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ABSTRACT

Inthisarticle,wedemonstrateanoveluseofcaseresearchtogenerateanempiricalfunctionthrough
qualitativegeneralization.Thisinnovativetechniqueappliesinterpretivecaseanalysistotheproblem
ofdefiningandgeneralizinganempiricalcostfunctionfortestcasesthroughqualitativeinteraction
withanindustrycohortofsubjectmatterexpertsinvolvedinsoftwaretestingatleadingtechnology
companies.Whilethetechniqueisfullygeneralizable,thisarticledemonstratesthistechniquewithan
exampletakenfromtheimportantfieldofsoftwaretesting.Thehugeamountofsoftwaredevelopment
conductedintoday’sworldmakestakingitscostintoaccountimperative.Whilesoftwaretesting
isacriticalaspectofthesoftwaredevelopmentprocess,littleattentionhasbeenpaidtothecostof
testingcode,andspecificallytothecostoftestcases,incomparisontothecostofdevelopingcode.
Ourresearchfillsthegapbyprovidingafunctionforestimatingthecostoftestcases.
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INTRoDUCTIoN

Thisisademonstrationofcaseresearchusedtogenerateanempiricalfunction,anditisanunusual
contributiontotheliteratureinthatrespect.Mathematicalexpressionsoffunctionalityareusually
developedstatistically,supportedwithsurveyorsimulationdata(Akhaveinetal.,1997;Kurfmanet
al.,2003).Itisrareforacasestudytobequantitative,yetmathematicalfunctionscan(conceivably)
bederivedinthiswaysincedeductionsinvolvingmathematicalpropositionsareasubsetofformal
logicandnothinginformallogicistiedtoaspecificmethodology(Lee,1989).Theevidencethatis
consideredincasestudiescanbequalitative,quantitative,orboth(Eisenhardt,1989),buttheprimary
purposeofacasestudyistogeneratetheory(Yin,2013)andatheoreticalrepresentationofcauseand
effect(asistypicallyfoundinastatementofmathematicallogic,suchasaresponsefunction)isnot
outofthequestionincaseresearch,justrare(Lee,1989).Itis,practicallyspeaking,morelikelythat
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responseequationswouldleadtocasestudies(Hengletal.,2007),sincemanystatisticaltechniques
benefitgreatlyfromaqualitativeinterpolationprocess.Incontrasttotheconventionalwisdomoncase
studyusesandoutcomes,however,weutilizeanin-depthcasestudyofindustryexpertstodirectly
induceanempiricalfunctionthroughqualitativegeneralization(e.g.,Yin,2013).

Ourmethodologydemonstratesthederivationofthevariablesandinterrelatedfunctionalityof
acandidateempiricalexpression.Thismethodologycanbeusedinanysituationinwhichthereisa
needtodevelopanempiricalexpressionfromcase-based,qualitativeresearch.Whilewewilldescribe
ourinnovativemethodologyingeneralterms,webelievethatadetailedexpositionofitsactualuse
isessentialtobothunderstandingtheprocessandtodemonstratingitsworth.

Theactual examplewehavechosen is thatofdevelopinga function toestimate thecostof
developingandexecutingatestcaseinthesoftwaretestingprocess.Theoutcomeofthisprocess
resultsinthedescriptionofthecostofgeneratingandutilizingafunctionaltestcaseforsoftware
testingpurposes;thisoutcomeofourcaseresearchismuchinthewaythatYin(2013)andEisenhardt
(1989)eachsuggestsextractingtheoreticalmeaningfromcaseresearch.Inthatsense,thecontribution
ofthisstudyliesingeneralizingfromqualitativeinquirytoatheoreticalconstruction,asYinand
Eisenhardtwouldput it. For clarity, thiswill necessitate our providing some explanationof the
elementsofgeneratingandexecutingsoftwaretestcases,andofthesoftwaretestingprocess,itself.

Casestudies,concentratedastheyareonafocusedandboundedphenomenonembeddedina
context,areparticularlyusefulforidentifyingcontext-specificmeaning(Eisenhardt,1989;Milesetal.,
2013).Weconsiderthatcasestudymethodsaretypicallyintendedtoleadtotheoreticaldevelopments
astheirownuniquemodalityofgenerality(Yin,2013),ratherthanthebroadextensionofgenerality
toothercontextualareasasissotypicallythecasewithquantitativeresearch.Inthatmanner,we
considerthisin-depthinvestigationofsoftwaretestingcostfactorstobearevelatoryapproach(Sarker
etal.,2012;Yin,2013)meantforspecificanddetailedunderstandingofauniquecontext.

Inaddition,oneofthemostimportantpotentialtheoreticalcontributionsthatcouldbemadein
thesoftwaredevelopmentliteraturewouldbeafunctionalmodelusefulfordeterminingthecosts
componentsofsoftwaretesting,andthisisanadditionalcontributionofthisstudy:thederivation
ofanempiricalcostfunctionasageneralizationfromaninterpretivecasestudyofsoftwaretesting
engineersbroughttogetherinacohortaspartofacertificationprogramonsoftwaretesting.

ReSeARCH BACKGRoUND

Importance of the Software Testing Problem
Withthepervasivenessofsoftwareinmosthumanactivities,softwaredefectsmayresultintremendous
monetaryandhumanloss.Forexample,inApril2015,aBloombergterminalinLondoncrasheddue
toatechnicalissueinathird-partyplatformsupplier.TheshutdownforcedtheBritishTreasuryto
postpone3billionpounds(aboutUSD$4.46billion),inashort-termdebtsale(Popper&Gough,
2015).TheninMarch2018,apedestrianwaskilledbyanUber’sself-drivingcarinTempe,Arizona.
Theself-drivingsoftwaredetectedthepedestrianbutincorrectlyclassifiedherasa“falsepositive”
anddecidedtheself-drivingcardidnotneedtostop(Lee,2018).Thisfatalcrashalsoresultedin
Uber’sself-drivingprogrambeingstoppedinNorthAmericanwherealargeamountofmoneyhad
beeninvested.Therearenumerousothercasesresultingfromsoftwaredefectswhichultimatelycould
beattributedtoinsufficientsoftwaretesting.

Software testing is a critical andan integral aspectof softwaredevelopment (Batraet al.,
2016;Whitakeretal.,2012;Zhangetal.,2013),designedtofindandcorrecttheerrorsthatarise
inthesoftwaredevelopmentprocess(Khan,2010).However,thedilemmaisthatsoftwarecannot
betestedexhaustivelygiventestingresourceconstraints.Moreover,testingisincreasinglycostly,
asadirectfunctionoftheincreasedcomplexityofsoftwarethatisproduced(Subramanianetal.,
2017),yetthereislittleresearchthatobjectivelydemonstratesthewayinwhichtesting,costlyas
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