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ABSTRACT

This paperreportssevencasehistoriesinvolving the useof telecommutingin the environmentof research
softwaredevelopmentovera 15-yearperiod.Thecasesarepresentedandanalyzed,andtheir normativeimplications
areexplored.Thesecasesindicatethreetrends.First, remoteexpertisewill becomeincreasinglyvaluableandeasyto
obtain.Second,face-to-facecontactwill remainimportantandshouldbe anticipated.It is necessaryfor ill-defined
tasks,for groupidentity, andfor generaldemonstrationof judgment,ability, andcompetence.Third, telecommuting
will becomean ordinary, though augmentative,componentof work involving highly motivated, independent
knowledge workers with well-developed social skills. Such work will be loosely coupled and less hierarchical.

1. Introduction

Telecommutingis thesubstitutionof telecommunicationfor transportation,permittingwork to beperformedat
a remotesite.Softwaredevelopmentis thusanidealbest-caseactivity to studywith respectto telecommuting,since
it is a computer-basedactivity involving technologicallyliteratepeople.This paperexaminestelecommutingin the
contextof casehistoriesin researchsoftwaredevelopment(RSD)-- theproductionof softwarethatexploresnewideas
in computerscience.Suchdevelopmenttypically involvesa few experiencedpeopleworking towardtechnologically
aggressive,relatively ill-defined goals,and is thus an interestingcontextfor studyingthe usesand limitations of
telecommuting.

In this paperwe review the empirical literatureon telecommuting,describethe casehistoriesandresultant
findings, and present some normative implications and possible future research topics.

2. Literature Review

This sectionreviewsthehypothesizedadvantagesanddrawbacksof telecommuting(for knowledgeworkers)
throughthe organizationalviewpoint of LeavittÕsdiamondmodelandits two key components[1]. First, the model
identifies four equally valid but distinct views of an organization:the structuralperspective,as depictedon an
organizationchart;thepeopleperspective,reflectedin personalattitudesandculture;thetaskperspective,focusedon
strategies,products,andmarkets;andthetechnology-information-controlperspective,concernedwith thetechniques
andtechnologyusedto manageinformationin theorganization.Second,themodelrecognizestheinterrelatednessof
theseperspectives.Forexample,workermoraleis relatedto workertasksandformalsupervisoryrelationships,which
arein turnconditionedby thenatureof informationflow in theorganization.Theserelationshipsareshownpictorially
in Figure 1.

Thediamondmodelprovidesausefulframeworkby illuminating therelationshipsbetweenthevariousaspects
of telecommuting.We considerin turn telecommutingtechnologyÕseffecton theotherthreediamondcomponents.
This providesa conceptualframeworkwhich helpspresentdifferentstrandsof the literatureon telecommutingin a
cohesive manner.

Elaboratingon a classificationpresentedby Kinsman[2], andusingthediamondmodel,we canidentify three
categoriesof writings and writers, distinguishedby the diamond categorythey focus on. First, there are the
technologist-futurists,such as Alvin Toffler [3], who presenta projected vision of the potential benefits of
telecommuting.Second,therearethetaskandstructureorientedpragmatists,suchasCrossandRaizman[4], whoare
concernedwith theeffective,efficient implementationof telecommuting.Third, therearethepeopleorientedsocial
scientists,suchasSalomonandSalomon[5], whoareconcernedwith negativepsychologicalandpolitical effects.We
now examinein detail theprosandconsof telecommutingasidentifiedin theliterature,usingprimarily theseworks
and that of Ramsower [6].
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2.1. Task and Telecommuting

Theprimarytask-basedreasonfor telecommutingis efficiency[2, p. 79;4, p. 8]. Individual, independentwork
canbedonemorequickly becauseinterruptionsarereduced.Socializing,extraneousto taskeffort, is alsoreduced.In
addition,sharedcentralizedresources,suchasmainframecomputers,canbeusedmoreefficiently by distributingtheir
use in time, due to the flextime nature of telecommuting [4, p. 11].

However,telecommutingcanalsomaketasksmorecomplexby introducingmoreformality into theinterfaces
betweentasks,formality that is neededfor control. Tasksnot suitedto suchformality are thus inappropriatefor
telecommuting.

In general,tasksthatarepoorlydefined,donotrequireintenseindividualeffort,ordemandface-to-facecontact,
cannotbeeffectivelyperformedvia telecommuting[4, p. 13]. Thereis alsothelossof theinformal problem-solving
help that is available through casual contact with co-workers [2, p. 80].

2.2. Structure and Telecommuting

Telecommutingcausesbothdirectbenefitsandindirectones.Thedirectonesareduesolelyto telecommuting.
The indirect ones are a result of the organizational effort required by most successful telecommuting programs.

The primary direct benefit is reducedoverheadcosts.[2, p. 117; 4, p. 8; 6, p. 13]. Office costsaregreatly
reducedsimply becausefewer facilities areneeded.In addition,an organizationcanbe moreeffectiveby gaining
access to specialists, often otherwise unavailable for geographic reasons [4, p. 9; 6, p. 12].

Indirect telecommutingbenefitsare due fundamentallyto the effective designof organizationalstructure
requiredfor intelligent telecommuting[2, p. 119]. Basically,managementmust treatwork asa system,not just a
location[4, p. 10]. It mustpayattentionto communicationpatternsandcommunicateeffectivelybecause"normal"
face-to-facecommunicationcanno longerbetakenfor granted[2, p. 118].Regularmanager-workercommunication
mustbeplanned,andwell-definedgoalsandperformancemonitoringproceduresmustbeestablished[4, pp.56-61].
This alsoimplies that managementmustexamine,to someextent,its operatingstyle -- its formal interactionstyle,
political atmosphere,anddegreeof control[4, p. 61].Anotherindirectadvantageis theimprovedqualityandspeedof
decisionmakingmadepossiblethroughtheeffectivedeploymentof information[4, p.8]. Additionally, telecommuting
also redirectsthe focus of managementattentiontoward work and away from appearance[2, p. 117; 4, p. 10],
emphasizing the substantive aspects of work, rather than form-related issues.

However,from anegativestandpoint,structuralproblemscanalsobecausedby telecommutingif management
doesnot planandpreparefor its use.If a casualapproachis takenandtaskdivision, goal setting,andperformance
monitoring take place haphazardlyor not at all, telecommutingis likely to fail [6, p. 9]. Most fundamentally,
management-workercommunication can become intermittent, vague, and adversarial without face-to-face
reinforcement [6, pp. 9-10].

In addition,certaincorporateculturesmayconflict with telecommuting[4, p. 61]. For example,if sociability,
appearance,or punctualityareperceivedto beimportantvalues,telecommutersarelikely to experiencedifficulty and
diminishedcareerprospects.Promotionmay also be harderfor telecommuterssince they can lose visibility and
exposure to top management -- out of sight, out of mind [4, p. 84; 6, pp. 9-10].

Telecommutingmay alsocausea relative lossof synergy,becauseof reducedface-to-facecontact[6, p. 3]
(althoughelectronicmail andon-linedocumentationcancounterbalancethis).Finally, if theorganizationis not really
committedto telecommuting,it will fail (aswith anyothernewsystem)[4, p. 55]. If anorganizationhalf-heartedly
adoptstelecommutingwithout understandingit, for vagueefficiency reasons,it will not makeeffectiveuseof the
technology, and may in fact reduce its effectiveness [4, p. 55].

2.3. People and Telecommuting

Telecommutingcanpromotehighermotivation,job satisfaction,andjob enrichment.It givestheworkermore
autonomy-- morecontroloverbothtasksandworkingenvironment[2, p.14] -- anddemonstratestrustandimportance
[4, pp. 11-12;6, pp. 5-7]. Theworkercanwork his or herbesthours(which maynot bebetween9 and5) [4, p. 9],
escapefrom thenoiseof cubicles[4, p. 11], savecommutetime[4, p. 10], andspendmoretimewith hisor herfamily
[6, p. 6]. Theworkerandthefirm canalsoavoidrelocationtraumaandexpense.Thefirm mayalsobeableto reduce
certain employee benefits partially [2, p. 34; 4, p. 10].
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Telecommutingresultsin lesssocialinteractionandreducedcontactwith thephysicalpartof theorganization
(the office). This leadsto isolation, loneliness,anda reducedsenseof identificationwith the organizationand its
members [4, p. 24; 6, p. 9].

In addition,workerself-managementis required.In particular,peoplewho havedifficulty regulatingthetime
theyspendworkingwill haveproblemswhentheirwork is not restrictedby physicallocation.Coupledwith isolation,
this can lead to retreatinto work and burnout[2, pp. 14-15;4, p. 77]. Lack of self-managementcanalso lead to
overeatingand alcoholism[4, p. 25]. Family demandsand interruptionscan also createproblems,since family
membersareusuallyunaccustomedto thinkingof homeasaworkplace[4, p.76]. In addition,timeschedulesmayshift
[4, p. 77], particularlywhenflextime is usedto avoidheavysimultaneoususeof sharedresources.This canfurther
exacerbate communications problems.

Furthermore,managerscanhaveproblemswith telecommuting.Theymayfearlossof control[2, p. 108;4, p.
24], power, and statuswhen their workers are no longer visible [4, p. 81]. If they are order givers rather than
facilitators,theymayfail in their efforts to managethoseworkerswho aremoredistantandlessdirectly undertheir
power [4, p. 80]. Moreover,if they are intimidatedby the technologyor areunableto expressthemselveswell in
writing, they will be less effective.

2.4. The Successful Telecommuter

It is apparentfrom the existing literature on telecommutingthat some people are likely to be better
telecommutersthanothers.Accordingto CrossandRaizman[4, pp.77-79],thosewho do well areself-directedneed
achievers.Theyareindependent,persistent,andwell-organized,with little fearof failure,andableto assesstheirown
performance.Theirprimaryrewardis a job well done.On theotherhand,theworsttelecommutersareouter-directed
needaffiliators. They aresocially active,gregarious,anddependent,andseetheir jobs as simply a part of office
society. They need social interaction to find fulfillment in their lives.

CrossandRaizmanfound that the averagetelecommuteris a malebetween30 and45, andis lessdistracted
working at home.Kinsman,in contrast,interviewedworkersfrom two Englishcomputerfirms, primarily employing
womenraisingchildrenandworking at home,andfound that theopennessandcaringof womenwereimportantto
telecommuting[2, p. 58]. The intervieweesfelt that men,moreconcernedwith office politics andstatus,werenot
suitabletelecommuters[2, pp. 15 and101]. The intervieweesalso felt that the experienceof raisinga family and
working, sharedby managersandworkers,was importantin creatingunderstanding[2, pp. 75-76]. Kinsmanalso
found that successfultelecommutersareexperiencedolder workerswho havesubstantialtask-basedknowledge,as
well as friends outside the work setting [2, p. 62].

2.5. Study Results

Thesestudiespoint to a numberof advantagesand disadvantagesassociatedwith telecommuting.First,
telecommutingapparentlycausesproductivity gains. Individual gains from 2% to 50% havebeenreported,and
organizationalgainsrangebetween20%and300%[2, pp.9 and65;4, p. 9]. Theaveragetelecommuteris 20%more
productivethananoffice counterpart[4, p. 9]. Two thirdsof telecommutersexperienceproductivitygains[7]; only
7% reporta loss.Onereasonfor productivity increasesis betteruseof sharedresourcesthroughflextime. Onetwo-
yearstudyshoweda netproductivity increaseof 38%dueto flextime [4, p. 46]. CrossandRaizmanwarn,however,
that short-termeffects are different from long term ones[4, p. 74]. It is reasonableto expectsomeshort term
productivity increasesdueto theHawthorneeffect;on theotherhand,manager-workercommunicationandworker
isolation may be seriously tested in the long term.

Second,telecommutingis apparentlycost-effective.CrossandRaizmanclaim a netsavingsof 50%-67%per
telecommutingworker for anaveragemetropolitanfirm, basedon reducedcostsfor office space[4, p. 8]. Kinsman
reports only 30% of cost savings due to salary, with the rest accrued from reduced overhead [2, p. 34].

Third, telecommutersseemto enjoy telecommuting.Onesurveyreportedan85%satisfactionrate[4, p. 20],
while othersfoundthat from 35%to 41%of thoseparticipatingin thestudyprefertelecommutingto otherworking
arrangements.

Ontheotherhand,half of theorganizationsthatadopttelecommutingprogramsabandonthemwithin two years
[4, p. 23]. Failureis usuallydueto lackof objectivesandstandardswhentheprogramis setup.Whenthetechnology
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works well andthe participantsarecarefully selected,failure is usuallycausedby poor managementanda lack of
manager-worker communication.

Ramsowerhas made a detailed, before-and-after(three months and six months) controlled study of
telecommutingimplementation,in aneffort to determineits effectontask,structure,andpeople.Thepartof thestudy
relevant to this paper followed three male program designers, who were part-time telecommuters [6, pp. 58-65].

The study found that task interdependencewas reduced,but the number of tasks and their certainty
(definedness)were not reduced.Communication,both horizontaland vertical, did not decrease,and performance
measuringandmonitoring increased.Jobsatisfactiondeclined,primarily due to a decreasein the ability to direct
others,anda decreasein perceivedopportunitiesfor advancement.Identificationwith thework groupalsodeclined.
Performance,however,wasunaffected,andmayin facthaveevenincreased,largelydueto improvedability to work
alone.

TheRamsowerstudyindicatesthattelecommutingcanbeeffective,butthattheface-to-facecomponentof work
is still important and problematic, at least in terms of perceived job satisfaction.

3. Study Methodology

Telecommutingis a relativelynew,complexsocialphenomenon.Therearestill relativelyfew telecommuters,
andthepeoplewhodo telecommutedosofor widely differing reasons,in variedenvironments,performingdisparate
tasks.Becauseof thisnewness,complexity,andsmallsamplesize,telecommutingis suitablefor qualitativeanalysis.
This should eventually lead to the formulation of more precise hypotheses and large-scale quantitative analysis.

Theform of qualitativeanalysisemployedin thisstudyis participantobservationusinganunknownobserver-
- theanalysisof socialsettingandbehaviorthroughtheobservationsof anunidentifiedgroupmember[seeRef. 8].
This technique has the advantages of both intimate knowledge and extended observation over time.

Themajor risks of participantobservationwith anunknownobserverarelimited investigationandbias.The
formerproblemis notsignificantin thisstudy,sincetheobserverÕsrolepermittedbroadaccessto peopleandactivities,
andbecausethesituationswererelativelyuniform andof long duration.The latterproblemis reducedherebecause
thesuccessor failure of theanalyzedactivity, telecommuting,wasirrelevantto theobserverÕsprimarytechnicalrole
of programmer.

Telecommutingis complexenough,however,thatourstudyis restrictedtoasingletypeof workandarelatively
homogenousworkforce.(It is amistake,for example,to lumptogethertheexperiencesof work-oriented,highly paid,
salariedmalecomputerprogrammersandfamily-oriented,femaleword processingoperatorsdoingpiecework.) We
examinesoftwaredevelopment,anactivity well-suitedto telecommutingin termsof technology,task,andpeople.It
is a computer-based activity having technically literate people performing many individual tasks.

Computers,however,are not central functionally to all aspectsof softwaredevelopment,and the activity
involvescomplexinterpersonalelements.Beforeprogrammingcanstart,thebehaviorandoverall frameworkof the
systemmustbe defined.This definition processis primarily a verbal, iterativeactivity requiringa high degreeof
interaction between the systemÕsdesigners.Its starting point is a relatively imprecise, high level, verbal
characterizationof what theproposedsystemshoulddo. Its resultis a detailed,comparativelyformal descriptionof
howtheproposedsystemshouldwork, fromwhichacompleteprogramcanbewritten.Thelesswell-definedtheinitial
characterization,the more iterative and interactivethe systemdesignprocess.In addition, debuggingalso often
involves human interaction, because of implicit assumptions and imprecise understandings.

ThissectionexaminestheauthorÕsexperiencewith telecommutingin thecontextof aparticularareaof software
development,researchsoftwaredevelopment(RSD).RSD is the productionof softwarethat exploresnew ideasin
computerscience.Suchdevelopmenttypically involvesa few experiencedpeopleworking towardtechnologically
aggressive,relatively ill-defined goals.Thus while softwaredevelopmentis quite suited to telecommuting,RSD
requiresmore humaninteractionthan that neededfor more conventionalprogrammingtasks,and this interaction
complicatestelecommuting.On the other hand, RSD typically involves small groups(simplifying interactions)
composed of committed, enthusiastic people.
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4. Case Histories

Thesecasehistoriesarebasedon 15 yearsof experiencein RSD.Much computerscienceresearch,of which
RSDis a part,involvestheconstructionof substantialworking prototypesystems.Early on in my involvementwith
RSDit becameapparentto methatorganizationalandinterpersonalfactorswereassignificantastechnicalonesin the
successfulcompletionof anoperatingprototypesystem.Althoughobvious,this observationis not commonwisdom
in theRSDcommunity,which is composedof peoplewhoarefrequentlyobliviousto all but technology(andperhaps
task).I thereforebecameinterestedin theseextra-technologicalfactorsin general,andtelecommutingin particular,
becausethetechnologywasavailableandit wasanobviousvariablein theorganizationalequationthatI couldobserve
andmodify. In this sectioncommunicationin theRSDcommunityis reviewed,andthensevenspecificcases,based
on the authorÕs experience with telecommuting over a period of 15 years, are presented.

4.1. Communication

Thereare two aspectsto RSD communication:the technologyavailableto researchers,and the modesof
communicationthey in fact use. We first describethe physical network that is the medium of much RSD
communication, and then identify the forms and conditions of actual communication.

4.1.1. The Network

Since1970thatpartof thethecomputersciencecommunityfundedby theU.S.Departmentof Defensehasbeen
connectedby theARPANET network,which interconnectshostcomputersat variousresearchsites.Figure2 (from
[9]) showsthe structureof the networkin 1980.Oncea hostis connectedthereis no chargefor networkuse.Data
transmissionrateshavetypically beenfive to 25 timesthoseavailableoverregulartelephonelines.During thesame
periodboth theARPANET itself andmanyhostcomputershaveprovidedaccessby remoteterminalsvia modems.
This infrastructurewas createdwith the explicit goal of exploring network technology,and hasdevelopedinto a
communicationlifeline usedfor technologysharing,collaboration,andprojectmanagement.Wewill examinetheuse
of this technology over the course of 15 years.

Electronicmail developedduring the sameperiod,and,soonafter the ARPANET becameoperational,mail
couldbesenttransparentlyto anyoneonaremotehost.Standardfile transferandremoteterminalprotocolswerealso
developed, which supported easy access to remote hosts.

4.1.2. Interpersonal Communication

Four distinct typesof humancommunicationareusedfor softwaredevelopmentin the ARPANET context,
electronicmail, terminallinks, telephones,andface-to-facemeetings.(Terminallinking is theconnection,bysoftware,
of two terminals(or workstations)thatsharea hostcomputer(or network), so thatwhat is typedon oneappearson
both.Someterminallinks allow onepersonto run a programwhile anotherobserveswhat theprogramdoes.)Note
that communicationcan be classiÞedin terms of information transferrate (high or low bandwidth),breadthof
transmission(oneto oneor oneto many), andresponsetime (real time or delayed.Electronicmail is oneto many
(potentially),low bandwidth,anddelayed.Terminallinking is oneto one,low bandwidth,andreal time.Telephones
areonetoone(excludingconferencecalls),moderatebandwidth,andrealtime.Face-to-facemeetingsareonetomany,
high bandwidth, and real time. Meetings are thus superior to other forms in all ways.

Electronicmail andface-to-facemeetingsarethedominantforms.Electronicmail is usedfor announcements,
negotiations,short exchangesof technical information, and distribution of technical specifications.Almost all
communicationwith peopleonremotehostsis alsodoneby mail. Face-to-facemeetingsareusedfor designproblems
of any complexity, and for demonstrations of operating software.

In addition to being direct and interactive,face-to-facemeetingshave the advantageof including graphic
material and sharedinteractionswith a computer.Sketchesare often crucial to understandingsoftwaredesign
problems,andseeingwhatacomputeris doingfirst-handis usuallypreferableto havingits behaviorreported,because
small details can have significant implications.

4.2. Selected Cases

This sectionreportssevenwork experiences,all involving RSD,all with telecommutingtechnologyavailable
but with no definite telecommutingprogram.Unlessotherwisestated,all developmentwas doneon timesharing
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computers(DEC PDP-10s,PDP-20s,and VAXes) with local terminals, dial-up lines, and connectionsto the
ARPANET. At the end of each case important observations are deduced from it.

4.2.1. The Datacomputer, 1973-74

TheDatacomputerwasalargedatabasesystemconnectedto theARPANET.Its purposewasto takeadvantage
of network technologyand economiesof scale,and provide an inexpensivedatabaseserviceto the ARPANET
community.

The Datacomputerwasdevelopedby sevenpeopledivided into two groupsandcoordinatedby a technical
director.Theformal structureof theprojectwasin actualityirrelevant,becauseof thenatureof thetechnicaldirector
andsomeotherprogrammers.They enjoyedprogrammingasan endin itself, andwould sometimeswork 30 or 40
hourscontinuouslysimply becausethey enjoyedinteractingwith the computer.They workedbetterwith machines
thanwith people,anddistrustedmeetings.As a result,virtually all decisionsweremadeadhocandinformally in the
projectÕsterminalroom.Thus,paradoxically,ahighdegreeof socialcontactwasnecessarywith peoplewhodistrusted
it. This culture and structure made remote work impossible.

No successfulremoteapplicationswere developedby non-local programmers,becausethe Datacomputer
systemwascomplexandirregular,anddocumentationwasincomplete.A few externalgroupsexperimentedwith the
system,butabandonedit aftera few weeks.Telephoneconversationsandprogrammingguidancewerenotenoughto
overcome the systemÕs basic hard-to-use nature.

The primary lessonfrom this project is that, ironically, telecommutingrequirespeoplewith relatively good
socialskills, whocanmakeeffectiveuseof face-to-facecontact.In this instance,keypeopledid nothavesuchskills,
andtelecommutingwasnot effective.Theproblemwasexacerbatedby theextensiveuseof technologyon-sitein a
specific location (the terminal room), which madeface-to-facecontactevenmore important.In addition to these
factors,thegeneralteam-orientedprojectculturediscouragedremotework asit signifieda lackof commitmentto the
team.

Theprojectalsoillustrates,by its failure, thatremotesystemuseis greatlyencouragedby gooddocumentation
and a relatively easy-to-use system.

4.2.2. The Datacomputer File Transfer Program, 1973-77

DFTPwasoneof two Datacomputerapplicationsthatgotmorethancasualuse.It allowedusersatvarioushosts
ontheARPANETtoarchivediskfilesontheDatacomputer.I originallywrotetheprogramasafavorbecausearemote
site,whereI hadfriendsanda computeraccount,hadvery limited disk space.It soonbecamea generallyavailable
application, and it officially became my responsibility.

After thatmuchof my time wasspentat theremotesite,becauseit wasconvenientfor me,manyDFTPusers
were there,and little technicalcontactwith Datacomputerdevelopmentpeoplewasnecessary.Every week I sent
electronic mail to my supervisor, reporting on my progress.

Theversionof DFTPthatI wroteandmaintainedranonmanyARPANEThosts,butnotall. A programmerin
anotherstatemodifiedDFTP to run on anotherclassof hosts(usinga differentoperatingsystem).We successfully
maintainedtwo versionsin differentstates,coordinatingchangesby electronicmail. Mail exchangeswerelong but
infrequent. I first met the other programmer after we had been working together remotely for a year.

The successfuldevelopmentand maintenanceof DFTP shows that trust, in the form of reduced
micromanagement,is necessaryfor telecommuting.The technicallyseparablenatureof the DFTP applicationalso
facilitatedits remotedevelopment.TheDFTPprojectalsodemonstratesthat long distance,extendedcoordinationof
individual, specific programming tasks by electronic mail is not difficult.

4.2.3. The ECL Interpreter, 1977-82

ECL was a programminglanguageinterpreteravailableon severalARPANET hostsacrossthe country. I
maintainedthe interpretersremotelyover the ARPANET, just asI hadmaintainedDFTP.The ARPANET madeit
possiblefor meto upgradeECL on anyhost,without involving anystaff at theremotehost.File transferandremote
login gave me the resources of a local programmer.
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ECL wasalsoincorporatedinto an interhostsystem,the NationalSoftwareWorks (NSW), that attemptedto
makethenetworkcompletelytransparentto users,sothatauserwouldnotevenbeableto tell wherein thecountrya
programwas running.Even thoughthe stepsnecessaryto incorporatesoftwaresuchas ECL into the NSW were
documented,anumberof personalvisits to theNSWsystemdeveloperswereneeded.Theincorporationprocesswas
complicatedandnotthoroughlytested,giving risetobugsandunanticipatedinteractionsbetweenvariouscomponents.
It was too complex and uncertain a task to be done without face-to-face meetings.

Experiencewith ECL showsthatremotemaintenanceis technicallyfeasible;nonetheless,someprogramming
tasks are experimental and require face-to-face contact.

4.2.4. The Program Development System and MSG, 1977-82

ThePDSwasasoftwareengineeringsystemdesignedto makeprogrammingeasier.It wastestedby agroupof
three programmers who used it to produce a network message handling program called MSG.

TheMSG groupmetonceweeklyfor up to threehours,andmadeconsensualdecisions.Onememberworked
athometherestof theweek.Systemdesignandimplementationwerecoherentandcoordinated.Thegroupmembers
had been acquainted for five years before the start of the project, and had worked together on small projects.

Theprincipal investigatorof theoverallPDSresearcheffort, who wasnot oneof theMSG programmers,did
notparticipatesubstantiallyin theMSGeffort.Hewasavailableondemand,butwasnotpartof theprojectonaregular
basis.This led to two problems.First, the feedbackto the largerproject from the MSG experimentwas reduced.
Second,thepeopleon theMSGproject,particularlythetelecommuter,hadlessgeneralvisibility andwerelessapart
of the research community.

The regular, frequentmeetingsof the MSG group successfullycoordinatedand stimulatedremotework.
Previoussharedtechnicaland social experiencesfacilitated coordinationand programdesign.Physicalpresence,
however, was necessary to make an impression on a busy manager.

4.2.5. The Smalltalk On A RISC Project, 1983-85

The SOAR project was an ambitiousuniversity-basedsystem-buildingeffort that includedthe designand
fabrication of a microprocessor,the constructionof special circuit boardsto host the microprocessor,and the
developmentof specialsoftwareto supportit. Betweenfive andtengraduatestudentsworkedontheprojectatanyone
time,andover30workedonit throughoutits history.Becauseof thisturnover,its componentpieceswereof necessity
fairly well isolatedwith well-definedboundaries.Onegraduatestudent(oneof thetwo Ph.Dstheprojectproduced)
masteredenoughof thetechnicaldetailsto coordinatetheprojectandhold it together.Variedindividualcontactswith
this lead student took the place of regular group meetings.

My partof theprojectinvolvedwriting softwarein theSmalltalkprogramminglanguage,whichatthattimeran
well only on high performancepersonalworkstationsat an industrialresearchlaboratory.I spentfour monthsat the
laboratoryworking on thesoftware,andthenshippedtheresultingcodeto theuniversityover theARPANET. This
remotedevelopmentwaspossiblebecausethe interfacebetweenmy codeandthe restof the systemwasrelatively
simple,andalmostcompletelydefinedin advance.I wasconcernedaboutbeingseparatedfrom theuniversitygroup,
but that turnedout to be not a significantproblem,in termsof coordination,becauseof the projectÕsalreadyloose
structure. I did, however, get involved in unrelated laboratory projects, and saw myself less definitely as a student.

TheSOARexperienceshowsthataffiliation is orientedtowardthelocal group,in thataffiliation movedfrom
the university to the industrial lab. It also indicatesthat onecoordinatorcanreplacemeetingsat the costof group
identity.

4.2.6. Concurrency Research, summer 1984 and 1985

For two summersI workedfor a researcherat anindustriallaboratory,investigatingthespeed-upof programs
throughtheuseof multiple processors.OnesummerI surveyedtheliteratureandproposeda few optimizations,and
thenext I implementedpartof a programoptimizer.In bothcasesmy activitieswereisolated,andwerenot directly
part of the system my supervisor was developing. I was also issued a terminal and modem for home use.

Despitemy separate,non-interactivetasks,availabletelecommutingtechnology,anda trusting relationship
with my supervisorbasedon a long acquaintance,I wasstill expectedto keepnormaloffice hours,for two apparent
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reasons.First, the culture encouragedregularhours.Second,my supervisorvaluedgeneraltechnicalinteraction.
Competencewas establishedby generaltechnical expertiseand problem solving ability, not solely task-based
achievement.A high proportionof discussionandprogrammingactivity wasspontaneousandrelativelyundirected,
but was expected to be interesting and of high quality.

My supervisorÕsattitudeshowsthatcompetenceis sometimesdemonstratedby non-taskactivities.Sincethese
activitiesoften involve face-to-facecontact,they caninhibit remotework; alternatively,physicalpresenceis often
necessary to make an impression. Organizational culture can also prohibit remote work, or at least see it as extra.

4.2.7. The Advanced Silicon compiler in Prolog Prototype, 1986-88

TheprototypeASPCAD systemautomaticallydesignedandgeneratedmicroprocessors,givenasinput high
level descriptionsof their functions.The systemwasof moderatecomplexity,andwasdivided into threedistinct
pieces. Three graduate students worked on it, assisted by, at various times, six undergraduates.

Fiveof theninestudentshadterminalsor computerswith modemsathome.I workedfrom oneto threedaysa
week at home, dependingon how much face-to-facecontact was necessary.The face-to-faceneedschanged
dynamically, dependingon paper deadlines(low), visiting researchers(moderate),design coordination(high),
component implementation (moderate), and component integration (high).

To give the grouptechnicalandsocialcohesion,the projectÕsfaculty advisormet twice with the groupeach
week.Onemeetingwastwo hourslongandwasprojectoriented.Theothermeetinginvolveddinnerandwasusually
at least three hours long, and often included generaltechnicaldiscussionsof the sort my concurrencyresearch
supervisor engaged in.

Thegroupatvarioustimeshadforeignstudentmembers(Indian,Iranian,andTaiwanese).Culturaldifferences
wereprimarily manifestedin different attitudestowardsupervisionandauthority.The U.S. students,for example,
preferredto be treatedaspartners,while theTaiwanese,in contrast,wantedto be told directly what to do. The less
experienced students also required more supervision.

Thedevelopmentof theASPcomponentsandtheconstructionof thecompletesystemindicatethatcoordination
and integrationrequiresomedegreeof face-to-facecontact(at leastuntil higher-bandwidthvideo and computer
communicationtechnologybecomesavailable).TheASPprojectalsomakesclearthathumanculturaldifferencesand
experienceaffect communicationand goal setting. It showsin addition that socio-technologicalmeetingsare a
successfulcohesionand coordinationmechanism,and that face-to-facecontactrequirementschangedynamically
based on task and interpersonal needs.

5. Findings of the Case Histories

As indicatedin thecasehistories,eachtelecommutingexperienceraiseda numberof distinctiveimplications.
Thesearesummarizedin Table1. However,collectively, the casehistoriescanbe usedto developseveralgeneral
observationsaboutRSDandtelecommuting.Thesefindingsarepresentedin thecontextof thefour componentsof the
diamond model, discussed above.

Table 1: Case History Summary

Task Duration Nature of Task Primary Finding

Datacomputer 1973-74 joint implementation good social skills are needed

DFTP 1973-77 individual effort reduced micromanagement is beneÞcial

ECL 1977-82 individual effort some tasks require face-to-face contact

PDS/MSG 1977-82 joint design regular meetings are beneÞcial

SOAR 1983-85 individual effort afÞliation tends to the local group

Concurrency 1984, 1985 individual effort some cultures prohibit remote work

ASP 1986-88 joint design meetings are used for social and task goals
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5.1. Task

Thecasehistoriespromptusto developtwo broadconclusionswith regardto theimpactof telecommutingon
the task componentof organizations.First, theseexperiencesindicate that sometaskscan be performedas well
remotelyaslocally. TheDFTPandECL experiencesdemonstratetheutility of remotedevelopmentin particularand
theavailabilityof specializedexpertisein general.TheARPANETnetworkmadepossibletheproductionandnational
distributionof the DFTP andECL softwaresystems,with minimal contactwith hostsites.The SOAR experience
showsthattheproductionof anisolatedsoftwarecomponentis straightforward.Thesimplicity of its interfacewith the
rest of the SOAR system led to one componentÕs development at a remote site.

Second,it appearsthat well-defined tasks, involving less face-to-facecontact,are more appropriatefor
telecommutingthanothertasks.The ECL-NSW experienceindicatesthat sometasksareexperimentalandrequire
face-to-facecontact.Thesimultaneousdebuggingof thetwo cooperatingECL andNSWprograms,developedby two
distinct groups, required extensive face-to-face interaction. More generally, the Datacomputerexperience
demonstratesnegativelythat the reducedface-to-facecontactinherentin telecommutingrequiresa certainlevel of
stability and continuity of tasks.The short-termtechnical goals of the Datacomputerproject were incoherent,
necessitating extensive daily contact and making telecommuting infeasible.

5.2. Structure

Wecanverify thepredictionthattelecommutingencouragesacertaintypeof organizationalstyle.In particular,
thereductionof face-to-facecontactthroughtheuseof technologycausesamorelooselycoupledstructure,with less
interdependencebetweenthestructureÕselements.This reducedinterdependenceis manifestedin amorecontractual,
lessinterpersonalmanagementstyle.Reducedface-to-facecontactalsomandatesthat theremainingcontacttime be
used effectively, both in terms of task-related discussions and group socialization.

TheDFTPandECL experiencesspecificallyshowthata developereffectively in thepositionof independent
contractorcaneasilyproduceindependentsystems.The DFTP experiencefurther demonstratesthat long distance
extendedcoordinationof individualprogrammingtasksby electronicmail is notdifficult. Developmentof two distinct
versions of the same program in two states was easily managed.

Since current communicationtechnologycannotsubstitutefor face-to-facecontact, that contactmust be
carefullymanaged.TheMSGandASPexperiencesshowthat,duringdevelopmentinvolving severalpeople,regular,
frequentmeetingsarenecessary.Thoseprojectsinvolved threeto sevenpeopleat anyonetime, andmeetingswere
necessaryto avoid misunderstandings.The ASP experiencedemonstratesthat face-to-faceneedsare dynamic,
changingovertimeandfrom personto person.Meetingswereespeciallyneededfor bothoverallsystemdesign(in the
beginning)andintegrationof separatelydevelopedcomponents(at theend).Somepeople,particularlythosewith less
experience, required more guidance.

Also, simpleorganizationalhabitandculturalnormscanprohibit remotework, or at leastseeit asextra,asis
evidencedby theconcurrencyresearchexperience.Theorganizationinvolveddid nothaveatraditionof remotework,
and people expected regular physical presence.

5.3. People

The taskdomaingainsthe mostthroughRSD telecommuting;the peopledomainlosesthe most,becauseof
reduced human contact. Competence becomes harder to demonstrate, and group identity suffers.

Manyorganizationshaverestrictivecompetencedemonstrationmechanisms.TheMSG,concurrencyresearch,
andASPexperiencesshowthatphysicalpresenceis oftennecessaryto makeanimpression.Busymanagersnaturally
tend toward an "out of sight, out of mind" attitude.Furthermore,the concurrencyresearchand ASP experiences
indicatethatcompetenceis oftendemonstratedby non-taskactivities.Demonstratingtechnicalcompetenceinvolved
giving the impression of general technical understanding, best done in wide-ranging face-to-face discussions.

Physicalseparationmeansthatcommitmentto thegroupmustbecultivated.TheASPexperiencedemonstrates
that socio-technologicalmeetingsarea successfulcohesionandcoordinationmechanism.Weekly project-oriented
dinners were effectively used to both build group identity and review technical progress.

Finally, face-to-faceneedsarenot uniform. The ASP experienceshowsthat cross-culturaldifferencesaffect
communicationandgoalsetting.Attitudesaboutauthorityandgroupdynamicswereparticularlyvaried.Thestudent
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from Taiwan,for example,felt morecomfortablein a moreauthoritarianenvironment.In addition,self-management
can be a problem, exacerbating various personal difficulties.

5.4. Summary

In general,theseexperiencesconfirmmanyprevioushypothesesandobservations,butdiffer in four substantial
areas. These points relate to various aspects of the diamond model.

First,RSDoffice costswerenotappreciablyaffectedby telecommuting.Remotework wasseenasacompletely
flexiblealternativetoofficework,sothatoffice resourceswereallocatedasusualandnotreduced.Themainefficiency
gain from remote work was increased productivity due to few interruptions of individual effort.

Second,RSDtelecommutingcanbesuccessfulwithoutacarefulstudyandexplicit organizationalcommitment.
Many RSDtasksarenaturalfor telecommuting,andmostresearchersarenaturaltelecommuters.Nonetheless,some
thought must be given to coordination and cohesion. This is an issue for RSD that goes beyond telecommuting.

Third, affiliation tendsto thelocalgroup;thatis, peopleworkingondifferentprojectsatonelocationwill bond
with eachotherratherthanwith peopleworkingonthesameprojectatdifferentlocations.This is demonstratedby the
SOAR experience, where the concerns of the local site became more immediate than those of the remote project.

Fourth,isolation,in termsof morale(notstructure),is lessof aproblemin RSD,becauseresearchershavelower
affiliation needs,andthecomputercanto someextentfulfill thoseneeds.Thecomputeris aninteractivework partner
of theprogrammer.Giventhetechnicalnatureandrequest-responsedisciplineof thediscourse,its responsesarevaried
enough to be involving.

In addition,self-disciplinewasalsoaproblemfor someremoteworkersin theabovecases.In particular,remote
work, without close supervision, exacerbated the alcoholism problem of one worker.

6. Normative Implications

Thefundamentaleffectof telecommutingis theshiftingof timespentatwork from interpersonalinteractionto
solitary taskactivities.This raisestwo significant implicationsfor the managementof organizations.From a task/
transaction-orientedpoint of view this shift improves work by enhancingits task-relatedproductivity and
organizationalefficiencycomponent. On theotherhand,from a people/relationshippoint of view, theshift canhave
effects on employee morale because it reduces the social bondingaffiliation component.

Theremainderof thissectionputsforwardafew normativeguidelinesthatmaybehelpfulfor thoseconsidering
telecommutingasanoption.Theseguidelinesarepresentedfrom thisdualefficiency-affiliationperspective,basedon
thepremisethat,withoutattention,theaffiliation componentsuffersundertelecommuting,whichcanleadto a lossof
productivity.

1. Face-to-facemeetingsshouldbedevisedsoasto generategroupcohesionandidentity.This canbedonein a
numberof ways,from holdingmeetingson a regular,frequentbasisto encouragingsocialinteractionbefore
and after meetings.

Ontheotherhand,certaincommunicationenvironmentsimpedetelecommuting.TheSOARexperienceshows
thatonecoordinatorcanreplacegroupmeetingsat thecostof groupidentity. By visiting everyoneindividually, the
SOAR coordinatorfailed to promotethe group identity that can be establishedby sharedsocial interaction.The
Datacomputerexperiencedemonstratesthat the extensiveuseof technologyon-sitein specific locationscreatesa
physicalhub which makesface-to-facecontactimportantand inhibits remotework. The projectÕsterminal room
became an informal ongoing meeting room.

2. People with good social skills will be more effective in telecommuting contexts.

Becauseface-to-facecontactis reduced,telecommutingironically requirespeoplewith relativelygoodsocial
skills, who can make effective use of that limited contacttime. This is shown negativelyby the Datacomputer
experience. Several of the programmers on the project related better to machines than to people.

3. Long-standing relationships become an important form of stability.

Suchrelationshipscreatea pool of understandingand trust that helpscounteractthe naturaldistancesthat
telecommuting opens up. Newcomers to such a successful, stable environment may easily feel shut out.
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Themorelooselycoupledtheorganization,the lessthecommunication,andthereforethemoreneedthereis
for stability andcontinuity.The Datacomputerexperiencedemonstratesthis negativelyat the limit, beinga tightly
coupled structure with no possibility for telecommuting.

4. More generally, this researchemphasizesthat telecommutingaffects all aspectsof the diamond model.
Successfulunderstandingand implementationof telecommutingrequiresunderstandingboth isolatedand
integrated effects.

7. Concluding Observations

This paper has examineda particular activity, researchsoftware development.It is more generally an
appropriatemodelfor atechnology-basedclassof futureindustries,bothbecauseof thenatureof its tasksandbecause
of the people involved in it.

As anactivity, RSDis knowledgeintensive,innovative,change-oriented,with anemphasison quick response
andbuildingrapidprototypes.Thesefeaturesarelikely to characterizepost-industrialenterprises.Its practitionersare
peoplewho embracetechnology,andcomputersin particular,andin thatrespectaresimilar to theyoungersegments
of societywho havegrownup with computersandseethemasaneverydayappliance.This belief in technologyin
general,andtelecommutingtechnologyin particular,reducesconcernsaboutthe availability of colleaguesandthe
ability to share work electronically.

Telecommuting,however,is still in its infancy.We needto extendfurtherour understandingof thekindsof
activitiesandorganizationsappropriatefor telecommutingandthetypeof peoplewhomaybemostcomfortablewith
it. Thevariedconclusionsof CrossandKinsmanon goodtelecommuters,for example,demonstratethattheseissues
are not well understood.

In addition, indications are that successful entrepreneurialorganizations [10] resemble successful
telecommutingones,whereculture[2, pp.61-62;10,pp.263-265]andsharedexperience[2, p. 136;10,pp.414-423]
arereliedon for coordinationmorethatrules,andwherefailure is tolerated,but inefficiencyis not [2, p. 122;10,pp.
329-331]. These parallels need to be explored further in future studies.

The author gratefully acknowledgesthe substantial contribution of ProfessorHoma Bahrami to the
development of this paper.
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