof the needs,abilities,
andpreferencesof their ultimateuserswasnot takenseriously.Most writings
aboutcomputingfrom the mid-1970s are stunningly dismissive of usability
andratherpatronizing of users. Afteronly a decade,thecomputerindustry and
thedisciplineof computerscienceweretransformed.Thecasehadbeenmade
for a user-centeredsystemdevelopmentprocess,a processin which usability
wasa primarygoal.Peoplebeganto distinguishsharplybetweentechnology-
drivenexploratorydevelopment,which is now oftenaccompaniedby explicit
disclaimersaboutusability, and“real” systemdevelopment,in which empiri-
cally verifiedusability is the finalarbiter.

With the adventof the 1990s,HCI researchhad becomerelatively well
integratedin computerscience.A 1988Associationfor Computing Machinery
(ACM) taskforce listedHCI asoneof ninecoreareasof the computerscience
discipline (Denninget al 1989).A joint curriculumtaskforceof theACM and
the Instituteof ElectricalandElectronicEngineers(IEEE) recommendedthe
inclusion of HCI as a commonrequirementin computerscienceprograms
(Tucker& Turner1991).HCI was includedasone of tenmajor sectionsof the
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first Handbookof ComputerScienceand Engineering (Tucker1997). In the
1990s,  computer  sciencestudents and the corporations  thathire them  are
demandingHCI coursesin universitycurricula.Severalmajor computersci-
encedepartmentshavedesignatedHCI asa researchfocus.Two comprehen-
sive undergraduatetextshave appeared (Dix etal 1993,Preeceet al1994).

In industry, HCIpractitionershavebecomewell integratedin systemdevel-
opment.HCI specialistshave moved into a great variety of roles beyond
human-factorsassurance.Theyhavebeenroutinely includedin customer/user
interactionsto understandthe needfor new products,productplanning,and
specification;the developmentand evaluationof prototypes; the designof
documentation andtraining;andinstallationandusersupport.Therehasbeen
anobvioustrendfor HCI specialiststo bepromotedinto projectmanagement.
None of thesetrendsimpugns the psychologicalnatureof HCI; rather,they
indicatethat it hasbeena practicalsuccess.In addition,they remindus that
successfulappliedwork involvesmorethanmerelyapplyinglab-basedtheo-
ries and results,a theme thatcontinuesto be articulatedin thecurrent era.

HCI remainsan emergingareain computerscience.As an appliedareaof
socialandbehavioralscience,it continuesto broaden.Theissuesraisedin the
earlydaysof softwarepsychologyarestill beingresolvedandelaborated:How
caniterativedevelopmentbe supportedandimproved?How shouldwe man-
ageresourcesin iterativedevelopmentto optimize costbenefit?How should
weexpandthescopeandrichnessof theearlycognitiveusermodels?How can
we cumulateanddeveloptechnicallessonslearnedin iterativedevelopment?
Whatrole canHCI play in broadening,grounding,andinvigorating thedevel-
opmentof thesocialand behavioralscience base?

Theseissueshavebeenpursuedthroughrefinementsin theoriginal notions
of iterative developmentand user models, discussedbelow in the sections
Usability Engineering,DesignRationale,and CooperativeActivity.

UsabilityEngineering
Iterativedevelopmentis consistentwith the real natureof design.It empha-
sizesthe discoveryof new goals,the role of prototyping andevaluation,and
the importanceof involving diversestakeholders,including users.But what
makesiterativedevelopment more thanmerelywell-intentionedtrial ander-
ror?

“Usability engineering”becamethebannerunderwhich diversemethodo-
logical endeavorswerecarriedout in the1980s(Nielsen1993,Whitesideet al
1988). There were three key notions:  First,it was proposedthat iterative
developmentbe managedaccordingto explicit and measurableobjectives,
called “usability specifications”(Carroll & Rosson 1985; seealso Bennett
1984,Butler1985).Thus,in designing a word-processing program, onewould
iteratively designandredesign, prototypeandevaluate, include realsecretaries

68 CARROLL

A
nn

u.
 R

ev
. P

sy
ch

ol
. 1

99
7.

48
:6

1-
83

. D
ow

nl
oa

de
d 

fr
om

 a
rj

ou
rn

al
s.

an
nu

al
re

vi
ew

s.
or

g
by

 U
ni

ve
rs

ity
 o

f 
C

ol
or

ad
o 

- 
B

ou
ld

er
 o

n 
03

/1
5/

06
. F

or
 p

er
so

na
l u

se
 o

nl
y.



in the designdeliberations, but alsomakeexplicit commitmentsto precisely
operationalizedgoalssuchas “two thirds of userswill be able to preparea
two-pagebusinessletter in lessthanten minuteswith fewer thanthreeerrors
after 30 minutestraining.” Usability specifications arenow standardpractice
in HCI development.

The secondkey notion in usability engineeringwasa call to broadenthe
empirical scopeof design.A variety of approachesand techniquesfor user
participationwere developed,many of which emphasized“low-tech,” coop-
erativeactivitiesto facilitatecollaborationbetweenusers,who bring expertise
on the work situation, and developers,who bring expertiseon technology
(Greenbaum& Kyng 1991,Kuhn & Muller 1993,Schuler& Namioka1993).
Thisapproachwentbeyondprior formulationsof userinvolvementby describ-
ing broaderandmoreactiveroles for users.In “participatorydesign,”asthe
approachis now known,usersareinvolved in settingdesigngoalsandplan-
ning prototypes,insteadof becominginvolved only after initial prototypes
exist.

Field-studyapproachesto characterizingtheusers’ realneedsandcircum-
stancesalso becameprominent(Whiteside & Wixon 1987). This emphasis
cameto beknown as “contextual design” (Wixonetal 1990).It overturnedthe
laboratorybias inheritedby HCI from cognitivepsychology by arguingthat
laboratorysituationsareoftennotcontrolledsimulacrumsof realsituationsbut
arebetterregardedasdistinctbut eccentricsituations in their own right. Note
thatfield-studyapproachesare notequivalentto userparticipation:Oftenfield
studiesbring to light facts in the backgroundof the contextof use,circum-
stancesof which the usersthemselvesareunaware.Conversely,field studies
cannotreveal the perspectivesand insights usersbring to the development
process as designers.

In theearly1990s,contextualdesignconvergedwith a lineof ethnographic
researchthat had producededifying descriptionsof usecontexts,but which
had generallyescheweddirect involvement in design(e.g. Suchman1987).
This combination, sometimes called “ethnographically-informed design”
(Bentleyetal 1992),hasbecomequiteprominent. Like participatorydesign,it
pushesa specific methodological commitment a step further by advocating
very detailedobservationof behaviorin real situations. In practice,ethnog-
raphicallyinformeddesignis frequentlyaimedat characterizingunarticulated
powerrelations,organizationalassumptions, andpracticalknow-howthator-
ganizethe workplace(Blomberg 1995). A complementarystreamof work,
sometimes  called“conversationanalysis,” addressesitself  to  finer-grained
behavioralstructure(Greatbatchet al 1995). The commitment to revelatory
interpretationof situatedbehaviorsometimes engendersa behaviorismthat
givestoo little weightto what peopleexperience and report(Nardi 1995b).
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The third key notion in usability engineeringwascosteffectiveness.It is
expensiveto carry out manycyclesof prototyping, evaluation,andredesign.
Developersneedto employefficient methodsthroughoutandto know when
they have reacheddiminishing returns.In the 1980s,much HCI work was
directedat creatingbetterprototyping toolsandenvironments.An earlytheme
in this work was the separation of user interfacesoftwarefrom application
software(i.e.system functionality) to modularizeredesignof theuserinterface
in user interfacemanagementsystems(e.g. Tanner& Buxton 1985). Sub-
sequentwork emphasizedthe coordination of userinterfaceand application
softwaredevelopmentto facilitate the creationof task-transparentuserinter-
faces(Sukaviriya et al 1993, Szekelyet al 1993). Concernsabout easeof
implementation motivateda family of prototyping tools basedon thepremise
that user interface software could  be directly created  “by  demonstration”
(Cypher etal 1993).

Theissueof costeffectivenessalsoguidedmethodologicalwork on usabil-
ity evaluation.Indeed,the earliest refinementof the GOMS model was a
keystroke-countingapproximation (Cardetal 1983).Frequently,methodologi-
cal shortcutswere groundedin the exigenciesof systemdevelopment. For
example,thinking aloudprotocolshadbecomea standardempiricalmethod,
but theyweregenerallynot analyzedat the level of detail typical in cognitive
psychology.Often,they weremerelygleanedfor critical incidents: episodesof
use in which something goesunexpectedlywell or badly (Flanagan1954,
Shattuck &Woods1994).

Methodological work on usabilityevaluationsoughtto developsystematic
techniquesto ensurecost effectiveness(Bias & Mayhew 1994).Good et al
(1986)developed“impact analysis,”in which a variety of userperformance
factorsarerepeatedlymeasuredthroughoutthe developmentprocessto iden-
tify thosefactorsthatoffer thegreatestpotentialimpactwith respectto given
usabilityspecifications. Willigesetal (1993)developedastatisticalmeta-strat-
egyfor reducingthefactorialspaceof experimentalstudiesthroughsequential
estimatesof relationships amonglargesets of independentvariables.

Thecostof userstudiesbecamea centralissue.Many proposalswere made
for “heuristic” evaluation,checklistandscript-orientedapproachesto supple-
ment or evenreplacedirect user testing(Nielsen& Mack 1994, Nielsen&
Mollich 1990).Otherwork examinedthe empiricalparametersfor userstud-
ies. Nielsen (1994) found that HCI practitionerswere able to run only an
averageof 9 subjectsin laboratoryusability evaluations. Direct cost-benefit
studiesdeterminedthatonly 4–5experimentalsubjects found 80% ofusability
problems(Nielsen1994,Virzi 1992).[Indeed,therehavebeenrecentdiscus-
sionsof “quick and dirty”ethnography(Hugheset al 1994).]
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The cost of analytical techniquesalso becamean issue.The assumption
madein GOMS that actionsare independentand additive renderedGOMS
incapableof describingtheco-articulationof concurrentactivities.Theselimi -
tations were acknowledgedby Card et al (1983); for all theselimi tations,
GOMS was also difficult to apply. John (1990) extendedGOMS for tasks
involving parallel activities by incorporating the  conceptof  critical path.
Kieras(1988)developeda simplified andexplicit methodfor building GOMS
analysesthroughtop-down,breadth-firstexpansionof goalsinto methodsto
the level desired. Other simplified cognitive approaches were proposed.
“Claims analysis” was suggestedto integratedesignrationale(seesection
below) and user modeling in analytic evaluation(Carroll & Rosson 1991).
“Cognitive walkthrough” was proposedas heuristicevaluationgroundedin
simplified cognitive theory(Polsonet al 1992).Comparativecost-benefitre-
searchis neededand is beginningto appear(Jeffrieset al 1991,Karat et al
1992,Nielsen& Phillips 1993).

The term “usability engineering”connotesa practicethat is broaderand
more systematic than is the case.HCI is largely a first-generationfield in
which variouspioneerstendto follow the practicesthey helpedto originate,
not alwaysthe moreeclecticbestpractices.The pioneerzeitgeistof the field
needsto be smoothedandconsolidatedwith increasedemphasison synthesis
andintegration. For example,although it hasbeenshownthatdifferentevalu-
ation methodsidentify different kinds of usability problems(Jeffries et al
1991),thereareno schemesfor integratingdifferent typesof evaluationdata
(e.g.quantitative performancedataandqualitative protocoldata)or for inte-
grating evaluationdatacollectedat different points in the iterative develop-
mentprocess.Practitionersdo not alwaysdifferentiateamongthe variety of
evaluationgoalstheymustmanage (Carroll& Rosson1995).

A variety of suchintegrationquestionsremainsat the centerof usability
engineering.How canusermodelsof themosttechnicalsort(GOMS)beused
in participatorydesignprocesses?Participatorydesignandusabilityengineer-
ing aresometimesconsidered alternative technical approaches(e.g.Monk etal
1993).Canbroaderuserparticipationimprove the costeffectiveness of usabil-
ity engineering?Canusershelp to critique or evenwrite usability specifica-
tions, heuristicevaluationchecklists,walk-throughscenarios,anddesignra-
tionales?Cost-benefitanalysisoften views  benefitfairly narrowly; in the
long-term,part of the benefit could be the developmentof usermodelsand
designrationale from the specific resultsof usability evaluations. Can we
developmeansof estimating thesemoreprofoundbenefits?Canthedevelop-
ment of usermodelsand designrationalebe (partially) automated as a by-
product of usability engineeringactivities?How directly can ethnographic
analysisguidedesignwork?
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DesignRationale
A computersystemdoesnot itself elucidatethe motivationsthat initiated its
design; the user requirementsit was intendedto address;the discussions,
debates,andnegotiationsthat determinedits organization; the reasonsfor its
particularfeatures;thereasonsagainstfeaturesit doesnot have;theweighing
of trade-offs;andso forth. Suchinformationcanbe critical to the variety of
stakeholders in adesign process: customers,users,servicers, andmarketers, as
well asdesignerswhowantto build uponthesystemandtheideasit embodies.
This information comprisesthe design rationale  ofthe  system(Moran  &
Carroll 1996).

Approachesto designrationalecanbe divided into thosethat describethe
designsolution and thosethat describethe designprocess.The former ap-
proachseeksto position a given design in a larger context of issuesand
alternativedesigns. Forexample,MacLeanetal (1991)developedanapproach
thatexplicatesthedesign“space”surroundinga givendesignby enumerating
the issuesdesignersidentified, the options they consideredin respondingto
theseissues,andthe criteria they usedin weighingthe options.Thus,a win-
dow interfaceincorporatinga particulartechniquefor scrolling window con-
tentscan be locatedin a designspace of otherscrollingtechniques.

Carroll & Rosson(1991)developedanapproachthatconsiderssystems to
be “embodied” social and behavioralclaims about the needs,abilities, and
activities of their  users.  Their  approachseeks  toarticulate  thesocial and
behavioraltheoryimplicit in a design.Thus,a programmingenvironmentcan
beseenasembodyinga rangeof claimsaboutwhatprogrammersknow,what
theydo,andwhattheyexperience,andaboutthenatureof programmingtasks
and thecontextswithin which these tasksare carried out.

Theseapproachesmakeit easyto succinctlysummarizethecritical usabil-
ity trade-offsof a particularusagesituation, and to link theseissuesclosely
with specificfeaturesof the computerartifact in use.For example,including
animateddemonstrations as a self-instructionresourcein aprogrammingenvi-
ronmentmayintrinsically motivatelearnersandsupportlearningaboutappro-
priategoals,but the demonstrations may alsoplacelearnersin a passiverole
and suggestgoals that are too difficult or nonproductive(e.g. the goal of
alteringthe demonstration itself).

Many process-orientedapproachesto design rationaleare basedon the
issue-basedinformation system(IBIS) developedby Rittel (e.g.Rittel & We-
ber1973).In thisapproach,designdeliberations aredescribedaccordingto the
issuesthat arise during the designprocess,the various positions raisedin
responseto the issues,andtheargumentsfor andagainsteachposition. Con-
klin & Yakemovic (1991) showed  howsuch a  designrationale could be
capturedandusedin a largecommercialproject,thoughtheyalsoemphasized

72 CARROLL

A
nn

u.
 R

ev
. P

sy
ch

ol
. 1

99
7.

48
:6

1-
83

. D
ow

nl
oa

de
d 

fr
om

 a
rj

ou
rn

al
s.

an
nu

al
re

vi
ew

s.
or

g
by

 U
ni

ve
rs

ity
 o

f 
C

ol
or

ad
o 

- 
B

ou
ld

er
 o

n 
03

/1
5/

06
. F

or
 p

er
so

na
l u

se
 o

nl
y.



the considerablework involved in coding this rationale.Other process-ori-
entedapproachesto rationaleemphasizecapturing less codedinformation,
suchas sketchesand designnotes,or videotapedself-disclosuresby system
developers (e.g.Carroll et al 1994).

The emergentnatureof the designprocessmakesdesignrationaleboth
importantand difficult.It is a toolfor managingthe complexity of aprocess in
which everything,including the problemdefinition, constantly changes.De-
sign rationalecantrack the considerationof varioussubproblems, trade-offs,
andpartial solutions,the reasonsfor changesanddecisions,andthestatusof
assumptionsandissues.It canhelpdesignteamsstructuretheir problem-solv-
ing efforts andavoid thrashing.But how muchof the designprocesscanbe
usefully represented,and who will do the work of creatingand maintaining
this designrationale?Oftendesignrationaleis mostusefulto thosewho were
not even involved with the project when the rationalewas created(Grudin
1994).Shouldeverydeveloperhaveananalystnotingeveryhypotheticaland
everytrain of thought,videotaping everychanceencounterin thehall, collect-
ing every sketch andevery note?

Currentwork on designrationaleis concernedwith assessingandsupport-
ing its efficacy.Empirical studiesof designersandproject teamsareinvesti-
gatinghow designrationaletechniquescan belearned and used(e.g. Bucking-
hamShum1996).Otherwork is experimenting with softwaretools to support
thecreationof andaccessto rationales(Conklin & Begeman1988,Fischeret
al 1991,Rosson& Carroll 1995).

Design rationale integratesadvancesin iterative developmentand  user
models.Making the processand outcomesof designmore explicit allows
iterativedevelopmentto bemoresystematicandmoremanageable.However,
it alsocreatesan explicit designrepresentation,a “theory” of theartifactand
its usetestedby formativeandsummative evaluationthroughoutthe iterative
developmentprocess.This theory is not a classicuser model; it describes
specificsituationsof use,not purportedlygeneralinformation processesand
cognitivestructures.However,this specificitymakesit morepowerfulwithin
theimmediatedesigncontext,andschemeshavebeenproposedfor generaliz-
ing such situatedtheories(e.g. Carroll et al 1992). This integrative role of
design rationale exemplifies what Scriven (1967) called “mediated evalu-
ation,” an approach inwhich design analysis ofimplicit goals andpositions on
inherenttrade-offsamonggoals is usedto guide designevaluationof user
performance and experience.

Designrationalecanbea languagefor stakeholdersin thedesign,but these
different stakeholdersoften speakdifferent disciplinary languages,aremoti-
vatedby different values,andseedifferent technicalissueswhen looking at
the“same”designproblem.Caneveryoneusethesamedesignrationaleinfor-
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mation?Will gatheringandcodifyingrationalealterthedesignprocess?Will it
interfere?Who should have accessto the designrationalethat is created?
Therearepotentialconflictsbetweenprivacyrightsandaccessrightsof stake-
holders.For example,it is usefulfor developersto becandidabouttrade-offs
they managed,butare users entitledto thisinformation?

CooperativeActivity
A trendto thesocialhasgraduallydevelopedin HCI over thepast15 years,a
developmentthat hasmarkedlyaccelerated,deepened,anddiversified in the
pastfive (Hiltz & Turoff 1978/1993).This recenttrendis actuallyanexusof at
leastfour logically independentdevelopments.First, therewasa clearconsen-
sus by 1990 that the cognitive modeling approachhad failed to provide a
comprehensiveparadigm.Second,manyvoicessuggesteda moresocially or
organizationallyorientedapproachwasrequiredto supplementor replacethe
cognitiveparadigm.Third, thegrowingtechnicalprominenceof HCI attracted
a sociopolitical critiqueof usability asa potentialapologyfor de-skilling and
otherunpleasantaspectsof industrialrestructuring.Fourth,new technologies
for communication and collaborativeactivity swept through the computing
industryandraised significantly new challengesand opportunities for HCI.

It was somewhatan accidentof historythattheoriginal foundationsof HCI
aresostrongly in cognitivepsychology. Theresearchagendaopenedupby the
pioneersof softwarepsychology,togetherwith the new opportunities occa-
sionedby personaland distributed computing, attracteda core of cognitive
psychologists,who attractedevenmore.HCI emergedfrom whatin retrospect
seemsto havebeenthe evangelicalheydayof the cognitive paradigm.The
initial euphoriawith modelsof idealperformancetime wassoondisplacedby
frustrationwith the limitationsof these models,particularlyregardinglearning
in context, error and error recovery,preference,fatigue, work context and
collaboration,andindividualdifferences.In 1990and1991themajor interna-
tional conferencesin HCI featuredpanelsaddressedto the failure of theory
(Monk et al 1990,Sutcliffe et al 1991).Recentreformulations of the role of
cognitive usermodeling position it moreeclecticallywithin usabilityengineer-
ing (Nielsen 1993,Preeceetal 1994).

In the 1990s,new voices enteredthe HCI discussion,urging a stronger
socialandcontextualorientation.Anthropologistsandsociologists joinedwhat
hadbeenlargelya cognitivepsychologyproject(Bowkeret al 1995,Thomas
1995).Europeanperspectiveson technologyandwork beganto penetratethe
discourseof whathadbeenasomewhatinsularAmericanandBritish endeavor
(Bjerknes et  al  1987,  Greenbaum  &  Kyng  1991).  Conceptsfrom  activity
theory,work psychology, andthe labormovementbecamewell known(Bød-
ker 1991,Carroll 1991,Ehn1988,Nardi 1995a).More researchattention was
directedatunderstanding situatedanddistributedcognition(Carroll& Rosson
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1992,Norman1991,Suchman1995,Zuboff 1988).As partof a largerparadig-
maticrestructuringof socialandbehavioralscience,traditionsthathadsought
to studyindividualsin isolation from their contexts,andsocialphenomenain
isolationfrom individuals,weredeclining (Knorr-Cetina1981).

By far the most theoreticallyrich alternateparadigmis activity theory,
derivedfrom thework of Vygotsky (Nardi 1995a,Wertsch1985).Theobject
of descriptionin this approachis an“activity system,” the ensemble oftechno-
logical factorswith socialfactorsandof individual attitudes,experiences,and
actionswith community practices,traditions,andvalues.Activity theoryem-
phasizesthat theseensemblesare inherently contingentand changing,that
humanactivities aremediatedand transformedby humancreations,suchas
technologies,andthatpeoplemakethemselvesthroughtheir useof tools.The
tensionsandcontradictionswithin anactivity systemat a givenpoint definea
“zone of proximal development” within which people can  effect  changes
(Engestrom1993).Activity theory shifts attentionfrom characterizingstatic
andindividual competenciesto characterizinghow peoplecannegotiatewith
the socialandtechnologicalenvironment to solveproblemsandlearn,which
subsumesmanyof theissuesof situatedanddistributedcognition.

Kuutti & Arvonen(1992)showedhow thedesignof a medicalinformation
systemreintegratedthe activity systemof healthprofessionalsin a medical
center,a hospital, andthroughoutthe largercommunity by enablinga shared
conceptof total patientcare,supportedby electronictools andnew practices
(see alsoBødker 1991). Activity theory subsumesmany ofthe methodological
issues about participatory design. Theusercommunity needsto bereceptiveto
change;thetensionsandinconsistenciesin thecurrentactivity systemmustbe
madevisible andquestioned,that is, broughtinto thezoneof proximal devel-
opment.It subsumesethnography:Onemuststudycommunitiesof practicein
situ andin detail to understandtheir zoneof proximaldevelopment.A critical
unansweredquestionaboutactivity theory is whetherit canbe codified asa
(predictive)engineeringmodel (e.g. Blackler 1995), or whetherpart of the
thrust of  activity  theory is to emphasizeaspectsof  usability that  arenot
susceptibleto engineeringmodels.

Thesocialandorganizational perspectivebroughtwith it a newcritiqueof
technologydevelopmentin HCI. Onethemeis that different perspectivesare
inevitableandthatconflict mustbesystemicallyaccommodatedand managed.
HCI conceptsand techniquesthrough the 1980stendedto be directedat a
naivenotion of engineeringoptimality. The1990s broughttheview that stake-
holder interestsoften conflict profoundly (e.g.Suchman1995).Someof the
most significant conflicts and misunderstandingsare not betweenusersand
designers—thehallmarkconcernof participatorydesign—butbetweendiffer-
ent constituencies of users(e.g. Blomberg 1995). Theseconflicts typically
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involve powerrelationsbetweenhigher-andlower-statusemployees,between
managersandtheir subordinates,andbetweenteachersandstudents.Conflicts
canof coursebesalutaryfor groupdecision-making(Kling 1991);thepoint is
thatthey mustbe addressed.

Thesecondthemeof thesociopolitical critiquewasthepotentialfor usabil-
ity to unwittingly becomea vehiclefor de-skilling anddisempoweringwork-
ers.Making someone’s work easierreducesthe skill requiredto performthe
work; in agivenorganizationalcontext,it mayreducestatus,pay,andevenjob
security.The effectscan be subtleand complexbecausethe workersthem-
selvesmay not recognizethe potential for suchan outcomeandmay partici-
patein their own de-skilling. This level of analysisreceivedvery littl e atten-
tion in  the 1980s by the mainstream  involved  inHCI. Thus, the malaise
regarding cognitive user models arose  indoubts that the  paradigmcould
achievemore than  performancemodeling, not in worries that minimizing
low-level actionsmight be fundamentallythe wrong goal to pursue.Recent
work hasexploredthe dynamicco-designof new technologyandnew social
and organizationalstructures (Gasser 1986,Kling & Jewett1994).

New HCI technologiesto supportmeetingsandothercollaborativeactivity
haveencouragedthe developmentof socialandcontextualanalysis.Through
the 1980s,electronicmail becamean increasinglycommoncommunication
tool, andother internettools like newsgroups,multi-userdomains,andreal-
time chat becameless arcane.A variety of environmentsfor collaborative
problemsolving were investigated,including electronicmeetingrooms(Nu-
namakeret al 1991), two-way video “media-spaces”(Bly et al 1993), and
three-dimensional“virtual reality” simulations(Leigh et al 1996).Theportrait
of a solitary user finding and creating information in a computerbecame
backgroundto the portrait of severalto many peopleworking togetherat a
variety of timesandplaces.Speculationaboutnew paradigmsfor education,
work, andleisureactivity havebecomerampantin thefield andin theculture
at large.

Theshift of focusin HCI towardcooperativeactivity raisesmanymethodo-
logical issues.As suggestedabove,the conceptof usability becomesmore
multifarious and therefore susceptible to a  multitude  of distortions.  Agre
(1995)discusseda casein which a usabilityanalysisdevolvedinto a studyof
the malleability of userperceptionsaboutprivacy. Grudin (1994) raisedthe
issuethat thepeoplewho do thework in a group-orientedsystemmaynot be
theoneswhoenjoythebenefits.Most ofwhatweknowof usability pertains to
information creationand managementtasks,but in future systemsinterper-
sonalcommunicationtasksmay becomemore centralthan information access.
How arevarioustypesof cooperativeactivity affectedby variousparadigms
for computer-mediatedcommunication?Mostof ourknowledgepertainsto the
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relativelyprimitive paradigmsbasedon electronicmail (Hiltz & Turoff 1978/
1993, Sproull & Kiesler 1991). What kinds of humancommunities will be
favoredby a computernetworkinfrastructure;what kinds will be weakened?
Will worldwide interestgroupssupplantphysicalneighborhoods as our pri-
mary communities?Will our neighborhoodsbecometransformedinto local
networks(Schuler1994)?

SYNTHESIZING A DISCIPLINE

In Sciencesof theArtificial, Simonwrotethat“the properstudyof mankind is
the scienceof design.”The designof humanactivities and the technologies
thatsupportthemarea specialcase of “design”in thisbroad sense.

HCI has madesteadyand sometimes dramaticprogressas a scienceof
design.It hasbecomea major researchareain computerscienceandthevery
fulcrum of informationtechnologydevelopment. However,the emergenceof
HCI is ongoing.Perhapsthemostimpressive currentfeatureof theareais its
fragmentation.Theparadigmaticconsensusof 1970ssoftware psychology and
of 1980scognitive HCI is gone.This is not necessarilybad. Someof the
current riftsmay helpset theagenda for thefuture.Forexample, a strong form
of contextualism assertsthat thereis no role for controlledresearchin HCI
(Carroll 1989,Whiteside& Wixon 1987).This is a potentially constructive
challengeto the HCI researchcommunity. Other rifts are more a matterof
mutualneglect.For example,aftera brief periodof confrontationin themid-
1980s,the proponentsof cognitiveusermodeling havelargely disconnected
from programmatic discussionsof activity theory,andconversely as well.

Mainly, this fragmentationreflectsthe difficulty of assimilating the great
varietyof methodologies,theoreticalperspectives,driving problems,andpeo-
ple that havebecomepartof HCI. Today’s HCI researchersandpractitioners
are, after all, immigrants from other disciplines and backgrounds.It is not
surprising that they often continue to favor  what  theyknow how to do.
Younger peoplenow enteringthe field will bring a broaderfoundationof
knowledge andskill, andit is likely thatthepotential forabroaderHCI will be
advanced throughthem.

The recentpastsuggeststhreespecific technicalthemesfor the near-term
future. First, the engineeringscopeof HCI will continueto broadenbeyond
userinterfaceinteractions. Designinghumanactivitiesand appropriatetech-
nology to supportthemis likely to becomea moreintegratedendeavor.Sec-
ond, the successof HCI in genericapplicationsis likely to bolster further
domain-specificwork, in particular complex applicationareas.Finally, the
impact of HCI on psychologyitself, perhapsthe strongestfulfillm ent of Si-
mon’s vision of a designscience,is likely to progressmoreconcertedly,given
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recentdevelopments in ecologicalandrationalpsychology,andgivena politi-
cal contextthatincreasinglyquestionsthe useof science.

Activity theoryemphasizesthat the purview of usability is the totality of
what peopledo and experience,and that the diversefacetsof usability are
interdependentandco-evolvewith technology.It hasbegunto play a role in
guiding the envisionmentof new technology(e.g.Kuutti & Arvonen1992).
However,it needs tobe cultivated as amore comprehensive foundationfor the
developmentprocess:requirementsgathering,participatoryinteraction,soft-
wareanalysisanddesign,specificationandprototyping, systemimplementa-
tion, documentation and instructiondesign, and usabilityevaluation.Scenario-
baseddesign,a fusion of activity theorywith object-orientedsoftwareengi-
neeringin whichnarrativesof usesituationsrepresentsoftwareandsystems, is
one proposalfor howthis mightbeachieved (Carroll1995).

HCI hasfocusedon commondenominatortechnicaldomains:mass-market
applicationslike word processorsand spreadsheets,standardgraphicaluser
interfaces, like the Macintosh and Windows,and generictechniques like menu
hierarchies,direct manipulation, and programmingby demonstration. In the
1980stherewere so many studiesof user issuesin text editing that it was
calledthe“white rat” of HCI. As in thepsychologyof learning,paradigmatic
focusyieldsa technicalcoherence,but at thepriceof confoundingeccentrici-
ties. In the near future, there is likely to be more HCI researchdirectedat
specifictechnicaldomains;for example,userinterfacesfor typesetters(Bød-
ker et al 1987)or petroleumengineers(Brooks1993),andsoftwaretoolsand
environmentsfor teachersandstudents(Solowayet al 1994)or for scientists
and engineers(Gallopoulosetal 1994).

Theemergenceof HCI in thepasttwo decadesillustratesthepossibility of
psychologicalinquiry in the contextof systemdevelopmentandof progress
with fundamentalissuesjoined with engineeringdesign.It demonstrates,for
example,how the complexproblem-solving of systemdevelopmentis not a
straightforward scaling of  laboratory-basedstudiesof puzzles.Laboratory
situations, afterall, aremodelsof realsituations in which peoplearedeprived
of socialandtool resourcesthatconstitute thosesituations.As emphasizedby
activity theory,humanbehaviorandexperienceboth adaptto and transform
social and technologicalcontext.Humanactivities motivate the creationof
new tools, but thesein turn alter activities,which in time motivates further
tools.Thecontextof behaviorandexperienceis changingmorerapidly,more
incessantly,perhapsmoreprofoundlythaneverbeforein history.HCI design
providesan opportunity fundamentallyto expandtraditional ecologicaland
recentrationalapproachesto psychology. These approachesconsider theenvi-
ronmenta causalfactor in psychological explanation,but theyhavegenerally
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ignoredthe evolution of the environmentitself (Anderson1990,Brunswick
1956,Gibson1979).

It is excitingto see thattheemergingroleof socialandcognitive sciencein
computerscienceandthecomputerindustry is far morediverse,pervasive,and
critical thanimagined in the 1970s.As it hasturnedout, that role wasnot to
supporta receivedview of designbut to help overturnit andhelp clarify the
real nature of design.Nor wasthat roleto recastpsychological laws ashuman-
factorsguidelines;it wasindeedto playapartin driving theevolution of social
andcognitive science,andthe recognitionthat computerscanbe deliberately
designedto facilitate humanactivity and experienceonly when social and
cognitiverequirementsdrive thedesignprocessthroughout.Thereis unprece-
dentedpotential for interdisciplinary synergyhere.Socialsciencehasalways
bornethe vision of what humansocietymight become,but it has typically
lacked the means to be constructive. Computer science—quite the con-
verse—cannotavoid causingsubstantial social restructuring.An integrated
andeffectiveHCI canbe a turning point in both disciplinesand,perhaps,in
humanhistory.
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