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ABSTRACT

This paperreportssevencasehistoriesinvolving the useof telecommutingin the environmentof research
softwaredevelopmenbvera 15-yearperiod.The casesarepresentecindanalyzedandtheir normativeimplications
areexplored.Thesecasesndicatethreetrends First, remoteexpertisewill becomeancreasinglywaluableandeasyto
obtain.Secondface-to-facecontactwill remainimportantand shouldbe anticipatedlt is necessaryor ill-defined
tasks,for groupidentity, andfor generaldemonstratiorof judgment,ability, andcompetenceThird, 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

Telecommutings the substitutionof telecommunicatioffor transportationpermittingwork to be performedat
aremotesite. Softwaredevelopments thusanideal best-casactivity to studywith respecto telecommutingsince
it is a computer-basedctivity involving technologicallyliterate people.This paperexaminegelecommutingn the
contextof casehistoriesin researctsoftwaredevelopmenfRSD)-- theproductionof softwarethatexploremewideas
in computerscience Suchdevelopmentypically involvesa few experiencegheopleworking towardtechnologically
aggressiverelatively ill-defined goals,andis thus an interestingcontextfor studyingthe usesand limitations of
telecommuting.

In this paperwe review the empirical literature on telecommutingdescribethe casehistoriesand resultant
findings, and present some normative implications and possible future research topics.

2. Literature Review

This sectionreviewsthe hypothesizeddvantageanddrawbackof telecommutingfor knowledgeworkers)
throughthe organizationakiewpoint of LeavittOsliamondmodelandits two key component§i]. First, the model
identifies four equally valid but distinct views of an organization:the structural perspectiveas depictedon an
organizatiorchart;the peopleperspectiveteflectedin personahttitudesandculture;thetaskperspectivefocusedon
strategiesproducts andmarketsandthetechnology-information-contrglerspectiveconcernedvith thetechniques
andtechnologyusedto managenformationin the organizationSecondthemodelrecognizesheinterrelatednessf
theseperspectived-or exampleworkermoraleis relatedto workertasksandformal supervisoryelationshipswhich
arein turn conditionedby the natureof informationflow in theorganizationTheserelationshipsareshownpictorially
in Figure 1.

Thediamondmodelprovidesa usefulframeworkby illuminating therelationshipsbetweerthevariousaspects
of telecommutingWe considerin turn telecommutingechnologyOsffect on the otherthreediamondcomponents.
This providesa conceptuaframeworkwhich helpspresentdifferent strandsof the literatureon telecommutingn a
cohesive manner.

Elaboratingon a classificationpresentedy Kinsman[2], andusingthe diamondmodel,we canidentify three
categoriesof writings and writers, distinguishedby the diamond categorythey focus on. First, there are the
technologist-futuristssuch as Alvin Toffler [3], who presenta projectedvision of the potential benefits of
telecommutingSecondtherearethetaskandstructureorientedpragmatistssuchasCrossandRaizman4], whoare
concernedvith the effective,efficientimplementatiorof telecommutingThird, therearethe peopleorientedsocial
scientistssuchasSalomorandSalomor5], who areconcernedvith negativepsychologicabndpolitical effects.We
now examinein detailthe prosandconsof telecommutingasidentifiedin theliterature,usingprimarily theseworks
and that of Ramsower [6].



2.1. Task and Telecommuting

Theprimarytask-basedeasorfor telecommutings efficiency[2, p. 79; 4, p. 8]. Individual,independermnivork
canbedonemorequickly becausénterruptionsarereducedSocializing,extraneouso taskeffort, is alsoreducedIn
addition,sharectentralizedesourcessuchasmainframecomputerscanbe usedmoreefficiently by distributingtheir
use in time, due to the flextime nature of telecommuting [4, p. 11].

However telecommutinganalsomaketasksmorecomplexby introducingmoreformality into theinterfaces
betweentasks,formality that is neededfor control. Tasksnot suitedto suchformality are thusinappropriatefor
telecommuting.

In generalfasksthatarepoorly defined,donotrequireintensendividual effort, or demandace-to-facesontact,
cannotbe effectively performedvia telecommutind4, p. 13]. Thereis alsothe lossof the informal problem-solving
help that is available through casual contact with co-workers [2, p. 80].

2.2. Structure and Telecommuting

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

The primary direct benefitis reducedoverheadcosts.[2, p. 117; 4, p. 8; 6, p. 13]. Office costsare greatly
reducedsimply becausdewer facilities are neededln addition, an organizationcan be more effective by 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 telecommuting2, p. 119]. Basically, managemenmusttreatwork asa system,not just a
location[4, p. 10]. It mustpay attentionto communicatiorpatternsand communicateeffectively becausénormal”
face-to-facecommunicatiorcanno longerbetakenfor granted2, p. 118]. Regularmanager-workecommunication
mustbe planned andwell-definedgoalsandperformancemonitoringproceduresnustbe established4, pp. 56-61].
This alsoimplies that managemenmustexamine to someextent,its operatingstyle -- its formal interactionstyle,
political atmosphereanddegreeof control[4, p. 61]. Anotherindirectadvantagés theimprovedquality andspeedf
decisiormakingmadepossiblehroughtheeffectivedeploymentf information[4, p. 8]. Additionally, telecommuting
also redirectsthe focus of managemenattentiontoward work and away from appearancg2, p. 117; 4, p. 10],
emphasizing the substantive aspects of work, rather than form-related issues.

However from anegativestandpointstructuralproblemscanalsobe causedy telecommutindgf management
doesnot plan andpreparefor its use.If a casualapproachs takenandtaskdivision, goal setting,and performance
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,certaincorporateculturesmay conflict with telecommutind4, p. 61]. For examplejf sociability,
appearancear punctualityareperceivedo beimportantvaluestelecommuterarelikely to experiencaifficulty and
diminishedcareerprospectsPromotionmay also be harderfor telecommutersincethey can lose visibility and
exposure to top management -- out of sight, out of mind [4, p. 84; 6, pp. 9-10].

Telecommutingmay also causea relative loss of synergy,becausef reducedface-to-facecontact[6, p. 3]
(althoughelectronicmail andon-linedocumentatiorrancounterbalancthis). Finally, if theorganizatioris notreally
committedto telecommutingit will fail (aswith any othernew system)[4, p. 55]. If anorganizatiorhalf-heartedly
adoptstelecommutingwithout understandingt, for vagueefficiency reasonsijt will not makeeffective useof the
technology, and may in fact reduce its effectiveness [4, p. 55].

2.3. People and Telecommuting

Telecommutingcanpromotehighermotivation,job satisfactionandjob enrichmentlt givestheworkermore
autonomy-- morecontroloverbothtasksandworking environmeng2, p. 14] -- anddemonstrategustandimportance
[4, pp.11-12;6, pp. 5-7]. Theworker canwork his or her besthours(which may not be betweer9 and5) [4, p. 9],
escapdrom thenoiseof cubicleg[4, p. 11], savecommutetime [4, p. 10], andspendmoretime with his or herfamily
[6, p. 6]. Theworkerandthefirm canalsoavoidrelocationtraumaandexpenseThefirm mayalsobeableto reduce
certain employee benefits partially [2, p. 34; 4, p. 10].



Telecommutingesultsin lesssocialinteractionandreducedcontactwith the physicalpartof the organization
(the office). This leadsto isolation, loneliness,and a reducedsenseof identification with the organizationand its
members [4, p. 24; 6, p. 9].

In addition,worker self-managemens required.In particular,peoplewho havedifficulty regulatingthetime
theyspendworkingwill haveproblemsw~hentheirwork is notrestrictedby physicallocation.Coupledwith isolation,
this canleadto retreatinto work and burnout[2, pp. 14-15;4, p. 77]. Lack of self-managemerntan alsoleadto
overeatingand alcoholism[4, p. 25]. Family demandsand interruptionscan also createproblems,since family
memberareusuallyunaccustometb thinking of homeasaworkplaceg4, p. 76]. In addition,time schedulesnayshift
[4, p. 77], particularlywhenflextime is usedto avoid heavysimultaneousiseof sharedresourcesThis canfurther
exacerbate communications problems.

Furthermoremanagerganhaveproblemswith telecommutingTheymayfearlossof control[2, p. 108;4, p.
24], power, and statuswhen their workers are no longer visible [4, p. 81]. If they are order givers ratherthan
facilitators,they mayfail in their effortsto managehoseworkerswho aremoredistantandlessdirectly undertheir
power[4, p. 80]. Moreover,if they areintimidatedby the technologyor are unableto expresshemselveavell 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
telecommuterghanothers. Accordingto CrossandRaizman4, pp. 77-79],thosewho do well areself-directecheed
achieversTheyareindependentpersistentandwell-organizedwith little fearof failure,andableto assessheirown
performanceTheir primaryrewardis ajob well done.Ontheotherhand,theworsttelecommutersreouter-directed
needaffiliators. They are socially active, gregariousand dependentand seetheir jobs as simply a part of office
society. They need social interaction to find fulfillment in their lives.

Crossand Raizmanfound thatthe averageelecommuteis a male between30 and45, andis lessdistracted
working at home.Kinsman,in contrastjnterviewedworkersfrom two Englishcomputerfirms, primarily employing
womenraising childrenandworking at home,andfound that the opennessnd caringof womenwereimportantto
telecommuting2, p. 58]. The intervieweedelt that men, more concernedvith office politics and status were not
suitabletelecommuter$2, pp. 15 and 101]. The intervieweesalsofelt that the experienceof raisinga family and
working, sharedby managersandworkers,wasimportantin creatingunderstanding2, pp. 75-76]. Kinsmanalso
found that successfutelecommutersre experiencedlder workerswho havesubstantiatask-basednowledge as
well as friends outside the work setting [2, p. 62].

2.5. Study Results

Thesestudiespoint to a number of advantagesand disadvantagesssociatedvith telecommuting.First,
telecommutingapparentlycausesproductivity gains. Individual gainsfrom 2% to 50% have beenreported,and
organizationafjainsrangebetweer?0%and300%[2, pp.9 and65; 4, p. 9]. Theaveragaelecommuters 20% more
productivethanan office counterpar{4, p. 9]. Two thirds of telecommutergxperienceroductivity gains[7]; only
7% reportaloss.Onereasorfor productivity increasess betteruseof sharedresourceshroughflextime. Onetwo-
yearstudyshoweda netproductivityincreaseof 38% dueto flextime [4, p. 46]. CrossandRaizmarwarn, however,
that short-termeffects are different from long term ones|[4, p. 74]. It is reasonabldo expectsomeshortterm
productivity increaseslueto the Hawthorneeffect; on the otherhand,manager-workecommunicatiorandworker
isolation may be seriously tested in the long term.

Secondtelecommutings apparentlycost-effective Crossand Raizmanclaim a net savingsof 50%-67%per
telecommutingvorker for an averagemetropolitanfirm, basedon reducedcostsfor office spacd4, p. 8]. Kinsman
reports only 30% of cost savings due to salary, with the rest accrued from reduced overhead [2, p. 34].

Third, telecommuterseemto enjoy telecommutingOne surveyreportedan 85% satisfactiorrate[4, p. 20],
while othersfoundthatfrom 35%to 41% of thosepatrticipatingin the study prefertelecommutingo otherworking
arrangements.

Ontheotherhand half of theorganizationshatadopttelecommutingprogramsabandorthemwithin two years
[4, p. 23]. Failureis usuallydueto lack of objectivesandstandardsvhenthe programis setup. Whenthetechnology



works well andthe participantsare carefully selectedfailure is usually causedoy poor managemenanda lack of
manager-worker communication.

Ramsowerhas made a detailed, before-and-after(three months and six months) controlled study of
telecommutingmplementationin aneffort to determindts 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 interdependencevas reduced,but the number of tasks and their certainty
(definednessyvere not reduced.Communication poth horizontaland vertical, did not decreaseand performance
measuringand monitoring increasedJob satisfactiondeclined,primarily dueto a decreaseén the ability to direct
others,anda decreasén perceivedopportunitiefor advancementdentificationwith the work groupalsodeclined.
Performancehoweverwasunaffectedandmayin facthaveevenincreasedlargely dueto improvedability to work
alone.

TheRamsowestudyindicateghattelecommutinganbeeffective butthattheface-to-face&eomponenbf work
is still important and problematic, at least in terms of perceived job satisfaction.

3. Study Methodology

Telecommutings arelativelynew,complexsocialphenomenonTherearestill relativelyfew telecommuters,
andthe peoplewho do telecommutelo sofor widely differing reasonsin variedenvironmentsperformingdisparate
tasks.Becausef this newnesscomplexity,andsmallsamplesize,telecommutings suitablefor qualitativeanalysis.
This should eventually lead to the formulation of more precise hypotheses and large-scale quantitative analysis.

Theform of qualitativeanalysissmployedn this studyis participantobservatiorusinganunknownobserver
- the analysisof socialsettingandbehaviorthroughthe observation®f anunidentifiedgroupmembel{seeRef. 8].
This technique has the advantages of both intimate knowledge and extended observation over time.

The majorrisks of participantobservatiorwith an unknownobserverarelimited investigationandbias. The
formerproblemis notsignificantin this study,sincetheobserverGsle permittecbroadaccesso peopleandactivities,
andbecausehe situationswererelatively uniform andof long duration.The latter problemis reducedherebecause
the succesr failure of the analyzedactivity, telecommutingyasirrelevantto the observerQerimary technicalrole
of programmer.

Telecommutindgs complexenoughhoweverthatour studyis restrictedo asingletypeof work andarelatively
homogenousvorkforce.(It is amistale, for example to lumptogethetthe experience®f work-oriented highly paid,
salariedmalecomputemprogrammersandfamily-oriented femaleword processingperatorgloing piecework.) We
examinesoftwaredevelopmentanactivity well-suitedto telecommutingn termsof technology task,andpeople.lt
is a computer-based activity having technically literate people performing many individual tasks.

Computershowever,are not central functionally to all aspectsof softwaredevelopmentand the activity
involvescomplexinterpersonaélementsBefore programmingcanstart,the behaviorandoverall frameworkof the
systemmust be defined. This definition processs primarily a verbal, iterative activity requiring a high degreeof
interaction between the systemOslesigners.Its starting point is a relatively imprecise, high level, verbal
characterizatiomf whatthe proposedsystemshoulddo. Its resultis a detailed,comparativelyformal descriptionof
howtheproposeaystenshouldwork, from whichacompleteprogramcanbewritten. Thelesswell-definedtheinitial
characterizationthe more iterative and interactivethe systemdesignprocess.In addition, debuggingalso often
involves human interaction, because of implicit assumptions and imprecise understandings.

ThissectionexaminesheauthorOsxperiencavith telecommutindn thecontextof aparticularareaof software
developmentresearctsoftwaredevelopmen{RSD). RSDis the productionof softwarethat exploresnewideasin
computerscience.Suchdevelopmentypically involves a few experiencecgeopleworking toward technologically
aggressiverelatively ill-defined goals. Thus while softwaredevelopmenis quite suitedto 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.



4. Case Histories

Thesecasehistoriesarebasedon 15 yearsof experiencén RSD. Much computerscienceresearchof which
RSDis a part,involvesthe constructiorof substantialvorking prototypesystemsEarly onin my involvementwith
RSDit becamepparento methatorganizationaindinterpersonalactorswereassignificantastechnicalonesin the
successfutompletionof an operatingprototypesystem Although obvious,this observatioris not commonwisdom
in theRSD community,whichis composeaf peoplewho arefrequentlyobliviousto all buttechnologyandperhaps
task).l thereforebecamenterestedn theseextra-technologicaflactorsin generalandtelecommutingn particular,
becaus¢hetechnologywasavailableandit wasanobviousvariablein theorganizationakquatiorthat! couldobserve
andmaodify. In this sectioncommunicatiorin the RSD communityis reviewed andthensevenspecificcasesbased
on the authorOs experience with telecommuting over a period of 15 years, are presented.

4.1. Communication

Thereare two aspectdo RSD communication:ithe technologyavailableto researchersand 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

Sincel970thatpartof thethecomputeiscienceeommunityfundedby theU.S.Departmenbf Defenseéhasbeen
connectedy the ARPANET network,which interconnecthiostcomputersat variousresearctsites.Figure2 (from
[9]) showsthe structureof the networkin 1980.0Oncea hostis connectedhereis no chargefor networkuse.Data
transmissiomateshavetypically beenfive to 25 timesthoseavailableoverregulartelephondines. During the same
periodboththe ARPANET itself andmanyhostcomputersdhaveprovidedaccessy remoteterminalsvia modems.
This infrastructurewas createdwith the explicit goal of exploring network technology,and hasdevelopednto a
communicatiodifeline usedfor technologysharingcollaborationandprojectmanagemeniVe will examingheuse
of this technology over the course of 15 years.

Electronicmail developedduring the sameperiod,and,soonafter the ARPANET becameoperational mail
couldbesenttransparentlyo anyoneon aremotehost.Standardile transferandremoteterminalprotocolswerealso
developed, which supported easy access to remote hosts.

4.1.2. Interpersonal Communication

Four distinct typesof humancommunicatiorare usedfor softwaredevelopmentn the ARPANET context,
electronicmail, terminallinks, telephonesandface-to-faceneetings(Terminallinking is theconnectionby software,
of two terminals(or workstationsthat sharea hostcomputer(or network), sothatwhatis typedon oneappearon
both. Someterminallinks allow one personto run a programwhile anotherobsereswhatthe programdoes.)Note
that communicationcan be classibedin terms of information transferrate (high or low bandwidth), breadthof
transmissior(oneto oneor oneto mary), andresponsdime (real time or delayed.Electronicmail is oneto mary
(potentially),low bandwidth,anddelayed.Terminallinking is oneto one,low bandwidth,andrealtime. Telephones
areoneto one(excludingconferencealls),moderatdandwidth andrealtime. Face-to-hcemeetingsareoneto mary,
high bandwidth, and real time. Meetings are thus superior to other forms iayall w

Electronicmail andface-to-faceneetingsarethe dominantforms. Electronicmail is usedfor announcements,
negotiations,short exchangesf technical information, and distribution of technical specifications.Almost all
communicatiorwith peopleonremotehostsis alsodoneby mail. Face-to-faceneetingsareusedfor designproblems
of any complexity, and for demonstrations of operating software.

In additionto being direct and interactive,face-to-facemeetingshave the advantageof including graphic
material and sharedinteractionswith a computer.Sketchesare often crucial to understandingsoftware design
problemsandseeingvhata computeiis doingfirst-handis usuallypreferableo havingits behavioreportedpecause
small details can have significant implications.

4.2. Selected Cases

This sectionreportssevenwork experiencesall involving RSD, all with telecommutingechnologyavailable
but with no definite telecommutingprogram.Unlessotherwisestated,all developmentvas done on timesharing



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

TheDatacomputewasalargedatabasesystenconnectedo the ARPANET. Its purposenasto takeadvantage
of network technologyand economiesof scale,and provide an inexpensivedatabaseserviceto the ARPANET
community.

The Datacomputervas developedby sevenpeopledivided into two groupsand coordinatedby a technical
director.Theformal structureof the projectwasin actualityirrelevant,becaus®f the natureof thetechnicaldirector
andsomeotherprogrammersThey enjoyedprogrammingasan endin itself, andwould sometimesvork 30 or 40
hourscontinuouslysimply becausehey enjoyedinteractingwith the computer.They workedbetterwith machines
thanwith peopleanddistrustedmeetingsAs aresult,virtually all decisionsveremadeadhocandinformally in the
projectOrminalroom. Thus,paradoxicallya high degreeof socialcontactwasnecessaryith peoplewhodistrusted
it. This culture and structure made remote work impossible.

No successfukemote applicationswere developedby non-local programmerspecausethe Datacomputer
systemwascomplexandirregular,anddocumentationvasincomplete A few externalgroupsexperimentedvith the
systembutabandonedt afterafew weeks.Telephoneconversationandprogrammingguidancewverenot enoughto
overcome the systemOs basic hard-to-use nature.

The primary lessonfrom this projectis that, ironically, telecommutingrequirespeoplewith relatively good
socialskills, who canmakeeffectiveuseof face-to-facecontact.n thisinstancekey peopledid not havesuchskills,
andtelecommutingvasnot effective. The problemwasexacerbatedby the extensiveuseof technologyon-sitein a
specific location (the terminal room), which madeface-to-facecontactevenmore important.In additionto these
factorsthegenerateam-orientegbrojectculturediscouragedemotework asit signifiedalack of commitmento the
team.

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

4.2.2. The Datacomputer File Transfer Program, 1973-77

DFTPwasoneof two Datacomputeapplicationghatgotmorethancasualse.lt allowedusersatvarioushosts
onthe ARPANETto archivediskfiles ontheDatacomputed. originally wrotetheprogramasafavorbecausaremote
site,wherel hadfriendsanda computeraccounthadvery limited disk spacelt soonbecamea generallyavailable
application, and it officially became my responsibility.

After thatmuchof my time wasspentat the remotesite, becausét wasconvenienfor me,manyDFTP users
were there,and little technicalcontactwith Datacomputedevelopmenpeoplewas necessaryEvery week| sent
electronic mail to my supervisor, reporting on my progress.

Theversionof DFTPthatl wroteandmaintainedanon manyARPANET hosts butnotall. A programmein
anotherstatemodified DFTP to run on anotherclassof hosts(usinga different operatingsystem).We successfully
maintainedwo versionsin different statescoordinatingchangesy electronicmail. Mail exchangesverelong but
infrequent. | 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
micromanagements necessaryor telecommutingThe technicallyseparablenatureof the DFTP applicationalso
facilitatedits remotedevelopmentThe DFTP projectalsodemonstratethatlong distance gxtendecdoordinationof
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. |
maintainedthe interpretergemotelyover the ARPANET, just as| had maintainedDFTP. The ARPANET madeit
possiblefor meto upgradeECL on any host,without involving any staff at the remotehost.File transferandremote
login gave me the resources of a local programmer.



ECL wasalsoincorporatednto aninterhostsystem the National SoftwareWorks (NSW), that attemptedo
makethe networkcompletelytransparento users sothata userwould notevenbeableto tell wherein thecountrya
programwas running. Even thoughthe stepsnecessaryo incorporatesoftwaresuchas ECL into the NSW were
documenteda numberof personabisits to the NSW systemdevelopersvereneededTheincorporationprocessvas
complicatedandnotthoroughlytestedgiving riseto bugsandunanticipatednteractiondetweervariouscomponents.
It was too complex and uncertain a task to be done without face-to-face meetings.

Experiencewith ECL showsthatremotemaintenancés technicallyfeasible;nonethelesssomeprogramming
tasks are experimental and require face-to-face contact.

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

ThePDSwasa softwareengineeringystemdesignedo makeprogrammingeasierlt wastestedby agroupof
three programmers who used it to produce a network message handling program called MSG.

The MSG groupmetonceweeklyfor up to threehours,andmadeconsensuallecisionsOnemembemworked
athometherestof theweek.SystemdesignandimplementatiorwerecoherentandcoordinatedThe groupmembers
had been acquainted for five years before the start of the project, and had worked together on small projects.

The principalinvestigatorof the overall PDSresearcleffort, who wasnot oneof the MSG programmersdid
notparticipatesubstantiallyn theMSG effort. He wasavailableondemandbutwasnotpartof theprojectonaregular
basis.This led to two problems.First, the feedbackto the larger projectfrom the MSG experimentwas reduced.
Secondthe peopleonthe MSG project,particularlythetelecommuterhadlessgenerabisibility andwerelessa part
of the research community.

The regular, frequentmeetingsof the MSG group successfullycoordinatedand stimulatedremote work.
Previoussharedtechnicaland social experiencedacilitated 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-basedystem-buildingeffort that includedthe designand
fabrication of a microprocessorthe constructionof special circuit boardsto host the microprocessorand the
developmenbf specialsoftwareto supportit. Betweerfive andtengraduatestudentsvorkedontheprojectatanyone
time,andover30workedonit throughouits history.Becausef thisturnover its componenpiecesvereof necessity
fairly well isolatedwith well-definedboundariesOnegraduatestudent(oneof the two Ph.Dsthe projectproduced)
masterecnoughof thetechnicaldetailsto coordinatehe projectandholdit togetherVariedindividual contactswith
this lead student took the place of regular group meetings.

My partof theprojectinvolvedwriting softwarein the Smalltalkprogrammindanguagewhichatthattimeran
well only on high performancepersonalworkstationsat anindustrialresearchHaboratory.l spentfour monthsat the
laboratoryworking on the software,andthenshippedthe resultingcodeto the universityoverthe ARPANET. This
remotedevelopmentvas possiblebecauséhe interfacebetweenmy codeandthe restof the systemwasrelatively
simple,andalmostcompletelydefinedin advancel wasconcernedboutbeingseparatedrom the universitygroup,
but that turnedout to be not a significantproblem,in termsof coordination becausef the projectOslreadyloose
structure. | did, however, get involved in unrelated laboratory projects, and saw myself less definitely as a student.

The SOAR experienceshowsthataffiliation is orientedtowardthe local group,in thataffiliation movedfrom
the universityto the industriallab. It alsoindicatesthat one coordinatorcan replacemeetingsat the costof group
identity.

4.2.6. Concurrency Research, summer 1984 and 1985

Fortwo summerd workedfor aresearcheat anindustriallaboratory,investigatingthe speed-umf programs
throughthe useof multiple processorsOnesummer surveyedheliteratureandproposeda few optimizationsand
thenext! implementedpartof a programoptimizer.In both caseany activitieswereisolated,andwerenot directly
part of the system my supervisor was developing. | was also issued a terminal and modem for home use.

Despitemy separatenon-interactivetasks,availabletelecommutingtechnology,and a trusting relationship
with my supervisoibasedon a long acquaintancd, wasstill expectedo keepnormaloffice hours,for two apparent



reasonsFirst, the culture encouragedegular hours. Second,my supervisorvalued generaltechnicalinteraction.
Competencewas establishedby generaltechnical expertiseand problem solving ability, not solely task-based
achievementA high proportionof discussiorand programmingactivity wasspontaneouandrelatively undirected,
but was expected to be interesting and of high quality.

My supervisorCattitudeshowsthatcompetencés sometimeslemonstrateddy non-taskactivities. Sincethese
activities often involve face-to-facecontact,they caninhibit remotework; alternatively,physicalpresencas 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

The prototypeASP CAD systemautomaticallydesignedand generatednicroprocessorgjiven asinput high
level descriptionsof their functions. The systemwas of moderatecomplexity,and was divided into threedistinct
pieces. Three graduate students worked on it, assisted by, at various times, six undergraduates.

Five of the nine studentdadterminalsor computersvith modemsat home.l workedfrom oneto threedaysa
week at home, dependingon how much face-to-facecontact was necessaryThe face-to-faceneedschanged
dynamically, dependingon paper deadlines(low), visiting researchergmoderate),design coordination (high),
component implementation (moderate), and component integration (high).

To give the grouptechnicalandsocial cohesionthe projectOaculty advisormet twice with the groupeach
week.Onemeetingwastwo hourslong andwasprojectoriented.The othermeetinginvolveddinnerandwasusually
at leastthree hourslong, and often included generaltechnicaldiscussionsof the sort my concurrencyresearch
supervisor engaged in.

ThegroupatvarioustimeshadforeignstudentmembergIndian,Iranian,andTaiwanese)Culturaldifferences
were primarily manifestedn different attitudestoward supervisionand authority. The U.S. studentsfor example,
preferredto be treatedaspartnerswhile the Taiwanesein contrastwantedto betold directly whatto do. Theless
experienced students also required more supervision.

Thedevelopmenbf the ASPcomponentsandtheconstructiorof thecompletesystemindicatethatcoordination
and integrationrequire somedegreeof face-to-facecontact(at leastuntil higher-bandwidthvideo and computer
communicatiortechnologybecomesvailable) The ASP projectalsomakesclearthathumanculturaldifferencesand
experienceaffect communicationand goal setting. It showsin addition that socio-technologicameetingsare a
successfukohesionand coordinationmechanismand that face-to-facecontactrequirementhangedynamically
based on task and interpersonal needs.

5. Findings of the Case Histories

As indicatedin the casehistories,eachtelecommutingexperienceaiseda numberof distinctiveimplications.
Theseare summarizedn Table 1. However,collectively, the casehistoriescanbe usedto developseveralgeneral
observationaboutRSDandtelecommutingThesefindingsarepresentedh the contextof thefour componentsf the
diamond model, discussed above.

Task Duration Nature of sk Primary Finding
Datacomputen 1973-74 joint implementation| good social skills are needed
DFTP 1973-77 individual efort reduced micromanagement is benebcia
ECL 1977-82 individual efort some tasks requiraée-to-ace contact
PDS/MSG 1977-82 joint design regular meetings are benebcial
SQAR 1983-85 individual efort afbliation tends to the local group
Concurreng | 1984, 1985| individual efort some cultures prohibit remoteovk
ASP 1986-88 joint design meetings are used for social and task goals

Table 1: Case History Summary



5.1. Task

The casehistoriespromptusto developtwo broadconclusionswith regardto theimpactof telecommutingon
the task componentof organizationsFirst, theseexperiencesndicate that sometaskscan be performedas well
remotelyaslocally. The DFTPandECL experienceslemonstratéhe utility of remotedevelopmenin particularand
theavailability of specializedexpertisén general The ARPANET networkmadepossiblethe productionandnational
distribution of the DFTP and ECL softwaresystemswith minimal contactwith hostsites.The SOAR experience
showsthattheproductionof anisolatedsoftwarecomponents straightforwardThesimplicity of its interfacewith the
rest of the SOAR system led to one componentOs development at a remote site.

Second,it appearsthat well-defined tasks, involving less face-to-facecontact, are more appropriatefor
telecommutinghan othertasks.The ECL-NSW experiencandicatesthat sometasksare experimentabndrequire
face-to-facecontact.The simultaneouslebuggingf thetwo cooperatindg=CL andNSW programsgdevelopedy two
distinct groups, required extensive face-to-face interaction. More generally, the Datacomputerexperience
demonstratesegativelythat 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

We canverify thepredictionthattelecommutingencourageacertaintypeof organizationastyle.In particular,
thereductionof face-to-facecontactthroughthe useof technologycauses morelooselycoupledstructure with less
interdependendeetweerthe structureGslementsThis reducednterdependencis manifestedn amorecontractual,
lessinterpersonamanagementtyle. Reducedace-to-facecontactalsomandateshat the remainingcontacttime be
used effectively, both in terms of task-related discussions and group socialization.

The DFTP andECL experiencespecificallyshowthata developereffectivelyin the positionof independent
contractorcan easily produceindependensystems.The DFTP experienceurther demonstrateghat long distance
extendeatoordinatiorof individual programmingasksby electronicmail is notdifficult. Developmenbf two distinct
versions of the same program in two states was easily managed.

Since current communicationtechnology cannot substitutefor face-to-facecontact,that contactmust be
carefullymanagedThe MSG andASP experienceshowthat,duringdevelopmeninvolving severabeople regular,
frequentmeetingsare necessaryThoseprojectsinvolved threeto sevenpeopleat any onetime, andmeetingswere
necessanto avoid misunderstandingsThe ASP experiencedemonstrateshat face-to-faceneedsare dynamic,
changingovertime andfrom persorto personMeetingswereespeciallyneededor bothoverallsystendesign(in the
beginning)andintegrationof separatelylevelopeccomponentgattheend).Somepeople particularlythosewith less
experience, required more guidance.

Also, simpleorganizationahabitandculturalnormscanprohibit remotework, or atleastseeit asextra,asis
evidencedy theconcurrencyesearctexperienceTheorganizatiorinvolveddid nothaveatraditionof remotework,
and people expected regular physical presence.

5.3. People

The taskdomaingainsthe mostthroughRSD telecommutingthe peopledomainlosesthe most,becausef
reduced human contact. Competence becomes harder to demonstrate, and group identity suffers.

Many organization$haverestrictivecompetencelemonstratioomechanismsIhe MSG, concurrencyesearch,
andASP experienceshowthatphysicalpresencés oftennecessaryo makeanimpressionBusymanagersaturally
tend toward an "out of sight, out of mind" attitude.Furthermore the concurrencyresearchand ASP experiences
indicatethatcompetencés oftendemonstratetdy non-taskactivities.Demonstratingechnicalcompetencénvolved
giving the impression of general technical understanding, best done in wide-ranging face-to-face discussions.

Physicalseparationmeanghatcommitmento thegroupmustbecultivated. The ASP experience&lemonstrates
that socio-technologicameetingsare a successfutohesionand coordinationmechanismWeekly project-oriented
dinners were effectively used to both build group identity and review technical progress.

Finally, face-to-faceneedsare not uniform. The ASP experienceshowsthat cross-culturabifferencesaffect
communicatiorandgoal setting.Attitudesaboutauthorityandgroupdynamicswereparticularlyvaried. The student



from Taiwan,for example felt morecomfortablein a moreauthoritariarenvironmentln addition,self-management
can be a problem, exacerbating various personal difficulties.

5.4. Summary

In generaltheseexperiencesonfirm manyprevioushypothesesndobservationshutdiffer in four substantial
areas. These points relate to various aspects of the diamond model.

First,RSDoffice costswerenotappreciablyaffectedby telecommutingRemotenork wasseerasacompletely
flexible alternativeto office work, sothatoffice resourcesvereallocatedasusualandnotreducedThemainefficiency
gain from remote work was increased productivity due to few interruptions of individual effort.

SecondRSDtelecommutinganbesuccessfulvithouta carefulstudyandexplicit organizationatommitment.
Many RSDtasksarenaturalfor telecommutingandmostresearcherarenaturaltelecommutersNonethelesssome
thought must be given to coordination and cohesion. This is an issue for RSD that goes beyond telecommuting.

Third, affiliation tendsto thelocal group;thatis, peopleworking on differentprojectsat onelocationwill bond
with eachotherratherthanwith peopleworking onthesameprojectat differentlocations.Thisis demonstratetly 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)js lessof aproblemin RSD,becauseesearchersavelower
affiliation needsandthe computercanto someextentfulfill thoseneedsThecomputelis aninteractivework partner
of theprogrammerGiventhetechnicahatureandrequest-responsksciplineof thediscourseits responsearevaried
enough to be involving.

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

6. Normative Implications

Thefundamentaéffectof telecommutings the shifting of time spentatwork from interpersonainteractionto
solitary task activities. This raisestwo significantimplicationsfor the managemenof organizationsFrom a task/
transaction-orientecpoint of view this shift improves work by enhancingits task-relatedproductivity and
organizationalefficiencycomponentOn the otherhand,from a people/relationshipoint of view, the shift canhave
effects on employee morale because it reduces the social bafiiliajon component

Theremaindenof this sectionputsforwardafew normativeguidelineghatmaybehelpful for thoseconsidering
telecommutingasanoption. Theseguidelinesarepresentedrom this dualefficiency-affiliationperspectivebasedn
thepremisethat, without attention the affiliation componensuffersundertelecommutingwhich canleadto alossof
productivity.

1. Face-to-faceneetingsshouldbe devisedso asto generategroup cohesiorandidentity. This canbe donein a
numberof ways, from holding meetingson a regular,frequentbasisto encouragingsocialinteractionbefore
and after meetings.

Ontheotherhand,certaincommunicatiorenvironmentsmpedetelecommutingThe SOAR experienceshows
thatonecoordinatorcanreplacegroup meetingsat the costof groupidentity. By visiting everyoneindividually, the
SOAR coordinatorfailed to promotethe group identity that can be establishecby sharedsocial interaction.The
Datacomputeexperiencedemonstrateghat the extensiveuse of technologyon-sitein specificlocationscreatesa
physical hub which makesface-to-facecontactimportantand inhibits remotework. The projectOserminal room
became an informal ongoing meeting room.

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

Becausdace-to-facecontactis reducedtelecommutingronically requirespeoplewith relatively goodsocial
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 helps counteracthe natural distanceshat
telecommuting opens up. Newcomers to such a successful, stable environment may easily feel shut out.
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The morelooselycoupledthe organizationthe lessthe communicationandthereforethe moreneedthereis
for stability and continuity. The Datacomputeexperiencadlemonstratethis negativelyat the limit, beinga tightly
coupled structure with no possibility for telecommuting.

4, More generally, this researchemphasizeghat telecommutingaffects all aspectsof the diamond model.
Successfulunderstandingand implementationof telecommutingrequiresunderstandingooth isolated and
integrated effects.

7. Concluding Observations

This paper has examineda particular activity, researchsoftware development.lt is more generally an
appropriatanodelfor atechnology-basedassof futureindustriespothbecaus®f the natureof its tasksandbecause
of the people involved in it.

As anactivity, RSDis knowledgeintensive innovative,change-orientedyith anemphasion quick response
andbuilding rapid prototypesThesefeaturesarelikely to characteriz@ost-industriabnterpriseslts practitionersare
peoplewho embracdechnologyandcomputersn particular,andin thatrespectresimilar to the youngersegments
of societywho havegrown up with computersand seethemasan everydayappliance This belief in technologyin
general,andtelecommutingechnologyin particular,reducesconcernsaboutthe availability of colleaguesandthe
ability to share work electronically.

Telecommutinghowever,is still in its infancy. We needto extendfurther our understandingf the kinds of
activitiesandorganizationgppropriatdor telecommutingandthe type of peoplewho maybe mostcomfortablewith
it. Thevariedconclusion®f CrossandKinsmanon goodtelecommutersior example demonstratéhattheseissues
are not well understood.

In addition, indications are that successful entrepreneurialorganizations [10] resemble successful
telecommutingpnes whereculture[2, pp.61-62;10, pp.263-265]Jandsharedexperiencg2, p. 136;10, pp.414-423]
arereliedon for coordinatiormorethatrules,andwherefailure is tolerated putinefficiencyis 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.

8. References

[1] Leavitt, H., and Bahrami,H., Managerial Psychology:Managing Behaviorin Organizations 5th edition,
University of Chicago Press, Chicago, 1988.

[2] Kinsman, FrancisThe Telecommuterdohn Wiley and Sons, New York, 1987.
[3] Toffler, Alvin, The Third WaveWilliam Morrow, New York, 1980.

[4] Cross,ThomasB., andRaizmanMarjorie, TelecommutingTheFuture TechnologyfWork Dow Jones-Irwin,
Homewood, lllinois, 1986.

[5] Salomon/lan, andSalomonMeira, TelecommutingThe EmployeeCRerspectiveTechnologicaForecasting
and Social Chang&5(1), 15-28 (1984).

[6] RamsowerReagarMays, TelecommutingThe Organizationaland BehavioralEffectsof Workingat Home
UMI Research Press, Ann Arbor, Michigan, 1985.

[71 Pratt,JoanneH., HomeTeleworking:A Studyof Its PioneersTechnologicaForecastingand SocialChange
25(1), 1-14 (1984).

[8] Lofland, John,and Lofland, Lyn H., Analyzing Social Settings 2nd edition, Wadsworth Publishing Co,
Belmont, California, 1984.

[9] DefenseCommunication®\gency, ARPANETDirectory, NIC 48000 ,NetworkinformationCenter SRI,Menlo
Park, California, 1980.

[10] BurgelmanRobertA., andMaidique,ModestaA., StrategicManagementf Technologyndinnovation lrwin,
Homewood, lllinois, 1988.

-11 -



Structure

A

A

Task <

> Technology

People

Figure 1: The Diamond Model

-12 -



