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　　In1995 Ince
[ 1]

wroteanarticlefortheTimes
HigherEducationalSupplementnotingthattherewas
littletheoreticalunderstandingofsoftwareengineering
andthatthereforecomputerstudiesdidnotconstitute
anacademicdiscipline.Computingdepartmentsshould
bebalkanised.Computingstaffshouldbedispersedto
otherdepartmentssuchasmaths, psychologyandbusi-
nessstudies.

Thiscontroversyhasrecentlybeenreinvigoratedby
McBride' sarticle

[ 2]
inthesamepaperandonthe

BritishComputerSocietywebsite
[ 3]

arguingthatinface
ofthemassivedeclineincomputingstudentintakeonto
universityundergraduatecoursesthatthefuturefortra-
ditionalcoursesisbleak.Thereactiongenerated

[ 3-4]

reflectstheanxietywithincomputingdepartments.The
concernisevident.

Thedeclineinstudentadmissionsontocomputer
relateddegreesoverthelastthreeorfouryearsiswell
documented.IntheUKbetween2000 and2006 there
hasbeenadropof42% inapplicationstoITrelated
courses

[ 5-6]
.IntheUSsimilardeclineshavebeenre-

ported
[ 7-8]

.Thequestionofhowtohaltthisdeclineis
topoftheagendaforcomputingacademics.TheCoun-
cilofProfessorsandHeadsofComputing( CPHC) rec-
ommendthatgovernmentprovideincentiveschemesto
studyteachandretainICTskills

[ 5]
.Othersfocuson

makingcomputingcoursesmoreattractiveandchanging
prospectivecomputinggraduates' perceptionofthe
subjectthroughmarketingandimageprojection

[ 9]
.

Theyfailtorecognisethattheperceptioncomputinghas
amongstthegeneralpublicisinherentlyvolatiledueto
thelackofdefinitionofwhat“computing” is.Thee-
phemeralandambiguousdefinitionofcomputinghas
servedthesubjectwellinthepast, bymakingcompu-
tingappearmysticalandsomehowwondrous.Butnow,
wheneveryteenagerhasacomputerintheirbedroom,

thatmysticalqualityhasevaporated:Asituationthat
hasnotbeenhelpedbythefalsedawnofthedotcom
boom, thenon-eventofY2Kchaosandthewide-
spreadreportingofcomputersystemsfailures.Now
computing, asadisciplinehastobecomemoremature
tocompeteonequaltermswithallothersubjects:A
competitionthatcurrentlyitisevidentlylosing.

Webelievethereasonsforthisaremorefunda-
mentalthanclientperceptionofthesubject.Wesug-
gestthattosurviveasanacademicdiscipline, curricula
mustmovefromskillsdevelopmenttowardsarecogni-
tionthatsuchskillsapplicationmustderivefromtheo-
reticalcomprehensionofthesubject.Inordertoa-
chievethis, academicsmustdeveloptheoreticalmodels
oftheprocessesinwhichcomputingprofessionalsen-
gage.WehaveturnedtoAbbot

[ 10]
tosupportthisargu-

ment.Beforeprogressingfurtherhowever, itisneces-
sarytodefinetheterm“computing”.

Theconceptof“computing” encompassessucha
broadrangeofactivitiesthatitintroducesambiguityin-
tothedebatewhichcanresultinendlessandultimately
futileargument.Computingisusedtoencompassboth
theuseofanddevelopmentofcomputerhardwareand
software.Itincludesinformationsystems( IS) , infor-
mationtechnology( IT) , informationcomputingtech-
nology( ICT), softwareengineering( SE) , software
and/orsystemsdevelopment(SD), andthesystems
developmentprocess( SDP) .Inthisarticlewewillre-
ferto“ softwaresystems” asthecoreartefactwith
whichweareconcerned, andto“softwaresystemsde-
velopment” asthemainactivitythatcomputingdepart-
mentsshouldbeconcernedwith.Thisexcludessome
activitiesthatmanycomputingdepartmentscurrently
perform, but, aswillemergefromthispaper, theseare
thesubjectofjurisdictionalconflictnotcoreelementsof
thediscipline.
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Abbot(op.cit.) proposedamodeloftheprofes-
sionaljurisdiction;bywhichhemeanthowprofessions
gainandmaintainauthorityoverworkinaprofessionin
theeyesofgovernment, thepublicandotherprofes-
sions..Hismodelsuggeststhatprofessionsachievethis
statusthroughaprocessof“Diagnosis”, “Inference”
and“Treatment”.Diagnosisdescribeshowproblem
domainsarecategorisedandcolligated ( structured/
described) .Inferenceisthetheoreticalunderpinningof
thediscipline, orrathertheepistemology( accepted
waysofthinking) aboutproblems.Itconnectsdiagno-
sistotreatmentforcomplexproblemsfacedbythedo-
main.Inferenceconferstherighttotheorisebecause
thetheorisermusthaveknowledgeofthetheoretical
base.

“Anyprofessionhasrulesdictatingwhenaprofes-
sionalmustresorttocomplexinference” ( op.cit.
p51)

Thetheoreticalbasemustbetheuniquedomainof
the“professional”① practitioner.

Treatmentconcernsthewaystosolvetheprob-
lem.② Inthisarticlewewillarguethatcomputinghas
focussedontreatmenttothedetrimentofdiagnosisand
inference.Inthecourseofthispaper, wewillsuggesta
topleveldiagnosisofthesoftwaresystemsproblemand
considersomepotentialinferences, butthemainpur-
poseofthispaperistodemonstratethatwithoutatheo-
reticalframeworkforthedisciplinewhichwecontend
doesnotexist③ atpresent, computingasadistinctaca-
demicsubjectwillceasetoexist.

Wewilladdress“inference” inthecontextofsoft-
waresystemsdevelopmentfirstasweconsiderthisis
centraltothemalaisecurrentlyfacingcomputingde-
partments.Wewillreturntotheconceptofdiagnosis
later.Inferenceimplieshavingadistinctbodyof
knowledgethatisuniquetothesubjectdomain.Itis
importanttodefendthesubjectfrom jurisdictional
claimsbyotherprofessionsandtopreventerosionof
professionalstatuscreatedbyalternativeapproachesto
theproblemsolution.Iflimitedornotheoryexists,
thereisnothingtoexcludeuntrainedpeoplefromente-
ringtheprofession.Abbotarguesthatprofessionsgain
jurisdictionoversuchworkbyestablishingwhenjudge-
mentisrequiredtosolvecomplexproblems.Jamous
andPeloille

[ 11]
describethisasthe“indetermination/

technicalityratio”.Ifsolutionscanbedeterminedsim-
plybytheapplicationoftechniquesandlittlejudge-
mentisrequired, theindeterminacyratioislow.When
expertknowledgeisrequiredtodetermineanaction,
theratioishigh.Thisoccursin“non-routine” occu-
pations

[ 12]
.

Iftheoryexists, butisnotuniquetothedisci-

pline, itmakesitpossibleforotheracademicdomains
tosay“ Wealreadydothat.Yourdisciplineoffers
nothingnew.” Examplesofthishappeningcanbeseen
inbusinessschoolsofferingdegreesinecommerceand
mathsschoolsprovidingdegreesinoperationaldesign.
Ince' sarticle(op.cit.) waspremisedonthisbeing
thecase.Computingrepresentsarecentchallengerfor
jurisdictionalclaim oversocio-technicalsolutions.
Thisclaimwillmostlikelybechallengedbyotherpre-
viousauthoritiessuchaselectricalengineers, creative
designers, mathematiciansandbusinessconsultants.
Withoutarticulatingauniquetheoreticalpositionthat
canberigorouslyintellectuallydefended, computing
willmostprobablyloosethatclaim.

Thequestionthereforeis“doescomputinghavea
jurisdictionalclaim?” Wewouldarguethatitdoes, but
thatcomputingdepartmentshaveconcentratedtoomuch
ontreatmentstothedetermentofinference.Ifwelook
attypicalsoftwaresystemscurricula

[ 13-17]
wecanaskof

eachsubjectarea“ doesthissubjectaddressthe
“what” or“how” ofthesituation, ordoesitexamine
the“why” ofthesituation?” Takeforexamplecomput-
ersystemsarchitecture.Doweteachwhatarchitectures
existandhowdotheywork, orwhydowechooseone
architectureratherthananother? Ifwedothelatter, is
theanswersimpleorcomplex? Doesitrequiredeep
knowledgeofourdomain, orcoulditbeansweredby,
say, abusinesseconomist? Anotherexamplemightbe
softwareengineering.Thereissometheorytosuggest
thatcomplexityinprogramsshouldbeavoided.Butthis
theoryderivesfromcognitivepsychology, notfromcom-
puting, anditisrarelyoronlysuperficiallyaddressed
incomputingcourses.Computingcoursesteachhowto
programusingmodularityorobjectorientation;inother
words, howtosolveaproblem, notthetheoreticalcom-

25

①

②

③

Professionalinthiscontextmeansmorethansimplybe-

ingpaid.Referto10.Abbot, A., TheSystemofProfessions.

1988, Chicargo:UniversityofChicagoPress.forargumentsrela-

tingtoprofessionalism.

Abbotcontendsthattherelationshipbetweeninference

andtreatmentis, inpractice, notnecessarilyascloseasprofes-

sionalswouldliketobelieve(ormakebelieve).Thisdoesnot

detractfromthenecessitytomaintaintheinferentialbase.

Whetherornotcomputingdoes, ordoesnot, havea

theoreticalbaseisinitselfcontentious.Wewouldarguethatitis

very/toolimitedatpresent, oratleastpoorlyarticulated, and

isinsufficientlyuniqueforthepurposeofdefiningcomputingasa

distinctiveacademicdomain.Thereisinsufficientspacehereto

debatethispointindetail.Weconsideronlyhowitmightbe

conducted, butwebelievethatsuchadebateisfertilegroundfor

improvingthearticulationofatheory/theoriesofcomputing.
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ponentsofproblemconstructs.Itwouldbepossibleto
workourwaythroughtheITcurriculaconductingthe
sameanalysis.Wecontendthatifweweretodoso, we
woulddiscoverthatthedrawlabelled“uniquecompu-
tingtheory” wouldbeprettybear;certainlycompared
tootheracademicdisciplines.Whatwegetisaseries
oftreatments.Theprinciplesunderlyinginferential
thinkingarelimited.

Toidentifytheelementsofajustifiablejurisdic-
tionalclaimwemustconsiderwhattheoryalreadyexists
inthedomainandexplorewhetherthisconstitutesa
sufficientlydistinctiveposition.Webelievetwoseminal
papersprovideafoundation.Brooks' paper“NoSilver
Bullet”

[ 18]
identifiesfourcharacteristicsofsoftwarethat

resultinitbeingimprobablethatsoftwaredevelopment
islikelytomakethesameproductivityimprovements
thathardwareachieves.Thesecharacteristicsareintan-
gibility, malleability( howeasyitistochangesoft-
ware) , complexityand“conformability” ( thepressure
toadapttothesurroundingenvironment) .Noneof
thesecharacteristicsareuniquetosoftware.However
Dijkstra

[ 19]
, whenconsideringtheneedsofstudents

learningtoprogramme, identifiedafifthpropertythat,
whencombinedwithBrooks' intangibilitycriterion,
doesmakesoftwaresystemsunique.Thisisthatsoft-
wareis“discrete”.Inspiteofthefactthatsoftwarecan
notbesensedasarealworldentity, ithasafixed
physicalpresencewithinavirtualenvironment.This
makesittheonlyknownintangibleartefact.Thismeans
thathowitbehaves, andthereforehowitmustbepro-
duced, isuniqueandmustbeunderstoodinitsown,
uniquecontext.Theinferencesthatmightbedrawn
fromthiscontextwillthereforebeunique.Howand
whenexpertinferenceisrequiredcanbeconsidered
further, butwealsoneedtodiscussdiagnosis.

Softwareisintangible.Thereforeitisnotpossible
tocreatephysicalmodelsofsoftwaresystemsbefore
theyareproducedasispossiblewithphysicalartefacts.
Themodelsofsoftwaresystemssuchasdataflowdia-
grams, classdiagramsoreventhecodeitselfareallab-
stractrepresentationsofthesystemthatareopentoin-
terpretationandjudgement.Peopleinboththeapplica-
tiondomain(users) andthedevelopmentdomain(de-
velopers) needtodevelopconceptualmodelsofthesys-
temwithouttheaidofphysicalmodels.Theintangible
natureofsoftwaremeansthatitisnotpossibletocreate
physicalmodelsoftheproductthatcanbeusedtore-
ducethediscontinuitiesinconceptualconstructs.The
challengeforsoftwaresystemsdevelopersistoarriveat
sufficientconsensusandmaintainasufficientlycoherent
understandingofthesystemthroughoutthedevelopment
process, toproduceadiscreteartefactwithwhichap-

plicationdomainmembersaresatisfied.Thechallenge
forcomputingdepartmentsistodevelopgeneraltheory
whichdescribesthisprocesssufficientlytovalidatethe
treatmentsthatareproposed.Offeringtreatmentsthat
cannotbesubstantiatedbyunderlyingtheory, whether
thesebeobjectorientatedapproachesorsoftware
processimprovement, havelittlecredibilityhowever
fashionabletheybecome, becauseitisnotpossibleto
predictiftheywillorwillnotbeeffectiveinthefuture.

Theoryfromotheracademicdomainsmayofferpo-
tentialperspectivesthatarehelpful, buttheyneedto
beconsideredwithreferencetohowthepropertiesof
softwareaffectproduction.Softwaresystemsdevelop-
mentthereforehasauniqueintellectualjurisdictional
claim.Iftheinferentialframeworkisnotapplied, cata-
strophic failure

[ 20, 21]
can occur. Calculating the

strengthofthisclaimrequiresconsiderationoftheinfer-
encesthatderivefromthedistinctivenessofsoftware
systems.

Itiswellbeyondthescopeofthispapertopresent
suchtheories, butbriefly, bywayofexemplars, we
wouldsuggestthefollowingpossibilities.Understanding
therelationshipbetweenreliability, securityandusabil-
ityinthiscontextofacomplex, intangible, discretear-
tefactmightprovideinterestingtheoreticalconstructs.
Anotherpossibilitymightbethereconsiderationofthe
SDLCasastatemodel, ratherthanastagemodelof
development.Thiswouldchangetheemphasisofinves-
tigationfromprogressionfromstagetostage, toconsid-
eringtheinterrelationshipsbetweenstates.Athirdline
ofenquirymightbemodellingtheinterrelationshipbe-
tweenthesocial-technicalandthesocio-dynamicas-
pectsofthesoftwaresystemsdevelopmentprocess.
Sometheoryalreadyexists, butitisnotsufficientco-
herentlyarticulatedtoprovidecomputingprofessionals
jurisdictionoverworkincomputing.Withoutjurisdic-
tionwehavenocogentargumenttoconvinceprospec-
tivestudentstocometouniversitytostudycomputing.
Ifcomputingistohaveafuture, computingdepart-
mentsneedtorefocustheirattentionfromdeveloping
treatmentstodevelopingtheory.Prospectivestudents,
clientsofsoftwaresystemsdevelopersandthedevelop-
ersthemselveswouldthenhaveabetterunderstanding
ofwhattheyaretryingtoachieveandwhyitisessential
thattheystudytheproblemdomainbeforeproposing
specifictreatments.

Thisisnotthefirstcallforthedevelopmentofthe-
oryincomputing.AcallemergedfromtheInternational
ConferenceonSoftwareEngineering2000

[ 22]
.Sommer-

ville
[ 23]

andPhoha
[ 24]

makesimilarpleas.McBride
[ 25]

alsosuggeststheneedforsuchtheory.Thisishowever
thefirsttimeofwhichweareaware, thatthefuture

26
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prospectsforcomputingdepartmentsandthedevelop-
mentoftheoryhavebeensoexplicitlylinked.Webe-
lievethatthechallengetodevelopandarticulatetheory
thatwehaveoutlinedmustbebroadlyacceptedifcom-
putingasanacademicdomainistosurviveasanything
morethanobscureoffshootsofmaths, businessand
psychology. Computingacademicsshould therefore
withdrawfrompursuingnewtreatmentsandteachingso-
lutions, andconcentrateondevelopingtheoreticalun-
derstanding.Ifwefailtomakethistransition, wewill
failtosatisfyindustrialneeds;thelongtermconse-
quencesofwhichcouldbeunconscionable.
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